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FOREWORD

The ASME Handbook of Engineering Tables is one of the many services of the Society. It

came into being as a result of a survey in 1941 by the Metals Engineering Division which revealed

the need of the mechanical engineer and designer for a ready reference to the properties and char-

acteristics of metals. A preliminary study was instituted, and as a result, in August, 1945, the

Executive Committee of the Council authorized the publication of a Metals Engineering Hand-

book and appointed a Handbook Board. This Board was set up as a continuing body, the mem-

bers to be selected upon the recommendation of the Metals Engineering Division with the

approval of the standing Committee on Professional Divisions and the concurrence of the Pub-

lications Committee. The personnel of the Board has changed from time to time.

The Society is grateful to fhe members of the Board and to the many others who have made

valuable contributions to the text of the Handbook.

The Society is particularly happy to recognize the active cooperation of the American

Society for Metals, which has permanent representation on the Board through a nominee of its

own choice.

Frederick S. Blackale, jr.. President, 1953

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

This Handbook has been prepared to fill the urgent need for a reference manual related to

the design engineer’s point of view. A wealth of information of direct interest to him has been

compiled from many authentic sources and is pre.sented in a form which, it is hoped, will prove

mo.st useful to the experienced engineer and the embryo designer alike.

This volume comprises 15 sections dealing with engineering tables to supplement the design-

er’s knowledge of standards for shape, dimension, gears, and the like. A volume has already

been published dealing with the design function. Another deals with the processes by which

metals are converted to finished product. Another tabulates the properties of metals about which

a design engineer needs information.

The Advisory Committee, consisting of Messrs. H. B. Lewis, 0. J. Horger, C. L. Tutt, Jr.,

and .1. F. Young, has reviewed under the Board’s direction matters relating to content, quality,

format, and courses of action on the Handbook, and has reported findings and recommenda-
tions to the Board. The •work of this committee will continue as it will have the responsibility

of recommending to the Board necessary revdsions to keep this Handbook abreast of the ever-

changing need for current design data.

Contributions have been made by members of The American Society of Mechanical Engi-
neers and other societies. Industrial organizations have been most generous in furnishing data
and in permitting the use of material already in print. In each case, proper recognition is given
to these sources.

Lewis K. Sillcox, Chairman
ASME MET.ALS ENGINEERING HANDBOOK BOARD
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The Indexes and Ways to Use Them

Table Nimhcrs: Most items, including exposition and diagrams, are indexed by hyphen-

ated table numbers, as 3-24. The 3 before the hyphen designates the section as 3 ;
the 24 singles

out the particular table within the section. Pages have been similarl^^ designated, the number

before the hyphen indicating the section and tlie number following indicating the sequence of

pages numbered consecutively within the section.

Index by Sections: Data pertinent to the design of a machine clement are grouped together.

To illustrate, everything in Section 5 pertains to the design of bevel gears. A good part of

Section 1 applies to the design of shafts, beginning with available bar stock and ending with

shoulder heights for bearings.

Sequent Index by Tables: An index by tables subdivides each section, showing the gist of

tabular matter, table and page numbers within the section. The use first of the Index by Sec-

tions and then a sequent index is a quick way to find specific tabular data. For example:

Suppose a designer wants to verify the beam strength of a pair of spur gears. The Index by

Sections defines the Section as 3. A glance at the sequent index of Section 3 points to Tables

3-33 to 3-39.

The Table Titles: The table titles are no longer than usual. They qualify the tabular

matter, for there is no text for that purpose. Read them to acquire information. In cases

where the titles alone seem inadequate, titles are often amplified bj* subtitles or footnotes. The
footnotes, therefore, may further qualify the data. Read them too.

Bibliography: A bibliography has been provided in the back of the book showing full title.

Source, and date of material used. Brief references are shown beneath each table title to facili-

tate identification.
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TABLE 1-1

American Standard Sizes and Tolerances of

Finished Transmission and Machinery Shafting

ASAB-17.1 1943

Stock Diameters, inches

Tolerance^
on

Weight

lbs. per Stock Diameters, inches

Tolerance*
on

Weight
lbs. per

Diameter
(-)

lineal

ft.

Machinery
Shafting

Diameter
(•)

lineal

ft.

Stock 1/2 0.002 0.667 2 7/16 2 7/16 0.004 15.96

Lengths of 9/16 0.002 0.844 2 1/2 0.004 16.68

16 , 20 and 5/8 0.002 1.04 2 5/8 0.004 18.36

24 feet
11/16 0.002 1.26 2 3/4 0.004 19.16

3/4 0.002 1.50 2 7/8 0.004 22.08

13/16 0.002 1.76 2 15/16 3 0.004 24.00

7/8 0.002 2.04 3 1/8 0.004 26.04

15/16 15/16 0.002 2.34 3 1/4 0.004 28.20

1 0.002 2.64 3 3/8 0.004 30.36

1 1/16 0.003 3.00 3 7/16 3 1/2 0.004 32.64

1 1/8 0.003 3.36 3 5/8 0.004 35.04

1 3/16 1 3/16 0.003 3.72 3 3/4 0.004 37.56

1 1/4 0.003 4.20 3 7/8 0.004 40.08

1 5/16 0.003 4.56 3 15/16 4 0.004 42.72
1 3/8 0.003 5.04 4 1/4 0.005 48. 12

1 7/16 1 7/16 0.003 5.52 4 7/16 4 1/2 0.005 54.00
1 1/2 0.003 6.00 4 3/4 0.005 60.12
1 9/16 0.003 6.48 4 15/16 5 0.005 66.72
1 5/8 0.003 7.08 5 1/4 0.005 77.56

1 11/16 1 11/16 0.003 7.56 5 7/16 5 1/2 0.005 80.64
1 3/4 0.003 8. 16

! 5 3/4 0.005 88.20
1 13/16 0.003 8.76 5 15/16 6 0.005 96.00
1 7/8 0.003 9.36 6 1/4 0.006 104.2

1 15/16 1 15/16 0.003 9.96 6 1/2 6 1/2 0.006 112.7

2 1/16

2 1/8

2 3/16 2 3/16

2 1/4

2 5/16

2 3/8

7 1/2

,he ex^d nominal alto. For oxample
the maximum diameter of the IV, inch shaft is I.SOO inches and it, minimum allowable diameter is IMP? Inches.
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TABLE 1-2

t ofersncss for Cold-Finished Cnrbon-Sfeel Bars cnc' Shaffing

Sieel Products Manuel AfSf, Sec. 9, Sepf , 1952

ASTM DesigncHon : A108- 52T

Iferfcrc-cf 3 fezinrT, cf »AII 3-?2Xrrrtrr: cf

Gsrrcr.Rscgs 0ir5<x: Rar^s^: CsrrorTS Carnen Ranee

S5z£, f-" 0*2S*^ cr Over 0,22^' Stress Over Q.5530

Isss tcf>,55r. P.elievec cr .AIT Carcorj;

trcL Hear Trearsd

All toieran-cei are ir. irctes arc are nir.!Z S ,r

Pcctc* — Cfltd Dts-sc or Tcmec sed Pclished

Tc 1 iccl. 0.CC2 0,005 0.004 0.005

(Jrer I to 2 irzcl. 0,002 0,004 c.ooe 0.002

Orer 2 tc jT ircl. 0.C04 0,005 0,002 0.010

OTer 4 tc £ ircl. 0,005 0,G0£ 0.010 0.012

Orer C tc T--2/4 iccl. 0,000 0.002 0.012 0,016

Rerag’oes — Cc-ld Dra vc

7c 5/16 red. 0.002 0.002 0.004 0,006

Over 5/16 tc i ind. 0.002 0,004 0.006 0-002

•Over 1 so 5—1/2 icd. 0.004 0.005 0.002 0,010

Over 2—1/2 tc 2—1/2 icd. 0.005 0.006 0.010 0.012

S^jrarea — Cold Dravc

To 5/16 icd. 0,002 0,004 0.006 0,002

eSver 5/16 to 1 iccl. 0.004 0.005 0.002 0.010

Over 1 to 2—1/5 icd. 0,005 0,006 0.010 0.015

Crrer 5—1/2 tc 4 icd. 0,006 0.002 0.012 0,016

f Flats — Cdc Ficiahed

Wictl, ic iccLea

To 2/4 icd. 0,002 0-004 0,006 0.002

Over 2/4 tc 1—1/2 icd. 0,004 0-005 0.008 0,010

Grer I—1/2 tc? S fuel. 0,005 0.CG6 0.010 0.012

Oiver 2 tc 4 icd. 0.006 0,002 0,011 0,016

Over 4 tc 6 icd. 0.002 0.010 0.012 0.020

Over 6 0,012 — — —

t fcT {Zzix £5ii^k«** as srsll as ASTM D* aigsatls?;. AIC2-5^i- jpves sctrcje-siiat

•ASne D€s£;C=**'i^^ /-2II-52T, £ir***-Hetief'Acr:ear^ OsIsS-Craifr. C«rtct^St*<r Sam, ^rrs^ridss ac-rc-wfest

t5l«a;sc«s £ca= taijstz frs^ tSije Steel Prs'itarS* Matrsar*
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TABLE 1-3

Tolerances for Cold'Finished Alloy-Steel Bars

Steel Products Manual AlSl, Sec. 29, May, 1949

ASTM Designation; A331-50T

Maximum of Maximum of Maximum of

Carbon Range Carbon Range Carbon Range
Size, in inches 0.28 per Over 0.28 to Over 0.55 per

cent or less 0.55 per cent cent or All

incl. or All Carbons Heat
Carbons Treated or Stress

Annealed Relieved

All toleronces nrc in inche s and are minus.

Rounds — Cold Drnwn or Turned nnd Polish eel

To 1 inc 1 0.003 0.005 0.007

Over 1 to 2 incl. 0.004 0.006 0.000

Over 2 to 4 incl. 0.005 0.007 O.OIl

Over 4 to 6 incl. 0.006 0.008 0.013

0»’er 6 to 7-3/4 0.007 0.010 0.017

Hexagons —- Cold Drawn

To S/16 incl. 0.003 0.005 0.007

Over 5/16 to 1 incl. 0.004 0.006 0.009

Over 1 to 2-1/2 incl. 0.005 0.007 0.011

Over 2-1/2 to 3-1/0 incl. 0.006 0.008 0.013

Squares — Cold Drawn

To 5/16 incl. 0.004 0.006 0.009

Over 5/16 to 1 incl. 0.005 0.007 0.011

Over 1 to 2-1/2 incl. 0.006 0.008 0.013

Over 2-1/2 to 4 0.007 0.010 0.017

•Flats — Cold Finished

Width, in inches

To 3/4 incl. 0.004 0.006 0.009

Over 3/4 to 1-1/2 incl. 0.005 0.007 0.011

Over 1-1/2 to 3 incl. 0.006 0.008 0.013
Over 3 to \ incl. 0.007 0.010 0.017
Over 4 to 6 incl. 0.009 0.012 0.021
Over 6 0.014 ~ ~

•The tolerances for flats opply to thickness as well ns width.
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TABLE 1-4

Permissible Variations in Sizes of Turned,
Ground and Polished Rounds and Round Sections
Ground ond Polished from Cold-Drawn Rounds

ASTM Designation: A108-52T; A331-50T
Steel Products Manual AISI, Sections 9 August 1952 and 29 May, 1949

Specified Diameter, In- Permissible Variation

in Specified Size, In.

plus minus

L'nder 2-1/2 0.000 0.002

2—1/2 and over 0.000 0.003

S«- Teils* 1*2 a«! 1-2

TABLE 1-5

Simplified Proctice Recommended Sizes of Hot-Rolled
Round, Carbon-Steel Bars for all Purposes

Bulletin R-222-46, Supt. of Documents, Gov't Printing Office
Steel Products Manuoi AISI, Sec. 8, Aug., 1952

Nominal Sizes,
inclusive
inches

Fractional

Increments
inches

1/4 to 29/32 Advancing Ly sixty-fourths

29/32 to 2-1/16 Advancing by thirty- seconds

2-1/16 to 4-1/g Advancing by sixteenths

4-l/£ to 6-1/4 Advancing by eighths

6-1/4 to fi-1/4 Advancing by fourths
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TABLE 1-6

Sizes and Shapes of Cold-Finished

Carbon-Steel and Alloy-Steel Bar

Commonly Available

Steel Products Manual AISI, Sections 9 ond 29

ASTM Designations: A 108-52T; A331-50T

Shape Size Range Size Steps

Rounds up to 7—3/4, inclusive to 1 in • ,
inclusive

»

by 64ths

Squares up to 4, inclusive over 1 to 2 in.
,

incl usive, by 32nds

Hexagons up to 3-1/8 inches over 2 in. ,
inclusive , by IGths

FI ats •1/4 inch and over in specified thickness, and up to 12 inches in

specified width.

*Minlxnuin of 1/8 inch in ASTM Deilcmfitlon A 108>-S2T

TABLE 1-7

Intermediate Simplified Practice Sires of

Hot-Rolled, Round, Carbon-Steel Bars

Bulletin R—222—46, Supt. of Documents. Gov’t. Printing Office

Steel Products Manual AISI, Sec. 8, Aug, 1952

For Doles and Rivets

Decimal Sizes, Inches

For Heat-Treated Studs
Decimal Sizes, Inches

0.365 1.047 0.507

0.445 1. 110 0.632

0.490 1. 172 0.758

0.615 1.235 0.883

0.680 1.297 1.009

0.740 1.360 1. 135

0.865 1.422 1.261

0.912 1.485 1.387

0.990 1.514

1-6



TABLE 1-8

Simplified Practice Recommended Sizes of Hot-Rolled
Steel Squares and Round-Cornered Squores

Bulletin R-222-46, Supt. of Documents, Gov’t. Printing-Office

Steel Products Monual AISI, Sec. 8 Aug, 1952*

Noninal Sizes,

inclusive

inches

Squares

Fractional Increnents

inches

1/4 to 1-5/16 Advancing by thirty- seconds

1-5/16 to 4-1/4 Advancing by sixteenths

4-1/4 to 5-1/2 Advancing by fourths

Round-Cornered Squares*

Nosinal Sizes Fractional Increnents Nominal

inclusive inches Corner-Radii

inches inches

3/8 to 1/2 Advancing by thirty-seconds 1/16

17/32 to 13/16 Advancing by thirty seconds 3/32

27/32 to 1-15/32 Advancing by thirty-seconds 1/8

1-1/2 to 1-15/16 Advancing by sixteenths 1/4

2 to 2-7/16 Advancing by sixteenths 5/16

2-1/2 to 2-7/8 Advancing by sixteenths 3/8

3 to 3-3/8 Advancing by eighths 7/16

3-1/2 to 3-7/8 Advancing by eighths 1/2

4 to 4-1/4 Advancing by fourths 5/8

4-1/2 to 5-1/2 Advancing by fourths 3/4

• Sizes are face to face. RoutkJ -cornered squares shall be rolled to dizrensions, not to
weights per linear foot.
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TABLE 1-9

Simplified Practice Recommended Sizes

of Hot-Rolled, Hexagon Steel Bars

Bulletin R-222-46, Supt. of Documents, Gov't. Printing Office

Steel Products Manual AlSl, Sec. 8, Aug, 1952

Nominal Sizes, Fractional Increments

inclusive inches

inches

1/4 to 2-1/16 Advancing by thirty-seconds

2-1/16 to 4-1/16 Advancing by sixteenths

TABLE 1-10

Permissible Variations in the Sizes of Hot-Rolled,

Carbon Steel and Alloy Steel Rounds, Squares

and Round-Cornered Squares

ASTM Designation: Al07-52aT
Steel Products Manual AISI,

Sections 8 Aug, 1952 and 10 May, 1949

Specified Sizes

inches

Variations from Size

Over Under

Out-of-Round

or

Out-of-Square

Section

To 5/16 incl. 0.005 0.005 0.008

Over 5/16 to 7/16 incl

.

0.006 0.006 0.009
Over 7/16 to 5/8 incl. 0.007 0.007 0.010

Over 5/8 to 7/8 incl. 0.008 0.008 0.012

Over 7/8 to 1 incl. 0.009 0.009 0.013

Over 1 to 1-1/8 incl. 0.010 0.010 0.015
Over 1-1/8 to 1-1/4 incl. 0.011 0.011 0.016

Over 1-1/4 to 1-3/8 incl. 0.012 0.012 0.018

Over 1-3/8 to 1-1/2 incl. 0.014 0.014 0.021

Over 1-1/2 to 2 incl. 1/64 1/64 0.023
Over 2 to 2-1/2 incl. 1/32 0 0.023
Over 2-1/2 to 3-1/2 incl. 3/64 0 0.035

Over 3-1/2 to 4-1/2 incl. 1/16 0 0.046
Over 4-1/2 to 5-1/2 incl. 5/64 0 0.058

Over 5-1/2 to 6-1/2 incl. 1/8 0 0.070

Over 6-1/2 to 8-1/4 incl. 5/32 0 0.085

NOTE: Out-of-round is the difference between the maximum and minimum
diameters of the bar, measured at the same cross section. Out-of-square sec-
tion is the difference in the two dimensions at the same cross section of a
square bar between opposite faces.
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TABLE 1_n

Permissible Voriafions in fhe Sizes of Hof-Rolled
Corbon Steel ond Alloy Steel Hexogons

Steel Products l^onuol AlSl, Sections 8 Aug, 1952 and 10 May, 1949

Specified Sizes faet—een
Opposite Sides, inches

Variation from Size
Over Under

Out of Hezagon
Section

To 1/2 incl. 0.007 0.007 0.011

Orer 1/2 to 1 incl. 0.010 O.OiO 0.015

Orer 1 to Z-I/2 incl. 0.021 0.013 0.025

Over 1-1/2 to 2 incl. 1/32 1/64 1/32

Over 2 to 2-1/2 incl. 3/04 1/64 3/64

Orer 2-1/2 to 3-1/2 incl. 1/16 1/64 1/16

270TZ: I* tks £rtt*te«t diSfennce fcefwee?; any taoro dbr.ennicns

At th« crc** seetisn betvees: feces.

TABLE 1-12

Permissible Variations in the Sizes of Hot-Rolled
Carbon Steel and Alloy Steel Flats

Steel Products Manual AlSl, Sections 8 Aug, 1952 ond 10 May, 1949

Variations fronj Thickness, for Variations from
Thickness Given, Over and Under V.idth

Specified Tidths Under
1/4

1/4 to

1/2,
Incl.

Over 1/2
to 1,

Incl.

Over!
to 2,

Incl.

Over
2

Over Under

To 1 incl. 0.007 0.008 0.010 — — 1/64 1/64

Orer 1 to 2 incl. 0.007 0.012 0.015 1/32 — 1/32 1/32

Over 2 to 4 incl. O.OOS 0.015 0.020 1/32 3/64 1/16 1/32

Over 4 to 6 incl. 0.009 0.015 0.020 1/32 1/16 3/32 1/16

I>OT& AH ir. Ir-chti.
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TABLE 1-13

Allowances for Machining Hot-Rolled

*Alloy-Steel Rounds

Steel Products Manual AISI, Section 10 May 1949

Specified Size
Minimum Stock Allowance

on Surface on Diameter

Up to 5/8 inc I. 0 016 0. 032

Over 5/8 to 7/8 incl

.

0 021 0. 042

Over 7/8 to 1 inc 1

.

0 023 0. 046

Over 1 to ] -1/8 incl

.

0. 025 0. 050

Over 1-1/8 ro 1--1/4 incl. 0. 028 0. 056

Over 1-1/4 to 1- 3/8 incl. 0. 030 0. 060

Over 1-3/8 to 1- 1/2 inc]

.

0 033 0. 066

Over 1-1/2 to 2 incl

.

0. 042 0. 084

Over 2 to 2-1/2 inc 1

.

0. 052 0. 104

Over 2-1/2 to 3- 1/2 incl. 0 072 0. 144

Over 3-1/2 to 4- 1/2 incl. 0 090 0. 180

Over 4-1/2 to 5- 1/2 incl. 0 110 0. 220

Over 5-1/2 to 6- 1/2 incl. 0 125 0. 250

Over 6-1/2 to 8 incl

.

0 155 0. 310

NOTE: All me®«iirementa in inches.

*Sectlon 8 of the Steel Products Manual recommends a machining
allowance of 1/8 inch for turning hot-rolled carbofwtteel bars of
to 3*lnch dlsmetera Inclusive, and 1/4 for hotfoUed bars over 3 inches

in diameter.

TABLE 1-14

Permissible Variations in Hot-Rolled Bars of Tool

Steel Rounds, Squares, Octagons, Hexagons

Steel Products Manual AISI, Sec. 25, April 1949

Specified Sizes, In. Under

Variations From Size, In.

Over Out of Section,Max.

To 1/2 incl. 0.012 0.010

Over 1/2 to 1 incl. 0.010 0.016 0.013

Over 1 to 1-1/2 incl. 0.012 0.020 0.018

Over 1—1/2 to 2 incl. 0.015 0.025 0.021

Over 2 to 2-1/2 incl. 0.020 0. 030 0.025

Over 2-1/2 to 3 incl. 0.020 0.040 0.030

Over 3 to 4 incl* 0.025 0.050 0.035

Over 4 to 5 incl

•

0.025 0. 060 0.035
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TABLE 1-15

Permissible Variotions in Hot-Rolled Flat Bars of Tool Steel

Steel Products Monuol AfSI, Sec. 25, April 1949

Specification

Tidth

'X'idth V''2riatioii

From Size
Under Over

Variation From Thickness According to Thickness
To 1/4 Over 1/4 to 1/2 Over 1/2 to! Over 1 to

2

Under Over Under Over Under Over Under Over
To 1 incl

.

1/64 1/32 0.006 0.010 0.008 0.012 0.010 0,016 0.020 0,020
Over 1 to 2 incl. 1/32 3/64 0.006 0.014 0.008 0,016 0,010 0.020 0.020 0.024
Orer 2 to 3 incl. 1/32 3/64 0.006 0.018 0.008 0,020 0,010 0.024 0,020 0,027
Over 3 to 4 incl. 3/64 1/16 0.008 0.020 0.010 0.022 0.013 0.024 0.024 0.030
Over 4 to 5 incl

.

3/64 1/16 0.010 0.020 0.012 0.024 0.015 0,030 0.027 0.035
Over 5 to 6 incl

.

1/16 3/32 0.012 0.020 0.014 0.030 0.018 0,030 0,030 0.035

All are in ijirfjea#

TABLE 1-16

Permissible Variotions in Hammered Bors
of Tool Steel Rounds, Squares,

Octagons, Hexogons

Steel Products Manual AlSl, Sec. 25, April 1949

Variations From Size, In,

Specified Sizes, In, Under Over

Over 1 to 2 incl. 0.030 0.060

Over 2 to 3 incl. 0.030 0.080

Over 3 to 5 incl. 0.060 0.125

Over 5 to 7 incl. 0.125 0.187

Over 7 0. 187 0.312

TABLE 1-17

Permissible Variations in Hammered Flat Bars of Tool Steel

Steel Products Monual AISI, Sec. 25, April 1949

^idth Variation Variations From Thickness, for Thickness Given
Specification From Size To 1 Over 1 to 3 Over 3 to 5 Over 5 to 7 Over 7

Vidth Under Over Under Over Under Over Under Over Under Over Under Over
Orer 1 to 3 incl. 0.031 0,078 0,016 0,031 0.031 0.078 — — — ' —
Orer 3 to 5 incl. 0.062 0,125 0.031 0.062 0.047 0.094 0.062 0,125 — —
Orer 5 to 7 incl. 0,125 0.187 0.047 0.094 0,062 0.125 0,078 0.156 0.125 0,187 — -

,

Orer 7 0,187 0,312 0.062 0. 125 0.078 0.156 0.094 0.187 0.156 0.219 0.187 0.312
AU mn’ fa fach-i.
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TABLE 1-18

Diameter Tolerances on Free-Cutting, Brass Rod and

Bar, for Use in Screw Machines, and on Naval Brass Rods

ASTM Designations: B16-52; B21-52

Diameter or Distance
Between Parallel Surfaces

In. Rounds

^Tolerance, Plus and Minus, In.

Hexai’ons
Octagons “Piston Finish

Up to 0. 150, incl

.

0.0013 0.0025

Over 0.150 to 0.500, incl. 0.0015 0.003

Over 0,500 to 1.00, incl. 0.002 0.004 0.0013

Over 1.00 to 2.00, incl. 0.0025 0.005 0.0015

Over 2.00 0.,15 per cent 0.30 per cent“ 0. 10 per cent*^

*When tolerance* are specified as ell plus or all minus, double the values given*

^Applies to ASTM Designation B21 only*

^
Expressed to the nearest 0.00 1 in.

Expressed to the nearest multiple of 0.0005 In.

TABLE 1-19

Thickness Tolerances for Navel Bross Rods and
Rectangular and Square Bars of Free-Cutting,

Brass for Screw Machines

ASTM Designations: B16-52; B21—52

‘Tolerance, Plus and Minus, on VCidth

Thickness, In. 1/2 and Over 1/2 Over 1-1/4 Over 2.00 Over 4.00 Over 8.00

Under to 1-1/4 to 2.00 to 4.00 to 8.00 to 12.00

Incl Incl Incl Inc)
Over 0.188 to 0.500 incl. 0.0035 0.004 0.0045 0.0045 0.006 0.008
Over 0 , 500 to 1,00 inc 1

,

0.0045 0.005 0.005 0.007 0.009
Over 1.00 to 2.00 incl. 0.005 0.005 0.006 0.008
Over 2. 00 to 4«00 incl

.

0,30 per

cent, ex-

pressed t o

nenres t

0.001

•When tolerances ore specified as all plus or all minus double the volues given. Not all ASTM
Designations use the thickness tolerances given here for naval brass.
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TABLE 1-20

V/idfh Tolerances for Recfangular Bars

ASTM Designations: B249-52T

^idth. In. •Tolerance, Pins and Minns, according to ASTM Etesignation

B16, B21 B98 (Alloys A, C, D),

B98 {AUoy B), B138, B139, B150,

B133, B140 B151, and B196

Over 0.188 to 0.500 incL 0.0035 0.005

Over 0.500 to 1.25 incL 0.005 0.007

Over 1.25 to 2.00 incl. 0.008 0.010

Over 2.00 to 4.00 incl. 0.012 0.015

Over 4.00 to 12.00 incl. 0.30 per cent. 0.50 per cent

expressed to expressed to

nearest 0.001 in. oearest 0.001 in*

•Tflaen tolsnaces mrt specified *s *11 pica er ail ednca, double the vHluea g^iveu.

TABLE 1-21

Straightness Tolerances for Non-Ferrous Rod, Bar, and Shapes

ASTM Designations; B249—52T

Specific ASTif designations to which this tentative specification applies

axe B16-52, B21-52, B98-52, BI33-52T, B138-52, B139-52, B140-52, B150-52,

B 151-52, and B 196-52.

Applicable to Any Maximum Portion of Total Length

Longitudinal Curvature in Which Depth of

Surface or Edge (Depth of Arc) Arc Is Measured

In. In.

Drawn rods 1/2 120

Drawn bars and shapes 1/2 72
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TABLE 1~22

Straightness Tolerances for Shafting

ASTM Designation: B249-52T

Specific ASTNt designations to which this tentative specification applies are

B21-52, B138-52, B139-52 and B150-52

Length of Shaft,

Feet

Maximum Permissible Deparmre Minimum Diameter

From Straightness of Either Applicable for

Center or End Portions Length Indicated, In.

Up to 6, incl

.

0.005 1/2

Up to 7, inc 1 • 0.007 1/2

Up to 8, incl

.

0.009 1/2

Up to 9, inc 1

.

0.012 1/2

Up to 10, incl

.

0.014 1/2

Up to 11, incl

.

0.017 1/2

Up to 12, incl. 0.020 1/2

Up to 14, incl

.

0.028 5/8

Up to 16, incl

.

0.036 3/4

Up to 18, incl

.

0.045 1

Up to 20, incl

.

0.055 1-1/4

Up to 22, incl

.

0.068 1-1/2

Up to 24, incl

.

0.078 1-3/4

Up to 26, inc 1

.

0.094 2
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TABLE 1-23

Section Moduli and Moments of Inertia of Round Shafting

Dodge Catalog D 55

Shaft

Size

1/16

1/8

3/16

1/4

5/16

3/8

7/16

1/2

9/16

5/8

11/16

3/4

13/16

7/8

15/16

1-1/16

1-1/8

1-3/16

1-1/4

1-5/16

1-3/8

1-7/16

1-1/2

1-9/16

1-5/8

1-11/16

1-3/4

1-13/16

1-7/8

1-

15/16

2

2-

1/16

2-1/8

2-3/16

2-1/4

2-5/16

2-3/8

Section Modulus
Bending Torsion

Moment of Inertia

Bending Torsion

.000024 .000048 -000001 .000002

.000192 .000383 .000012 .000024

.000647 .001294 .000061 .000121

.001534 .003068 .000192 ,000383

.002996 .005992 .000468 ,000936

.005177 .010354 . 000971 .001941

.008221 ,016442 .001798 .003597

.0123 .0245 .0031 ,0061

.0175 .0349 .0049 ,0098

.0240 .0479 .0075 .0150

.0319 ,0638 .0110 .0219

.0414 .0828 .0155 .0311

.0527 .1053 .0214 ,0428

.0658 ,1315 ,0288 .0575

,0809 .1618 .0379 ,0758

.0982 .1963 .0491 .0982

,1178 ,2355 .0626 .1251

.1398 ,2796 .0786 .1573

-1644 ,3288 .0976 .1952

,1917 ,3835 .1198 ,2397

.2220 .4439 .1457 ,2913

,2552 .5104 .1755 .3509

,2916 .5832 .2096 .4192

,3313 .6627 .2485 .4970

.3745 .7490 .2926 .5852

,4213 .8425 .3423 .6846

.4718 .9435 .3981 .7961

.5262 1.052 .4604 ,9208

.5846 1.169 .5298 1.060

.6471 1.294 .6067 1.213

.7140 1.428 .6917 1.384

,7854 1.571 .7854 1.571

.8614 1.723 .8883 1,777

.9421 1,884 1.001 2.002

1,028 2.055 1.124 2.248

1.118 2.237 1.258 2.516

1.214 2.428 1.404 2.808

1.315 2.630 1.562 3.124

conlintied on next poge
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Shaft Section Modulus Moment of Inertia

Size Bending Torsion Bending Torsion

2 -7/16 1.422 2.844 1.733 3.466

2-1/2 1.534 3.068 1.918 3.835

2-9/16 1.652 3.304 2.117 4.233

2-5/8 ' 1.776 3.552 2.331 4.661

2-11/16 1.906 3.811 2.561 5.122

2-3/4 2.042 4.084 2.807 5.615

2-13/16 2.184 4.368 3.071 6.143

2-7/8 2.333 4.666 3.354 6.707

2 -15/16 2.489 4.977 3.655 7.310

3 2.651 5.301 3.976 7.952

3- 1/16 2.820 5.640 4.318 8.636

3-1/8 2.996 5.092 4.681 9.363

3-3/16 3.179 6.359 5.067 10.13

3- 1/4 3.370 6.740 5.477 10. 95

3-5/16 3.568 7.137 5.910 11.82

3-3/8 3.774 7.548 6.369 12.74

3-7/16 3.988 7.076 6.854 13,71

3- 1/2 4.209 8.419 7.366 14,73

3-9/16 4.439 8.878 7.907 15.81

3-5/8 4.677 9.353 8.476 16.95

3-11/16 4.923 9.845 9.076 18.15

3-3/4 5. 177 10.35 9.707 19.41

3-13/16 5.440 10.88 10.37 20.74

3-7/8 5.712 11.42 11.07 22.14

3-15/16 5.093 11.99 11.80 23.60

4 6.283 12.57 12.57 25.13

4-1/16 6.582 13.16 13.37 26.74

4- 1/8 6.891 13.78 14.21 28.42

4-3/16 7.209 14.42 15.09 30.19

4- 1/4 7.536 15.07 16.01 32.03

4-5/16 7.874 15.75 16.98 33.96

4-3/8 8.221 16.44 17.98 35.97

4-7/16 8.579 17.16 19.03 38.07

4- 1/2 8.946 17.89 20. 13 40.26

4-9/16 9.324 18.65 21.27 42.54

4-5/8 9.713 19.43 22.46 44.92

4-11/16 10.11 20.22 23.70 47.40

4-3/4 10.52 21.04 24.99 49.98

4- 13/16 10.94 21.88 26.33 52.66

4-7/8 11.37 22.75 27.72 55.45

4- 15/16 11.82 23.63 29.17 58.35

5 12.27 24.54 30.68 61.36

5-1/16 12.74 25.48 32.24 64.49

continued on next page
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TABLE 1*23, ccntinued

Shaft .S-c-ctJcti Hcdaiuc I'.orr.cnt cA Inertia

StTA Btntifng Torsion Torsion

£-l/f: i3.22 26.4.3 33-66 67. 73

S-Z/IC 13.70 27,41 •s-r irc "1,05

5-1/4 14,21 2S.4i 37.25 "4.56

Z-ZfU 14.72 29.44 35.10 "6,20

5-3/fi 15. 25 30.45 40.57 61,94

5-7/16 1S.7S 3 i • O’ # 42.51 65.62

5-1/2 16.33 32.6" 44.52 65.84

5-5/16 16,50 33.75 46-55 53.55

5-5/^ 17.47 34,55 45.14 56,25

5-1 1/16 IS. 06 36, 12 51.36 102.7

5-3/4 IS, 66 3"^* 33 107.3

5-1.3/16 15.26 S^.sC 56.03 II2.1

5-7/S 15,51 35,62 58.46 117,0

5-15/16 2^* Sv 41.10 61.01 122.0

6 21,21 42.41 63.62 127.2

6-1/16 21, S6 43.75 66.31 132.6

c-m 22. 56 45. 12 65.05 136.2

6-3/16 2.3.26 46-51 71.55 143.5

6-1/4 23,57 47.54 74.50 145.6

6-5/16 24, 65 45,35 77.54 155.5

6-,3/S 25,44 50.67 61,06 162.2

6-7/16 26.15 .52,36 64.30 166.6

6-1/2 26.56 53.52 67.62 175.2

6-.5/S 2S.55 57,05 94.56 185.1

6-3/4 30, 15 60.35 101.5 203.6

6-7/S 31,50 6.3.60 105.7 215.3

7 33.67 67,35 117.5 235.7

7-l/S .35,51 71.02 126.5 253.0

7-1/4 37,41 74.62 135.6 271.2

7-3/S 35, 3S 76,76 145.2 250.4

7-1/2 41,42 62- 6-^ 155.3 310.6

l-'j/f. 43. 52 67.05 165.5 331.5

-i-Zff. 45,70 51.40 177.

1

354.2

'-7/S 47,95 55.65 166.6 377,6

S 50.27 100.5 201.1 402.1

S-1/6 52,66 105.3 213.5 427.5

S-1/4 55,13 110.3 227.4 454.6

S-.3/S 57,67 115.3 241.5 463.0

S-1/2 60,25 120.6 256.2 512.5

S-5/S 62,55 126.0 271.6 543.3

S-3/4 65,77 131.6 267.7 575.5

S—7/S 6S . 63 137.3 304.5 605,1

5 71.57 143.1 322.1 644.1

5-1/S 74,55 145.2 340.3 660.7

5-1/4 77,70 155-4 35<9 , 4 716.7

ccmiinwd on next p3e,e
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TABLE 1*23, continued

Shaft

Size

Section Modulus
Bending Torsion

Moment of Inertia

Bending Torsion

9-3/8 80.89 161.8 379.2 758.4

9-1/2 84. 17 168.3 399.8 799.6

9-5/8 87.54 175. 1 421.3 842.6

9-3/4 90.99 182.0 443.6 887.2

9-7/8 94.54 189.

1

466.8 933.6

10 98.17 196.3 490. .9 981.7

10-1/4 105.72 211.4 541.8 1084

10-1/2 113.65 227.3 596.7 1193

10-3/4 121.96 243.9 655.5 1311

11 130. 67 261.3 718.7 1437

11-1/4 139.78 279.6 786.3 1573

11-1/2 149.31 298.6 858.5 1717

11-3/4 159.26 318.5 935.7 1871

12 169. 65 339.3 1018 2036

12-1/4 180.47 360.9 1105 2211

12-1/2 191.75 383.5 1198 2397

12-3/4 203.48 407.0 1297 2594

13 215.69 431.4 1402 2804

13-1/4 228.37 456.7 1513 3026

13-1/2 241.5 483.1 1630 3261

13-3/4 255.2 510.4 1755 3509

14 269.4 538.8 1886 3771

14-1/4 284.

1

568.2 2024 4048

14-1/2 299.3 598.6 2170 4340

14-3/4 315.0 630.1 2324 4647

15 331.3 662.7 2485 4970

15-1/4 348.2 696.4 2655 5310

15-1/2 365. 6 731.2 2833 5667

15-3/4 383.6 767.

1

3021 6041

16 402.

1

804.2 3217 6434

16-1/4 421. 3 842.5 3422 6846

16-1/2 441.0 882.0 3638 7277

16-3/4 461.4 922.7 3864 7728

17 482.3 964.7 4100 8200

17-1/4 503.9 1008 4346 8693

17-1/2 526.2 1052 4604 9208

17-3/4 549.

1

1098 4873 9745

18 572.6 1145 5153 10306

18-1/4 596.7 1193 5445 10891

18-1/2 621.6 1243 5750 11500

18-3/4 647.1 1294 6067 12134

19 673.4 1347 6397 12794

19-1/4 700.3 1401 6741 13481

19-1/2 728.0 1456 7098 14195

continued on next page
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TABLE 1-23, continued

Shaft Section Modulus Moment of Inertia

Size Bending Torsion Bending Torsion

19-3/4 756.3 1513 7469 14937

20 785,4 1571 7854 15708
20-1/4 815.2 1630 8254 16508

20- 1/2 845.8 1692 8669 17339

20-3/4 877,1 1754 9100 18200

21 909.2 1818 9547 19093

21-1/4 942,1 1884 10009 20019

21-1/2 975.7 1951 10489 20978

21-3/4 1010 2020 10985 21970

22 1045 2091 11499 22998

22-1/4 1081 2163 12031 24061

22-1/2 1118 2237 12581 25161

22-3/4 1156 2312 13149 26298

23 1194 2389 13737 27473

23-1/4 1234 2468 14344 28687

23-1/2 1274 2548 14971 29941

23-3/4 1315 2630 15618 31236

24 1357 2714 16286 32572

24-1/4 1400 2800 16975 33951

24-1/2 1444 2888 17686 35372

24-3/4 1488 2977 18419 36838

25 1534 3068 19175 38350

25-1/4 1580 3161 19954 39907

25-1/2 1628 3256 20755 41511

25-3/4 1676 3352 21581 43163

26 1726 3451 22432 44864

26-1/4 1776 3552 23307 46614

26-1/2 1827 3654 24208 48415

26-3/4 1879 3758 25134 50268

27 1932 3865 26087 52174

27-1/2 2042 4083 28074 56148

28 2155 4310 30172 60344

28-1/2 2273 4545 32385 64771

29 2394 4789 34719 69437

29-1/2 2520 5041 37176 74351

30 2651 5301 39761 79522

30-1/2 2785 5571 42479 84957

31 2925 5849 45333 90666

31-1/2 3069 6137 48329 96659

32 3217 6434 51472 102944

32-1/2 3370 6740 54765 109530

33 3528 7056 58214 116428

34 3859 7717 65597 131194

35 4209 8418 73662 147324
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TABLE 1-24

Properties of a Plane Area

Roark "Formulas for Stress and Strain"

McGraw-Hill

Fonn of section

1 . Square A

Area A Distance from centroid to eilreim.

ties of section Vi, tn
Moments of inertia /t and h about principal central axca 1 and 2

a* yi * VI * jo /i “ /* “ /i " iSo* BBS - n - 0^9a



TABLE 1—24, continued

1-21



TABLE 1-25

Shear, Moment, and Deflection Formulas for Beams

Roark “Formulas for Stress and Strain’’

McGrow-Hill

Notation: R' = load (lb); «>= unit load (lb per linear in.). >5 positive when cloclrwisc; I' is positive when upward; y is posi-

tive when upward. Constraining moments, applied couples, loads, and reactions are positive when acting ns shown. All forces

ore in pounds, all moments in inch-pounds; all deflections and dimensions in inches. 0 is in radians and tan 0^0*

Statically Determinate Cases

Rnetiona Hx and A'j.

Tfrtkal fhrax V
DrSectioa y. nsatlmuta drflrelioa, and f?id alope 8

1. Csnlilevcr. rndlca 1

-X

Si - H-lr

r- - nr

.V - -irx

Max.V ™ -IVial P.

2. CanlilereT, intfnnfdi-

ate load
+ir

(4 to if) r - 0

(BtoO V- -ir

(4 lo B) .\f - 0

(BioO - -ir(x-t(

Mai .t/ - -»ra at C

(.t to B) , - -i + Sof - 3o’x)

(S to O » ? lit, _ t)> - Soft - M + Jo')
u tl

c-

Mu»- --^j(3o«-o')

*- toB’)

«•

~X

Si - +IV

,, ir
' --T' Mai.V- -iR7at P -s^

Si - +lr

(,r lo S) r - 0

(B to o V - -r^(x -t + l)
ft — c

(c to nj V - -H-

(4 lo B) -V 0

(B to O W - -
j

~

(C to f)) .V - + 0 + 0

Mu.tf « -iir(<i+H>tn

(i to B) » - -i + «S + i!7(l - si - - oW - o'i - M)

(B to o » ” -i
[
t(« +m - sii - - j)' + j

(C to B) y - -i P'i + H(I _ III - :-;i _ I)>)

Mu y - J?n(a' 4. ,J + ti)i _ _ ,!S _ ,ii _ M) «t B

' " (•< ^

= +r

i- .
1 » _-.,i Mk.U - -liriatB xt 1 irp

,Muy---j^.,i

6. C3nt2e^T^, partial tri-

angular k»d

Y\ 1
\

1 ‘-oJ

4-.^0Lj-x

s, - +[r

(.r to B) r ” 0

(iP - 0)>

(CloDl r= -IT

(4 to B) M - 0

(BtoO.V--i
3 - 0)'

(CtoD) if lir(lr-3I+i+:o)

Mu if - -JTTfi + ro) »t 0

(.t toB)y - -i|^!(i!' + ICl’a-i-15o')tl-i)

(B to O y - -1 ^|^(», + 1WJ(I - -•)» -

~ (i - oi' J
1 TT

(C to D) y - -i + H(( _ i)i _ (I_ r)i]

Mu y - -1 lovj + 1 ^, 1
), _ 4s> _ :sfi - So'-i - M) »t i

^ "i" ^
liar

X

Bi>»+ir

"( < )
Mu if - -JITfotB Muy-4*|-o..<

continvtd on nttt
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TABLE 1—25, continued

continued on next po^e
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TABLE 1-26

Formulas for Torsionol Deformcrtton and Stress

RoaiL "Formulas for Stress ond Strain"

McGrov/-Hill

GiskzI forrzchs: 6 —

(lb, p'^T EC, in.);

TL

kg' 0
G = aoi-'Itjs

, •Trhcze 0 = ZTigli cf twist (tsA.)', T = twisting moment (in.-lh}; L = length (ta.y, s = onit cheat

of rigidity fib. pet sq. in,); AT fin.'*) and Q(ia.~) are functions of die croon cection-

Fwt.-,.e:.ferr:ioe-^ fV,rrr,riIi ff>r *f,^r n'.r^t

1

• 2r
t Mix ^ —r *.*. t-Wr,ri;t*7'
) rr*

/" \ •

i

'

I

t —r: r/ rr.:r.',r Asix
. T'ZfA

\

/: - oj</>5c€

!

f

f

r
h.2r/'AZ^

rr.i-i^Ar.t cf tAr-h xidt

ccmiirutd on ntxt pof^e
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TABLE 1-26, continued

Form and dimensions o( crooa sections, other
quantities involved, and case number Formula for /iT in 0 “

AC#
Formula for shear strcM

9. Any thin tube of uniform thickness. U «»

length of median boundary, A “ mean of

areas enclosed by outer and inner bound-
Biies, or (approx.) area nitbin median
boundary

- *ah^ " TT
T

Average « «» (stress nearly uniform if t is small)

10 Any thin lube.
17 and A as for Case 9; t *« thickness at any
point

4.4*

N
T ...

Average < on any thickness AB " 7;^ (Max s where f is a mtnimum)

1 1 Hollow ice

->

tangle

* &

T
Average s ^ — rr near mid-length of short sides

2t(a — t)(6 — ti)

T
A

<-—

a

9

2lj(o — t)(6 — fi)

(There will be higher stresses at inner corners unlcM fillets of fairly large
radius are provided)

12. Thin circular open tube of uniform thick-
ness.
r e= mean r.ndius

A* “ Jrrt* Max t — along both edges remote from ends (this assumes

t small compared with mean radiu.s; otherwise use formulas given for
Cares 14 to 20)

13. Any thin open tube of uniform thickness.
U “ length of me<lian line, shown dotted

K - 1 t;i> T(3t7 + 1 81)Max » , along both edges remote from ends (this aasumes f

small compared with lea-^t radius of curvattire of median line; otherwise
use formulas given for Cases M to 20)

14. Any elongated aection with axis of sym-
metry OX. U «= length, A = area of sec-

tion, It » moment of inertia about axis of
symmetry.

For all solid sections of irregular form (Cases 14 to 20, inclusiw) the max
shear stress occurs at or very near one of the points where the largest
inscribed circle touches the boundarv',* and of these, at the one where
the cun'oture of the boundarj' is algebraically least. (Convexity rep-
resents positive, concavity negative, curvature of the boundary.) At a
point where the curvature is positive (boundary’ of section straight or con-

vex) this max strew is given approximately by: « » or 1 ^ where

' " ..uX > + O 'sCiBA- “ 2r) ]•
^ IG.-l*

D • diameter of largest inscribed circle
r radius of curvature of boundary at the point (positive for this case)
A • area of the section
At a point where the curv'ature is negative (boundary of section concave,

or reentrant) this max stress is given approximately by a “ Crc or * ^
Li A

"hcree + {
O ils I”!:. (l -

,^)
- 0.238®} tanh

where D, .1, and r have same meaning as before and ^ “ ancle through
which a tangent to the boundary rotates in turning or traveling around
the reentrant portion, measured m radians. (Here r is ncootire.)
The above formulas should also be used for Coses 12 and 13 when (is rela-
tively large compared with radius of median lino

* Unlesa at some other point on boundary there is a sharp reentrant angle,
causing high local stress.

15. Any elongated section or thin open tube.
dU »= elementary length along median
line, t “ thickness normal to median line,

A « area of section

K = -z „ --"hcreF-

\ ^ 3 AUV

15.Any solid, fairly compact section without
reentrant angles.
J ea polar moment of inertia about cen-
troidal axis; A = area of section

o
^ 40y

ctmtinued on next po^e
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TABLE 1-27

Formulas for Stress and Strain Caused by Pressure

On or Between Elastic Bodies

Roark "Formulas for Stress and Strain”

McGraw-Hill

Notation: = unit compressive stress; = unit shear stress; Sj = unit tensile stress; a = radius of circular con-
tact area for cases 1, 2, and 3» ^ — width of rectangular contact area for cases 4, 5, and 6; c — major semiazis and
d ~ minor semiazis of elliptical contact area for cases 7 and 8; = combined deformation of both bodies at each con-
tact, along azis of load; u = Poisson's ratio; E = modulus of elasticity. Subscripts 1 and 2 refer to bodies 1 and 2,

respectively. All dimensions in inches, all forces in pounds.

conltBued on next p<tge

1-28



Table 1—27, continued

CcaSJ« xai C«« 3'"a. Fcrzrdss frz £rrna£«a «/ oXIsjA ara zz6 for a t

^,Cf5sd^s cc ej^isriir.

Aza at ar-^a.
i*

»

£. Gcdl c£« rf t-ra

b26a fc ecatatt- P =*

^y/ea^p ofRg^

/

7SZ-

P^/t iv' iMam
^ ofRi

ISP
Tti

3 / />»

thih

wiflre er aal ^ aad X dspeaJ os tado~ aai fca-rt rtlaeu fcC/Trs:

Di

Ih
1 ij 2 3 4 & 10

« 0,9Oi l.«5 l.U? 1.350 1.505 1.757 2.175

/? 1 0.765 0.C12 0.4«2 0.4CO 0.20} 0.221

X 2.CS0 2.060 2.025 is9y I.fiTS 1,770 1.613

JSEt*^Pt^ zn/xn/xn, n = »* *» o^.e * Qjyr.jia

rh

^ th-pDi

For tMW tiiia cf^ aad » aatj £cr Txbfg cf^ tetras 1 aM g, ifax ». = “‘^'Vj|.

a

= 5a-B=*=

(I)
(Approximate formula from Thomaa, H. P.., and V. A.
Hoerscb: Stresses Due to the Pressure of one Elastic

Solid Upcn Another, Eng;. Exp, Sta,, l/niv. 111. Bull. 212, 1930)

At pxrt d ecctact z 3 n^3 of cirTil-zre are E» tod E/fcr Ecdj 1, J?j tod R/ fcr Bed/ 2. Ttsa 4- sal are jrjtufpd rarsific’CT cfEodr 1,
Ki Jii

asd^ sai^ cf Body 2, acd fc: esci \rAj tie prfcsfpal Pirrstares are czUsRt perrecdLsrlar.

ecrrlamm? emntcrr^ b Body 2 tie ac^ie d- Tia:

link = i = 7 ^^ f-

'

icre^ b Body 1 caigs witii tie pUce

FtTi

Rt ‘ B:'
_1_ J_

’Ex'

3Fi'l -n*)-rFx(l-n*)

« aad^ are gjrts fcy t!>; fcUgsbg tiUe, viere 6 -

cr* i(r 20* 20* ar

» a«o*

40* 45* »r cr rop £<r £5’ E<r

6 «I2 3.773

p; 0 0.319 o.«?
M — 0.£31 1.223

2.731 2.337 2.13q J.52« 1.754 I. til l.4£5 1 373 1.2£4 1.202 1.I2.S l.Otl 1.03
0 <33 0.530 0.5t7 0.«M 0.641 0.673 0.717 0 759 0.302 O.S45 0.303 O.fM 1.0)
1.<S5 I. £50 1.637 1.700 1.772 1.323 1,375 1.S12 1.644 1.667 1.535 1,666 2.03

Values taken from
Tech-Paper,
Bureau of Standards,

no.20I,l92I

9, ESpi hdfeed-T* aerac
edg9 ef wrs-trfrfte
ptsie. lead p fo, per
Iborb,

\P

ii acy pdat Q. t;
2peoj0

S.

Ref»r Timoshenko, S,: "Theory
of Elasticity" Engineering
Societies Idonograph, McGraw*
HUl, 1934

ID. E3^ Uyi d irdti lb
aerces ed;?* rf «:d4s£-
cle pbie- lc3d p Ib.

perCrear b.

At acy petsi Q cn jrrfiee cf ecztact, *

Ref.: Timoshenko, S.: "Theory
of Elasticity** Engineering
Societies Monograph, McGraw-
Hill. 1934

IL Cssfera pTtsnrfe p Ib.

pff »3. b- CTsr L
aeroH ed^;* cf zeobS*
site pbte

0} rnrnup
T 77^ 7\g>-^ y

-it £=7 0-. cr22ii? IcaAid k-ra. y =
^J^{

1. 6-i,)k«.jp
— — ii

J
t ft

.41k;7P<K;S<3;bri*kaiMjLrsa.y =|||^(£ - :.!

57b!r« y = relitrTc to s nSLrM pebit 4 (flitsKt d frenj ed^s cf Ica-dsd arcs
.4t ac7 pciyt 0. St — 0313 p*"*, 4- 210 a)

®* 031S p sb a

Ref.: Timoshenko, S.; "Theory
of Elasticity** Engineering
Societies Monograph, McGraw-
Hill, 1934

12. Ei^ CTibii'kal dSt cf
ndrn E ca r^fsee cf
•ca-bSahe body, tcbl
bsdPIb

P(1 - r2)

’’“-w
At acy pebt 0 cc crface cf ecciaet f« =*

Max jc * « at ed^
2rEVfP-r^

Ref.: Timoshenko, S.: "Theory
of Elasticity** Engineering
Societies Monograph, ?,IcC3raw-

Hill, 1934

continued on next Page



Toble 1—27, continued

Conditions and Case No. Fonnulas for dimensions of contact area and for a maximum stress

13. Uniform pressure p lb. ,, 2pft(l — »<*)

per sq. in. over circular ^ ‘

area of mdiui ^ on sur- dm —
face of Bemi'infinitc body y

^ 1

I

Max t, <=> 033 p at point 0.638A below center of loaded area

14. Umform pressure p lb. ,, 2.24p!>(I — . *

per sg. in. over square P ~ '

~'~e
center

area of sides 2i> on surface , ,,,
of semi-infinite body

y «

, 1.90pi(l - r*)
Average y * ^—

—

Ref.: Timothenko, S.: ‘'Theory

of Elasticity” Engineering

Societies Monograph, McGraw*
Hill, 1934

TABLE 1-28

Formulas for Computing Pound-Feet-Squore Mognitudes of Certain Solids

Product Engineering, March, 1948

Weight ff', lb.

Part Radius of Gyration /?, w = Weight per Cu In. VR^
Feet of Material, Ib. Ib-fc’

CIRCULAR CYLINDER

HOLLOW CIRCULAR CYLINDER

conffnue<f on next P^e
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TABLE 1-29

Work and (Mechanical*) Energy

Quantity Definition of Quantity Units

Work A scalar quantity - the scalar
product of a vector force and
a vector displacement

foot-pounds Product of the magnitude
of a force and the dis-

tance moved in the dtr-

cedon of the force.

Potential
Energy

Capacity of a body for doing
work as the consequence of
position

IfA, foot pounds
or

i/ft

e

weight in pounds
h “ height above datum

plane, feet
W ~ mass
g = force of gravity

Kinetic
Energy

Capacity for doing work
by reason of motion of

a body

1/2 w foot-

pounds
M = W/g
y = speed in feet per

second

Kinetic
Energy of

Rotation

Wod: done by torque

about a fixed axis.

1/2 foot-_

pounds

ft lb
5872

/ = mass moment of
inertia of body,
pound- feet-square

CO = angular speed,
radians pet second

B’ = weight or part,

pounds
R = Radius of gyration

of part, feet

N - revolutions per min.

g = 32.2 fps^

Strain

Energy
Capacity for doing work
because of elastic

properties of a body

1/2 Pe, inch-

pounds

1/2 (SV£/of.
inch-pounds

For rod of uniform
section in tension

P “
axial tensile load,

pounds
e -elongation, inches

S - oxial tensile stress,

psi
o = cross sectional area,

sq. in.

/ = length of bar

Power Time rate of doing work 1 Horsepower =

550 ft Ibper
second = 33000
ft Jb per minute

Speed
ratio of a

mechanism

Kado of distance (or

angle) moved by load to
distance (or angle)
moved by effort.

angular speed of

driven

P= angular speed of

driver

Mechanical
Advantage

Rado of magnitude of
load to magnitude of

effort.

• Many other forms of enercy* ns atomic, chemical, electricol, hent, light arc excluded by this restriction to mechnnlcnl
forms.
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TABLE 1-30

Amplitude Ratio Versos Frequency Rotio

Den Hartogj ^^Wechanicol Vibrations Third Edition, McGrov/-Hill Book Co,

ZERO DAMPING . WHERE Cr 'S THE
C(. CRITICAL omptua ^
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TABLE 1-37

Vibration Formulas

I- Linear Spring Constants (pounds per inch deflection)

r. turns

h—^—
*1

I CaatileTer

t =

k =

—J

I

centrallf loaded

Be
Li £ load off center

am oa tiro supports; _

L 1-

I

J centrallj- loaded

Circular plate, tliicfcness t

;

centrally loaded; cir-

cumferential edge sim-

ply supported

McGraw-Hill Book Co.

Gd‘
(1)

Sr.D^

3EI
(2)

iSEl
;3}

3EII
(4)

' m
192F/

(5)H

16x1) 1 -h ^
(6)B- 3

^ ^ Circular plate; circumfer-
^ _ 16ri

ential edge clamped ~ £-

' in urhich the plate constant is

Ep^ “
12(1 -

p = Poisson’s ratio = 0.3

16x£»

-*/A—VA— Two springs in series k =
1/fci -r l/k.

(T)

(S)

II. Rotational Spring Constants (inch-pounds torque per radian rotation)

.Mechanical Vibrations, Third Edition, Den Hartog, McGraw-Hill Book Co.

(Inch-pounds torque per radian rotation)

Twist or coil spring;

wire dia. d; cod dia. D; k —
r. turns

Ed<-

&ir.D (9)

(rr
J

Bending of coil spring

Twist of hollow circular

shaft, outer dia. D,

inner dia. d, length I

For steel

k = rd‘ 1

32nD '
1 -{- £/2G

r GI^ r G(D< - d<)

I 32

k = I.IS X 10« X

I

D«

(10)

(H)

d‘

ccTztinsed on next page
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TABLE 1-32, continued

III. Natural Frequencies of Simple Systems

“Mechanical Vibrations''Third Edition, Den Hattog, McGraw-Hill Book Co.

m,k End moss il/; spring mass

spring stiffness k

n,. End inertia I; shaft incr-

^ Ig.k U ^ tia J„ shaft stiffness k

/,[}=4=j]/,0
Two disks on a shaft

Cantilever; end mass M)
beam mass m, stiffness

by formula (2)

Simply supported beam;
central mass jlf; beam
mass m; stiffness by
formula (3)

Massless gears, speed of

/j n times ns large as

speed of h

= Vfc/{iV -b m/3) (12)

= Vk/(I + I./3) (13)

^Ikih +1,)
V J,h

(14)

= (15)V + 0.23m

-\l
' .1/ -f 0.5m

(16)

i /i+nV,
^/l

,
1 ^ ;,.nV,

, i/k,
,

kt
,

fc, + ki\
,

=2U + r.
+—n-j ±

I/, ± + 7, +i;)

(17)

(18)

IV. Uniform Beams (longitudinal and torsional vibration)

^Mechanical Vibrations^Third Edition, Den Hanog, McGraw-Hill Book Co.

Longitudinal vibration of

cantilever: A = cross

section, E = modulus
of elasticity.

ni = mass per unit length,

n = 0,1,2,3 = number

of nodes

Organ pipe open at one

end, closed at the other

ri

^ jrrr ^

n«2

Longitudinal vibration of

beam clamped at both

ends; n = number of

half waves along length

For steel and I in inches this

becomes

/ = f:
= (1 + 2n)5i!222

cycles per second (19n)

For air at atm. pressure, I in

inches:

= (1 +2n)3,300
I

cycles per second (lOb)

(20 )

For steel, I in inches:

/ _ _ 102,000

2r “
I

cycles per second (20o)

Organ pipe closed at both

ends (air)

Torsional vibration of

beams

, _ Wn _ 6,000
“ 2v "

i

cycles per second (206)

Same as (19) and (20); replace

tensional stiffness AE by

torsional stiffness GIp; re-

place ai by the moment of

inertia per unit length »i •=

lur/l.

coKtinutd on next page
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TABLE 1-32, continued

V, Uniform Beams (transverse or bending vibrations)

^'Mechanical Vibrations)' Third Edition, Den Hartog, McGraw-Hill Booh Co.

The same general formula holds for all the following cases,

(21 )

v/hero El is the bending stiffness of the section, I is the length of the beam,

PI is the mass per unit length = H'/tfl, and a„ is a numerical constant, differ-

ent for each case and listed below

Cantilever or “clamped-

free” beam

Simply supported or

“hinged-hinged” beam

«! = 3,52

Oj = 22,4

at = 61,7

a< = 121,0

at = 200.0

ai = = 9.87

at = = 39.5

at — Or’ = 88.9

fl, = 16r’ = 1.58.

fls = 25r’ = 247.

“Free-free” beam
floating ship

or at — 22.4

at = 61.7

at = 121.0

ai = 200.0

at = 298.2

“Clampcd-clamped "

beam has same fre-

quencies as "free-free”

a, = 22.4

at = 61.7

a, = 121.0

at = 200.0

Ct = 298.2

"Clamped-hinged” beam at = 15.4

may be considered as a* = 50.0
^ ' half a “clamped- oj = 104,

^
.. a? clamped” beam for aj = 178.

even o-numbers ai = 272.

“Hingcd-frec” beam or

wing of autogyro may
he considered as half a

“free-free” beam for

even o-numbers

Oi = 0

at = 15.4

at — 50.0

at = 104.

at = 178.
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TABLE 1-33

Internal Friction or Damping in Engineering Materials

Trans ASME, Vol 68, 1946, Robertson and Yorgiadis

Material •Experimental Data

Approx® yield Strength ^W/o^ Stresses Stresses
KRockwell 1000 psi 10~*^ 1000 psi 10~‘^ 1000 psi

Description Hardness Direct Shear

Lucite, methyl — meth-
acrylate resin • . • .

BakeUte, grade X laminated*
390 0.4-1.

8

phenolic (paper base)

Plywood (1/48 in. birch,

6^ 65 0.3-3

resin-bonded under 1000 psi);

specific gravity, 1.05

Magnesium alloy M (1,5 per

5"

9Cf

16 0.5-5

cent Mn) extruded tubing • . F 17 1.0 1.8-4.

5

9.2 1.0-4.0 0.48

(2 IT)

Magnesium alloy J-1 (6.5 per

cent Al, 1 per cent Zn, 0,2

per cent Mn) extruded tubing B 25 12 0.55 2. 2-9.0 3.9 1.4-5.0 0.51

(F 77) (21 T)
Monel metal (67 per cent Ni,

30 per cent Cu, 1,4 per cent

Fe, 1 per cent Mn) seamless
cubing;

68^
74'

ft

0.'573/4 in. diam . B 89 ASl 0.05 8.0-34 0.27 3.0-30

1/2 in. diam B 93 54* 0,03 10 -60 0,19 9.0-18 0.54

SAE 1025 steel, seam-welded L ft

cubing, "as welded" B 64 64*^

(17®

ft

0.05 9 -34 0.4 4.0-20 0.51

SAE X4 I 3O steel, scam-
welded tubing,* ^normalized**

Steel tubing — Rowett (0.17

B 96 80* 52* 0.043 9 -45 0.2 5.0-37 0.60

per cent C, 0.24 per cent Mn);

Annealed • 12.5 0.29 4.5-10

Hard drawn 31 0.027 up to 11

^As menBXired by authors, ^Approximate yleldjjoint or yield strenuth ostimnled from producer's databook. ^Estimated from 12,500 pat

tensile strength given by producer's data book. “Compression test by authors. ^From producer's data book, C is In compression, T in tension,

/From producer's book, proportional limits ore 48 ond 54. ^Rough Torsion test by authors.

Note: All date in inch-pound<second units.

*Aw is the damping capacity In inch-pounds per cubic inch per cycle; O' is the maximum direct stress in psl; T is the maximum
shear stress. All test data were obtained with completely reversed stress cycles.
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TABLE 1-34

Linear Expansion of Steel Shafting

Dodge Catolog D55

Length

rest 26/^

i err.perartre Ltcrease

rrP

- Degrees Fshr-

80^ 106®

I .0016 ,0032 .0013 .0063 .0075

2 • 00'^^ .0563 -0055 .0127 - 0 I D

2 .00 IS ,0555 .0143 .0150 -0233

4- .0063 .0127 .0150 .0253 .0317

5 .0075 .0153 .0233 .0317 ,0356

C .0055 ,0150 .0235 .0330 .0475

7 .0111 .0222 -0333 -0144 .0551

ft .0127 -0252 -0330 -0507 .0634

9 .C,UZ ,0235 -0123 -0570 .0713

10 .OISS .0317 .0475 .0634 .0752

12 .or*o .0330 -0570 .0760 .0550

14 .0222 -0441 .0665 .0337 .1105

16 .023 .051 .076 .101 .127

IS . 025 -05T ,036 -111 . 143

20 .032 . 063 .05' .127 .153

27 .010 .075 .115 .153 . 153

30 .OIS .055 . 143 . 150 .233

2S # 0 0 .7 .111 .166 . 222 .277

40 .063 .127 . 150 -252 .317

.071 .143 .214 .235 .356

30 .075 - 153 .232 .317 .356

iC .037 .174 -261 .313 .436

00 .055 ,150 .235 .330 • '^75

65 .103 -206 - 305 -412 ,515

70 .III .222
9 -5 *5 .441 - 254

T5 .115 .233 .356 -475 .551

so . 127 .253 -330 ,507 .634

.135 .265 . 404 ,535 .673

00 , 143 - 225 .v;22 .570 .713

95 .150 .301 .451 .602 .752

100 .153 .31? .475 .634 .752

110 . 171 -313 -522 -657 .371

120 , 155 .330 .570 .760 .550

130 ,206 .412 -613 .321 1.030

i'-O -222 .4t'- .665 .337 1.105

ISO ,233 .4"3 -713 -550 1.133

All <£~ er;*k-3« Ir: ffr*j c-c
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TABLE 1-35

Shafting Size Chart for Combined Torsion and Bending Moments

General Catalog 900 Link-Belt Company

6,000 psi shear stress. Multiply value from chart by shear factor from Table 1—36 to get shaft size corresponding

to another allowable shear stress.

SgHKssHUssaaes&lHi

asssasBB!BBauMBBrna :mmA^
SSilEiiiSSSB^SBSBBiBI

BBMltiqwMB—BWBiaBBfaS^aaaBaBBa—aBBi

IH^EMgjgaMijg
tggBiiBBMBMiHtSSaBaaEaiimai

BiKBRiSjSSarafluuSalKMSSSSSBSSiSiSSMSI

BB^BBBnMSsaflnBaBaBaBbSaBBBBBwaaaaaai
||BFM|iiBBaBBaBBBBaia5aaaaaBBB3iaiBBk?aiBai.,
BfaBBaaBBaiBBBBaagBBaaaBB^aaaaacuiaEi
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laaBBl
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faaaBl

.-iBBaal
aaaBBi
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•^niBBBaaaaa
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,
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|

BBBBBBBiBanmi
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I
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—
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BBBBBaBBBalBl
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BMRBBBBBBBaaaaBBMBBBBBBBBBBBBBBBaa
IIBRrSSSS8HSH8^^

EBBBBBB
SBBBSSBBBBaBBB
EBBBBaBWSa °
EBBBBaBBfeS

llBawBBBaBaa>gaBaB5BBBBBk:
HBKBBBBaBBfeSEBBiiBBBBBI
EBBBB5BBBBBBBBBB§aa8BiBBr'

gs»s;;ss8ss8sssf
R&BSsSBsSSiBS&plHI
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Direclionst Project o line horixontally from the bending moment scole ond another line verticolly from the

torsional moment scale. The spofe wilhm which the intersection foils designotes the shoft size.
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TABLE 1-27

Apprczrr-jrife Horcspower Trcn:f;:f{fcrf by Sfee( Shafting

Under Carnhtned Toraicn and Heav/ Bencfmg

Ger.ercl Cc fafcg 500 - Ltnir Bstf Co 55 par.'/

Ixjih
fjtsf.'.

25 55' 75 755 725 755

77'',f4'5;-<

I'.fXrrJ.t.

775

,’»er .5r,3ft;.'

s;/',r.t e<r r.i.'rt

255 225

r.'
.V:

255 275 J55 J55 <55 <55

^T5 ,5 ,55 ,5 ,7 ,7 7/ 7,2 7,5 7,5 7/ 7,5 2,7 25 2,7
,5 ,7 7,2 7,5 7/ 2,7 2,5 2,5 5,7 5,5 5.7 5,5 5.5 5,<

rr 7,T T,7 2,2 2,7 5,5 5,5 5,5 5,7 r r <,7 <.< 7,7 5/ 5.5

t,5 2,7 5,5 5,5 5,5 5,2 7,7 5/ 5,7 7.5 75,7 725 7 <,5 7<,7

2,7 5,7 5,5 5,7 5,7 7,5 75,5 722 75,5 75,7 7<,5 77.5 27.7 5X,X

1% L7 5,7 5,7 7,5 7,7 77,7 75,7 75,< 77,< 77,5 27,5 25,5 27,5 57,5 55,2

! 2,7 5,5 5,1 75/j 725 15,2 75,7 27,5 25,5 27/ 27,7 52,X 57.7 <5,5 <5.7

1
2,5 7,5 T5,5 75,5 75,7 27,7 25,5 27,5 52< 5<,2 57,7 55,5 55/ 55.5 <5,5

^ '4< ! -<,7 7,5 T5,I 75,7 12./, 25,5 55,7 57,7 52< 57.5 527 5<,g «,5 75,5 55,3
f./' 'UX i

7,5 75,2 22.5 55,5 57,7 55,5 55,7 <5,7 <5,5 75.7 55,5 77,7 75<.5 727/ 72<,5
S''4 ' \'.l 225 55,2 55,5 57,5 55,5 77,7 77,5 752/ 775.5 725,5 75</ 757,5 752.5 2; 5,5
/V,.

\

T5,5 52,7 55-7 55,5 57,5 75,5 775,5 755,5 757.5 7<5.5 777.5 75<,5 225/ 2<7/ 27<,5

; 22,5 55,5 57,5 75/, 772,5 755/ 757/ 75.5,5 252/ 22/.5 2X7,5 275.5 575/ 5<5/ <55,5

;

y..r. 55/: 75,5 725,5 755,5 755/ 275,5 2/5,5 275.5 555/ 5// 5<5,5 52.,5 55.5,5 5<7.5
57,5 75,5 T77X 755,5 775,5 255/ 275/ 575/ 5525 5 / f ,5 555/ X<7,5 557.5 <2.<,5 75</

f-'d ' 5T,2 t55J5 755,5 255/ 255/ 555/ 557,5 575,5 5<2-5 575/ 5<5,5 <7</ 775.5 527/ 52</

7 5^,5 725,5 772/7 255,5 525,5 555/ 555,5 575.5 577/ <57,5 755,5 7<7,0 577,5 752<.5 775<.5

^'d i 77,5 755,5 257,5 575,5 575,5 575/ 5525 <57,5 757,5 755,5 ?,<7/ 75<,5 7 755/ 72.<25 7<725
i 75,5 777,5 255,5 552,5 575/ 575,5 <75,5 7<5/ 5<7/ 757/ t555/ 7755.5 155.5,5 7557/ 7725/

5^4
,
tT5,5 255,5 5,45,5 557/ 57/,5 555,5 555/ 7 75/ 7555/ 7755,5 72<5/ 7577/ 7<57.5 7557,5 25«.5

7 ; 755,5 275,5 /55/7 555,5 557,5 577,5 755/ 7575,5 7225/ 75<5.5 7577.5 7<55/ 7755.5 2757,5 2X55.5
d ! T<5,2 527,5 X57/, 557/ 557,5 757,5 7722/ 725,2,5 7552,5 7<55.5 77<5,5 7725/ 22X5.5 25<5.5 2S?.5/

T'.
J
T57,5 57/,5 557,5 757/ 755/ 7727,5 7/5,5 7575,5 7<525 75<7.5 255<.5 2255.5 2/,77,5 2777/ 5555/

^r.S'.r-1 «i-/f J-,. r-.ff'x >«. trxyt^a-t. ttl-.r (f,~ tAhtf ty Xr.^HT (xr'r.f tr-,-r.



TABLE 1-38

Approximate Horsepower Transmitted by Steel Shafting

Under Combined Torsion and Moderate Bending

General Catalog 900 - Link Belt Company

Shaft
Diam
Inches 25 50 75 100 125 150

Horsepower of Shafting*
Revolutions per minute
175 200 2i5 250 275 300 350 400 450 500

15/ .2 .5 .7 1.0 1.2 1.5 1.7 2.0 2.3 2.5 2.8 3.0 3.5 4.1 4.6 5.1

IV,, .5 1.0 1.5 2.0 2.6 3.1 3.6 4.1 4.7 5.2 5.7 6.2 7.3 8.3 9.4 10.4

.9 1.9 2.7 3.7 4.6 5.5 6.4 7.4 8.3 9.2 10.1 11.1 12.9 14.8 16.6 18.5

1“/
1 /je

1.5 2.9 4.5 5.9 7.4 8.9 10.4 11.9 13.4 14.9 16.4 17.9 20.9 23.9 26.9 29.9

115/• /l6
2.3 4.5 6.9 9.0 11.3 13.6 15.8 18.1 20.4 22.6 24.9 27.2 31.7 36.2 40.8 45.3

^3 /^ '16 3.3 6.5 9.9 13.0 16.3 19.5 22.8 26.1 29.3 32.6 35.8 39.1 45.6 52.2 58.7 65.2

2V„ 4.5 9.0 13.5 18.0 22.5 27.0 31.6 36.1 40.6 45.1 49.6 54.1 63.2 72.2 81.2 90.2

2"4 6.1 12.1 18.3 24.2 30.2 36.3 42.3 48.4 54.4 60.5 66.5 72.6 84.7 96.8 108.0 121.0

2'V,« 7.9 15.8 23.7 31.6 39.5 47.4 55.3 63.2 71.1 79.0 86.9 94.8 110.0 126.0 142.0 158.0

3V,. 12.7 25.3 38.1 50.6 63.3 75.9 88.6 101.0 113.0 126.0 139.0 151.0 177.0 202.0 227.0 253.0

3“4 19.0 38.1 57.0 76.1 94.1 114.0 133.0 152.0 171.0 190.0 209.0 228.0 266.0 304.0 342.0 380.0

4^4 27.0 54.0 81.0 108.0 136.0 163.0 190.0 217.0 245.0 272.0 299.0 326.0 381.0 435.0 490.0 544.0

4 *'4 37.5 75.0 11Z5 150.0 187.0 225.0 262.0 300.0 337.0 375.0 412.0 450.0 525.0 600.0 675.0 750.0

S’4 50.0 100.0 150.0 200.0 250.0 330.0 350.0 400.0 451.0 501.0 551.0 601.0 701.0 801.0 902.0 1002.0

5*'4 65.2 131.0 195.6 261.0 326.0 391.0 456.0 522.0 587.0 652.0 717.0 783.0 913.0 1044.0 1174.0 1305.0

* Based on uniform loads and 6000 psi shear stress In shafts with keyseats. Multiply value from table by shear factor from

Table 1-36 to g^et shaft sire correspondtne to another allowable shear stress.

TABLE 1-39

Appjoximate Horsepower Tronsmitfed by Steel Shafting
Under Uniform Torsion and Without Bending

General Catalog 900 - Link Belt Company

Shaft
Diam
Inches 25 50 75 100 125 150

Horsepower of Shafting*
Revolutions per Minute

175 200 225 250 275 300 350 400 o 500

‘Me .4 .8 1.2 1.5 1.9 2.3 2.6 3.0 3.4 3.8 4.2 4.6 5.3 6.1 6.9 7.7

iMe .8 1.6 2.4 3.1 3.9 4.6 5.4 6.2 7.0 7.8 8.6 9.3 10.9 12.5 14.0 15.6

iM. 1.4 2.8 4.2 5.5 6.9 8.3 9.7 11.1 12.4 13.8 15.2 16.6 19.4 22.2 24.9 27.7
1“/
‘ '16 Z2 4.5 6.6 8.9 11.2 13.4 15.7 17.9 20.2 22.4 24.7 26.9 31.4 35.9 40.4 44.9
, 18

/' '16 . 3.4 6.8 10.2 13.5 16.9 20.3 23.7 27.1 30.

S

33.9 37.3 40.7 47'.5 54.3 61.1 67.9
2^6 4.9 9.8 14.7 19.5 24.4 29.3 34.2 39.1 44.0 48.9 53.8 58.6 68.4 78.2 88.0 97.8

2M. 6.8 13.5 18.4 27.0 33.8 40.6 47.3 54.1 60.9 67.6 74.4 81.2 94.7 108.0 121.0 135.0

2"/,e 9.1 18.1 27.3 36.2 45.3 54.4 63.4 72.5 81.6 90.7 99.7 108.0 126.0 145.0 163.0 181.0

2’V 11.8 23.7 35.4 47.3 59.2 71.0 82.9 94.7 106.0 118.0 130.0 142.0 165.0 189.0 213.0 236.0
3 Me 18.9 37.9 56.7 75.9 94.9 113.0 132.0 151.0 170.0 189.0 208.0 227.0 265.0 303.0 341.0 379.0
3‘M5 28.5 57.0 85.5 114.0 142.0 171.0 199.0 228.0 256.0 285.0 313.0 342.0 399.0 456.0 513.0 570.0

Based on uniform loads and 6000 pal shear stress In shafts with keyseats. MuIUply volue from table by shear
factor from Toble 1-36 to got shoft size corresponding to another allowoble shear stress.



TABLE 1-40

Minimum Shaft and Maximum Housing Shoulder Diameters

For Metric Annular Ball Bearings Except Type BM (Magneto)

AFBMA Standards, Section 7 March, 1951
This table represents die minitnuni shaft shoulder dizmeters which will

properly locate the bearings on the shafts, and the maximum housing

shoulder diameters which will properly locate the bearings in the hous-

ings, when single row bearings are mounted for use under plain radial

loads or light thrustloads. Odier types ol loads and bearings may require

higher shoulders, resulting in larger diameter shaft shoulders or smaller

diameter housing shoulders, to carry their thrust loads. Maximum shaft

shoulder hei^its are dependent upon individual manufacturer’s design

of bearings used in the application.

Bore

nun

10

Series

Minimum Shaft Diameter

02 03

Series Series

04

Series

Maximum Housing Shoulder Diameter

10 02 03 04

Series Series Series Series

4 .22 .55
5 .27 - 67
6 .30 .67

7 .34 .79

8 ..38 .79

9 .45 .83

10 .47 .30 .50 .95 .98 1.18
12 . 55 - 5B .63 1.02 1.06 1.22
15 .67 .69 .75 1.18 1.18 1,42
17 -75 .77 .83 • 95 1.30 1.34 1.61 2.17
20 -89 .94 .94 1.06 1.46 1.61 1.77 2.56
25 1.08 1.14 1,14 1.34 1,65 1.81 2.17 2.80
30 1.34 1.34 1.34 1.54 1.93 2,21 2.56 3,19
35 1.53 1.53 1.69 1.73 2.21 2.56 2.80 3.58
40

1
1-73 1,73 1-93 1.97 2.44 2.87 3.19 3.94

45 1.94 1.94 2.13 2.17 2.72 3.07 3.58 4.33
50 2.13 2.13 2.36 2.44 2.91 3.27 3.94 4.65
55 2.33 2.47 2.56 2.64 3.27 3.58 4.33 5.04
60 2.53 2.67 2-84 2-84 3.47 3.98 4.65 5.43
65 2.72 2.86 3.03 3.03 3.66 4.37 5.04 5.83
70 2.91 3.06 3.23 O O T

tJ » K 4.06 4.57 5.43 6.54
75 3.11 3-25 3.43 3.50 4.25 4-76 5.83 6.93
eo 3.31 3.55 3.62 3.70 4.65 5.12 6.22 7.32
85 3-50 3.75 3.90 4.06 4.84 5-51 6.54 7.56
90 3.84 3.94 4.09 4.25 5.16 5.91 6.93 8.15
93 4.05 4.21 4.29 5.35 6.22 7.32

100 4.23 4.41 4.49 5.55 6.61 7.91
105 4.53 4.61 4.69 5.91 7. Of 8.31
110 4.72 4.80 4.88 6.30 7.40 8.90

120 5.12 5.20 5.28 6.69 7.99 9.69
130 5.51 5-67 5.83 7,48 8-50 10.32

140 5-91 6.06 6.22 7.87 9.29 11.10

150 6.38 6.46 6.61 8.39 10.08 11.89
160 6-77 6,85 7,01 8.98 10.87 12.68
no 7.17 7,40 7,40 9.76 11.50 13.47
160 7.56 7.80 7-80 10.55 11.89 14.25
190 7.93 8.19 8,35 10.95 12.68 14,88
200 8.35 8,58 8.74 11.73 13.47 15,67
220 9.21 9.37 9.53 12.84 15.04 17.24
240 10.00 10.16 10.32 13.62 16.61 18,82
260 10.95 11.10 11.34 15.04 18.03 20.16
280 11.73 11.89 12.13 15.83 18.82 21.73
300 12.52 12.68 17.40 20.39
320 13,31 13,47 18.19 21.97
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TABLE 1-41

Minimum Shaft and Maximum Housing Shoulder Diameters

For Type BM (Magneto), Ball Bearings

AFBMA Standards, Section 7 March, 1951

Bearing Size

Bore, mm

Shaft

Shoulder Diameter

Minimum, In.

Housing

Shoulder Diameter

Maximum, In.

5 1/4 37/64
6 5/16 7/8

7 23/64 7/8

8 25/64 7/8

9 7/16 1-1/32
10 15/32 1-1/32

11 33/64 1-3/16

12 9/16 1-3/16

13 19/32 1-7/64

U S/8 1-9/32

IS 11/16 1-9/32

16 49/64 1-23/64

17 51/64 1-19/32
19 57/64 1-7/16

20 59/64 1-23/32

25 1-1/8 1-29/32

TABLE 1-42

Minimum Shaft and Maximum Housing Shoulder Diometers
for Type BIC (formerly Inch Type S) Ball Bearings

AFBMA Standards, Section 7 March, 1951

Bore

Bearing Size, In.

O.D. Width

Shaft

Shoulder Diameter

Minimum, In.

Housing

Shoulder Diameter

Maximum, In.

1/8 3/8 5/32 3/16 5/16
3/16 1/2 5/32 1/4 7/16
1/4 5/8 . 196 5/16 9/16
1/8 1/2 11/64 3/16 7/16
1/4 3/4 7/32 5/16 11/16

3/8 7/8 7/32 7/16 13/16
1/2 1-1/8 1/4 9/16 1-1/16
5/8 1-3/8 9/32 3/4 1-1/4
3/4 1-5/8 5/16 7/8 1-1/2
7/8 1-7/8 3/8 1 1-3/4

1 2 3/8 1-1/8 1-7/8
1-1/8 2-1/8 3/8 1-1/4 2

1-1/4 2-1/4 3/8 1-3/8 2-1/8
1-3/8 2-1/2 7/16 1-1/2 2-3/8
1-1/2 2-5/8 7/16 1-5/8 2-1/2
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TABLE 1-44

Minimum Shaft and Maximum Housing Shoulder Diameters

For Type TS Tapered Roller Bearings

AFBMA Standards, Section 7 March, 1951

Bearing Number
Shoulder Diameter

Bearing Number
Shoulder Diameter

Cone
Minimum

Cup
Maximum

Cone
Minimum

Cup
Maximum

A2037-A2126 19/32 1 02872-02820 1-7/16 2-5/16
A2047-A2126 21/32 1 2690-2631 1-5/8 2-1/4
A4050-A4138 23/32 1-3/32 17118-17244 1-7/16 2-1/16
A4059-A4138 25/32 1-3/32 15117-15250 1-7/16 2-5/32
A6062-^A6157 7/8 1-9/32 U117A-U276 1-11/16 2-5/16

17580-17520 7/8 1-3/8 17119-17244 1-7/16 2-1/16

05062-05185 15/16 1-9/16 2558-2523 1-9/16 2-3/8
09062-09196 7/8 1-9/16 3191-3120 1-11/16 2-5/16

A6067-A61S7 7/8 1-9/32 15118-15250 1-5/8 2-5/32
A6075-A6157 31/32 1-9/32 14116-14276 1-7/16 2-5/16

05075-05185 1 1-9/16 1674-1620 1-9/16 2-7/32

09067-09195 1 1-5/8 08125-08231 1-7/16 2-1/32

09078-09196 1 1-9/16 15I23-I5245 1-11/16 2-3/32

1775-1729 1-1/16 1-7/8 02475-02420 1-11/16 2-1/4

05079-05185 1-1/32 1-9/16 I4125A-14276 1-3/4 2-5/16

07079-07196 1-1/8 1-23/32 2582-2523 1-11/16 2-3/8

12580-12520 1-1/16 1-19/32 3193-3120 1-3/4 2-5/16

3660-3620 1-3/16 2 02875-02820 1-3/4 2-5/16

07087-07204 1-1/8 1-3/4 2875-2820 1-3/4 2-3/8

1380-1329 1-1/8 1-3/4 3476-3420 1-5/8 2-1/2

1755-1729 1-1/8 1-7/8 346-332 1-9/16 2-13/16

1280-1220 1-1/8 1-7/8 26126-26283 1-9/16 2-3/8

1779-1729 1-1/8 1-7/8 I4130-I4276 1-3/4 2-5/16

3659-3620 1-5/16 2 2585-2523 1-3/4 2-3/8

2685-2631 1-1/4 2-1/4 3196-3120 1-13/16 2-5/16
26093-26283 1-3/8 2-3/8

,

2876-2820 1-13/16 2-3/8
07098-07204 1-1/4 1-3/4 2785-2720 1-13/16 2-1/2
07100-07204 1-7/32 1-3/4 31590-31520 1-5/8 2-3/8
15578-15520 1-1/4 1-29/32 14137A-14276 1-11/16 2-5/16
1986-1932 1-1/4 2 02877-02820 1-7/8 2-5/16

15100-15250 1-1/2 2-5/32 2878-2820 1-5/8 2-3/8
2687-2631 1-5/16 2-1/4 25878-25820 1-13/16 2-13/32

26100-26283 1-3/8 2-3/8 2786-2720 2 2-1/2
3189-3120 1-5/16 2-5/16 36137-36300 1-11/16 2-1/2

15580-15520 1-1/2 1-29/32 31593-31520 1-7/8 2-3/8
1985-1932 1-5/16 2 3478-3420 1-7/8 2-1/2

15112-15250 1-9/16 2-5/32 335-332 1-11/16 2-13/16
2689-2631 1-3/8 2-1/4 3379-3320 1-7/8 2-11/16

02474-02420 1-3/8 2-1/4 417-414 1-11/16 3

2578-2523 1-1/2 2-3/8 449-432 1-3/4 3-1/8
26112-26283 1-7/16 2-3/8 19138-19283 1-11/16 2-3/8
3198-3120 1-7/16 2-5/16 339-332 1-11/16 2-13/16

Table 2*17 gives dimensions of bearings; Table 2-25 describes Type TS. All dltnenalons are in inches.

continued on next pQge
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1-11/ 37 2-5/2 .255-254A 2-1/2 2
2rc-i-2’'2'. 2-1/2 5572-5525 2-1/4 2-11/16

iC-U:-IC'2?,2 T ^ r*i.— ‘y 2-2/2 'y^X i 7/,—^ Z-I/4 1-1/16
1-7/2 2-7/16 42172-22.222 2-5/12
1-1.2/ 1(2 2-1/i rTTi ^'5'5 2-1/4 5-1/2
1-2/ £ 2-1/16 527-522 2-.'/ 12 5-5/2

1-12/ 12 2-1/16 'A '.y. 2-5/2 5-5/12
!-;/-£ 2-1/1 16-17t.-1'A12 2-1/1 1-1/2

I'CLZ: -1?2?4 1-12/ 12 2-7/16 2-5/2 3-5/2
Z"?.?—2T22 1-1.1/1-2 2-1/2 255 25-2.552

1

2-5/2 5-7/2
2 2-1/2 2 1.5-2 12 2-7/12 4

2'.t,?I-Z?;I' 2 2-2/2 2552-2-25520 2-1/16 2-7/2

'':T-^'=2 l-2/.£ 2-11/16 5772—5720 2-5/12 5-1/2
2 2-11/16 552-5522. 2-1/12 «>

2-1/12 2-2 /.£ 572-5722 2-1/2 1-1/ 16
/ T 5—'^ T * 2

5
1222-5-12220 2-5/12 2-2/4

2-1/16 2-1/12 15 12 1—15512 2-I/I2 2-2/4
4^?-^'2 2-1/16 2-1/2 377'-^—37?'^- 2-5/12

; 5Z-322X 2-1/16 2-5/2 222-2-2222 2-5/ie 2-15/12
Z'5;u25:f.2C 2-1/16 2-5/2 452-252 2-5/12 2-1/2

27?2-'7Z: 2 2-11/12 522A-S22A 2-5/2 2-5/22

iZZ-JI'- 2-1/16 5772-5720 2-5/2 2-1/2

itHT-inz: l-'/2 2-2-/ 12 5772-5'20 2-5/2 2-1/2
2fr'?-2-,2I' 1-7/2 2—7/3 42522-22520 2-7/12 2-5/12

'A 2-1/16 2-1.2/12 522-522 2-7/12 2-2/2

.i2C_iI4 2-1/16
1'

7373-7.337 2-1/4 2-2/2

2-1/16 2-21/22 2-0/12 2-0/12

iiifC2-ir.?£; 1-1
'
! If. 2-2/2 737—7.3 2-7/12 2-5/2

2 52-;;Z 2—1/ 2 2-1.2/12 217-212 2-0/12 4

ZC222-2«;22: 2-1/2 2-1/1 .5721—5720 2-7/12 2-1/2

22r7-'222 Z-I/2 2-2 '''? ^ > > 2-1/2 2-2/2
2-1/2 2-12/12 522-52ZA Z-5/I2 2-5/22

^5 i-^ — ri-y 2-1/16 425-2S5Z 2-7/12 .5-0/12

‘,'/'.'.~'AA'. 2-1/2 2-12/12 I2Z00-12557 2-5/12 2-1,5/12
2-2,' 12 2-1, 12 522-5222 Z-5/I2 2-5/22

ter r
^ 5 2 .373.3.-3.72.'3 2-7/12 2-5/22

;r-i'2 2-1/2 2-1/2 -.Tf-i '.r^c 2-1/2 1-1/1
^2^—^22 2-1/ .i; 2-2/2 575-572A 2-5/2 2-5/12

£2I£'—£2222 2 2-2/2 42'2.5-225ZC 2-0/12 2-5/12

2- 1/16 2-" /2 5Z2:C_522 2-1/2 2-2/2

2272—2222 2-1/16 2-12/12 Mi-Mir 2-5/2 2-0/12

3 » 3 2 2-1/2 2-12/12 73*233-77- '.12 2-0/12 2-1/2

2-222 £-22222 2-1/2 2-2/2 fiC>f f-'iC
»V ^ T » 2-0/12 .3-T/I7

23'"-2'323 2-3/37 2-7/2 7.iT—7323C 2-0/12 2-5/2
121.73—32333 2-1/12 2-5/2 .52*5-5222 2-n/i2 2-2/4
33177-13333 I-I'/I2 2-1/f, 212-212 2-5/2 0

3::T7-333i7 2-1/16 2-21/22 .555-552A 2-5/2 4-1/2
27733—23723 2-1/

£

2-'/2 22*2-2220 2-11/12 4-1/2
TafiC*- X-t7 TertJii'Ta Taif-e 2^25 T3. AXr

cr.T:it!sxtd c« r.txt
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TABLE 1—44, continued

Bearing Number
Shoulder Diameter

Bearing Number
Shoul der Diameter

Cone
Minimum

Cup
1

Maximum
j

Cone
Minimum

Cup
Maximum

3767-3720 2-7/16 3-1/8 399A-394A 3-1/16 3-15/16
33890-33821 2-3/8 3-1/4 480-472A 3-1/4 4-1/16
377-372A 2-7/16 3-5/16 560S-552A 3-1/4 4-1/8
S40-532X 2-5/8 3-5/8 570-563 3-1/4 4-5/16

389A-382 2-3/8 3-1/2 33275-33462 3-5/16 3-15/16
456-453X 2-11/16 3-9/16 4 82-472A 3-1/4 4-1/16

4595-4535 2-11/16 3-7/16 566-563 3-5/16 4-5/16
539-532X 2-5/8 3-5/8 643-632 3-5/16 4-1/2
621-612 2-3/4 4 6454-6420 3-9/16 4-15/16

557S-552A 2-13/16 4-1/8 655-652 3-1/2 5-1/8
6280-6220 2-3/4 4-1/8 ' 835-832 3-5/8 5-3/4
636-632 2-7/8 4-1/2

i
34275-34478 3-3/16 4-1/4

385-382 2-9/16 3-1/2 33281-33462 3-5/16 3-15/16
466S-453X 2-5/8 3-9/16 567A-563 3-3/8 4-5/16
389-382 2-9/16 3-1/2 645-632 3-5/8 4-1/2

28682-28622 2-3/4 3-7/16 567-563 3-7/16 4-5/16
-387-382 2-5/8 3-1/2

1

6460-6420 3-9/16 4-15/16
387A-382 2-11/16 3-1/2 744-742 3-9/16 5-1/8

462-4S3X 2-11/16 3-9/16 657-652 3-9/16 5-1/8
390-394A 2-3/4 3-15/16 568-563 3-1/4 4-5/16

3979-3920 2-7/8 3-3/4 34300-34478 3-3/8 4-1/4
623-612 2-13/16 4

i

42687-42620 3-9/16 4-3/8
5S5S-552A 2-7/8 4-1/8 47680-47620 3-3/8 4-9/16
65225-65500 2-7/8 4-1/16 495A-493 3-5/8 4-11/16

6375-6320 3 4-7/16 575-572 3-5/8 4-13/16
29582-29520 2-3/4 3-11/16 6461-6420 3-5/8 4-15/16

397-394A 2-11/16 3-15/16 74BS-742 3-11/16 5-1/8
28985-28920 2-7/8 3-7/16 659-652 3-11/16 5-1/8
3980-3920 2-15/16 3-3/4 6576-6535 3-13/16 5-7/16
5582-5535 2-13/16 4-1/16 843-832 4 5-3/4

6376-6320 3-1/16 4-7/16 34306-34478 3-9/16 4-1/4
39250-39412 2-7/8 3-11/16 ' 47681-47620 3-3/4 4-9/16

395-394A 3 3-15/16 496-493 3-3/4 4-11/16
3982-3920 3-1/16 3-3/4 581-572 3-3/4 4-13/16

33251-33462 2-7/8 3-15/16 740-742 3-15/16 5-1/8
477-472A 2-7/8 4-1/16 838-832 3-11/16 5-3/4

5584-5535 3-1/8 4-1/16 47686-47620 3-13/16 4-9/16
559-552A 3-1/16 4-1/8 495-493 3-13/16 4-11/16
565-563 3-1/8 4-5/16 580-572 3-13/16 4-13/16
639-632 3-3/16 4-1/2 663-652 3-7/8 5-1/8

6379-6320 3-3/16 4-7/16 6559-6535 4 5-7/16
39SS-394A 3-1/8 3-15/16 842-832 3-15/16 5-3/4

3984-3920 3-1/8 3-3/4 27690-27620 3-13/16 4-7/16
33262-33462 3-3/16 3-15/16 498-493 3-7/8 4-11/16

479-472A 3-1/16 4-1/16 749-742 3-15/16 5-1/8
560-552A 3-3/16 4-1/8 497-493 3-7/8 4-11/16

6386-6320 3-5/16 4-7/16 596-592A 4 5-3/16
641-632 3-1/4 4-1/2 665-652 3-15/16 5-1/8

Table 2-1? glvea dlmenatons of benrlnge; Table 2-2S deacrlbea Type TS* All dimensions are In Incheo.

con^'mxed on irex/ P<Xgt
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TABLE 1-44, continued

Bearing Number

Shoulder Diameter

Bearing Number

Shoulder Diameter

Cone
Minimum

Cup
Maximum

Cone
Minimum

Cup
Maximum

42350-42584 4-1/16 5-1/8 EE153044-153100 6-1/8 8-9/16
593-592A 4-1/8 5-3/16 67388-67320 5-11/16 7-1/16
759-752 4-1/8 5-9/16 74500-74850 5-7/8 7-9/16
6580-6535 4-3/16 5-7/16 95500-95925 6 8-1/16

855-854 4-5/8 6-9/16 EE116050-116097 5-3/4 8-3/8

69354-69630 4-1/16 5-1/2 EE153050-153100 6-3/8 8-9/16

47890-47820 4-3/16 5 EE540502-541162 6-7/8 9-3/4

42362-42584 4-3/16 5-1/8 EE455051-455116 6-1/4 9-3/4
598-592A 4-3/16 5-3/16 EE580500-581200 6-3/8 10-3/8

77362-77675 4-5/16 5-7/8 EE750502-751200 6-1/4 10-3/8

42368-42584 4-1/4 5-1/8 48506-48750 5-11/16 6-9/16

42375-42584 4-1/4 5-1/8 799-792 5-3/4 7-3/16

594-592A 4-5/16 5-3/16 797-792 5-13/16 7-3/16

683-672 4-7/16 5-11/16 67390-67320 5-7/8 7-1/16

77375-77675 4-3/8 5-7/8 74525-74850 6 7-9/16

864-854 4-7/8 6-9/16 95525-95925 6-1/2 8-1/16

52387-52618 4-1/2 5-7/16 48393-48320 5-15/16 6-13/16

685-672 4-1/2 5-11/16 74537-74850 6-1/8 7-9/16

779-772 4-9/16 6-3/16 EE580S37-581200 7-1/4 10-3/8

52400-52618 4-9/16 5-7/16 74550-74850 6-3/16 7-9/16

687-672 4-5/8 5-11/16 73551-73875 6-3/16 7-7/8

780-772 4-11/16 6-3/16 898-892 6-1/4 7-15/16

861-854 5 6-9/16 82550-82950 6-3/8 8-3/8

782-772 4-3/4 6-3/16 99550-99100 6-3/4 8-13/16

56418-56650 4-13/16 5-3/4 EE540550-541162 7 9-3/4

37425-37625 4-13/16 5-1/2 EE750558-751200 6-3/8 10-3/8

56425-56650 4-13/16 5-3/4 EE450551-451212 7-1/8 10-3/8

71425-71750 5 6-5/8 73562-73875 6-1/4 7-7/8

936-932 5-3/8 7-1/4 82562-82950 6-7/16 8-3/8

64433-64700 5 0-1/8 82576-82950 6-1/2 8-3/8

71437-71750 5-1/16 6-5/8 81574-81962 6-9/16 8-3/4

64450-64700 5-1/8 6-1/8 99575-99100 6-7/8 8-13/16

71450-71750 5-3/16 6-5/8 EE107057-107105 6-7/8 9-1/16

938-932 5-1/2 7-1/4 EE217056-217112 6-7/8 9-5/8

08462-68712 5-3/16 6-1/4 EE750576-751200 6-5/8 10-3/8

795-792 5-1/2 7-3/16 EE450577-451212 7-1/4 10-3/8

Table 2-17 Elves dimensions of bearlnKs; Tabic 2-25 describes Type TS. All dimensions ore In Inches.

conltnued on next Page
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TABLE 1-44, continued

Shoulder Diameter Shoulder Diameter

Bearing Number Cone
Minimum

Cup
Maximum

Bearing Number Cone
Minimum

Cup
Maximum

82587-82950 6-5/8 8-3/8 93750-93125 8-5/8 11-1/8

99587-99100 6-15/16 8-13/16 EE210753-211300 8-3/4 11-11/16

EE560590-561275 7-7/8 10-7/8 EE420751-421437 9 12-7/8

81599-81962 6-3/4 8-3/4 93787-93125 8-7/8 11-1/8

99600-99100 7-1/16 8-13/16
i

EE132083-132125 8-7/8 11-7/16

EE107060-107105 7-1/8 9-1/16 93800-93125 9 11-1/8

EE217060-217112 6-3/4 9-5/8 EE122080-122125 8-9/16 11-7/16

EE450601-451212 7-1/2 10-3/8 EE420801-421437 9-1/8 12-7/8

EE560600-561275 8-1/4 10-7/8 EE710006-711600 9-5/8 14-1/4

EE560629-561275 7-7/8 10-7/8 EE132084-132125 8-15/16 11-7/16

EE590638-591350 7-7/8 11-1/2 93825-93125 9-1/8 11-1/8

86650-86100 7-5/16 9-1/16 543085-543114 9-3/16 10-9/16

94649-94113 7-3/4 10-1/16 EE130851-131400 9-3/4 12-7/8

EE219065-219122 7-3/4 10-1/2 543086-543114 9-1/4 10-9/16

EE590650-591350 8-3/4 11-1/2 544090-544110 0-5/8 10-15/16

EE618065-618136 8-1/8 12 88900-88128 10 11-3/4

EE780655-781400 7-3/4 12-3/8 96900-96140 10-1/4 12-3/8

EE108065-108142 8-1/2 12-5/8 EE130902-131400 10-1/8 12-7/8

86669-86100 7-7/16 9-1/16 EE430900-431575 10-5/8 14

EE590675-591350 8-1/8 11-1/2 EE710906-7n600 10-3/8 14-1/4

EE7 80676-781400 8 12-3/8 EE70009 1-700 167 10-1/2 14-3/4

67787-67720 7-9/16 0-7/8 88925-88128 10-3/16 11-3/4

94687-94113 8 10-1/16 EEB575-8520 10-3/16 11-7/8

EE21906a-219122 8 10-1/2 96925-96140 10-1/2 12-3/8

EE780688-781400 8 12-3/8 EE125094-125145 10-5/8 13-5/16
67790-67720 7-11/16 8-7/8 EE127095-127140 10-1/2 12-3/4

EE91702-91112 8 10-1/8 EE170950-171436 10-5/8 13-3/16
94700-94113 8-1/8 10-1/16 EE125095-125145 10-5/8 13-5/16

EE280702-281200 8-1/8 10-7/8 EE923095-923175 10-7/8 15-5/8
EE470078-470132 8-1/4 11-1/2 EE295950-295193 11-1/4 17-1/4

EE780705-781400 8-1/0 12-3/8 M249749-M249710 10-13/16 13-1/16
EE420701-421437 9-1/8 12-7/8 EE251001-251575 10-7/8 14-1/2

87737-87111 8-1/8 10-1/8 EE722110-7221B5 12-5/8 16-3/4

222075-222126 8-1/2 11-1/8 EE12B111-128160 12-1/8 14-3/4
67885-67820 8-1/4 9-1/2 EE2241 15-224204 13 18-1/8
87750-87111 8-1/4 10-1/8 EE724119-724195

EE201250-201800
14-1/8
13-3/4

17-3/8
16-7/16

Table 2*17 gives dlmenaion* of bearing** Table 2'25 describes Type TS. All dlmenelons are in Inchee.
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4-1/4 5-5fZ
4-'/g 5^/i
4-1/2 5-5/JL

4—I-:/ie 5-lf^
4-r/e 6—

5-1/

1

S

5-tfZ 7-5/4
Z—lfZ c

5-5/

i

'-Z/i,

5-15/15 7—3/4
5-5/5. 5-5/4
5-:t/5. 7-5/4

7-1/4 5-lfi
7-1/4 11

5 12-1/4
5—1/5 12-1/2
5-5/5 12
c 14

5-1/2 I4

I'-I/4 15-5/1
II-I/5 I5-5/5
ll-5/Z 15-5/5
12—5/5 1.5-1/2

15-5/5 25-7/5

raihV 2-12 « r Tai£^ 2-25 ca-uzsCift^ C77«*i- A2: dir
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TABLE 1-45, continued

Bearing Number

Shoulder

Diameter

Cup

Bearing Number

Shoulder

Diameter

Cup

Bearing Number

Shoulder

Diameter

Cup

15575T-15520 1-29/32 3490T-3420 2-1/2 65212T-65500 4-1/16
07098T-07204 1-3/4 3381T-3320 2-11/16 467T-453X 3-9/16
17S7T-1729 1-7/8 415T-414 3 468T-453X 3-9/16
2688T-2631 2-1/4 26879T-26820 2-5/8 388T-382 3-1/2
26112T-26283 2-3/8 11156T-11315 2-5/8 559T-552A 4-1/8
261171-26283 2-3/8 3382T-3320 2-11/16 560T-552A 4-1/8

2S83T-2523 2-3/8 3575T-3525 2-13/16 399T-394A 3-15/16
14123T-14276 2-5/16 422T-414 3 485T-472A 4-1/16
2580T-2523 2-3/8 3384T-3320 2-11/16 488T-472A 4-1/16
14582T-14525 2-9/32 419T-414 3 755T-752 5-9/16
2581T-2523 2-3/8 439T-432 3-1/8 5784T-5735 4-9/16
14132T-14276 2-5/16 3S78T-3S25 2-13/16 758T-752 5-9/16

2790T-2720 2-1/2 435T-432 3-1/8 764T-752 5-9/16
2S877T-2S820 2-13/32 349T-332 2-13/16 S2398T-52618 5-7/16
2787T-2720 2-1/2 255841-25520 2-7/8 780T-772 6-3/16
3379T-3320 2-11/16 359T-354A 3 74SS1T-74850 7-9/16
2791T-2720 2-1/2 463T-453X 3-9/16 74563T-74850 7-9/16

25879T-25820 2-13/32 536T-532X 3-5/8 EE217061T-217114 9-3/4

3380T-3320 2-11/16 537T-532X 3-5/8 99619T-99100 8-13/16

2798T-2720 2-1/2 65199T-65500 4-1/16 94719T-94113 10-1/16

26876T-26820 2-5/8 377T-372A 3-5/16 EE470077T-470133 11-1/2

19150T-19283 2-3/8 28677T-28622 3-7/16 EE122083T-122125 11-7/16

2882T-2820 2-3/8 368T-362A 3-5/32 EE420826T-421450 12-7/8

2788T-2720 2-1/2 539T-532X 3-5/8 88919T-88128 11-3/4

Table 2-l8 Rives dimensions of bearlnRs; Table 2-25 describes types. All dimensions are In Inches.



TABLE 1-46

DcgreDs into Radians

Deg Radians Deg Radians Deg Radians Deg Radians Deg
...1 ..ll

Radianc

1 0.01745 31 0,54105 61 1,06465 91 1,58825 121 2,11185 151 2,63545

2 ,03491 32 ,55851 62 1,08210 92 1.60570 122 2,12930 152 2,65290

3 .05236 33 .57596 63 1,09956 93 1.62316 123 2.14676 153 2.67035

4 ,06981 34 ,59341 64 1.11701 94 1,64061 124 2.16421 1 154 2, 68781

5 ,08727 35 ,61087 65 1.13446 95 1,65806 125 2,18166 I 155
j

2,70526

6 ,10472 36 .62832 66 1.15192 I 96 1.67552 126 2.19912
1

156 2,72271

7 ,12217 37 ,64577 67 1.16937 97 1 , 69297 127 2,21657 157 2,74017

fi ,13963 38 .66323 68 1. 18682 98 1,71042 128 2,23402 158 2,75762

9 , 15708 39 .68068 69 1,20428 99 1.72788 129 2.25148 159 2,77507

10 , 17453 40 .69813 70 1.22173 100 1.74533 130 2.26893 160 2,79253

ll . 19199 41 .71559 71 1,23918 101 1.76278 131 2.28638 161 2,80998

12 .20944 42 .73304 72 1,25664 102 1.78024 132 2,30384 162 2,82743

13 ,22689 43 .75049 73 1.27409 103 1.79769 1 O O
J *f It 2,32129 163 2,84489

14 .24435 44 ,76795 74 1,29154 104 1,81514 134 2,33874 164 2.86234

15 ,26180 45 ,78540 75 1.30900 105 1.83260 1 35 2.35620 165 2.87979

16 .27925 46 ,80285 76 1,32645 106 1,85005 136 2,37365 166 2,89725

17 ,29671 47 ,82031 77 1,34390 107 1 . 86750 137 2,39110 167 2.91470

IB ,31416 48 .83776 78 1.36136 108 1.88496 138 2,40856 168 2.93215

19 ,33161 49 ,85521 79 1,37881 109 1.90241 139 2,42601 169 2. 94961

20 .34907 SO .87267 80 1,39626 110 1.91986 140 2,44346 170 2,96706

21 .36652 51 .89012 81 1,41372 111 1.93732 141 2,46092 171 2.98451

22 .38397 52 .90757 82 1,43117 112 1.95477 142 2,47837 172 3,00197

23 ,40143 53 .92502 83 1 . 44862 113 1,97222
j

143 2.49582 173 3,01942

24 .41888 54 .94248 84 1,46608 114 1.98968 144 2,51328 174 3.03687
25 .43633 55 ,95993 85 1,48353 115 2,00713

i

145 2,53073 175 3.05433

26 .45379 56 ,97738 86 1.50098 116 2.02458 146 2.54818 176 3.07178
27 .47124 57 .99484 87 1.51844 117 2.04204 147 2,56564 177 3.08923
2B ,48869 58 1,01299 88 1,53589 118 2,05949 148 2.58309 178 3. 10669

29 ,50615 59 1,02974 89 1,55334 119 2,07694 149 2,60054 179 3.12414
30 ,52360 60 1,04720 90 1,57080 120 2.09440

;

150 2.61800 180 3.14159

TABLE 1-47

Decirnols of a Degree into Rodions

Decimal oo ,01 ,02 .03 .04 .05 .00 .07
,

,08 .09

0,0 0.00000 0,00017 0,00035 0,00052 0,00070 0.00087 0.00105 0,00122 0.00140 0.00157
, 1 .00174 ,00192 ,00209 ,00227 .00244 .00262 .00279 .00297 ,00314 .00332
,2 .00349 ,00367 ,00384 .00401 .00419 .00436 .00454 .00471 ,00489 .00506
• 3 .00524 .00541 ,00558 ,00576 .00593 ,00611 .00628 ,00646 ,00663 .00681
,4 ,00698 .00716 ,00733 .00750 .00768 ,00785 ,00803 ,00820 ,00838 ,00855

,5 .00873 ,00890 .00908 ,00925 .00942 .00960 ,00977 .00995 ,01012 .01030
.6 ,01047 ,01065 ,01082 .01100 .01117 .01134 .01152 ,01169 ,01187 ,01204
.7 .01222 ,01239 ,01257 ,01274 ,01292 .01309 ,01326 ,01344 .01361 .01379
.8 .01396 .01414 ,01431 ,01449 .01466 .01484 .01501 ,01518 ,01536 .01553
.9 ,01571 ,01588 .01606 .01623 ,01641 .01658 .01676 .01693 ,01710 ,01728

f-53



TABLE 1-48

Minutes into Radians

Min Radians Min Radians Min Radians Min Radians

1 0.00029 16 0.00465 31 0.00902 46 0.01338

2 0.00058 17 .00495 32 .00931 47 .01367

3 .00087 18 .00524 33 .00960 48 .01396

4 .00116 19 .00553 34 .00989 49 .01425

5 .00145 20 .00582 35 .01018 50 .01454

6 .00175 21 .00611 36 .01047 51 .01484

7 .00204 22 .00640 37 .01076 52 .01513

8 .00233 23 .00669 38 .01105 53 .01542

9 .00262 24 .00698 39 .01134 54 .01571

10 .00291 25 .00727 40 .01164 55 .01600

11 .00320 26 .00756 41 ,01193 56 .01629

12 .00349 27 .00785 42 .01222 57 .01658

13 .00378 28 .00814 43 .01251 58 .01687

14 .00407 29 .00844 44 .01280 59 .01716

IS .00436 30 .00873 45 ,01309 60 .01745

TABLE 1-49

Decimals of a Degree into Minutes and Seconds

Deci-

mal Min

00

Sec Min

01

Sec Min

02

Sec

.03

Min Sec

.04

Min Sec

J

N!in

05

Sec

.06

Min Sec

.07

Min Sec

.08

Min Sec

.09

Min Sec

0.0 0 0 0 36 1 12 1 48 2 24 3 0 3 36 4 12 4 48 5 24

. 1 6 0 6 36 7 12 7 48 8 24 9 0 9 36 10 12 10 48 11 24

.2 12 0 12 36 13 12 13 48 14 24 15 0 15 36 16 12 16 48 17 24

.3 18 0 18 36 19 12 19 48 20 24 21 0 21 36 22 12 22 48 23 24

.4 24 0 24 36 25 12 25 48 26 24 27 0 27 36 28 12 28 48 29 24

.5 30 0 30 36 31 12 31 48 32 24 33 0 33 36 34 12 34 48 35 24

.6 36 0 36 36 37 12 37 48 38 24 39 0 39 36 40 12 40 48 41 24

.7 42 0 42 36 43 12 43 48 44 24 45 0 45 36 46 12 46 48 47 24

.8 48 0 48 36 49 12 49 48 50 24 51 0 51 36 52 12 52 48 53 24

.9 54 0 54 36 55 12 55 48 56 24 57 0 57 36 58 12 58 48 59 24
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TABLE 1-50
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j

0

1 .fleer . 0 to ' c .22222 .52252 ,05775 .03032 1

^
f

.ZZZZ'. .ereii .03550 -5 4122 -04444 . 0 4722 2
•5

1 .c-eeer .222'

2

.22222 .05553 -02111 ,02325
7

t
- 05557 .eee'j4 .21222 .07500 .^'7775 ,02032 ‘r

<> .Cfff

2

.r.feii .05550 -05122 .05444 .05-722
' C

e -If ere .learf . 12.222 .15223 .mil .11325 2
T

. I leer .lie- 44 . 12222 .12255 - 12272 .13532 7

g » 1-55 25 .12211 . 15550 -14122 , 144 T r .1-4222
1

3
r.

• x^O 00 .12255 . 12222 . 12232 .12111 -12325 c

LC . I555T . lee 44 . 12222 . 12255 - 12722 -12532 10

iL . 12222 .12211 - 12225 . 15122 .154-44 .15222 11

12 - 2r.ee e .22222 -22222 .50333 .21111 -21.325 12

13 ,2ieeT .21244 . 55255 .22200 -22222 .235-32 13

14 .2,2255 .22211 .25550 .24122 .24-44-4 .24222 14

15 -25cee .55575 . .. . w . -222.3.3 .22111 .22.335 15

.2eeeT . 22244 -22222 .22200 .57775 .22032 12

15 .22252 .22211 .22225 .25122 .25444 .25222
,

12

If.
1

.50000 .50552 .22222 .302.33 .3IUL .51325 12

1C' f .fleer 5 .22222 ..32205 . 32222 .33032 15

1’’: -22211 . 2.2225 .341.22 .34444 .34222 20

2i
1

,25eee . 22222 .22233 .32111 .32325 21

22 ,f
-.2 5 <^7 .22244 .57555 .22225 .37775 ..32052

j

22

23 1
- 3^3.33 .22211 .22225 .35122 . 35444 .35222 23

2'r .eeeee .4-2222 . *r . .40232 .41111 .41325 2-4

25 .4ieer -41244 . 42200 .45775 .43032 2.3

2C .42211 / ^ ? 5 'I,
. 'y . » y' .44122 .44444 22

2T .42222 .42222 . 42232 .42111 .42325 27

2f -,<55^7 .422-44 . 42222 .4-205 .42272 ,42032 22

2/ - 2 ' r. .42211 .42225 .45-122 .45444 .45222 25
yr .eeeee .22222 .22 222 .30233 .21111 ,.31325 : 30

Zl .'leer 22 7/L / /
. 'y-r -22222 .22300 .,32222 .33032 31

32 -f-222 ..22211 -22225 .24122 .3 4444 .,34722 32

3Z
;
..eeeee . 5 5 55 5 . 5.0350 . 00533 .'2111 .32325 33

•z / .22244 . 07252 . .07775 , 32.032 I

*5 y
»

1£ -22211 .22225 .554-44 ,35722

^ r -eeeee .22222 .22222 .20223 .21111 • 61550 36

37 .eieer .21544 - 22222 .22200 .22222 ,23032

25 .e2222 .22211 .23225 -24122 .24444 . 24222 .32

55 .222'2 .22222 .22233 .22111 ,22325 39
/
-»•» -eeeer .22544 .22222 .22205 .07775 .22-5-32 40

41 .22222 .22211 . 05'50 -25122 ,25722 4I

42 . 7'' 0 0 .70 2'^^ .'2222 .'0233 .21111 .71325
[

42
* “S' .rieer -

^
T 0 -i i . '"5552 .22305 .72775 ,73056 !

y*5
•y .>

/ / .'2211 .'412' .24444 .24722
1

44

.reeee .T22"2
- e: r r <r » ^ ^ 3 .22111 .22.325 ‘ 43

4< .reeer .'2544 . "223 .'7000 . / 77 i ,22032
1
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TABLE 1—50 (continued)

0" 10" 20" 30" 40" 50"

47 .78333 .78611 .70889 .79167 .79444 .79722 47

48 .80000 .80278 .80556 .80833 .81111 . 81389 48

49 .81667 .81944 .82222 .02500 .82778 .83056 49

50 .83333 . 83611 .83889 .84167 .84444 .84722 50

51 .85000 .85278 .85556 .85833 .06111 .86389 51

52 . 86667 .86944 .87222 .87500 . 87778 .88056 52

53 .88333 .88611 .08809 .89167 .89444 .89722 53

54 .90000 .90278 .90556 . 90833 .91111 .91389 54

55 .91667 .91944 .92222 .92500 .92778 .93056 55

56 .93333 .93611 .93089 .04167 .94444 .94722 56

57 .95000 .95278 .95556 .95833 .96111 .96389 57

58 . 96667 .96944 .97222 .97500 . 97778 .98056 58

59 .98333 .98611 .98889 .99167 .99444 .99722 59

TABLE 1-51

Rodions into Degrees

Radians .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

De;; Dcfi Dep Dep Dep Dep Dep Dep Dep Dep

0.0 0.0000 0.5730 1. 1459 1.7189 2.2018 2.0040 3.4377 4.0107 4.5837 5.1566
. 1 5.7296 6.3025 6.8755 7.4405 8.0214 8. 5944 9. 1673 9.7403 10.3132 10.8862
.2 11.4591 12.0321 12.6051 13.1780 13.7510 14.3239 14.8969 15.4699 16.0428 16.6158
.3 17.1887 17.7617 18.3346 18.9076 10.4800 20.0535 20.6265 21.1994 21.7724 22.3454
.4 22.9183 23.4913 24.0642 24.6372 25.2101 25.7831 26.3561 26.9290 27.5020 28.0749

.5 28.6479 29.2200 29.7038 30.3068 30.9397 31.1527 32.0856 32.6586 33.2316 33.8045

.6 34.3775 34.9504 35.5234 36.0963 3o. 0693 37.2423 37.8152 38.3882 38.9611 39.5341

.7 40.1070 40.6800 41.2530 41.8259 42. 3989 42.9710 43.5440 44.1178 44.6907 45.2637

.8 45.8366 46.4096 46. 9825 47.5555 48. 1285 48.7014 49.2744 49.8473 50.4203 50.9932

.9 51. 5662 52.1392 52.7121 53.2851 53.8580 54.4310 55.0039 55.5769 56. 1499 56.7228

1 r ndinn = 57 .29578 dCB 2 radi ons = 114, 59156 deg 3 radians = 171.88734 deg
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TABLE 1-52

Linear Measure in the Metric System

1 micron (fi)

10 millimeters (mm)

10 centimeters (cm)

10 decimeters (dm)

10 meters (m)

10 dekaraeters

10 hectometers

10 kilometers

10 myriameters

0.000001 meter

0.001 millimeter

1 centimeter

1 decimeter

1 meter

1 dekameter

1 hectometer

1 kilometer

1 myriameter

1 megameter

TABLE 1-53

Selected Equivalents in Metric and English Standards of Measure

1 inch = 2.5400 millimeters

1 foot = 304.800 millimeters

1 foot = 0.3048 meter

1 yard = 0.914402 meter

1 mile = 1.609347 kilometers

1 square inch = 6.45163 square centimeters

1 square foot = 929.034 square centimeters

1 square yard = 0.836131 square meters

1 millimeter = 0.03937 inch

I millimeter = 0.003281 foot

1 meter = 3.2808 feet

i meter = 1.0936 yard

1 kilometer = 0.621370 mile

1 square centimeter = 0.155000 square inch

1 square centimeter = 0.001076 square foot

1 square meter = 1.19599 square yard

1 square meter = 10,7639 square feet

f

f
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TABLE 1-54

Millimeters into Inches

Milli-

meters Inches

Milli-

meters Inches

Milli-

meters Inches

Milli-

meters Inches

1 .03937 26 1.02362 51 2.00787 76 2.99212

2 .07874 27 1.06299 52 2.04724 77 3.03149

3 .11811 28 1. 10236 S3 2.08661 78 3.07086

4 .15748 29 1.14173 54 2.12598 79 3. 11023

5 .19685 30 1.18110 55 2.16535 80 3.14960

6 .23622 31 1.22047
1

56 2.20472 81 3.18897

7 32 1.25984 57 2.24409 82 3.22834

8 .31496 33 1.29921 58 2.28346 83 3.26771

9 .35433 34 1.33858 59 2.32283 84 3.30708

10 .39370 35 1.37795 60 2.36220 85 3.34645

11 .43307 36 1.41732 61
i

2.40157 86 3.38582

12 .47244 37 1.45669 62 2.44094 87 3.42519
13 .51181 38 1.49606 63 2.48031 88 3.46456
14 .55118 39 1.53543 64 2.51968 89 3.50393
15 .59055 40 1.57480 65 2.55905 90 3.54330

16 .62992 41 1.61417 66 2.59842 91 3.58267
17 .66929 42 1.65354 67 2.63779 92 3.62204
18 .70866 43 1.69291 68 2.67716 93 3.66141

19 .74803 44 1.73228 69 2.71653 94 3.70078
20 .78740 45 1.77165 70 2.75590 95 3.74015

21 .82677 46 1.81102 71 2.79527 96 3.77952

22 .86614 47 1.85039 72 2.83464 97 3.81889

23 .90551 48 1.88976 73 2.87401 98 3.85826

24 .94488 49 1.92913 74 2. •’1338 99 3.89763

25 .98425 50 1.96850 75 2.95275 100 3.93700

TABLE 1-55

Multiples and Roots of n and Base c of Natural Logarithms

IT = 3.141592654 l/n - 0.3183098862

ir’ = 9.869604401 0.1013211836

I7^ = 31.006276680

-Jn = 1.772453831 i/'i;;^ = 0.5641895835

’-17 = 1.464591888 ’Ha; = 0.6827840632

log* = 1.144729886 lopio >7 = 0.4971498727

e - 2.718281828 l/e = 0.3678794412

loftc 10 = 2.302585093 M = Iog,o o = 0.4342944819

1 radian = 57,29577951 decrees

1 rndtnn = 3437,7‘16771 minutes

'IT = 1.-114213562

'fT = 1.7320550808
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TABLE 2-1

Millimeter Bore-Sizes of Ball Bearings, Universally Available

mm
Bore

Inch mm
Bore

Inch mm
Bore

Inch mm
Bore

Inch

•10 . 3937 45 1.7717 95 3.7402 170 6.6929

•12 .4724 50 1. 9685 100 3.9370 180 7.0866

15 .5906 55 2. 1654 105 4.1339 190 7.4803

17 .6693 60 2. 3622 no 4.3307 200 7.8740

65 2.5591 220 8.6614

20 .7874 70 2.7559 120 4.7244 240 9.4488

25 .9843 75 2.9528 130 5.1181 260 10.2362

30 1.1811 i 80 3.1496 140 5.5118 280 11.0236

35 1.3780 85 3.3465 150 5.9055 300 11.8110

40 1.5748
‘

90 3.5433 160 6.2992 320 12.59 84

*Except for tfie 10 nnd 12 mm nlrtB, cylindrical roller benrines ere reeulnrly available

in Borne bore sizes.

TABLE 2-2

Inch Bore-Sizes of Boll Bearings, Commonly Available*

Bore

Fraction Decimal

Bore

Fraction Decimal

1/8 .1250 3/4 .7500

3/16 . 1875 7/8 . 8750

1/4 .2500 1 1.0000

3/8 .3750 1-1/8 1.1250

1/2 .5000 1-1/4 1.2500

5/8 .6250 1-3/8 1.3750

1-1/2 1.5000

•See Tnble 2-4 far other miniature ball bearince hovlnK Inch dlmenilona.
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TABLE 2-3

Bounder^' Dfrr.ensions, Type BM (Megneto) Bell Bearings, Separable'

AFBM.A Standards, Section 2 — Nov 1952

! 1 - Ad Bere
Car

Die:
er

:erer

IndivicasI

Rice ’Ticrn

p
R;

'illec

EGIGS

] Moo:icsl Kccr NonricE' r*

Xccbsr arz incr: cm inch cm trrem cc icdi

n
. 1959 If . 629? 5 . I95? - 2 .003

6Si^::2 f .2352 rx .9449 7 .2755 .3 .012

TBv’rCC 2 . 2T?f 24 CXiC 7 .2755 . 5 .012

83^'.: If 8 .3150 2x .94-i9 7 .2755 . 3 .012

c3f:C'i G . 3543 23 1.1024 3 .3150 . 3 .012

ICS^'ICl iC .3?3T 23 i.lC24 3 .3150 • 3 .012

IIHIIOS 11 .4331 32 1.2555 T .2755 X .016

ITH'IOr 12 .4T24 32 1 2^'^S 7 .2755 X .015

133i'CCi 13 .5115 30 1.1311 7 .2756 ^ 3 .012

IX -5512 35 1.3730 3 .3150 .5 .020

i53'.r:'-i 15 . 590f 35 1.3730 3 .3150 . 5 .020

ifEt-'ori If -6299 33 1.4551 10 .3537 l.C .040

irsi'033 IT .ff?3 44 1. 7323 1I*» .4331 1.0 .040

fSeparaiJe rtaasrs tha; lrearr2.gr sst be dSsssserrblet* arc tie rings GtJed separaielr tc the fcetssing and shaft.

•The cemer ra^nns cr chamfer cn hearings smst cfesr the maximmn Sllet radins gieeri in, the table. This speci-

TABLE 2-4

Standardized Dimensions for Miniature Ball Bearings* — Inch Dimensions

Bore

Xo. Inch

OJ>.

Inch

v:idth

Inch Xc-

Bore

Inca

O.D.

Inch

ITicrc

Inch

01 C.0230 l/IO 1/32 04 0.0550 3/16 5/64

02 -0400 I -'5 3 '54 05 .0731 1/4 3/32

03 .0455 5,''32 1/15 C6 .0937 5/16 7/64

•The AF3U\ ce fines a ministnre tan tearing as cne having an enrside dian*e:er less than 5 mm
3=i 3 'S =L.
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TABLE 2-5

AFBMA* Coding of Antifriction Bearings

Antifriction bearings, particularly the conventional varieties of ball and roller bearings, can be positively identified and

fully described by the AFBMA number-letter code; Thus 50BC02J033B identifies and describes a single-row ball bearing. The

50BC02 is that portion of the code number pertinent to identification. It is called the basic number. The remainder of the code

is called the supplementory number. Since seals, shields, snap ring modifications and lubrication, as well as cage construction,

clearances and tolerances, are the matter within the supplementary number, the prudent designer may find the context of Section

5» AFBMA Standards, well worth careful study, for space here is not available for adequate explanation of it.

The B of the basic number identifies the bearing as a ball bearing. The C stands for Conrad or non-filling-slot type. The
50 defines the bore as 50 mm; the 02 is a width-OD dimension series, indicating indirectly by the zero that the width of the

ball bearing is 20 mm and by the 2 that the OD is 90 mm. Other dimension series are illustrated by Tables 2-8 to 2-16 inclusive.

These dimension scries are replacing the older forms of designating series, as for example, light, medium, extra light, and

consequently they are positioned conspicuously in the headings of many of the tables to follow* on bail and roller bearings.

Besides ball bearings the AFBMA identification code aims toward the standardization of all kinds of antifriction bearings.

Such bearings are divided into five main groups with certain letters to distinguish each type as follows:

Group Kind of Bearing
First letter

of type code

Remarks and

Examples

I Annular ball bearings B Airframe bearings are

exceptions

Table 2-23

Cylindrical roller bearings R Table 2-24

Self-aligning roller bearings S Airframe bearings are

exceptions

11 Inch dimensioned tapered

roller bearings

Table 2-25( Note that the letter

T is reserved by AFBMA
for "thrust" rather than "taper".

HI Journal roller bearings —
inch dimensions ;

Journal roller bearings —
metne dimension .M

Needle roller bearings N Table 2-26

Cam roller bearings C Table 2-22

Loose rollers L

IV Thrust bearings — ball and roller T

Clutch release bearings T

Tapered roller thrust bearings T

V Ungfound bearings V

•The Anti-Friction Bearine ^tanufQcturer5 Anaociation, Inc, 60 Enat 42nd St, New York 17, N.Y.
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TABLE 2-6

Dir.s-slon Senes 10 (Extra Lfght) Ball Bearings

AFBMA Sfcns'crds, Section 2 "'Hoy 1952

EsII Hearic;: Ccce !r':::.T:b‘ers Ball Hearing Dimensions
1 y • r r

Fillet

Radius
r*sj c±a

1

Bore B
Onrside
Dia— />

Rina ^Hrn
'fT

BA
Tr?e
Hi

T^e
EC

Type
BK

!rcrr.lpsl 'ion:insi

mn: Inch

iiominal

n-.m. Indi K— Inch

10=125 10=510 103T10 10=010 102E10 10 .3957 2& 1,0236 a .3150
“3

< > .012

12EA10 12=510 12=710 123.010 122=10 12 -.4724 23 1.1024 2 .5150 -= .012

15=110 15SiilO 15=710 15=020 153=10 15 .5906 32 1.2593 C .5545 .012

ITHHO 17S510 17=710 17=010 173=10 17 .6695 35 1.3720 10 .3937 * > .012

25=110 2os;io 20=710 203010 202=10 20 .7374 42 1.6555 12 .4724 .6 .025

25=110 25=210 25=710 25=010 252=10 25 .9245 47 1.2504 12 .4724 ,6 .025

>j=110 >0=510 30=710 >0=010 >33=10 30 1.1211 2.1654 15 .5112 1.0 .04

35=110 35=510 35210 35=010 35=510 35 1.3733 62 2.4409 U .5512 1-0 .04

40=110 40=5-10 40=710 40=010 403=10 40 1.5742 62 2.6772 15 .5906 1.0 .04

45=110 45=510 45=110 45=010 45=310 45 1,7717 75 2.9522 16 .6299 1.0 .04

50=110 5>0=510 50=110 503010 50=310 53 1.9625 20 3.U96 16 .6299 1.0 .04

55=110 55=510 55=710 55=010 55r=io 55 2.I654 90 3.5435 18 .7027 1.0 .04

6j=li0 60=5l0 603710 602.010 6O3HI0 63 2.3622 95 5.7402 12 .7027 1.0 .04

65=110 65=510 65=110 65=010 65=310 ; 65 2.5591 iOO 3.9370 12 .7027 1.0 .04

70=110 702110 70=110 7a=ao 703=10 1 73 2.7559 110 4 . 3>07 20 .7374 1.0 .04

75=110 752510 75=110 75=010 753=10 75 2.9522 115 4.5276 20 .7374 1.0 .04

aoiiio eosiiio £03110 £03=10 £0 3.1496 125 4.9213 22 .2661 1.0 .04

£5=110 £52110 £53110 £5=010 £55=10 25 3 . 37,65 130 5.1121 22 .8661 i.o .04

90=110 903510 903110 90=010 903=10 90 j? • 140 5.5112 24 .9449 1.5 .06

95=110 952il0 952110 953010 953=10 95 3.7402 U5 5.7027 24 .9449 1.5 .06

100=110 100=510 100=710 1002010 1002=10: 100 5.9370 150 5.9055 24 .9449 1.5 .06

105=110 1052110 1053110 105=010 1053=10 105 4.1339 163 6.2992 26 1.0236 2.0 .03

110=110 110=510 110=710 110=010 1103=10 no 4.3307 170 6.6929 22 1.1024 2.0 .03

120=110 12G=IilO 120=710 120=010 1202=10 120 4.7244 1£0 7.0266 22 1.1024 2.0 .03

130=110 1>0=510 i>o3no 130=010 1302=10 1>3 5.1121 200 7.8740 53 1.2992 2.0 .03

140=110 140=510 U03710 140=010 1403=10 140 5.5112 210 £.2677 55 1.2592 2.0 .02
150=110 150=510 1503710 1502.010 15.02510 150 5.9055 225 2.25=3 55 1.3720 2.0 .03
160=110 160=510 160=710 1603.010 163300 163 6.2992 240 9.4422 32 1.4961 2.0 .03
170=110 17u3iiO 170=710 1702010 1702=10 170 6.6929 260 10 . 2362 42 1.6555 2.0 .03
ISO-llO i£OBulO 150=710 130=010 1S03OO 12-0 7.0266 220 11.0236 46 1.8110 2.0 .03

190=110 190=510 190=710 1902C10 1903=10 190 7.4303 290 31.a73 46 1.3110 2.0 .03
200=110 2003110 2002710 200=010 2002=10 230 7.2740 310 12.2047 51 2.0079 2.0 .03
220=110 2203110 2203710 2203010 2203=10 220 2.66U 540 15.3252 56 2-2047 2.5 .10
240=110 2403il0 2402110 240=010 2403110 240 9.4422 360 U.I732 56 2.2047 2.5 .10
260=110 2603J10 260371O 260=010 2603=10 263 10 .2362 400 15.7420 65 2.5591 3.0 .12

220=110 2S03I10 2S-03no 2S.02C10 2=02=10 230 11.0236 420 16.5554 65 2.5591 5.0 .12
>00=110 >00=510 >00=710 3'00=C10 3.303-ilO 300 11.3110 460 13.1102 74 2.9134 3.0 .12
320=110 320=510- 320=710 320=010 3202=10 520 12.5954 420 13.3976 74 2.0134 3.0 .n

•'•'-i* r- c; rrax: f. i- t-i# i.ii s sp*tc .-'scaiXc- rf-.<3 net



TABLE 2-7

Dimension Series 02 (Light) Boll Bearings

AFBMA Standards, Section 2 - Nov 1952

Ball Bearing Code Numbers Ball Bearing Dimensions

Bore B

Nominal
mm Inch

Outside
Diam D

Nominal
mm Inch

Individual

Ring Width
H’

Nominal
mm Inch

Fillet

Radius
r*

mm. Inch

4BC03 4 .1575 16 .6299 5 .1969 .3 .012

5BC03 5BS03 5 .1969 19 .7480 6 .2362 .3 .012

6BC02 6BS02 6 .2362 19 .7480 6 .2362 .3 .012

7BC02 7BS02 7 .2756 22 .8661 7 .2756 .3 .012

8EC10 8BS10 8 .3150 22 .8661 7 .2756 .3 .012

9BC02 9DS02 9 .3543 26 1.0236 8 .3150 .6 .025

10BA02 10BH02 10BT02 10EC02 10BH02 10EL02 10BE02 10 ..>937 30 1.18U 9 .3543 .6 .025

1ZBA02 12B:i02 12BT02 12EC02 12EH02 12BL02 10BS02 12 .4724 32 1.2598 10 .3937 .6 .025

15BA02 15RS02 15BT02 15BC02 15BH02 15BLQ2 15PS02 15 .5906 35 1.3730 11 .4331 .6 .025

17BA02 17B:J02 17ET02 17BC02 17BH02 17BL02 17BS02 17 .6693 40 1.5748 12 .4724 .6 .025

20BA02 20E102 20BT02 20BC02 203H02 20EL02 20BS02 20 .7374 47 1.8504 U .5512 1.0 .04

25BA02 25BH02 25BT02 25BC02 25BH02 25EU12 25BS02 25 .9343 52 2.0472 15 .5906 1.0 .04

30BA02 30B.N02 30B'r02 30BC02 30BH02 30BL02 30BS02 30 1.1811 62 2. 4409 16 .6299 1.0 .04

35BA02 35aN02 35BT02 35BC02 35BB02 35BL02 35BS02 35 l'.3780 72 2.8346 17 .6693 1.0 .04

40BA02 40BN02 403T02 40BC02 40BH02 40BL02 40BS02 40 1.5748 80 3.U96 18 .7037 1.0 .04

45BA02 45BH02 45BT02 45BC02 45EK02 45EL02 45BS02 45 1.7717 85 3.3465 19 .7460 1.0 .04

50BA02 50a'l02 50BT02 50BC02 50BH02 50BL02 50BSO2 50 1.9685 90 3.5435 20 .7874 1.0 .04

55BA02 55BH02 55BT02 55EC02 55B1102 55BL02 55BS02 55 2.1654 lOO 3.9370 21 .8268 1.5 .06

60BA02 60BH02 60BT02 60BC02 60BH02 60EL02 60SS02 60 2..3622 UO 4.3307 4.* .8661 1.5 .06

65EA0< 65E!i02 65ET02 65BC02 65BH02 65BU)2 65BS02 65 2.5591 120 4.7244 25 .9055 1.5 .06

70BA02 70a'102 70BT02 70BC02 70BH02 70BL02 70BS02 70 2.7559 125 4.9213 24 .9a9 1.5 .06

75BA02 75B:102 75ET02 75EC02 75BK02 75BL02 75BS02 75 2.9528 130 5.USI 25 .9343 1.5 .06

80BA02 80a'l02 80BT02 80BC02 80BH02 80BL02 803S02 80 3.U96 140 5.5U8 26 1.0236 2.0 .03

85EA02 85BI)02 85ET02 85BC02 85BH02 85EL02 85ES02 85 3..’465 150 5.9055 28 1.1024 2.0 .03

90BA02 90BIJ02 90BT02 90BC02 90a-)02 90BLO2 90BS02 90 3.5435 160 6.2992 30 I.IBU 2.0 .03

95BA02 95En02 95BT02 95BC02 95EH02 95BL02 95ES02 95 3.7402 170 6.6929 32 1.2593 2.0 .03

100BA02 iooa'102 100BT02 100BC02 100BH02 100BL02 100BS02 100 3.9370 180 7.0366 34 1.3336 2.0 .ce

105BA02 105BIi02 105BT02 105BC02 105BH02 105BL0? 105BS02 105 4.3 339 190 7.4803 36 l.a73 2.0 .03

U0BA02 U0BII02 UOBTO2 110BC02 U0BiI02 U0BL02 U0BS02 110 4.3307 200 7.8740 38 1.4961 2.0 .03

120BA02 120BN02 120BT02 120BC02 120a-i02 120BL02 120 4.7244 215 6.4646 40 1.5748 2.0 .03

130BA02 130BH02 130BTO2 130BC02 130B.'102 130PLO2 130 5.1181 230 9.0551 40 1.5746 2.5 .10

U0BA02 140a'l02 U0BT02 U0BC02 140nH02 U0BL02 uo 5.5118 250 9.8425 42 1.6535 2.5 .10

150BA02 150B1J02 150BT02 150BCO2 150BH02 150BL02 150 5.9055 270 10.6299 45 1.7717 2.5 .10

160BA02 l60B!i02 160BT02 160BC02 160BB02 160PIO2 160 6.2992 290 ll.a73 48 1.8893 2.5 .10

170BA02 170BH02 170BT02 170BC02 170BH02 170BU)2 170 6.6929 310 12.2047 52 2.0472 3.0 .12

180BA02 180BH02 1B0BT02 180BC02 ie0BH02 1S0BU)2 180 7.0366 320 12.5984 52 2.0472 3.0 .12

190BA02 190Bil02 190BT02 190BC02 190BH02 190BL02 190 7.4803 340 13.3358 55 2.1654 3.0 .12

200BA02 200aN02 200BT02 2CX)B002 200BH02 20OELO2 200 7.8740 360 U.1732 53 2.2835 3.0 .12

220BA02 220B!102 220BT02 220BC02 220BH02 220BL02 22C 8.6614 400 15.7480 65 2.5591 3.0 .12

2A0BA02 240BJI02 240ET02 240BC02 240B1102 24aBU)2 240 9.4488 440 17.3223 72 2.8346 3.0 .12

260BA02 260BN02 260BT02 260BC02 260BH02 260BL02 260 10.2362 430 18.3976 80 3.1496 4.0 .16

280BA02 280BIi02 230BT02 280EC02 280BH02 280BL02 230 U.0236 500 19.6850 80 3.1496 4.0 .16

300BA02 300aN02 300BT02 300BC02 300BH02 300BIi02 300 U.8U0 540 21.2598 85 3.3465 4.0 .16

320BA02 320BN02 520BT02 320BC02 320EH02 320BL0? 320 12.5984 580 22.8346 92 3.6220 4.0 •I6

•The comer radius or chamfer on benrinES must clear the moximum fillet radius plven In the table. This speclflcaUon does not control

bearinE comer contours.
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TABLE 2-8

Dimension Series 03 (Medium) Boll Beorings

AFBMA Stondords, Section 2 “Nov 1952

Ball Bearing Code J^timbers

Bore B

Ball Bearing Dimensions

Individnal Fillet

Outside Ring ^dch Radius
Diam D W r*

Tvpe
BA

Tyoe
BN

Tvpe
BT

Tvpe
BC

Type
BH

Tvoe
Bll

Tvpe
BS

Nominal
mm Inch

Nominal
mm Inch

Nominal
mm Inch mai Inch

103103 103SD5 103103 103C03 133H33 103LO3 IOSS03
1

10 .3937 35 1.3720 n .4331 .6 .025

153105 123303 123705 1<=C05 123303 12314)3 12BS03 12 .4724 37 1.4567 12 .4724 1.0 .04

153103 1533i33 153705 15=035 153303 15=14)3 15BS05 15 .5906 42 1.6535 13 .5113 1.0 .04

173105 173K03 173703 173C.05 173303 17314)5 173S05 17 .6^5 47 1.8504 14 .5512 1.0 .04
233105 233:;o5 233705 203C03 203303 203L03 203S05 20 .7374 52 2.0472 15 .5906 1.0 .04

253103 2532;q3 253703 253C03 25=305 253105 252303 25 .9343 62 2.4409 17 .6693 1.0 .04
333103 303S33 503X03 303C03 303H03 303L03 303303 30 i.isn 72 2.8346 19 .74SO 1.0 .04
353103 353S03 353703 353C03 35=305 35=14)3 552303 35 1.3730 So 3.1496 21 .8265 1.5 .06
10=103 403303 403703 403C03 403E03 403103 403303 40 1.574s 90 3.5433 23 .9055 1.5 .06
453105 453303 453705 45=005 45=303 45=103 452303 45 1.7717 100 3.9370 25 .9343 1.5 .06

533103 5O3:!03 503703 50=003 503303 50=103 502303 53 1.9635 no 4.3307 27 1.0630 2.0 .03

553105 553533 553703 55=003 55=305 55H103 55BS03 55 2.1654 120 4.7244 29 1.1417 2.0 .03
603103 603S05 603703 60=003 603303 603103 603505 60 2.3622 130 5.n8i 51 1.2205 2.0 .03
653103 653503 653703 65=003 65=303 65=103 65=505 65 2.5591 140 5.5118 33 1.2992 2.0 .08
7CEi03 703503 703703 703003 703303 703105 703303 70 2.7559 150 5.9055 35 1.3730 2.0 .08

753103 753305 753703 15=vy5 75=303 75=103 753505 75 2.952s 160 6.2992 37 1.4567 2.0 .03
£03103 S33S03 203703 S03C03 233335 803105 SO3SO3 80 3.U96 170 6.6929 39 1.5554 2.0 .03
353105 853!;05 353703 35HC03 S53H33 85=103 352305 35 3.3465 ISO 7.0366 41 1.6142 2.5 .10
933105 903503 903703 93=003 90=333 933103 905303

j

90 3.5433 190 7.4S03 43 1.6929 2.5 .10
953103 95s:o5 953703 95=003 95=333 952103 953303 95 3.7402 200 7.8740 45 1.7717 2.5 .10

1333103 ioo3:;o5 1003703 1003035 1003333 1003105 1Q03S03 100 3.9370 215 8.4646 47 1.8504 2.5 .10
10j3io3 105H303 1053703 105=005 105=333 1052105 IO52SO3 105 4.1359 225 8.8533 49 1.9291 2,5 .10
1103105 1103503 1103703 1103C03 U03H03 1103105 1103303 no 4.3507 240 9.4433 50 1.9635 2.5 .10
1233103 1203505 1203703 120=005 1203H35 1203103 120 4.7244 260 10.2362 55 2.1654 2.5 .10
1303105 1502:03 13'33T03 1303003 1503303 I303IOJ 130 5.1131 230 n.0236 58 2. 2335 3.0 .12

1403103 1402:03 1403T05 1403003 1403H33 1403105 140 5.511s 300 n.sno 62 2.4409 3.0 .12
1533103 1503S05 1503703 1503005 1503305 1503105 150 5.9055 320 12.5934 65 2.5591 3.0 .12
1603105 1602:03 1603703 1603C03 1633333 1603103 160 6.2992 340 13.3353 63 2.6772 3.0 .12
1703103 I7OHKO3 1703703 1703073 1703303 170SI03 170 6.6929 360 14.1732 72 2.3346 3.0 .12
1303103 1303503 1H037O3 1303003 1203305 1203103 ISO 7.C«66 330 14.9606 75 2.9523 3.0 .12

1903103 1903503 1903705 1903003 190=203 1903103 190 7.4303 400 15.7430 73 3.0709 4,0 ,16
2003103 2»2:03 2XS7Q3 200=003 2003303 2003103 200 7.8740 420 16.5354 80 3.1496 4.0 .16
2233103 2202:03 2203703 2203003 2203303 2203105 220 3.6614 460 is.noa S3 3.4646 4.0 .16
2405103 2403505 2403705 2403003 2403303 24O3103 240 9.44S3 500 19.6350 95 3.7402 4.0 ,16
2=03103 2603503 26OSTO3 2603003 2633335 2603103 260 10.2362 540 21.2593 102 4.0157 5.0 .20
2303103 2S02:03 2303705 2303003 2303E03 2303103 230 n.0236 530 22.8346 1£8 4.2520 5.0 .20

‘Tkr .

earing comer <

r radius or cfiszrScr cn bearings mnsi deer Ite sifladmcnn it-iiei racius give
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TABLE 2-9

Dimension Series 04 (Heavy) Boll Bearings

AFBMA Standards ,
Section 2 - Nov 1952

Type Type Type Type Type Tvpc Type
BA BN BT BC BH BL BS

17BA04 17EH04 17BT04 ITBCO^ 17BS04 173LQ4 17BS04
20BA04 20BN04 20BT04 20BC04 2QBH04 20BL04 20BS04
25BA04 25BH04 25BT04 25BC04 25EH04 25BU)4 25BS04
30BA04 30aN04 30BT04 30BCO4 30BH04 30BL04 30BS04
35BA04 35BH04 35BT04 35BC04 35BH04 35BUJ4 35BS04

40BA04 40B2104 40BT04 403C04 40BH04 40BL04 403S04
45BA04 45B!)04 45BT04 45BC04 45EH04 45BL04 45BS04
50BA04 50BN04 50BTO4 50BC04 50BK04 50BL04 50BS04
55BA04 55BH04 55BT04 55BC04 55BH04 55BL04 55BS04
60BA04 6OBNO4 6OBTO4 6OBCO4 6OBHO4 6OBLO4 60BS04

65BA04 65BHO4 65BTO4 65BC04 65BHO4 65BL04 65BS04
7OBAO4 7OBNO4 7OBTO4 70BCX)4 70BH04 70BL04 70BSO4
75BA04 75B:I04 75BT04 75BC04 75BH04 75BL04 75ES04
8OBAO4 EOBHO4 8OBTO4 8OBCO4 8OBHO4 8OBLO4 60BS04
85BA04 85BI104 85BT04 85BC04 85BHO4 85BL04 85BE04

9OBAO4 9OBIIO4 9OBTO4 9OBCO4 9OBHO4 9OBLO4 903S04
95BA04 95BH04 95BT04 95BC04 55BH04 95BL04
IOOBAO4 100B*N04 IOOBTO4 IOOBCO4 IOOBHO4 100BL04
105BA04 105B!I04 105BT04 105BC04 105BH04 105BL04
UOBAO4 U0BI)04 UOBTO4 IIOBCO4 UOBHO4 110BL04

I2OBAO4 laoaNOA I2OBTO4 I2OBCO4 I20BH04 120BL04
I3OBAO4 130BIi04 I3OBTO4 I3OBCO4 I3OBHO4 130BL04
I4OBAO4 140aN04 I4OBTO4 I4OBCO4 140BH04 UOBLO4
150BA04 i5oa)04 150BT04 150BC04 150BH04 150BL04

Ball Bearing Dimensions

Individual Fillet

Outside Ring Vidth Radius
Bore B Diam D IT r*

Nominal Nominal Nominal
mm Incrh mm Inch mm Inch mm Inch

17 .6693 62 2.4409 17 .6693 1.0 .04
20 .7874 72 2.8346 19 .7480 1.0 .04

25 .9843 80 3.U96 a .8268 1.5 .06

30 1.18U 90 3.5433 23 .9055 1.5 .06

35 1.3730 100 3.9370 25 .9343 1.5 .06

40 1.5748 UO u.'iyn 27 1.0630 2.0 .03

45 1.7717 120 4.7244 29 1.1417 2.0 .08

50 1.9635 130 5.U81 31 1.2205 2.0 .08

55 2.1654 140 5.5U8 33 1.2992 2.0 .03

to 2.3622 150 5.9055 35 1.3780 2.0 .03

65 2.5591 160 6.2992 37 1.4567 2.0 .03

70 2.7559 130 7.0866 42 1.6535 2.5 .10

75 2.9523 190 7.4803 45 1.7717 2.5 .10

80 3.U96 200 7.8740 43 1.8893 2.5 .10

85 3.3465 210 8.2677 52 2.0472 3.0 .12

90 3.5433 225 8.8533 54 2.1260 3.0 .12

95 3.7402 240 9.4488 55 2.1654 3.0 .12

100 3.9370 250 9.8425 53 2.2835 3.0 .12

105 4.1339 260 10.2362 to 2.3622 3.0 .12

110 4.3307- ^0 11.0236 65 2.5591 3.0 .12

120 4.72U 310 12.2047 72 2.3346 4.0 .16

130 5.1181 340 13.3353 78 3.0709 4.0 .16

140 5.5118 360 U.1732 32 3.22S3 4.0 .16

150 5.9055 330 14.9606 85 3.3465 4.0 .16

•The comer radius or chamfer on bearings musi cleor the maximum fillet mdius given In the table. This specification does not control

bearing comer contours.
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TABLE 2-W

Dimension Series 19, Type BC, Boll Beorings,

Single Row, Deep Groove

AFBMA Standards, Section 2—Nov 1952

Bearfflg c-s Inch

Humber

Fillet

Outside Radios
Diarnster V^idth r*

rr.ri Inch mm Inch Inch

15BC19 15 .5906 23 1.1024 7 .2756 .012

17EC19 17 .6693 30 i.isn 7 .2756 .012

202C19 2D .7374 57 1.4567 9 .3543 .012

25EC19 25 .9345 42 . 1.6535 9 .3543 .012

30BC19 30 I.ISU 47 1.8504 9 .3543 .012

55EC19 35 1.3720 55 2.1654 10 .3937 .024

402C19 AO 1.574s 62 2.4409 12 .4724 .024

45ECX9 L5 1.7717 63 2. £772 12 .4724 .024

503C19 50 1,9685 72 2.8346 12 .4724 .024

555C19 55 2,1654 80 3.U96 13 .5113 .039

6-03CI9 60 2,3622 25 3.3465 13 .5118 .039

65ECI9 65 2.5591 90 3.5453 15 .5118 .039

70BC19 70 2,7559 100 3.9370 16 .6299 .039

75BC19 75 2.9523 105 4.T^-^9 16 .6299 .039
2<32C19 80 3.1496 no 4.3307 16 ,6299 .039

35EC19 35 3.3465 120 4,7244 18 .7037 .039
9OKI9 90 3.5433 125 4.9213 IS .7087 .059

955019 95 3.7402 130 5.1131 18 .7037 .039

1003C19 100 3.9370 140 5.511s 20 ,7374 .059
1055C19 105 4.1339 145 5.7037 20 .7374 .039
2103C19 110 4.3307 150 5.9055 20 .7874 .039

1^C19 120 4.7244 165 6.4961 22 .8661 .039
I3OBCI9 130 5.1131 180 7.0366 24 .9449 .059
I402CI9 140 5.513B 190 7,4203 24 .9449 .059

15G3C19 150 5.9055 210 8.2677 28 1.1024 .079
I6GEGI9 160 6.2992 220 3.6614 28 1.1024 .079
1703019 170 6.6929 230 9.0551 23 1.1024 .079

130B019 180 7.0266 250 9.8425 33 1.2992 .079
1903C19 190 7.4203 260 10.2362 35 1.2992 .079
2003019 200 7.8740 230 11.0236 33 1.4961 .079

2203019 220 8.6614 300 11.8110 33 1.4961 .079
24OECI9 240 9.4433 520 12.5934 33 1.4961 .079
2603019 260 10.2362 360 U.1732 46 1.8110 .079

2203019 220 11.0236 330 14.9606 46 1.8110 .079
3'0OEC19 3-00 11.3110 420 16.5354 56 2,2047 .093

fsr cy-arrS^rr <5- bearir.jc* clear the rtaxrrtsr*. fillet ra'irse civer: ir*. the tahJe^ Thl« apecificaticn
rice* net centre? fceartny ccmer centotrr*.
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TABLE 2-11

Dimension Series 22 (Light) and 23 (Medium),

Type BS, Ball Bearings, Double Row, Radial, Self- Aligning

AFBMA Standards, Section 2-Nov 1952

Bore

Nominal
mm Inch

Outer
Diameter

Individual

Ring Width

Nominal
mm Inch

Fillet

Radius
r*

Nominal
mm Inch

Bearing
Number

Outer
Diameter

Nominal
mm Inch

Bearing Nominal

Number mm Inch

FiUet
Individual Radius
Ring Width r*

Nominal Nominal
mm Inch mm Inch

Dlncnsion Series 22 (Light)

10 .3937 10BS22 30 l.lSU U .5512 .6

12 .4724 12BS22 32 1.2598 14 .5512 «6

15 .5906 15BS22 35 1.3780 U .5512 .6

17 .6693 17BS22 40 1.5743 16 .5299 1.0
20 .7874 20BS22 47 1.8504 18 .7037 1.0

25 .9343 25BS22 52 2.0472 18 .7087 1.0

30 1.1811 30ES22 62 2.a09 20 .7374 1.0

35 1.3780 B5BS22 72 2.8346 23 .9055 1.0
<0 1.5748 405S22 80 3.1496 23 .9055 1.0
45 1.7717 45BS22 85 3.3465 23 .9055 1.0
50 1.9685 50BS22 90 3.5433 23 .9155 1.0

55 2.1654 55BS22 100 3.9370 25 .9343 1.5

60 2.3622 60BS2r UO 4.3307 23 1.1024 1.5
65 2.5591 65BS22 120 4.72a 31 1.2205 1.5
70 2.7559 70BS22 125 4.9213 31 1.2205 1.5
75 2.9523 75BS22 130 5.uai 31 1.2205 1.5
80 3.1496 80BS22 140 5.5U8 33 1.2992 2.0
85 3.3465 65hS22 150 5.9055 36 1.U73 2.0

90 3.5433 90BS22 160 6.2992 40 1.5748 2.0
95 3.7402 95B522 170 6.6929 43 1.6929 2.0
100 3.9370 I00BS22 180 7.0366 46 1.8U0 2.0
105 4.1339 105BS22 190 7.4803 50 1.9635 2.0
UO 4.3307 U0BS22 200 7.8740 53 2.(»66 2.0
120 4.72a 120BS22 215 8.4646 53 2.2335 2.0

130 5.1181 X30BS22 230 9.0551 64 2.5197 2.5
140 5.5US UQB522 250 9.8425 68 2.6772 2.5
150 5.9055 150BS22 270 10.6299 73 2.8740 2.5
160 6.2992 160BS22 290 U.a73 80 3.U96 2.5
170 6.6929 170BS22 310 12.2047 86 3.3358 1.0
IBO 7.0866 1608522 320 12.5934 85 3.3353 3.0

190 7.4803 190BS22 340 13.3353 92 3.6220 3.0
200 7.8740 200BS22 360 14.1732 93 3.8533 3.0
220 8.6614 220BS22 400 15.7480 103 4.2520 3.0
240 9.a88 2405522 440 17.3228 120 4.72a 3.0
260 10.2362 260BS22 480 18.8976 130 s.uei l.O
280 11.0236 2SQ3S22 5W 19.6850 130 5.U81 mm
300 11.8110 300BS22 540 21.2598 UO 5.5U3 BS320 12.5984 320BS22 580 22.8345 150 5.9055

.025

I'l-f»nslon

10BS23

Series,

35 1.3760 17 .6693 .6 .025

.025 12BS23 37 1.4567 17 .6693 1.0 .04

.025 15BS23 42 1.6535 17 .6693 1.0 .04

.04 17BS23 47 1.8504 19 .7430 1.0 •04

.04 203S23 52 2.0472 21 .6263 1.0 •04

.04 25ES23 62 2.4409 24 .9a9 1.0 .04

.04 30SS23 72 2.8346 27 1.0630 1.0 .04

.04 35BS23 80 3.U96 31 1.2205 1.5 .06

•04 4DSS23 90 3.5433 33 1.2992 1.5 .06

.04 452S23 100 3.9370 36 l.a73 1.5 .06

.04 50S323 no 4.3307 40 1.5748 2.0 .OS

•06 555E23 120 4.72a 43 1.6929 2.0 .06

.06 60SS23 130 5.UB1 46 l.SUO 2.0 .OS
•06 65BS23 UO 5.SUB 43 1.8393 2.0 .03
.06 70BS23 150 5.9055 51 2.0(779 2.0 .08
•06 75BS23 160 6.2992 55 2.1654 2.0 .08
.03 8QSS23 170 6.6929 53 2.2835 2.0 .03

.CB 85BS23 180 7.0666 60 2.3622 2.5 .10

.03 903323 190 7.4803 64 2.5197 2.5 .10

.03 952323 2CO 7.8740 67 2.6378 2.5 •10

1003323 215 8.4646 73 2.8740 2.5 .10

.03 1055323 225 S.3$33 77 3.0315 2.5 .10

.08 U0S323 240 9.4483 80 3.U96 2.5 .10

.08 120BS23 260 10.2362 86 3.3353 2.5 •10

.10 130BS23 ISO u.o:36 93 3.66U 3.0 .12
•10 1403323 U.8U0 102 4.0157 3.0 .12
•10 1509323 320 12.5934 108 4.2520 3.0 .12
•10 1603323 340 13.3353 lU 4.4832 3.0 .12
.12 1709323 360 U.1732 120 4.72a 3.0 .12
.12 1809323 3S0 U.9606 126 4.9606 3.0 .12

.12

.12

.12

.12

.16

.16

1908323 400 15.7430 152 5.1968 4.0 .16

2009323 420 16.5354 133 5.4331 4.0 .16

2203323 460 1S.U02 U5 5.7037 4.0 .16

2403323 500 19.6850 155 6.1024 4.0 .16

.16 2609323 540 21.2593 165 6.4961 5.0 .20

.16 2809323 530 22.8346 175 6.8393 5.0 .20

•The comer radius or chamfer on bearings must clear the maximum fillet rodlus Riven In the table. This speclllcatlon does not control bear*

Ing comer contours.
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TABLE 2-12

DiiTTensfcn Series 32 (Light) and 92 (Erfended Lrght) Boll Beonngs

A.FBMA. Standard, Ssctian 2 — Hov 1952

/

TTpe

/

Type Type Type Type Type
ED EE EF BK BJ BG

Df-e-.rr'.ee Serie.e 32 rL£#tj

10225? 10375? 1035:3? 10 ir*j >..1 10203?
X2HIi32 12223? 12273? 1225:5? i?2>r5? 12203?
i5Hr>52 15225? 15273? 1525:3? 15675? 15203?
17235?- 17225? 17273? 172Z3? 17Er5? 17205?
2G235? 20::i32 20273? 202Z3? 20275? 202052

25225? 25273? 2523:5? 252.03?

50235? 502232 3-0^52 5022:3? 50213? 302.052

5522:52 55673? 552G3?
40235? 40223? 40275? 40225? 40275? 402.05?

4523^ 4pe^P^ 45275? 4525:3? 45^1 452G3?

50235? 59223? 50273? 503E5? 50275? 502.052

55235? 55223? 55273? 55213? 5p2r 55205?
603352 60223? 60273? 6025:52 60275? 602.03?

6523^^ 65223? 63P;-3? 65213? 6pp*j 5^ 65305?
70235? 73223? 70273? 70313? 70273? 73303?

75235? 75223? 75275? 75213? 75675? 752052
g>j235? S0225? 20373? 20213? 20275? &O2032
25235? 25223? 25275? 25213? 25675? 252.03?

502352 502232 50273? 90213? 90275? 90203?
55i^5? 55275? 55215? 556752. 55203?

100235? 1002232 100275? 1003132 1002752 100205?
105a-i5? ^5223? 1051^5? 105213? 1—15^.- p^ 105205?
1102352 110225? 110273? 110215? 110273

2

110205?

D2r.—.-fe

120239? 120225?

(BTt.e;2e2 Lii0;r)

1202752 120329? 120379? 120209?
150239? 1303252 13j.s.’52 1302152 130275? 150209?
140239? 1402252 1403752 1403192 140275? 1402052
150239? 15'0225? 150275? 150319? 150275? 1502092
160239? 160325? 160275? 160219? 160275? 1602052

1702392 170325? 170275? 1702192 17.02752 1703092
12'02392 120225? 12 '02j52 12.0219? 1202752 12.02O92
150239? 150225? 1502752 190219? 1902152 1902.09?
200339? 200325? 200275? 200315? 200279? 2003.052
220239? 220325? 220275? 220219? 2202752 2202092

240339? 240235? 240235? 2402.79? 240305?
2602392 2602452 26'03792 2602G52
260339? 52.0339? 22.0235? 22.0249? 2203792 2202.09?
300239? 300235? 3002:49? 3303792 5002092
3202392 520335? 520335? 5203492 320379? 320305?

«.=T:-r e,crt.

Ball Bearfrija Dfrrensfon.';

Fillet
Oiite-f^e Pv-aJfiie

Bore D'2.-eter P-ing 'WHth r*

nr:: Inch nrr* Inch rr,n iii=h rr.iTi Inch

10 .5557 30 1.1611 14.3 9/I6 .6 .025
12 .4724 5? l.?552 15.9 5/2 .6 .025
15 .5506 zc 1.5720 15.9 5/2 *6 .025
17 .6693 ISi 1.5742 17.5 11/16 .6 .025
20 .7274 LI 1.2304 2P5.6 13/16 1.0 .04

^5 .5243 52 2..0472 20,6 13/16 1.0 .04
30 1.1211 62 2.4409 23.2 15/16 1.0 .04

1.3720 7? 2.2546 27.0 1- 1/16 1.0 .04
ISi 1.5742 20 5.1456 50.2 1- 5/16 1.0 .04
45 1.7717 25 50.2 1- 3/16 1.0 .04

50 1.5625 50 3.5433 50,2 1- 3/16 1.0 .04
55 2-. 1654 100 3.5570 1^ 5/16 1.5 .06
60 2.3622 no 4.5507 36,5 1- 7/16 1.5 .06
65 ?.5551 123 4.7244 32.1 1- 1/2 1.5 .06
70 ?.7555 1?5 4.5213 35.7 1- 5/16 1.5 .06

75 2.5522 130 5.1121 41.3 1- 5/2
5/4

1.5 .06
20 5.U56 140 5.5112 44«4 1- 2.0 .02
25 150 5.5055 45,2 1-15/16 0 .02
50 5.5453 160 6.259? 52,4 2- i/16 2.0 .02
55 5.7402 170 6. 6929 55.6 2- 5/16 s.o .02

100 5.5570 120 7.0266 60.5 2- 3/2 ^•0 .02
105 4.1335 190 7.4203 65.1 2- 5/16 2.0 .02
no 4.5307 20c 7.2740 69.2 2^ 3/4 2.0 .02

120 4.7244 215 2.4646 76.2 5 2,0 .02
130 5.1121 230 5.0551 75.4 1/2 2.-

5

.10
140 5.5112 250 5.2425 22,6 1/4 2-5 .10
150 5.5055 270 10.6295 22.9 3- 1/? 2.5 .10
160 6.299? 290 11.4175 92.4 3- 7/2 2.5 .10

173 6.6929 310 12.2047 104,2 4- 1/2 3.0 .12
12.0 7.0266 523 12.5524 102.0 4- 1/4 3.0 .12
150 7.4205 340 15.3252 114.5 4- 1/? 3.0 .12
200 7.2740 360 14.173? 120.7 4- 3/4 5.0 .12
220 2.6614 400 15.7420 5- 1/4 3.0 .12

240 5.4422 440 17.5222 146.0 5_ 5/4 3*0 .12
260 10. 2362 420 12.2576 152.2 6_ 1/4 4.0 .16
220 11.0256 500 15.6250 165.1 6- 1/? 4.0 .16
3'00 11.2110 540 21.2592 177.2 7 4.0 .16
520 12.5924 520 22.2346 150.5 7- 1/2 4.0 .16

it rfi-iir;a 2i*yiir. i.t tJ;** tAfcre, This s;i'fCtTicati r.n ccr.trcl
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TABLE 2-13

Dimension Series 33 (Medium) and 93 (Extended Medium) Ball Bearings

AFBMA Standards, Section 2—Nov 1952

V

Ball Bearing Numbers

J L

Type
BD

Type
BE

Type
BF

Type
BK

Type
BJ

Type
BG mm Inch mm Inch mm Inch mm Inch

Dimension Series 33 (Medium)

10BD33 10BE33 10BF33 10BK33 10BJ33 10BG33 10 .3937 35 1.3780 19.0 3/4 .b .025

12BD33 12BE33 12BF33 12BK33 12BJ33 12BG33 12 .4724 37 1.4567 19.0 3/4 1.0 .04

15BD33 15BE33 15BF33 15BK33 15BJ33 15BG33 15 .5906 42 1.6535 19.0 3/4 1.0 .04

17BD33 17BE33 17BF33 17BK33 17BJ33 17BG33 17 .6693 47 1.8504 22.2 7/8 1.0 .04

20BD33 20BE33 20BF33 20BK33 20BJ33 20BG33 20 .7874 52 2.0472 22.2 7/8 1.0 .04

25BD33 25BE33 25BF33 25BK33 25BJ33 25BG33 25 .9343 62 2.4409 25.4 1 1.0 .04

30BD33 30BE33 30BF33 30BK33 30BJ33 30BQ33 30 1.1811 72 2.8346 30.2 1- 3/16 1.0 .04

35BD33 35BE33 35BF33 35BK33 35BJ33 35BG33 35 1.3780 80 3.1496 34.9 1- 3/8 1.5 .06

40BD33 40BE33 40BF33 40BK33 40BJ33 40BG33 40 1.5748 90 3.5433 36.5 1- 7/16 1.5 .06

45BD33 45BE33 45BF33 45ffi33 45BJ33 45BG33 45 1.7717 100 3.9370 39.7 1- 9/16 1.5 .06

50BD33 50BE33 50BF33 50BK33 50BJ33 50BG33 50 1.9685 no 4.3307 44.4 1- 3/4 2.0 .08

55BD33 55BE33 55BF33 55BK33 55BJ33 55BG33 55 2.1654 120 4.7244 49.2 1-15/16 2.0 .03

60BD33 60BE33 60BF33 60BK33 60BJ33 60BG33 60 2.3622 130 5.1181 54.0 2- 1/8 2.0 .03

65BD33 65BE33 65BF33 65BK33 65BJ33 65BG33 65 2.5591 140 5.5118 58.7 2- 5/16 2.0 .08

70BD33 70BE33 70BF33 70BK33 70BJ33 70BG33 70 2.7559 150 5.9055 63.5 2- 1/2 2.0 .03

75BD33 75BE33 75BF33 75BK33 75BJ33 75BG33 75 2.9528 160 6.2992 68.3 2-U/16 2.0 .08

80BD33 80BE33 80BF33 80BK33 80BJ33 80BG33 80 3.U96 170 6.6929 68.3 2-11/16 2.0 .08

85BD33 85BE33 85BF33 85BK33 85BJ33 85BG33 85 3.3465 180 7.0866 73.0 2- 7/8 2.5 .10

90BD33 90BE33 90BF33 90BK33 90BJ33 90BG33 90 3.5433 190 7.4803 73.0 2- 7/8 2.5 .10

95BD33 95BE33 95BF33 95BK33 95BJ33 95BG33 95 3.7402 200 7.8740 77.8 3- 1/16 2.5 .10

100BD33 100BE33 100BF33 100BK33 100BJ33 1O0BG33 100 3.9370 215 8.4646 82.6 3- 1/4 2.5 .10

105BD33 105BE33 105BF33 105BK33 105BJ33 105BG33 105 4.1339 225 8.8583 87.3 3- 7/16 2.5 .10

110BD33 110BE33 nOBF33 UOBK33 U0BJ33 110BG33 110 > 3307 240 9.4488 92.1 3- 5/8 2.5 .10

Dimension Series 93 (Extended Medium)

120BD93 120BE93 120BF93 120BK93 120BJ93 120BG93 120 4.7244 260 10.2362 104.8 4- 1/8 2.5 .10
130BD93 130BE93 130BF93 130BK93 130BJ93 1303093 130 5.1181 280 n.0236 ni.i 4- 3/8 3.0 .12
140BD93 140BE93 140BF93 140BK93 140BJ93 140BG93 140 5.5118 300 n.8U0 114.3 4- 1/2 3.0 .12
150BD93 150BE93 150BF93 150BK93 150BJ93 150BG93 150 5.9055 320 12.5984 123.9 4- 7/8 3.0 .12
160BD93 160BE93 160BF93 160BK93 160BJ93 160BG93 160 6.2992 340 13.3853 133.4 5- 1/4 3.0 .12

170BD93 170BE93 170BF93 170BK93 170BJ93 170BG93 170 6.6929 360 14.1732 139.7 5- 1/2 3.0 .12
180BD93 180BE93 180BF93 180BK93 180BJ93 180BG93 180 7.0366 380 14.9606 146.0 5- 3/4 3.0 .12
190BD93 190BE93 190BF93 190BK93 190BJ93 190BG93 190 7.4803 400 15.7480 tl52.4 6 4.0 .16
200BD93 200BE93 200BF93 200BK93 200BJ93 200BG93 200 7.8740 420 16.5354 165.1 6- 1/2 4.0 .16

Bore

Ball Bearing Dimensions

Outside
Diameter Ring Width

Fillet

Radius
r*

•The comer radius or chamfer on beorlnEO must clear the moilmum fillet radius clven in the table. This specification does not control
bearing comer contours.
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TABLE 2-14

Dimension Series 10, Types RN ond RU, Cylindricol Roller Bearings

AFBMA Stondards, Seclion 2~Nov 1952

Metric Dimensions
’

Id
Rinc Fillet

Bore uutsiae Tidth Radius
I

' Piam
r*

Type Type
RN RU nun Inch mm Inch mm Inch mm Inch

ITEIIO ITFUIO 17 .6693 35 1.3730 10 .3937 .3 .012
20KiIO 203J10 20 .7274 42 1.6535 12 .4724 .6 .025
25K!10 25Hni0 25 .9343 47 1.8504 12 .4724 .6 .025
303(10 303110 30 1.1211 55 2.1654 13 .5123 1.0 .04
35K(10 35KJ10 55 1.3730 62 2.4409 14 .5512 1.0 .04

40FJ(10 403110 40 1.5742 63 2.6772 15 .5906 1.0 .04
45KilO 45RinL0 45 1.7717 75 2.9523 16 .6299 1.0 .04
50FJ(10 503J10 50 1.9635 80 3.U96 16 .6299 1.0 .04
55K110 55KI10 55 2.1654 90 3.5433 18 .7037 1.0 .04
633110 60HJ10 60 2.3622 95 3.7402 13 .7037 1.0 .04

653(10 65Fin.0 65 2.5591 100 3.9570 18 .7037 1.0 .04
703110 70HJ10 70 2.7559 110 4.3307 20 .7374 1.0 .04
753110 75EU10 75 2.9522 115 4.5276 20 .7374 1.0 .04
80?-'.T0 20KJ10 20 3.U96 125 4.9213 22 .8661 1.0 .04
85FJ110 35HI10 35 3.3465 130 5.1181 22 .8661 1.0 .04

903110 90KJ10 90 3.5433 140 5.5118 24 .9449 1.5 .06
953110 95KJ10 95 3.7402 U5 5.7037 24 .9449 1.5 .06

1003110 lOOEUlO 100 3.9370 150 5.9055 24 .9U9 1.5 .06
1053(10 losroio 105 4.1339 160 6.2992 26 1.0236 2.0 .03
1103110 1103110 110 4.3307 170 6.6929 28 1.1024 2.0 .03

1203110 120FII10 120 4.7244 ISO 7.0366 23 1.1024 2.0 .08
1503110 130330 130 5.1131 200 7.3740 33 1.2992 2.0 .03

UOFJilO 1403710 uo 5.5118 210 8.2677 33 1.2992 2.0 .03
1503110 1503710 150 5.9055 225 8.3583 35 1.3730 2.0 .08

160BI10 1603710 160 6.2992 240 9.4488 33 1.4961 2.0 .03

1703110 170RU10 170 6.6929 260 10.2362 42 1.6535 2.0 .08

120FJI10 1203710 120 7.0866 230 11.0256 46 1.8110 2.0 .03

190F.’110 1903710 190 7.4303 290 11.4175 46 1.8110 2.0 .03

dOOFJllO 200FU10 200 7.3740 310 12.2047 51 2.0079 2.0 .03

2203110 220F010 220 3.66U 340 13.3358 56 2.2047 2.5 .10

240Plil0 2403710 240 9.4482 360 U.1732 56 2.2047 2.5 .10
2603110 260F010 260 10.2562 400 15.7480 65 2.5591 3.0 .12
2203110 230,3710 230 11.0236 420 16.5354 65 2.5591 3.0 .12
3O0?Jil0 3003110 jOO U.3110 460 1S.U02 74 2.9134 3.0 .12

320FJH0 320F:710 320 .12.5934 480 18.8976 74 2.9134 3.0 .12

•The carrier redlai or cherrfer or. bearing* tna*t clear the irJiitrmn fillet radius given in the table,

Thi* mptcUlcutlcn doe* not control bearing comer contom-a.
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TABLE 2-16

Dimension Series 32, 92, 33 and 93 Cylindrical Roller Bearings

AFBMA Standards, Section 2— Nov 1952

Type
RK

SNSSSSSSS

Type
RM

jLi

Type
RN

£3
Type
RU

Bore

mm Inch

Outside
Diam

mm Inch

Width
Fillet

Radius
r*

mm Inch mm Inch

Dimension Series 32

17RK32 17RU32 17RN32 17BU32 17 .6693 40 1.5748 17.5 n/16 1.0 .04
20RK32 20RM32 20RN32 20HJ32 20 .7874 47 1.8504 20.6 13/16 1.0 .04
25RK32 25RM32 25RN32 25RU32 25 .9343 52 2.0472 20.6 13/16 1.0 .04
30RK32 30RM32 30RN32 30RU32 30 1.1811 62 2.4409 23.8 15/16 1.0 .04
35RK32 35^132 35RN32 35RU32 35 1.3780 72 2.8346 27.0 1- 1/16 1.0 .04

40RK32 40RU32 40RN32 40EU32 40 1.5748 80 3.1496 30.2 1- 3/16 1.0 .04
45RK32 45RM32 45RN32 45KU32 45 1.7717 85 3.3465 30.2 1- 3/16 1.0 .04
50HK32 50RU32 50RN32 50R1J32 50 1.9685 90 3.5433 30.2 1- 3/16 1.0 .04
55RK32 55RM32 55RN32 55HU32 55 2.1654 100 3.9370 33.3 1- 5/16 1.5 .06
60RK32 60Rr^32 60HN32 60HIJ32 60 2.3622 no 4.3307 36.5 1-7/16 1.5 .06

65RK32 65RM32 65RN32 65BU32 65 2.5591 120 4.7244 33.1 1 - 1/2
1- 9/16

1.5 .06
70PK32 70RU32 70RH32 70FU32 70 2.7559 125 4.9213 39.7 1.5 .06
75RK32 75BM32 75RN32 758832 75 2.9528 130 5.1181 a. 3 1 - 5/8 1.5 .06
80RK32 80Rft32 80RN32 80RU32 80 3.U96 140 5.5118 44.4 1 - 3/4 2.0 .03
85RK32 85RiI32 85RH32 8560132 85 3.3465 150 5.9055 49.2 1-15/16 2.0 .08

90BK32 90R'J32 90RH32 90HJ32 90 3.5433 160 6.2992 52.4 2- 1/16 2.0 .08
95RK32 95HM32 95RH32 95RU32 95 3.7402 170 6.6929 55.6 2- 3/16 2.0 .08
100RK32 100Ha32 100RN32 1008832 100 3.9370 180 7.0866 60.3 2 - 3/8 2.0 .03
105RK32 105R.732 105RH32 105B832 105 4.1339 190 7.4803 65.1 2- 9/16 2.0 .08
110RK32 110RM32 110RU32

Dimension Series 92

U0B832 UO 4.3307 200 7.8740 69.8 2 - 3/4 2.0 .08

120RK92 120IUJ92 120RN92 120R892 120 4.7244 215 8.4646 76.2 3 2.0 .08
130RK92 130KJ92 130RN92 130R892 130 5.1181 230 9.0551 79.4 3 - 1/8 2.5 .10
140RK92 140rcJ92 140RN92 140R892 140 5.5118 250 9.8425 82.6 3-1/4 2.5 .10
150RK92 150RM92 150RN92 150R892 150 5.9055 270 10.6299 S8.9 3 - 1/2 2.5 .10
160RK92 l60R'i92 160RN92 160K892 160 6.2992 290 U.4I73 98.4 3 - 7/8 2.5 .10

170RK92 170RM92 170RH92 170R892 170 6.6929 310 12.2047 104.8 4-1/8 3.0 .12
180BK92 180RM92 130RN92 1S0B892 180 7.0866 320 12.5984 103.0 4-1/4 3.0 .12
190RK92 190RU92 190RN92 190R892 190 7.4803 340 13.3858 114.3 4-1/2 3.0 .12
•200FK92 200R:i92 200RN92 200R892 200 7.8740 360 I4J.732 120.7 4 - 3/4 3.0 .12-

220BK92 220RM92 220RN92 220RD92 220 8.6614 400 15.7480 133.4 5-1/4 3.0 .12

240RK92 2401^92 240RN92 240R892 240 9.4488 440 17.3228 U6.1 5 - 3/4 3.0 .12
260RK92 260RM92 260RH92 260K892 260 10.2362 480 18.8976 158.8 6-1/4 4.0 .16
280RK92 280RM92 280BN92 280R892 280 11.0236 500 19.6850 165.1 6-1/2 4.0 .16-

300RK92 300BM92 300RN92 300RD92 300 11.8110 540 21.2598 177.8 7 4.0 .16
320BK92 320RU92 320EN92 320B892 320 12.5984 580 22.8346 190.5 7-1/2 4.0 .16

•The comer rodlue or chnmfer on beorlngs muet clenr the m0xlmuin fillet rndlue given in the table. This speclflcnUon does not controi
bearine comer contours*

continued on next page

2-16



TABLE 2—16, continued

r

1

hm •1 Lmm Outside
Fillet

Radius
Diam Width r*

4 '

Type
RK

1 1

Type
RM

Type
RN

Type
RU mm Inch mm Inch mm Inch mm Inch

Dimension Series 33

17RK33 17RM33 17IIN33 17RU33 17 .6692 47 1.8504 22.2 7/8 1.0 .04
20RK33 20RM33 20RN33 20RU33 20 .7874 52 2.0472 22.2 7/8 1.0 .04
25RK33 25HM33 25nN33 25RU33 25 .9843 62 2.4409 25.4 1 1.0 .04
30PK33 30Riyl33 30nN33 30HD33 30 i.imii 72 2.8346 30.2 1- 3/16 1.0 .04
35RK33 35RI.I33 35RN33 35RII33 35 1.3780 80 3.U96 34.9 1- 3/8 1.5 .06

40RK33 40RU33 40RN33 40RU33 40 1.5748 90 3.5433 36.5 1- 7/16 1.5 .06
45RK33 45RM33 45BN33 45RD33 45 1.7717 100 3.9370 39.7 1- 9/16 1.5 .06
50RK33 50RH33 50RN33 50RII33 50 1.9685 110 4.3307 44.4 1 - 3/4 2.0 .08
55RK33 55RM33 55RN33 55111133 55 2.1654 120 4.7244 49.2 I-I5/16 2.0 .08
60RK33 60^33 60RH33 60mJ33 60 2.3622 130 5.1181 54.0 2-1/8 2.0 .08

65HK33 65iai33 65RN33 65RD33 65 2.5591 140 5.5118 58.7 2- 5/16 2.0 .08
70RK33 70HM33 70RN33 70RU33 70 2.7559 150 5.9055 63.5 2 - 1/2 2.0 .08
75RK33 75RM33 75RN33 75HU33 75 2.9528 160 6.2992 68.3 2-11/16 2.0 .08
80HK33 80Rf,133 80RN33 80RU33 80 3.1496 170 6.6929 68.3 2-11/16 2.0 .08

85RK33 85Hf433 85RN33 85RU33 85 3.3465 180 7.0866 73.0 2 - 7/8 2.5 .10

90RK33 90Rfi33 90RN33 90raJ33 90 3.5433 190 7.4803 73.0 2,- 7/8 2.5 .10

95RK33 95K.133 95RN33 95rai33 95 3.7402 200 7.8740 77.8 3- 1/16 2.5 .10

100RK33 100R/JI33 100RN33 100RU33 100 3.9370 215 6.4646 82.6 3 - 1/4 2.5 .10

105RK33 105Hi33 105RN33 105RU33 105 4.1339 225 8.8583 87.3 3- 7/16 2.5 .10

110RK33 110RM33 110RN33 iiORa33 110 4.3307 240 9.4488 92.1 3 - 5/8 2.5 .10

Dimension Series 93

120RK93 120RM93 120RN93 120RU93 120 4.7244 260 10.2362 104.8 4-1/8 2.5 .10

130RK93 130RJ^93 130RN93 130KJ93 130 5.II8I 280 11.0236 111.1 4 - 3/8 3.0 .12

140RK93 140RM93 140RN93 140RU93 140 5.5118 300 11.8110 114.3 4 - 1/2 3.0 .12

150nK93 150RM93 150RN93 150RU93 150 5.9055 320 12.5984 123.8 4 - 7/8 3.0 .12

160I!K93 l6oni/;93 160RN93 160RU93 160 6.2992 340 13.3858 133.4 5-1/4 3.0 .12

170PK93 170111,193 170RN93 170RU93 170 6.6929 360 14.1732 139.7 5-1/2 3.0 .12

180EK93 180RU93 180RN93 l80nU93 180 7.0866 380 14.9606 146.1 5 - 3/4 3.0 .12

190RK93 190RM93 190RN93 190RU93 190 7.4803 400 15.7480 6 4.0 .16

200RK93 200RM93 200RN93 200IU193 200 7.8740 420 16.5354 165.1 6-1/2 4.0 .16

*The comer rndiua or chnmfer on beorinRO must clear the maximum fillet rndlua given in the table. TlUa apeclflcatlon doea not control
'ieming comer contoura.
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TABLE 2-17

Tapered Roller Bearings, Type TS

AFBMA Standords, Section 2 — Nov 1952 and Section 5 - April 1953

CAGEXESS

^
^ ^ CONE

t (—SORE —Risms

Bearing Brg. Radius Bearing

Number Bore O D Width Cone Cup Number
Radius

Cone Cup



TABLE 2-17, conrtnued

Bearing

Number Bore 0 D
Brg-

Width
Radius

Cone Cup

447-432 1.6250 3.7500 1.0938 9/64 3/32
526-522 1.6250 4.0000 1.3750 9/64 1/8

12163-12303 1.6375 3,0312 .6875 ,060 -060
25573-25520 1.6875 3.2650 .9375 .090 1/32
3579-3525 1.6375 3.4375 1.1875 9/64 1/8
3422-332 1.6330 3.U96 .8268

j

9/64 3/64

26334-26820 1.6330 3,1562 1.0000 9/64 1/8
25577-25520 1.6330 3,2650 .9375 9/64 1/32
12175-12303 1.7500 3.0312 .6375 .060 .060
13175-1331S 1.7500 3,1875 .7500 0 1/16
35175-35326 1.7500 3.2650 .8750 9/64 1/32
255SO-25520 1.7500 3.2650 .9375 9/64 1/32

355-3546 1.7500 3.3464 .8125 3/32 3/64
3573-3525 1.7500 3.4375 1-1875 9/64 1/8
49175-49368 1.7500 3.6375 1.2500 9/64 1/3

46176-^363 1.7500 3.6375 1.2500 9/64 1/3
433-432 1.7500 3.7500 1.0933 9/64 3/32
527-522 1.7500 4.0000 1.3750 9/64 1/3
460-4532 1.7500 4.1250 1.1875 9/64 1/3

59175-59412 1.7500 4.1250 1-4375 9/64 1/8
535-5322 1.7500 4.2500 1.4375 9/64 1/3

65335-65321 1.7500 4.5000 1.7500 9/64 1/52
615-612 1.7500 4.7500 1.6250 9/64 1/8

25534-25520 1.7710 3.2650 .9375 IA6 1/32
3776-3720 1.7710 3.6718 1.1875 9/64 1/8
353-3546 1.7716 3,3464 ,8125 1/16 3/64
376-3726 1.7716 3.8125 .8750 1/32 1/16

18690.13620 1.8125 3.1250 .6875 7/64 1/16
13181-13318 1.8125 3.1875 .7500 1/32 1/16
359S-3546 1.8125 3.3464 .8125 3/32 3/64
2934-2926 1.8125 3,3464 1.0000 9/64 3/64
436-432 1.8125 3.7500 1.0933 3/32
3696-3626 1.3750 3.5000 .8125 9/64 3/61

3773—3720 1.8750 3.6718 1.1875 1/4 1/8
3779-3720 ' 1.8750 3.6718 1.1875 9/64 1/3
49580-49520 1.8750 4.0000 1.2500 9/64 1/8

523-522 1.8750 4.0000 1.3750 9/64 1/8
53^5335 1.8750 4.0525 1.7188 3/64 1/8
463-4532 1.8750 4.1250 1.1875 3A6 1/8

536-5322 1.8750 4.2500 1.4375 9/64 1/3
617-612 1.3750 4.7503 1,6250 9/64 1/3
3731-3720 1.9375 3.6718 1.1875 9/64 1/8
5395-5335 1.9375 4,0525 1.7183 9/64 1/8
366-3626 1.9635 3.5000 .8125 3/32 3M
465-4532 1.9635 4.1250 1-1875 3/32 1/8

18200-18337 2.0000 3,3750 .7500 ,060 -060
363-3626 2.0000 3.5000 .8125 IA6 3/64

363^.-3626 2,0000 3.5000 .8125 9/64 3/64
3730-3720 2,0000 3.6718 1.1875 9/64 1/8
375-3726 2.0000 3.8125 .8750 3/32 1/16

49535-49520 2.0000 4.0000 1.2500 9/64 1/8

5m~52Z 2.0000 4.0300 1.3750 9/64 1/3
455-4532 2,0000 4.1250 1.1875 1/32 1/3

59200-59412 2.0000 4.1250 1.4375 9/64 1/8
4530-4535 2.0000 4.1250 1.5625 9/64 1/3
537-5322 2.0000 4.2500 1.4375

:
9/64 1/8

3975-3920 2.0000 4.4375 1-1875 9/64 1/8

619-612 2,0000 4.7500 1.6250 9/64 1/8
555-5526 2.0000 4.3750 1.5000 3/32 1/8

6279-6^0 2,0000 5.0000 2.0000 9/64 1/8
3767-3720 2,0625 3.6718 1-1875 3/32 1/8
33390-33321 2.0625 3.7500 1.0933 1/16 3/52

377-3726 2,0625 3,8125 .8750 3/32 1A6
540-5322 2.0625 4.25C0 1.4375 9/64 1/8

3396-332 2.1250 3,8750 ,8263 1/32 1/32
456-4532 2.1250 4.1250 1.1875 9/64 1/8
4595-4535 2.1250 4.1250 1.5625 9/64 1/3
539-5321 2.1250 4.2500 1.4375 9/64 1/8

2.1250 4-7500 1.6250 9/64 1/3

Bearing
Nuniier Bore OD

Brg.

Width

Radius
Cone Cup

557S-552A. 2.1250 4.8750 1.5000 9/64 1/3
6230-6220 2,1250 5.0000 2.0000 9/64 lA
636-632 2.1250 5.3750 1,6250 9/64 1/8
335-382 2,1653 3,8750 .8268 3/32 1/32

4665-4531 2,1875 4,1250 1.1875 3/32 1/8
339-332 2.1880 3,8750 .8268 3/32 1/32

23682-23622 2,2500 3,8437 .9683 9/64 1/32
337-332 2.2500 3,8750 .8263 3/32 1/32
3374-382 2.2500 3.8750 .8268 9/64 1/32
462-4531 2,2500 4,1250 1.1875 3/32 1/8
390-3944 2,2500 4.3307 .8661 3/32 3/64

3979-3920 2.2500 4.4375 1,1875 9/64 1/3

623-612 2.2500 4,7500 1,6250 9/64 1/8
5553-5524 2,2500 4,8750 1.5000 9/64 1/8

65225-65500 2.2500 5.0000 1.7500 9/64 1/8
6375-6320 2.2500 5.3447 2.1250 11/64 1/8

29532-29520 2.3622 4,2500 1.0000 1/32 1/3
397-3944 2.3622 4.3307 .8661 1/32 3/64

23935-28920 2,3750 4.0000 1,0000 9/64 1/8
3930-3920 2.3750 4.4375 1.1875 9/64 1/8
5582-5535 2.3750 4.8125 1.7183 1/32 lA
6376-6320 2,3750 5.3U7 2.1250 9/64 1/8
39250-39412 2.5000 4.1250 .8433 .080 .080

395-3944 2,5000 4.3307 .8661 9/64 3/64

3932-3920 2,5000 4,4375 1.1875 9/64 1/8
33251-33462 2,5000 4.6250 1.1875 1/32- 1/8
477-4724 2.5000 4.72U 1.1418 1/32 1/8
5534-5535 2.5000 4.8125 1.7188 9/64 1/8
559-5524 2,5000 4.8750 1.5000 9/64 1/8
565-563 2.5000 5.0000 1.4375 9/64 1/8

639-632 2,5000 5,3750 1.6250 9/64 1/8
6379-6320 2.5625 5.3447 2.1250

1

9/64 1/8
395S-39a 2,6250 4.33C7 .8661 9/64 3/64
3984-3920 2,6250 4.4375 1.1875 9/64 1/8

33262-33462 2.6250 4,6250 1.1875 9/64 1/3
479-472*. 2.6250 4.7244 1.1418 3/32 1/8

560-5524 2.6250 4.8750 1.5000 9/64 1/8
6336-6320 2.6250 5.3U7 2.1250 11/64 1/8

6a-632 2,6250 5.3750 1.6250 9/64 1/3
3994-3944 2.6375 4.3307 .8661 3/32 3/64
480-4724 2.6875 4.7244 1.1418 9/64 1/8
5606-5524 2,6375 4.8750 1.5000 9/64 1/8

570-563 2,6875 5-0000 1.4375 9/64 1/8
33275-33462 2,7500 4.6250 1.1875 9/64 1/8
482-4724 2.7500 4.7244 1.1418 9/64 1/8
566-563 2.7500 5,0000 1.4375 9/64 1/8
643-632 2.7500 5.3750 1.6250 9/64 1/8
6454-6420 2.7500 5.8750 2.1250 13/64 1/3

655-652 2,7500 6.0000 1.6250 9/64 1/8
835-832 2.7500 6.6250 2.1250 9/64 1/8

34275-3U73 2.7559 4,7312 .9688 .080 .030
33231-33462 2.8125 4,6250 1.1875 9/64 1/3
5674-563 2.8125 5.0000 1.4375 9/64 1/8
645-632 2.8125 5,3750 1.6250 1/4 1/3

567-563 2.8750 5.0000 1,4375 9/64 1/8
6460-6420 2.8750 5,8750 2,1250 9/64 1/8
7U-742 2.8750 5.9090 1.7500 9/64 1/3
657-652 2.8750 6,0000 1.6250 9/64 1/3
568-563 2.9062 5,0000 1.4375 1/32 1/8

34300-34478 3.0000 4,7312 .9683 .080 .080

42687-42620 3.0000 5.0000 1,1875 9/64 1/3
47680-47620 3.0000 5.2500 1.3125 1/32 1/8
4954-493 3.0000 5.3750 1.1875 9/64 1/8
575-572 3.0000 5.5115 1.4375 9/64 1/8

6461-6420 3.0000 5,8750 2,1250 9/64 1/8
7483-742 3.0000 5.9090 1.7500 9/64 1/8

continued on next page
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TABLE 2-17, continued

CAGE

BFC.

rtDra

-o.D.
3^ COP

RADIUS

-j COKE
1— boheH -radios

CAGELESS

Bearing
Number Bore 0 D

Brg.

Width
Radius

Cone Cup
Bearing
Number Bore 0 D

Brg,

Width-

Radius
Cone Cup

659-652 3.0000 6.0000 1.6250 9/64 1/8 EE750502-751200 5.0000 12.0000 2.3750 1/4 Vi
657^535 3.0000 6.3750 2.125D 9/64 1/8 48506-4^50 5.0625 7.5000 1.3750 9/64

843-S32 3.0000 6.6250 2.1250 1/4 1/8 799-792 5.0625 8.1250 1.8750 1/8

34306-34478 3.0625 4.7812 .9683 9/64 .080 797-792 5.1181 8,1250 1.8750 9/64

47681-47620 3.1875 5.2500 1.3125 9/64 1/8 67390-67320 5.2500 8.0000 1.8125

496-493 3.1875 5.3750 1.1875 9/64 1/8 74525-74850 5.2500 8,5000 1.8750 9/64 1/8

581-572 3.1875 5.5115 1.4375 9/64 1/8 95525-95925 5.2500 9.2500 2.5000 1/8

740-742 3.1875 5.9090 1.7500 13/64 1/8 4.9393-48320 5.3750 7.5000 1.5625 9/64

838-832 3.1875 6.6250 2.1250 1/32 1/8 74537-74850 5.3750 8.5000 1.8750 9/64 1/8

47686^7620 3.2500 5.2500 1.3125 9/64 1/8 EE580537-581200 5.3750 12.0000 3.1250 1/2 VS
495-<93 3.2500 5.3750 1.1875 9/64 1/8 74550-74850 5.5000 8.5000 1.8750 9/64 1/8

580-572 3.2500 5.5115 1.4375 9/64 1/8 73551-73875 5.5000 8.7500 1,3750 9/64 1/8

663-652 3.2500 6.0000 1.6250 9/64 1/8 898-892 5.5000 9.0000 2.25CX) 9/64 1/8

6559-6535 3.2500 6.3750 2.1250 9/64 1/8 82550-82950 5.5000 9.5000 2.2500 9/64 1/8

842-832 3.2500 6.6250 2.1250 9/64 1/8 99550-99100 5.5000 10.0000 2.6250 9/32 1/8

2K9O-27620 3.2813 4.9375 1.0300 9/64 1A6 £S540550-54U62 5.5000 U.6250 3.2500 3/e 1/4

496-493 3.3125 5.3750 1.1875 9/64 1/8 EE75055S-751200 5.5000 12.0000 2.3750 1/3
749-742 3.3475 5.9090 1.7500 9/64 1/8 EE450551-451212 5.5000 12.1250 3.5000 3/8 17/64

497-493 3.3750 5.3750 1.1875 9/64 1/8 73562-73875 5.6250 8.7500 1.3750 9/64 1/6

596-592A 3.3750 6.0000 1.5625 9/64 1/8 82562-82950 5.6250 9.5030 2.2500 9/64 1/8

665-652 3.3750 6.0000 1.6250 9/64 1/8 62576-82950 5.7500 9.5000 2,2500 9/64 lA
42350-42584 3.5000 5.8437 1.1250 .120 .120 81574-81962 5.7500 9.6250 1.8750 9/64 1/6

593-592A 3.5000 6.0000 1.5625 9/64 1/8 99575-99100 5.7500 lO.OCOO 2.6250 9/32 1/8

759-752 3.5000 6.3750 1.8750 9/64 1/8 EE107057-107105 5.7500 10.5625 2,9375 1/4 1/4

ES217056-217n2 5.7500 U.2500 3.0000 1/4 1/4

6580-6535 3.5000 6.3750 2.1250 1/8 EE750576-751200 5.7500 12.0033 2.3750 lA
855-854 3.5000 7.5000 2.2500 1/8 EE450577-451212 5.75CO 12.1250 3.5000 3/3 17/64

69354-69630 3.5430 6.3030 1.1860 3/32 1/8 82587-02950 5.8750 9.5000 2.2500 9/64 1/8

47890-47820 3.6250 5.7500 1.3125 9/64 1/8 99587-99100 5.5750 10.0000 2.6250 9/32 ¥?
42362-42584 3.6250 5.8437 1.1250 9/64 .120 EE560590-561275 5.9000 12.75CO 3.0625 17/32 3/16

598-592A 3.6250 6.0000 1.5625 9/64 1/8

77362-77675 3.6250 6.7500 1.8750 9/64 1/8 61599-81962 6.COOO 9.6250 1.8750 9/64 lA
42368-42584 3.6875 5.8437 1.1250 ,120 .120 99600-99100 6.0000 10.0000 2.6250 9/32 lA
4237642584 3.7500 5.8437 1.1250 .120 .120 EE107060.107105 6.0000 10.5625 2-9375 1/4 1/4

594-592A 3.7500 6.0000 1.5625 9/64 1/8 EE21705O-217U2 6.0000 11.2500 3.0000 1A6 1/4
683-672 3.7500 6.6250 1.6250 9/64 1/6 EE450601-451212 6.0000 12.1250 3,5000 3/8 17/64

77375-77675 3.7500 6.7500 1.8750 9/64 1/8 EE56O60O-561275 6.0000 12.7500 3.0625 11/16 3A6

864-854 3.7500 7.5000 2.2500 5A6 1/8 EE560629-561275 6.2960 12.7500 3.0625 13/32 3A6
52387-52618 3.8750 6.1875 1.4375 9/64 1/8 EE590638-591350 6.3750 13.5000 3.1250 1/4 1/4
685-672 3.8750 6.6250 1.6250 9/64 1/8 86650-86100 6.5000 lO.COOO 1.8125 3A6 lA
779-772 3.8750 7.1250 1.8750 9/64 1/8 94649-94113 6.5000 11.3750 2.5000 9/32 lA

52400-52618 4.0000 6.1875 1.4375 9/64 1/8 EE219065-219122 6.5000 12.2500 3.2500 2/4 1/4
687-672 4.0000 6.6250 1.6250 9/64 1/8 EE590650-591350 6,5000 13.5000 •3.1250 11^ 1/4

780-772 4.0000 7.1250 1.8750 9/64 1/8 EE6ie065-618136 6.5000 13.6875 2.7500 3/8 Vi
861-854 4.0000 7.5000 2.2500 5A6 1/6 EE7E0655-76U00 6.5000 14.0000 2.4375 3A6 3A6
782-772 4.1250 7.1250 1.8750 9/64 1/8 EE10G065-10SU2 6.5000 14.2500 4.1875 17/32 VS56418-56650 4.1875 6.5000 1.4375 9/64 1/8 86669-86100 6.6929 10,0000 1.8125 3A6 lA

37425-37625 4.2500 6.2500 .9063 9/64 1/8 EE 590675-591350 6,7500 13.50OO 3.1250 1/4 %56425-56650 4.2500 6.5000 1.4375 9/64 1/8 EE780676-7SL400 6.7500 14.0000 2.4375 3A6 3/16

71425-71750 4.2500 7.5000 1.8750 9/64 1/8 67787-67720 6.8750 9.7500 1.8750 9/64 lA
936^32 4.2500 8.3750 2.6250 5A6 1/8 94687-94113 6.8750 11.3750 2.5000 9/32 1/8

64433-64700 4.3304 7.0000 1.6250 9/64 1/8 EE219068-219122 6.8750 12.2500 3.2500 1/4 1/i
71437-71750 4.3750 7.5000 1.8750 9/64 1/8 EE7S068S-78UOO 6.8750 14.0000 2,4375 3A6 3A6
64450-64700 4.5000 7.0000 1.6250 9/64 1/8 67790-67720 7.0000 9.7500 1.8750 9/64
71450-71750 4.5000 7.5000 1.8750 9/64 1/8 EE91702-9m2 7.0000 11.2500 2.5000 1/4 lA
938-932 4.5000 8.3750 2.6250 9/32 1/8 94700-94113 7.0000 11.3750 2.5000 9/32 1/8

68462-68712 4.6250 7.1250 1.3750 9/64 1/8 ES2S0702-281200 7.0000 12.COOO 2.6250 1/4 lA
795-792 4.7500 8.1250 1.8750 1/8 EE470078-470132 7.0000 13.2500 3.5625 1/4

EE153a44-153100 4.7500 10.0000 3.0625 1/4 ES780705-78X400 7.0000 14.0000 2.4375 3A6
67388-67320 5.0000 8.0000 I.8I25 9/64 1/8 En420701-421437 7*CX>00 14.3720 3.6250 1/2
74500-74850 5.0000 8.5000 1.8750 9/64 1/6 87737-87111 7.3750 11.1250 2,0000 9/64 lA

95500-95925 5.0000 9.2500 2.5000 1/4 1/8 HA222075-222126 7,3750 12.5970 3.5000 7/32
EEII605O-II6097 5.0000 9.7500 2.5000 1/8 3A6 67885-67820 7,5000 10,5000 1.8750 9/U
EEI53050-I5310O 5.0000 10.0000 3.0625 3/8 1/4 87750-87111 7.5000 11.1250 2.0000 9/64
EE540502-541162 5.0000 11.6250 3.2500 17/32 1/4 93750-93125 7,5000 12.5000 2.5000 11/64
5^55051-455116 5.0000 11.6250 3.3750 1/4 1/4 EE210753-2il300 7.5000 13.0000 2.5000 9/32
EE580500-581200 5.0000 12.0000 3.1250 1/4 1/8 EE420751-/.21437 7.5000 14.3720 3.6250 1/4 lA
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TABLE 2-18

Tapered Roller Bearings, Types TSS and TST

1953AFBMA Standords, Section 2~Nov 1952 and Section 5 - April

CAGE

Bearing

Number Bore O.D.
Brg.

Width

Osne Cup
Radius

ii;9o-ia52) -6290 1.6375 .5625 1/16 1/16
21075-21212 .7500 2.1250 .3750 1/16 3/32
23100-23256 1.0000 2.5625 .3753 1/16 1/16
AIlDOrAlZSe 1.0000 2,3593 .9623 'i/yi. 1/16
A1125-il2S6 1.1250 2.8593 .9632 3/16 y-ih
43112-43312 1.1250 3.1250 1.0000 1/32 1/16

43125-43312 1.250) 3.1250 1.0300 1/16 1/16
4a50-44343 1.5000 3.4343 1.0300 5/32 1/16
44153-U343 1.5625 3.4343 1.0000 9/64 1/16
4a62-U343 1.6250 3.4343 1.COOO 3/32 1/16
53162-53375 1.6250 3.7503 1.2123 1/16 1/32
53177-53375 1.7500 3.7500 1.2133 9/64 1/32

55200-55443 2.(XX>0 4.4575 1.1375 9/64
1/f.

7220O-724S7 2.0000 4.3750 1.4375 9/64 1/3
72212-724S7 2.1250 4.3750 1.4375 9/64 ya
73215-73551 2.1250 5.5130 1.4375 9/64 3/32

3/5273225-73551 2.2500 5.5130 1.4375 9/64
66535-66520 2.3622 4.3125 1.3125 9/64 1/3

9120^3121 2.4375 6.0000 1.3750 9/64 ya
73250-73551 2.5000 5.5130 1.4375 3/32 3/32
9125-9121 2.6375 6.0030 1.8750 9/64 1/3
5225-9220 3.0000 6.3753 1.9375 9/64 yt
9320-9321 3.0000 6.7500 1.9375 9/64 ya
93316-93733 3.U56 7.3740 2.0772 9/64 1/3

9335-9321 3.3125 6.7500 1.9375 9/64 1/3
93335-93732 [3.3465 7.3740 2.C772 9/64 ya
93350-93733 3.5000 7-3740 2.0772 9/64 1/3
90331-97744 3.3125 7.4375 2,0003 9/64 1/3
9340CM33733 4.0000 7.3740 2.0772 9/64 1/2

13215040-215096 4.0000 9.8750 3,0300 1/4 1/8

97450-97900 4.5000 9.0000 2.1250 9/64 1/3
E3514045-514110 4.5000- 11.0000 3.2500

‘ 1/4 1/4
97493-97900 4.9330 9-0000 2.1250 9/64 1/3
97500-97900 5.0900 9-0000 2.3250 9/64 1/3

33516050-516120 5.0000 12.0000 3.5OCO 3/4 1/4
97503-97900 5.0312 9-0000 2.1250 9/64 1/3

33506057-516120 5.7503 12.0000 3,5300 1/4 1/4
33:5ieo61-51£135 6.1250 15.5300 3.3750 1/4 1/4
33017065-117146 6.2992 14.7633 3.4375 y4
33117063-1171^ 6.3750 U.7303 3.4375 1/4 1/16
33607070-607140 7.0003 14.0000 3.1253 1/4 1/4
32350701-351637 7.0000 16.8750 4.1375 1/4 1/4

3S35075O-35iee7 7.5303 16.3753 4.1275 3/4
33330f>10-3Joi9o S.OOOO 19-OOCO 4.6250 1/4
iiA900?0-390200 9.0030 20.0000 4-6250 1/4 1/4
33590095-590200 9-5303 20.0000 4-6250 yu yi
33620100-620220 la0003 22.0300 4.3753 5/16 5/16
~991251-932^'n 12.5303 25.5330 5.5000 17/52 17/52

CAGE
CAGEEESS

1 h

—

O.D.
ISima

i 1

lU UJ FIETH Oi j 1

1 h

—

BOES—

1

'^PADIOS
ilFS tS7

Taper
Bearing per Brg. Cone Cup
Number Bore Foot 0 D Width 1 Radius

155757-15520 -9375 1.00 2.2500 .6375 1/16 1/16
070931-07204 .9335 1.00 2.0470 .5910 1/16 3/64
17571-1729 1.0000 1.00 2.2400 .7625 1/32 3/64
26387-2631 i.0625 1.00 2.6150 .9375 1/16 3/64
263127-26253 1.1250 1.00 2.8345 .7430 1/16 1/16
263177-26233 1-1770 1.00 2.8345 .7430 1/16 1/16

25337-2523 1.1375 1.00 2.7500 .9375 1/16 3/64
141237-1jC??6 1.2500 1.00 2.7170 .7313 1/16 3/64
25307-2523 1.2500 1.00 2.7500 .9375 1/16 3/64

145327-14525 1.5125 1.00 2.6375 .8125 1/32 3/32
25317-2523 1.3125 1.00 2.7500 .9375 1/32 3/64

141327-14276
!
1.3125 1.00 2.7170 -7313 1/16 3/64

2'Wr-2723 1.3125 1.00 3.0000 .9375 1/32 ys
253777-25320 1.3750 1,00 2.3750 .9375 1/16 3/32
27377-2720 1.3750 1-00 3.0000 .9375 1/16 1/3
33757-3320 1-3750 1.00 3.1562 1.1563 1/32 1/3
Z7917-2720 1.4062 1.00 3.0000 .9375 9/64 ya

253797-25320 1.4375 1.00 2.8750 .9375 yi6 3/32

55307-3320 1 1.4375 1.00 3.1562 1.1563 1/16 1/3
27937-2720 1.4355 1.00 3.0000 .9375 V16 1/8
263767-26320 1.4355 1.00 3.1562 1.0000 1/16 ya
191507-19233 1.5000 1.00 2.S345 .6700 1/16 1/16
23327-2323 1.5000 1.00 2.8750 .3750 1/32 1/8
27337-2720 1.5000 1.00 3.0000 .9375 1/16 1/8

34507-3420 1.5000 1.00 3.1250 1.1563 9/64 V3
33317-3320 1,5000 1.00 3.1562 1.1563 9/64 ya
415T-414 1.5000 1.00 3.4343 1.0625 1/32 1/32

263757-26320 1.5495 1,00 3.1562 1.0000 1/16 ya
111567-11315 1.5625 1.00 3.U95 .7090 1/16 1/16
33327-3320 1.5625 i.og 3.1562 1.1563 9/64 1/8

35757-5525 1.5625 1.00 3.4375 1.1375 1/16 1/8
4227-4U 1.5625 1.00 3.4343 1.0625 3/32 1/32
33347-3320 1.6250 1.00 3.1562 1.1563 1/16 ya
4197-414 1.6250 1.00 3.4343 1.0625 9/64 1/32
4397-432 1.6250 1.00 3.7500 1.0933 3/32 3/32
35737-3525 1.7500 1.00 3.4375 1.1875 9/64 1/3

4357-432 1.7500 1.00 3.7500 1.0933 1/32 3/32
3497-332 1.7633 9O0I 3.1495 .3263 1/32 3/64

255347-25520 1.7703 1.00 3.2550 .9375 1/16 1/32
3597-354A 1.3125 1.00 3.3464 .8125 1/32 3/64
4637-4537. 1.3453 1.00 4.1250 1.1375 1/16 1/3
5367-5321 1.3750 1.00 4.2500 1.4375 9/64 1/3

5377-5327 2.0000 1.00 4.2503 1.4375 9/64 1/3
651997-65500 2.0000 2.00 5.0000 1.7500 9/64 3/3

3777-372A 2.0625 1.00 3.8125 .8750 3/32 l/l9
2E6777-2S&22 2.0625 1.00 3.8437 .9683 9/64 1/32
3637-362A 2.0852 900* 3.5000 .3125 V32 3/64
5397-5327 2.1250 1.00 4.2500 1.7.375 9/64 1/3

652127-05500 2.1250 2.00 5.0000 1.7500 9/64 1/3
4677-4537 2.2500 1.00 4.1250 1.1275 9/64 1/3
4637-4537 2.3125 1.00 4.1250 1-1375 9/64 ya
3337-332 2.3340 9°0' 3.3750 .3263 1/32 1/32
5597-552A 2.5000 1.00 4.3750 1.5003 1/32 1/3
5607-5524 2.6250 1.50 4.8750 1.5000 9/64 1/3

3997-3944 2.6463 9®0' 4-3307 .3661 1/32 3/64
4357-4724 2.0447 1.00 4.7244 1.1418 9/64 1/3
4337-4724 2.8773 9^0' 4.7Z44 1.1418 1/52 1/3
7557-752 3.0000 1.50 6.3753 1.3753 9/64 1/a
57347-5735 3.1375 1.00 5.3433 1-7530 9/64 1/3
7^-752 5.3750 1.00 6.3753 1.8750 9/64 1/3
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TABLE 2-19

Tapered Roller Bearings, Type TDI, Double Cone, Single Cups

AFBMA Standards, Section 2 “Nov 1952 and Section 5 - April 1953

Bearing Number Bore 0 D Brg.

Width

Cone Cup
Radius

Bearing Number Bore 0 D Brg.

Width
Cone Cup

Radius

17116D-17244 1.1875 2.4410 1.3306 1/32 1/16 673900-67320 5.2500 8.0000 3.6250 1/16 1/8

U126D-U276 1.2500 2.7170 1.5625 1/16 3/64 EE455052n.455116 5.2500 11.6250 6.5000 3/8 1/4

141340-14276 1.3125 2.7170 1.5625 1/16 3/64
EE450531D-451250 5.3110 12.5000 6.3750 17/32 17/64

19145D-192B3 1.4375 2.8345 1.5392 1/32 1/16
EE455053D.455116 5.3750 11.6250 6.5000 17/32 1/4

19152D.192B3 1.5000 2.8345 1.5392 1/32 l/i6
735500.73875 5.5000 8.7500 2.3850 9/64 1/8

13169D-1331B 1.6875 3.1875 1.3750 1/32 1/16
EE45504BD.455116 5.5000 11.6250 6.5000 1/fl 1/4

EE4505500-451250 5.5000 12.5000 6.3750 17/32 17/64
35BD-354A 1.6875 3.3464 1.9790 1/16 3/64 EE92556D.929BB 5.5620 9.8750 4.3750 1/16 3/16

13176D-1331B 1.7500 3.1875 1.3750 0 1/16

131B2D-1331B 1.8125 3.1875 1.3750 1/32 1/16 EE517056n.517117 5.6250 11.7500 4.2500 1/8 1/8

376DE-372A 1.8750 3.8125 2.0940 1/32 1/16 F.E5170570.517117 5.6875 11.7500 4.2500 1/8 1/8

37BDE-372A 1. 9375 3.8125 2. 0940 1/32 1/16 815760-81962 5.7500 9.6250 3.4375 1/16 1/8

375D-372A 2.0000 3.8125 2.0940 1/32 1/16 EE4505750.451250 5.7500 12.5000 6.3750 17/32 17/64

7B216D-7B551 2.1650 5.5130 2.6020 3/32 3/32 995870-99100 5.8750 10.0000 4.7500 1/16 1/8

3990.394A 2.4375 4.3307 2.1870 1/32 3/64 816010-81962 6.0000 9.6250 3.4375 1/16 1/8

732510-78551 2.5000 5.5130 2.6020 3/32 3/32

7650-752 3.0000 6.3750 4.0000 9/64 1/8
996030-99100 6.0000 10.0000 6.2500 1/16 1/8

4960-493 3.1875 5.3750 2.3750 1/16 1/8
F.E51706in.5nil7 6.0000 11.7500 4.2500 1/8 1/8

5B1D-572 3.1875 5.5115 3.1875 1/16 1/8
EE450600n.451250 6.0000 12.5000 6.3750 3/8 17/64

EE217063D.217114 ‘6.2500 11.4375 4.9375 1/8 1/4
noCD 3.3125 5.3750 3.0000 1/32 1/8

826800-82620 7.0000 11.0000 4.4375 1/16 1/8
7670-752

865D-B54

3.5000

3.5000

6.3750

7.5000

4.0000

4.6250

1/16

3/8

1/8

1/8
EE9I7000.91112 7.0000 11.2500 4.1875 1/16 1/8

423620-425B4 3.6250 5.8437 2.2500 1/16 .120

8670-854 3.7500 7.5000 4.6250 1/4 1/8
947040-94113 7.0000 11.3750 6.2500 1/16 1/8

523880-52618 3.8750 6.1875 3. 1563 1/16 1/8
EE2807 000-281200 7.0000 12.0000 4.3086 1/8 1/8

EE2107000.211300 7.0000 13.0000 4.3750 1/16 1/8

7790-772 3.8750 7.1250 4.0000 1/16 1/8
EE2220740-222 126 7.3750 12.5970 6.6250 1/8 3/16

524000-52618 4.0000 6.1875 3.1563 1/16 1/8
937510-93125 7.5000 12.5000 5.2500 1/4 1/8

8680-854 4.0000 7.5000 4.6250 1/16 1/8
EE2107500-211300 7.5000 13.0000 4.3750 1/8 1/8

9450-932 4.0000 8.3750 5.6250 13/32 1/8

7820-772 4.1250 7.1250 4.0000 1/16 1/8 EE4207S0O-421450 7.5000 14.5000 6.2500 1/8 1/8

714260-71750 4.2500 7.5000 3.8750 1/16 1/8 EE13207eD.132125 7.8750 12.5000 3.7500 1/8 1/8

935800-93520 8.0000 12.5000 4.1563 1/16 1/8

9460-932 4.2500 8.3750 5.6250 1/8 1/8 938010-93125 8.0000 12.5000 5.2500 1/4 1/8

954260-95925 4.2500 9.2500 5.5000 33/64 1/8 EE1320B10-13212S e.ODOO 12.5000 3.7500 1/8 1/8

714500-71750 4.5000 7.5000 3.8750 1/16 1/8 EE420B00O. 421450 8.0000 14.5000 6.2500 1/8 1/8

9380-932 4.5000 8.3750 5.6250 1/8 1/8

954510-95925 4.5000 9.2500 5.5000 33/64 1/8 99750-9920 8.5000 13.0000 8.0000 1/8 1/8

EE116048O-116098 4.6250 9.8750 6.0000 5/16 3/16 EE130B500-131400 8.5000 14.0000 4.7500 1/16 1/16

968S1D-96140 8.5000 14.0000 5.0000 1/4 1/8

954740-95925 4.7500 9.2500 5. 5000 1/4 1/8 EE13088B0.131400 8.8750 14.0000 6.5000 5/16 1/16

EE1530470-153100 4.7500 10.0000 6.3750 1/2 1/4 EE1309030.131400 9.0000 14.0000 6.5000 5/16 1/16

EE153048O-153100 4.8750 10.0000 6.3750 7/16 1/4 EE5290910-529157 9.0000 15.7500 5.5000 1/8 1/8

975000-97900 5.0000 9.0000 6.3125 1/16 1/8

954990-95925 5.0000 9.2500 5.5000 13/64 1/8 EE43090ln.431575 9.0000 15.7500 6.2500 1/8 1/8

EE153053O-153100 5.0000 10.0000 6..3750 1/8 1/4 EE7000900-700167 9.0000 16.7500 7.0000 9/64 1/4

EE8575O-8520 9.2500 12.8750 3.6875 1/16 1/8

EE540501O-541162 5.0000 11.6250 5.8750 33/64 1/4 EE127094O. 127140 9.4970 14.0000 4.2500 1/16 1/8

EE455050n-455116 5.0000 11.6250 6.5000 17/32 1/4 BBS0D-B820 9.5000 13.5000 3.6250 1/16 1/8

745120-74850 5.1250 8.5000 4.0000 1/16 1/8 EE170951D-171450 9.5000 14.5000 3.6500 1/16 1/8

735120-73875 5.1250 8.7500 2.3850 9/64 1/8 ££8210960-821165 9.5000 16.5000 7.0000 1/8 1/4
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TABLE 2-20

Needle Roller Bearings, Types^NAA and NBA

AFBMA Standards, Section 2 — Nov 1952

T~ T

B

pawsM»^

B
mj. )QA

Bearing Numbers
B

Bore
D.

Outside
Diameter

w-

Width
r

Fillet*

Radius

6IIAA1213 6}SA1213 .3750 .8125 .750 .025
3JIAA1216 8IBA1216 .5000 1.0000 .750 .025

101IAA1213 101BA1218 .6250 1.1250 .750 .025
12HAA1220 12IQA1220 .7500 1.2500 .750 .040
141IAA1222 14tEA1222 .8750 1.3750 .750 .040
I6IIAAI624 16IBA1624 1.0000 1.5000 1.000 .040
18JIAA16P.6 18tBAl626 1.1250 1.6250 1.000 .040
2011A.A1623 20JBA1623 1.2500 1.7500 1.000 .040
22IIAAI630 22IBAI630 1.3750 1.8750 1.000 .040
24J!AA2033 24IBA2033 1.5000 2.0625 1.250 .060
26fIAA2035 261BA2035 1.6250 2.1875 1.250 .060
23JIAA2037 23!BA2037 1.7500 2.3125 1.250 .060
30!IAA2039 30JBA2039 1.8750 2.4375 1.250 .060
32!IAA20a 32JBA20a 2.0000 2.5625 1.250 .060
36?IAA244J3 36ISA2443 2.2500 3.0000 1.500 .060
401IAA2452 40!BA2452 2.5000 3.2500 1.500 .080
U;IAA2456 44IBA2456 2.7500 3.5000 1.500 .030
43I!AA2460 43fBA2460 3.0000 3.75* 1.500 .030
52IIAA3263 52IEA3263 3.2500 4.2500 •2.000 .030
56IIAA3272 56IBA3272 3.5000 4.5000 2.000 .030
6011AA3276 60IEA3276 3.7500 4.7500 2.000 .100
64'IAA3230 64IBA3230 4.0000 5.0000 2.000 .100
63!IAA3234 6S!BA3234 4.2500 5.2500 2.000 .100
72IIAA4096 72IEA4096 4.5000 6.0000 2.500 .100

30:iAA40104 801BA40104 5.0000 6.5000 2.500 .100
33?I/^''.40112 38IEA40112 5.5000 7.0000 2.500 .100
96'i/iA40120 96:SA40120 6.0000 7.5000 2.500 .120
10411AA40123 104i3A40123 6.5000 8.0000 2.500 .120
U6:!AA43146 116!EA43L46 7.2500 9.1250 3.000 .120
124.'iiA43154 124iBA43154 7.7500 9.6250 3.000 .120
132:i'iA43l62 132;aA43l62 8.2500 10.1250 3.000 .120
140ItAA43170 140JBA43170 8.7500 10.6250 3.000 .160
143!fiA43173 143ISA48173 9.2500 11.1250 3.000 .160

All dlmenslont are given In Inches

•The comer radius or charrier on bearings must clear the maximum fillet radius given In the table*

This specification does not control bearing ccmier contours#

All rings to have oil holes centrally located#
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TABLE 2-21

Needle Roller Bearings, Types NAB and NBB

AFBMA Standords, Section 2 “ Nov 1952

B D E C r

Outside Inner Outer Over- Fillet*

Bearing Numbers
Bore Diameter Ring

O. D.

Ring
TTidth

nil

Ifidth

Radius

6HAB1;>18 6!BB1218 .3750 1.1250 .625 .750 .760 .025

8HAB1220 813B1220 .5000 1.2500 .750 .750 .760 .040

10?iAB1222 10}SBa222 .6250 1.3750 .875 .750 .760 .040

12M\B1624 12)SB1624 .7500 1.5000 1.000 1.000 1.010 .040

UimB1626 UJ3B1626 .8750 1.6250 1.125 1.000 1.010 .040

16KAB1628 16JEB162S 1.0000 1.7500 1.250 1.000 1.010 .040

18HAB1630 18!aB1630 1.1250 1.6750 1.375 1.000 1.010 .040

20tl<>E20?3 20}3B2033 1.2500 2.0625 1.500 1.250 1.260 .060

22(IAB2035 22!SP2035 1.3750 2.1675 1.625 1.250 1.260 .060

2/J^^B^037 241SD2037 1.5000 2.3125 1.750 1.250 1.260 .060

26![AB2041 26!3B20a 1.6250 2.5625 2.000 1.250 1.260 .060

28!!AB24/.8 2813B2448 1.7500 3.0000 2,250 1.500 1.510 .060
32!ttB2452 32t3B2452 2.0000 3.2500 2.500 1.500 1.510 .080
36}IAB2456 36!ffiB2^56 2.2500 3.5000 2.750 1.500 1.510 .080

AatAB2460 401382460 2.5000 3.7500 3.000 1.500 1.530 .080

44JIAB3268 441SB326S 2.7500 4.2500 3.250 2.000 2.010 .080
48!UiB3272 48I3B3272 3.0000 4.5000 3.5CX3 2.000 2 .cao .080

521M3280 521363280 3.2500 5.0000 4.000 2.000 2.010 .100
56!iAB3284 561363284 3.5000 5.2500 4.250 2.000 2.010 .100
6ffl!AE4096 601364096 3.7500 6.0000 4.500 2.500 2.515 .100

64JIAB401CI4 641SB40104 4.0000 6.5000 5.000 2.500 2.515 .100
721lftB40112 7213B40112 4.5000 7.C000 5.500 2.500 2.515 .100
80HAB40120 8013B40120 5.0000 7.5000 6.000 2.500 2.515 .120
881IAB40127 8S1SB40127 5.5000 8.0000 6.500 2.500 2.515 .120

96(ttB48U6 96K3348146 6.0000 9.1250 7.250 3.000 3.015 .120
iayiAB48154 10413848154 6.5000 9.6250 7.750 3.000 3.015 .120
112KAB48162 112J3B48162 7.0000 10.1250 8.250 3.000 3.015 .120
120W£46170 12013B4R170 7.5000 10.6250 8,750 3.000 3.015 .160
128HfiB48178 1281SB48178 8.0000 11.1250 9.250 3.000 3.015 .160

All dlmenatons ore given In Inches*

•The corner radius or chamfer on benrings must clear the maximum fillet radius jjlven In the table.
This Specification does not control bearing comer contours*

All rings to hove oU holes ccntmlly located.
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TABLE 2-22

AFEWA Standard Cam Followcrz

AFBMA Standards, Section 2 - Hoy 1952

B«zrln^

l\0.

A
Stud
Diars

-^.001

-.000

B
Roller

OD
-*-.000

-.001

7'

Overall

y/idth

c
PjsJIer

7'j'8rh

-f-.OOO

-.005

M

Stud
Len^h

5

Tnrea8
Length

R

R.f.ee

if H P Brjre Dsarnttcr

for Stud

Mar Min

CCI2CI .1900 .5000 5/8 .544 1/2 1/4 .01 KOIE m:z l/S** .1905 .1900

u/rrj-. .2l£0‘ .5625 15/^- .575 5/8 11/32 -015 jro.'E mtE 1/8* .2165 .2160

Giirra. .2500 .6250 7/16 .406 5/8 11/52 .02 jro.'S !iO;E 1/8* .2505 .2500

CLTZV. .5125 .6875 15/52 .457 15/16 5/8 .02 rro.'S ITO.’S 1/8* .5120 .2125

.5750 .7500 17/52 .500 1 1/2 .02 i/'4 5/52 2/16 .5755 .2750

.5750 .8750 17/22 .500 1 1/2 .05 Hh 2A2 5/16 .2755 .2750
uiyjiL .4575 1,0000 21/22 .625 1- 1/8 1/2 .05 5/16 2/16 .4580 .4575
oyrrik .4575 1.2250 21/52 .625 1- 1/8 1/2 .05 5/16 1/8 2/16 .1,330 .4575

zjsr.k .5000 1.2500 25/22 ,750 1- 1/4 5/8 .07 1/6 5/16 .5005 .5000
047^. .‘/m 1-5750 25^2 -750 1- 1/4 5> .07 5/16 l/8 5/16 .5005 .5000
C6y7U. .5250 1.5000 25/22 .875 1- 9/16 12/16 .75 5/8 5/52 2/16 .6255 .6250
&55CrA -6250 1.6250 29/22 .875 1- 9/16 15/16 .09 2/8 5/52 2/16 .6255 .6250

r/.rr^. .7500 1.7500 1- 1/22 1.000 1- 7/8 15/26 .10 15/52 5/52 2/16 .7505 -7500
r/nrrj. .7500 1.8750 1- i/52 1.000 1- 7/8 15A6 .10 15/52 5/52 5/16 .7505 .7500
r/7Tr^. .8750 2.00j0 1- 9/22 1-250 2- 2/L6 1- 1/16 ,12 9/16 5/16 5A6 .8755 .8750
KICT. .8750 2.2500 1- 9/22 1.250 2- 5/16 1- 1/16 .12 9/16 5/16 5/16 .8755 .8750

oinyu. l.COOO 2.5000 1-17/52 1,500 2- 1/2 1- 2/16 .15 21/52 2A6 2/16 1.0005 1.0030
fSiVTik. l.COOO 2.7503 1-17/52 1.500 2- i/2 1- 2/16 .15 21/52 5/16 1.0005 1.0000
1G5CTJL 1.2500 5-0000 1-25/52 1.750 5- 1/8 1- i/2 .18 15/16 Vh

'

‘ 1.2505 1.2500
113CI4 1.2500 5-2500 1-25/22 1.750 2- 1/8 1- 1/2 .18 12/26 5/16 1/4 1.2505 1.2500

ii9Ct;. 1.5750 2.5000 2.- 1/52 2.000 2- 7/16 I-IIA6 .21 7/8 2/16 1/4 1.5755 1.5750

1.5000 4.COOO 2- 9/52 2.250 2- 2/4 1-13A6 51/52 2/16 1/4 1.5005 1.5000

All »fT zly*r-. I.-3 fnef-.B*

nt’Sr.z hBlB ir; Krji c.T.iy.
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TABLE 2-23
Types and Characteristics of Ball Bearings

In code a ball bearing can be completely designated by a number and letter combination as 50BC02JPXEOM10. The

basic number is 50BC02. The 50 indicates that the bore is 50 mm, the B identifies the bearing as a ball bearing, the

C denotes the type as Contad, and the 02 defines the width as 20 mm and outside diameter as 90 mm in accord with

a dimensional series code. The JPXEOMlO define modifications, as cages, seak and shields, internal fit and toler-

ances and special requirements. See the Standards of the AFBMA for details.

Ball

Bearing Cross
Type Section

BA

BC

Description

Single tow, angular contact, self-contained, contact angle 22*^ to

32°, inclusive. Metric

Single row, radial, non-filling slot assembly, (Contad). Metric

Bn

BE

BE

BG

Double tow, filling slot assembly, angular contact, vertex of

contact angle inside bearing. Metric

Double row, filling slot assembly, angular contact, vertex of

contact angle outside beating. Metric

Double tow, filling slot assembly, radial contact. Metric

Double tow, non-filling slot assembly, angular contact, vertex

of contact angle outside bearing. .Metric

Bll Single row, self-contained, radial contact. Metric

BIC
Inch dimensions. Single row, radial, non-filling slot assembly
(same bearing ns type BC in metric dimensions)

BJ
Double row, non-filling slot assembly, angular contact, vertex

of contact angle inside beating. Metric

BK Double row, non-filling slot assembly, radial contact. Metric

BL Single row, radial, filling slot assembly. Metric

BM Single tow, separable assembly. Metric

BN Single row, angular contact, self-contained, contact angle less

than 22°. Metric

Double tow, radial, self-aligning, raceway of outer ting spheri-

cal. Metric

Single tow, angular contact, self-contained, contact angle

larger than 32° but less than 45° Metric
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TABLE 2-24
Types and Characteristics of Cylindrical Roller Beorings

Like bail faearingc, cylindnczl roller bearings can be completely designated by a nomber and letter symbol as

25P.Ji02jI12. The basic number is 25Rf<02, The R indicates that the bearing has cylindrical rollers; the 25 is the

bore in millimeters; and the 02 is a dimensional series code that defines the width and OD, Tables 2—14 to 2—16.

See the Standards of the AFBMA for details.

Roller

Bearing Cross
Type Section Description

P-C
Single row, double flanged inner and outer rings, non-separable,

two direction locating. Metric

RF
RIF

Single row, double flanged inner ring, single flanged outer ring,

outer ring separable, one direction locating. Metric and inch

dimensions.

RG
Single row, single flanged inner ring, double flanged outer ring,

rollers retained by retainment ting recessed in inner ting, non-

separable, one direction locating. Metric

RJ
Single row, double flanged outer ring, single flanged inner ring,

inner ring separable, one direction locating. Metric

RK
RIK

Single row, double flanged inner ring, tollers retained by tetain-

ment rings recessed in outer ring, non-separable, non-locating.

Metric and inch dimensions.

RM
Single row, straight inner ring, rollers retained by cage end

rings or retainment rings recessed in outer ring, inner ring

separable, non-locating. Metric

RN
RIN

Single row, double flanged inner ring, straight outer ring, outer

ting separable, non-locating. Metric and inch dimensions.

RP
RIP

Single row, double flanged inner ring, double flanged outer ring,

with one flange separable, outer ring separable, two direction

locating. Metric and inch dimensions.

RS
Single row, single flanged inner and outer rings, roller retained

by flange and single retainment ring recessed in outer ting,

inner ting separable, one direction locating. .Metric

RT
Single row, double flanged inner ring with one flange separable,

double flanged outer ting, inner ring separable, two direction

locating. .Metric

RU
P.IU

Single row, straight inner ring, double flanged outer ring, inner

ring separable, non-locating. Metric and inch dimensions.

RY
Single row, double flanged inner ring, single flanged outer ring,

rollers retained by flange and single retainment ring recessed
in outer ring, non-separable, one direction locating. .Metric
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TABLE 2-25

Types and Characteristics of Tapered Roller Bearings

So long as producers of tapered roller bearings — inch dimensions — continue to use the same parts numbers, the

specification of the parts numbers corresponding to the cone and the cup quite definitely describes a bearing for

design purposes. In the bearing numbers of Tables 2—17 to 2—19, that portion of the bearing number to the left of the

hyphen identifies- the part number of the cone, that on the right of the hyphen identifies the cop. The letter T is

associated tylth tapered toller bearings, although the letter T connotes "Thrust” rather than "Taper” in AFBMA
type symbols, Table 2-5. See the Timken Engineering Journal, the Timken Roller Bearing Company, for complete

information about tapered roller bearings.

Type of

Tapered
Poller Ooss
Bearing Section

TDl

TOO

TDOS

Description

Double tow, single cups (outer races), double cone (inner races).

ITidely used where load capacity of double-row beating is required,

particularly as anchor bearing. Simpler to mount than two (standard)

single-row bearings.

Double row, double cup, two single cones, adjustable. Often

mounted so ns to float in housing when capacity of two-row bear-

ing is required.

Double row, double cup, two single cones, steep angle, adjustable.

Used where thrust load predominates.

TNA Double tow, double cup, two single cones, non-adjustable, but

otherwise similar to t>7>c TDO.

TNAS

TS

m

TSF

TSS

TST

Double row,<joubIc cup, two single cones, steep angle, ooD-adjustable.

Single row, straight bwc, recognized as the standard type of

inpcrcd roller bearing, and the most widely used. High radial load

and moderate thrust.

Single row, straight bore, flanged cup. Housing details and
machining often can be planned to suit the flanged cup to advan-

tage over the straight cylindrical cup.

Single rovr, steep angle bearing used where thrust loads are equal

to or exceed radial loads.

Single row, tapered bore. Caution is sensed regarding the free use

of this bearing by these statements, which are quoted from the

Timken Journal, *’Most applications in which this type of bearing

is used are of a special type of design requiring special handling.

All applications in which this type bearing is required should be

referred to the Engineering Department of the Timken Roller

Bearing Company/*
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TABLE 2-26

Types ond Charocteristics of Needle Roller Bearings

Needle bearings, excepting those for air&ames, have undergone less standardization among manufactimers than other

antifriction beatings. The designer who makes his selection carelessly from a manufecturet’s catalog therefore runs

the risk of specifying products that may be procurable from only a single source. Those producers whoSe products con-

form to the Standards of the AFBMA are interchangeable dimensionwise. Most manufacturers’ catalogs indicate clearly

which products do or do not conform to AFBMA Standards.

In code 18 NAB1630 is a typical basic number for a needle bearing — inch dimensions. The 18 indicates that the

bote is 18/16= 1.1250 inches. The N denotes the type of beating as needle; the A pertains to the type of roller; and

the B indicates the bearing has an inner race. The 16 indicates the width of the bearing in units of 1/16 inch so that

16/16 = one inch. The 30 defines the OD as 30/16 = 1.875 inches. This number-letter symbol is used in an identical

manner when the dimensions ate metric.

The bearings described in this table and in Tables 2—20 and 2—21 have case-hardened shells that also retain the

tollers, widi or without inner races. Thus these beatings come as units. Another class of needle bearing is those

having loose rollers. Journal roller beatings ate separated as a class by AFBMA. Possibly this signifies that the

standardization of needle beatings has still a long way to go.

Needle
Bearing Cross
‘Type Secrion ' Description

Single row, hardened outer race or shell retains rollers, inch

dimensions. Since there is no inner race, load capacity of

beating depends upon shaft hardness — see Table 2—27.

NAB Single row, outer race retains rollers, separable inner race,

inch dimensions*

NBA Single row, roller cage locked to outer race, inch dimensions*

Since there is no inner race, load capacity of beating depends

upon shaft hardness— see Table 2—27*

mssmm
Li?mmmn

NBB Single row, roller cage locked to outer race, separable inner

race, inch dimensions*

*'^**®’ four of the most common types of eateblished line needle bearings. See AFBMA Standards, Section 5—April 1953,
for many others.
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LOAD

FACTOR

TABLE 2-27

Shaft-Hardness Load-Chart for Drawn-Cup Needle Bearings

Practice of the Torrington Co

too 200 300 400 500 600

BRINELL HARDNESS

10

.9

.8

.7

.6

.5

.4

.3

.2

.1

0

20 30 35 40 45 50 55 60

ROCKWELL HARDNESS "C"

60 80 90 95 100

ROCKWELL HARDNESS "B”

20 30 40 50 60 70 80

SCLERESCOPE HARDNESS

H 1 1 1 1 f-

55 100 150 200 250 300

TENSILE STRENGTH—THOUSAND LBS. PER SO. INCH

-I 1
—

I--I
.10 30 .50 1.2

PER CENT CARBON IN STEEL—SHAFT NOT HEAT TREATED
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TABLE 2-29

Representotive Sizes end Dimensions of 1/16-In. Wall* Split-Type Bushings

General Catalog The Cleveland Graphite Bronz® Co

Materials—Steel-backed Bronzes and Babbitts or all Bronze.

Nominal

Shaft

Diameter

For Press Fit

in Housing Hole

Size ±0.0005

Inside Diam in

Mean Housing Hole^

±0.001

Minimum

Length

±0.010

Maximum

Length

±0.010

0.250 0.375 0.252 1/4 3/4
.3125 .4375 .3145 1/4 3/4
. 375 . 500 .377 1/4 3/4
.4375 .5625 .4395 1/4 7/8

0.500 0.625 0.502 1/4 1

.5625 .687 5 . 5645 5/16 1- 1/8

.625 .750 .627 5/16 1-1/4

.6875 .8125 .6895 3/8 1- 3/8

0.750 0.87 5 0.752 3/8 1-1/2

.8125 .9375 ,815 7/16 1-5/8

.875 1.000 .8775 7/16 1-3/4

.9375 1.0625 .940 1/2 1-7/8

1.000 1. 125 1.0025 1/2 2

1. 125 1.250 1.1275 9/16 2-1/4

1.250 1.375 1.2525 5/8 2-1/2
1.375 1.500 1, 3775 11/16 2-3/4

1.500 1.625 1. 5025 3/4 3

1.625 1.750 1.6275 13/16 3

1.750 1.875 1.7525 7/8 3

1.875 2.000 1.878 15/16 3

2,000 2.125 2. 003 1 3

2. 125 2.250 2. 128 1-1/16 3

2. 250 2.375 2.253 1- 1/8 3

2.375 2.500 2. 378 1-3/16 3

2. 500 2.625 2. 503 1-1/4 3

2.625 2.750 2.628 1-5/16 3

2.750 2.875 2.753 1-3/8 3

2.875 3.000 2.878 1-7/16 3

3.000 3. 125 3.003 1-1/2' 3

AH dimensions In Inches.

•Alio .vallnble In 1/32 wiJl for •«m» bore .Ire. up to 3 In. «nd In 3/32 wjl in bor. alze. from 1/2 to 4 In., Inel.
1/8'* wall, larcer diameters and lencths outside rones speciried. can also be supplied.
fin deslens where running clearances, alignment or concentricity demand closer tolerances, bushings ere procurable
with stock on Inside diameter for boring, reaming, broaching or burnishing to size after assembly.
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TABLE 2-30

RepresentoHve Sizes ond Dimensions of Sfroight Shell Beorings

General Catolog The Cleveland Graphite Bronze Co

c

diriSnstons

A

Shaft Dianeter

Isomtaal Actual

B

Bore
of

Housing
or Rod

c

ITall

Thick-
ness

L

Length

Miniramn Maximum
i0.005 i0.005

D

Lug
Width

+0.005
-0.000

3/4 0.7485 0.749 0.8745 0.875 0.0625 5/8 3/4 0.175

7/e . 8735 .874 .9995 1.090 .0625 5/8 7/8 0.175

1 .9985 .999 1.1245 1.125 .0625 5/8 1 0.175

1-1/g 1. 1235 1.124 1.2495 1.250 .0625 5/8 1-1/8 0.175

1-1/4 1.2485 1.249 1. 3745 1.375 .0625 5/8 1-1/4 0. 175

1-3/8 1. 3733 1.374 1.4995 1.500 .0625 5/8 1-5/16 0,175

1-1/2 1. 498 1.499 1.6245 1.625 0.0625 5/8 1-3/8 0.175

1-1/2 1.651 1.652 .075

1-5/8 1.823 1.624 1. 7495 1.750 .0625 5/8 1-7/16 0.175

1-5/8 1.776 1.777 .075

1-3/4 1.748 1.749 1.8745 1.875 .0625 5/8 1-1/2 0.175

1-3/4 1.901 1.902 .075

1-7/8 1.873 1.674 1.9995 2.000 0.0625 5/6 1-9/16 0.175

1-7/8 2.026 2.027 .075

2 1.998 1.999 2. 1245 2.125 .0625 5/8 1-5/8 0,175

2 2.151 2.152 .075

2-1/8 2, 123 2. 124 2.2495 2.250 .062 5 5/8 1-11/16 0. 175

2-1/8 2.276 2.277 .075

2-1/4 2.248 2.249 2. 3745 2. 375 0.0625 11/16 1-13/16 0. 175

2-1/4 2.401 2.402 ,075

2-3/8 2.373 2.374 2.4995 2.500 .0625 11/16 1-7/8 0,175

2-3/8 2.526 2.527 ,075

2-1/2 2.498 2.499 2.6505 2.651 .075 3/4 2 0.175
2- 1/2 2.691 2.692 .095

2-5/8 2.623 2.624 2.7755 2.776 0. 075 13/16 2- 1/8 0.238
2-5/8 2.816 2.817 .095

2-3/4 2.748 2.749 2. 9005 2.901 .075 13/16 2-3/16 0.238
2-3/4 2.941 2.942 .095

2-7/8 2.873 2.874 3.0255 3.026 .075 7/8 2-5/16 0,238
2-7/6 3.066 3,067 .095

continued on next pe^e
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TABLE 2-30, continued

A B C L D

Shaft Diameter Bore Length Lug
Width<jf Wall

Housing Thick- Minimum Maximum +0.005
Nominal Actual or Rod noss J0.005 10.005 -0.000

3 2.998 2.999 3. 1505 3.151 0.075 7/8 2-3/8 0.238
3 3. 191 3. 192 .095

3- 1/8 3. 123 3. 124 3.2755 3.276 .075 15/16 2-1/2 .238

3-1/4 3.248 3.249 3.4415 3.4425 .095 1 2-5/8 .238
3-1/4 3. 502 3. 503 . 125

3-3/8 3.373 3.374 3. 5665 3.5675 0.095 1 2-11/16 0.238

3-1/2 3.498 3.499 3.6915 3.6925 .095 1-1/16 2-13/16 .238
3- 1/2 3.752 3.753 .125

3-5/8 3.623 3.624 3.8165 3.8175 .095 1-1/16 2-7/8 .363

3-3/4 3.748 3.749 3.942 3.943 0.095 1- 1/8 3 0.363
3-3/4 4.002 4.003 .125

4 3.998 3.999 4. 192 4.193 .095 1-3/16 3-3/16 .363

4 4.252 4.253 .125
4-1/4 4.248 4.249 4.502 4.503 . 125 1-1/4 3-3/8 .363

4-1/4 4.562 4.563 .155

4- 1/2 4.498 4.499 4.752 4.753 0. 125 1-3/8 3-5/8 0.363
4- 1/2 4.812 4.813 .155
4-3/4 4.748 4.749 5.002 5.003 .125 1-7/16 3-13/16 .363

4-3/4 5.062 5.063 . 155

5 4.998 4.999 5.252 5.253 . 125 1-1/2 4 .363

5 5.312 5.313 .155
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TABLE 2-31

Lacking Lug Dimensions for Shell and Flonged Beorings

Generol Cafolog The Cievelond Grophile Bronze Co

ForE^arin^c Zith FrAlnvhig
Sh&k Diameter

Lti^

Ticrh *

SIo

^ic:

•r

:h

Lag
Projectiem

Slot

Depth

Lag
Height

+01/32
•Slot

Height

Sesll Di«c ar.i EztreKely

.113 . lie .123 .12? .031 .041 1/15 .3/32 7/32
S/4 Bias to 1-1/2 Dia^

Ici .175 . If.O .1?5 -150 ,031 .041 1/15 3/32 7/32
1-5/1? Dia= t.5 2-1/2 Dier

Itcloeire (Beariiigt

l/I? Till) .175 , 1?0 . 1?5 ,150 .031 .041 1/15 7/32 5/32
1-5/1? Djs= tc 2-1/2 Eua=

ItcIcaiTe fSetritgx

*itb Ttll crer I/l?) . 173 . 1?0 .1?3 ,150 .043 ,033 3/54 7/32 5/32
2-5/1? Dies to 2-1/2 Diet:

Icclcei T< .23?. . 243 .245 ,233 ,043 ,035 3/54 7/32 9/32

3-5/1? Dies eciJ crer .2?3 . 3?? ,373 .37? ,055 .055 3/32 11/32 13/32
L»r(?* Dies »c? Eartre Lor-Z

Eeeris^t .4?? . 453 ,453 . 503 ,035 -053 3/32 11/32 13/32

A:i

•?cr rt he.iztirzcr fer <<3Cres7«; Jer.^ Ic^ thjr: •pecLfl*-^ tha* partJctrJar di,»s;et<rf *hctf

F^r WT' * fi-rrrJ-irer itre t5:«t 'zllU'i fer thjti par*IcvlMT Vitey fca
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TABLE 2-32

Representative Sizes and General* Dimensions of Flanged Thinwall Bearings

General Catalog The Cleveland Graphite Bronze Co

C

A B C F G R S D

VOnll

Shaft Diameter Thick- Flange Outer Lug
ness Thick- Diameter Width

Housing Nomi- Flange ness Under- Radius +.005
Nominal Actual Bore nal Diameter 1.001 cue Maximum -.000

l-S/8 1.623 1.624 1.776 1.777 .075 2- 5/16 .082 1/B 1/16 .175

1-3/4 1.748 1.749 1.901 1.902 .075 2-15/32 .082 1/8 1/16 .175

1-7/8 1.873 1.874 2.026 2.027 .075 2-5/8 .082 1/8 1/16 .175

2 1.998 1.999 2.151 2.152 .075 2-2 5/32 .082 1/8 1/16 .175

2-1/8 2.123 2. 124 2.276 2.277 .075 2-15/16 .082 1/8 1/16 .175

2- 1/4 2.248 2.249 2.401 2.402 .075 3-3/32 .082 1/8 1/16 .175

2-3/8 2.373 2.374 2.526 2.527 .075 3- 1/4 .082 1/8 1/16 .175

2-1/2 2.498 2.499 2.691 2.692 .095 3-7/16 .102 9/64 1/16 .175

2-5/8 2.623 2.624 2.816 2.817 .095 3-9/16 .102 9/64 1/16 .238

2-3/4 2.748 2.749 2.941 2.942 .095 3-3/4 .102 5/32 1/16 .238

2-7/8 2.873 2.874 3.066 3.067 .095 3-7/8 .102 5/32 1/16 .238

3 2.998 2.999 3.191 3.192 .095 4-1/32 .102 11/64 5/64 .238

3-1/8 3.123 3. 124 3.316 3.317 .095 4-3/16 .102 11/64 5/64 .238

3-1/4 3.248 3.249 3.502 3.503 .125 4-3/8 . 132 13/64 5/64 .238

3-3/8 3.373 3.374 3.627 3.628 . 125 4-1/2 .132 13/64 5/64 .238

3-1/2 3.498 3.499 3.752 3.753 .125 4-21/32 . 132 13/64 5/64 .238

3-3/4 3.748 3.749 4.002 4.003 .125 5 .132 13/64 5/64 .363

4 3.998 3.999 4.252 4.253 . 125 5-5/16 . 132 13/64 5/64 .363

4-1/4 4.248 4.249 4.562 4.563 .155 5-11/16 .162 15/64 5/64 .363

All dimensions ore in Inches.

*See Table 2—34 for UluBtrotlon of dimensioning detoUs*

2-36



T/BLE 2-33

Sizes and General^ Proportions of Heavy V/cII Bearings

A B C S F

Scafr

jroiriaal

Dfasefcr

AcksI
Kcasjng
Bore

I-gll

Thideness
Jrocfns!

Steel

Tnidotess

Flange
Tliidcness

Morninal

2,555 3. COO 3.312 ^ 0/ J^35 5/32 1/f- 1/8

3-1/g 3.124 3. 123 3.437 3,435 3/32 1/g 1/8

3-1/4 3.245 3,230 3,332 3.533 5/32 1/5 1/8

3-3/g 3.374 3.373 3.357 3,355 3/32 1/6 1/8

3-1/2 3,455 3,300 3,512 3.513 5/32 1/5 1/8

2-5/g 3.324 3,323 3.537 3,535 3/32 1/8 1/8

3-3/4 3,745 3.7 30 4.032 4.033 5/44 1/6 1/8

3-7/g 3,g74 3.573 4,157 4,155 5/32 1/8 1/8

4 3.555 4,000 4,437 4.435 7/32 3/10 5/32
4-1/4 4,245 4,250 4,357 4,355 7/32 3/13 5/32

4-1/2 4.455 4.300 4,537 4,535 7/32 3/13 5/32

4-3/4 4,745 4.730 3,157 5.155 7/32 3/13 5/52

5 4,555 3. COO 5,437 5.435 7/32 3/13 3/32

3-1/4 5,245 5.230 5, 357 5.355 7/32 3/13 5/32

3-1/2 3,455 3,300 5.537 3,536 7/32 3/13 5/32

5-3/4 3,745 5.730 3. 157 3.155 7/32 3/13 5/32

f 3,555 3.000 3.332 3.333 5/32 1/4 7/32

3-1/4 3.245 3,230 3.512 3.613 5/32 1/4 7/32

3-1/2 3.455 3. 300 7,032 7. 033 5/32 1/4 7/32

3-3/4 3.745 3.730 7,312 7.313 5/32 1/4 7/32

7 3.555 7,000 7,332 7.333 5/32 1/4 7/32

7-2/4 7.245 7.230 7.512 7. 513 5/32 1/4 7/32

7-1/2 7.455 7. 300 5,032 5.033 5/32 1/4 7/32

7-3/4 7,745 7.730 5.312 5.313 5/32 1/4 7/32

3 7.555 5,000 5.745 5,730 3/5 11/32 9/32

3-1/2 3.455 5 . 50C 5.245 5.230 3/6 11/32 5/32
c 3.555 5.000 5.745 5.750 3/5 11/32 5/32

5-1/2 5.455 5.305 10.245 10.250 3/5 11/32 5/32

10 5.555. 10.000 10.533 10.535 15/32 7/13 11/32

IC-I/2 10.455 10.300 11.433 11.435 13/32 7/13 11/32

AC «?• fr;

2—25 fir *5 t!Z^fT:sU:-r£r.t
ccrt!t:zs^<^ crj n^xt
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TABLE 2—33, continued

A B C S F

Shaft Diameter

Nominal Actual

Housing
Bore

Wall

Thickness
Nominal

Steel

Thickness

Flange
Thickness
Nominal

11 10.998 11.000 11.936 11.938 15/32 7/16 11/32

11- 1/2 11.498 11. 500 12.436 12.438 15/32 7/16 11/32

12 11.998 12.000 12.936 12.938 15/32 7/16 11/32

13 12.998 13.000 14.123 14.125 9/16 17/32 13/32

14 13.998 14.000 15. 123 15.125 9/16 17/32 13/32

15 14.998 15.000 16.248 16.250 5/8 19/32 15/32

16 15.998 16.000 17.248 17.250 5/8 19/32 15/32

TABLE 2-34

Typical Dimensions on Drawing of o Flanged Thinwoll Bearing. Cf Table 2-32

General Catalog The Cleveland Graphite Bronze Co.

In 2.692 diam. insp. block with one P.L. face
against a stop at horizontal center line of

block and a pressure of 1880 lbs. on other
P.L. face height will be 1.346-1.347 on side
opposite stop.

This pressure will be exerted b^ C. G. B. insp
fixture using 43 Ibs^ approx.) air pressure and
having an efficiency of 71% with 9" cylinder.

OETCBUINCO

ao£.‘aiHS
UANUfAOTUBES
rOB PABTieULAB
iN5Ta(,^An5fi CAST IRON BORE- ? 691-2.692

SHAFT- g~A98-Z 499
LIHING-TIM BASE BA B 0 ITT_{SPEC F-J

plating -tin plate all OVER
except bore t flange FACta

uFBTirai r.r FARANCE 001-0036

ABOVE PL. TO BE
.0000 -.0003
LESS THAN A.
WALL AT t.

J
1' A\

1

2.692

, 2.692
^ 2 702'

FREE
DIMENSION

3.1

.045

.055 I/64XR5’
BREAK EDGES

section C-
XSIZE

.0005.1 ENTIRE IGTH
001~BOTH SIDES
SECTION D-D

/64 X 45* CHAMFER
BOTH ENDS

EOR PHANTOM MOTpP r.ta CD PART NO. YB-0000
yOHT STEEL STAMP/ COB inFNTIFICATION

MODELS: 1947-6 2 REQ'O PER SET.

Mtt tu iKti Mit M tirt
Mil IKU IKtl V%4 • «i*m ««ui

Miu vmtmt vitfii
iKt emtiino
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TABLE

2-35

Typicol

Dimonsions

on

Drctwlno

of

o

Flonoocl

Honvy

Wall

Bearing.

Cf.

Tnblo

2-33

Gonornl

Catalog

Tho

Clovoland

Graphite

Bronze

Co.
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TABLE 2-36

Recommended Running Cleoronces for Normol Becring Applicotions

General Catalog The Cleveland Graphite Bronze Co.

Material

Minimum Clearance per Inch

of Shaft Diameter

White netals O.OOOS

Copper — lead 0.00075

AluminuD 0.0010

TABLE 2-37

Sleeve Bearing Cleoronces in Industriol Applicotions

Bearing Design Date Johnson Bronze

Class of Bearing

Running Clearance, Thousandths
of an inch, for shaft dia under

3'j 1 2 Sj-i

Precision Spindle Practice—Hardened &
ground spindle lapped into the bronre bush- 1

ing. Below 500 ft.,'Min. & 500psi

.00025

1
to

.00075

.00075
to

0015.

.0015
to

.0025

.0025

to
.0035

.0035
to

.005

Precision spindle practice—Hardened &
ground spindle lapped into bro. je bushing.
Above 500 ft./Min. & 500 psi

.0005
to

.001

.001

to

.002

.002

to
.003

.003

to

.0045

.0045
to

.0065

Electric Motor fit Generator Practice

—

Ground Journal in broached or reamed
bronze bushing or reamed Babbitt bushing

.0005

to
.0015

.001

to
.002

.0015
to

.0035

.002

to
.004

.003

to
,006

General Machine Practice (Continuous ro-
tating motion)—Turned steel or cold rolled

steel Journals in bored & reamed bronre or
poured & reamed babbitt bushings

.002

to
.004

.0025

to
.0045

.003

to
.005

.004

to
.007

.005
to

.003

General Machine Practice (Oscillating Mo- I

lion)—Journal 5& Bearing material as above
I

.0025

to
.0045

.0025
to

.0045

.003

to
.005

.004

to
.007

.005

to
.003

Rough Machine Practice—Turned steel or
cold-rolled steel Journals in Poured babbitt
bearings

.003

to
.006

.005

to
.009

.OOS

to
.012

.011

to
.016

.014
to

.020

NOTE: Cylindrical fliS( %llowanc«a tolerances are treated more fully In Section 7.
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TABLE 2-38

Running Fits

Practice of Caterpillar Tractor Co

Nominal
Size

0.001 to

.003 loose
Hole Shaft

, R 0.003 to
T .007 loose

Hole Shaft

1/64 loose

Hole Shaft

0.126 0.124 0.126 0,120 0. 126
1/8 .125 . 123 . 123 . 119 .121 7/64

.1572 .1552 . 1.572 . 1512 . 1572
5/32

. 1562 . 1542 .1542 . 1502 . 1522 9/64

. 1885 . 1865 , 1885 . 1825 . 1885
3/16

. 1875 .1855 .1855 , 181.5 ,1835 11/64

.251 ,249 .251 .245 .251
1/4 .250 .248 ,248 .244 .246 15/64

0.3135 0.3115 0.3135 0.3075 0.3135
5/16 .3125 .3105 .3105 . 3065 . 3085 19/64

.376 .374 .376 .370 .376
3/8 .375 .373 .373 .369 .371 23/64

.438 5 .4365 .4385 .4325 .4385
7/16 .4375 .4355 .4355 .4315 ,433 5

27/64

.501 .499 .501 .495 .501
1/2

. 500 ,498 .498 .494 .496 31/64

0.5635 0.5615 0.5635 0.5575 0.5635
9/16 .5625 . 5605 .5605 . 5565 .5585 35/64

.626 .624 .626 ,620 .626
5/8 .625 .623 .623 .619 .621 39/64

. 6885 . 6865 .6885 ,6825 .6885
11/16

.6875 .6855 .6855 .6815 .6835 43/64

.751 .749 .751 .745 .751
3/4

,750 .748 .748 .744 .746 47/64

0.8135 0.8115 0.8135 0.8075 0.8135
13/16 .8125 .8105 .8105 . 8065 .8085 51/64

.876 .874 .876 .870 .876
7/8 .875 .873 . 873 .869 .871 55/64

,9385 .9365 .9385 .932 5 .9385
15/16 .9375 .9355 .9355 .9315 .9335 59/64

1,001 . 999 1.001 .995 1.001
1

1,000 .998 .998 .994 .996 63/64

All dlmentlona ore in Inches,

•Intended forhigh class beoiing, well lubricated and property aligned.

flntenited foru.e on Intermediate running fit where very clo.e tolerance, are not neceeaary but

clearance must be held reasonably close,

t Intended for rough bearing, where problem, of alignment, lubrication or ru.ting may preclude the

use of closer fits,

NOTE: Cylindrical flta, allowance, and tolerance, are treated more fully In SecUon 7.

continued on next pege
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Table 2-38, continued

Nominal
Size

, . 0.0015 to

.0035 loose

Hole Shaft

R 0.005 to

' .OOP loose

Hole Shaft

tC Mil loose

Hole Shaft

1.0635 1.0610 1.063 5 1.05 55 1.0635
1- 1/16 1.0625 1.0600 1.0605 1.0545 1.0585 1-1/32

1-1/8 1. 126 1.1235 1.126 1.118 1. 126 1-3/32
1.125 1.1225 1.123 1.117 1.121

1.1885 1.1860 1.1885 1. 1805 1.1885
1-3/16

1.1875 1. 1850 1.1855 1.1795 1.1835
1-5/32

1.251 1.2485 1.251 1.243 1.251
1-1/4

1.250 1.2475 1.248 1.242 1.246 1-7/32

1.3135 1.311 1.3135 1.3055 1.3135
1- 5/16 1.3125 1.310 1.3105 1.3045 1.3085

1-9/32

1.376 1.3735 1.376 1.368 1. 376
1-3/8

1.375 1.3725 1.373 1.367 1.371
1-11/32

1.4385 1.4360 1.4385 1.4305 1.4385
1-7/16

1.4375 1.4350 1.4355 1.4295 1.4335
1-13/32

1.501 1.4985 1.501 1.493 1.501
1-1/2

1.500 1.4975 1.498 1.492 1.496
1- 15/32

1.5635 1. 561 1.5635 1 . 5555 1. 5635
1-9/16

1.5625 1.560 1.5605 1.5545 1.5585
1-17/32

1.626 1.6235 1.626 1.618 1.626
1- 5/8 1.625 1.6225 1.623 1.617 1.621

1- 19/32

1.6885 1.686 1.6885 1.6805 1.6885
1-11/16

1.6875 1.685 1.6855 1.6795 1.6835
1-21/32

1.751 1.7485 1.751 1.743 1.751
1-3/4

1.750 1.7475 1.748 1.742 1.746
1-23/32

1.8135 1.811 1.8135 1.8055 1.8135
1-13/16

1.8125 1.810 1.8105 1.8045 1.8085
1-25/32

1.876 1.8735 1.876 1.868 1.876
1-7/8

I'.875 1.872 5 1.873 1.867 1.871
1-27/32

1.9385 1.9360 1. 0385 1.9305 1.9385
1-15/16

1 . 937 5 1.9350 1. 9355 1.9295 1.9335
1-29/32

2.0010 1.9985 2.0010 1.993 2.0010
2

2.0000 1.9975 1.9980 1.992 1.9960
1-31/32

All <limen8ionB are In inches,
*Intended forhich class bearlns, well lubricoted and properly^ slifTted.

Intended for use on intermediate runnlnc nt where very close tolerances are not necessary but
clearance must be held reasonably close.

I Intended for rough bearings where problems of atlicnment» lubrication or rusting rney preclude the

use of closer fits.

NOTE: Cylindrical fits, allowances and tolerances ore treated more fully in Section 7.
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TABLE 2-39

Journal onJ Bearing Diomefers Manufocfursr of Elecfriccl Machinery
Trons, ASME, 1934 Vol. 56, p. 894

JcrcEgl Bsariag

'rep-

eal

f

1

r

[

Mar
1 DIa=

Belo-s-

JCax

Dian

Karizocrzl

Afcore

IGn IGn
Bcre Bcre

Vertfe

LGc

Bore

si

Abcrre

IGe

Bore

J-iis

Bore

Step

AboTC

ifin

Bore

3.^2 &. 275 0. C005 0.377 0.001 0. 377 0.001 0. 37 5 3 - 0.0005
1/2 c.£-oa O.CCOS 0.302 0-001 0.502 0.001 O.SOOS 0.0005
£/£ 0.625 0.0005 0.627 C.OOl 0.627 0.001 0.6255 0.0005
Vi 0.7S0 O.CCC'S 0,752 O.COi 0,752 0.001 0.7505 0.0003
T/£ 0 . £7£ 0,0005 0.877 0.001 0, £77 C.OOl 0.E755 O.OQOS

i.eso C-.'OOGS 1.002 C.OOl 1.002 0.001 1.0003 0.0003
1-1/

1

1.125 O.C005 1. 123 C.OOl 1. 125 0.001 1. 125 0.0005
1-1/

i

1-250 C.CC05 1, 235 G.OOI I. 253 0.001 1.251 0.0005
1-1/2 1. SCO 0.0005 1.503 O.GOI 1.503 0.001 1.501 O.OQOS
1-3/4 1.750 0.0005 1.753 0.001 1.753 0.001 1.751 0.0005

2 2.000 0.0003 2.003 0.001 2.003 0.001 2.001 0.0005
2-1/4 2. 250 0.0005 2.253 C.OOl 2.253 0.001 2.251 0.0005
2-1/2 2.500 O.CCC'S 2-503 C.OOl 2. 503 0.001 2.501 0.0005
2-3/4 2.750 o.occs 2.754 0.002 2.754 0.001 2.7515 0.0005

3 3.000 0.0005 3. 004 0.002 3.004 0.001 3.0013 0.0005

3-1/4 3.250 0.0005 3. 254 0.002 3.254 0.001 3. 23 IS 0.0003

2- i/2 0.001 3.504 0.002 3.504 0.001 3.5015 0.0005

4 4. COG 0.001 4. 00 5 0.002 4.005 0.001 4.002 0.001
4-1/2 4. SCO 0.001 4.505 0.002 4.505 0.001 4. 502 0.001

5 5; 000 0.001 5.0G6 0.002 5.005 0.002 5. 0023 0.001
5-1^2 5.500 C.COl 5. £07 0.002 5.505 0.002 5. 503 0.001
€ 6.000 0.001 6.0GS 0.002 6.006 0.002 6.003 0.001
7 7.000 O.GGl 7.011 0.C02 7.006 0.002 7.0035 0.001
2 2.000 0.001 £.012 0.003 8.006 0.002 £.004 0.002
5 5.000 0.001 5.013 0.004 5.006 0.002 5.0045 0.002

11 10.000 0.0015 15.014 0.005 10.007 0.003 10.005 0.002
11 11.000 O.COIS 11.015 C.C05 11.007 0.003 11.0055 0.002
12 12.000 0.0015 12.016 0.005 12.007 0.003 12.005 0.002
H 13.000 O.COIS 13.015 0.00 5 13.007 0.003 13.0065 0.002
14 14.000 0.0015 14.015 0.005 14.007 0.003 14.007 0.002
IS 15.000 O.OOIS 15.016 0.005 13.007 0.003 15.0075 0.002

H 15. COG 0.0015 16.016 0.005 15.007 0.003 16.003 0.002
17 17.000 0.0515 17.015 0.005 17.007 0.003 17.003 0.002
IS 13.000 C.C'OIS 13. CIS 0.005 IE. 007 0.003 18.008 0.002
U 15.000 O.COIS 15. CIS 0.005 15.007 0.003 19.003 0.002
2C’ 20.000 0.0015 20. CIS O.C«5 20.007 0.003 20.008 0.002

21 21.000 C.002 21.01S 0.005 21.007 0.003 21.003 0.002
22 22.000 0.002 22.020 0.008 22-007 0.003 22.003 0.002
23 23.000 0.002 23.020 O.OOc 23.007 0.003 23.008 0.002
24 24.000 0.002 24.020 0.003 24.007 0.003 24. 008 0.002
25 23. COO G,C03 25.020 0.008

25 25.000 0.003 25.020 G, GG3 An d-^.f== s UTS tr. iseftss-

23. COG G- GGi 23.022 O.COE
-- 30.000 0.003 30.022 0.008
32 32.000 0.003 32.024 0.010
34 34.000 0.003 34.024 0.010

36.000 0.003 35.024 0.010
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TABLE 2-40

Principles of Mechanics Inherent to the Computation of Loads on Bearings

Straddle and overhung mountings of a multitude of machine elements with respect to two bearings— to say nothing

about shafts supported by more than two bearings — provide an unending variety of conditions to be analyzed for

bearing loads. The bearing loads caused by pulleys and sprockets ate found in one way; those caused by cams and

connecting rods in another. And gears alone provide many sets of conditions for study.

Certain sets of conditions naturally prevail mote often than others. Formulas, derived to cover particular sets of_

conditions, expedite design calculations, especially when the same set of conditions occur over and over. On the othet

hand, when the conditions being studied are unlike those of the previous treatment, the designer has the task of match-

ing the formulas to the conditions. Correct matching entails at least a fair understanding of just how the known or

assumed forces and couples resolve into equivalent or resultant forces and couples at the bearings.

A good understanding of the few principles underlying, first the resolutions of the applied forces into components

and then of the resolution of the components into equivalent forces and couples, empowers the designer to avoid

matching altogedier; instead, he can compute bearing loads directly by simple applications of principles of mechanics,

and to suit either a peculiar or an ordinary set of conditions.

Tangential tooth load Fg is regarded ns the force applied to the gcnt-shaft-genr composite body; hence

Fp becomes the resisting force or resisting tooth load.

EQUILIBRIUM, or action equal renaion.is the first principle to recall. For the purposes of load analysis in machines,

composite parts, rather than separate machine elements, become significant. Consider, for example, the intermediary

shaft and two herringbone gears of a double-reduction speed reducer. Several pieces (the two gears, the shaft,keys,

fastenings, et cetera) make up a composite body, for which the free-body diagram of mechanics can be imagined or

constructed. For action to equal reaction there must exist a resisting tooth-load F *, else there could be no driving

tooth-load Fj;. The equivalence of the resisting moment FpRp and the driving moment causes torque, i.e. a

couple, within the shaft.

SUBSTITUTION OF A FORCE AND A COUPLE FOR ANOTHER FORCE is the second principle of mechanics to be

remembered. Thus a force F^* applied nt pitch radius from the shaft centerline can be replaced by a couple

parallel force F'j- perpendicular to the shaft centerline. Similarly force Fp can be resolved

into a couple FpRp and a force F p also perpendicular to the shaft through its centerline. Forces F
^

and F
p

act

on the shaft like loads on a beam. Denting reactions can be found by the methods of moments ns applied to beams.

In these tables bearing loads are distinguished from bearing reactions. Doth have equal magnitudes but bearing

reactions are directed toward the shaft to establish equilibrium of the forces acting upon the shaft; bearing loads,

on the contrary, act toward the beating.
•Bold-faced lettere dlatlngulah vectora from acalara.

continued
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TABLE 2—40, continued

Tbe ct&.oi of r;os:ent£ /nst centioneo is a good way to finif bearing loads -when the radial forces upon the shaft

are parallel, or nearl? so. Eot when gears are imoWed the radial forces are lihelg to he at angles to each other

a-vTihere vizhit: 160 degztec^ fjcdsr scch conditions the nethcd of C70s;ents can be applied fag resolving the

several applied loads into horizontal and vertical con;ponents, fron: which the horizontal and vertical components

of load on each faearhjg can be fottnd separately. The horizontal and vertical components at each bearing can then

fc, combined ii;to a rescitant hearing load. A different order of resolving and combining the components — hot

yielding the sam.e tesnltant loads at the bearings — is ontlined on die cpposite page under the headings:

Application of Priccples.

Tangential tooth loads Fq and Fp at pitch radii Fj- and Rp of gear and pinion

canse radial forces F’^^ and P p, respectively, opon the shaft. The forces F q
and F p caose bearing loads; the couple PqP-0 — PpP-p within the shaft does not.

F-ESOLUTTOf.' OF A. FOPCE CLOAD) is tbe third principle to be recalled. Quite generally a load applied to a given

conmosite body, for example the tangential load, Fo ^ rack tooth, has a line of action that is oblique to a

su/face. For ecuilifcricnr, 'chis requires at least one component at right angles to dre known load,^ such that the vector

ram of the right-angled components is a resultant force normal to the surface. On gearing in particular, the resolution

cf the applied load into components at the point of load application is one of the chief problems in the computation of

bearing loads.

k the example of the helical rack the tooth profile is the surface co which the tangential force F is ohiiqne. Assume
that the rack is constrained to move in tbe customary direction, i.e-, in the direction of applied force F. Constrained to

~ove only in the direction of F means that the pitch plane must he arrested against displacements either perpendicular

to itself, i.e., in the direction of S or widthwise in the direction T. Tbe directions of S and T are mutually perpendicular

to each other and to F. Moreover the dUecdor, S is such as to be perpendicular to an axis of rotation if the rack were

regarded as a helical gear and had a shaft about which to romte. Likewise the direction T is taken as if it were parallel

to zc axis cf rotadoc.

Helix a-ogle fixes the obliquity of T with respect to the tooth surface; pressure a-ogle fixes the obliquity of S with

rospect to the tooth surface. Force T is known as thrust; S is quite commonly called separadng force. Both cause

oemponests c; hearing loads. Both depend upon F zad cza be determined when the helix and the pressure angles are

fcoowsj Table 2-46, Vsiag sectors the fundam.ental mathematical relationship is expressed by

M = F * T + S

let-rr* (Piliuruiah veeterx free: acalarl.
conSlroj^d on nexf
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TABLE 2-40, continued

TOOTII PROI-II.I-: ON RACK AND TANGENT
PI.ANE TO TOOTH ARE COPLANAR,

PITCH PLANE

/II
/

K
RESOLUTION OF TOOTH LOAD ON HFXICAI. RACK TOOTH

DispUccreci

occurs in

direction F
only; forces

in directions

I and T cast

be con strain e

against

displacement.

APPLICATION OF PIUNCIPLESl. Anoibet -Kay o{ lir.dinp. tbc beatinr, loads caused by a coenposite body, as the speed

reducer shaft a-ith gears, is to find the components of load at e.ach bearing as a consequence of each applied load, as

Q, separately. The several components nt each beating can then I'e added geornetrically to obtain a resultant beating

load. This is the procedure exemplified in many of the tables that follow, patticularly those (ot gcats. Four steps ate

involved:

First, the unknown legs of ench ncemaf tooth load, nairefy, T and S, are found from the Inown tangential tooth

load, F.

Second, Ench of the three legs, F, T and S is tepliced by an rqui valent fotcc F", T*or S having a line of action

through the axis nt the gent center plus a couple (Principle 2 afsnvc). Now and 5 are perpendicular to the axis,

whereas T' is along it.

Third, Seldom is a beating located along the axis at the gear cer.tet; hence each equivalent fotce, as F ,
that is

perpendicular to the axis will cause radial bearing-toad components nt both hvarings. So will thrust couple TR,

where R is the gear pitch radius. The several beating-load components ate found for each beating.

Fourth, The components at ench bearing from all causes are aAfcd geometricaffy to find a resultant besting load.

Not all of these steps are carried through to completion in Tahirs 2~~M to 2-5B inclusive. There ate a number of

reasons for this: Tables become dispropottionnlly complex from the great amount of duplication for straddle and

overhung mountings. Each designer can carry forward .ss many or as few of nhe minor compoficnts as he wishes. Thrust

couples and separating forces frequently can be omitted. For the sale of ccmplcteneas. if for no other reason, these

secondary quantities could not go unmentioned. Neither could they be omitted from the tables, for someone is sute to

need them.

Manufacturers’ literature — as Volume If. New Depanroent Hand Hook, Link-Helt General Catalog 900, Timken

Engineering Journal, to mention three of many ate soureea of information pertinent to the conpowtioo of beating

loads, both for particular types of hearings and for complex sets of conditions, as for example when hypoid gears

are involved.



TABLE 2-41

Ccrr.pufction of Bearing Loadc Due io

Chain, Belt and Rope Drivea

ffevr Departure Hcncffcoof: Vd, II

r ?= Ef£?c:xT? ri/fitr-r cf prrll^ .cprjjcViit,

^
HPxeirrt:.

/• _ _ f-cill cr. ctffp.t xtiiii c{ chzir., hnlz cz io^^.
f‘ T r

L — Tczil \r.ii cr. zhzH.

Tr.iilrizzzl fc<arfejr Ir.zA.z -vid: cer.Uii wtzzic^Zj *.? (rAitzsteii z:zf

Erg. r Enc. U ?.:z. Ul Brg. IV

lJl— LJL- Li—L
b a-i- h (i

IL
d

Cfcas: DriTta

TH: chzhzr. nssf.t^ cnr frsprri/ sferp’i.-f sprscicrr cr sferans, ths Ktat

sbzfe Lra-i L = F,

Fizz B-tIt DriTcs

Fcrccrrtal cc^cfc" ir'r.'izK. fc»a'T7 fc'rli Mcsiic ir cist ricarerf tc trac.tirit

tBt pc^tr, B = Z.;B-

Fcr .'I't-r—t ctciitfcc-t cf t»;ft teccicc, ac »c the can cf sesaC dia.-ctcec

pn:!Z.»7s, cr arBm a.c^lt c5 arrap i.r cccct.r«fafel7 teifccetf, B = 3^

-

y-BcB: Drires

Frcctlcc fc tic pclfcy j^reem arirf: V-Esltr pcrcsitr preper rracccitrsicc

cr pCTTtr ji’cc cccspascniy Ictt static cecticc ac.-i B = 2B-

B cp- Drircc

Fcr atrera^s cccciticcs vitB pcifey greersr oi izcladiti acjjle, L = 2F

.

Tetc pt:!!«7 2rcc-r*,r •s-irE i=ctri:<i ac^Ic as fci^r. at 6o'^ E5a7 fee ossii ac^

Zreajsr reps cccstcc Ir ctctrircc, £. = jB,
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TABLE 2-42

Belt or Chain Pull Foclors,

The Timken Engineering Journal The Timken Roller Bearing Co

Type of Drive Formutn Into which is to be substituted

Chains, single 1.00 gp ^ 126,000 X HP X

X nPH

Chains, double 1.25

"V" belts 1.50 where

Single ply belts 2.00
DP = The total belt or chain pull

HP = Horsepower transmitted
Double ply belts 2.50 “ forking outside diameter of pulleys

Triple ply belts 3.00
and pitch diameters of sprockets
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2-51

Note

thnt

bentins

renctions,

thnt

is,

forces

upon

shafts

at

beatinss,

arc

equal

in

magnitude

but

of

opposite

senses.



TABLE 2-45

Method for Finding Bearing Loads Caused by Two Spur Gears on Same Shaft

Inasmuch as the line of action of the tooth load on one gear may mate any angle between zero and 360° with the

line of action of the tooth load on the other, general formulas contain 1 signs depending upon the quadrants in which

the lines of action lie. But this is not all. Straddle and overhung mountings also reverse signs. Cf the directions in

Table 2—44. Rather than list algebraic formulas expressing the total beating load caused by both gears and by the

mounting conditions, supplemented by other tables treating the choice of signs to suit conditions, the following

procedure seems simpler and more reliable: First, find the bearing-load components caused by each gear singly.

See Table 2—43. Second, add the components at each bearing geometrically. Further to simplify the calculations,

the components caused by separating forces are neglected.

Fq = actuating tangential tooth
LOAD applied TO GEAR

Gear and Components of Lend on Bearing, Cf Table 2—43

Tangential Bearing I Bearing II

Tooth Load Magnitude Direction Magnitude Direction

F pounds
Ff^a ¥ b + c)

a + b

Fp b
Fp, pounds Fpj =

a + b

Resultant bearing loads

Geometrical addition

usually can be made graphi-

cally with sufficient accuracy,
even when separating compo-
nents are included.

Gil 0+6
1

PU
LlI
a + 6

Bearing reactions are equal and opposite the resultants.
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TABLE 2-46, continued

Quantity

and
Symbol

Formula for

Computing* Magnitude

of Force of Couple

Definition of Symbols
and Comments

Radial scparatlf>^

force, St pounds

F tan <A_

S= "

cos 'P

= normal pressure angle of tooth

or

S = F tan ^ transverse pressure angle of tooth

See Table 4—7
Rndinl separating force is sometimes

small enough in comparison with F
to be neglected.

Thrust couple,

TR, pound inches

TR = F B
c

F^ = magnitude, pounds, of radial load

on bearings as consequence of

thrust couple.

B = distance between beatings, inches

Bearing load components from thrust

couple ate mutually perpendicular to

the gear axis and to the major radial

loads caused by force F. Furthermore,

they ate pnmllcl to separating force

components, and like the latter arc often

neglected, especially if R is smalJ nnd/ot

B is large.

•DlreeUont of oxUl thrustt c«n be foxjnd from Table 2^^7i Ihe directions of bearlnjc componml* reiultlnK from

both the tangential force and the aeparating force are similar to those for spur gears. Table 2-^3*
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TABLE 2-48

Resolution of Tooth Load on Straight and Zerol Bevel Gear

Quantity Formula for

and Computing Magnitude Definition of Symbols
Symbol of Force or Couple and Comments

Mena pitch tadius,

inches « „
= 1/2(0 - F sin y)

Tangential tooth

load, F, pounds
63,025 hp

Rjff
X tpni

Normal plane Ftan^
separating force

Axial thrust T ~ F tan 0 sin y
T pounds

0 t= pitch diameter, inches
F = face width, inches

y = pitch angle of bevel gear

The mean pitch radius locates the

center of pressure along the tooth

axially ns well ns radially.

Force F applied to the tooth has as the

equivalent an equal and parallel force

through the shaft axis plus a couple

The couple, of course, is balanced by

an equal and opposite twisting moment in

the shaft. The force through the center of

the shaft becomes the major component

of bearing loads.

= normal tooth pressure angle

Since the normal plane makes an angle

other than 90° with the axis, pressure

angle combines with pitch angle to cause

an axial as well ns a radial component.

Axial thrust on straight and zerol bevel

gears always tends to push mating members

out of mesh, known ns the positive direc-

tion. This axial thrust is rarely negligible

in bearing design.

continued on next



TABLE 2—48, continued

Quantity

and

Symbol

Formula for

Computing Magnitude
of Force or Couple

Definition of Symbols
and Comments

Radial separating

force, S^, pounds

= F tan
<f>

cos y Frequently small enough in comparison
with F to be neglected.

Thrust couple

pound inches

F RM c
F

^

= magnitude, pounds, of radial load

on bearings as consequence of

thrust couple

B = distance between bearings, inches

Bearing load components from thrust

couple are mutually perpendicular to the

gear axis and to the major radial loads

caused by force F. Furthermore, they are

parallel to radial separating force, and
like the latter are often small enough to be

neglected. See Table 2—40 for further

comments about transforming the compo-

nents of toodi load into bearing reactions.

TABLE 2-49

Comments on Resolution of Tooth-Loods on Spirol Bevel and Hypoid Gears

Spiral angles on spiral bevel and faypoid gears introduce additional tooth-load components when compared to straight

^el gears for the same reasons that the tangential tooth-load on a helical gear tooth resolves into more components than
-he tangential tooth load on a spur gear« In the case of the helical gear, the arial component is a function of the helix angle
alone. Butin the case of the spiral bevel or hypoid, spiral angle introduces both radial and axial components.

Furthermore, the direction of this axial component, i.e., away from or toward the cone center, depends upon the hand and
Dagaitudeof the spiral angle, the pitch angle, the direction of rotation and whether the gear is the driving or driven member.
I: follows that the resultant axial component, as a consequence of both pressure angle and spiral angle, may be such as to
tend to displace the mating members toward the cone center, or more tightly into mesh. For straight and zerol bevel gears, on
the odier hand, these components always tend to force the pinion and gear out of mesh, which is regarded as the positive or
h direction. See Tables 2-52 and 2-53 .

continued on next pa^e

2-57



TABLE 2-49, continued

SELECTION OF HAND OF SPIRAL
Bevel and Hypoid Gear Design Gleason Works

'The hand of spiral on spiral bevel and hypoid gears is denoted

by the direction in which the teeth curve, that is, left-hand teeth in-

cline away from the axis in the counter-clockwise direction when on

observer looks at the face of the gear and right- hand teeth incline

away from the axis in the clockwise direction. The hand of spiral of

one member of a pair is always opposite to that of its mate* It is

customary to use the hand of spiral of the pinion to identify the com-

bination, that is, a left-hand combination is one with a left-hand spiral

on the pinion and a right-hand spiral on the gear* The hand of spiral

has no effect on the smoothness and quietness of operation or on the

efficiency. Attention, however, is called to the difference in the effect

of the thrust loads as stated in the following paragraph.

left-hand spiral pinion driving clockwise (viewed from the

back) tends to move axially away from the cone center; while a fight- *

hand pinion tends to move toward the center because of the oblique

direction of the curved teeth. If there is excessive end play in the

pinion shaft because of faulty assembly, the movement of a right-hand pinion driving clockwise will take up the back-lash

under heavy load, and the teeth of the gear arid pinion may wedge together, while a left-hand spiral pinion under the same
conditions would back away and merely introduce additional backlash between the teeth, n condition which would not prevent

the gears from functioning. Then the ratio, pressure angle and spiral angle are such that it is possible, the hand of spiral

should be selected to give an axial thrust that tends to move both the gear and the pinion out of mesh. Otherwise the hand of

spiral should be selected to give an axial thrust that tends to move the pinion out of mesh. Often the mounting conditions

will dictate the hand of spiral to be selected.

a reversible drive there is, of course, no choice unless the pair performs a heavier duty in one direction a greater

part of the time.

**0n hypoids, when the pinion is below center and to the right when facing the front of the gear, the pinion hand of spiral

should always be left-hand. With the pinion above center and to the right, the pinion hand should always be right-hand*** See

the figure*

Hypoid gears and pinions, (a) and (b) arc referred to ns having an offset “below
center,** while those in (c) and (d)hnvc an offset * 'above center.** In determin-

ing the direction of offset, it is customary to look at the gear with the pinion at

the right.
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TABLE 2-50

An Enurr,erat'ion of fhc- Forceo and Couples Coused by Toofh Lood on Spiral

Bevel and Hypoid Gearc and V/htch Must be Supported by Bearings

tttrr. ;:eri;er

of
Fofrncis for Finding
the J/ggnltnii of
Force or Couple Definition of SjTrboIc and Con;rncnts

I

Sfcsfe Tc“:
e;3/;2; fp

rprr.

pocsd-incfces

Shaft tcrcoe catited fc/ 2

herel ptr.iar: fc {onr.d by
szr"^ (czrrxfz rr.ttely by
u sing dir:ensions acd rpe;

of pfofot;-

= tangential tooth load, poondo
= mean pitch radiot of gear, inches

= Xf2{fJ — F sia.V}, where
ft = pitch dizmetet gear, inches

F - gczt face width, inches

r = gear pitch angJe

Torcce is held in eqailihrio.-n by a cesisz-

icg ctoment within shaft, and cotiseccently

does cot appear in hearing loads directly.

conttriasd on next
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TABLE 2-50, continued

Item Number
and Name of

Quantity

2

Magnitude of

Tangential

Tooth Load,

pounds

3

Axial Thrust

4

Thrust Couple

5

Separating

Force

6

Resultant

Radial Loads
on

Bearings

Formula for Finding
the Magnitude of

Force or Couple Definition of Symbols and Comments

IFj, on gear

B'jP on pinion

Table 2-51 gives the

relationship of the tooth

load on the pinion in

terms of that on gear-

The biggest components of radial loads on
bearings are produced by the tangential

tooth load of magnitude Mutually per-

pendicular to the (vector) tangential tooth

load are two other vectors, one in the pitch

plane of magnitude tan 'P nod the other,

resembling a separating force, of magnitude
B’^ tan (fj/cos *1^. The sum of these three

mutually perpendicular components, of

course, is the normal force on the tooth.

Neither of the latter two vectors is either

parallel or perpendicular to the axis; hence,

each has both a radial and an axial compo-

nent. Thus, the total axial thrust, item 3,

is the sum (or difference) of two components.

So is the total sepaotiog force, item 5.

B’^, pounds

The formula and instructions

on its use are given sepa-

rately, Table 2—52, because
of the several conditions

involved.

Table 2—53 an alternate method of find-

ing axial thrust. Axial thrust on spiral

bevel and hypoid gears differs from that on

straight and zetol bevel gears, in that the

direction of the thrust may be either toward

or away from the cone center. The diagram

in Table 2—52 indicates how the direction

of thrust is related to hands of spiral and

directions of rotation. Proper running of

bevel gears requires adequate support

against an axial displacement of either

member, and consequently design calcula-

tions for thrust are always important.

B’^Rg pound inches

B^, pounds

The formula and instructions

on its use are given separate-

ly, Table 2—54.

The thrust couple causes radial components

of beating load that arc perpendicular to

those caused by the tangential tooth load

and parallel to those caused by the separat-

ing force, item 5. If the distance between

beatings is relatively large and/or the

radius is small, ns for pinions, the

components of beating load as a consequence

of thrust couple ate small in comparison with

other components. Accordingly they are

sometimes neglected in design calculations.

Table 2—55 is an altertate method of finding

the radial separating force.

The methods of Table 2—43
can be used to transform

radial components of items 2
and 5 concentrated at the
gear center on the axis to

equivalent components at the
beatings, and to suit mounting
conditions.

The radial forces of items 2 and 5 each

resolve into two equivalent loads, one on

each bearing. When the thrust couple, item 4,

is also taken into consideration, each bearing

has three components of load. Two of these

three components ate parallel nnd can be

added algebraically, after which the sum cM

be added geometrically to the third to obtain

the total radial bearing load.

2-60



TABLE 2-51

Tcngentid Tooth Load on Spird Bevel or Hypoid Pinion

Bevel and Hypoid Gear Design Gleoson V»orks

y.zgmm£e To Be Found Forcula In Thich

Tangential tooth loed,f

cn ge_ar center, pounds
f _ 126.050 horsepo-aer

* - F sin F) rpn

Tangential tooth load,

on eating berel pinion

pounds

£' = pitch diaceter of

gear, inches

F = gear face width,

inches

F gear pitch angle (bevel gear)

^gear root angle (nypoid gear)

Figure in Table 2*50

Tangential tooth load,fjp

cn eating hypoid pinion,

pounds
tP

cos li
p

cos ^ (J

ipp = pinion spiral angle

li/g = gear spiral angle
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TABLE 2-54

Formulas for Computing Rodiol Sep orating Force Caused

by Tooth Load on Spiral Bevel or Hypoid Gears

(or Take from Chort in Table 2-55)

Bevel and Hypoid Gear Design Gleason Works

1

Driving Member

Hand of n .
- . ,

Rotation
Spiral

Value of Separating Component of

Radial Lond

Right Clockwise

Driving Member

"r
If ~ (tan (ji cos )'fsin *1* sin y)

cos

Driven .Member

B = (tan <f> cos y — sin'l* sin y )
'

cos '1'

Left Counter^

clocV:wise

Right Counter-

clockwise

Driving Member

B' ' w (tan cos y — sin sin y)
" cos 'I'

Driven .Member

If." ~ (tan (/> cos y + sin sin y)
^ cos'l'

Left Clockwise

= separatinf, component of the radial load.

If'j = transmitted tooth load tnnRCntinl to pitch circle.

9^
= normal pressure angle. This is the pressure nnpic on the driving side of the tooth.

= spiral angle.

y = pitch angle on bevel gears.

= face angle of pinion and toot angle of gear on hypoid genrs.

A positive sign (+) indicates direction of force is away from the mating member (separat-

ing force).

A negative sign (—) indicates direction of force is toward the mating member (attracting

force).

When using the above formulas the tangentinl lond, spiral angle, pitch angle, and

pressure angle for the corresponding member must be used.

On hypoid gears the tangential load on the pinion in equal to the tangential load on

the gear times the cosine of the pinion spiral angle divided by the cosine of the gear

spiral angle.
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TABLE 2-55

tji = Pressure Angle.

^ = Spiral Angle.

T = Pilch .\ngle.

ATTRACTION

(-1

SEPARATING

COMPONENT

OF

RADIAL

LOAD

IN

PER

CENT

OF

TANGENTIAL

LOAD

<W)

(+)

SEPARATION



TABLE 2-56

Resolution of Load on Worm Thread

Formula for Finding
Quantity the Singnitude of

To be Found Force or Couple Definition of Symbol*; and Comments

Magnitude of

tangential

force

pounds

Shaft Torque

Axial Thrust

pounds

Thrust Couple

pound-in ches

Separating

Force,

5, pounds

Efficiency

F,, =
63,025 hp

* rpm

Rg- - pitch rndius of u-onf, inches

Sec Tnhies 6—11 and 6—18 for ways to estab-

lish pitch diameters of worms

RIf-Rffi pouad-inches

tan ,\

tan A

F„. can i/f

s = _! 1
can A

A = lead angle, Tables 6^11 nnd 6—6
Neglecting friction losses, the axial thrust on

the worm becomes the driving force on the

worm gear. Axial thrust, gcnemlly concentrated

nt one beating, is always a significant bearing

load.

Although Tjr- is comparatively large, is

correspondingly small for worms nnd the dis-

tance between bearings is generally large.

Thus the radial components of bearing load, as

the consequence of thrust couple, are usually

negligible in comparison with other radial

components.

djj. ~ axial pressure angle

Relations for converting normal pressure angle

and helix angle into axial pressure angle and

lead angle are given in Table 4—7.

A few authors propose that friction losses be

included in bearing-load calculations. And there

is no denying that friction losses have some

influence on bearing loads. The big question is

where they ever modify bearing loads to a degree

worth bothering with. Term gearing, being the

least efficient of the common t>'pes, particuLirly

nt small lend angles, Table 6—7, is undoubtedly

the type to analyze first. Nevertheless, only

the conventional methods of analysis arc pre-

sented here because they seem to be more than

adequate rather than inadequate, and because

there is no abundance of evidence to show that

the added calculations to include efficiencies

might lead to savings in materials or sizes of

bearings.



T/ELE 2-57

Resalufion of Toofh Loo:! on Viorm Gear

}

O'zzrjdtr

To bt Fcor.i

Forr-tils for Fir.diog

&.0 V.z^.lzc.is of

Force cr Cocple DeSnrrfon of S‘~.boIs snii Gjrr.rrenrs

jisl

Tcctfc

<53//2Ifcp

P-G z

= prich ciacetsr of wonr. gear, inchsE

Fp. = gzial thru.-rt cf s'crr. Table 2—56

=r
O' V ' •

Vecrer dfrectfoes of Fq arc Ty^ arc opposed.

Shzb Terror FfHfy pctjcii-iccces

Tf^ fcrrcir

= Fp Fp- = tasger.cal force on w-orTS

Vector dfreetJOfis cf > q asd Fy^ are opposed-

Tkfziit Ccr^U:,

p-3T=,':-i'=ciL-=

of racial co?::pct;ent on

Eerarxng, pcx:ndz

R = (ffccar.ee' berween bearin^c, inebes

Ferce

S, pc.-=sdr Sac:e fn rna^nftUiie ac ceparaefn^ force cn vorn:

bet oppocftely cfrcccec*
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TABLE 2-58

Bearing Loads Caused by Planetary Spur Gearing

Volume II, New Departure Handbook

nnc
NOV

When the system employs rn-o or more planet peats (usually three, as shown by

dotted lines in diaptam), the tanpential and separatiop forces, due to the input torque,

counterbalance each othet insofar as they can produce appreciable loads on bearings

1, II, IV and V. However, bearing III will be loaded because of the torque transmitted.

HP X 63025
(0 = = TORQUn INPUT, lbs inches, where HP ^ horsepower ttans-

/V mitted and A' — rpm of driving gear.

Q
P - — = TANGPNTIAl, FOUCP. in pounds of driving sun pear, where

r r Pitch radius of gear in inches.

S = P tan a ^ SEPARATING FORCE in pounds of the sun gear, where

a - Tooth pressure angle.

For three planet gears, the load on each planet pin bearing, position III, due to

driving torque and reaction, will (with equally distributed torque) be

3

When torque in transmitted through a single planet gear, the following loads ate

produced:

BEARING LOADS

Due CO on flrg. I on Prg. II on nrg. 111 on Hrg* IV on Dtp. V

p P — = P, p n
2/’ 2p

c + d 2^7
a ‘ 1 ^ o~-W/ d

S S - = S,
a /

Total Load W^v 2P 2^7

SPEED CHANGE

Output rpm = —r ^ —
2 ^ j ^

Number or teeth in planet gear

Number of teeth in sun gear
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ni D E X TO
S E C T I 0 3

Spur Gears

Table Numbers, Pogc Numbers,
Inclusive Gist of Tobulor Moffer Inclusive

3-1 General clossificafion of gears 3-2

3-2 Pilch relationships in gearing 3-3

3-3 Common diametral pitches 3-4

3-4 to 3-8 20° standard teeth . 3-5 to 3-9

3-9 to 3-10 Dimension formulas for spur gears 3-10 to 3-11
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TABLE 3-2

Letter Symbols of Pitches in Gear Engineering and Formulas
Expressing One Pitch in Terms of Tv/o Others. Involute Gear Teeth

ASA B6.10-1950 AGMA 112.02

Symbol Pitch

p(p^>

P

Pt

Pb

Pn

pn
Px

PX

Diametral pitch

No/mal diametral pitch

Circular pitch

Transverse circular pitch

Base pitch

Normal circular pitch

Normal base pitch

Axial pitch

Axial base pitch

From American Machinist of July 4 and 1 1, 1929

Pi

Pn

PiP.t ^Tt

Px^
PiPN

Px

Pn=-

Pn

Pi Px

2^ „ 2

X

Pn^

‘\lpt^ + p,

Pt Px

Pb

Px =
Pb Pn

Pn-

y/Pb" - Pn'

PbPx

Pi Pn

VPi" - Pn"

Pn

Px-
Pt Pn

V - Pn^

= -JltlJL-

yfpb" - Pn

yjpb'-^px"
I

‘

yJpx'-Pn

Pn Px
Pb

Pn Px.

P, =

yj^- Pn"

Pn Px

Pn

Pt Px

2 + p
2

^ X

Pn-
P_bP,

2^,. 2

X

Pt

Pb

yjpb^+p

PNPx

yJpx^-pN^

Px

pn-
: -J1I2L.

yJpt^+Px

Pt-
pn Px

yfp^Pn

Definition! cf fin^lar dimenBlons for helical involute geara ore given In Tables 4-6 and 4-7,
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TABLE 3-3

*DiametraI Pitches in Common Use

For Spur and Helical Gears

Gents of 20 diametral

pitch and finer belong

tothe finepitchseties

1 3 8 20 56

IK 3H 9 24 64

la 4 10 28 72

4« 12 32 80

2 5 14 36 96

2« 6 16 40

2ii 7 18 48 128

• Usable diametrol pitches for spur end helical Kcnrs ere limited by the nveileble cutters end

hobs. Bevel peers ore less restricted by dlemetrol pitches since the seme tools or cutter con be

used Just os well to cut e bevel peer of S.125 dlemetrol pitch as to cut one of 5 dlemetrol pitch.
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TABLE 3-4

American Standard Tooth Proportions for 20-Degree Involute Spur Gears

ASA B6.1 - 1932 and ASA B6.7 - 1950 AGMA 207.03 Fine-Pitch System

tip = nuniber teeth in pinion

Aq = number teeth in gear

Diaraetral pitch, P P Coarser than 20 P = 20 and finer

Pressure angle, 4>
20° Stub 20° Full Depth Teeth

Addendum of pinion, Sp 0.800 1.000 1.000

Addendum of gear, P P p

Dedendum of pinion, bp 1.000 1.157 1.200
I 0 OO"*

Dedendum of gear, P P p

forking depth,
1.600 2.000 2.000

P P P

Wiolc depth,

1.800 2.157 2.200
-f- 0 002

P P P

Clearance, C
0.200 0.157 0.200

+ 0 002
P P P

Tooth circular thickness, t, no 1.5708 1.5708 1.5708

alloTTance for backlash P P P

Minimum fillet radius, R, at 0.300 0.235 Unspecified, Tool

root of basic rack P P wear introduces

variable amounts
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TABLE 3-5

Basic Tooth Proportions for 20 ,
Stub-Tooth, Spur Gears

See Table 3—4 for Formulas.

Tooth Double
Thickness, Addendum,

Whole
Diametral Circular t, on Pitch Addendum Dcdcndum 2<i, and

Pitch, P Pitch, p
Circle, Zero

Backlash
flp = bp-l’c Working

Depth

Depth,

1 3.1416 1.5708 0.800 1.000 1,600 1.800

1-1/4 2.5133 1.2566 0.640 0.800 1,280 1.440

1-1/2 2.0944 1.0472 0.533 0.667 1,067 1.200

1-3/4 1.7052 0.8076 0.457 0.571 0.914 1.029

2 1.5708 0.7851 0.400 0.500 0.800 0.900

2-1/4 1.3063 0.6081 0.356 0.444 0.711 0.800

2-1/2 1.2566 0.6283 0.320 0.400 0.640 0.720

2-3/4 1.1424 0,5712 0.2'J] 0.364 0.S82 0.655

3 1.0472 0.5236 0.267 0.333 0.533 0.600

3-1/2 0.8076 0.4488 0.229 0.286 0.457 0.514

4 0.7854 0.3927 0.200 0.250 0.400 0.450

4-1/2 o.oono 0.3401 0. 178 0.222 0.356 0,400

5 0.6283 0.3142 0. 160 0.200 0.320 0.360

6 0.5236 0.2618 0.133 0. 167 0.267 0.300

7 0.4188 0.2244 0.114 0.143 0,229 0.257

8 0.3027 0.1063 0. 100 0.125 0.200 0.225

9 0.3491 0.1745 0.088 0.111 0. 178 0.200

10 0.3142 0.1571 0.080 0.100 0.160 0.180

12 0.2618 0. 1300 0.067 0.083 0.133 0.150

14 0.224) 0.1122 0.057 0.071 0.114 0.129

16 0. 1063 0.0982 0.050 0.063 0.100 0.113

18 0.1715 0.0873 0.0)4 0.056 0.089 0.100

20 0.1571 0.0785 0.040 0.052* 0.080 0.092*

24 0. 1309 0.0655 0.033 0.044 0.067 0.077

28 0. 1122 0.0561 0.028 0.038 0,057 0.066

32 0.0082 0.0401 0.025 0.033 0.050 0.058

36 0.0873 0.0436 0.022 0.030 0.044 0.052

40 0.0785 0.0303 0.020 0.025 0.040 0.045

48 0.0055 0.0327 0.017 0.021 0.033 0.038

56 0.0561 O.0281 0.014 0.018 0.029 0.032

64 0.0491 0.0245 0.013 0.016 0.025 0.028

72 0.0436 0.0218 0.011 0.014 0.022 0.025

80 0.0393 0.0196 0.010 0.013 0.020 0.023

96 0.0327 0,0164 0.0083 0.010 0.017 0.019

112 0.0281 0.0140 0.0071 0.009 0.014 0.016

128 0.0245 0.0123 0.0062 0.008 0,012 0.014

144 0.0218 O.OlOO 0 . 0056 0.007 0.011 0.013

•Dedenduma of 20 diametral pitch and finer contain 0,002 additlcnAl clearance.
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TABLE 3-6

Basic Toolh Proportions far 20', Full-Depfh, Spur Gcors
See Table 3—4 for Formulas.

Diarr.etrz!

Pitch, P
Circular

Pitch, p

Tooth

Thicknc.oo,

1, on Pitch

CL'cle, Zero

fiactflaoh

Arl'iendurr, Dedendurr.

Double

Addendu,''.,

2<3, and

Ol'orhin;; Depth,

V-hoIe

Depth,

I 3,1410 1,370S 1. 000 lA'.l 2.000 2,137

1-1/ 2.S133 1,2300 o.soo 0,920 1. 000 1.720

l-\/2 2.0044 1,0 472 0,007 0.771 1.333 1,43S

l-Z/% 1.7032 0,S070 0,371 0,001 1.143 1.233

2 1.370S 0.TS34 0. 300 0, 579 1,000 1,079

2-1/4 1.3003 0.00 SI 0.444 0,314 0,SS9 0,939

2-1/2 1,2:300 0,02S3 O.cOO 0,403 O.SOO 0.S03

2-,V4 1.1424 0.3712 0.30 4 0,421 0,727 0,7S4

o 1,0472 0, 3230 0,333 0. 3S0 0,007 0.719

3-1/2 0.S070 0-44SS 0,2S0 0,331 0, 371 0,610

4 0,7334 0,3'’'27 0.230 0,2S9 0,300 0.539

4-1/2 0,00 SO 0,3401 0.222 0,237 0.444 0,479

0,02S3 0.3142 0,200 0.231 0,400 0.431

C 0,5230 0.20IS 0, 10" 0, 193 0,333 0, 360

7 0.44SS 0.2244 0,143 0, 103 0.2SO 0,30S

s 0.3027 0, 1063 0,123 0, 145 0,250 0,270

'i 0,3401 0. 1743 0,111 0, 129 0,222 0.240

to 0.3142 0,1571 0.100 0, 1 10 0.200 0,216

12 0. 20 IS 0, 1300 0-0S3 0.090 0,107 0. ISO

14 0.2244 0. 1122 0,071 0,0S3 0,143 0, 1,54

U 0. 1003 0.00S2 0,003 0,072 0. 123 0,135

IS 0, 1743 0,0S73 0.030 0,004 0.111 0. 120

20 0,1371 0,07S5 0.030 0, 002 0. 100 0.112

24 0,1300 0.0033 0.042 0,032 0.0S3 0.094

2S 0, 1 122 0,0301 0.030 0,043 0.071 O.OSl

32 0.00S2 0,0401 0.031 0.040 0.063 0,071

Z(. 0,0S73 0,0430 0.02S 0.033 0.056 0.063

40 0, 07S3 0.0303 0.023 0,032 0,030 0.037

4S 0,0055 0.0327 0.021 0.027 0.042 0.04S

SO 0,0301 0.02SI O.OIS 0.023 0.030 0.041

04 0,0401 0.0243 0.010 0.021 0.031 0,036

72 0,0430 0.0216 0.014 0.019 0, 02S 0.033

SO 0,0303 0.0100 0.013 0.017 0.025 0,030

00 0,0327 O.OIOt 0,010 O.OIS 0.021 0,025

112 0,02SI 0.0140 0.009 0.013 O.OIS 0,022

12S 0,0243 0.0123 O.OOS O.OII 0,010 0.019
I <4 0.021S 0,0100 0,007 0.010 0.014 0.017
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TABLE 3-7

Tooth Proportions Diametral Pitches in

Fellows System for 20 ,
Stub-Tooth, Spur Gears

The Involute Curve and Involute Gearing The Fellows Gear Shaper Co.

Diametral

Pitch,* P

Circular

Pitch, p

Tooth

Thickness,

/. on Pitch

Circle, Zero

Backlash

Addendum Dedendun**
a - 1/P* bp =

IT hole

Depth,

Double

Depth,

3''J 1.0 JT2 0.5236 0.250 0.313 0.563 1.1250

4/5 0.7854 0.3Q27 0.200 0.250 0.450 0.9000

5/7 0.6283 0.3142 0.143 0. 17° 0.322 0.6430

6/R 0.5236 0.2618 0. 125 0. 156 0.281 0.5626

T/') 0. f.Pa 0.2214 0.111 0. 13° 0.250 0.5000

8/ 10 0.3'=27 0. 1061 0. 100 0. 125 0.225 0.4500

9/n 0.3 5«1 0.1*45 0.0°1 0.114 0.205 0.4091

10/12 0.3142 0.1571 0.083 0.104 0.18P 0.3750

11/U 0.2856 0. 1428 0.071 0.08° 0. 161 0.3214

12/14 0.2618 0. 130° 0.071 0.05° O.ltl 0.3214

13/16 0.2417 0. 1208 O.OoS 0.078 0.141 0.2612

14/18 0.22tl 0. 1122 0.05t 0.069 0.125 0.2500

16/21 0.1664 0.0082 0.048 0.059 0.107 0.2135

18/24 0. 1745 0.0.873 0.042 0.052 0.094 0.1873

20/26 0. 1571 0.0785 0.033 0.048 0.087 0.1732

22/2^ 0.1128 0.07 14 0.034 0.043 0.078 0.1557

24/32 0.130° 0.0654 0.031 0.039 0.071 0.1415

26/35 0. 1208 0.060; 0.02° 0.036 0.065 0.1297

28/37 0.1122 0.0561 0.027 0.034 0.061 0.1229

30/40 0.1047 0.0524 0.025 0.032 0.057 0.1140

32/42 0.0OR2 0.04°1 0.024 0.031 0.054 0.1088

34/45 0.0924 0.0462 0.022 0.029 0.051 0.1018

36/48 0.0873 0.0436 0.021 0.027 0.048 0.0957

38/50 0.0827 0.0413 0.020 0.026 0.046 0.0920

40/54 0.0785 0.0303 0.01° 0.024 0.043 0.0855

•In Ihr Ffllows the fleet ntenerel. •• the 4 In four-flve pitch, deteemlnee the pitch
dlemetee, as foe exa-eple, rf = .V^4; the second ntnr.eeal, as the 5, deterrUnes addendum and dedendum,
asOp= I/S and 6p= I.25'S.

••Oedendum 6= 1.2S0/P foe P= 19; i?=I.;00/P + 0.00 J foe 10 dlameteal pitch and ftaer.
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TABLE 3-8

One-Diarnefrol-Pifch Dimensions for 20° Enlorged Spur Pinions

ASA B6.7-1950 AGMA 207.03

To dictssioas zt another pitch, divids tahalzr -alaes by lifair.etraf pitch.

Short Addcndarc Gczt

at Standard Center Distance

Recorr.'

Circular trended

Decrease Thickness Minimart

in Standard at Stand- linmber

Outside ard Pitch Teeth

Diameter Diameter

0.5362 1.2656 33

0.7132 I. 3112 30

0.5063 1.3535 27

0./,702 1.3563 25

0.3623 1.3355 23

0.2353 1.3515 21

0.1253 1.5231 15

0.0II3 1.5667 15

All dliRtralor.-! are ^XTe.s ic ir^ehts

Standard Gear at

Enlarged Center Distance

Increase Contact

Over Ratio

Standard Two
Center Equal

Distance Pinions

0.3151 1.135

0.3566 1.156

0.2552 1.238

0.2357 1.250

0.1512 1.333

0.1227 1.395

0.0632 1.336

0.0057 1.511

Pinion

Circular

Tooth

Thickness

irumber Outside at Standard

Teeth, Diameter Pitch

Np Diameter

10 12.5302 1.5730

11 13.7132 1. 5303

12 13. 5563 1.7575

13 la . 3 1 5 .5 1.7352

13 16.3623 1.7027

15 17.2353 1.6601

16 15.1263 1.6175

17 15.0113 1.5735
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TABLE 3-9

Formulas for Calculating Dimensions of External,

Equal Addendums, Straight Spur Gears

Straight (tooth) spur gears operate on parallel shafts. The distance between the shafts, the speed ratio, the angular speed of

one member and the power to be transmitted are frequently the known requirements upon which to base the design of a pair.

Pressure angle and standard or stub teeth can be chosen to suit hobs or cutters on hand. A diametral pitch is chosen to yield

whole numbers of teeth on the specified center distance, teeth of adequate strength and durability, and to suit available

machine tools, hobs and cutters.

To Find From Formula

Pinion pitch diameter, d

Pinion pitch diameter, d

Center distance C, and ratio of angular speeds, (Oq!

U

ip

(External gear)

Number of teeth, Np» and diametral pitch, P

2C fjg/(Up
d

1 + tik;/t>p

p

Gear pitch diameter, D Center distance, C, and pinion pitch diameter, d D = 2C-tf

Number teeth on pinion, Np Pitch diameter, d» and diametral pitch, P Np^dP

Number teeth on gear, /Vq Pitch diameter, 0, and diametral pitch, P A'o=DP

Center distance, C Numbers of teeth, Np, /V^, and diametral pilch, P
(External gear)

!Vp + Nq
Crr.

2P

Addendum, a/> = or take

from Tables 3-5, 3-6 or 3-7
Basic tooth propoftions and dinmetral pitch, P

Constant, Table 3-4
fip —

p

Dedendum, bp =

Tables 3~5, 3-6 or 3“7
Basic tooth proportions and diametral pitch, P

Constant, Table 3-4

Clearance, c Basic tooth proportions and dinmetral pitch, P
Constant, Table 3-4

c
p

Working depth, hk Addendums, 3p A* =

Whole depth, A, Working depth, by, and clearance, c A, =hfc+c

Outside diameter of pinion, c/^ Pinion pitch diameter, d, and nddendum, cf„ = d + top

Outside diameter of gear, Gear pitch diameter, D, and nddendum, D^=D + 20(5

Root diameters, cf/j, Dr Pitch diameters, d, D, and dedendums, bp, bg dR=d-26p
Dr — 2^0

Base diameter of pinion, 0(9 Pinion pitch diameiet, d, and pressure angle, p
(^20°)

dp - d cos i

Base diameter of gear, Dr Gear pitch diameter, D, and pressure angle, 0
(= 20°)

Dp = D cos ci

Circular pitch, p Diametral pitch, P P = 3.141,592,654/P

Circular pitch, p Numbers of teeth, Np, and pitch

diameters, cf, D
Trd

^ ~ Np Nc

Tooth circular thickness, f,

on pitch circle

Diametral pitch, P t = 1.5708/P

continued on next
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table 2—9, confinueci

lo Fine Frcm Formula

.Ingle, 9, snhtended by tooth Pitch circle circcmference a.nd no.mher of teeth
I£0

G , degrees
dzeziz: thickness, 1 N

Teeth ch-srnal thickness, Pitch diameter, cf, and angle fi =£f sin fy/2

See Table 3^X3

Cierna! addendem, a^. Addendnm a^, pitch diameter c/, and angle 9
d

a — r— (1 — cos 0/2)

See Figtre, Tahie 3—14
2

TABLE 3-10

Formulas for Calculating Dimensions of an Internal, Straight Spur Gear

zl—zys rrjtshic vhz zz enernal pir.ioz. Th» pzizir.z rxrr.b^zz rzre ch» same directioas of an^olar rctacioos.

Sisee tee fcrmelas of Table 3*9 ifo cot cever felly the caicclatiocs for the icternal gear, additional fottr.olas ate given here.

10 have satisfactory torch action from standard tooth shapes, the (difference hetvreen the nnmh(rr of teeth on the pinion and a

oatieg ictetcal gear should he at least eight teeth for 20° stch proportions atJ at least tec teeth for 20° foil-depth piopottions.

To Find Fror! Fortr.ula

Pinion pitch dianetet, </ Center distance C, and angolar speed ratio, °-’p/

Gear pitch diameter, D It'cmher of teeth, /fg , and diametral pitch, P

Gettet distance, C

ctm, Sjj, ct take from

"lahles 3-5, 3-6 or 3—7

Dod-dtm, £>g

Tables 3-5, 3-6, 3-7

Ji'cmhet of teeth, /Vp, //g, and diametral pitch, P

Basic tooth pteportiens and diametral pitch, P

Basic tooth ptepettions and diametral pitch, P

i^^remat diameter, Dg

~=o:e depth, h,

Pott diameter. Dp

£ase dizr-^^* Ti- (-a-ete.,

Pitch diameter, D, and addendom,

Addendom, a^, an- dedendom, 6^

Internal diameter, Dj and whole depth, A,

Pitch diameter, D, and pressore angle, (i

^•Ln FeJtc-m syrt-mP i» cnnrrater ct fraciicn,
^1= Fell-wi lyilcm P X* (Jvneminato- ct fraetLvn.
[ In

:% = 1-25/P tor Pm 19 ant hg = 1.23/P t- 0.002 ter 20 diametral pitch and tfcer.

(f = 2C
ty /tu
p c

I

2P*

Constant, Table 3—4

Conctanr, I Tahie 3—4

D/ — D — 2aG

h^‘= Sfy-rb Q

Dp = Df d"

D/j—D cos (;i
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TABLE 3-11

ASA Recommended Backlash between Assembled Gears

(Spur Gears, Parallel and Crossed Helical Gears,

Double-Helical or Herringbone Gears, Straight, Spiral,

and Zerol Bevel Gears and Hypoid Gears)

ASA B6.6 - 1946

Diametral

Pitch

Backlash,

Inches

Circular

Pitch,

Inches

Backlash,

Inches

1 0.025 0.040 4 0.032 0.050

1 1/2 0.018 - 0.027 3 0.024 - 0.038

2 0.014 - 0.020 2 0.017 - 0.025

2 1/2 0.011 - 0.016 1 1/2 0.013 - 0.019

3 0.009 0.014 1 0.009 - 0.014

4 0.007 - 0.011 3/4 0.007 - 0.011

5 0.006 - 0.009 1/2 0.005 - 0.007

6 0.005 - 0.008 1/4 0.003 - 0.005

7 0.004 - 0.007 1/8 0.002 - 0.004

8 nnd 9 0.004 - 0.006

10 to 13 0.003 - 0.005

14 to 32 0.002 0.004

TABLE 3-12

Specified Backlash and Center Distance Change Due to

Backlash for Different Closses of Fine Pitch Geors
ASA B6.11-1951 AGMA 236.03

Class

Diametral

Pitch

Range

Backlash in

.Mating Gears

•Approx Change

in Center Distance

for 20-Deg

Pressure Angle

A 20 to 45 0.004 to 0.006 0.0055 to 0.0082

46 to 70 0.003 to 0.005 0.0042 to 0.0068

71 to 90 0.002 to 0.0035 0.0028 to 0.0046

B 20 to 60 0.002 to 0.004 0.0028 to 0.0055

61 to 120 0,0015 to 0.003 0.002 to 0.0042

121 and finer 0.001 to 0.002 0.0014 to 0.0028

C 20 to 60 0.001 to 0.002 0.0014 to 0.0028

61 to 120 0.0007 to 0.0015 0.001 to 0.002

121 and finer 0.0005 to 0.001 0.0008 to 0.0014

D No mensurnblc bncKlash nt any pitch.

•For helical pears of 20—dep normal pressure anple, divide these table values by the cosine

of the helix anple to obtain the transverse backlash.
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TABLE 3-13

Chordal Tooth Thichness, One Dicmetro! Pitch

The Involute Curve and Involute Georing — 1950 The Fellows Gear Shaper Co.

Socrcr Cr-ordal 'rcrrber Cfcorcal Itca:ber CTnordal Mumber Chordal

Tee:!- Tnickness Teeth Thickr.sss Testh Thickness Teerh Thickness
f *

** t
«

-

if t t iV
c c c c

S I.3C0T2 22 1.57016 56 1.57055 50 1,57066
c 1.53253 55 1.57020 re 1.57035 51 1,57066

1C 1.5£',24 ? i
*> T 1.57024 53 1.57060 52 1.57065

11 i.ses'.g •.f ^ 1.57027 55 1.37061 £3 1,57065

12 1.S3631 26 1.57030 60 1.57062 £4 1,57065

12 i.sec?" 37 1.57032 61 1.57062 55 1.57065

U 1.SC750 33 1.57035 62 1.57062 56 1,57070

13 1.56752 29 1.57037 62 1.57063 £7 1,57070

16 1.36621 40 1.57035 64 1,57064 65 1.57070

IT 1.36636 41 1.57041 63 I. 57064 69 1 , 57070

1C 1.36666 42 1.57043 66 1,57064 50 1.57070

19 1.56501 43 1.57043 67 1,5706 5 51 1. 37071

20 1.5651C 44 1.57046 6? 1.57065 52 1.57071

21 1# 56933 45 1.5704? 65 1 . 57065 93 1.57071

22 1.56546 46 1.57045 70 1, 57066 54 1. 57071

2-3 1-56957 47 1.57030 71 1.57066 53 1. 57072

24 1.56567 4S 1.57051 72 1.57066 56 1.57072

23 1.56576 45 1.57052 70 1.57067 57 1.57072

23 l,5e5£4 50 1.57053 74 1.57067 56 1.57072

27 1.56551 51 1.57053 75 1.5706? 55 1, 57072

2C 1.56557 52 1 • 0 ^ 0 !ji3 76 1.57065 100 1,57073

25 1.57003 53 l.S70'36 77 1.57068 110 1.57074

20 1.57005 54 1. 57057 78 1.57068 120 1.57075

21 I. 57012 53 1. 5705S 75 I. 57065 Rack 1.57080
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TABLE 3-14

Chordal Addendum, One Diametral Pitch

The Involute Curve and Involute Gearing - 1950 The Fellows Gear Shoper Co.

CHORDAL ADDENDUM Oc-O-tih

CHORDAL ADDENDUM, a
c

Divide value in table by diametral pitch to get chordal

addendum at another diametral pitch, except for Fellows

stub teeth. For the latter, divide the correction factor AA
by the numerator of the diametral pitch fraction and add

the quotient to the addendum from Table 3—7.

Number

Teeth,

A'

Correction

Ml

Chordal Addendum,

Stub when Full Depth

a = Q.8/P a = 1/P

Number

Teeth,

A'

Correction'

A A

Chordal Addendum, a
’ c

Stub when Full Depth

a = 0.8/P a = 1/P

8 0.07686 0.87686 1.07686 32 0.01927 0.81927 1.01927

9 0.06836 0. 86836 1.06836 33 0.01869 0.81869 1.01869

10 0.06158 0.86158 1.06158 31 0.01814 0.81814 1.01814

11 0.05597 0.85597 1.05507 35 0.01762 0.81762 1.01762

12 0.05133 0.85133 1.05133 36 0.01713 0.81713 1.01713

13 0.04733 0.84733 1.04733 37 0.01667 0.81667 1.01667

14 0.04401 0.84401 1.04401 38 0.01623 0.81623 1.01623

15 0.04109 0.84109 1.04109 39 0.01581 0.81581 1.01581

16 0.03852 0.83852 1.03852 40 0.01541 0.81541 1.01541

17 0.03623 0.83623 1.03623 41 0.01501 0.81504 1.01504

18 0.03425 0.83425 1.03425 42 0.0146R 0.81468 1.01468

19 0.03245 0.83245 1.03245 43 0.01435 0.81435 1.01435

20 0.03083 0.83083 1.03083 44 0.01401 0.81401 1.01401

21 0.02936 0.82936 1.02936 45 0.01371 0.81371 1.01371

22 0.02803 0.82803 1.02803 46 0.01318 0.81318 1.01318

23 0.02681 0.82681 1.02681 47 0.01312 0.81312 1.01312

24 0.02569 0.82569 1.02569 48 0.01285 0.81285 1.01285

25 0.02466 0.82466 1.02466 49 0.01259 0.81259 1.01259

26 0.02372 0.82372 1.02372 50 0.01234 0.81234 1.01234

27 0.02284 0.82284 1.02284 51 0.01209 0.81209 1.01209

28 0.02202 0.82202 1.02202 52 0.01186 0.81186 1.01186

29 0.02126 0.82126 1.02126 53 0.01164 0.81164 1.01164
30- 0.02056 0.82056 1.02056 54 0.01142 0.81142 1.01142
31 0.01989 0.81989 1.01989 55 0.01121 0.81121 1.01121

continued on next poge
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TABLE 3-16

Measuring Pin Diameters for Standard Involute Spur Gears

AGMA Standard 236.03 for Fine-Pitch Gears

ASA B6.11-1951

Diametral

Pitch, P

Standard

External

,
1.7280

“pin “ p

Standard

Internal

^
_ 1.6800

“pin p

Long Addendum
Pinions

^ . 1.9200
pin p

1 1.7280 1.6800 1.9200

1-1/4 1. 3824 1. 3440 1,5360

1-1/2 1. 1520 1.1200 1.2800

1-3/4 0.9874 0.9600 1.0971

2 0.8640 0.8400 0.9600

2-1/2 0. 6012 0.6720 0.7680

3 0.5760 0.5600 0.6400

3-1/2 0.4937 0.4800 0.54B6

4 0.4320 0.4200 0.4800

5 0.3456 0..3360 0.3840

6 0.2880 0.2800 0,3200

7 0.2469 0.2400 0.2743

8 0.2160 0.2100 0, 2400

9 0. 1920 0. 1867 0.2133

10 0. 1728 0,1680 0,1920

12 0. 14.10 0.1 too 0.1600

Ifi 0. 1080 0. 1050 0.1200

20 0.0864 0.0840 0.0960

24 0.0720 0.0700 0.0800

28 0.0617 0.0600 0.0686

32 0.0540 0.0525 0.0600

3G 0.0480 0.0467 0.0533

40 0.0432 0.0420 0.0480

48 0.03O0 0.0350 0.0400

60 0.0288 0.0280 0.0320

72 0.0240 0.0233 0.0267

96 0.0180 0.0175 0.0200

100 0.0173 0.0168 0.0192
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TABLE 3-17

Dimensions for Meosurements Over Pins
Externa! involute Sour Gears

ASA B6.11 - 1951 AGMA Standard 236.03

One* Diametral Pitch 1. 728-Inch Pin Diameter 20® Pressure Angle

;V = No. of Teeth Jf = Dicsension Over Pins (Zero Backlash) = Thickness Factor f

1'

i» 1/' IBM A' .?/* A' M*

10

11

12 For Standard Long- 46 48.4265 2.48 81 83.4262 2.58
13 ',7 49.4007 2. 49 82 84.4418 2.58

14 Addendar Pinions 48 50. 4279 2.49 83 85,4271 2.59
is 45 51.4031 2.50 84 86.4423 2. 59

See Tabl e 3-20 50 52.4292 2.50 85 87.4279 2.59

ifi

17 5

1

53.4053 2.30 86 88.4428 2.59

1

52 54.4304 2.51 87 89.4287 2.59

ic 20.3840 2.23 53 55.4074 2.31 88 90.4433 2.59

15 21.3200 2.23 54 56. 43 15 2.52 89 91.4295 2.60

20 22.3900 2.26 55 37.4093 2.52 90 92.4437 3.60

21 23.3321 2.28 56 58.4323 2.52 91 93.4303 2.60

22 24,3952 2.29 57 59.4111 2,53 92 94.4441 2,60
IN 25,3423 2.30 58 60.4335 2.53 93 95.4310 2,60

24 26,3997 2.32 59 61.4128 2.53 94 96.4445 2.60

25 27,3511 2.33 60 62.4344 2.53 95 97.4317 2.60

26 28,4036 2.34 61 63.4144 2.54 96 98.4449 2.61

27 29.3586 2.35 62 64.4352 2.54 97 99.4323 2.61

2g 30.4071 2,36 63 63. 4159 2.54 98 100.4453 2.61

25 31.3652 2.37 64 66.4361 2.55 99 101.4329 2.61

30 32. 4102 2.38 65 67.4173 2.55
j

100 102.4456 2.61

31 33,3710 2.39 66 68.4369 2.55 101 103.4335 2.61

32 34.4130 2.40
1

67 69.4186 2.55
1

102 104.4460 2.61

33 35.3761 2.41 68 70. 4376 2.56 103 105.4341 2.61

34 36.4155 2.41 69 71.4198 2.56 104 106.4463 2.62

35 37.3807 2.42 70 72.4383 2.56 105 107.4346 2.62

36 38.4178 2.43 71 73.4210
1

2.56 106 108.4466 2.62
3“

39.3849 2.43 72 74.4390 2.57 107 109.4332 2.62

3? 40.4193 2.44 73 75.4221 2.57 108 110.4469 2.62
39 41.3386 2.45 74 76.4396 2.57 109 111.4357 2.62
40 42.4217 2.45 75 77.4232 2.57 110 112.4472 2.62

41 43.3920 2, 46 76 78,4402 2,57 111 113.4362 2.62
42 44.4234 2.46 77 79.4242 2.58 112 114.4475 2.62
43 43.3951 2.47 78 80.4408 2.58 113 115. 4367 2.63

44 46.4250 2.47 79 81.4252 2.58 114 116.4478 2.63

45 47.3980 2.48 80 82.4413 2.58 115 117.4372 2.63

•To Cr-d no-btKilmzh <li*ta=ce M at diarretral pitch other than one, divide H value of table by dlan-.etral pitch.
CDi=— ,lo-i j_ £_es;a,.)

Ito ccrract dhnearion « for backlaih, nmltiply thickneas factor 4^ front table by thousandth of an inch that the
teeth is desired thinner than co-backlas«- thickness and subtract from M/P dic-.ension. See Table 3—21 for sanrple
calcdatie*.

eontinued on next poge
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TABLE 3—1^ continued

N = No. of Teeth M = Dimension Over Pins (Zero Backlash) = Thickness Factor f

N M*
Ttl

N M* N

116 118.4481 2.63 151 153.4435 2.65 186 188.4540 2.67

117 119.4376 2.63 152 154,4518 2.65 187 189.4474 2.67

118 120.4484 2.63 153 155.4438 2.65 188 190.4541 2.67

119 121.4380 2.63 154 156.4520 2.66 189 191.4476 .2.67

120 122.4486 2.63 155 157.4440 2.66 190 192.4542 2.67

121 123.4384 2.63 156 158,4521 2.66 191 193.4478 2.67

122 124.4489 2.63 157 159.4443 2.66 192 194.4543 2,67

123 125.4388 2.63 158 160.4523 2.66 193 195.4480 2.67

124 126.4491 2.64 159 161.4445 2.66 194 196.4544 2.67

125 127.4392 2.64 160 162.4524 2.66 195 197.4482 2.67

126 128.4493 2 . 64 161 163.4448 2.66 196 198.4546 2.67

127 129.4396 2.64 162 164.4526 2.66 197 199.4483 2,67

128 130.4496 2.64 163 165.4450 2.66 198 200.4547 2.67

129 131.4400 2.64 164 166.4527 2.66 199 201.4485 2.68

130 132.4498 2.64 165 167.4453 2.66 200 202.4548 2.68

131 133.4404 2.64 166 168.4528 2.66 300 302.4579 2.70

132 134.4500 2.64 167 169.4455 2.66

133 135.4408 2.64 168 170.4529 2.66 400 402.4596 2,71

134 136.4502 2.64 169 171.4457 2.66

135 137.4411 2.64 170 172.4531 2.66 500 502.4606 2.72

136 138.4504 2.64 171 173,4459 2.66 201 203.4487 2,68

137 139.4414 2.64 172 174.4532 2.66 301 303.4538 2.70

138 140.4506 2.65 173 175.4461 2.66 401 403.4565 2.71

139 141.4418 2.65 174 176.4533 2.67 501 503.4581 2,72

140 142.4508 2.65 175 177.4463 2.67

141 143.4421 2.65 176 178.4535 2.67

142 144.4510 2.65 177 179. 4465 2.67

143 145.4424 2.65 178 180.4536 2.67

144 146.4512 2.65 179 181.4467 2.67

145 147.4427 2.65 180 182.4537 2,67

146 148.4513 2.65 181 183.4469 2.67

147 149.4430 2,65 182 184.4538 2.67

148 150.4515 2.65 183 185.4471 2,67

149 151.4433 2.65 184 186.4539 2,67

150 152.4516 2.65 185 187.4473 2.67

•To find no-backlash dlatance »t diametral pitch other than one, divide At valoe of table bjr diametral pitch.

(Dlmenalona are in inchea.)

fr© correct dimension M for backlash, multiplx thlcknssa factor k from table by thoussndh of an inch that the

tooth is desired thinner than no-backlash thickness and subtract froffM/P dimension. See Table 3—21 for sanple

calculation.
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TABLE 2-lg

fcr J/.es'rjrerrrenfs Sefwtr.r, Ptnc
Internal Inralvte Sour Qearz
AGHA Stanriard 22LC2 VM'i

One* Dsarr.etrcl Pitch

ci T'trjr. V. =-

ASA B6.n - 195T

LiSO-fncK Ptn Djcrr:‘;fer 20'’'' Preczure An'de

Pi'': ^7/»rc. Tr.irrVr.-r',? F?./:M.'f

V
»

1

5 V.” V .1/*

>''
i',44'-5 -Si

r 0 m •

' I 2'.,<2'' 0
''^. 55 57,'5r; 2,57 r5i 57,5574 2 .19^9

25,5555 5 , 7-2 rr 54,5772 2,55 152 55,7555 2.?9?9

'.o 55, 5:55 57,7517 2,55 157 I55,55'5 2,77

51,5755 : 55 2,55 15 4 15 I, '555 2,77
•5^''

.52,5411 '5 5', '52

7

2. 'a' iC.> 152-5574 2.^9^

• » <* ^ ^ » - .» '9.2': r r <9.jC97< 2,57 155 157. 7 152 2.?9^9

<* 7 * • y rJk '9.21
!

55,75-72 2,57 157 154,5575 2,77
^ iT

rS “S
;5r / 5.2' 'T'S 2,54 157 15 7-715

7

2 . 49
^

\»y .7,17 7 /. '
; . 7 ^ 2,54 iO / 155,5554 2.'9t

5T,555i 7,15 T 72,5775 II5 157.715' 2.?97

41 55,5547 7,15
i

77,7544 2,54 ill 157,5557 2,7'

55,5555 "
9.1 i '4,5777 2,57 112 155.7115 2.?9T

/*>
? ^ 45,5552 *7 ? 7

... 9 *
I

T5 77,75 45 2,57 in I 15.7572 2,77

44 41,5555 7 , 1 : 7'; '5,575' 2,57 1
II 4 111.7112 2.7'

.4,C •42,5514 .9 . 1 c. 55 '','574 2,52
'

1 1

7

112,7555 2,77

ff
7 » <5,5555 7,52 51 '7,557.7 2,52 II5 117.7114 2.75
,t/T 44,5544 7,55 72 75, '5 75 2,52 II7 114. -^514; 2.75

4^ 45,5515 7,55 1 57 55,5514 2,52 117 11.7.7117 2.75

45 45,5575 9.C.'
j

J2 A 71,'5 5

4

2,51 1 15 II5.75I4 2.75

^r,Ky2C 7,55 52,5522 2,5J ! 125 117.7115 2,75

rS it 7,55 55 5 7, '5 57 2,51 I2I 117.7517 2,75

Vi ,<'9' /T/S^r
^ r ' y t 7,5 4 57 54,5525 2,51 122 115.7121 2,75

fO 55,57 i5 7,54 55 5 7, 75'2 2,51 127 125.7522 2.75
f- f
»- T .51,55.55 *9 . C 55 55,5575 2,5.7 124 121.7127 2,75

55 52,5757 7,52 1 55 57,7575 i.'jr-'j 127 122.7525 2.75

.55,5555 7,52 C'l 55,5547 125 127. 712.7 2,75

.54,57.55 7,51 52 55, '555 ^ 127 124.7525 2,7.5

; ^ .55,55-75 7,51 57 55,, 5 5 75 2,55 127 127. 7127 2-7.5

.55,577.4 7,55 54 51,7554 2,75 125 125.7572 %0t'^y

« 57,5555 7,55 fyf^ 52,5575 1 1.75 127,7125 2.7-5

(c; 5.5,5'55 2,5-7 55 57,7577 2,75 171 127,7575 2-7.5

^ f y% 2,55 57 54,5552 2-75 172 125,7175 2,^:5

<5 5'5,5555 2,55 55 57,7555 2-75 1,77 L75.7575 2 , 7.5

6( 51,7552 2,55 55 55,5557 2-75 174 171.7172 2.75

<5 52,5515- 2,57 155 •/T.TC’^s 2,77 ! 175 172.7542

*«•«- tf.*-. ii Of ifvSf-..

/.:rr.Ar.xSr.'% S< k
f-* tS'.intyfr M/P <

cryniinxu^.4 on n^t piz



TABLES— 18, continued

N - No. of Teeth M = Dimension Between Pins (Zero Backlash) = Thickness Factorf

N M*
1

N M* m A' M*

136 133.7134 2.85
1

161 158.707) 2.83 186 183.7162 2.82

137 134.70)5 2.84 162 159.7151 2.83 187 184.7097 2.82

138 135.7135 2.84 163 160.7076 2.83 188 IBS. 7163 2.82

139 136.7047 2.84 164 161.7152 2.83 189 186.7098 2.82

140 137.7137 2.84 165 162.7078 2.83 190 187.7164 2.82

141 138.7050 2.84 166 163.7153 2.83 191 188.7100 2.82

142 139.713') 2.84 167 164.7080 2.83 192 189.7165 2.82

143 110.7053 2. 84 168 165.7154 2.83 193 190.7101 2.82

144 141.7140 2.84 160 166.7082 2.83 194 191.7166 2.81

US 142.7055 2.84 170 167.7156 2.82 105 192.7103 2.81

14G 143.7141 2,81 171 168.7084 2.82 196 193.7166 2.81

147 144.7058 2.84 172 169.7157 2.82 197 194,7104 2,81

148 145.7143 2.84 173 170.7086 2.82 108 195.7167 2.81

149 146.7061 2.84 174 171.7158 2.82 199 196.7106 2.81

150 147.7144 2.84 175 172.7087 2,82 200 197.7168 2.81

151 148.7063 2.84 176 173.7158 2,82 300 297.7192 2.79

152 149.7145 2.83 177 174.7089 2.82
153 150.7065 2.83 178 175.7159 2.82 400 307.7203 2.78
154 151.7146 2.83 170 176.7000 2.82
155 152.7068 2.83 180 177.7160 2.82 500 497.7210 2.77

156 153.7148 2.83
1

181 178.7002 2.82 201 198.7107 2.81
157 154.7070 2.83 182 179.7161 2.82 301 298.7151 2.79
158 155.7149 2.83 183 180.7094 2.82 401 398.7172 2.78
159 156.7072 2.83 184 181.7162 2.82 501 498.7185 2.77
160 157.7150 2.83 185 182.7095 2.82

•To find no-bncklnsh dlolimce M ot dliunclrol pilch other thon one, divide M viilue of luble by dlomeb-ol pitch.
(Dimensions wre In Inches,)

txo correct dimension M for bnckloih, multiply thickne,* foctor k„ from t«blc by Ihoimnndth of on Inch thot the
tooth la dcelred thinner than no-bncklaah thlclcneaa and odd to M/P dlmenalon. See Table 3—21 for aample calculation.
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TABLE 3-19

Pin Measurement of Stondord 20° Spur Rock

AGMA 236.03 ASA B6.11-1951

aO Cl'S

TABLE 3-20

Pin Meosuremenfs Over Standard

Long-Addendum Pinions — Externol

AGMA Standord 236.03

ASA B6.n-195I

20
°

One^ Diamefrol

Pitch
1.920-fn. Pi

Diameter
in Pressure

Angle

Nnnber

Teetn,

N

Outside

Diameter

Circular

Thickness

1

Dimension

Over Pins

(Zero

Backlash)

M‘

Thickness

Factor**

k
m

10 12.8302 1,8730 13.4408 1.62

11 13,7132 1,8304 14.2678 1.68

12 14.5963 1.7878 15.3428 1.73

13 15.4793 1,7452 16. 1807 1.79

14 16.3623 1.7027 17.2233 1.84

15 17.2453 1,6601 18,0674 1,89

16 18.1284 1,6175 19,0851 1.95

17 19,0114 1.5749 19.9326 2.00

•To flr^ nc-b*cSdii«h ^ at df*isetr*I pitch th»n one, divide
^ tmIc* of tMbl^ by d£j»?setr*I ptteK*

••To correct dlniention M Itsr b«ckl«sh, citdtlply thlckn««i factor from table

by thosaarvfth of an inch tooth 1« desired thfcner than no-backXa*h thlcfcneea and
•tiytract Uiys^M/P diK.^xioTu See Table 3—21 for sample c alcxtlatlon..
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TABLE 3-21

Examples Illustrating Use of Tables to Find Pin

Measurement Dimensions,lnvolute Spur Gears

Definition of Quantity and Symbol

Coarse Pitch Pair

30 Tooth External

80 Tooth Internal

Fine Pitch Pair

30 Tooth External

80 Tooth Internal

Diametral pitch, P 6 24

Pressure nngle, 9^ 20
°

KlO
o

Backlash allowance, AS, each member of pair 0.004 0.002

M from Table 3.I7 Np = 30 32.4102 32.4102

A'm from Table 3-17 Np — 30 2.38 2.38

A//P, theoretical or zero bncklash 5.4017 1.3504

Correction, A.V = AS 0.0095 0.0048

Dimension over pins (subtract) 5.392 • 1.346

Pin diameters, Table 3-16 0.288 0.072

M from Table 3—18, Nq = 80 77.7054 77.7054

A'^from Table 3—18,//c = 80 2.92 2.92

M/P, theoretical or zero backlash 12.9509 3.2377

Correction, A3/ = AS 0.0117 0.0058

Dimension between pins (ndd) 12.963 3.244

Pin dinraeters, Toble 3-16 0.280 6.070

* Procedure to provide thicker tooth than finished tooth in shaving Crlrvlinc la aa followa; Suppose tooth la to be

finished by ahavinc with 0.002 stock allowance. Then dimension over pins before shaving would be 5.397. After thavlns,

ns calculoted.
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TABLE 3-22

Formulas for Calculating Dimensions for Measurements
Over or Betv/een Pins Involute Spur Gears

Quantity and Symbol Formula

Involute functioiii a

Diameter of pitch circle, D

Diameter of base circle,

Pressure angle, rf)

inv 20°= 0.0149044, cos 20°= 0.9396926

Tooth circular thickness, t

Diametral pitch, P

Number teeth, N

Measuring pin diameter, d

tnv a - tan a — a

T)
^
- D cos ^

, ^ 1.570 796

P

Table )~16

external gear (see Table 3—23 for numerical example)

Involute function
<f>p on circle inv (f)p

= t/D + inv
of diameter Dp thru pin center + d /D,

p 0
- 77/

N

Dimension over pins M Dp = cos <{,p

External gear, N even M
even

= Dp + "p

External gear, N odd
^odd

": Dp cos
90°

-FT ^

wternal gear

Involute function <^p on circle
°I diameter Dp thru pin center

Woiiensions between pins M

'“ternal gear, N even

Internal gear, N odd

(See Table 3-23 for numerical example.)

inv <f)p = n/N + inv ^
^ t/D - d /D,

P °

r,Dr, = J-P COS ipp

M = D„ - d
even r p

odd
= D, 90

'"

ir ~d
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TABLE 3-23

Calculations to Illustrate Application of Formulas

in Computing Dimensions for Pin Measurements

External and Internol Involute Spur Gears

Pinion Gear

Number of teeth Np 30

Diametral pitch, P 6

Mg 87 internal

Pressure floglct <f>

Bocklash allowance, pinion only B = 0*004

O
o

zero

Circular thickness, t / — B = 0.2578 f = 0.2618

Pitch diameter 5.0000 D = N^/P = 14.5000

Base Diatneter — d cos ^ = 4.69846 D cos 9^ = 13.6255

EXTERNAL for pinion, Table 3-22

• t — B . . .1 tr t-B _ 0.2578 = 0.051560
d ^ Sp d 5

inv ^ = inv 20° = 0.014904

d^ = pin diameter. Table 3~16
P _ 0.2SS0

d, 4.698-16

= 0.061297

h

sum 0.127761

Since pinion has nn even number
of teeth, dimension M over pins,
includinj! backlash, is

= 0.104720

(subtract) inv = 0.023041

'"even
'

^p (Table 3-24) = 23.00°

Compare with answer in Table 3—21.
cos <i>p = 0.920510

n r. _ 4.69846 = 5.1042
'' cos 0.92051

= 0.2SS0

A!
even 5.3922

INTERNAL sear. Table 3-22

inv <l>„ = tt/N + inv </> — l/D — d /D.
t P t rr/A’g = 0.036110

inv = 0.014904

sum = 0.051014

r/£>= 0.2618/14.500 = 0.018055

= 0.2800 Table 3-16
P

d/D = 0.2800/13.6255
P P

BZ 0.020550

inv (difference) SS 0.012409

For odd number of teeth d>p (Table 3-24) = 18.85°

^odd= cos 0.946368

cos -^° = 0.999837

Op^- Pj/cos (jip = 14.3977

N-87 Dp cos 90°/M = 14.3954

= 0.280

^'odd
difference) 14.1154



TABLE 3-24

Involute Function inv rfj - ton (!> - (j)

Buckinghom Manual of Gear Design 1935 Industrial Press

Vogel Involutometry and Trigonometry 1945 Michigan Tool

y inv 4) <4° inv 4i inv ifj

0.50 0,0000002215 3,00 0.00004790 4.00 0.0001136

1,00 001772 3,20 05814 4,20 01316

1.50 00598 3.40 06975 4.40 01513

2,00 01418 3.60 08281 4.60 01729

2,50 02771 3.80 09742 4 , 80 01965

5.00 0,0002222 6.00 0,0003845 7.00 0.0006115

.10 02358 .10 04041 .10 06382

,20 02500 .20 04244 .20 06657

,30 02647 .30 04453 . 30 06939

,40 02800 ,40 04669 .40 07230

5,50 0,0002959 6.50 0.0004892 7.50 0.0007528

,60 03124 .60 05122 ,60 07835

.70 03295 .70 05359 .70 08150

.80 03472 ,80 05604 .80 08473

,90 03655 ,90 05856 ,90 08805

Decimal

of Deg 8° 9° 10° 11° 12° 13"
Decimal
of Deg

.00 0,0009145 0.0013048 0.0017941 0.0023941 0.0031170 0,0039754 ,00

,05 9318 13268 18213 24272 31566 40221 .05

.10 9494 13491 18489 24606 31966 40692 .10

.15 9672 13616 18767 24944 32369 41166 ,15

,20 0.0009852 0.0013944 0.0019048 0.0025285 0.0032775 0,0041644 .20

.25 10034 14174 19332 25628 33184 42126 .25

.30 10219 14407 19619 25975 33598 42612 .30

,35 10406 14642 19908 26325 34014 43102 ,35

.40 0.0010595 0,0014880 0.0020201 0.0026678 0,0034434 0,0043595 ,40

.45 10786 15120 20496 27035 34858 44092 ,45

.50 10980 15363 20795 27394 35285 44593 .50

.55 11176 15609 21096 277,57 35716 45098 . 55

.60 0.0011375 0.0015857 0,0021400 0.0028123 0.0036150 0.0045607 ,60

,65
11,575 16108 21707 28493 36588 46120 ,65

.70 11779 16362 22017 28865 37029 46636 .70

,75 11984 16618 22330 29241 37474 47157 .75

.80 0,0012192 0,0016877 0.0022646 0.0029620 0,0037923 0,0047681 ,80

.85 12402 17139 22966 30003 38375 48210 ,85

.90 12615 17403 23288 30389 38831 48742 .90

.95 12830 17671 23613 30778 39291 49279 .95
continued on next Mf;e
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TABLE 3—24. continued

Decimal
of Deg 14° 15° 16° 17° 18° 19°

Decimal
of Deg

.00 0.0049819 0.0061498 0.0074927 0.0090247 0.010760 0.012715 . 00

.05 50364 62127 75647 91065 10853 12819 .05

.10 50912 62760 76372 91889 10946 12923 .10

.15 51465 63397 77101 92717 11039 13028
. 15

.20 0.0052022 0.0064039 0.0077835 0.0093551 0.011133 0.013134 .20

.25 52582 64686 78574 94390 11228 13240 .25

.30 53147 65337 79318 95234 11323 13346 .30

.35 53716 65992 80067 96083 11419 13454 .35

.40 0.0054290 0.0066652 0.0080820 0.0096937 0.011515 0.013562 .40

.45 54867 67316 81578 97797 11612 13670 .45

.50 55448 67985 82342 98662 11709 13779 .50

.55 56034 68658 83110 99532 118D7 13889 .55

.60 0.0056624 0.0069336 0.0083883 0.010041 0.011906 0.013999 .60

.65 57218 70019 84661 10129 12005 14110 .65

.70 57817 70706 85444 10217 12105 14222 .70

.75 58420 71398 862.32 10307 12205 14334 .75

.80 0.0059027 0. 0072095 0.0087025 0.010396 0.012306 0.014447 .80

.85 59638 72796 87823 10486 12407 14560 .85

.90 60254 73501 88626 10577 12509 14674 .90

.95 60874 74212 89434 10669 12612 14789 ,95

Decimal Decimal
of Deg 20° 21° 22° 23° 24° o

of Deg

.00 0.014904 0.017345 0.020054 0.023049 0.026350 0.029975 .00

.05 IS020 17474 20197 23207 26523 30166 .05

.10 15137 17603 20340 23365 26697 30357 .10

.15 1S254 17734 20484 23524 26872 30549 .15

.20 0.015372 0.017865 0. 020629 0.023684 0.027048 0.030741 .20

.25 15490 17996 20775 23845 27225 30935 .25

.30 15609 18129 20921 24006 27402 31130 .30

.35 15729 18262 21069 24169 27581 31325 .35

.40 0.015850 0.018395 0.021216 0.024332 0.027760 0.031521 .40

.45 15970 18530 21365 24495 27940 31718 .45

.50 16092 18665 21514 24660 28121 31917 .50

.55 16214 18800 21665 24825 28302 32116 .55

.60 0.016337 0.018937 0.021815 0.024992 0.028485 0.032315 .60

.65 16461 19074 21967 25159 28668 32516 . 65

.70 16585 19212 22119 25326 28852 32718 .70

.75 16710 19350 22272 25495 29037 32920 .75

.80 0.016836 0.019490 0.022426 0.025664 0.029223 0.033124 .80

.85 16962 19630 22581 25834 29410 33328 .85

.90 17089 19770 22736 26005 29598 33534 . 90

.95 17217 19912 22802 26177 29786 33740 .95

conf/nuetf on next
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TABLE 3-24, oonfinuc'/

Otdrr^s!

r,i D?;' 20 11' 23,'' 2'/' JO'- 31^'
fJc-dr,'i»l

Js't 0.053047 0,033237 0,043017 0.043164 0,0 537 51 0,050300 .00
.<>' 34155 33514 43264 43432 54043 60124 ,05
.10 34304 33742 43513 43702 54336 60441 ,10
.00 34574 33071 43762 43073 54620 60750 ,15

.20 0.034735 0,030201 0.044012 0. 040245 0,054024 0,061070 ,20

.20 34006 30432 44264 40513 55221 61400 ,25

.?.o 35200 30664 44516 40702 55513 6I72I ,30
-jr 35423 30307 44770 50063 55317 62045

.40 0.035637 0,040131 0, 045024 0,050344 0.056116 0,062360 ,40
,4,0 35353 40.366 45230 50622 56417 62605
.50 36060 40602 50001 56720 63022 , 50
<- 'V"/ 36237 403.33 45705 51121 57023 63,3 50 r r

,00 0.036505 0.041076 0, 046054 0,051462 0,057.323 0,06.3630 - 60
.65 36724 41316 46313 51744 ,57633 6401 1 ,65
.70 36045 41556 46575 52027 57040 64343 .70
,75, 37166 iuoi 46337 52312 53240 64677 ,75

.^0 0,037333 0,042030 0,047100 0.052507 0.053553 0,06 5012 ,30

.65 37611 42232 47364 52334 53360 65343 ,35

.00 .37335 42 526 47630 53172 50131 65635 .00

.55 33060 42771 47306 53461 50404 • 66024 ,05

D'sdr'.al

32'' 33'' 26'' V/' 2r>'’' 27"
f)ec/maf

f)f f)C('

,00 0,066364 0,073440 0,031007 0.030342 0,003224 0.107732 .00

.05 66705 73313 31404 00111 03635 103270 ,05

,10 67043 74133 31304 00201 00140 103777 .10

,15 67.302 74550 32204 00633 00614 100277 .15

.20 0-067733 0.0740.32 0,032607 0,001066 0.100030 0,100770 ,20

,25 63034 7.5307 33100 01502 100543 110232 ,25

.30 63432 75633 33506 01033 lOlOIO 110733 , 30

63732 76060 3 30 1

3

02377 101400 111205 •» r
. .>

,46 0,060133 0,07 6430 0,034321 0.002316 0, 101064 0.111305 ,40

.45 60435 76310 34731 032.53 102430 112316 .45

.50 60333 77200 35142 0,3701 102016 112323 .50
55 70103 77533 35555 04146 103305 113343 .55

-60 0.070540 0.077063 0,035070 0.004502 0,103375 0,113360 .60
.65 70007 73354 36336 05041 104357 114373 ,65

.70 71266 73741 36304 05400 104341 114300 -70

.75 71626 70130 37223 05042 105327 115421 .75

,30 0.071033 0,070520 0,037644 0,006305 0,105314 0.115045 .30
-35 72351 70012 33066 06350 106304 116471 .35
-50 72716 30306 33400 07306 106705 116000 .00
.05 73032 30700 33015 07764 107233 117520 .05

cfmlinufd f/n U^f.f
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TABLE 3—24, continued

Decimal
of Deg 38° 39° 40° 41° 42° 43°

Df'cimal

of Deg

.00 0. 118060 0.129106 0. 140968 0.153702 0.167366 0. 182024 .00

.05 118594 129679 141584 154362 168074 182784 .05

.10 119130 130254 142201 155025 168786 183546 .10

.15 119667 130832 142821 155691 169499 184312 .15

.20 0.120207 0. 131411 0. 143443 0.156358 0. 170216 0.185080 .20

.25 120748 131992 144068 157028 170934 185851 .25

.30 121291 132576 144694 157700 171656 186625 .30

.35 121837 133162 145323 158375 172380 187401 .35

.40 0.122384 0.133750 0. 145954 0. 159052 0.173106 0.188180 .40

.45 122933 134339 146587 159732 173835 188962 .45

.50 123484 134931 147222 160414 174566 189746 .50

.55 124037 135525 147860 161098 175300 190534 .55

.60 0.124592 0.136122 0. 148500 0.161785 0.176037 0.191324 .60

.65 125150 136720 149142 162474 176776 192116 .65

.70 125709 137320 149787 163165 177518 192912 .70

.75 126270 137923 150434 163859 178262 193710 .75

.80 0.126833 0. 138528 0.151082 0. 164556 0.179009 0.194511 .80

.85 127398 139134 151734 165254 179759 195315 .85

.90 127965 139743 152388 165956 180511 196122 .90

.95 128534 140355 153044 166660 181266 196932 .95

Decimal
of Deg 44° 45° 46° A -*0

A / CD
O 49°

Decimal

of Deg

.00 0.197744 0.214602 0.232679 0.252064 0.272854 0.295157 .00

.05 198559 215476 233616 253069 273933 296314 .05

.10 199377 216353 234557 254078 275015 297475 .10

.15 200198 217234 235501 255090 276101 298640 .15

.20 0.201022 0.218117 0.236448 0.256106 0.277190 0.299809 .20

.25 201049 219004 237399 257126 278284 300983 .25

.30 202678 219893 238353 258149 279381 302160 .30

.35 203511 220786 239310 259176 280483 303342 .35

.40 0.204346 0.221682 0.240271 0.260206 0.281588 0.304527 .40

.45 205184 222580 241235 261240 282697 305717 .45

.50 206026 223483 242202 262277 283810 306912 .50

.55 206070 224388 243173 263318 284927 308110 .55

.60 0.207717 0.225296 0.244147 0.264363 0.286047 0.309313 .60

.65 208567 226208 245124 265412 287172 310520 .65

.70 209420 22712.3 246106 266464 28B301 311731 .70

.75 210276 228041 247090 267519 289433 312946 .75

.80 0.211135 0.228962 0.248078 0.268579 0.290570 0.314166 .80

.85 211998 229886 249069 269642 291711 315390 .85

.90 212863 230714 250064 270709 292856 316619 .90

.95 213731 231745 251062 271780 294004 317852 .95

continued on next pnge
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I ABLE 3—24, continued

Dedc:al

of Deg 50= 51° 52° 53° 54° 55°
Dectrnal

of Deg

.00 0.319039 0.344779 0.372370 0.402020 0.433904 0.468217 .00

.05 320331 346112 373803 403560 435560 470000 .05

.10 321577 347450 375240 405105 437223 471790 .10

.15 322827 348793 376683 406656 438891 473586 .15

.20 0.324082 0.350141 0.378130 0.408212 0.440566 0.475390 .20

.25 325341 331493 379583 409775 442247 477200 .25

.30 326605 352850 381042 411342 443934 479016 .30

.35 327874 354212 382505 412916 445627 480840 .35

.40 0.329146 0. 355579 0.383974 0.414495 0.447326 0.482670 .40

.43 330424 356931 383448 4160B0 449032 484507 .45

.30 331705 358328 386928 417671 450744 486351 .50

.35 332992 359709 386412 419268 452462 488202 .55

.60 0.334283 0.361095 0.389902 0.420870 0.454187 0.490060 .60

.63 335379 362488 391398 422479 455918 491925 .65

.To 336879 363884 392899 424093 457656 493797 .70

."5 338184 365286 394406 425713 459400 495676 .75

.80 0.339494 0.366693 0.395918 0.427340 0.461150 0.497562 .80

.83 340808 368105 397435 428972 462907 499455 .85

.90 342127 369521 398938 430610 464670 50I3S5 .90

.95 343451 370943 400486 432254 466440 503262 .95

Decinal
of Deg 56° 57° 58° 59° 60° 61°

Decimal
of Deg

.00 0. 505177 0.545027 0.588044 0, 634535 0.684853 0.739397 .00

.05 507098 547100 590283 636957 687477 742243 .05

.10 509027 549182 592531 639389 690110 745101 .10

.15 510964 551271 594788 641830 692755 747970 .15

.20 0.512907 0.553368 0.597053 0.644281 0.695410 0.750852 .20

.25 514858 555473 599328 646741 698076 753745 .25

.30 516816 557586 601611 649212 700753 756651 .30

.35 518782 559708 603903 651692 703441 759568 .35

.40 0.520755 0.561837 0.606205 0.654182 0.706139 0.762498 .40

.45 522736 563975 608515 656682 708849 765439 .45

.50 524724 566121 610834 659192 711570 768393 .50
-55 526720 568276 613162 661712 714302 771360 .55

.60 0.528723 0.570438 0.615500 0.664242 0.717045 0.774338 .60
-65 530734 572609 617847 666763 719799 777330 .65
.70 532753 574789 620203 669333 722564 780333 .70
. ( D 534779 576976 622568 671894 725341 783350 .75

.80 0.536813 0.579173 0.624943 0.674465 0.728129 0.786379 .80

.85 53BB55 581378 627327 677046 730929 789420 .85

.90 540905 583591 629720 679638 733740 792475 .90

.95 542962 585813 632123 682240 736563 795542 .95
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TABLE 3-26

Stock All ov/^ances for Various Methods of

Finishing P rofiles on Spur Gears

cf

Finish

Size Ranse by AI!o~ance on

Diametral Pitch Citcniar Thickness

Remarks

Grf=ii=s

coarser than 4 0.012 to 0.006

4 to 12 O.OGS to 0.003

12 to 64 0.004 to 0.002

AUoir CO fr.ore stock than eoocgh

CO clean np cctring errors and dis-

tortions caased by heat treatment

and hardening.

S=ari=s

4 0.035

5 to 7 0.004

8 to 20 0.003

20 to 40 0.002

40 to 64 0.001

Common practice is to shave gezzs

to reduce errors left by ctczzing,

Sha-rtcg ts used also to make pitch

line rood: thickness greater at mid-

face than at edges. Such teeth are

said to be crovrned, eliptoid, or

enrre shaped.

Ecraishiag

Lzcpiag

nil

nil

Gears are burnished primarily to

get surface finish.

K-at c-acsect Some gear steels, for eza-niple, SAE 2345, haee been obsereed to groer -iiritb heat

treament. To cake alio—acce for the effects of snch gro-sth on backlash and tooth

thickness, determine the increase in pitch radius, A C, as the consequence of

grcerth and find the corresponding change in tooth thickness, Ab, from Table 3—15.

TABLE 3-27

Tolerance on Outside Diameters of Cylindrical Gear Blanks

Practice of Barber-Colmon Co.

Tolerance from Theoretical OD
Range of Blank

Diacecers, Inches

.'.faiinum

Diameter

Precision

Quality

Standard

Quality

General Purpo

Quality

Up to 1/2 theoretical - 0.001 -0.002 - 0.003

1/2 to 2 diameter - 0.002 - 0.003 -0.005

2 to 4 for ail - 0.003 -0.004 -0.007

4 CO S qualities -0.005 -0.007 - 0.010
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Outside

Diameter

Tolerance

(Reductian)

Inches

TABLE 3-28

Tolerance on Outside Diameter for Fine-Pitch Spur Gears

ASA B6.7-1950 AGMA 207.03

Diomctrol Pitch

TABLE 3-29

Tolerances on Gear Blank Runout of Outside Diameter
With Bore for Fine-Pitch Gears

AGMA 236.03 ASA B6.n-1951

Diametral
Class Indicator

Reading

20 to 39 Commcrciol 1.2 .3. and 4 0,003

to to 79 Connercinl 1.2 .3. and 4 0.002

80 and1 finer Cooraercinl 1.2 .3. and 4 0.001

20 to 39 Precision 1.2. and 3 0.002

40 to 79 Precision 1.2. and 3 0.0015

80 and[ finer Precision 1.2. and 3 0.001
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TABLE 3-31

Tolerances* on Bore and Lateral Runout for Fine-Pitch Gears

ASA B6.11-1951 AGMA 236,03

Class
Tolerance on Tolerance on Lateral Runout
Bore Diameter

Commercial 1 0.002 0.002 per inch of radius

;

max 0.004

Commercinl 2 0.001 0.0015 per inch of radius; max 0,0025

Commercial 3

i

,
nnd 4 0. 0007 0,001 per inch of radius

;

max 0.002

Precision 1 0.0005 0.0007 per inch of rodius; max 0.0015

Precision 2, nnd 3 0.0002 0.0005 per inch of radius

;

max 0.001

*The AGMA Standard glvea. In addition to iho tolerancra lltt^d here, atao toterancea on bore taper,

concavity and convexity of mounting and reglaterlne aurfacea, and paralleliam.
* * Tolerance la totaide viatlon from nominal alae. Qllateral or unilateral dlmenalonlncmay be ueed

accordlns; to ahop preference.

“Commercial (Ine-pltch Renta can utunlly be prodt»ced on Renerally available cear-cuttlnR machines and tools

In Rood operating condition without resortlnc to special technique or aijbsequent refining operations^

“Preclalon genra will usually require the best available precision Rear-prod-jction equipment In good operating

condition. Subaequent refining operations such as ahavlng. grlndlnR, lapping and sometimes special techniques

are utunlly required".

RUNOUT. "Runout of a gear, os measured by methods other thnn by running two gears In Intimate contact, la

the total difference between high and low readings of a dial Indlcaler suitably arranged to denote the off-

center relation of the aala of the tooth proftlea with respect to the gear journals or the ails about which the

gear rotntea. It Is twice the eccentricity. It Includes the effect of lateral runout or wobble.

"A gear cutting or grinding machine in proper operating condition should produce teeth without appreciable

eccentricity In relation to the axis of rotation of the machine. Vt'hrn eccentricity occurs It Is almost always

CBuaed by inaccuracies introduced when the geor Is removed from the cutting or grinding machine and then

mounted for Inspection or operation. Runout can be held to close limits only by proper setup of woricplece on

machine; this colls for good accumte fits In journals, bores and locating faces of blanks, shafts, arbors, and

chucks".
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TABLE 2-32

Tolerances* iOr Spur cnc Helical Geers
ASAB6.6 1946

'’All i= Zftzz.-izzrzz-i.T.'zr.z. cf a= irreh.)

Dfs-
P.cstc; 91 Error

cf P i=:r. Dis=eK:r U‘z=uze:i Cfl Pftcc Clrcl

Pfarn i ctsi I -r-cr
tr. PIsn e c f Roration

rLcs

Piter.

Dia-tetAr 2r
V lie 2 ,,r 12 zs 20 ICC Ik' - c 12 2.2 SC IOC

Claaa 1 I , , , , TO C'' Cf ICC , , *

,

, , 5C rr 12.2 ISC

rr.' tr 2 . • « • • • cc cc cO so cf .. »

^

* - 4C SC TO ICC ISC

S', fan} -1 . • . •
rr cc cc sc sc 00 «> . ..

.

30 f f SC ec C*". IZC

S . •
er 20 cc ec sc pr -- » « IS 20 25 30 35 25 « « «

1C c r 20 20 cc sc '

'

" 15 IT 2C 22 25 " •• ...

ds3j ^ I , , ,

,

, , 20 i; ;c i- « « , , • , • • 25 35 / r ec

rtr? tc 2 • • . , «

,

2’'-. 2C 22 e r 22 .. 0 0 • » 1C 15 ZC 22 2C

4': fft/ • • • « 2C 2C '/'' ZS 20 e -
0 0 0 0

r e r 5 5 10

2 • • 12 IS 20 20 22 0 0 • 0
r Sk e Ck T 7 *

1C IC IS 2C 2C 22 30 -• 3?" 5k » 4k

CIssi 2 2 , ^ , , 2C 20 22 22 e •"

yj ,

,

• , , •
I < e

a- t; , • 0 0 IC 2C 2C 22 22 - c 0 0 • • Z'^ 3k 4 r 5

ZCC'. I'p-t! ) s « • IC 10 12 2C 22 zs 30 00 3k 5k 3k « 2 5

10 IC 1C 15 ZC 22 22 • * ZK 23^ 3 3 3k 0/4 / •

»

22 IC 10 IC 12 20 22 -• " 2 2 2>p "in e
>.< • • --

CiS,T2 4^ IC i^r iZ 14 ,

,

, , ,

,

2k t 4 /
>

fOr-r 2 • • • , 10 10 IC 12 1? le . • zk 2k 3 e 3

2'.'.' fpe ) 1C » • 1C IC IC 1C 12 14 IC . • 2 2J^ 2;x Zk e 3 3

22 1C 1C IC IC IC 12 -• • ' 2 2 2 2 2k rtl/
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TABLE 3-33

AGMA Standard Rating of 20-Deg Involute Spur Gears

for Surface Durability and Beam Strength

The rnting of n spur gear is the lower of the two ratings. NOTE: The first step in applying the formulas to
rating determinations is to select materials in accordance with Tables 3—35 and 3—36. For mote information
on AGMA Specifications of Materials see AGMA 241.04—1954, Gear Materiah-Sleel; AGMA 242.02—1946,
Cast Iron Gear Blanks; and AGMA 243.01—1954, Cast Bronze Gear Blanks.

AGMA
Standard

Formula In VTiich

EXTERNAL GEARS

210.01 Horsepower rntingt P Ff = combined factor for face width and

inbuilt factor (Table 3-34)

1946 Pr.F,K,D,C,

Surface Kf = combined factor for materials,

INTERNAL GEAR roofh (ortn aod eacia (Table 3—35)

Durability

For internal gear, replace

Kf with Kfi from Table 3“36. Do= combined factor for pinion

^
d’ (1 -'Jiysl) (tpm of pinion)

° ”
158.000

diameter, speed factor and tpm

d rr pitch diameter of pinion, inchea

r pitch line speed, fpm

Cl •- factor to correct lor increased

stress at start of single tooth

contact (Table 3-37 or 3~3S)

220.01 Normal or continuou.*; horsepower Ff combined factor for face width

rating P, from 8 to 10 hours per day and inbuilt factor (Table 3-34)

1946 under uniform load,

Strength ^
0.5 F,sy^o,

Pa

S allowable bending stress, psi

(Table 3-39)

.AGMA Standard 220.01 recomnwnds that Yk

be determined from a layout, and describes

the method therefor. It also states that

may be taken ns l/i in preliminary or rough

design calculations. Table 3-40 is n better

1= diametral pitch

approximation than is I’ tr 1/4; and not as )', = tooth form factor (Table 3—40).

reliable ns the layout method recommended

in the standard.

^
rf (1 —'fy/sl) (rpra of pinion)

* 126,000

= combined factor for pinion

diameter, speed factor and rpm

d pitch diameter of piniooiitiches

V - pitch line speed, fpm
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TABLE 3-35

Factor K^. for Use in Calculating Horsepower Ratings of

External Spur, Helical ond Herringbone Gears

AGMA 210.01, 21,1.01, 220.01

CASE-HARDENED AND THROUGH-HARDENED STEEL
SURFACE
HARDENED

CAST
IRON

BRONZE

BRINELL GEAR 575 500 350 335 315 225 440 200 40,000 PSI

BRINELL PINION 575 500 450 360 360 450 440 210 180

Kr 1530 Cr 0.9 1350 Cr 03 973 Cr055 G08Cra95 344 Cr 1.0 274 Cr 1.0

GEAR RATIO
TEETH IN GEAR
TEETH IN PINION

_ GEAR RATIO

GEAR RATIO + I

FOR MATERIAL SELECTIONS DIFFERING FROM THESE STANDARDIZED HARDNESS COMBINATIONS AS A

245 BRINELL PINION 225 BRINELL GEAR, THE CURVE CORRESPONDING TO THE 210 BRINELL GEAR 245

BRINELL PINION WOULD BE USED.
FOR CASE-HARDENED AND THROUGH-HARDENED GEARS AND PINIONS. THE DEGREE OF DISTORTION FROM

HEAT WILL VARY, BUT THE TECHNIQUE AND PROPORTIONS PERMIT EVALUATING CONTACT AT 0.95 WHEN WE
ELEMENT IS HARDENED AFTER CUTTING. AND 0.90 WHEN BOTH ELEMENTS ARE HARDENED AFTER CUTTING.

USE A DISTORTION FACTOR OF UNITY FOR GROUND GEARS, WHICH ARE REGARDED AS CUT AFTER
HARDENING.
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Kfl

FACTOR

TABLE 3-36

Factor K^- For Use tn Calculating Horsepov/er Ratings of

Internol Spur and Helical Gears

AGMA 210.0], 211.01, 220.01

CASE-HARDENED AND THROUGH-HARDENED STEEL
SURFACE

HARDENED
CAST
IRON BRONZE

BRINELL GEAR 575 500 350 335 315 225 440 200 40,000 PSI

BRINELL PINION 575 500 450 380 360 450 440 210 180

Kri l530Cri03 1350 Cri 0.9 1060 CriOjS 370 CriOj95 608 CriO.95 890 Cri 0.9 344 Cri 1.0 274 Cri 1.0

GEAR RATIO
TEETH m GEAR
TEETH IN PINIOH

- . _ GEAR RATIO
GEAR RATIO -I

FOR CASE-HARDENED AND THROUGH “HARDENED GEARS AND PINIONS, THE DEGREE OF DISTORTION FROM
heat will vary, but the technique and PROPORTIONS PERMIT EVALUATING CONTACT AT 0.95 WHEN ONE
ELEMENT IS HARDENED AFTER CUTTING. AND 0.90 WHEN BOTH ELEMENTS ARE HARDENED AFTER CUTTING. USE
A DISTORTION FACTOR OF UNITY FOR GROUND GEARS, WHICH ARE REGARDED AS CUT AFTER HARDENING,

FOR MATERIAL SELECTIONS DIFFERING FROM THESE STANDARDIZED HARDNESS COMBINATIONS, AS A 245
ERINEa PINION 225 BRINELL GEAR. THE CURVE CORRESPONDING TO THE 210 BRINELL GEAR 245 BRINELL PINION
WOULD BE USED.
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TABLE 3-37

Factor Cf For Use in Calculating Durability Rating of

20-Degree Stub Tooth Spur Gears

AGMA 210.01 1946

Teeth
in

P inion 1:1

Standard Addendum Teeth
G ear R atio

1.5:1 2:1 3:1 5:1 10:1

Long
Addendum Teeth

Gear Ratio
3:1 10:1

12 0.659 0.579 0.535 0.505 0. )69 0.437 0.810 0.734

13 0.724 0.637 O.S«8 0.557 0.525 0.493 0.841 0.784

14 0.770 0.685 0.642 0.603 0.573 0.543 0.869 0.821

15 0.806 0.720 0.685 0.641 0.610 0.580 0.889 0.850

16 0.832 0.750 0.718 0.673 0.645 0.616 0.904 0.872

17 0.853 0.777 0.743 0.700 0.673 0.646 0.918 0.891

18 0.872 0.798 0.765 0.724 0.698 0.670 0.930 0.907

19 0.888 0.815 0.783 0.745 0.720 O .603 0.937 0.920

20 0.900 0.830 0.800 0.762 0.740 0.713 0.941 0.930

21 0.912 0.843 O.RIS 0.770 0.755 0.732 0.950 0.939

22 0.923 0.856 0.827 0.793 0.770 0.747 0.957 0.945

23 0.931 0.867 0.838 0.804 0.783 0.760 0.962 0.951

24 0.938 0.876 0.848 0.816 0.794 0.773 0.967 0.958

25 0.944 0.884 0.857 0.827 0.805 0.785 0.971 0.963

27 0.953 0.900 0.872 0.843 0.823 0.804 0.979 0.972

29 0.960 0.910 0.884 0.050 0.840 0.820 0.984 0.980

31 0.966 0.920 0.893 0.070 0.851 0.833 0.989 0.985

33 0.971 0.927 0.902 O.PRl 0.863 0.816 0.991 0.992

35 0.974 0.933 0.909 0.890 0.872 0.856 0.998 0.996

38 0.979 0.941 0.917 0.900 0.884 0.870 1.003 1.002

41 0.982 0.948 0.')24 0.900 0.893 0.880 1.006 1.006

44 0.985 0.954 0.031 0.910 0.P02 0.889

47 0.988 0.959 0.036 0.923 0.909 0.897

SO 0.990 0.963 0.041 0.920 0.915 0.904

55 0.992 0.968 0.04? 0.934 0.923 0.913

60 0.994 0.972 0.952 0.941 0.930 0.921

65 0.996 0.975 0.955 0.946 0.936 0.927

Stondard addendum teeth

Addendum =

where P*= dlometral pitch

Lone addendum teeth:

Gear addendums-



TABLE 3-38

Factor Cr For Use in Calculating Durability Rating of

20-Deg Full-Depth Spur Gears

AGMA 210.01 1946

Teeth

in

Pinion

1:1

Standard Addendum Teeth

Gear Ratio

1.5:1 2:1 3:1 5:1 10:1

Long

Addendum Teeth

Gear Ratio

3:1 10:1

12 0.990 0.990

13 1.007 1.010

U 1.020 1.028

15 1.033 1.040

16 0.930 0.860 0.830 0.800 0.770 0.750 1.042 1.051

17 0.940 0.874 0.848 0.820 0.790 0.770 1.049 1.060

18 0.950 0.889 0.863 0.838 0.810 0.790 1.054 1.066

19 0.957 0.900 0.875 0.852 0.828 0.810 1.058 1.072

20 0.963 0.910 0.888 0.864 0.842 0.823 1.062 1.076

21 0.969 0.920 0.898 0.877 0.853 0.839 1.064 1.079

22 0.973 0.928 0.906 0.887 0.865 0.849 1.066 1.081

23 0.977 0.934 0.913 0.895 0.874 0.859 1.066 1.083

24 0.980 0.940 0.920 0.902 0.883 0.868 1.068 1.085

25 0.983 0.945 0.925 0.908 0.892 0.877 1.069 1.086

27 0.986 0.952 0.933 0.918 0.904 0.890 1.070 1.088

29 0.989 0.958 0.940 0.927 0.913 0.900 1.070 1.089

31 0.991 0.963 0.946 0.933 0.922 0.909 1.069 1.090

33 0.993 0.967 0.952 0.940 0.930 0.917 1.068 1.090

35 0.994 0.970 0.957 0.945 0.935 0.924 1.067 1.090

38
1

0.996 0.974 0.963 0.952 0.943 0.933 1.065 1.090

41 0.997 0.978 0.967 0.957 0.949 0.940 1.063 1.089

44 0.998 0.981 0.971 0.962 0.954 0.946

47 0.999 0.983 0.974 0.966 0.959 0.952

50 0.999 0.985 0.977 0.969 0.963 0.956

55 1.000 0.987 0.980 0.972 0.968 0.962

60 1.000 0.989 0.982 0.975 0.972 0.966

65 1.000 0.990 0.984 0.978 0.974 0.970

Standard addendum teefii Long addendum teeth:

Addendum

Where P= diametral pitch

Pinion addendum = 1.5

Gear addendum =

341



TABLE 3-39

Allowable Bending Stress in Steels for Spur Geors

AGMA Standard 220.01 1946

Brinell

Hardness

No. of

Steel

Allowable

Stress,

psi

Brinell

Hardness

No. of

Steel

Allowable

Stress,

psi

160 40.000 315 70,000

210 50.000 335 77,000

245 60,000 360 83,000

270 65.000 440 nnd higher 90,000

TABLE 3-40

Form Factor Yf. for use in Colculoting Strength Roting

of 20-Deg Spur Geor Teeth

NOTE: Tip relief nnd root fillets, as well ns numbers of

teeth, pressure anple and addendums, influence the beam

strength of the teeth on a gear pair. To include the proper

weight on tooth form factor Yf., of nil these variables, the

layout mediod of AGMA Standard 220.01 should be adhered to.

20° Stub, Table 3-5. U'ith 20° Full-Depth Table 3*6,

Number Hob Edge Radius = 0.304//’ U*ith Hob Edpc Radius = 0.24/P

Teeth Gear Gear Gear Gear Gear Gear

on l/I of 50 of 100 of 150 1/1 of 50 of 100 of 150

Pinion Ratio Teeth Teeth Teeth Ratio Teeth Teeth Teeth

17 0.344 0.367 0.374 0.388 0.330 0.351 0.363 0.367

18 0.351 0.371 0.380 0.3‘>3 0.336 0.356 0.368 0.372

10 0.358 0.375 0.385 0.308 0.341 0.361 0.372 0.376

20 0.364 0.378 0.390 0.402 0.346 0.366 0.376 0.380

21 0.369 0.382 0.3')4 0.406 0.351 0.370 0.380 0.384

22 0.374 0.386 0.398 0.410 0.356 0.374 0.384 0.388

23 0.379 0.389 0.402 0. U4 0.361 0.378 0.388 0.392

24 0.383 0.392 0.406 0.417 0.365 0.382 0.391 0.396

25 0.387 0.395 0.410 0 . 420 0.360 0.386 0.304 0.400

26 0.391 0.398 0.413 0.423 0.374 0.390 O .308 0.404

27 0.395 0.401 0.416 0.426 0.378 0.394 0.401 0.408

28 0.398 0.404 0.419 0.420 0.382 0.398 0.404 0.411

continued on next
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TABLE 4-1

Data* Ordinarily Put on Detail Drawing** of a Small Helical Gear

HELICAL GEAR DATA

teeth (NUMBER)

NORMAL DIAMETRAL PrTCH

PITCH diameter
NORMAL PRESSURE ANGLE
HELIX ANGLE
LEAD

HELIX HAND
ADDENDUM
whole depth
backlash
HOB OR CUTTER NO.

MEASURING PIN OR
BALL DIAMETER

DIAMETER (3VER PINS

XX

xxxx
x.xxxx

xx^xx"

xxoxx’xx"

X.XXXX

RIGHT OR LEFT

O.XXX

O.XXX

O.OXX

O.XXX

x.xxx

* methods of FINISHING, GAGING. ANO INSPECTION OF GEARS, AS WELL AS THE REQUIREMENTS ON

quality, vary so WIDELY THAT NO ATTEMPT IS MADE HERE TO INCLUDE ALL THE INFORMATION TIC

DESIGNER MUST PUT ON EVERY DRAWING. INSTEAD, THESE DATA ARE OFFERED AS A PATTERN, WHICH

CAN BE ALTERED ANO EXPANDED TO SUIT THE REQUIREMENTS OF DIFFERENT COMPANIES

X-IFA SECTION THROUGH THE GEAR IS OFTEN ENOUGH. GOOD PRACTICE IS TO PUT ON THE DRAWING

THOSE DIMENSIONS, WITH TOLERANCES, NEEDED IN MAKING THE BLANK. SPECIFICATION OF MATERIAL.

HEAT TREATMENT, AND DATA ON CUTTING THE TEETH ARE STATED IN TABULAR FASHION AND IN NOTES
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TABLE 4-2

Date Oriir.zrlly Fat cn DafeiJ Drewing cf Frns Fitch Hslrca! Gear

'’^ir.t-Picch G^s- Dra-o-f-r Dszz F.^tc-irec tc As—re Ocslf:/,”
Pr^-fee: Jc!p- 1552;

ASA ELn-1551 AGMA 22£.G2

-jTt/
C.Jf/

'M-P.TCf- f^SjCAL CSi? CiT4

"-cT^ :'iL'^=fPr //
RTCr-

FlTCr*

//*//'

rre.’'»::e;5!^ ptc)' C'iwfTf.® /JX/f
rlT^- C'JA^cTfr r^rx

Tc-'Tl'ic C'4 W^T£r xjrx
a_ps:r (;-£ tasle 3 'iai

Cc.*i~ c !rrA.«t'E ‘^tk
M-irn*c 'STS* X.TTX

i^C5£!7rc»i C4TA

WJ/.V.,W F?C'="1U£ ErPCi^ erW
usj.i*\M p-'zy z^’prjP’ cxxvx

viiM.^v i<,LC'ois,E Fii'iosr cccrx

laxzFSJ.i. f.'.rz heat iAXiG?”

gszcz ar* c.i*A i~ :2.Tir:rn:e::r.i siA csT-ires v’rjtxt priciii'-r. i.'; cfeiir para.r.ca—

,
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a-ECES-cT A3/. S:2ei£ac£ Ef.II—1551 eac tblc cc cst:
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s ^C2; elaci cs-C ebe eeceeccc acccra.c7 ace rf;c.c£E7 re pcea-Irz-cc tee prccccEfcc cf jccc gcar-c.

iEiC SECC

Calccc !~s ^C2; elaci cs-C ebe EEcrircc acccra.c7 ace ic pcealrz-cc tee prccccEicE

’^bcc: a gT2E EC cccr^^cc crB~. 2 fcclc, tr/c tele ctc-.Elc te brae ecccErt tc cupper: a<f;cu2c»l7 cte fclse!c

ebe cs-ctECEcj cf ctc gcac Eccrt zee Tt: eec se la:^ ac EC caircc (fEcrcrcEec. Face ificite cbrclc
“C c’ice ececab,,!: prepererer: ce cSw ceccHc cracrirE'cc, te a-rc;c cpricarca, aerf te perrE: cbstlciE^
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3.001

•Regular practice In gear drawlnga li to place data pertinent to the teeth In tabular form. The material

and heat treatment are generally covered by notea. Blank dimmilona, tolerancei, flnleh, and other

dimenalona neceasary to deacrlbe fully the length, alze and ahape of the part are placed upon the

drawing proper.
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TABLE 4-5

Hands of Helix on Helical and Herringbone Geors

ASA B6. 10-1950 AGMA 112.03

Illustration
Item No.

in Standard
Definition

LEFT-HAND
HELICAL TOOTH

RIGHT-HAND
HELICAL TOOTH

2.04 Parallel helical gears operate on parallel axes and the

helices are of opposite hand.

2.03 A helical gear is cylindrical in form and has helical

teetli.

2.06 Single-helical gears have teeth of only one hand on
each gear.

PARALLEL HELICAL GEARS

PARW.I.EU HELICAU GEARS -2.0*

2.25 A left-hand helical gear isone in which the teeth twist

counterclockwise as they recede from an observer

looking along the axis.

2.24 A right-hand helical gear isone in which the teeth twist

cloclrwise as they recede from an observer looking

along the axis.

2.25 Two external helical gears operating on parallel axes

must be of opposite hand. An internal helical gear and

its pinion must be of the same hand.

ni&MT hand

2.07 Double-Helical (Herringbone) Gears each have both

right-hand and left-hand helical teeth, and operate on

parallel axes.

Comment To mesh, the hands on mating (external) herringbone

gears must be reversed.

IGHT-HAND
ELICAL tooth 2.05

Comment
RIGHT-HAND
HELICAL TOOTH

CROSSED helical GEARS - 2.05

Crossed helical gears operate on crossed axes and may

have teeth of the same br of opposite hand.

Selection of the hands on crossed h^ical gears is

influenced by the shaft angle,S. If 2. is large, ®

right angle, ns it frequently is, then the hands are ma e

the same; the sum of the helix angles equals the sha t

angle. If 2! is small, or the shafts ate nearly paral e ,

opposite hands are chosen; the difference of the e ix

angles equals the shaft angle.
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TABLE 4-6

Definitions of Angular Din-ensions for Helical Involute Gears

ASA B6.10 - 1950 AGWA 112,03

Symbol Name Definition

Transverse pressure angle The angle at the pitch point between the tooth

profile and a radial line in a transverse plane

<b
n ^’orr.aJ pressure angle The angle at the pitch point between the tooth

profile and a radial line in a normal plane

CD
X Axial pressure angle The angle at the pitch point between the tooth

profile and a radial line in an axial plane

•b

p
Pitch helix angle The angle on the pitch cyl inder between the

helix and an element of the cylinder

h Rase helix angle The angle on the base cylinder between the

helix and an element of the cylinder

K
P

Pitch lead angle
(the co.Tplerrent of the pitch
hel ix angle)

The angle on the pitch cylinder between the

helix and a plane of rotation

Pase lead angle
(the cor.plefrent of the base
helix angle

The angle on the base cylinder between the

helix and a plane of rotation

Definitions of pitches and the relations of one pitch to another are given in Table 3—2.



TABLE 4-7

Formulas Expressing One Angular Dimension

in Terms of Two Others — Helical Gears

Allan H. Candee Gear Geametry American Machinist, July 4 and 11, 1929

j Transverse
pressure angle

^ Nonnal0 1

n pressure angle
<7)

,X pressure angle

sin<r^
sincr -

,

t COS

tnn CT*

tnncT*^ -
,

/ cosb‘
V

tnn t

~
tnn CD tnn d'

1 X • p

= sin(p^ cosi/'^

tnncD^^ = tnnc/"'^ cos'^’^^

ton fT = tnn<D’ sin 'A
n X p

(b
' X

tnn 0.
ton - rX lanv/'

P

tnn<r„
KanU = "

. ;—
.r sin'i'ji

Pitch helix i/'i. I'nse helix /\^ I'asc Iea4

angle

X Pitch lead on
p angle angle ' angle Tomis

sin cosX;^

sin >h

P cos ^

^

cos X -

p cos^r
* n

p
lan'J'

X
P

tnn i/'

P COS ^
^

tnn \ ^ 1

p tnn\^^

sin'/'i “ coaQ^
t> p n

cos Xj = cos Xp eos®^

Xtnn A
\ P.

tnn Ai - ^P cos

Symbols are defined in Table A—

6
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TABLE 4-8

Standard Tooth Proportions for Involute Helical Gears

See Tables 3-3, 3-4, 3-5, 3-6, 3-7 and 3-8.

In theory, and quite generally in practice, the same generating tools (hobs or cutters) are
used for helical as for spur gears, including the tools for generating fine-pitch pinions on the
enlarged center distance system.

The envelope generated by a hob, orby a rack-shaped planing tool, is the normal basic rack.

The helix angle is flexible and is obtained merely by tilting the hob in the machine tool. Tooth
proportions and calculations are quite generally based on normal diametral pitch Table4-10.

On the other hand, generation of a helical gear with a pinion-shaped cutter is analogous to

mating two helical gears together; the lead on the generated gear is proportional to the lead
on the cutter in the ratio of the numbers of teeth on gear and cutter. This relationship be-

tween cutter and lead accounts for the few available helix angles, which have been more or

less standardized, on the machine tools for generating helical gears by this process. The two
commonly available leads on Fellows machines are 25.904 and 41.270 inches Table 4-17.

Design calculations can be based on diametral pitch just as for spur gears. See Table 4-11.

4-9



TABLE 4-10

Formulas for Calculating Dimensions of Parallel Helical Gears

Using Normal Diametral Pitch (Hobbed or Equivalent

Method of Generating)

To Find From Formula

Pinion pitch diameter, d Number of teeth, Npt the normal

diametral pitch, P and the pitch

helix angle, df
f

^
cos df ^

Gear pitch diameter, 0 Tor parallel helical gears pitch

helices arc equal but of opposite hands

on gear and pinion, Tnble 4—5

/V

D =
^

P^ COS

Center distance, C For external gears d +n

2

Addendum, Op ~
^ ^

or take from Tables 3*5 or

Normal diametral pitch, and

basic tooth proportions

constant. Table 3-4

°P - p
n

Dedendum, hp ~

Tables 3-5 or 3-f*

Normal diametral pitch, and

basic tooth proportions

constant, Table 3-4

^P~ p
n

Clearance, c Normal dinnieirnl pitch, P^ and

basic tooth propottions

constant, Table 3-4

^
P
n

'J'orldnf; depth, Addendums, h: =

Whole depth, Wothlnp depth, fif, and cleatnnce.c -A,.+c

Outside dinineter of pinion, Pinion pitch diameter, (i and i

addendum, ap
d^ =d^2ap

Outside diameter of gear, 0^ Gear pitch diameter, and

addendum, <i,^

Hoot diameters, flp^ Dp Pilch dtamelcfs, f/, D, and
dedcndums,6^, Bq

dp = d - 2bp

Dp-n-ibp

Transverse pressure angle, Normal pressure angle,

and pitch helix angle, d*

tan(T =20”) = 0.16597023
n

tan CC^

cos d>

Base circle diameters, Dp Pitch diameters, r/, /), and
transverse pressure angle,

dp -- d cos

Dp - D cos

Diametral pitch, P Nornxil diametral pitch, P^ P ~ P COS l/'

n

Nptmal circular pitch, Normal diametral pitch, /’

7r = 3.1415927
"

P =77/F„
‘ n n

continued on next
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TABLE 4-9

Thecrefical Outside Diorafers cn Sykes, Cyf, DouSle-HelicoI Gears

Proctice of Fcrrel-Birrr.rngha.si Co ,
Ins.

For rartos of opc-cd 'reouccion

in ezccE': of 3 to 1, an-d a

rr.biirr.arr. cuir. of nurr-boro of

teeth of 53, aod the follo-r/lng

increrrent-c to the pitch

diar.etero:

PC^IO:; GEAR

1 1,600 2,400 0.600
1 . 2S 0 1.920 .640
1.067 1.600 ST “S'?

li 0.514 1,371 ,437
2 O . f.OO 1.200 ,400

2‘4 0,640 0.960 0.320
,333 .800 ,267
,457 .666 .225

4 .400 .600 .200
5 .320 .460 ,160

6 0,267 0.400 0.133
7 .229 . 343 ,114
g . 200 ,300 .100
9 ,170 ,267 .059
10 .160 .240 .060

‘C^m f: iBxrxixt ere rejerttee bbcx^'.b.x m re^^Iar prertice, rerrrfrir.j epeclal tselh

«, Ss ere jiear* tne^ee rctcrx xrji zearr eririr-z rillt r/eere a varia^iar: Ir: cer.ltiT~^iXx

tsr-e Ii expected.

Dia.s.etcal

Pitch

For raticc of cvsai 'redcction cf

3 to 1 or leas, and a rrinir.ar. cu.c:

cf TT^rixcs cf teeth of 36, teeth

h2~e equal a.ddendurm. A.dd the

following increr:er:ta to the pitch

ciarr.eterc cf both oinicn and gear:
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TABLE 4—10 (continued)

To Find From Formula

Circular pitch, /> Norma! diametral pitch, P^
77

/’„COS0

Circular pitch, p Numbers of teeth A'p,iV^ and
_ ud _ 770

’’
^’p

_ 1.5707963

n PNormal tootli circular tliickncss,

pitch diameters f/, D

Normal diametral pitch, P
> » .

n '

(ap
“ n

Rncklash: Allowance for hackinsli is made by diminisliinp by desired amount. fJackInsh allowance should be includei

circular thickness carried forward into calculations for measurcncnts over pins.

Base lielix nn»^lc,

Table 4-7

Involute function, inv for

measurement over pins or balls

Pinion and External Gear

Diameter, '^2 centers of

mcasurini; pins

Normal and transverse pressure

anplcs, p^. 6^

sin (<f>^ = 20®) •=0.34202014

cos
^•h~-

sin O
n

sin

inv

t
n

(i cos

inv

f/ .

pin 77

iV
r

is clintneter of mcasurin;: pin or ball

See Table 3-24 for involute functions.

Base diameter, (/,, and inv P
tS n

cox 0m

Pinion di.imeter, d .

for measurement over pins or

balls

M'lien Spis even

^lien S

p

is odd

./ =(/, +f/ .m 2 pin

d = t/, cos 90/A' +(/ .

m 2 pin

Gear diameter, r>„,, for measurement

over pins or Kalis

Use three fom'ulas, immediately above, substituting/^ fort/,

for f/,,, iVq for Sp, 0
2

for

Lead (inches), /p, ip-

77 = 3.1415927 ^
Pitch dinincters, d, IK and pitch

helix angle, d*

Ip ~ 77 d cot d'

- 77 P cot d’

Lead Numbers of teeth,

diametral pitch, P
helix, d'

rV^,A'^,* Normal

and pitch

/
G

P sin d)
n

P sin df
n

Since lends are directly proportional to numbers of teeth, tlie lends specified for the Renerntlon of mating helical fjenrs should be

precisely ns the numbers of teeth.

confi«s/c</ on next pog>
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TABLE 4-13

One-Diametral-Pitch Dimensions* of 20° Stub, Involute

INTERNAL Helical Gears

Manual of Gear Design, Section 3 Buckinghom The Industrial Press

No. of

Teeth
Root Pitch Internal Base Largest

Cutter
Largest

PinionRadius Radiu.s Radius Radius
R «,• H ^'c

25 13.719 12.50 12.05 11.74616 2.6889 18 19

26 14.220 13.00 12.55 12.21600 2.8760 18 20

27 14.721 13.50 13.05 12.68585 3.0613 18 20

28 15.222 14.00 13.55 13.15570 3.2450 21 21

29 15.724 14.50 14.05 13.62554 3.4274 21 22

30 16.225 15.00 14.55 14.09539 3.6086 21 23

31 16.727 15.50 15.05 14. 56524 3.7889 21 24

32 17.228 16.00 15,55 15.03508 3.9684 25 25

33 17.729 16.50 16,05 15.50193 4.1472 25 26

31 18.230 17.00 16.55 15. 97477 4.3254 25 27

35 18.731 17.50 17.05 16.44462 4.5029 28 28

36 19.231 18.00 17.55 16.91447 4.6800 28 29

37 19.732 18. 50 18.05 17.38431 4.8567 28 30

38 20.233 19,00 18.55 17.85416 5.0330 28 31

39 20.733 19.50 19.05 18.32401 5.2089 32 32

•to 21.234 20.00 19. 55 18.993R5 5.3815 32 33

.11 21.734 20.50 20.05 19.26370 5.5598 32 31

12 22.235 21.00 20.55 19.73355 5.7319 35 35

43 22.735 21.50 21.05 20.20339 5.9097 35 36

M 23.236 22.00 21.55 20.67324 6.0813 35 37

•15 23.736 22.50 22.05 21.14308 6.2588 35 38

46 24.237 23.00 22.55 21.61293 6.4330 35 39

47 24.737 23.50 23.05 22.08278 6 . 6070 35 40

in 25.237 21.00 23.55 22.55262 6.7809 35 41

19 25.730 21.50 21.05 23.02247 6.9547 12 42

50 26.230 25.00 24.55 23.49232 7.1283 42 43

51 26.738 25.50 25.05 23.96216 7.3018 42 44

52 27.239 26.00 25.55 24. 13201 7.4752 12 45

53 27.739 26. 50 26.05 21.90185 7.6485 42 46

54 28.239 27.00 26.55 25.37170 7.8217 42 47

55 28.739 27.50 27.05 25.81155 7.9948 42 48

56 29.240 28.00 27.55 26.31139 8.1678 49 49

57 29.710 28.50 28.05 26.78121 8.3407 40 50

58 30.240 29.00 28.55 27.25109 8.5135 40 51

59 30.740 20.50 29.05 27.72093 8.6863 49 52

60 31.240 30.00 29.55 28. 19078 8.8590 49 53

61 31.740 30.50 30.05 28.66062 9.0316 49 54

62 32.241 31.00 30.55 29, 13047 9.2042 49 55

63 32.741 31.50 31.05 29.60032 9.3767 56 56

64 33.211 32.00 31.55 30.07016 9.5492 56 57

65 33.741 32.50 32.05 30.54001 9.7216 56 58

66 34.211 33.00 32.55 31.00986 9.8939 56 59

67 34.741 33.50 33.05 31.47970 10.0662 56 60

68 35.242 34.00 33.55 31.9.1955 10.2385 56 61

69 35.712 34.50 34,05 32.41940 10.4108 56 62

70 36.242 35,00 34. 55 32.88924 10.5830 63 63

71 36.742 35.50 35.05 33.35909 10,7551 63 64

72 37.242 36.00 35.55 33.82893 10.9272 63 65

get the dimenalona nt nnoUtrr dlnrnetrol pitch, divide the tnhulnr vnluea by the dlnmetrol pitch*

continutd on ntsi
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TABLE 4—13, continued

No. of Root Pitch Internal Base Largest
Cutter

Largest
PinionTeeth Radius Radius Radius Radius

R R.
1

-

73 37.742 36.50 36.05 34.29878 11.0993 63 66

74 38.242 37.00 36.55 34.76863 11,2714 63 67

75 38.743 37.50 37.05 35.23847 11.4434 63 68

76 39.243 38.00 37.55 35.70832 11.6154 63 69

77 39.743 38.50 38.05 36.17817 11,7873 70 70

78 40.243 39.00 38.55 36.64801 11.9593 70 71

79 40.743 39.50 39.05 37.11786 12.1312 70 72

80 41.243 40.00 39.55 37.58770 12.3031 70 73

81 41.743 40. 50 40.05 38.05755 12.4750 70 74

82 42.243 41.00 40.55 38.52740 12.6468 70 75

83 42.743 41.50 41.05 38.99724 12.8186 70 76

84 43.243 42.00 41.55 39.46709 12.9904 70 77

85 43.743 42.50 42.05 39.93694 13.1621 70 78

86 44.244 43.00 42.55 40.40678 13.3338 70 79

87 44.744 43.50 43.05 40. 87663 13.5055 70 80

88 45.244 44.00 43.55 41.34648 13.6773 70 81

89 45.744 44.50 44.05 41.81632 13.8490 70 82

90 46.244 45.00 44.55 42.28617 14.0207 70 83

91 46.744 45.50 45.05 42.75601 14.1924 84 84

92 47.244 46.00 45.55 43.22586 14.3641 84 85

93 47.744 46.50 46.05 43.69571 14.5357 84 86

94 48.244 47.00 46.55 44.16555 14.7073 84 87

95 48.744 47.50 47.05 44.63540 14.8789 84 88

96 49.244 48.00 47.55 45. 10525 15.0505 84 89

97 49.745 48.50 48.05 45.57509 15.2221 84 90

98 50.2.45 49.00 48.55 46.04494 15.3937 84 91

99 50.745 49,50 49.05 46.51478 15.5652 84 92

100 51.245 50.00 49.55 46.98463 15.7368 84 93

101 51.745 50.50 50.05 47.45448 15.9083 84 94

102 52.245 51.00 50.55 47.92432 16.0798 84 95

103 52.745 51.50 51.05 48.39417 16.2513 84 96

104 53.245 52.00 51.55 48.86402 16.4228 84 97

105 53.745 52.50 52.05 49.33386 16.5943 84 98

106 54.245 53.00 52.55 49.80371 16.7658 84 99

107 54.745 53.50 53.05 50.27356 16.9372 84 100

108 55.245 54.00 53.55 50.74340 17.1087 84 101

109 55.745 54.50 54.05 51.21325 17.2802 84 102

no 56.245 55.00 54.55 51.68309 17.4516 84 103

111 56.745 55.50 55.05 52.15294 17 . 6230 84 104

112 57.245 56.00 55.55 52.62279 17.7945 84 105

113 57.745 56.50 56.05 53.09263 17.9659 84 106

114 58.245 57.00 56.55 53.56248 18.1373 84 107

115 58.745 57.50 57.05 54.03233 18.3087 84 108

116 59.245 58.00 57.55 54.50217 18.4801 84 109

117 59.746 58.50 58.05 54.97202 18.6515 84 no
118 60.246 59.00 58.55 55.44186 18.8229 84 111

119 60.746 59.50 59.05 55.91171 18.9942 84 112

120 61.246 60.00 59.55 56.38156 19.1656 84 113

121 61.746 60.50 60.05 56.85140 19.3370 84 114

122 62.246 61.00 60.55 57.32125 19.5083 84 115
123 62.746 61.50 61.05 57.79110 19.6797 84 116
124 63.246 62.00 61.55 58.26094 19.8510 84 117

125 63.746 62.50 62.05 58.73079 20.0224 84 118

*To get the dimensions at another diametral pitch, divide the tabular values by the diametral pitch.



TABLE 4-14

Formulas for Calculating Dimensions of Crossed Helical Gears
(Spiral Gears)

To Find

Shaft angle, ^

Hands of helices

Pitch diameter of

driver, d

Pitch diameter of

follower, D

Pilch helix an/jlc of driver,

if/p and of follower

Formula

^ shaft angle

small shaft angle

Both right or both left when shaft angle is sum of helix angles. The driver gener-

ally has the larger helix angle. The hands arc opposite when the difference of

the helix angles equals the shaft angle.

Number of teeth, Np', normal diametral

pitch, P„; and helix angle, tjfp

Number of teeth, Npi normal diametral

pitch, P„; and helix angle, tf/p

Pn
'!‘d

P„ COS ij/fr

Center distance, C Pitch diameters, d, D

Any two external, involute helical gears of the same normal diametral pitch will mesh together, provided the

shaft angle and center distance are varied to suit. If the quotient of the two foregoing formulas for pitch di-

ameters is formed to eliminate P„, the following fundamental relationship among numbers of teeth, helix

angles and pitch diameters is obtained:

AV D cos

N„ d cosv''o

Any pair of crossed helical gears has to satisfy the Inst relationship. A pait of patallel helical gears also

satisfy it as a special case, for This transcendental equality is readily solved so long ns d and D

constitute the quantities to be found. ttFen, however, a pair of crossed helical ge.irs are desired for shafts

at a specified distance apart, finding suitable helix angles becomes n ttinl-nnd-error calculation. Graphical

methods ate helpful (sec Section 3, Manual of Gear Design, by Buckingham or a textbook on kinematics of

machinery) in finding an approximate solution, after which trial and error methods soon reduce the errors in

angles to the desired degree of accuracy for design purposes.

Lead, inches, on

driver. Ip

Lead of follower, /g.

Pitch diameter of driver, t/; pilch

helix angle, 1,'/^

Number of teeth, IVf, normal dia-

metral pitch, P^; and pilch helix

angle,

tnn v'/p

*F ;
sin

Tooth proportions

and other data

Same as for parallel helical gear See Tables 4-10 and 4-11



TABLE /{-15

DfifintfJons of Confocf Rafia, Invclufe Hc-licol Gears

/SA Ef., 10-1950 /-GMA 112.02

IT'S,

if! f^p-fidsf/i
Syenbo/ Definition

?,.Z6

8.37

& Sf/

AA/ Fg.'T'S v/'Heh js length of the teeth in on oxioi

(F F,ffectv/fi Fp.ee io the portion thot r.'.fiy

pctugily come into cciotoct vrith rnntinf' teeth, ss

cccpp.ionoW'f one tt.errher of a peir of georo tr.pf/ hove

0 greeter fp.ee vHiin then the o&ter,

(Fj Totei Fsce 7,'irl&i ie the p.cwel dintenoion of e

gep.r hip.n'r: thp.t exceeds the effective fp.ee width, or

p.e in dovhie-heticei geero wherethe totrA fece width

includes eny distance separating rigjrit-hp.nd p.r/i left-

hand helices.

B.44 (Q) Face Advance is the distance on p. pitch circle

tdirotsgh vihich a helical or spiral tooth rno-ves from the

position p.t which contact heginp, at one end of the
too&i curve to the position v/ien ccntP.ct ceases at the
ftther end.

n.ic

n.YJ

n.iF,

11,19

11,25

11,21

frs^ Cr,ntact F.atio is the ratio of the arc of action to

the circular pitch, and sometimes is tlought of as an
average number of terrth in contact. For involute gears,
the contact ratio is obtained most directly as the ratio

of the length of action to the base pitch,

(m) Ttansr/erse d^.ntact f' atio is the contact ratio in
the transverse plane,

(rs^ 1formal Contact Fatio is the contact ratio in the
normal section.

fm^J Axial Contact fiatio is the ratio of face width tfi

the axial pitch Ir, hcllcs! teedi.

(mp) Face Cy,ritact Fatio is the ratio of the face
advance to the circular pAtch, usually has/ing the same
value as gzl*j contact rp.tio.

{m,) TotP.l Contact Fatia is the sum of the transverse
contact ratio and axial contact ratio, v/hich r;,ay he
thought of as the average total number of teeth in
contact in parallel hellcsf gearsor .-‘.plrsf b'rvel gears.
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TABLE 4-16

Formulas for Contact Ratios. Involute Helical Gears

Manual of Gear Design, Section 3 Buckingham The Industrial Press

To Find From Formula

PARALLKL III-LICM. GKARS (EXTERNAL OR INTERNAL)

Face contact ratio,

trip

Transverse contact

ratio, m
Item 11.17, Table -1-15

Transverse contact

ratio, m

PARAI.Li;i, IIELICAI. GEARS (EXTERNAL OR INTERNAL)

Total contact Face contact ratio, lUp, transverse

ratio, m, contact ratio, m
~ ^ ^

IIERRINGHONE GEARS

Apply the /orepoin;; formulas to linlf the face wicitli.

One reason why helical anti herringbone peats run mote quietly nnd smoothly than spur pears is the con-

tinuity of cnpnpement of the teeth ns the consequence of face ndvnnce. Since face contact ratio depends

directly upon both face width anti helix nnple, either or both can be adjusted to ensure continuity of en-

papement, nnd provided the machine tools can be set to the required lend nnples, Rouphly the helix nnple

on a double helical or herrinpbone pear has to be about twice that on a sinple helical pear of the same

face width to pet equivalent contact ratios.

CROSSED HELICAL GEARS

The formulas are rather complex. The render is referred to the Ruckinpham books, particularly Section 3,

Manual of Gear Design,

Face width, F; circular pitch, p;

and pitch helix nnple, tj/

F tan 1^1

PARALLEL HELICAL GEARS (EXTERNAL)

Pitch radii, r nnd R; base radii, r,,.

outside radii r^, R^ \ center distance,

C; circular pitch, p; nnd transverse

pressure nnple, <!>

'ir
’ - r ’ + 'IR C sin ^o b o o ~

p cos ^

PARALLEL HELICAL GEARS (INTERNAL)

As above, except that R, denotes the

radius of the addendum circle of the

internal pear

Ir ' -f," + C sinr^i-'jR/'-R ’

o b
I

°

p COS 6

HELICAL PINION AND RACK

Addendum of rack, n: and forepoinp

symbols for pinion

•T a- sin ^ - Tj’ - r sin ^1

p sin cos (5

4-20



TABLE 4-17

Minirnurn V/idfh of Fcce for Continuous Helical Action

Of Helical and Herringbone Gears vrith Helix Angles
Of Aoproximcfely 15 and 23 Degrees

Tbe Internal Gear The Fellov/s Geor Shaper Co

G£^=

STAGGzRSD
K'SirtfN'GSOSr

GSeR
RSUiTIOn EErv/EErJ KELtX
AMO PRESSURE AMGLES

DIacstral
P&ch

Korir^I

Pitch
Helix Angle

Lead of

Helix in

Inches

Minimuci
VHth of Face
"F" in Inches

5/T 5.1g4 15‘-20' 41.270 2”/„
5/7 5.4S5 23 - 35* 25.904

f/g 6.205 14 - 55 41.270

6/g 6. 518 23 25.504 I”/«
7/9 7.254 15-12 41.270

7/9 7.629 23'- 25' 25.504

g/IO 8.275 14' - 55' 41.270 i”/«
g/10 8.691 23' 25.904

9/11 5.324 15-9 41.270 119/
/e4

9/11 5.801 23°- 20' 25.904

10/12 10.345 14“ - 55

'

41.270 1^4
10/12 10.863 23“ 25.904 V,

12/14 12.418 14 - 55 41.270 “4
12/14 13.036 23° 25.904 *4
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TABLE 4-18

Proportions for Cut, Double-Helical Gears With 6 H-Type* Arms

Farrel-Birmingham Company

Dimension Defining Diagrams Formula for Computing Dimension

A = 1.6 B for steel casting

= 1.8 S for cast iron

horsepower

'J rpm

1

- 5

horsepower

N rpm

horsepower

rpm

= 0.33 IV

F* = Face

G - Table 4-19

H ^F/12

J = Tabic 4-19

K =0.33 11’

L =0.33 11’

(average)

(minimum)

(maximum)

11’ = 0.33 'IdF, Table 4-20

ir, = 1!’— 0.8 inch taper per

foot (Tabic 7-22)

'Moit genrs of 6*lnch face and over ore ll-type conalructton. See Table 4-2 J for croia-onn and aoIld*<vrb prororUona.

TABLE 4-19

Rim and Web Thicknesses of Lorge Herringbone Gears

in Terms of Diametral Pitch

Proctice of Forrel-Birminghom Company

Diametral Dimension in Table 4-18

Pitch G J

3/4 4-3/4

1 1-1/4 3-5/8

1-1/4 1 2-15/10

1-1/2 7/8 2-7/10

1-3/4 7/0 2-1/8

2 3/4 1-7/8

2-1/4 3/4 1-11/10

2-1/2 3/4 I-9/I6

3 5/0 1-5/10
3-1/2 5/8 1-1/8

Diametral Dimension in Table 4—18

Pitch C J

4 0/16 1

4-1/2 9/10 15/16

5 9/16 7/8

6 9/16 3/4

7 1/2 5/8

8 9/16

9 9/16

10 1/2

12 7/16

14
3/8

16
3/8
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TABLE 4-20

Arm Width W of Large Herringbone Gears in

Terms of Diomefer (In.) and Face (In.)

Practice of FarreNBirmingham Co.



TABLE 4-21

Proportions of Cross-Arm and Solid-Web

(Medium Size*) Herringbone Gears

Practice of Farrel-Birminghom Co,

WIDTH or iRM,W = 0.33 OF

(SEE DliGPAV O'" TASEE <-l8)

OR TAi<E FROM table -i-ZO

THICKNESS Gw C CROSS ARM OR
SOLID WEB IS NOT LESS THAN G
OF table a -19 NOR GREATER

THAN I.SG.

•» FOR face widths or 6 INCHES

AND OVER the m-ttpe con-
struction IS PREFERRED.
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TABLE 4-24

Flange Depths on Cost-Steel Industrial Gear-Blanks of Any Face Width

And Over 25 Inches in Diameter

Date from The Falk Corp

READ VALUES TO NEAREST

EXAMPLE
lOO'-DIA GEAR, TRACE LINE A-A-A -MIN DIM.A=a|-

MIN DIMENSION A IN INCHES
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TABLE 4-25

Arm Proportions on Cost-Steel Industrial Gear-Blanks Having Rotios of Outside
Diameter to Face Width Between 8 to 1 ond 3 to 1

Data from The Falk Corp

Inasmuch ns arm proportions are influenced by pattern and foundry practices alternate designs

are provided, Table 4—26. The proportions illustrated by this table are f:eneraUy used for designs

wherein the face width is changed by varying the widths of the rim and hub sections between

arm faces.
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TABLE 4-27

Minimum Hub Thickness of Cast-Steel Industrial Gear Blanks Over 25 Inches in Diometer

Data from the Falk Corporation

EXAMPLE
FOR 8" BORE 3-DP TRACE LINE A-A-A HUB THICKNESS =

VALUES SHOWN ARE BASED ON BORES WITH STD AGMA KEYWAYS AND
FOR THE FOLLOWING FACE WIDTHS

6-5 a 4 DP 10" FACE MAX

a 3 DP 12" FACE MAX SEE TABLE 8-11 FOR

2r a 2 DP 15" FACE MAX AGMA STANDARD KEYWAYS

a I^DP 18" FACE MAX

i a IDP 21" FACE MAX

FACE WIDTHS IN EXCESS OF THESE MAXIMUMS REQUIRE
SPECIAL CONSIDERATION. VALUES TO BE READ IN NEAREST

MIN HUB THICKNESS OVER BORE IN INCHES
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TABLE 4-28

Counterbore Dimensions Within Hubs of Cast-Steel Industrial Gear Bfonks

Over 25 Inches in Diomefer

Data from The Folk Carp

COUNTERBORES

1. UP TO 5’ EOP.E

NO COUNTERSORE UNLESS HUS LENGTH IS

MORE THiN 2 TIMES THE SORE OIA

2. 5" TO 14~ SORE
WHEN HUB LENGTH ECUALS OR EXCEEDS I

-i

TIMES BOSE OIA, COUNTEfiSORE IS TO BE PROVTDED

3. lA" BORE ANO UP

ALL Huas TO EE COUNTERBORED IF POSSIBLE

DIMENSION A EQUALS AFPROX 4 OE HUS LENGTH
DIMENSION B equals ^ FOR BORES UP TO 14" DIA

DIMENSION B equals FOR BORES 0-VER 14* oiA

examples

L S'-BOP.E I2"-L0NG HUS A = 4" B = ^
COUNTEREORE EQUALS 6^ OIA

2, IS'-EORE 24*-lONG HUS A = S" 8 = ^
COUNTESSORE EQUALS 15-^ DIA

TABLE 4-29

Tolerances on Commercial Helical ond Herringbone

Gears for Pitch Line Speeds Less Than 2500 fpm

Data from The Folk Corporation

Diameter Alloirable Runout
Range, in Plane of Rotation
Inches Trued to Bore

Concencricit7
of Bore to

Ontside Diameter

Tolerance
on Out-

side Diameter

2 to 10 0.002 0.002 +0.001, -0.005

10 fo 30 0.002 0.002 +0.001, -0.010

30 fo 60 0.003 0.003 +O.00Z -0.015

60 to 90 0.003 0.003 +0.003, -0,020

90 to 120 Oj004 0.004 +0.004, -0.025

120 to 150 0.004 0.004 +0.005, -0.030

Tables 3—27 to 3—32, inclusive. Also give tolerazices for spur and helical gears.
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TABLE 4-30

AGMA Standard Ratings for Surface Durability and Strength

of Helical and Herringbone Gears Operating at Linear Speeds
Less Than 4000 Feet per Minute

AGMA
Standard Formula- Definition of Terms

21 1.01

19^4

Surface

Durability

EXTERNAL

Horsepower rntin;;, P

p^f,k;d.

Ff
- combined factor for face width and

inbuilt factor, Table 3-34

“ combined factor for materials, tooth

form and ratio. Table 3-35

'

l

=r (rpm of pinion)

Q ^ 178 -f -JKJ

* 126000

INTFUNAl.

Substitute for

Table 3-36

D„ combined factor for pinion speed and

pitch diameter

d - pitch diameter of pinion

V pitch line speed, fpm

221.01 Normal or continuous racing

1948 bused on a service factor of

Strength one Is

not appli-

cable to P = 0.3s

marine or
which is half the peak horse-

high-speed
power rating.

gearing.

1. Simple ,r 78
]

gear trains
<7 I ,— |(rpm of pinion)
bs + wi

395000

s allowable bendinj? stress: 230 times

Drinell hardness for steel; 40 percent

of ultimate tensile strength for bronze

and alloy iron; 300 times core Brinell

hardness for case-hardened sears,

s- strength form factor. Table 4—31

F - effective face width in inches

Z — length of line of action in inches,

compute or obtain from layout

^ angle factor. Table 4—32

combined factor for pinion speed

and pitch diameter.

2. Multiple

contact gear

trains

For double countershaft, simple gear

trains use twice the rating of an equiv-

alent single set multiplied by the load

division factor.

In commercially manufactured
planetary transmissions, the load

division factor is taken as 0.9.

If the load division is manually
adjusted or automatically equalized,

the load division factor is 0.95.

Planetary ratings ate equal to 0.9 of the

number of planet pinions multiplied by

the rating computed for an equivalent

simple set. The contact between the sun

pinion and planets is critical.

• In the AGMA StondnrU thin factor ll the yroducl of four comoanenll, two of which hove been Incorporated Into

Tnbleo 3-34 and 3-35 on a banls of minimum valueo for Rood practice. An allernole anil more exact method of cal-

culation la provided In the Standard.
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TABLE 4-31

Determination of Conservative Value of Tooth Form
Factor for Helical Gears

AGMA 221.01 - 1948

Layout Measurement and Computations

Construct section of generated tooth profile in

normal plane for one diametral pitch (or larger,

as preferredl

Measure the thickness of the tooth t^,

at section where generated fillet joins

the involute profile. Compute ratio

r/t^.

Also measure distance X, and find

2X

r _ GEWEffATEO FILLET RAOlUS

TOOTH THICKNESS

Form factor, Y approaches the value
b

4X/3 for steep angle helical gears; it

approaches the value 2X/3 for low

helix angles. Accordingly the latter

value is conservative.

From curve for stress concentration

factor, find K to correspond to computed

r/t^ ratio

Yh

Vhk=-

For approximations, K may be taken as

1.33 for fillets cut with round nose hobs.
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TABLE 4-32

Angle Factor M for Strength Calculotions of Helical Gears

AGMA 221.01 1948

. , _ ,, cosine l
''

Angle Factor Mf,

cosine o

14S'°

Traverse Pressure Angle = ^
17° 20° 22,'4° 25° 14!4°

Normal Pressure Angle = 6^

17S'° 20° 22° 25°

5
° n 1.041 1.061 1.079 1.009 1.031 1.046 1.064 1.072

7-1/2° bbsi 1.055 1.071 1.092 1.058 1.072 1.098
o

o BB 1.029 1.049 1.068 1.087 1.018 1.034 1.050 1.063

12
° 1.010 1.021 1.041 1.060 1.070 1.012 1.029 1.042 1.058 1.082

15
° ,000 1.010 1.030 1.048 1.066 1.000 1.018 1.031 1.048 1.071

18
°

.984 .995 1.012 1.030 1.040 .087 1.002 1.020 1.034 1.059

23 °
.951 .962 .080 .997 1.014 .055 .972 .992 1.002 1.030

30
°

.895 .006 .924 .939 .056 .905 .924 .940 .956 .983

35
°

.846 .856 .872 .888 . .904 .859 .877 .896 .914 .943
o

o .791 .801 .816 .831 .846 .809 .829 .849 .865 .898

45° .731 .740 .754 .765 .781 .754 • 775 .796 .815 .847
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TABLE 4-33

AGMA Standard Helical and Herringbone Mill Gears

AGMA 321.03 1951

AGMA
Stnndard

Formula Definition of Tcrmn

321.03 Suririrr durability F, - Tnble 3-34

Ifornepower rntin;; in /Cj.— 'Xnhic 3'"35

Stnndnrd
P'^F, K,D„ Wu

d ” pitcb diameter of pinion

321'.03 Govern V’~' pitcli line npced, fpm

flenrs directly

connected to

.if 1
(1 \ r- (rpm of pinion)

L7C 'IfJ

W/i ri fnctor dci>cndin^ upon npced rntlo nnd

bnrdnertnen of mnterinln, Tnble 4—34
;;rinding millo

nnd kilnn. It

D
1 26000

in npplicnble

to nemi-encloncd Dram tstrrnf;lh rating

pcnrinf! but not
Snrne nn AGMA .Stnndnrd

cncloned npced 221,01 in Tnble 4—30

feduccrn or

fjcrtf motoro.

Service fnctor equirnlent llccommendcd nervicc fnctorn

liorncpowcr in the product of

tile npccificd or nnticipntcd Dtiero 1.25\ une 1.0 if rprn

liorncpowcr, not motor rntinp, Kilns 1,23 / in lenn tbnn 3

nnd n nuitnble nervicc fnctor. llnll milin 1,3

Surfncc durnliility nnd benm Pebble tnilln 1.3

ntrcn/itli munt be cqiinl to or 'J’ube rnilln 1.3

exceed tliin equivnlent Kod milin 1.73

bornepower requirement.

*'Notc thnt the horeepov/nr rating for iitirfaoe flirnblllty nf 321*03 differs /rom that of Htnrvlnrd 211*01, Table 4-i.30

by the quantity y/jj ^
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FACTOR

TABLE 4-34

Factor W for Computation of Surface Durability Rating

of Helical and Herringbone Mill Gears

AGMA 321.03-1951

See Tabic 4—33

GEAR RATIO
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TABLE 4-35

Recommended Service Factors for Helicol and Herringbone Speed Reducerst

AGMA 420.02 1951

Driven Jdachine

Pt'iTZt niover Duration of service
Load Classifications

1

Uniform
Moderate

Shock

Heav7

Shock

Occasional 1/2 hr per day •0.50 •*0.80 1.25

Electric Intermittent 3 br per day ••0.80 1.00 1.50

tncftor S to 10 hr per day 1.00 1.25 1.75

24 hr per day 1.25 1.50 1.75

Wtdti-cylifsdftr Occasional 1/2 hr per day ••0.80 1.00 1.50

tntercal Intermittent 3 Hr per day 1.00 1.25 1.75

co.-sbustton 8 to 10 hr per day 1.25 1.50 2.00

engine 24 hr per day 1.50 1.75 2.00

Single-cylinder Occasional 1/2 hr per day 1.00 1.25 1.75

internal Lntermittent 3 hr per day 1.25 1.50 2.00

combertien S to 10 hr per day 1.50 1.75 2.25

engine 24 hr per day 1.75 2.00 2.25

* cr at^lstz lead Rsait net exceed 100 ptr cent c! ncrrral (lOOV* cve?Ioarf)»

**3/g3tlrrafr. marMrt&r'/ cr load, fr.nat net exceed 160 per cent cf ncrc:fll (100% cverJoed)*

{
Speed redccera es rrjechanical unii* are arrailaiilft In rrlde variety from aeveral rrarrufaetta-er*, UnUs that comply with

AGliA. practice* carry the AG1^A mcTtc^am, SIj:ce the tables assembled here aim to cover tr,achiTut design In general,

rather than the design ^ particular units cr rrachinez, speed reducers as such are considered beyond the scope cf this

vradc, Ftrti^rmcre, a desizn^r cf speed reducers will want the ccmplete stardzrd, not /ust portions cf it a* would be the

case if it were condensed here# Table 4—35 is cited from ACMA 420,02 primarily for v/artt of a mere complete list of such
servlee factors#
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TABLE 4-36

AGMA Standard High-Speed Helical and Herringbone Gear Units

AGMA 421.02 1947

Pinion spends of 3600 rpm and f;rentcr, or pitch line speeds of -fOOO fpm and higher,

or journal speeds of 1300 fpm and higher, exclusive of marine propulsion gearing.

Formula Definition of Terms

Horsepower rating for surface C " center distance, inches

durability F face width of gears, inches

P = F A/ /v (rpm of pinion)

No/Np
”
ilViO (No /Np + D’

t^Q ^ nu.mhrr teeth on /cear

Np number teeth on pinion

W(No/Np + n
' d No/Np

H’ rt tooth load, pounds per inch of face

d ~ pitch diameter of pinion, inches

Among several other more or less

general requirements is this: the

maximum torsional stress, S^, in

any part of the shaft between

journals shall not exceed 66.6/C,

Sj i 66.6 K, /C, .1 constant, Tnhle 4—37

The mnrimum nt rhe couplinp,

including due nllownnces for

stress concentrntion nnd the

effect of keywnys, in to he

bnsed on nominal shaft dinmetcr

nnd shall not exceed 17 per cent

of the yield stren^^th of the

material, that is, approximately

Ss w 0.509 K, Dn ~ llrincll hardness number

4-38



TABLE 4-37

Torsional Stress Constants, Kj, for Design Colculations

of High-Speed Helical and Herringbone Gear Units

AGMA 421.02 1947

K Values
t

Driven Machine

Electric

Motor

Steam

Turbine

Internal

Combustion

Engine

Compressor — Centrifugal 85 85 63

Compressor - Rotary 63 63 55

Compressor — Refrigerant Air Conditioning Service 90

Fan — Forced Draft 85 85 70

Fan — Induced Draft 75 75 63

Generator 110 63

Pump — Centrifugal circulating 95 95 75

Pump — Descaling (with Surge Tank) 55 55

Pump — Pipe Line (Centrifugal) 75 75 63

Pump — Waterworks (Gen. Purpose) 75 75 63

TABLE 4-38

Single Helical Versus Double Helical or Herringbone Gears

There are some applications where single helical gears are definitely superior to double helical gears, and others where just

the opposite is true. The comparisons that follow pertain, of course, to helical gears for operation on parallel shafts, com-
monly designated as parallel helical gears, since herringbone or double helical gears will not mesh and run together on other

than parallel shafts.

(1) In machines where the gears are assembled onto shafts already in place by face-wise sliding along the teeth, there is no
choice; single helical gears must be used. The same condition prevails in change-gear clusters and transmissions in which
the gears are slid into mesh by axial displacements.

(2) In applications where both shafts sustainlarge axial thrusts, single helical gears are preferred to double gears because the
pressure between the teeth can distribute itself evenly across the width of the single helical tooth but unequally on the double

hands of the herringbone tooth.

(3) For the same reason herringbone gears are objectionable for applications wherein both shafts must be anchored against
anal movement.

(4) In designs where only one shaft, or neither shaft, is subjected to significant axial thrust, double helical gears cause no
additional thrust whereas single helical gears induce thrusts that have to be resisted by the bearings on both shafts.
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5-35 Specification dravring of spiral bevel geor 5-32

5-36 fo 5-39 Toofh proportions and limiting conditions 5-33 to 5-35

5-40 to 5-41 Dimension formulas and example of spirol bevel geors of 90°

shaft angle 5-36 to 5-37

5-42 fo 5-43 Dimension formulos for spiral bevel geor at ony shaft angle. . 5-38 to 5-39

5-44 Surface durability of spirol bevel gear 5-40

5-45 to 5-49 Design chorts and data for surface durability 5-41 to 5-45

5-50 Maximum design loods on spiral bevel gears for aircraft .... 5-45

5-51 Sample design calculations based on surface durability .... 5-46
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TABLE 5-2

Defining Tooth Proportions for Full-Depth,

Long and Short Addendums,

ASA B6.8 1950 AGMA

Working depth,

Whole depth, h,

Clearance, C

Long addendum on pinion, 3p

Short addendum on gear,

Ratio in Table 5—5, m

Circular thicknesses of teeth,

fo, fp

Straight and Zerol Bevel Gears

206.03 Gleason Systems

2.000

P = diametral pitch

2.188
+ 0.002

P

0,188
+0.002

P

Table 5—5, for ratio

P

Table 5—5, for ratio

P

Ng number teeth on gear

Np number teeth on pinion

Compute for coarse-pitch gears.

Tables 5-6, 5-9, 5-31 and 5-33.

Table 5—10 for fine-pitch gears.
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TABLE 5-3

Recommended Maximum Foce Width

Straight and Zero! Bevel Gears

Face Width

Strniftht Bevel Gears

Coarse Pitch Not to exceed 1/3 cone distance nor

f^reater than 10 inches

diametral pitch

20 Pitch ti Finer Not to exceed 3/10 cone distance nor

f^TCftter than 8 inches

dinmetrnl pitch

zlcrol Bevel Gears Not to exceed 1/4 cone distance nor

ftrentcf than 10 inches

diametral pitch

TABLE 5-4

Fewest Numljcrs of Teeth to Avoid Undercut, 90°

Shaft Angle, 20 Pressure Angle, Straight Bevel Gears

Number Teeth

on Pinion

Np

Minimum Number

Teeth on Genr

Ratio (Minimum)

13 30 2.31

M 20 1.43

15 17 1. I?

16 It. 1.00
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TABLE 5-5

Long end Short Atfdendums for One Diametral* Pitch According

to Ratios 90 Shaft Angle Straight and Zero! Bevel Gears

ASA B6.8— 1950 AGU.A 206.03 Gleason Systems

P.atio PLnion

Aif-ndtc:

ap

Gear**

Adiendan:

R-sdo

fTl ~ **Q^^'* P

Pinion

Adiendatz

ap

Gear**

Addendcm

“G

1,00 to 1.00 1.000 1,000 1,42 to 1,45 1.240 0.760

1.00 to 1.02 1,010 0.550 1,45 CO 1.48 1.250 0.750

1.02 to 1.53 1.020 0.530 1.48 to 1.52 1.260 0.740

1.03 to 1.04 1.030 0,570 1.32 to 1.56 1.270 0.730

1.04 cc 1.05 1.040 0,560 1. 56 to 1.60 1.280 0.720

1.05 to i.oe 1.050 0.550 1.60 to 1.65 1-250 0.710

1.06 to I.Og 1.060 0.940 1.65 to 1.70 1,300 0.700

i.OS to 1.09 1.070 0.530 1,70 to 1.76 1.310 0.690

1,09 to 1.11 1.030 0. 520 1.76 to 1.82 1.320 0.680

1.11 to 1.12 1.090 0.510 1,82 CO 1.85 1,230 0.670

1.12 tc 1.14 1. 100 0,500 1.85 to 1.57 1.340 0.660

1.14 CO 1.15 1.110 0,390 1.97 CO 2.06 1.350 0.650

1.15 to 1.17 1.120 0.880 2.06 to 2.16 1.360 0.640

1,17 to 1.15 1. 130 0. 870 2.16 to 2.27 1,370 0.630

1,15 tc 1.21 1.140 0.860 2,27 to 2.41 1.380 0.620

1.21 cc 1.23 1.150 0.850 2.41 to 2.58 1.350 0.610

1.23 to 1,25 1, 160 0.840 2.58 to 2.78 1.100 0,600

1.25 to 1,27 1, 170 0.830 2.76 to 3.05 1.410 0.590

1.27 to 1.29 1.180 0.820 3.05 to 3.41 1.420 0.580

1.25 CO 1.31 1. 150 O.RiO 5.41 to 3.94 1.430 0 # 570

1,31 to 1.33 1.200 0.800 3.94 to 4.82 1.440 0.560

1.33 to 1.36 1.210 0.750 4.82 to 6.81 1.450 0.550

1,36 to 1.35 1.220 0,780 6.81 to CC 1.460 0.540

1.35 to 1.42 1.230 0.770

a choice.

•Dfrida •zrr. taSle fcy <il3=etral plich tc fer jartether <f£ac:ctral pitch-

"''c
= cf IsetJ: ett "p — ras'Jjer ef teeth on pinion
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TABLE 5-6

Formi/los for Calculating Dimensions of Straight

Bevel Gears for Operation at 90° Shaft Angle

ASA B6. 8-1 950 AGMA 206.03 Gleason System

2.000

1 Number teeth on pinion iVp, Table 5"*1

2 Number teeth on pear Nq

5 Diametral pitch

4 Face width F. Tabic 5-3

5 Torking depth =-

2.188
(y M*hoIe depth /if '+ 0.002

7 Clearance C=/if— /ijt

8 Pressure angle ^?=20°

Pinion Gear

9 Pitch diameter

10 pitch angle

11 Cone distance

12 Addendum

13 Dedendum

14 Dedendum angle

15 Face angle of blank

16 Hoot angle

17 Outside diameter

18 Pitch apex to crown

19 Circular thickness

20 Backlash

21 Chordal thickness

22 Chordal addendum

23 Tooth angle

24 Limit (mar.) point width

25 Tool axial advance

.3
p

y = 90 - r

P

« t
’ C

I fan

Np

Tnble 5-5
2 sin P

Tnble 5-5
Op =•

b

So ^ tan'

2.188

p .np

bp

A,

>'o = )' + <'5o

}'r - y - Sp

do -d ^ 2 Up cos }

- D/2 - Op sin )•

. ?.14I6
tp ~ (q

Oq =:

2.1SS
bo ~—— Oj

8 -1 *0
Or. ~ tan

i« = r- So

^ D + 20(3 cos P

A'j, = rf/2 - 0(3 sin P

1.5708

to
“

B, Table 5-9

-- (Op — ao)tan 6 +-
K. Table 5-S

(p’ B
tcp = tp

I
6d’ 2

ten “ to

^CP ~

^

(p* cos y

3-<38 /(p

I 2

id

+ bp tan ^^0

nec "^o

6Z)’ 2

<(;’ COS P

4D

Ao-F
"(

1(3 — 2bp tan — 0.0015

0.002

3-138

X
A„-F

minute.

(Ip - 2ba tnt' (i) “ 0.0015

0.002

For fine pitch Gonrs. 20 to 64 dinmetrol pitch, clrculnr thlckne.ieB c.n be found by dividinc tabular . alue f

Table 5r— 10 by diomctrol pitch.
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TABLE 5-7

Example to Illustrate Tabular Form for Calculating

Dimensions of Straight Bevel Gears

Gleason 20° Straight Bevel Gear System—1951

See Table 5,6 for Formulas

1 Number teeiii on pinion Np= 16 5 'Torking depth 6^ = 0.400

2 Number teeth on gear W^ = 49 6 UTioIe depth 6, = 0.440

3 Diametral pitch P=5 7 Clearance c = 0.040

4 Face width F=1.5 8 Pressure angle (jf>= 20*^00^

Pinion Gear

9 Pitch diameter ^ = 3.2000 D = 9.8000

10 Pitch angle y = is'^s' r = 71°55'

11 Cone distance = 5.1546

12 Addendum ‘‘p = 0.2840 = 0.1160

13 Dedendnra hp = 0.154 he = 0.322

14 Dedendum angle Sp = l°42' 5g = 3°34'

15 Face angle of blank Yo = 21°39' r„ = ifii'

16 Root angle Yr = 1<^’23' = 68°2r

17 Outside diameter dg = 3.740 Oq = 9.872

18 Pitch apex to crown = 4.812 = 1.490

19 Circular thickness ip = 0.3703 Iq = 0.2580

20 Backlash B =' 0.005

21 Chordal thickness ‘CP
^

'CC = 0.255

22 Chordal addendum «cp °-294 «CC = 0.117

23 Tooth angle 2°4l' 2°44'

24 Limit point width 0.102 0.095

25 Tool axial advance 0.002 0.002
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TABLE 5-8

Gleason K Values for One Diametral Pitch for Circular

Thickness Formula Straight and Zerol Bevel Gears

Ratio Number ofTceth on Pinion

13 to 14 15 to 16 17 to 21 22 to 26 27 to 35 36 to 45

Np Values of K in Inches

1.000 to 1.020 — 0.000 + 0.000 + 0.000 + 0.000 4 0.000

1.020 to 1.075 — + 0.020 + 0.02 0 0.015 + 0.015 4- 0.010

1.075 to 1. 140 — 4 0.035 4- 0. 035 + 0.030 4- 0.025 4 0.020

1.140 to 1.260 — + 0.055 4 0.050 4 0.045 4- 0.040 4 0.030

1.260 to 1.855 + 0.075 + 0.070 i 0.070 4- 0,060 4- 0,050 4 0.040

1.855 to 2.250 + 0.060 4 0.060 + 0.060 + 0,050 4- 0.040 4 0,030

2.250 to 2.645 f 0.040 + 0,045 + 0,045 4 0,035 f 0.030 —
2.645 to 3.105 0.020 4 0,025 + 0,025 f 0.020 4 0,015

3.105 to 3.650 + 0.005 4- 0,010 •f 0.010 + 0,005 4 0,000 —
3.65 to 4. 35 - 0.015 - 0,010 - 0.005 - 0.005 - 0,010 —
4.35 to 5.21 - 0,035 - 0.030 - 0,025 - 0.025 - 0.030 —
5.21 to 6.25 - 0.050 - 0.045 - O.OtO - 0.040 - 0.045

6.25 to 7.58 - 0.070 - 0.065 - 0.060 - 0.060 - 0,060 —
7.58 to f).35 - 0.090 - 0.080 - 0.075 - 0.075 - 0,075 —
9.35 to 11.50 - 0 . no - 0. 100 - 0.0U5 - 0.095 - 0,095 —
In caie of choice, uie amaller value

5= Number of teeth on ffe^r
u

Wp = Number of teeth on pinion

TABLE 5-9

Backlash for Straight and Zerol Bevel Geors
Gleason Systems

D.P Dackhnsh

1.00 to 1.25 0.020 - 0.030 Tjjcsc bncklnshcs arc recommended

1.25 to 1.50 0.018 - 0.026 between ficnrs that ate assembled

1.50 to 1.75 0.016 - 0.022
ready to run. Normally desifin

calculations arc based on the

1.75 2.00 O.OM - 0.018
smaller tolerance. Because of

to m.anufncturin/; tolerances and
2.00

2.50

to

to

2.50

3.00

0.012

0.010

- O.Olo

- 0.013

chnnf.es resulting from heat treat*

ment, a backlash upon assembly is

often smaller than that recommended

3.00 to 3.50 0.008 - O.OII
in the table* Accordinfly» the back-

lash used in design calculations

3.50 to 1.00 0.007 - 0,000 should be increased enough to offset

4 to 5 0.006 - 0.008 the changes during manufacture.

5 to 6 0.005 - 0.007

6 to 8 0.004 - 0.006

8 to 10 0.003 - 0.005

10 to 20 0. 002 - 0.001

20 and finer 0.001 - 0.003
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TABLE 5-10

Circular Thickness of Fine-Pitch, Straight Bevel Gears

ASA B6.8-1950 AGMA 206.03

One Dinmetral Pitch, To pet circular thicknesses at another diametral pitch,

divide tabular value by that diametral pitch.

Ratio

m = Nq/Np

Pinion

Circular

Thicknes.s

V

Gear

Circular

Thickness

‘c,

Ratio

m - Nf~/Np

Pinion

Circular

Thickness

‘p

Gear

Circular

Thickness

‘c

1.00 to 1.00 1.570f) 1.5700 1,42 Id 1,4 5 1.7455 1,3901

1,00 to 1 .02 1.5701 1.5035 1.45 I.o 1.40 1.7520 1 ,3000

1,02 to 1.03 1.5054 1.5502 1.40 r.o 1,52 1.7001 1 .3015

1.03 to 1,04 1.5020 1.5490 1,52 to 1 , 50 1.7073 1,3743

1,04 to 1,05 1,5009 1,5417 1,50 to 1.00 1,774 0 1,3070

1,05 to 1,00 1.0072 1,5344 1,00 to 1.05 1.7019 1,3597

1,00 to l.Ofi 1,0145 1,5271 1.05 to 1,70 1,7092 1.3524

l.Ofl to 1.00 1,0210 1.5100 1,70 to 1,70 1,7905 1 ,3451

1.00 to i.n 1.0290 1.5120 1.70 to 1.02 1,0037 1.3379

1,11 to 1,12 1.0303 1 . 5053 1,02 to 1.09 1,0110 1.3300

1.12 to 1,14 1,0430 1,4000 1,09 to 1,97 1,0103 1.3233

1.14 to 1.15 1,0509 1 .4907 1.07 to 2,00 1.0250 1.3100

1,15 to 1.17 1,0502 1,4034 2,00 to 2.10 1,0329 1.3007

1,17 to 1,10 1,0054 1.4702 2.10 to 2,27 1,0401 1.3015

1,10 to 1,21 1.0727 1.4000 2.27 to 2,41 1.0474 1,2942

1.21 to 1 .23 1,0000 1 .4010 2,41 to 2,50 1,0547 1.2009

1.23 to 1.25 1,0073 1,4543 2.50 t o 2.70 1,0020 1 ,2790

1,25 to 1.27 1.0045 1.4471 2,70 to 3.05 1.0093 1.2723

1,27 to 1,20 1.7010 1.4 300 3,05 to 3.41 1.0705 1.2051

1.20 to 1 ,31 1.7001 1.4325 3,41 to 3.94 1.0030 1.2570

1.31 to 1.33 1.710'< 1 .4252 3.04 to 4,02 1,0911 1.2505
1.33 to 1,30 1,7237 1.4170 4.02 to 0.01 1,0904 1,2432
1.30 to 1.30 1,7300 1 . -1 1 07 O.fil to oo 1.9057 1.2359
1.30 to 1,42 1-7302 1,4034

Nq — Number of teeth on geer

Np — Number of teeth on pinion
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TABLE 5-11/

Formulas for Calculating Dimensions of

Angular, Straight Bevel Gears

ASA B6. 8-1950 AGMA 206. 03 Gleason System

1 Number teeth on pinion Np 5 U'ofking depth
2.000

P

2 Number teeth on gear Na 6 ^'hole depth
2.188

h, + 0.002
P

3 Uiametral pitch P 7 Shaft angle V

•1 Face width F 8 Pressure angle ^ (see item 8 after

item 18)

Pinion Gear

10 pitch ntifilc

lOa'I'hcn ^ !.•! less than 90”

lOhU'lien S is peater than 90°

10c Check calculation

1 1 Cone distance

12 Addendum

(from item lOa or 10b)

tan V
A'o///p -t cos i

sin (i8(P-'E)
tan

/Vo/A^r -cos (1809- V)

(from item 10a or 10b)

and less than 90”

A'p/A'c + cos i))

sin ( 180 °-S)

Np/No - cos ( 18(f -S)

ir-y+r

D

h-'‘c

2 sin P

From Table 5~‘^ item I2a

12n n number teeth

on equivfticnt 90^ pinion

~ inn I'go - cquivn-

Icnt 90^^ ratio

13

l^cdendum

H Oedendum angle

15 Fncc angle of blank

16 Root angle

17 Outside diameter

18 Pitch apex to crown

Ap Bin P^o
•oA'r

COB y

“
Ao cos /

Np cos P
tan P90

2.188

e -I POp VT tan —

Vc-y^^c.

yn^y-Sp

c/o ~ cf + Zap cos y

Xo - Ao cos y — Of. sin y

2.188

ro = r + 5p

rp-r-5o

Do = D + cos r

A'o Ao cos r - oc S'" F

V

continued on next page
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TABLE 5—11, continued

8 Pressure angle to avoid

undercut cf}

19 Circular thickness

20 Backlash

21 Chordal thickness

22 Chordal addendum

23 Tooth angle

24 Limit point width

25 Tool axial advance

Pinion Gear

3-1416

Enter Table 5“'12 with Sp and

y. Point of intersection must

not be above curve of selected

pressure angle.

1.5708
=

—

(ap -ag) tan 9S +

K, Table 5—8, using and item 12a

P

B, Table 5-9

fp’ B
tf-p =tp 7

acp = ap -t-

6 rf" 2

fp’ cos y

3438 /tp

Ao \2

4d

bp tan

Ap -F

^CC - ~~
6D^

aco = +

3438 to

Iq’cos r

4D

+ ijj tan ^

(to - 2bp can - 0.0015

A —

F

(tp - 2bo tan <ji) - 0.0015

0.002 0.002

NOTE: Angular gears require special ratio of roll gears for generation on Gleason generators,
the A1C/7S ratio machines is fouml as follows; Decimal ratio of gears n Ap P/z7 5

The decimal ratio for
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TABLE 5-12

Relation Between the Dcdendum Angle and Pitch Angle at Which Undercut

Begins With Sharp-Cornered Tools on Generated Straight Bevel Gears

Gleason 20® Straight Bevel Gear System—1951 Gleason Works

RELATION between PRESSURE ANGLE

DEOENDUM angle, AND PITCH ANGLE

POfi NO UNDERCUT IN STRAIGHT

BEVEL GEARS

l+ATAN'^r llN‘a COS‘«-l

2tantcos2<<

(f- MAXIMUM OEDENDUM ANGLE FOR
NO UNDERCUT

T= PITCH ANGLE OF STRAIGHT BEVEL
GEAR

^ -PRESSURE angle

AO*

PITCH ANGLE CD

2



TABLE 5-13

Example io Illustrate Calculations of Dimensions of a

Pair of Fine-Pitch, Angular, Straight, Bevel Gears

ASA B6.8-1950 AGMA 206.03

I Kcrzber teeth or: plcion OCNII 5 forking depth ^^—0.0666

2 irciziier zitezh cn gear A'g =30 6 ^ole depth = 0.0749

3 Di^ntetrai pfccc P = 30 7 Shaft angle S = 12CP0^

4 Face ’srjdrh II 8 Pressure angle p = 20°0*

Pinion Gear

9 Pitch ciaqieter cl = 0.6667 D = 1.0000

iO Pirch sagle y = 40=54' r=79=6'

sm 60° 0.S66025
lOb can y 0.866025 tan r 5.19589

i£-cosdO=
20

0.166667

11 Coce cisrance = 0.5092

12 Accendcrr: Sp = 0.0463 Rq = 0.0203

IZa EcciTalear 90' ratio, ra.
a

07,5 = 2.45

I3 Dedecioc; bp = 0.0266 ic =0.0526

14 Dscecdtra aagic Pjp = 2=59

'

=5°54 '

15 Face acgle of blank y„=4(f48' r, = 82°5’

16 Root angle Xr = 37=55 ' r^ = 73=12'

17 Octsice diaceter = 0.737 Do = 1.008

18 Pirch sper to crovn

19 Circular thicicsess

Zo = 0.355 = 0.076

Table 5-10 acd in,,, item 12a

p
1^=0.0618 =0X429

10 Backlash nscally can be oaihted in calcclations for fice-pitch gears.

21 Chordal thiciraess t^p = 0.062 fee = 0.043

22 Chordal addeiadcc; = 0,04/ acc = 0-020

23 Tocth angle 4=34'

24 Lircit point -sridth 0.016

25 Tool aiial advance 0.002

•Calculfllioc of of teeth cn e^i^rzlent 90^ pinion, can fac omitted for fine-pitch ^ears, 20 to 64
diametral pitch, beeanse teeth of fine-pitch ccwnhinations rarely need to be balanced « thicfcneas to ecjualiae
atreneths and consequently circtilar thxckneesea, item 19, can be focnd from Table 5—10.
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TABLE 5-14

Diagram Showing Important Bevel Gear Blank Dimensions

ASA B6.8-1950 AGMA 206.03

-The face cone of one

member is made parallel

to the root cone of the

mate. This gives constant

clearance along the tooth

and allows the use of large

edge radii on generating

tools without fillet inter-

lerencc at the small end.

AXIAL
SECTION
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TABLE 5-15

Gear Blank Tolerances on Bores and Shanks of Bevel Geors

Recommendation of Gleason V/orks

Norainal Super-Precision

Size of Gears

Centering

Precision

Gears

General

Quality

Gears

Commercial

Gears

Bore or

Shank Shank Bore Shank Bore Shank Bore Shank Bore

up to 1 inch wring fit

in chuck

wring fit

on arbor

up to 4 + 0.0000

- 0.0002

4 to 10 -r 0.0000

- 0.0003

10 to 20

over 20

0.0002 •f 0.0000 0.0005 -f 0,000 i' 0.001

0.0000 - 0.0005 - 0.0000 - 0.001 - 0.000

0.0003 a- 0.000 + 0.001 0.000 0.002

0.0000 - 0.001 - 0.000 - 0,002 - 0.000

0.000 4. 0.001 •f 0.000 X 0,003
- 0.001 - 0.000 - 0.003 - 0,000

-r 0.000 + 0.002 4- 0.000 X 0.004
- 0.002 - 0.000 e- 0.004 — 0.000

Dimetision# ere in inches.

TABLE 5-16

Tolerances on OD and Crown-to-Bock Dimensions of Bevel Gear Blank

Recommendations of Gleason V/orks

Diametral

Pitch

Outside-Diameter

Tolerance

Crown-to-Back*

Tolerance

2.5 and coarser + 0.000 + 0.000
- 0.010 - 0.004

2.5 to 24 + 0.000 + 0.000
- 0.005 - 0.002

24 and finer + 0.000 + 0,000
- 0.003 - 0,002

•Tolerance may have to be Increased for ^eara on which backing is

grotznd to fit the mcnznting distance*
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TABLE 5-17

Tolerances on Face and Back Angles of Bevel Gear Blanks
Recommendations of Gleason Works

Dinmetral

Pitch

Face Angle

Tolerance

Back Angle

Tolerance

conrscr than 18

*

+ 8 minutes

- 0

•

i 15 minutes

10 Lo 35
15 minutes

- 0
i 30 minutes

35 and i iner
* 30 minutes

- 0
i one deprer

*A cloier to|er«nce !• uauatly naceaaary If faca ccna or back
cona aervea aa a locatinc aurfaca durinf manufactura.

Flrura In Table 5—14

TABLE 5-18

Tolerances on OD and Crown to Bock on Blonks
for Fine-Pitch Bevel Gears

5-1
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TABLE 5-19

Tolerances on Face and Back Angles of Blanks

For Fine-Pitch Bevel Gears

ASA B6.8-1950 AGMA 206.03

Face F ace Angle Back Angle

Width, In. Tolerance Tolerance

1/2
+ 10 minutes

r 0

1/4
+ 20 minutes + one degree

- 0 generally is

satisfactory

3/16
+ 30 minutes
— 0

1/8
40 minutes

- 0

TABLE 5-20

Runout and Other Blank Tolerances for Bevel Gears
Gleason Works

PINION-SHANK TYPE

’These tolerances used only when this diameter is gripping

surface for collet of cutting and testing chucks.

Clean centers after hardening and straighten to a maximum

tunout of .0005” on No. 1 bearing and .001” on No. 2 bearing.

H^hen bearing spacing exceeds 3”j the maximum runout on

No. 2 bearing is .002”.

Proof diameter must run true within 0.0005” before hard

grinding.

continued on next page

5-17
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TABLE 5—20, continued

PINION-BORED TYPE

Back face of hub should not be ground in hard unless the

distortion is excessive.

Diameter and shoulder proof must run true within .0002” be-

fore grinding.

GEAR3-WEB TYPE-COUNTERBORED

CUTTING AND
GEARS-HUB TYPE

Dimension from shoulder to end of hub or mounting shoulder

must be held to +.000”, —.002” for cutting and hardening sup-

port.

Tolerance on other surfaces to be the same as shown on

preceding page. continued on next P*^
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TABLE 5—20, continued

GEARS-WEBLESS TYPE

GEARS -WEB TYPE

Marimuci ouc-of-round in bore is .001" in soft, .003" after hardening but before
grinding.

^eo placed on flat plate, bach of gear should be flat v'uhin the following limits:

Webless Type Web Type

Soft—,001" feeler most not go under Soft— .001" feeler roust not go under
anywhere. anywhere.

Hard—,003" feeler roust not go under Hard— .003" feeler roust not go under at
anywhere. ''A” and .005" feeler must not go

under at "B”. If .004" feeler goes
under anywhere at "B,” .002" feeler
must go under around the entire bore.

Back of gear should be hard ground only when teeth are to be hard ground'and in

special cases.
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TABLE 5-21

Tolerance on Axes Intersection for Bevel Gears
Gleason Works

Gear Tolerance on

Diameters, Intersection

Inches of Axes

up to 12 + 0.001

12 to 24 ± 0.002

2) to 36 ± 0.0025

TABLE 5-22

Coniflex Bevel Gears
Gleason Works

Gleason generators of recent design produce a localized tooth benrinf;

on straipht bevel /;enrs. Such pears arc known as ''Coniflex” bevel gears.

The localization of the tooth bearing permits a slight amount of adjustment

of the gears in assembly and small deflections under loads without con-

centration of pressure on the ends of the teeth.

Advantage of Coniflex gears. The usual operating position of a straight

bevel gear and pinion is shown at (a), while the position after a displace-

ment is shown at (b). In the displaced position, the load still is not con-

cepttated on the ends of the teeth, nor is the length of contact materially

shortened. The gears rvill continue to run smoothly and quietly with a safe

distribution of load.
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TABLE 5-23

Commonly Appliotl Procedure of Gleason Works in Designincj Straight

Bevel Gears for Surface Durability ond Fatigue Strength

Gear rntio, pinion npeeci in rpm, magnitude nml clinrncter of

Step

Number I’ormul.T In Which

First, compute Pm
P,^.C,P, or^ Pj n design load in horsepower

(lesion ioatl

wliichever is greater
Pj c! normal operating load in horsepower

Pm 1- momentary peak load in horsepower

and

63,023 P,

Cg e: service factor. Table 5-24

Tj e: design toripie on pinion in inch-
pinion rpm

Starting torf)ue on pinion

should not exceed 3 T 2 .

pounds

Second, find
100 P.

Pjjjpr^ rated power per 100 rpm of pinion

gear size based
/’too
—--r^

(pinion rpm)on nurface Cm material factor for surface durability.

durability
Table 5-23

finter Table 5-26 with NOTE: If pinion rpm and d^^^ given a

P|p(jand ratio to find an pitch line speed V greater than iODO ft per

approximate pinion pitch min, increase d over that found from

diameter, c/„pp

V 0,262 cfppp (pinion rpm)

Table 5-26,

Third, find numbers EnterTnble 5—2B with

of teeth and
^npp ratio to get an

diametral pitch approximate number of

teetli on pinion.

Formula relationships arc

N„
dr-.-J-

p
(1 (cxnct) pitch dinmetcr of pinion

^ number teeth on pinion

Nq r- number teeth on gear
n

P

Uafio e:—

£

Np

P r-. dinmetrnl pitch

Fourth, compute
„ PYkVC^ Pj r’ maximum horsepower gears can safe-

fatigue ^ 6.3 p ly transmit under normal operating

strength conditions, P
j
should he greater

than Pj,

F " face width (not to exceed one-third

the cone distance)

Yk "• tooth form factor,Table 5-27

V e: pitch line speed, fpm

C„ r, material factor for strength. Table

5-25

P ri diametral pitch
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TABL€ 5-24

Service Factor,* C5 , For Use in Evaluating Loads
on Straight Bevel Gears According to Gleason Procedure

Gleason 20° Straight Bevel Geor System - 1951 Gleoson Works

Character of Load on Driven Machine

Power So»irce Moderate Heavy

Uniform Shock Shock

Uniforn 1.00 1.25 1.75

Lipht Shock 1.10 I .35 1.80

Medium Shock 1.2s 1.50 1.85

•Th!* table |« tor epeectdecreattAf drlvea; for ape^d^increaaiRf drlvea

mid 0 . 2 s to these factoft.

TABLE 5-25

Material Factors, C for Surfoce Durobility

and C

^

for Strength, tor Straight Bevel Gears

Gleason 20° Straight Bevel Geor System - 1951 Gleoson Works

Gear

Brinell

Rockwell
”C"

Pin ton

Dfincll

Rockwell
"C”

Material Factors

Cl, for Cn for

Durability Strength

Cast Iron — - Cast Iron 0.30 O.lOf

Cast Iron — — Annealed Steel 160-200 — 0.30 O.lOf

Cast Iron — — Surface Hardened Steel — 50* 0.40 O.lOf

Cost Iron — — Case Hardened Steel — 55* 0.40 O.lOf

Heat Treated Steel 210-245 — Heat Treated Steel 245-280 0.35 0.50

Surface Hardened Steel — 30* Surface Hardened Steel — 30* 1.00 0.50

Surface Hardened Steel — 50* Case Hardened Steel — 55* 1.00 0.50

Cose Hardened Steel — 53* Case Hardened Steel — 53* 1.00 1.00

*Uinlmum valuea*

fBaaed on cast Iron of coed quality wUh tenalle strencth of at least 30»0C0 pound* per square Inch.

r.
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5-27,

continued

o Cv VO 30 O r- r- 30 30 to CO o o
f 11 in VO CO O CO t/5 30 CO 03 o CM CM CO
•Ho

cc
CO CO CO o\ OV 03 o* 03 03 o. 03 03 o o o O o o o

w
o o o o o o o d o o o o rH pH o

o 0-. VO VO o CO 30 30 »o 30 to -t CM Ov VO CO Ov
o
o

r>ca t/7 t*- C\ o CM CO to 30 CO Ov o o CM CM

K *'cc
CO CO CO eo 03 Oi Oi O. 03 03 o. 03 Ov o o o o o •

o o o o o o o d d d d d o pH pH o

CV CO lO to 03 CM t/5 to to CO CM o •»f rH t-*- •
«v* VO CO Oi o CM CO to 30 I— CO Ov Ov o pH pH m

VO *'r«*
CO CO CO 09 CO 03 03 03 03 03 o, 03 03 03 Ov o O O
o o o o o o o o d o o c O O o pH

0“t CO «/5 t/5 O'x Cl to to to CO Ov 30 CO Ov to HO rtOC ^>< fO tc p- CO o. Cl CO to 30 t- t- 09 03 03 o
VO ‘'vO

CO CO CO CO 09 CO o\ o. 03 d 03 Os Ov Ov Ov 03 03 o o

o o o o o c d d o o o d d o o O d pH t

a» CO 1/5 t/5 O'. CM t/5 to CO CM Ov VO CO Ov to
£

o CM 30 09 o CM CO to VO VO CO CO 03
•. o • CO CO 09 CO 03 03 03 o\ 03 03 Ov Ov Ov o. 03 Ov *

*rv *-vo o • « • • • • • 0 a

o o o c o O o o o o o o o o d o o o o
f

e/:

® ?. •

c CV CO to o «* 09 r-3 CO CM c CO to CM 09 A<
G\ CO 1/5 VO r- o\ o CM CO to to VO r- CO

CO CO 09 CO CO CO Ov o» 03 0\ Ov Ov 03 03 o. Ov c^ pp

a • • « « • • • « • # • » • p I.

bi o o o O o o o o o o o o o o o o o o 2
Ci

o
a o

K ei CO to o CO CO CM o CO to CM 03 to c
fo e CC O CO o to VO eo 03 o CM CO **f to VO VO t— »

c a CO 09 09 eo CO eo 09 03 03 O. o. Ov 03 Ov 03 Ov Ov -
3

o * o o o O c o o o o o o o o d o o o o t>

tl 20 c
fi

u

B

CC fr\ c\O O
OV lO t/3 C3 CM tn to CO CM Ov VO CO o VO u

1 r«- Ov CO -f to CO o. o CM fO fO to VO VO c •
c. 1 r*« CO 09 09 09 09 CO GO 03 Ov o. Ov Ov 03 Ov Ov Ov u

c o o O O O o O O o o o o o o o d d o 3

C g
f.

3.68 to 1.03

F o Ov 30 *-< 30 o CO 30 30 to CO CM o !>• pH c-
09 o CM CO lO VO r- eo Os o CM CO CO to to

% £ CO CO CO eo 09 CO 09 CO Ov o. Ov Ov Ov 03 03 c^
i5

c
£

C\ c o o o o o o o o d o o o O o o o o o
V,

o
o g

o cv 30 VO o CO 30 30 VO to CO CO to CM CD 0 c
VO OV CM m 30 eo 03 o CM CM CO "O' a

us rA fA o
CO 09 CO CO CO CO CO CO Ov Ov Ov 03 Ov c^ Ov 9

ec: o o o o O o d o d d o o d o O o o o
O

o ov CM r- t -t r- r- r*- 30 to -f CO o r*- o "S
CN 00 xn VO o CO to 30 c*- CO Ov o CM CM CO
«-» O ro 09 09 09 CO CO CO CO CO o. o Ov 03 Ov O)

m fo o o o o O o O o o o o o o o o o o o s
c

o 0

Vi o ov CO 09 CM to CO CO CO CO t- VO -f CO to pH e
o

fN V •e m CV O CM CO to 30 p- CO cn c? CM CO
5,

<N G
>

r-

o
t-

o o
r-

o
CO

o
CO

O
eo

o
09

o
CO

o
CO

o
CO

o
CO

d
eo

o
o
o

03

d
Ov

o
03

o
OV

d
M

J

73

O
£

o r- CO eo CM 30 03 o o CO Ov CO h*' -M* pH CO ei 9
fO 09 03 CM CO lO VO r- CD Ov o pH pH CM u
r- r- r- r- CO 09 CO CO CO CO CO CD CO 03 03 Ov Ov

o o o o O d o o <p o O o o O o d m w
m

O Cv
tr» o VO

o CO 03 CO o o o CO 03 CO t*- to CM Ov to o o
to 09 o CO to 30 VO CO Ov O o pH u

r- r- r- r- 09 eo eo eo CO CO CO CO CO CO Ov 03 Ov a «
f4 fv| c o o o o o o o o o o o o o o O o o 'cj

o CO C3 09 CM CM CM o Ov to CM CO
o

m o •«f VO r- O CM CO •e to VO t— CO 03 o o
fn o 1^ r- r- t>- CO CO CO CO CD CO CO CO CO CO Ov 03 o
CVI CN o o c o o o o d d o d o o o o o o o

o

»r\ «/^

C\ fO

m o m C3 CM CO CO fO CM CM 03 30 o Cf
c

o CO 1/3 09 03 CM CO -If to VO t- Ov o
t*- r- r- CO 09 09 CO CO CO CO 09 eo CO O'

(N
" o o o o o O o o o o o o o d d o d o «

>
CM

05
a C

fs;! ro to 30 CO 03 o rH CM CO to 30 r«- CO Ov o £ 3
rH CM CM CM CM CM CM CM CM CM CM CO T

'^'o,S
*

5-25



TABLE 5-28

Approximofe Relationship Between Pinion Pitch Diameter and

Numbers of Teeth for Selected Geor Ratios

Gleason 20° Straight Bevel Gear System — 1951 Gleason Works

CHART TO ACCOMPANY TARLT 5-23

PINION PITCH DIAMETER Id) IN INCHES

TABLE 5-29

Pressure Angle and Ratio on Zerol Bevel Gears at 90° Shaft Angle

Gleason Zerol Bevel Gear System-195'1 Gleason Works

Number of Teech

on Pinion,

Np

*20° Pressure

angle

Number of Teeth on Gear, Sq, and

22!<° Pressure

angle

25° Pressure

angle

17 17 or more

16 20 or more 16 to 19, inclusive

13 25 or mote 15 to 24, inclusive

14 14 or mote

13 15 or more
13 end 14

The basic preaaure anfle la 20**, the larger presaure anglea being used for the ratios aa Hated to avoid undercut. The face width

bBvcl l» limited to 25 percent of the cone distance or lo 10/P, whichever Is the smaller.
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TABLE 5-30

Data Ordinarily Put on Specification Drawing
•y

of Zerol Bevel Gear

ZEROL BEVEL PIMfOM DATA
MOMBEH TEETH XX
DfAMETRAL PITCH X,XXXX
PITCH DIAWETER X,XXX
SHAFT A«St£ XX‘’XX'

PRESSURE A»et£ XX^XX*
HAHD OF SPIRAL

ROOTAHCLE XX°XX'
AODEHmiK O.XXX
WHOLE DEPTH O.XXX
CIRCULAR THICKMESS O.XXXX

CUTTIMG AMD TEST DATA
CUTTIMG SUMMARY MO,
BACHLACH IM ASSEMBLY OOXX TO O.OXX
PART MO. OF MATE
HUMBER TEETH IM MATE XX

MATERIAL a HEAT TREATMEMT
SPECIFICATIOMS
HEAT TPEATMEHT SFECIFICATIC»I

DEPTH OF CASE
CASE HARWIESS
CORE HAROflESS

MOTES OH MACHIMIMG
I, LIMITS OM FIMISH DIMEHSIOMS ARE ± ^

UMLESS OTHERWISE SPECIFIED

Z, BREAK ALL SHARP CORHER3

^A SECTIOM Wl A DIAMETER IS OFTEM SUFFICIEMT, GOOD PRACTICE IS TO PUT OM THE DRAWIMG PROPER
THOSE DIMEHSIOMS, WITH TOLERAIICES, HEEDED IM MAKIHG THE BLAHK. SPECIFICATlOM OF THE MATERIAL,
HEAT TREATMEMT AMD SOME DATA Ofl TOOTH PR0P0RTI0H3 ARE STATED III TABULAR FASHIOM AMO IM

MOTES, DATA FERTIMEMT TO SETTIMGS OF THE MACHIME TOOLS FOR CUTTIMG AMO FIHISHIMG THE TEETH
ARE COMPILED OM A SOPPLEMEMTAR-A SHEET, CALLED A CUTTIMG SUMMARY. VARIATIOMS IM THE METHODS
OF CUTTIMG AMD GRIMDIMG ZEROL BEVEL GEARS MAKE THE DUPLICATIOM AMD MATIMG OF THEM IMPOSSIBLE
WITHOUT A CUTTIMG SUMMARY, THIS IS OME REASOM WHY THE ORDIMARY DIMEMSfOHAL ORAWIHGS OF ZEROL
AMO SPIRAL BEVEL GEARS ARE COMMOMLY REFERRED TO AG SPECIFICATlOM DRAWIMGS RATHER THAM DETAIL
CRAWIMGS.
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TABLE 5-31

Formulas for Colculating Dimensions of Zerol Bevel Gears*

for Operation at 90° Shaft Angle

Gleason Zerol Bevel Gear System— 1954 Gleason Works

1 Number of teeth on pinion

2 Number of teeth on sear

5 Diametral pitch

4 Face width

iVp, Table 5—29 5 ^orkine tleptb

iYq 6 -hole depth

P T Clearance

2.1SS
h, 0.002

P

c - h.- A*

Tabic 5—3 S Pfcssirc anfic O. Table 5—29

Pinion Gear

9 Pitch diameter d - .Yp P D^;,-^/P

10 Pitch anfle V » tan — r-90=-y

D
11 Coae distance 4o r

2 sir. 1

Table 5-5 Table 5-5
12 Addendum Op no

p P

15 Dedendum 6p r. A, - np ~ Aj — Oj;

14 Dedendum an.cle tSp =• tan * —

-

\ A Tabic
Ac

5-55 ~ tin"'— - .\ 1

.4 c 4 c

n Face angle or blank Jo 'T } a- 5

c

r„ = r-5p

16 Root angle
J’k ~y~^p rK»r-5c

17 Outside diametcf a„ - t/ * 2 rJp cos y Da=D-^2ac cos

18 Pitch apex to crown ^ ^ ^ 0/ 2 — iTp sin )' = d'2-ac sin I"

5.1416 1.570S
19 Grcular thickness P

p c <c
= y

~ ~

Y, Table 5-S

P

Norrrjilly refol bevel cetirs have the anme blank preportton* threuchous atvl tooth action a» atraichJ bevel **

may be asserriiled in the safne mountinRe.
TThe dedenium angle consists of two parts: the angle without regard fee the Duplex taper plus the change ir? *•£ ^

Cive Duplex toper.
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TABLE 5-32

Example to Illustrate Tobulor Form of

Calculating Dimensions of Zerol Bevel Geors

Gleason Zerol Bevel Gear System—1954 Gleoson V/orks

See Table 5—31 for Formulas

I iiurnbcr teeth on pinion Np - 16 5 Working depth rc 0.200

2 Number testh on ;;ear /Vo - ^9 6 Whole depth /i, ^0.221

3''Diametral pitch P - iO 7 Cle.arancc C ^ 0.021

-< Face width F ^0.62 5 8 Prennure angle <!> - 20'’"

Pinion Gear

9 Pitch diameter c/r- 1.6000 D r- 4.9000

10 Pitch an^le y- IfPl' r-71'’55'

U Cone distance /1„ - 2.5773

12 Addendum Op 0.1420 *0 - 0.0580

13 Dedendum bp ^ 0.079 ba -0,163

14 Dedendum an^Ie hj, r- 3'’40' Op e- 5^2'

15 Face an/^Ie of blank Y„
-23'''37' r„ - 75"35'

16 Root angle yp r- Id-’ 25' -6(F23'

17 Oufnide diameter tl r-. 1.870o /3„ -4,936

IB Cone center to crov/n z ==2.406
o

= 0,745

19 Circular thicknenn /p ^0.1852 -0.1290

The Duplex Method for cutting Zero] bevel geern provMea a repJd end economJcel method by v/hlch both

the ^esr «nd the pinion ere cut upread blede, l.e,, both aides of « tooth spoce nre finished nimvllaneovnty.

In order to sccompliah this, the root line of the blank Is tilted to pfotiuce tooth bottoms of uniform

vridth, v/hlle malntolnlne proper taper alonK the pitch line. For Duplex ZeroiB, the diametral pitch is

limited to 10 enf] {in(^r if the teeth are to be cut only. If the s:enr teeth are to be eround, a diametral pitch

as coarse as 0 rriMy be used.

5-29



TABLE 5-33

Dedcndum Angle Increment, A S,

for Duplex Toper, Zerol Bevel Gears

Gleason Zerol Bevel Geor Sysfem-1954 Gleason Works

Pressure

Angle

When Shaft Angle Is 90°

Change in Dedendum Angle = A 6 (Minutes)
Where

20°
6663 300 'frf 14 P

\,S = Nq ~ number teeth in crown

A'c Nc F A’c gear = 2Pi4o

4868 300 'Id 14 P F face width
22-1/2° A 5

A'c A'c F A'c d rr pitch diameter of pinioo

3112 300\''</ IIP A„ 'I outside cone distance
25 A 5 " — """ — —

—

A’c AVP V,
P " diametral pitch

Pressure When Shaft Anple is Less or Greater Than 90°,

Angle Change in Dedcndum Angle - A S (Minutes)
Where

20°

22- 1 / 2
°

25
o

A5-
6668 300 1 14 P

~N^~ F J (Vg P (tan )• tan D Ac

4868 300 1 UP
"~n7~

~
> A'c P (tan y + tan P) A'c

3412 300
1

1 14P

)• ^ pitch angle of pinion

r s^pitch angle of gear
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TABLE 5-34

Formulas for Colcoloting Dimensions of

Angulor Zerol Bevel Geors

Gleoson Bevel Gear System—1954 Gleocon Works

1 .'iueier of teeth on pini on tip , Tab le 5-2

0

5 Workinf? depth
2,000

fj r rz ..

2 .Vuriier of teeth on
''r,

0 "j'hoie -iepth

P

2,133
A, + (i.(i(/Z

‘ P

3 Dia eetra I pitch p 7 Sha ft arif; Je X

4 Fbc^s ^ i6tYi P. lahle 5-3 3 PreKKUTe antfle o'/ (item 20)

Pin ion Gear

IterTti 9 to XJ, incla-sivc, an ^iven in Tabic 5—11, can nn-w be uacd to fin4 the pitch an;?Ieo, the equivalent

00—de$xec, hevel-j^ear ratio, an<I the Hc'lcn'iumn.

M Oe>ien'!um an;;Ie
^/r.

= tan A o. Table 5-33 ^'0 tan A?,

15 Face angle of blank
7o y ^ ^9^ r; - r f op

15 Root angle y/r -- y - V I'p r’ -

17 Outside diameter - d Tflp con y 0^^ “ 0 +
20f^

con I’

1 fi .Pitch apejr to ctov/n
’'o

®
'"•o y - ‘‘p y

con J' — nin F

V) Grcular dsicknens
J.J'ilA _ r

" />
lf~

~ ^ (Op - ap.) tan (j,

^
/C, Table 5-3, ur.inf; item l'2a.

20 Win irur preeaure anfjle,
nin V

I. J5 h

/.„ tan

P •Select the preenurc anfjle

(jir, 20'’ or 22!^''’ or 25'’ nnch

that i;!. i« not le«K than the

einiruPi rh'
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TABLE 5-35

Dofo Ordinarily Put on Specificotion Drowing* of Spiral Bevel Gear

SPIRAL BEVEL GEAR DATA
nuuBcn rccTH xx
OlAMCTRiL PITCH X.XXXX
PITCH DIAUETER X.XXXX
SHAPT AHSCE XX®XX’

PRESSURE ANGLE XX»XX'
spiral angle XX®XX'
HAND OP SPIRAL

ROOT ANGLE XX°XX'

ADDENDUM O.XXX

WHOLE DEPTH O.XXX

CIRCULAR THICKNESS O.XXXX
PART NO. OP MATE
number teeth in mate XX

BEVEL TOOTH CUTTING B GRINDING DATA

DRIVER OR DRIVEN
DIRECTION OP ROTATION

SPEED IN RPM
BACKLASH IN ASSEMBLY O.OXX TO O.OXX

summary no.

MATERIAL B HEAT TREATMENT
SPECIPiCATiONS
preliminary heat treatment SPEC
preliminary hardness
heat treatment spec
depth of case
case hardness
CORE HARDNESS

NOTES ON MACHINING
1. LIMITS ON FINISH dimension ARE i A

UNLESS OTHERWISE SPECIFIED
2, break all sharp corners

Accordingly the cuttinc .Nummary becomes ns much n part of (he detailed description of a spiral bese

ficar as docs tlic dtawinp for the blank. In fact a spiral bevel pear cannot be duplicated without a cutting

summnry.

•Good practice is to put on the drawing proper those dimensions, with tolerances, needed in making the

blank. Specifiention of the matetinl, heat ttentment and some data on the tooth proportions are stated in

tabular form and in notes. Data pertinent to the settings of the machine tools for cutting and finishing

teeth arc compiled on a supplementary sheet, called a cutting summnry.
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TABLE 5-36

Defining Tooth Proportions for Spiral Bevel Gears

Long and Short Addendums

Gleason ^Spiral Bevel Gear System — 1952 Gleoson Works

^crfcicg ceprh K
1.700

P
P — Diarnecml pitch

^ole depth fh

1.8S8
(0.005)*

Clearance

Shcrt addendum on

gear

c

P

O.ISS

P

Table 5—37, for ratio

P

Linuting Ratios, Table 5—3S
Nq = number teeth in gear

t/p = number teeth in pinion

Long addendum on

pinion SP

Circular thickness 1.5708 K. Table 5-39
of tooth on gear ^G P

— 1.22 (a- — a_) tan d>r u p

Circular thickness

of tooth on pinion

3.1416

P

Pressure angle 6 O = 20^ is the basic pressure angle

•It is ccnirzos practice or: gears of 10 diametral pitch and coarser to rough-cid 0.005 deeper'-thaii the calculated
depth to avoid having finishing blades cct on ends.

^The data given in fiiis table end the tables that follovr pertain to spiral bevel gears for general industrial

purposes, either with speed increasing or with speed decreasing, and which are more or less recognized as

standard epplicatiens. The teeth are generated and of I2 diarnetral pitch and coarser. There are, on the

ccstrarv, many applications cf spiral bevel gears that do not conform to these standard proportions, for one
reason or another, end which may be regarded ss Special Designs. The Gleason W’orics lists the following

in the latter category: (1) automotive rear-azle drives; (2) formate gears; (3) gears and pinions of 12

diametral pitch and finer which are usually cut bj- one of the duplex spread-blade methods; (4) gear cut

spread-blade and pinion cut single-side, with a spiral angle less than 20 degrees; (5) ratios having fewer
teeth than those listed in Table 5—38.
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TABLE 5-37

Gear Addendum for One Diamefrol Pitch

Spirol Bevel Gcors

Gleason

To obtain addendum select from table value correspondinp to ratio /tiven by the formula.*

Number of teeth in j^car

Number of teeth in pinion

Rntios Add. Ratios AdcL Ratios Add. Rntios Add.

From To Inch

.

From Inch From Inch From To Inch

1.00 1.00 0.850 1.15 1.17 0.750 1.41 1.44 0.650 1.99 2. 10 0.550

i.nn 1.02 0.840 1.17 1.19 0.740 1.44 1.48 0.640 2. 10 2.23 0.540

1.02 1.03 0.830 1.19 1.21 0.730 1.48 1.52 0.630 2.23 2.38 0.530

1.03 1.05 0.820 1.21 1.23 0.720 1.52 1.57 0.620 2.38 2.58 0.520

1.05 1.06 o.nio 1.23 1.26 0.710 1.57 1.63 0.610 2.58 2.82 0.510

1.06 1.08 0.800 1.26 1.28 0.700 1.63 1. 68 0.600 2.82 3.17 0.500

1.08 1.09 0 .790 1.28 1.31 0.6O0 1.68 1.75 0. 590 3.17 3.67 0.490

1.09 1.11 0.780 1.31 1.34 0.680 1,75 1.82 0.580 •3.67 4.56 0.480

1.11 1.13 0.770 1.34 1.37 0.670 1.82 1 .90 0.570 4.56 7.00 0.470

1.13 1.15 0.760 1.37 1. 41 0.660 1.90 1 .99 0.560 7.00 0.460

•In ca®e of cholco, xinv the terser mfdenUun.

TABLE 5-38

Fewest Numbers of Teeth to Avoid Undercut on Spiral Bevel Gears

Glcoson Spirol Bevel Geor Sysfem-1952 Gleoson Works

Number Teeth
on Pinion

N,,

.Minimum Number
Teeth on Gear

'Vc

Ratio

‘'V;

v,.

17 17 1

16 18 1.12

15 19 1.26

14 20 1.43

13 22 1.60.

12 26 2.16

Condition

These limitini: numbers of

teeth ate based on a standard

pressure nn*:le of 20® and for

a spiral an^le of 35 decrees.

If smaller spiral angles are

used, undercut may occur and

the contact ratio may be less.
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TABLE 5-40

Formulas for Calculoting Dimensions of

Spiral Bevel Geors for Operation at 90° Shaft Angle

Gleason Spiral Bevel Gear System Gleason Works

1 Number teeth on pinion A'.,, Table 5—37

2 Number teeth on pear 6 'Sholc depth
cc

ioc21il

3 ninmetral pitch /’ ' p

4 *Fncc width (0.3 F
7 Clearance c - - i

5 Vorkin/; depth h- P
8 Pressure angle 1,') = 2f)°

Pinion Gcnr

0 Pitch diameter ,i^.\,,/p /)-

11i

10 pitch anplc V-.an-' ^ I'-
-1

tan

‘''C
A'p

U Cone distance A - ^
" 2 sin 1’

12 Addendum °/> " -
‘‘c “0

_ Table 5-37

P

13 Dedendum l>l,~ - Op ~
’'t

~
‘’a

Oedendum anplc
e - 1 V

' A 'V
~\ ^G- tan —

—

A
<» o

15 Uoot anplc - >• - ^p ^'r r-r-fle

16 ^Faceanglc of hbnk •>'-)•*

17 Outside d i.imcier - J • 2«j* cor. }' ^>o
~ P ^ cos 1

18 Pitch apex to crown - r>/2 - Op sin >• r ti/2 — sin 1'

19 Circular thickness ,
- 3.1116

,P -
-p - ~

'f' 'c
"

1.570K

P
- T.22 (Op -Op) too O

K. Table 5-39
~

P

The recommended face widlh is 0.3 the cone distance or 10//', w.hlchev‘rr is the smaller.

^The fnce cone element of n blank in made parallel to the root cone clement of the mating Rear. This gives constant

clenrnnce alone tooth and nllowa the use of larser edge nidll on the cutters without fillet interference at the

small end.
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TABLE 5-41

Example to Illustrate Tabular Method of Calculating

Dimensions of Spiral Bevel Gears

Gleason Spiral Bevel Gear System—1952 Gleason Works

1 Number teeth on pinion Np = 14 5 Working depth It p

2 Number teeth on gear 6 Whole depth ht = 0,472

3 Diametral pitch P =4 7 Clearance c = 0,047

4 Face width F = 1.625 8 Pressure angle i/> = 20°

Pinion Gear

9 Pitch diameter c? = 3.5000 D= 10.7500

10 Pitch angle y= I8‘’2' r = 71°58^

11 Cone distance = 5.6527

12 Addendum Op — 0»300 Oq = 0,125

13 Oedcndum hp = 0.172 ba = 0.347

14 Oedendum angle
'^G

= 3°31'

15 Hoot angle Fr = 16° n' P;; =68°27'

16 Face angle o( blank
yo

= 21°33' r =73°43'
0

17 Outside diameter = 4.071 Da = 10,827

18 Pitch apex to crown X„ = 5.282 Xa = 1.631

19 Circular thickness tp = 0.4974 <0 = 0.2880
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TABLE 5-42

Formulas for Calculoting Dimensions of

Angular, Spiral Bevel Gears

Gleason Spiral Bevel Gear System — 1952 Gleoson Works

1 Number teeth on pinion Np 5 forking depth A* = 1.700/P

2 Number teeth on gear No 6 Vlholc dcptli fi,= 1.B88/P

3 Diametral pitch P 7 Shaft angle V

A Face wddth F 8 Pressure angle (sec item 8 after

item 18)

Pinion Gear

9 Pitch diameter

10 Pitch nn#;le

lOaU'hen — is less than ^0^'

or

10b\I'hcn — irJ ercatcr than 90°

10c Qieck calculation

1 1 Cone distance

12 Addendum

12a i^lVp number teeth

on equivalent 90° pinion

rn^Q 2“ tan I
“

equivalent 90° ratio

13 Dedendum

1*1 Oedendum anfje

15 Pace anple of blank

16 Hoot angle

17 Outside diameter

18 Pitch apex to crown

8 Pressure angle (f) to

avoid undercut

19 Circular thickness

d^Nf,/P

)' (from item 10a or I Ob)

Dr.Nc/P

P (item 10a or lOb and less than 90°)

tan y «

A'c/A^P + cos L

sin (18a°-!£)
tan y

A'c/AV “COS (180°-^)

r

]'-

^ ‘’o

A,
D

2 sin r

Np/Nq *- cos i.

sin (180° -5!)

Wp/A'o - cos (180°- S)

Of sin y-'sin P ~ H

From Titblc5—3~ for
'^qo*

item 12a

93 Ap “
A',, sin i:

’(0

AL cos y

A'p cos r
tan r.j

A|» »

I

.
^>pC '

Op ~ inn —

>o ^ }'

)« - >' -An

Ao " A, - ric

r .1
Or. ^ tan -

—

A„

^ r + dp

Vn-r-^o

D D 2/ic tott T

A’„ - A„ cos r - Oq sin 1

d

g

n: f/ + ZfJp cos y

= Ao cos )• - Op sin )'

Fntcr Tabic 5—1 5 with dp anil Point of intersection must not be

nbovc curve of chosen pressure angle.

3.1410

-<r 'C r. - 1.22{np-«o)'“0

K. Table 5-39, using p:nn 90‘V ‘i!!!!

P

12a
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TABLE 5-43

Relation Between Pressure Angle, Dedeniium Angle, and Pitch Angle for No

Undercut in Spirol Bevel Gears v/ith 35-Deg Spirol Angle

PITCH AHGL£,On

Relation between the dedendura angle and pitch angle at which undercut begins to occur in

generating spiral gears of 33° spiral angle using sharpy-cornered tools.
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TABLE 5-44

Commonly Applied Procedure of Gleason Works in

Designing Spiral Bevel Gears for Surface Durobility*

Tilcoson Bevel and Hypoid Gear Design Gleason Works

Step

Number
Formula and Instructions

Remarks and Definition

of Symbols

(1) find service horsepower (a) Service horsepower, P* is found

by multiplying the actual horse-

poi^er by i* service factor

Table 5-24.

(b) Starting torque should no: exceed

t*fc'ice normal operating torque

(2) find peor size (n) Approximate pitch diameter of

pinion is obtained by entering

Table 5—26 '*'ith ratio and horse-

power per 100 rpm of pinion.

(h) Approximate number of teeth on

pinion is obtained by entering

Table5—45*-*iih ratio and ap-

proximate pinion pitch diameter,

(c) Compute exact values from

d-N^fP^-. D-N^/P^

iVp Number teeth on pinion

" N^'”bef teeth on gear

P^ = Diametral pitch

d - Pitch diameter of pinion

Ratio -iV^''iVp D w pitch diameter of jeat

(3) find face width (n) Fnfef TAble5— with ratio and

pinion pitch diamerer to obtain

approximate face width, F,

(b) Hound off approximate face

width such that.

FJ-0.3

and

P<io/P^

A r- Cone distance
o

P^- Diametral pitch

(4) vcntyof sclecc (a) Tlic spiral an;:Ic 0 should be F Face vidtb

spiral anf:lc such ns to /;ivc a face contact

ratio of at least K25. Knter

Table 5—4"* '^‘»th the product of

F >: and select a suitable

spiral angle,

(b) Hand of spiral is the opposite

on muting members. See Table

2— l9for guide to selection,

•Bendinj; «tre»« cntculuttona are omitted bee«u*e surface <fumbillty cener«lly limit* "'or

tion* p.'here loads are high and the repetitions of larRe atresaea may cause fallc^ue failure*, the fatljrue life under

bending may be determined a* outlined In • pamphlet publlahed by the Qleaton WofVa entitled, “Stre*® Oeterrunatien

and Fatigue Life of Generated Devel Cears*'.

caatinutd os r.ext page
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TABLE 5—AA, continue'!

i-o: Lnscructions

Remarks and Definitions

of Symools

cc-:^ fcirs-eo-^er

CO z-isis of stefgce

AeraHIitr

ifaricem hcrsepc-jrer raring for

surface Acranilirr is

P = FC^C^K,

C =J0.4(i7:.

F = Fzce -TTidzh

= ,^fateri2.I factor for

scrface dcrafccHty,

Table 5-25

Factor for contact

ratio

= Face contact ratio

Approximate Relationship Betvreen Pinion Pitch Diameter and

Humbers of Teeth by Rotios, Spiro! Bevel Geors

Gleason Bevel and Hypoid Gear Design Glecson Works

THs chrrr, cc zcccrrparrr Table 5

—

i4, is based oa surface dcrabiiiry f°' general iadcsrrial criees and

applies to case hardened gears and pinicns. Ir is net inrerjded to coser seen applications as aircraft, marine
and anremnrise gears -xhere special processes may permit him: loadings and -mhere dcrabilirp is determined
bp labcrarorp and field rests.
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TABLE 5-46

Face Width as a Function of Ratio and Pinion

Pitch Diameter on 90° Shoft Angle, Spirol Bevel Geors

Gleason Bevel and Hypoid Gear Design Gleason Works

0 2 4 6 a 10 12

PINION PITCH DIAMETER - INCHES

Chart to accompany Table S—44
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TABLE 5-47

Face Contacf Ratio, Spiral Bevel Gears

Gleason Bevel and Hypoid Gear Design Gleason Works

AMETRAL

PITCH,



K3

factor

TABLE 5-48

K 3
Factor for Pinion Diometer and Speed, Spiral Bevel Gears

Gleason Bevel ond Hypoid Geor Design Gleason Works

PINION Pitch diameter td) in inches

Clmrt ro nccompnny Tnbic 5—
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TABLE 5-49

Profile Contact Ratio, 20° Pressure

Angle, Spirol Bevel Gears

Gleason Bevel ani Hypoid Geor Design Gleason V/'orks

’rtrriber Teeth

on Pinion

mp Morr.b^r Teerh

on Pi.nion

mp

12 l.IC- 22 1,27

IS 1,20 23 2r.-l 24 1,28

!-{ 1,21 23 an-l 26 1,20

IS 1,22 2", 28 21,8 20 1,30

16 1,23 30 sr.-f 21 1,31

17 l,2-< .32,33,34 am! 3.3 1,32

le 212-1 10 I,2S .36 an-j 27 1,33

20 snl 21 1.26 38,.S'* sn8 <0 1,34

T&hvlz: fcT with Tzblc

TABLE 5-50

Mazimum^ Design LoarJs in Pounds Per Inch of Face
Case-Hardened, Ground Teeth, '^Spiral Bevel Gears for Aircraft

L.J, O’Brien, Aircraft Bevel Geors SAE Journal, Inarch 1945

Number

Teem on

Pinion “7
4

Diar,'etral Pitch

5 6 8 10

12 - 14 24,50 2120 1000 1730 1500 1340

15 - 18 2740 2370 2120 1035 1675 1500

10 - 23 .3085 2670 2300 2180 1800 1600

24 ar.o eore 3465 .3000 2685 2450 2120 1000

rrOTE: Kc-r-t:.ce^ ari'^ 1 jbricafJ/>r;« trtjr? fcc Xn acccr/fa-tc't »»lrh fc^et p.T»cticc

in CT'fw t'S tfarttT.iZ ty*’

‘ t; fJ;« ef ZersI fc^-rel }te«r* I'Uk'it *re t*Sf« a*
orjohaJf t5:.cte £<5^ apdral b«T<X tear*,

m
A.liyurj'sj*’. h«r« excaa-f tbe ancjwafcf^t ;&«/£< cr-ifnanly £n e-tneral

tSr^ ara lr.'iifT*1iye cf tbe In Jr/H'iint n/hJtn the csTi/£itj/;?n*

•warrant ft, Svnh r£ata can the fc»*e f'jr <r^fcSc!7 tb-e appr'vrXfr:ate Ir,s'is n

?afr arrar* rcf^rt carry.
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TABLE 5-51

Example to lllusfrafe Design of o Pair of

Spiral Bevel Gears for Surface Durability

Gleason Bevel and Hypoid Geor Design Gleason Works

Specification

Item Example]

from Table 5—14

A 65-hofscpoucf, 1800-fpn electric motor is to drive a centrifuj^al

pump continuously at 600 rpm by means ol spiral bevel f:ears at 9CP shaft

an.clc. Starting torque is 4000 inch-pounds.

( 1 ) f^rvice horse*

peraer, P

(2) Gear size

(3) Face width, F

(n) Service factor, C5 , for uniform load. Table 5-24 is 1.00; hence, se.-vice

horsepower motor horsepower

63.025 P ^
(b) Norma! operatinc torque •*

' — 2276 in.-Ib which exceeds half the
rpm

starting torque.

Service horsepower P therefore is 65.

100 P
fal Horsepower per 100 rpm of pinion — *-—— r- 3.61

rpm

Fatio is lFO0'6On ~ 3:1

From 7‘able 5-26» approximate pinion pitch di.ameter

d.pp- 5.-ii

(hi T.ihlc 5—45 " 3.43 stives

between M an ! H, s.ny 14,

If exact 5:1 ratio must be maintained, then /rear would have 42 teeth. For

centrifugal pump drive, ratio nerd not be exactly 3 : 1 « Nforeover, aa ac-

even ratio is preferable; hence, a 43/14 combination is chosen*

(c) An approxim.tte diam''tral pitch is 14 '3.43 - 4.OS,

•:.»> Prf
-- 5

rf- AV/P^, - n -i - 3.500: D - 45 4 - 10.750

A*q/AV ~ 43'I*1 " 3.07

(.-i) From TnMc5—46. r.itio 5*07 anJ d »" 3.50, approximare f.ti:e viJ:h is

1.(.5

(b) .Siy P l-s fi - I.6’5

(4) V'er ification of (a) Face width times diamcffal pitch ~ 1.625 x 4 — 6.5

spiral angle T.iblc 5-4"

at 35° spiral anpic, face contact ratio.

CICC.SS of 1.25 minimum.

(5) Horsepower C„ (Table 5-25) -- 1.00

fating for

surface

mp (Table 5-4<)) - 1.21

Cc = •»'o.4 (m^ * TOp) r- I.0.S5
durability

K3 (TnHc5-4S)-47

F ~ FC^OqK 2 ~ 82«7 horsepower, which is greater

power, but not unreasonably in excess thereof.
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TABLE 6-1

Data Ordinarily Put on Detail Drawing* of Cylindrical Worm

material:

SAE 3115 STEEL
CASEHAROEN TO 53 ROCKWELL C

WORM DATA
number or THREADS X
HAND
AXIAL PITCH x.xxxx
LEAD x.xxxx
PRESSURE ANGLE (NORVI XX® XX*
PITCH DIAMETER x.xxx
ADDENDUM o.xxx
whole depth x.xxx
normal tooth thickness o.xxx

MATING WORM GEAR
DRAWING NO.

NUMBER or TEETH XX
CENTER DISTANCE XX.XXX

METHOD OF FINISHING WORM
ir interchangeable MANUrACTURE IS

OESiRED, THE WORM must BE AN EXACT
PUPLICATE Of THE HOB THAT IS USED
ON THE MATING WORM GEAR. SEE TABLE
r.-|4 REGARDING TYPE OE NOTES FDR
PRODUCTION PROCEDURES.

A shell-type worm is SHOWN HERE FOR SIMPLICITY. MORE OTTEN A WORM IS MADE INTEGRAL WITH
THE SHAFT, IN WHICH CASE DATA AND INFORMATION TO PESCRI.RE ADEQUATELY THE COMPOSITE UNIT ARE REQUIRED

TABLE 6-2

Data Ordinarily Put on Detoil Drowing* of Worm Gear

•0 005

ol

<1
O'

•4 ^•o.XXX

000 ?
0000

O.COD
X.SXX'O 001

ORON/C (TAOLt C-TTJ

WORM GEAR DATA
NUMPfR or TlETH XX

HAND
CIRCULAR Pitch X XXX

PRESSURE angle xx^xx'

mElu angle xx®xx*

Pitch DUMiifR xx.xtx

throat diameter XX .XXX

ADDENDUM o.xxx

W’MCLE depth X XXX

CHORDAL Thickness o.xxx

CUTTING INSTRUCTIONS
MCll N'OMprR

MATING WORM DATA
rV?A»^lNG NO.

NUMOCR or THf?£AOS

CCNTER DI5T.?NCf

PACMASH

(

OfMCNStONS F orxEN
general tolerance
OR 1 1/16

ARC FRACTJONAL

or i 1/32 OR

through a oiAMETcn or a simple worm gear is somctimcs sumciENr. but
views are needed ir the part is to be clearly and completely described, common FRACTICE

drawing proper those dimensions* with tolerances* needed in making AR
MATERIAL, data for NOBBING THE TEETH* AND INSPECTION DATA ARE STATED •

FASHION AND IN NOTES
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TABLE 6-3

Axial Pitches in Common Use For Coarse—Pitch V/orm Gearing

Axlalf Pitch, Inch Corresponding Arialf Pitch, Inch Corresponding

Fraction Decimal Module^, Inch Fraction Decimal Module!, Inch

i/4 0,2500 0,079577

5/16 0.3125 0.099472

3/8 0.3750 0,119366

1/2 0.5000 0.159155

5/8 0.6250 0,198944

3/4 0,7500 0.238732

7/8 0,8750 0.278521

1 1.0000 0.318310

1-1/4 1.2500 0.397887

1-1/2 1.5000 0.477465

1-3/4 1,7500 0,557042

2 2.0000 0-636620

•S«e Table 6—4 tor Hne-pltch v/orm gearing,

fAxial (linear) pUchea of even fraction* are comrronly weed for w/orm gearing to facilitate the aelectlon of
change gears In the mtichine toots for flnlahlng the v/orm,

^Module Is the retSo of the pitch diameter of the worm gear divided by the number of teeth, and therefore the
reciprocal of the diametral pitch. One inch module equals fT Inches axial pitch#

A technical paper, proponni for a Stondorcf for Cenernf Industrial Coarao-Pitch Cylindrical Worm
Georinti, by K. G. East, recently published in the Tran*# ASME, Feb, 1954, recommends axial pitches as
follows: 3/16, 1/4, 5/16, 3/j?, 1/2, 5/«, 3/4, I in., I-I/4, 1-1/2, 1-3/4, 2 in.. 2-1/4, 2-1/2, 2-3/4, 3 in.

TABLE 6-4

Standard Axial Pitches^ for Fine-Pitch^ V/orm Gearing
ASA B6.9-1950 AGMA 374.02

Symbol,

ASA B6.10-1950 Axial Pitch, p^, Inches

Px 0.030 0.050 0.080 0. 130

0.040 0.065 0.100 0,160

•"Axial pitch" Is preferred to "linear pitch," The axial pitch of the worm
is equal to the circular pitch of the worm gear In the centrai plane.

{Gears of 20 diametral pitch and finer are classed a# fine pitch.
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TABLE 6-5

Number of Threods or Starts on Cylindricol Worms

Number of

Thre.ods,

Symbol,

ASA B6.5-1949

Today's

Practice*

Old

Practice

Limitations proposed by

Buckinphamf to gain

simplification and wide

coverage

Proposed Standard

by East

Trans. ASME
Feb. 1954

% I. 2. 3. 1. 5, 1. 2, 3, 4 1 , 3 , 6 for m.'ijon'ty of

applientions
1 , 2, 3, 4

7. fl. 0. 10 12, IB, 24 for wide
coverape

6 nnd 8

•Durinj^ thr Invt 10 or 20 yrnfs, wonn-i:**i«f foUoe hav#* f »len«lcc! by ft u}t)pt'‘*lbrra<!r'd t^omt |o include reductions os low as 4 or 5

to 1. Prior thereto reductions roi^ftlnc frotti 25 or 30 to t to ns nuch os 100 or 200 to J, ar^d rr-ore, was regarded as the field of worn gearing,

Spur ond bevel rct'rs nrr often llmllefl to ratios of 8 or 10 to I. hence there eslsird an ln*betwern range, say from 6 to 1 to 25 to 1, that was

not stiltnbly covered. Worms of 5 to 10 threods, and more, now supply ratios over this Interrr'.edlate range. Mr. East In a technical paper,

Propoanl for n Sttmdnrri Dt>ni(!r\ for Ceneraf /ruAratrlnf Cohtmr^Pttch Cytindricht U'om CnaHnj?. discourages the use of 5 and 7 threads. He

goes on to sny thnt whenever n yreoter numf>er of threads than 8 is required, odd and pfime numbers should be avoided to facilitate the

production of the worm without tiperml inde*(nr. equlpfjent.

"I
**Annlytlcnl Mechanics of Oenrs,** McCraw«lUll OooW Cn.

TABLE 6-6

Standard Load Angles on Fino-Pitch,^ Cylindricol Worms

ASA B6.9-1950 AGMA 374.02

Symbol,

ASA BA. 10- 1950 Pitch Lc.nd Anple, A, Dep.

A 0.5 5.0 1 t.o

or when the lend
P

nn^lc fli (he pitch 1.0 5.0 17.0

cylinder needs to be

distinfjuished from 1.5 7.0 21.0

n lend nn^;le nt some
other dinmeter. 2.0 n.O 25.0

3.0 11.0 30.0

•Clears of 20 diametral pitch and finer are classed aa fine pitch*
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toss

/u

ps/t

csnt

TABLE 6-7

Curves Showing How Theoretical Efficiency of

Worm Gearing Varies With Lead Angle and

Coefficients of Friction

Machine Design Drawing Room Problems, Albert,

4th Edition, John Wiley & Sons
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EFFICIENCY

-PER

CENT

TABLE 6-8

Performance Efficiencies of Single-Reduction, Worm-Gear
Speed Reducers for Power Transmission

Catalog 200 The Clevelond Worm and Gear Co,

THIS EFriCICNCY CURVE. HCI’RESENTiNG OVER-aCw HEDJCTirfi UNiT EmclCNCY. HAS BEEN PLOTTED FROM
DATA obtained from A GREAT NUMBER OF ACTUAt TESTS. THE INDICATED VALUES ARE SUBSTANTIALLY COR-
RECT FOR the OPERATION OF SINGLE-REDUCTION UNITS AT THE USUAL ELECTRIC MOTOR SPEEDS, AND AT THE
FULL CLASS I RATED LOAD OF THE REDUCTION UNIT.

worm-gear EFFICIENCY VARIES OIRECT'.Y WITH lEAD ANSlE, BEING GREATEST THEORETICALLY AT 45
DEG, TABLE G-7. LARGE LEAD ANGLES. IN TURN, ARE CCCPlEC WITH MANY THREADS AND SMALL RATIOS.

TABLE 6-9

Worm Pressure Angle As o Function of Lead Angle to

Avoid Undercutting on Worm Geor

Analytical Mechanics of Goars, Buckingham,
McGraw-Hill Book Co.

Worm Prc-ssurc Angle*

in Axinl Section or Maximum Lead

Half Thread Angle Angle on Worm Remark's

U-.1/2 dcR

20

25

30

up to 16 dcf;

25

35

45

A pressure nnf;lc that

is much smaller than

the lead angle results

in excessive undercut-

ting on the off-center

sections of the worm
gear on the leaving

side.

•The prcmurfl irnple In Ihe lurtnl ncctlon ! to be c11«tlnR\llBhp<1 from the normiU preiture onRle

on the cutting tool or RrlndloK wheel for producing • worm. Compnre nnRular reliiHonBhlpB In

Tnbl© 4—7. Furthermore, the norrnnl pretexire nnRle octuolly produced on Ute worm mny be alicbtly

smeller tljwn the normnl presaure nngle on the cutter or urlndlnR wheel, depentUnK upon worm die*

meter, lend rntRle, end dlnnietcr of cutter or Rrindlnc wheel.
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TABLE 6-n

Formuios for Colculoting Dimensions of Worm

Dsis. cp-sr: T&.sd: to sz&rt th^ cssxgs cf a Tsrcrf=:-^e2r pair ma/ fc-e alco^ctfc^r ham these that

formed eke zeex^temeszs c5 a prf^r I'hat (cUo^s zssamcff thzz sn &pptczimzte center distance

zrA a redeezhye tztio are zmeng the data frox:: the bef^rz:lzg*

To Find Fron: Formula

‘Pitch dUcccccc (CT reeze

disetetet) of •jrorr, <f

Center distance, C
(See Table 6-21)

C°**” (Table 6-255
d

2,2

or approximately

Fisrc dtzTcczcT, d
zccctHc% to "Fctrrdlz:

in Gnzzin^" E 4:5 Uf^^ Co-

Azjal pitch,

(See Table 6-35

For shell-type worms;

d=Z4 P^-f- 1-1

For integral worms:

d=2,35 P*-f-0,4

Lead, /

Fiacre Jji Table 6-15

Iio.-nber of threads,

and arial pitch, p^

Lead aagle, A
Fijtre Ja Table 6-13

Lead, /, and pitch

dia.e.eter, d

ttd

cat A"

—

1

ircrrail clrcclar pftcfc, Altai pitch, p^, and

lead angle 5,

P^wp^COsA

Addecdca;, ^7/, ''Fcrnclae

ic Gearing," B Sc S Iffg- Co,

Aria! pitch, p^, or ncrr.al

circctar pitch,

aj^ = 0-3183 p^ for A = 18°

= 0-3183 p„ for A >18°

Tbole depeh, Arial pitch, p^, or norttal

circclar pitch, p^

h,^= 0.6866 p^ for A =18°

ft,w “ 8-6866
p,j

for A > 18°

Osrslde diao-jrter, do Pitch dian-jeter, d, a.ed

addendanr, da -d-i- 2a^

Tbicknees of thread

at pitch line, t;?-

Axial pitch, p^, lead

angle A, and fcaeWash, B
p_ cos 2.

fw=-^ B
2

Minin'. cn-. length of vetm,

F^ ("Fcmrolas in Gearing”

Ba;S iFg, Co.)

Throat diameter of tretm gear,

Z)/, and vorlcing depth equal to

CJ'ice the addendum:, ct 2 a
Fw = 2'l2a(X5, -2a)

Circclar pitch of gear, p,

and factor from; Table 6-15
Fj^ = p (factor)

Presttre angle, d» 2fP to 3(J^ depending to a largs

degree on lead angle a.-id to a

lesser degree on face "XTidth of

the gear.

See Table 6-9

leal s^Ter, ter b ttxrjiJtTi D^aldr* far CerBfnt tnduMtriBl CcBznB-Pitch Cylindrical Worm Cttarlnic by Haft, ritcefitly pt:hll*hed
, ASVZ, P^b, 1054, f^cc^-rzarAs tbBt •ir.a vrerre nczr.inal pitch ba rcBda an Integral rsTnher cf half>axlal pitche* with mtiitiple*
itchax bainz preferred- AO.tM. Standard 2t^-02'Z55'< reccmnvsnda that the m-;i';^TC-xl!r^te pitch diameter cf the vrerrr. d - C^'^‘^^/2.2 be
trr.ti: it cinteiy eirzBtx dp j. 2bQ, x/here d^ i* a recommended root diameter c< ar,d Hq la the dedendam ef the gear, the
opertiena in the caoe «f denhte em/elcping worm feeing auch th*at fc<5 = 0-275 The atandard givet detailed imtnscticnM on the
tion of p^c-pertV^nx by lajcrrt-
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TABLE 6-12

Formulas for Calculating Dimensions of Worm Gear

To Find From Formula

Pitch diameter of

worm gear, D
Center distance, C, and mean or

pitch diameter of worm, d
D^2C-d

D Number of teeth, Nq, and circular

pitch, p, where p = p^, the axial

pitch of worm

dA
n

Preferably Nq should not

be less than 30 teeth to

avoid undercutting.

Helix angle* \j/, of

worm gear

Same as lend angle X of worm Table 6—11

Normal circular

pitch, Pn

Circular pitch, p, and helix

angle,

p„ =p cos ^

Addendum, Oq Circular pitch, p, or normal

circular pitch, p^

Ac =0.3183 P for ^ = 18°

Ac = 0.3183 P„ for ^ > 18°

^Tiolc depth, /i,Q Circular pitch, p, or normal

circular pitch, p„

bfQ w 0.6866 p for ^ « 18^

/i,c == 0.6866 p„ for^>l£P

forking depth, h^.Q Addendum, Oq ^kG = 2O0

Throat diameter,

See Table G-I3

Number of teeth, Nq, circular

pitch, p, and addendum, Oq D,~ + 2ac
n

Kndius of curvature

of throat, R
Center distance, C, nnd

throat diameter,

Figure in Table 6-I 3

D,
F = C

2

Outside diameter of

^•orm gear,

Pitch diameter, D, nnd

addendum, G
Figure in Table 6-13

= D + 3ao

Do Pitch diameter, D, radius

R and included angle a

Figure in Table 6-I 5

Do= D+2r(i-cos^^

Co°< a <9(f

Face width, Fq

Fo

Pitch diameter of worm, </, and

outside diameter,

Center distance, C
Tabic 6-21

F_
° 4

C°-®”(Table 6-25)
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TABLE 6-13

Basic Dimensions of a Pair of Worm-Gears
for Operation on Shafts at 90 Deg

(See Table 6-17 for Standard, Fine-Pitch Worm Gears)

H— 1[nw = z1-

SEE TABLE 6-11 rOR FORMULAS ON
WORM DIMENSIONS.

AN ESSENTIAL REQUIREMENT FOR
MESHING OF A WORM AND WORM GEAR
IS THAT THE AXIAL PITCH, p^,OF THE
WORM EQUAL THE CIRCULAR PITCH, p,

OF THE WORM GEAR.

CENTER DISTANCE

c =

Since the efficiency of worm gearing varien no markedly with lend angle, Tnblcn 6—7 and 6—8, worm gears of large lend nnglec

are desirable when power is to be transmitted. The choice of lead angle, on the other hnnd, cannot be made on a basis of effi-

ciency alone because the toot diameter of the worm diminishes with lend angle, which not only reduces the relative strength of

the worm but nlso results in a narrower face width, Fg, on the gear. Lead angles up to d5° ate practical but usually they are

compromises well under that maximum.



TABLE 6-14

Relative Sizes of the Worm ond the Hob for the Gear

Conjugnte teeth on n worm nnd the mating wheel ore obtained by cutting the teeth in the wheel with n hob that is the exoct

counterpart of the worm. In effect, this means that the teeth on the hob nnd the threads on the worm must be finished in pre-

cisely the same monner. For instance, if the teeth on the hob ate finished by grinding with n flat-sided wheel so ns to

envelope n true involute helicoid, then the worm threads should also be finished by grinding with n fint-sided wheel.

If the worm is to be milled with n double-angle cutter, then the hob should be ground with o wheel having the same included

angle nnd diameter. This explains why n hob manufacturer asks for information pertaining to the method of making the worm

before filling nn order for worm-gear hobs. He has to have such data if he is to duplicate the worm in the hob.

Normally the hob is somewhat larger in diameter than the worm. It has to be to provide clearance nnd to allow for sharpen-

ing. How much larger the hob can be than the worm depends chiefly upon the lend ongle. On this point, Buckingham, Analyt-

ical Mechanics of Gears, is quoted ns follows:

With n lend angle of 10 degrees or less nnd with n nominal pitch radius or effective radius of about 1.500 inch, the

hob may be ns much ns 1/4 inch larger in diameter than the worm without affecting the form of the off-center sections

appreciably. Any such difference is small enough to be soon wiped out by the plastic flow of the material of the

worm gear in operation. As the lend angle increases, however, the amount of oversiie of the hob must be reduced to

maintain commensurate conditions. Thus with n lend angle of about 35 degrees, the hob should be held to within

about 0.005 inch of the dioraeter of the worm. The ductility of the material of the wotm gear also plays n part here. A

mote ductile material will permit more plostic deformation of the surface in the running-in period than will a harder

materiol.

To preserve the counterpart relationship of worm nnd hob the design of a wotm nnd gear ore rcstrirrted further by require-

ments of manufacture. If the worm is integral with the shaft, the chances are that ft is too small to have n shell-type hob as

a counterpart. In short, the counterpart of an integral worm is generally nn integral hob; that of n shell-type wotm is a shell-

type hob.

If quantities of a particular worm-gear pair are to be manufactured, tool cost may be relatively unimportant. But when the

quantities wanted are limited or few, tool cost nnd the time delay in getting them may be of major importance; tools of more

or less standard variety are desirable. In this respect the shell-type hob is probably the more versatile.

Worm gears are hobbed usually in one of two ways; either by feeding the hob radially into the gear blank, or by feeding it

tangentially. The former is perhaps the faster. The latter quite generally roughs nnd finishes the teeth in one operation. It

is the better suited to large numbers of threads.

American Standards

Association,

No. and Date

ASA B6.5-1949

ASA B6.IO-1950

ASA B6.9-1950

List of Standards for Worm Gearing

American Gear
Mfgs. Assoc.
No. and Date Title of Standard

AG.MA 111.02-1949

116.01-1950

AGMA 112.02-1950

AGMA 213.02-1952

AGMA 214.02-1954

AGMA 243i01-1954

AGMA 250.01-1946

AGMA 374.02-1950

AGMA 440.02-1950

AGMA 441.02-1954

Letter Symbols for Gear Engineering

Abbreviations for Gear Engineering

Gear Nomenclature

Surface Durability of Cylindrical-Worm Gearing

Surface Durability of Double Enveloping Wotm Gearing

Cast Bronre Gent Blanks

Lubrication of Closed nnd Open Gearing

Design for Fine-Pitch Wotm Gearing

Cylindticnl-Worm Gear Speed Reducers

Double Enveloping-Worm Gent Speed Reducers



TABLE 6-15

Length of Worm Factor According to Number of Teeth on Gear

Catalog No. 1000 D. 0. James Mfg. Co.

Number

of Teeth

Term Gear

Factor for

1-Inch Cir-

cular Pitch

Number

of Teeth

Worm Gear

Factor for

1-Inch Cir-

cular Pitch

Number

of Teeth

Worm Gear

Factor for

1-Inch Cir-

cular Pitch

Number

of Teeth

Worm Gear

Factor for

1-Inch Cir-

cular Pitch

10 2.93 55 6.92 100 9.35 145 11.24

11 3.08 56 6.98 101 9.40 146 11.28

12 3.22 57 7.04 102 9.45 147 11.32

13 3.35 58 7.10 103 9.50 148 11.36

14 3.48 59 7.16 104 9.55 149 11.40

15 3.60 105 9.60

16 3.'72 60 7.22 106 9.65 150 11.44

17 3.84 61 7.28 107 9.70 151 11.48

18 3.95 62 7.34 108 9.75 152 11.52

19 4.06 63 7.40 109 9.80 153 11.56

64 7.46 154 11.60

20 4.17 65 7.52 110 9.84 155 11.64

21 4.27 66 7.58 111 9.88 156 11.68

22 4.37 67 7.64 112 9.92 157 11.72

23 4.47 68 7.70 113 9.96 158 11.755

24 4.57 69 7.76 114 10.00 159 11,79

25 4.66 115 10.04

26 4.75 70 7.82 116 10.08 160 11,825

27 4.84 71 7.88 117 10.12 161 11.86

28 4.93 72 7.94 118 10.16 162 11.895

29 5.02 73 8.00 119 10.20 163 11.93

74 8.05 164 11.965

30 5.11 75 8.10 120 10.24 165 12.00

31 5.20 76 8.15 121 10.28 166 12.035

32 5.28 77 8.20 122 10.32 167 12.07

33 5.36 78 8.25 123 10.36 168 12. 105

34 5.44 79 8.30 124 10.40 169 12.14

35 5.52 125 10.44

36 5.60 80 8.35 126 10.48 170 12.175
37 5.68 81 8.40 127 10.52 171 12.21
38 5.76 82 8.45 128 10.56 172 12.245
39 5.83 83 8.50 129 10.60 173 12.28

84 8.55 174 12.315
40 5.90 85 8.60 130 10.64 175 12.35
41 5.97 86 8.65 131 10.68 176 12.385
42 6.04 87 8.70 132 10.72 177 12.42
43 6.11 88 8.75 133 10.76 178 12.455
44 6.18 89 8.80 134 10.80 179 12.49
45 6.25 135 10.84

46 6.32 90 8.85 136 10.88

47 6.39 91 8.90 137 10.92

48 6.46 92 8.95 138 10.96

49 6.53 93 9.00 139 11.00 EXAMPLE; Multiply circu-

94 9.05 lar pitch by factor. VA in.

C.P. and 70T
50 6. 60 95 9. 10 140 11.04 in. X 1.5 = 11.73 or llA in.

51 6.67 96 9.15 141 11.08

52 6.74 97 9.20 142 11.12

53 6.80 98 9.25 143 11.16

54 6.86 99 9.30 144 11.20
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TABLE 6-T6

included Angles Recommended on Thread Milling Cutters

Formulas in Gearing Brown and Sharpe Mfg. Co.

In Brown & Sharpe’s practice it is usually desirable to cut worm threads in a thread miller using an angular milling cutter or

formed cutter having straight sides, the included angle to be governed by the following table:

Worms having an angle of thread with axis of 78° or more lequire 29° included cutter.

Worms having an angle of thread with axis of 70°—78° require d0° included cutter.

Worms having angle of thread with axis of 65°—70° require 45° included cutter.

Worms having angle of thread with axis of 65° or less require 50° included cutter.

Worms mating with wheels of 24 teeth or less should be finished with cutter of 40°, or larger, included angle.

TABLE 6-17

Formulas for Colculoting Dimensions of Standard

Fine-Pitch Worm and Worm Geor, 90° Shoft Angle

ASA B6.9-1950 AGMA 374.02

Reduction ratio and distance between shafts are usually among the defining requirements

in the design of a pair of worm gears. Next if a standard axial pitch or a pitch lead angle

is selected, a few trial calculations and Table 6—18 soon narrow the possible combinations

to a number where a specific combination can be chosen ns suitable for final design.

1 Number threads on worm, N„
2 Number teeth on wheel, A'^

3 Normal pressure angle on

hob or grinding wheel,'/)„= 20°

4 Axial pitch of worm,

5 Circular pitch of gear, p
6 Lead angle of worm, A. Table 6—18
7 Helix angle of gear,

Worm Worm Gear or Wheel

8 Lead I

9 Pitch diameter

10 Normal circular pitch

11 Addendum
12 Whole depth

13 Working depth

14 Clearance

15 Tooth thickness (normal)

16 Center distance

I =Nfrp^OT Table 6—18

d - —-— , or Table 6—18 D =
7r tan A 77

Pn = p, cos A p„=p cos >p

a =0.3183 pbor Table 6-19

A, =0.7003 pn +0,002 or Table 6-19

A*. =0.6366 p„

c = h,-}ty

t =0.5p„
C = 0.5 fd + D)

continued on next
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TABLE

6-19

Toofh

Proportions

of

Fine-Pitch

Worm

Gearing

for

All

Combinations

of

Standard

Axial

Pitches

and

Lead

Angles

ASA

B6.9-1950

AGMA

374.02
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TABLE 6-20

Exomple to lllystrote Application of Formulas in Table 6-17
to Finding Dimensions of a Fine-Pitch Worm and Worm Gear

ASA B6.9-1950 AGMA 374.02

Suppose n l-to-50-rcducfion worm-pe.ar pair ts to be designed to operate on an approximate center distance of

0.55 inch. The ratio is such as to su^tfjest a single-thread worm, i.r., 1. Table 6-18 is entered with

A'h' « 1 to find worm diameters rf, and corresponding worm /jear diameters D are computed roufjhly from item 9»

Table 6-l7. A few trials show that / 0.050 approximates the desired center distonce. Calculations for

dimension now proceed as outlined in Table 6-17.

1 Number threads on worm A'„. - 1 4.5 Axial pitch 0.050

2 Number of teeth on pear A’o = 50 6 Lead angle X =3° o'

3 Normal pressure anple on

d-inch pfinding wheel 20°

7 Helix angle 6 =87° o'

U'orm H'orm Goar

8 Lend I r, 0.050

9 Pitch diameter 0.3037 Tnhle 6-18 D =0.7958

10 Normal circulnr pitch Pn« 0.0<99 or TnWe fr"19 p„ =0.0-199

11 Addendum a=- 0.0159 Tnblc 6-19

12 M’hole depth h, O.0370 T.able 6-19

13 M'orkinp depth /i* 0.0318

H Clearance c = 0.0052

15 Tooth thickness 1 r, 0.0250

16 Center distance C=- 0.5-198

17 Outside diameter c/o 0.3355 D„ = 0.S277

18 Omit for cylindrical pear

19 Lenpth of threaded

portion of worm F„. = 0.2276

20 Face width of worm pear Fa = 0.2405

21 Difference in normnl

pressure angles \ ^ = nil

22 Normal pressure angle

on worm 20°
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TABLE 6~21

AGMA Standard Ratings for Surface Durability of Viorrn Gearing

AGMA. 213.02 -"l952 AGMA 440.02 - 1952

Scasdard

2I3-G2

CTraciiirj

cf cjlinfrica.!

fcr rtrsrer

£cr O^s I service

, if--)S^j X nj= 0.«2£C^‘' n^S,

L = J

Speec cf sIHicg cces net ercee:f

e'-CO feet per nicete,

CC^T5
d= , ts^-p^od^zitcly

Karsepc'srsr is prspcrdcn^sely zcdccsc

ci:e effectiTe face Ts'idth cf gear

is less tee rtaricrcei alienee

acc cveriatpteg tccti: cccract is

Defiairica of Sj-xibols

and Limiting Conditions

fSee Table 6—24 fcr erber CLsses)
C = center distance, inches

(Tabte 6“22 fcr valces of O.Q'jIEC^’*

Ttp.-= -srerre speed tc rper, and ever 100

= 5peed-of-sUdicg factor (Table 6—25)

teeth ic gear
nt = ratio = -

fto- threads cc. vrem

(Table 6—25 for valoes of

d= rcean 's'crc: diameter, ue., the

cisrytzsz to the average ^czking

depth on the thread

F = naricarct effective face •s-idch cf
e

gear, inches, and not to exceed

= TfrcrhinE depth of teeth, inches.

440.02

Standard

Practice for

Cgiindrical

Speed Ee-

dccers

Standard

lindted to

encicsed

gears cf

ba^n

Inbrication

Besides the surface ccrabilitv rating

ontliaed above, AGlbb 213.02 also

recognizes a chert::al fccrsepc-s'-r

rating as determined by AGflA 440.02.

i nem:al hersepoTrer rating, *yhich Is

independent of service factor classification.

2.5 V r-yz

’srhere r: is cot less than 6.

ccr •sreen speeds less than IGO rpn,

rating is determined as oetpen tcrcce

in inch-pennds.

First: Compete inter horsepower

raring for strface dnrabHitv csing

TL^ = 100.

raring to iepet terene, inch pennds.

.Third: Get cerper zorciis by nzdlzhitj-

rng tnpm tcrqce bv cfficiencv, E*

Kj* = a thermal constant, d^sigzed

to licit oil-haih rise in

temperature to 100 F above

ambient, and not 6ver 200 F.

The thermal rating fcrmcla is not applicable

CO worm speeds in excess cf 2000 rpm.

Tahc Kj* £rcm Table 6-26-

lIo. teerh in gear
r: = ratio

!ro. threads on worm

£ = eiftcienev

Efficiency of ratios 6 to 1 cr less

may be taben as 9^ per cent; efficiency

of high ratios as 100 per cent less

half the ratio, or

E = 100 - fe/2)

6-lS



TABLE 6-22

Basic Pressure Focior, 0,0028C'
‘^

(See Toble 6-21)

AGMA 213.01-1950

Center

Distance

C 0.002SC^‘''

Center

Distance

C 0.002SC*‘^’

Center

Distance

C 0.0028(:^-^‘

Center

Distance

C 0.002SC^-'^’

3.00 0.054°S 10.00 1.4360 17.00 6. 0180 24.00 15.400

3.25 .06830 10.25 1.5354 17.25 6.2930 24.25 15.838

3.50 .08348 10.50 1.6390 17.50 6.5432 24.50 16.285

3 « 75 .1006 10.75 1.7469 17. T5 6.7006 24.75 16.740

o o .1199 11.00 1.8592 18.00 7.0623 25.00 17.202

4.25 .1413 11.25 1.9760 18.25 7.3313 25.25 17.672

4.50 . 1650 11.50 2.0972 18.50 7 . 6066 25.50 18.150

4.75 .I'llO 11.75 2.2231 18.75 7.8884 "5.75 18.637

5.00 .2195 12.00 2.3536 19.00 8. 1767 26.00 19.131

5.25 .2505 12.25 2.4880 10.25 8.4716 26.25 19.634

5.50 .2841 12.50 2.6200 10.50 8.7731 26.50 20.144

5. 75 .3205 12.75 2.7739 19.75 0.0612 26.75 20.663

6.00 .3597 13,00 2.9238 20.00 9.306I 27.00 21.191

6.25 .4018 13.25 3.0787 20.25 0.7178 27.25 21.727

6.50 .4468 13.50 3.2386 20.50 10.046 27.50 '’2* 272

6.75 .4050 13.75 3.4038 20.75 10.382 27.75 22.824

7.00 .5462 14.00 3.5740 21.00 10.724 28.00 23.386

7.25 .6007 14.25 21.25 11.074 28.50 24.535

7.50 .6585 14.50 21. 50 11.431 29.00 25.719

7.75 .7197 14.75 4.1170 21.75 11.794 20.50 26.939

8.00 .7844 15.00 4.3080 22.00 12.165 30.00 28.194

8.25 .8526 15.25 4.5063 22.25 12.544 30.50 29.485

8.50 .0244 15.50 4.7093 22.50 10. OOC 31.00 30.814

8.75 1.0000 15.75 4.0180 22.75 13.322 32.00 33.583

9.00 1.0793 16.00 5. 1324 23.00 13.723 33.00 36.503

9.25 1.1625 16.25 23.25 14.131 34.00 39,579

9.50 1.2497 16.50 5.5788 23.50 14.546 35.00 42.814

9.75 1.3408 16.75 5.8108 23.75 14.970 36.00 46.210



TABLE 6-23

Value of Speed-of-Siiding Foctor,

(See Table 6—21)

AGMA 213.02- 1952

vdn„

V Is sp«d of eliding along mean helir in feet per mmate- V ~
12 cos A

where

d is ^orrr. pitch dizrseter, n is worm speed in rpm and X Is lead angle.

The vglaes are based taon d = (2 0.b75

ratings, they are accurate enough over

but for the purposes of calculating horsepower

the entire range of tiiarrieter-center'distancc ratios.

Speed of

Sliding,

V,

fps

c -

V VIgo-f-v*^'®*

0 1.000 100 0,782 400 0.525 1600 0,254

c 0.070 110 ,763 450 .500 1700 .244

10 .062 120 .755 500 ,473 1300 .235

15 .047 130 .742 550 .453 1000 .227

20 ,034 140 .730 600 .430 2000 .220

25 .021 150 ,713 650 ,423 2100 ,213

30 .000 160 .707 700 ,407 2200 ,206

25 .300 170 .696 750 .304 2400 .104

40 .337 130 , 635 300 .380 2600 .184

45 ,377 100 .676 350 .260 2800 .175

50 .366 200 .666 000 ,357 3000 .166

133 .357 220 ,643 050 .347 3200 . 159

or; ,347 240 .631 1000 .337 3400 .152

OS .333 260 .615 1050 ,323 3600 .146

70 .330 230 ,600 1100 .310 3800 .140

75 .321 300 .535 1150 .311 4000 ,135

SO .313 320 .572 1200 .303 4500 ,125

S3 ,305 340 . 550 1300 ,280 5000 .114

00 ,707 360 .547 1400 ,276 5500 ,107

05 .700 380 ,536 1500 .264 6000 ,100



TABLE 6-24

Service Factors to be Applied to Determination of Durability

Rating of Worm Gearing for Power Transmission

(Sec Tabic 6-21)

AGMA 213.02—1952 Surface Durability of Cylindrical Worm Gearing

Class Service Factor Conditions of Operation

1 Unity

(I.O., durnbility rntinp as determined from

methods of Standard 213-02 is true

rntini;)

2 Divide Class 1 determination by 1.2

3 Divide Class 1 determination by 1.3

5'hen total minutes of oncf.tfifvn nrr

Divide Per hour. Per cycle, Per cycle,

by multiple 1 cycle 1 cycle per

cycles of per hr 2 hr or more

0.6 5 10

.7 2 10 20

.8* 5 15 30

.9 10 20 •10

5 Factors of Class A apply if service is inter-

mittent and worm speed is 100 rpm or more.

N'ormal 8- to 10-hr service, free from

recurrent shoebs, r.o., shock loads that

recur at approximately even and frequent

intervals.

8- to 10-ht service where recurrent shock

loading is encountered, or 2d-hr service

without shock loading.

Twenty-fout-hr service plus shock loads.

For intermittent service where worm speed

is 100 rpm or more, divide the Class I dura-

bility rating: by that factor in the column at

the extreme left which most nearly corre-

sponds to the minutes of operation and fre-

quency stated in the other three columns.

Under Class A service the thermal horse-

power ratinj; of Table 6—21 does not

apply.

V'bcn worm speed is less than 100 rpm,

carry out the calculations with the output

torque in inch-pounds ns outlined in

Table 6-21.

• As examples n service factor of 0.8 would apply- (a) More than one start and slop per hour with total time of

operation not exceetiinR 5 minutes per hour; (b) one start anri stop per hour with total lime of operation not

exceedlnc 15 minutes per cycle; (c) one start and stop tn 2 hours or more with total time of operation not

exceedinc 30 minutes per cycle.
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TABLE 6-25

Values* of Cenler Distance Quontify

(Ste lacles 6-II *==£ 6-21)

C=t=r Cesrer Ceater

Distance, Dlstzace, Distance,

C. Ihci-s
^C»S75

C, IicEss ^0,£75 C, Ibcces ^0.575

l.COG 3.000 2.615 5.000 4.055
-CSO 1-044 .0=0 2.633 .050 4.125
• IGC; 1.055 .100 2.651 .100 4.161

.150 1.151 .150 2.725 ,150 4.157

1.200 1.173 3. 200 2.767 5.200 4-233
.250 1.216 .230 2.505 ,250 4.265
zr r. 1.255 .300 2.543 .300 4.304
.550 1.300 .350 2.651 -350 4.239

1.400 1.342 3.400 2.515 5.400 4.374
.450 1.354 .450 2.556 .450 4.405
.500 1.426 .500 2.553 .500 4.444
.£50 1.465 .550 3.030 .550 4.460

1.600 1.30? 3,600 3.067 5.600 4.515
-650 1. 350 .650 3.103 .650 4.550
.?C0 1.551 -700 3.142 .700 4. 555
.T50 1.632 .750 3.175 .750 4.620

1.500 1.673 3.500 3-216 5.600 4.656
• 550 1.714 .550 3.253 .650 4.651
.500 1.7=4 .500 3.250 .500 4,726
.5=0 1.754 .950 3.327 .550 4,761

2. COO 1.534 4.000 3.364 6.000 4.756
.0=0 1.574 -050 3.401 . 050 4.531
.105 1.514 .100 3.435 .100 4.666
-150 I.<^S4 .150 3.47= .150 4.501

2.200 1.553 4.200 3.512 6.200 4.536
-250 2.033 .250 3.545 .250 4.570
.500 2.073 .300 3. 555 .300 5.005
•

“5 -r, 2.112 .350 3.621 .350 5.040

2.400 2.151 4.400 3.637 6.400 5.075
.430- 2.150 .450 2.653 .450 5.110
-500 2.225 .500 3.725 .500 5.144
.550 2.265 .550 3.765 .350 5.175

2.600 2.307 4.600 3.501 6.600 5.214
.650 2.346 .650 3.527 .650 S.24S
.700 2.355 .700 3.673 .700 5.253
.750 2.424 -750 3.505 .750 5.317

2.500 2.462 4.500 3.545 6.500 5.352
.530 2.501 .550 3.551 .550 5,386
.500 2.535 -500 4.017 .500 5.420
.5=0 2.377 -550 4.053 .550 5.455

3.CG0 2.615 5.000 4.055 7.000 5.455
ar-

tera ar*; lii- r-ar-sat

rtciable far irtsrjclatic?-

Br nTsss’ tc If *? Vf*

. il ai (0;ir=ariiy, <i£ra—alcra *re off to «oii fractlc=al or lieciral n=-

coeffcarorf err
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TABLE 6-25, continued

Center Center Center Center
Distance, Distance, Distance, Distance,
C, Inches ^0.875 C, Inches (-0.875

C, Inches (-0.875
C, Inches (jO.875

7.000 5.489 9.000 6.839 12.000 8.796 16.000 11.314
.050 5.523 .050 6.872 .100 8.860 .100 11.376
.100 5.557 .100 6.905 .200 8.924 .200 11.438
.150 5.591 .150 6.938 .300 8.988 .300 11.500

.400 9.052 .400 11.561
7.200 5.626 9.200 6.971

.250 5.660 .250 7.005 12.500 9.116 16.500 11.623

.300 5.694 .300 7.038 .600 9.180 • 600 11.685

.350 5.728 .350 7.071 .700 9.243 .700 11.746
.800 9.307 .800 11.807

7.400 5.762 9.400 7.104 .900 9.370 .900 11.869
.450 5.796 .450 7.137

.500 5.830 .500 7.170 13.000 9.434 17.000 11.930

.550 5.864 .550 7.203 .100 9.497 .100 11.991

.200 9.561 .200 12.052
7.600 5.898 9.600 7.236 .300 9.624 .300 12.114
.650 5.932 .650 7.269 .400 9.688 .400 12.175
.700 5.966 .700 7.302

.750 6.000 .750 7.335 13.500 9.751 17.500 12.236

.600 9.814 .600 12.297
7.800 6.033 9.800 7.368 .700 9.877 .700 12.359

.850 6.067 .850 7.400 .800 O.OlO .800 12.420

.QOO 6. 101 .900 7.433 .900 10.003 .900 12.481

.950 6.135 .950 7.466

14.000 10.066 18.000 12.542

8.000 6.169 10.000 7.490 . 100 • 10.129 .100 12.603

.050 6.203 .100 7.565 .200 10. 192 .200 12.664

. 100 6.237 .200 7.631 .300 10.254 .300 12.725

.150 6.270 .300 7.696 ..too 10.317 .400 12.786

.400 7.761

8.200 6.304 14.500 10.380 18.500 12.847

.250 6.338 10.500 7.826 .600 10.443 .600 12.907

.300 6.372 .600 7.891 .700 10.505 .700 12.968

.350 6.405 .700 7.956 .800 10.568 .800 13.029

.800 8.021 .900 10.631 .900 13.090

8.400 6.438 .900 8.086

.450 6.471 15.000 10.693 19.000 13.150

.500 6.505 11.000 8. 151 .100 10.755 .100 13.210

.550 6.538 .100 8.216 .200 10.817 .200 13.270

.200 8.280 .300 10.880 .300 13.331

8.600 6.572 .300 8.345 .400 10.942 .400 13.391

.650 6.606 .400 8.410

.700 6.639 15.500 11.004 19.500 13.451

.750 6.672 11.500 8.474 .600 11.066 .600 13.512

.600 8.539 .700 11.128 .700 13.572

8.800 6.706 .700 8.603 .800 11.190 .800 13.632

.850 6.739 .800 8.668 .900 11.252 .900 13.692

. 000 6.772 .900 8.732

.950 6.806

9.000 6.839 12.000 8.796 16.000 11.314 20.000 13.753

•The tabulAr values are suitable tor Interpolation, It so desired. Ordinarily, dimensions are rounded off to suit fractional or d elm

bers and the neorest tabular value Is adequate without intorpolallon.
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TABLE 6-27

AGMA Standard Bronzes for Cast, Worm-Gear Blanks

AGMA 243.01 - 1954

Class CotBposition Cu Sn Ni Pb Zn Phos. IMP
Min Br Hardness*

on Toothed Portion

1** Nickel Tin Bronze Bol 9.75r.

10.75r.

i.25r.

i.75r.

.. o.03ora

Mox
0.25%

Max
500 Kg.

70

let Chill Cesf-Nickel
It II It — ti II 80

2‘* Tin Bronze
II

10- i2r. " 2r.

Max

It It 70

2c t Chill Cost TIn'Br.
It It “ 11 If M

85

st Leoded Bronze It 9- nr. " 1-2 - II - None required

* To be meeeured on ilde of rim.

**Wide!y uBed for ceneral^purpoie worm crnr*.

fwhere production volume juaiJfleB the expenae of moldnc atondnrd chllNrlnca, Cloaa Ic followed by Claas 2c la moat

commonly uaed.

f Uaedonly for hlgh-apead •ppllcatlona.

TABLE 6-28

Bore Tolerances on Shell-Type Cylindrical Worms
Proctico of Boston Gear Works

Nomina 1

over

Bore in inche.s

inclusive

Tolernnce

pi u.s

on Bosic Dimension

minus

0 1-1/4 0.0002 - 0.0005

1-1/4 3 0.0002 - O.OOOC

3 up 0.0005 - 0.0010

Keyway Tolerances on Shell-Type Cylindrical Worms
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TABLE 6-29

Tolerance on Center Distance of Worm Gearing

Catalog 400 The Cleveland Worm and Gear Co.

Center Distance

Tolerance,

All Plus

Under 4 inches + 0.003

4 inches and over + 0.005

TABLE 6-30

Some Dimensions, with Tolerances, on Worm Gearing
Practice of Caterpillar Tractor Co.

Worm Worm Gear

Pitch diameter Decimal dtroension Pitch diameter Decimal dimension

(no tolerance) (no tolerance)

Outside diameter High limit = nominal Outside diameter High limit = nominal

diameter, as calculated diameter, as calculated

with a tolerance of ± .003 with a tolerance of ±,003

Axial pitch Decimal dimension Center distance Decimal dimension

(no tolerance) between worm Up to 8 in. ±,0005

Over 8 to 16 in. ±,0010

Lead Decimal dimension

(no tolerance)

Throat diameter Decimal dimension

Pressure angle Degrees, minutes,

and seconds

Chordal thickness Decimal dimension Pressure angle Degrees, minutes.

at pitch diameter (no tolerance)

Chordal thickness

and seconds

Decimal dimension

Show chordal thickness and pressure angle in at pitch diameter (no tolerance)

section view through teeth at tight angle to Corner radius Fractional dimension

helix angle.

Face width

to nearest 1/16

Fractional dimension

to nearest 1/16

Show chordal thickness and pressure angle in

sectional view through tooth at right angles to

helix angle.
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TABLE 6-31

Proportions and Tolerances for Solid Bronze Worm-Gear Blanks

Catalog 400, First Edition — 1952 The Cleveland Worm and Gear Co.

Center

Distance

Inches

Bore

Diameter

B

Hub

Diameter

C

Hub

Lenpth

A

Face

H’idth

F
U'eb

G

Out.sidc

Diameter

D
Chamfer

K

Keyway*

3.000 1.378

1.377
2- 1/8

1.620

1.630
7/8 3/8 5-1/16 1/8 X 30° 5/16 X SA32

3.S00
1.500

1.4QQ
2-3/8 2.245

2.255
1 1/2 6-1/16 1/8 X 30° 3/8 X 3/16

4.000

type AT

1.875

1.874
3

2.405

2.505
ui/n 0/16 6-7/8 1/8 X 45° 1/2 X 1/4

4.000

type AH

2 . 161

2.163
3-1/4

2.370

2.380
1- 1/8 9/16 6-7/8 1/8 X .15° 1/2 X 1/4

4.750 2.125

2. 124
3-1/2 2.745

2.755
1-1/2 3/4 8-1/4 3/16 X 45° 1/2 X 1/4

5.500

type AT

2.875

2.874
4-5/8

2.995

3.005
1-3/.4 7/8 9-3/8 3/16 X 45

° 3/4 X 3/8

5.500

type All

3.314

3.343
4-3/4 3.745

3.755
2 7/8 9-3/8 1/4 X 45° 1/2 X 1/4

•Tolerimce on depth —0.000
on width

40.003
-0.000

OTE: On medium nnd iBilte n'orm Eeiu-s. flnt rather ®'“''

dealKn 1. Rood practice to reduce the chance of tooth damORe

during hnndUng.

6-28



Proportions

and

Tolerances

on

Flanged,

Bronze

Rims

and

on

Cast

Iron

Hubs

of

Composite

Worm

Wheels

Catalog

400,

First

Edition

—

1952

The

Cleveland

Worm

and

Gear

Co.

S
O *0

_ g ti

o o c
•4-

I
B
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TABLE 6-22

Backhsh ef Wcm Geers in Terms of Center Distcnce

CcJOiCs <iOO, First Ecifion — 1952 the CFeveicn- W'nrm cn'f Gesr Co.

Otorer Besrzcce,

Ln- Mmimer

E‘zc<ls-sr. m rr:,

2-1/2 C.CC2 C-CC5 C-CC2
t C-CC2 C-0C5 C.CIC

4-2/1, .2-1/2 r;-CC5 C.CCT C.CIC

6-T/2 c.ccs C-C',2 C,C12

2-ii/ei C.CC5 C.CCf. C.CI5

1C C--CC5 C -C 1

C

C.C2C

12 C-CC7 C.C12 C.C2C

i'-T/ie C-CCT C-CI2 C-C2C

15 ti 22 C.CIC C-CI5 C.C2C

2.^>tsA 6—14 sisrs t' s liir cf cctk:; zzsr.£z.t£.s

c= -Jn:;;! 2^:$==^ ASA E6,5 — I56C pr27i.6t= £ cf

dici^rc fee Sc.—ftccc •o'cec. gss-ce fctr cetre extree cc eex-
?£;£.*?« craccari fee ccsre-fptcrc -weex: jssce. Ttt tscxcica!

?£C-»r, Prejeesf /c- c C'jtrjiiri Dezt^ f-^r Cer^sl fciirtriif

Ocx^e’'pficP Cyttru-£ric‘st Perre O^^rzr.7, hj Escr pcc-
IfcSe.c fc^tSe T&ce. ASiG, FeS — 1554, ic s cccieo-e—-j

Iti. Eaer’c piecccsl c: fccecccei ic ceice cf cSe fcrs^ctcj

Tsiltc, ccr fell caccr ttci; ccc axaifacle- fc tic:* tc icccrpc-

isie tes tcclec aef cEaxc frerc le icto tSic: pxcScaSc':.
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INDEX TO
SECTION 7

Cylindrical Fits Allovrances and Tolerances

Standard Tapers

Tousle Hurr.bers, Page Humors
Inclosivc GisJ of Tabular Mofter Inclusive

7-1 to 7-2 Preferred basic sizes and tolerances 7-2

7-3 to 7-8 An;ericon standard fits, classes 1 to 6 7-3 to 7-8

7-9 Stresses ond forces under class 6 fit 7-9

7-10 to 7-11 Class 7 fit, stresses ond forces 7-10 to 7-12

7-12 to 7-13 Class 8 fit, stresses and forces 7-13 to 7-14

7-14 to 7-18 Self-holding n;ochine topers 7-15 to 7-19

7-19 American standard steep machine topers 7-20

7-20 SAE standard taper shaft end 7-21

7-21 Brovrn ond Sharpe tapers 7-22

7-22 Amount of taper in terms of length 7-23

7-23 to 7-26 Tolerances on antifriction bearings 7-24 to 7-26

7-27 to 7-28 Fitting proctices for tapered roller bearings 7-27 to 7-31

7-29 to 7-34 Shaft and housing diameters for metric ball bearings 7-31 to 7-45

7-35 to 7-36 Shaft and housing diameters for inch dimension ball bearings. 7-46 to 7-47
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TABLE 7-1

Americon Sfondard Preferred Basic Sizes

ASA B4.1-1947

0.0100 Vic 0.3125 1 7. 1.8750
0.0125 Vt 0.3750 2 2.0000

Vsa 0.01562 Vic 0.4375 2 V* 2.1250
0.0200 'A 0.5000 2 '/a 2.2500

0.0250 Vic 0.5625 2 2.3750
0.03125 V« 0.6250 2 'At 2.5000
0.0400 “/le 0.6875 2 54 2.6250
0.0500 ’/a 0.7500 2 2.7500

Vic 0.0625 % 0.8750 2 Vt 2.8750
O.OSOO 1 1.0000 3 3.0000

Vas 0.09375 I •/. 1.1250 3 3.2500
0,1000 1 '/a 1.2500 3 3.5000

0.1250 1 Vc 1.3750 3 Va 3.7500
0.15625 t >Ai 1.5000 4 4.0000

Vie 0.1875 1.6250

'/a 0.2500 J Va 1.7500

All (limciuions arc given in inches.

TABLE 7-2

Recommended Tolerances and*Allowonccs in Specifying Fits

ASA B4.1-1947

0.0001 0.0006 0.0025 0.0100
0.00015 O.OOOS 0.0030 0.0120
0.0002 0.0010 0.0010 0.0150

0.00025 0.0012 0.0050 0.0200
0.0003 0.0015 0.0060 0.0250
0.0004 0.0020 O.OOSO 0.0300

0.0005

All dimensions arc given in inches.
• The v.ilucs indic.itcd in heavy type are the preferred values.
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•5TABLE 7-.

Anrsrfcan Spaniard Loose Fif, Clcss 1

Lcrge A.flovcnse, {nfsrchangscble

ASA 540-1925

y-ri-trr-T CT Jj'XXX Ttrz (CcjllX Ij

£f75GCiL2rr

Eife

2,125

iMunsr. Til 2-122

CT OiT-l.

EcaTt

2-I2I C-r,r,4 ACr-Ta^os

2.II-2 C-CIC -JEc-yarffft

-f-

rfiasr:.

H-.u* Tcfersiiit* •• G.CCi^ 'V'T

Scaft TctiKsscs &-CC2' 'V^
Ajyjvz^v. - G.ccst -ySi

XHr £i 5;t^-n<i« fcr e-.c-iHisraiut frKsfcr: atiA en^iriAw eattafa £y Trieri a.-wnn-aT'

2! ^ssxn^ssl.

ScP!r
i

1

1
I-fcl:;.

Tr?5-.-i3!t

Fh
Lcosftat

Fit

Tnrs
Cp »
siii

laaL
!-r*ur

1

'

1

EhCe cr
Ert«r=.4l

ir«='.-5r

-Ecaft f-r

! fiVirr-al
j

SU=i«r
1

Zllft'y-

ADst-
8i(» -r
Tcfer^

-r
1

**
i

- -i-s*’

0 Va 'It G CG2 c- CCI c.ccc C.fXX cccs
v« Va 'ft c.cr-2 O.CCI c.cr.2 C.V.I 0 CCS
Va Va 'ft 0-CC2 C.CCI C.CC2 c.ccx C.CCS

Va Va 'ft C'.a2 G.CCC C.CC2 C.CC/I C.CC2 c.cce

Va £=/„ 'ft CXC2 c.ccc C-CC2 C.CC4 0.CC2 c.ccc

«/a »/a
\

'ft c.r.c2 C.CCG C.r,C2 C.CC-S C.Cr/2 c.ccc

«/a “/a 'ft c.cr-2 C.CCC C CC2 C.CC4 C.CC2 c.cce
«/» IVa I

i

C.cr,2 c.ccc C-CCS C.CCC e.cc3 c.ccc

I'/a IVa IV. 0.cr,.2 c.ccc C.CC.2 c.rxc C.CCS c.ccc
IV. IV.

i

C,CC-2 c r.co C.CC3 c.ccc C.CCI c.ccc

t'A I«/« 1
V-lt C.CV2 c.ccc C.CCS c.ccc &.f.r,2

i
c.ccc

IV« IV. IV. C CCS c.ccc C.CC4 C.CCT C.CC4 t C.CIC
IV. 2'/. 2 o,cr,2 c.ccc C CCA C.CC7 C.CrX 1 C.CIC

2V. 2V. 2V.
i

C-CC- c.ccc C-CCA C-CC7 C.Cr/4 C.OIC

2V. 2V4 2V. G CCJ
1
c.ccc C.CCS C.CC2 C.CC.S C.CIl

^Vt sv. 2 G,CC4 c.ccc c.ccs c.ccc C.CGS C.OLS
Z-f, 2V. 2V; C.CG5 c ccc c.ccc C.CIC o.r.cc C.CI4

^r. 4V. 4 C,CG4 C crx c.ccc C.CIC C.CIX 0.CI4

4-'/. 4V. 4V. G,CC4 c.ccc O.CCT C.CIl C.CC7 C.CI.SEn r^h z C.(X4 C-CCC C,CC7 ! C.GII C.CC7 C.CISEM ev. t C-Cr,G c.f.r,c C.CC2 c c:3 0.CC2 C.CI2EM T^h 7 O.CCG c.ccc C.CCC C.CI4 c.ccc C.CICpa 2V. f.
j

C CCS c.ccc C.CIC C.CIC C.CIC c.ccc

AS lit—aaaiega fc ekEj?*.

• iracz; r-r-J ifSicixA cr cf Ic/:aaaa»i-
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TABLE 7-4

American Standard Free Fit, Class 2

Liberal Allowance, Interchangeable

ASA B40-1925

Exauplc or Fure Fit (Cuaph 2)

Tightest Fit

SauMxnr or Datx

Hole Shafl

1.2i00 1.2484 O.OOIG AliowAncr

Loof>es( Fit 1.2514 1.2470 0 0014 Allotrance

FoitifUL4ii

When d mean site.

+ Tolerances

Hole Tolcrftnco -• 0.0013

Sliftft Tolerance - 0.0013

AltoTTAnce — 0 0014 \/ff*

For runninK fite eritli apccdi of COO r.p.m. or over, end journal preesuree of COO lb.

pop fq. in. or over.

Sire l.miite
Tightest

Fit

leOOSMt

Fit

I'rom
up to

nnd
fncl.

.Mnin

Hole or

JCxlernM
.Mcmirtrr

.Shaft or

Iniernn)

Mcmlier

Allovr-

ADOO

Allow-
ance +
Toler-

ances

+ - - +» +*

0 •A. n 0 tK)07 0 0000 0 0(XJI 0 0011 0.0004 0.0018

A. •A. U (XKIS 0 0000 0 (XlOO 0 0014 0.0000 0.0022
Vm ’/ll mm 0 fKK>t» 0 0000 0 0007 n 0010 0 0007 0.0025

Vi. * I* 'A 0 (Kl(0 0 0000 0 0000 0 0010 0.0000 0.002C
Vi. "A. V. 0 0011 0 0000 0 0010 0 0021 0 0010 0,0a32
"/i. 0 ()0I2 0 0000 0 0012 0 tX)24 0 0012 0.0030
"A. "A. 'A 0 0012 0 0000 0 0012 0 0025 0 001.3 0 0037
'Vii I'A. 1 0 ooi;i 0 0000 0 0014 0 0027 0.0014 n.owo

I'A. I'A. I'A 0 0014 0 (KHN) 0 0015 0.0020 0.0015 0.0043
IVi. IV. I'A 0 0014 0 0000 0 POlO D.oaio 0.0010 0.0044
IV. IV. I'A 0 0015 0 0000 0 0018 0 oo:j3 0 0018 0 0048

IV. IV. IV. 0 0010 0 0000 0 0020 0 tma 0 (>020 0,0052
IV. 2'/i O- 0 1)010 0 0000 0 0022 0 oa*is 0.0022 0 0054

i I 2V. 2'/. 0 0017 0 OOtX) 0 0024 0 (KUI 0.0024 0.005S

2>A 2'A 0 0018 0 0000 0 0020 0 0014 0 0020 0,0002
.•I'A 3 0 OOIll 0 0000 0 0020 0 0018 n 0020 0.0007
;iv. .I'A 0 0020 0 0000 0 00.12 0 00,^2 0.(K)32 0.0072

i I 4 'A 4 0 0021 0 0000 0 0035 0 0050 0.0035 0 0077

4 'A 4V. 4'A (1 (K)2I 0 0000 0 0038 0.0050 0.003S O.OOSO

4V. O'A 5 0 0022 0 0000 0 0011 0.0003 0.0041 0 00S5

5V. O'A 0 0 0021 0 0000 0 0010 0.0070 0.0040 0 0094

OV. 7'A 7 0.002.’; 0 0000 0 (KI.Ol 0 0070 0.00.51 O.OIOI

7V. 8'A « 0 0020 0 onoo 0 0050 O.OOS2 0.0050 O.OIOS

All dimensions in Inclics.

Notr: (+) donotos clonrnnco or nmount of loosoneiw.

7-4



TABLE 7-5

American Standard Medium Fit, Class 3

Medium Allowance, Interchangeable

ASA B4a-1925

Exaiipls or Mediuh Frr (Cla£3 3)

StnofART or Data

Hole Shaft

TightestFit 3.0000 2.90S1 0.0019 AUowance

Loosest Fit 3.0012 2.9969 0.0<U3 AHoT^acce

-h Tolerances

FoBinTiJLS

^'hen d mean eire,

Ko!e Tolerance *= O.OOOS 'V^

Shaft Tolerance « 0.0003 -v/J

Allowance 0.0009

For running fits under 600 r.pan. and "prith journal pressurea less than €00 Ib. per kj.

in-; also for sliding fits, and the more accurate machine-tool and automotive parts.

Size Limits
Tightest

Fit

Looseet
Fit

From
Up to

aad
Incl.

llesn

Hole or
Extemnl
ilember

Shaft or
Internal

Member

Allow-
ance

Allow-
ance -F
Toler-

ances

-i-
- - -L*

0 V« V. 0-0004 0.0000 0.0002 0.0005 0.0002 0.0010

Vi< Vi. ‘A 0.0005 0.0000 0.0004 0.0009 0.0004 0.0014
•/< Vi. V. 0.0005 0.0000 0.0005 0,0011 0.0005 0.0017

V» Vi. ‘A 0.0005 0.0000 0.0005 0.0012 0,0006 0.0018
/u V. 0 0007 0.0000 0.0007 0.0014 0.0007 0.0021

«/< ‘Vi. V. 0 0007 0.0000 0.0007 0.0014 0.0007 0.0021

>Vi« “/» V. 0.0008 9.0000 0 coos 0,0016 O.OOOS 0.0024

Vi< t‘/.. 1 O.OOOS 0.0000 0.0000 0.0017 0.0009 0.0025

I‘/» IVi. I'A 0.0003 0 0000 0.0010 0.0018 0.0010 0.0026

IVh IV. l‘A 0 0000 0 0000 0 0010 0.0019 0.0010 0.0028

IV. IV. l‘A 0.0009 0.0000 0.0012 0.0021 0.0012 0.0030

IV. IV. IV. O.OOIO 0.0000 0.0013 0 0023 0.0013 0.0033

IV. 2’/. 2 0.0010 0.0000 0.0014 0.0024 0.0014 0.0034

ZV. 2V. 2V. 0 0010 0 0000 0.0025 0.0025 0.0015 0.0035

2V. 2V. 2‘A 0.0011 0.0000 0.0017 0.0028 0.0017 0.0039

2V. 3‘/. 3 0.0012 0.0000 0.0019 0,0031 0.0019 0.0043

3V. 3V. 3‘A 0 0012 0 oooo 0.0021 0.0033 0.0021 0.0045

3V. 4‘/. 4 0.0013 0.0000 0 0023 0.0036 0.0023 0.0049

4'/. 4V. 4'A 0 0013 0.0000 0.0025 0.0038 0.0025 0.0051
4'/t 5‘/. 5 0.0014 0.0000 0.0025 0.0040 0.0026 0.0054

5^/i 6‘/, 6 0.0015 0.0000 0.0030 0.0045 0.0630 0.0060

6'A 7‘A 1 0 0015 0-0000 0.0033 0.004S 0.0033 0.0063

7V. S‘A S 0.0016 0-0000 0.0036 0.0052 0.0036 0.0068

All dImeasiorLS in inches.

Note: (-r) denotes clearance or amount of looseness.
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TABLE 7-6

American Standard Snug Fit, Class 4

Zero Allowance, Interchangeable

ASA B4a-1925

Hole
Ctx+ernol Henter)

O tIM * ^ OCOO
^QCCOJ

1 r

Shaft
(Internal Member)

Diull Cirncr Boot akd Jaw*. EiAUri-r or S.vco Fit (Class ))

Tightest Fit

Loosest Fit

Bouuaiit or Diwensioss

Hole Shsft

0.2500 0.2500 0.0000 Allowsnee

0J5OI 0.2407 0.0007 Allotrsnce

+ Tolersnee

When d

Fobuclas

raesn else.

Hole Tolenujce

Shsft Tolersnce ••

Anowsnce —

This is the closest fit which can bo aasembled by hand and necessitates work of con-

eidenible precision. It should bo used where no perceptible ihate is pertnissibls and
where moving parts ore not intended to move freely under load.

SIxo Limits
Tightest

Fit

Loosest

nt

From,
Up to

And
Incl.

Mean

Hole or
External
Member

Shaft Of
IntemaJ
Member

AUoir-

aoce

Allow-

ance +
Toler-

ances

+ - +•

0 Vi. V . 0 0003 0.0000 0.0000 0.0002 0.0000 0.0005

Vi . •A 0.0004 0 0000 0.0000 0.0003 0.0000 0.0007

•/i« Vi . V. 0.0001 0.0000 0.0000 0.0003 0.0000 0.0007

Vi . V. 0 0003 o.oooo 0.0000 0.0003 0.0000 O.OOOS

v» "/i. V. 0.0005 0.0000 0.0000 0.0003 0.0000 O.OOOS
<</ll •Vi . V. 0.0005 0.0000 0.0000 0.0001 0.0000 0.0009
"/ll •Vi . V. 0.0000 0.0000 0 0000 0.0004 0.0000 0.0010
'•/» I'/i. 1 0.0000 0 0000 0.0000 0.0004 0.0000 0.0010

V/it I'/i. I'A 0.0000 0.0000 0.0000 0.0001 0.0000 0.0010
l»/ll IV. I'A 0.0000 0.0000 0.0000 0.0004 0.0000 0.0010
!•/• IV. 1'/. 0.0007 0 0000 0.0000 0.0005 0.0000 0.0012

!•/• IV. IV. 0.0007 0.0000 0 0000 0.0005 0.0000 0.0012

iVi 2V.
o 0.0003 0.0000 0.0000 0.0005 0.0000 0.0013

2'A 2V . 2 'A O.OOOS 0.0000 0.0000 0.0005 0.0000 0.0013

2Vi 2'/. 2 'A 0.0008 0.0000 0.0000 0.0005 0.0000 0.0013

2'/* 3>A 3 0.0009 0.0000 0.0000 0.0000 0.0000 0.0015

3'A 3»/, 3'A 0.0009 0.0000 0.0000 0.0006 0.0000 0.0015

3 'A 4'A 4 0.0010 0.0000 0.0000 0.0000 0.0000 0.0016

4 'A 4V. 4'A 0.0010 0.0000 0.0000 0.0007 0.0000 0.0017

4 ‘A 6'A 6 0.0010 0.0000 0.0000 0.0007 0.0000 0.0017

6'A fl'A C O.OOII 0.0000 0.0000 0.0007 0.0000 0.0018

c'A 7'A 7 0.0011 0.0000 0.0000 O.OOOS 0.0000 0.0019

7>A 8'A 8 0.0012 0.0000 0.0000 O.OOOS 0.0000 0.0020

All dimensions in inches.
• Non:: (+) denotes clonmnco or amount of looseness.

0.0000 -^d

0.0004

0.0000
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TABLE 7-7

American Standard Wringing Fit, Class 5

Zero to Negative Allowance, Selective Assembly

ASA B4a-1925

I.OCA.T1NO Keys, Tonqueh on Dowels. Example op Whinoiko Fit (Class 6)

SuMMABT of Dimensions

Hole Sheft

Tightest Fit 0.0260 0.6253 -0.0003

Loosest Fit 0.6265 0.6250 +0.0005

Selected Fit 0.6260 0.0250 0.0000

FonMDLAB

When d * mean size,

Hole Tolerance » 0.0006'^'^

Shaft Tolerance 0.0004'^^

Average interference of metal 0.0000

The average interference of metal ia the dcaired con-
dition and must be obtained by selective assembly that ia,

by mating large shafts in largo holes and small shafts in

small boles.

This is also known as a “tunking fit" and it is practically metal-to-metal. Aasombly is usually

selective and not interchangeable.

SUe Limite
Tightest

Fit

Loosest

Fit

Selected

Fit

From
Up to

and
Incl.

Mean

Holo or

External

Member

Shaft or

Internal

Member

Allow-
anoe

Allow-
ance -k
Toler-

anccs

Average
loter-

forenco

of metal

+ + _• +•

0 •A. 'A 0.0003 0.0000 0.0002 0.0000 0.0002 0.0003 0,0000

Vi* Vi. 'A 0.0004 0.0000 0.0003 0.0000 0.0003 0.0004 0.0000

‘/i. Vii •A 0.0004 0.0000 0.0003 0.0000 0,0003 0.0004 0,0000

Vi. •A. •A 0.0005 0.0000 0.0003 0.0000 0.0003 0.0005 0.0000

Vi. ”A. •A 0.0005 0.0000 0.0003 0.0000 0.0003 0.0005 0.0000

"Ai '•A. •A 0.0005 0.0000 0.0004 0.0000 0,0004 0.0005 0.0000

‘Vii >Vn V. 0.0006 0.0000 0.0004 0.0000 0,0004 0.0006 0.0000

*»/l« v/ii 1 0.0006 0.0000 0.0004 0.0000 0.0004 0.0006 0.0000

I'/ii iVi. I'A 0.0006 0.0000 0.0004 0.0000 0.0004 0.0006 0.0000

1VH I'A I'A 0.0006 0.0000 0.0004 0.0000 0.0004 0,0006 0.0000

iVi i‘/i I'A 0.0007 0.0000 0.0005 0.0000 0.0005 0.0007 0.0000

iVi IV. I'A 0.0007 0.0000 0.0005 0.0000 0.0005 0.0007 0.0000

IV. 2V. 2 0.0008 0.0000 0.0005 0.0000 0,0005 0.0008 0.0000

2'/. 2V. 2'A 0.0008 0.0000 0.0005 0,0000 0,0005 0.0008 0.0000
2>/. 2V4 2'A 0.0008 0.0000 0.0005 0.0000 0.0005 0.0008 0.0000

2»A 3V4 3 0.0009 0.0000 0.0006 0,0000 0.0006 0.0009 0.0000

3V* 3V4 3'A 0.0009 0.0000 0.0006 0,0000 0.0006 0.0009 0.0000

3«A 4>A 4 0.0010 0.0000 0.0006 0.0000 0.0006 0.0010 0.0000

*'/• 4.A 4'A 0.0010 0.0000 0.0007 0.0000 0.0007 0.0010 0.0000
*'/. 6V. 5 0.0010 0.0000 0.0007 0.0000 0.0007 0.0010 0.0000

6'A 6V. 6 0.0011 0.0000 0.0007 0.0000 0.0007 0.0011 0.0000

6‘A 7'A 7 0.0011 0.0000 0.0008 0.0000 0.0008 0.0011 0.0000

7'A 8'A 8 0.0012 0.0000 0.0008 0.0000 0,0008 0.0012 0.0000

All dimensions in inches.

• Note: (— ) denotes interference of metal or negative allowance.
^ Note: (+) denotes clearance or amount of looseness.
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TABLE 7-8

American Standard Tight Fit, Class 6

Slight Negative Allowance, Selective Assembly

ASA B4a-1925

Coat
Iron

I 'f
Sha-H

rowoVigllls'*!

o.7soo'4$^
-

1.® Hole

Jifl BofliiiKO. ExAiirLK or Tiorrr Fit (Clam 0)

SOMUAIIT or DlVUNMOWft

Hole Shaft

Tidlitcol Fit 0.7500 0.7507 -0.0007

tooBMt Fit 0.7505 0.7502 +0.0003

t Selected Fit 0.7500 0.7502 -0.0002

ttSeIcctcd Fit 0.7505 0.7507 -0.0002

Hole Btresa — 200S Ib./eq. in.

Force for prcsaitiff */t X 0. H9 •- 0.075 ton.

t Small abaft in amall bole,

t Largo abaft in largo bolo.

FoiunjUiB

When d mean alte,

Holo Toloranco " 0.0000

Shaft Tolerance 0.0006 *>^5

Average intorferenco of motal 0.00025rf.

The average interference of metal ta tbo deaired con-

dition and mual be obtainad by aelcctive aascmbly that ia,

by mating largo ebafU in large boles and small ebafta in

small bolca.

Light prcjsure is required to aasemblo theee fits and tbo parts are more or leas pennancDtly
aMembled. eucli as the Gzed ends of studs for gears, pulleys, rocker arms. etc. llieeo 6ta are

used for drive fits in thin sections or extremely long Hts in other sections, and also for shrink 6ts

on very light sections. Used in automoUve. ordnance, and genera! machine manufacturing.

Size Limits
TishteBt

Fit

LOOBCBt
Fit

Selected

Fit

From
up to

and
Inch

Mean

Hole or

JvxternnI

Meml>cr

Shalt or

Intrrnrd

Member

Allow-
ance

Allow-

ance +
Toler-

ances

Average
Inter-

ference

of metal

+ + + . e •

0 A. V. 0 0003 0.0000 0.0003 0.0000 0,0003 + 0,0003 0.0000

Vii Vi. V. 0.0004 0.0000 0.0005 0.0001 0.0005 + 0.0003 0.0001

‘A. V.. V. 0 ooot 0.0000 0,0005 0.0001 0.0005 +0.0003 0.0001

Vi. •A. V. 0.0005 0.0000 o.oooo 0.0001 0.0000 + 0.0001 0.0001

•A. “A. V. 0.0003 0 0000 0 0007 0 0002 0.0007 +0.0003 0.0002

"A. "A. V. 0 0005 0 0000 0.0007 0.0002 0.0007 +0.0003 0.0002

"A. '•A. V. 0,0000 0.0000 O.OOOS 0;0002 O.OOOS + 0.0004 0.0002

"A. I'A. 1 0 0000 0.0000 0.0009 0.0003 0.0009 +0.0003 0.0003

I'Ai I'A. 1'/. 0.0000 0.0000 0.0009 0.0003 0,0009 +0.0003 0.0003

IV.. IV. IV. 0.0000 0.0000 0.0009 0.0003 0.0009 + 0.0003 0.0003

IV. 1*/. I'A 0.0007 0 0000 0.0011 0.0004 0.0011 + 0.0003 0.0004

IV. IV. IV. 0.0007 0.0000 0.0011 0.0004 O.OQll +0.00W 0.0004

IV. 2V. 2 0.0008 0.0000 0.0013 0.0005 0.0013 +0.0003 0.0005

2V. 2V. 2'A 0.0008 0,0000 0.0014 0.0000 0.0014 + 0.0002 0.0000

2V. 2V< 2'A O.OOOS 0 0000 0.0014 0.0000 0.0014 +0.0002 0.0000

2V. 3V. n 0.0009 0 0000 0.0017 O.OOOS 0.0017 +0.0001 O.OOOS

3V. 3 'A 31/1 0.0009 0 0000 0.0018 0.0009 0.0018 -0.0000 0.0009

S'A 4'/. 4 0.0010 0.0000 0.0020 0.0010 0.0020 BAB 0.0010

4'/. 4./. 4V. 0,0010 0 0000 0.0021 0.0011 0.0021 -0.0001' o.oon
4"A 6V. 6 0,0010 0.0000 0.0023 0.0013 0.0023 0.0013

6Vi (HA o.oon 0.0000 0.0020 0.0015 0.0020 -0.0004 0.0015

7>A 7 0.0011 0.0000 0,0029 0.0018 0,0029 -0.0007 0,0018

7V. 8V. 8 0.0012 o.oooo 0.0030 0.0020 0.0032 -O.OOOS 0.0020

All dimonsions in inches.
• Note: (— ) denotes intorforonco of rootal or nogntivo allowance.
• Note: (+) denotes oloaranco or amount of looseness.
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TABLE

7-11

Interference,

Resultant

Stresses,

and

Forces

for

Medium

Force

Fits,

Class

7

ASA

B4a-1925

t5
<3

Ie Tons
0.075 0.075

0.

1-10
^ ^ C) o
C? Cl o o
Cl Cl Cl ct

o d d d

^ CO 00 ce Cl
h- O !>•

CO "T -v to O
d d d d d

0.747 0.823 0.971 1.121 1.345

O CO Cl U3
Ci*-'0-r —

C- CO Cl o
Ft »-( Cl d

Cl

3
K

1
Loosest Fit Tons

• « • • • •
0
075

0.M9

o -*• CO ce et
Cl S:
Cl CO ^ O

d d d d d

b- »t O CO
•«<< b- Cl Cl P

Ci ft '<c b.

O O -t Ft Ft

tv

1

O
b

cS

W

1
CO

§
O <R

t ^
fa

Tons
0.200
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d d d d

d h. ts. w o
Cl Ci C5 Cl c>
coco CO >-4

d d d r-’
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7—11,
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TABLE 7-13

Interference, Resultont Stresses and Forces
for Heavy Force and Shrink Fits, Class 8

ASA 840-1925

Intor/crence of Motnl per Inch

of Mcnn Siso

Greatest Hole Stress.

Steel Shaft tn Steel Hole

Mean
Sire

Ti'Kfiteat

Fit

liooacst

Fit

Selected

Fit

Tightest

Fit

Loosest

Fit

Selected

Fit

Inch Ineb Inch
I^b per
aq. in.

Lb per

,(] in.

Lb per
eq. in.

Ton, Tone Tons

0.00320 s HiiimiH 92S00 mn 20000 0.610 HHHI
'A 0.00280 • BiiRSifl 81200 20000 0.009
'A 0.00213 0 HViMH 01870 20000 1.038 0.510

'A 0.00200 0 HiliiiiH 6SOOO • 29000 1.208 0.049
‘A 0.00170 0.00010 0.001 61010 4010 20000 1.428 0.779

•A 0.00173 0.00010 0.001 42270 IICOO 1.CS7 1.038

’A 0.00171 0.00034 0.001 40710 0913 29000 1.947 1,108

I 0.00100 0.00010 0.001 4C10O 11000 20000 2.077 0.619 1.298
l‘A 0.00151 0.00014 0.001 43010 12.800 20000 2.207 0.049 1.42S
I’A 0.00152 0.00050 0.001 440.SO 10230 29f>00 2. 450 0.909 1.687
I'A 0.00147 0.00053 0 001 42530 15470 20000 2.850 1.038 1.947
l‘A 0.00113 0.00002 0.001 4M30 18230 20000 3.245 1.428 2.336

2 0.00140 0.00000 O.OOl 17400 20000 3.034 1.658 2.590

2'A 0.00138 0.00000 0 001 20000 4.024 1.947 2.985

2'A 0.00132 o.oooos 0.001 382S0 20000 4.283 2.207 3.245
3 0.00130 0.00070 0 001 37700 20300 20000 5.002 2.720 3.894

3'A 0.00120 0.00074 0 001 304CO 21510 20000 6.711 3.375 4.643

1 0.00125 0.00075 0 001 30250 21750 20000 0.400 3.894 5.192
•I'A 0.00122 0.00078 0 001 3.5440 22500 20tX)0 X.130 4.643 5.641
6 0.00120 O.OOOSO 0.001 34S00 23200 20000 7.788 5.192 0.490
0 0.00118 O.OOOS2 0 001 31317 230S0 20000 9. 210 0.300 7.788
7 O.OOllO O.OOOS-l 0.001 33570 21440 20000 10.514 7.C5S 9.080

8 0.00115 0 00085 0 out 33.'150 210.50 20000 11.942 8.820 10.384

y 0.00113 0,00087 0 001 25130 200(H) 13.240 10.121 11.682

10 0.00113 O.OOOS7 0 001 32770 25233 20000 14.007 11.293 12.9S0
12 O.OOIF.’ 0.000.88 0 001 32390 25010 20000 17.393 13.759 15’.676

H 0.00110 0.00000 0 001 31000 2GIOO 29000 19.9S9 10.355 18.172

10 0.00109 0.00001 0 001 31720 2C200 20000 2-3.T1.5 18.821 20.708

IH O.OOIOS 0.00001 0 001 315S0 20120 20000 21.287 23.304

20 O.OOIOS 0 00002 0 001 2&o«;o 29000 23.883 25.900

21 0.00107 0 00003 0 OOl 310.50 20940 29000 3.1.359 28.945 31.152

28 0.00100 0.00001 0.001 27130 20000 3S.0S0 34.008 30.344

32 0,00100 0.00001 0.001 30710 272KO 29000 44.002 39.070 41.530

30 0.00100 O.OOOOl 0 OOl 30000 27390 29000 40.324 44.132 40.728

40 0.00105 0.00005 0.001 30510 27480 20000 51.040 49.194 51.920

48 0.00105 0.00005 0 001 301.10 270S0 29000 05.100 59.418 02.304

50 0.00104 0.00000 0.001 30180 27810 20000 75,073 09.703 72. OSS

04 o.ooiai 0.00000 0.001 30080 27D00 29000 80.187 79.057 83.072

72 0.00103 0.00007 0.001 30000 27000 20000 90.701 90.211 93.460

80 0.00103 0.00007 0.001 29010 2.8000 29000 107.113 100.405 103.840

00 0.00103 0.00097 0.001 20810 281 SO 29000 123.115 121.103 124.008

112 0.00103 0.00007 o.oni 29750 2S250 20000 149.110 141.012 145.

128 0.00102 0.00098 0 001 20090 28320 20000 170.038 102.250 100.144

Stress - 20000000 A/iJ Force - 129S A

Force for Pressing,

Steel Shaft into Steel Hola

A «- nllownnco, d mean eiio.

Values for stress and force are true only ' when hub diameter equals twice the bole diameter.

The force values are for a fit one inch long. For other longtlis multiply by the length of fit in inches.

No values, duo to smallest nlmft member beinn smnllcr than tlio largest hole member.

Tho vafucs of greatest hole stress are for mean diameter sires only. Fur other sires in a atop, the

per inch of diameter and hence the grenlcst hole stress will vary from the values giN*on in the table by less man

per cent. Where grenlcr accuracy for tho intermedinto ateps ia required, tho interference per inch of

ahould bo obtained by uao of tho formula: Average intcrferenco of metal •• O.OOld. in which d is the diameter

bole for which tho airo of tho ahaft ia being computed.
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TABLE 7-14

American Standard Basic Dimensions of Self*Holding Machine Tapers

ASA B5. 10-1953

No.
of

Taper

Taper
per
Foot

Dlar?-

eter

at

Gage
Li Del

A

Weans of

Drirlng and Holding

..
*Origin

of

Series

.239 0.50200 0.23922 Brerwn and

.299 0.50200 OaS'565 Sharpe Taper

.375 0.50200 0.37525 Series

1 0.59358 0.47500
2 0.59941 0.70000

3 0.60235 O.93S00 Morse
4 0.62326 1.23100 1 Key Taper
4K 0.62400 1.50000 Tsag Key Drive Series

5 0.63151 1.74SOO DiItc
iafig

Drive sitfc

6 0.62565 2.49400 Tith ~ith Shank
7" 0.62400 3.2700 Staak

Shank
Shank Held

200 0.750 2.000 ' in fc7
HeU in

in 87 Dra**?-

250 0.750 2.500 ! Friedoa 7 Key bolt

300 0.750 3.000 1 ^See (See iSee .

350 0.750 3.500 Tabu 7—16) TabU Table 3/4 Inch
400 0.750 4.000 !

7-15; 7-17) 7-1 g; per
450 0.750 4.500 > Foot

j

Taper
500 0.750 5.000 Series
600 0.750 6.000
BOO 0.750 8.000
1000 0.750 10.000 1

1200 0.750 12.000
1

All dlrae jLtlea* girea is iacb^s.

Table* 7-15, 7-16, 7-17 Bad 7—18.
’This *ixe 1* ccaiiansd istJis Dri-re aerie* for the preserl to erect special ceeds.
•Tfci* xtaadard 1* a food illsalraiica cf the ecnagUdatioa cf *eeeral well-recoxRized aystees* a

stoxl* aSaiard.
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TABLE 7-15

American Standard Machine Tapers Having

Tang Drive and Shank Retained by Friction

ASA B5.10-1953

Diam-
eter

at

Gage
Line

A

Shank Tang Socket
.

Tang Slot

Total
Len^

Shank

B

Gage
Line

to End
of

Shank
C

Thick-
ncaa

E

Length

F

Radiue
of

Mill

G

Diam-
eter

H

Radius

J

Min.
Depth

of

Tapered
Hole

K

Gage
Line
to

Tang
Slot

M

Width

N

Length

0

Shank

End to

Back of

Tang
Slot

P

.239 0.23922 IVaz 1 Via 0.125 Via Vig "/a« '/zz 1 '/iB 'Vie 0.141 Va '/4

.299 0.29968 1 >V32 1 '/z 0 156 '4 Via 'A: 1 Vie 1 ".ia 0.172 'Via

.375 0.37525 I Va 0.187 Via Via Vsz » Vk I 'Viz 0 203 Vi

1 0.47500 2 Vi 6 2Vja 0 203 ‘i Vie 'Viz ‘.as 2 Vie 2'/i6 0.213 Vi Vi

2 0.70000 3 Va
2 ‘Vie 0.250 Vie V, 2 2 2 Vi 0.260 Vs ^At

3 0 93800 3Vg 3 0 312 Vie »Az ”Az ^ea 3 */ie
0.322 1 Vie Vis

4 1. 23100 4 Va 0.469 Va Vie Vi: 4 Vie 3 Vi 0.479 1 Vi

4 i/j 1,50000 S V, s V4 0 562 *
*/i6 Va 1 ’’A '/a 4 Va 4 Vie 0 573 1 Vs Vh

S 1.74800 6Va 5 Va 0.625 =>.51 1 ”iz '/a 5 Vie 4 'Vie 0.635 1 Vs

6 2 49400 8 ?i6 8 1/« 0 750 j Va 'ri 2 Viz 7 'Viz 7 0 760 1 Vi /2

7'' 3.27000 11 11 'A 1.125 _LLi__
J

/ 1 2*/. Vi. loViji 9'/: 1.135 2Vi

All dimensions given In Inches.

*This sire is continued In the Tnng Drive series for the present to meet speclsl nee<!s.

For Diameter or Shank at Iiaoe Live (.\)

All sizes, +0.002 - 0.000

For Diameter or Hole at Gaoe I.ine {.\)

All sizes, +0.000 - 0.002

For Thickness or Tang (E)

^ Up to and including No. S, + 0.0(X) — O.OOft

Larger than No. S, + 0.000 — 0.008

For Width or Tang Slot (N)
Up to and including No. 5, + 0.006 — 0.000
Larger than No. 5, + 0.008 — 0.000

Tolerances

For CoNci nikiltiv or Ia.m: (E) with center line ul t.H>er

Up to and including No. 5, 0 .0035 (lndicator nadme

Ijtgcr than No. 5, 0.005 (Indicator reading.

For CoNCrsTRlciTV or Tang Slot (N) with center line ol taper

Up to and including No. 5, 0.0035 (Indicator reading)

Larger than No. 5, 0.005 (lndic.itorrc.idingi

Tolerances on Fractional Dimensions -O.OlO unless o.herwiw

specified

M6





TABLE 7-17

American Standard Machine Tapers Having Key

Drive and Shank Retained by Key

ASA B5. 10-1953

Tolerances

Fo» Diameter or Shake at Gage Line (A)
All sizes, -f0.002 - 0.000

Foe Diametee or Hole at Gage Line (A)
All sizes, -F 0.000 - 0.002

Foe Widtji or Slots (N) and (N'l
+0.008 - 0.000

Foe Width or Deive Ketwat (R*)
In socket. +0.000 - 0,001

Foe Width or Dejve Ketwat (R)
In shank, +0.010 —0.000

Foe CoNCEKTEiciTTor Slots (N) and (N')

Wlh centerline ofspindle, 0.007
Foe CoHcEKTEiciTT or Ketwat (R*)W th cen ter line ofspindle, 0.002
Toleeakces ok PEjicnoNAL Dimensions,

wO.OIO unless otherwise specified

No.
of

Taper

Diam-
eter
at

GaRe
Line

A

Shank
Drive Key

Screw Holes
Holdback Key Slot

in Shank'

Length
From
Gage
Line

B'

Ex-
posed
Length

C

Length
of

Relief

Q

Diam-
eter

of

Flat

V

Diam-
eter

of

Relief

I

Drive
Keyway

Center
Line to

Center
of

Screw

D

UNF-2B
Hole

UNF-2A
Screw

D'

Gage
Line to

Back
of Key
Slot

W

Length

X

Width

N'

Width

R
Depth

S

200
250
300
350
400
450

500
600
800
1000
1200

2 000
2.500
3.000
3 500
4 000
4 500

5 000
6 000
8.000
10 000
12 000

S'/a

5%
6 Va
7 Vi6
8 Via
9

SVa
11 Via
Id Vs
17 Via
20'/!

Min
0.003

Max
0.067

for

all

Sizes

'/a

'/a

Via
Via
Va

V»

Via
'/i

Va
Va

I'/a

1 /a

1 Va
2

2^4
2^4

2 '4
2V.
3'/i
4 l/i

5 V.

1 Vs
2 '/is
2 'A
2 'Via
3 Via
3 'Via

4 i/a

5 Via
7

8 Va
10

1 005
1 005
2.005
2 005
2 005
3 005

3 005
3 005
4 010
4 010
4 010

1
1 'Vsz
l*’/4t
2 '4
2

2V4
3

3'/«

3 V*
d Va

%

i
’-4

'/4

'A
'A

'A

3V6
3"/i6
d'/ia
dV,
SVa
5V,

6 Via
7^6
9 Via

11 'A
13 Va

1 Via
1 Va
1 Va
2
2 '/a

2Va

2V
3
4

4Va
5Va

0.656

0.781

1.031

1.031

1.031

1.031

1.031

1.281

1.781

2.031

2.531

1

' Socket
1

Tang Slot'
Holdl

i

lack Key Slot'

n Socket

No.
of

Taper

Drive
Keyway

Gage
Line to

Front of

Relief

T

Diam-
etcr Depth

Gage
Line

to

Keyway

M

Width Length

Shank
End to

Back of

Gage
Line to

Front of Length Width

Width

R'

Depth

S'

Relief

U

Relief

V N 0

Tang
Slot

P

Key
Slot

y Z H'

200
250
300
350
400
450

500
600
800
1000
1200

1.000
1.000
2.000
2.000
2.000
3.000

3.000
3.000
4.000
4.000
4.000

P

1Va
Va

1

1

d Va

46 'Via

l'^‘

10
’4a

13 V
164

1 'Via
ZVa
2 Va
3 Vie
3%
dVia

d Vs
5 'A
7V
9 Vie

11

1

1

1

} y*
1 'A

2
2'^
3

d ‘A

S^-^a
6Va
7 'A
8

8Va
10'/«

12%
15 V«
18 'A

0.656
0.781
1.031
1.031
1.031
1.031

1.031
1.281
1.781
2.031
2.531

1 Va
I'Ve
2V,a
2Ve

lit

2Va
3 '/a

d '/a

5
6

.!/'•

Ill

1 Va
2Ve
2V
3 Va
4

2

3
3%
3%

\-k
7
8 '/a

1 ,"/e
I Va
IJ'Ae
Z’A
2%
2Ve

2Va

1 d^J
5
6

0.656
0.781
1.031
1.031

1.031
1.031

1.031
1.281
1.781
2.031
2.531

AH dlmenaloni given In inches.

Edges at entrance side of slots N and fV^ shall be chamfered nt AS deg ns follows: Nos. 200 to 350, Inclusive, 1/

Nos. 400 to 600, Inclusive, 3/32 In. deep; Nos. 800 to 1200, Inclusive, 1/8 In, deep.
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TABLE 7-19

American Standard Dimensions of Steep Machine Tapers

ASA B5. 10-1 953

No.
of

Taper1 Diameter
at

Gage Line

Length
Along
Axis

1

5 3.500 1
'2 0,5(»l 11 W. <1.6575

10 3.500 5/8 0.625 7/8 0.8750

15 3.500 3,'

4

0.750 1 l/lo l.t)'.25

20 3.500 7/8 0.875 1 5/16 1.3125

25 3.500 1 l.tJOO 1 '/'It, 1.5625

30 3.500 1 1/4 1.250 1 7/8 1.8750

35 3.500 1 1/2 1.500 2 1/4 2.2500

40 3.500 1 3/4 1.750 2 11/16 2.6875

45 3.500 2 1/4 2.250 3 5/16 3.3125

50 3.500 2 3/4 2.750 4 4.0000

55 3.500 3 1/2 3.500 5 3/16 5.1S75

60 3.500 4 1/4 4 250 6 3/8 6.3750

All dimensions gis'en in inches.

' This taper corresponds to an included angle of 16°, 35', 33.4'.

The tapers numbered 10, 20, 30,40, 50, and 60 that are printed

in heavy.faced type are designated as the "Preferred Series.

”

The tapers numbered 5, 15, 25, 35, 45, and 55 that arc printed

in light-faced type arc designated as the "Intermediate Series."

7-20



SAR

Stnntlurd

Tnpor

ShdfJ

Hnd

SAR

llnndhook

19r>.|

X. sr 9?' <r:' 97
07' 97 •‘or.

p.» ^ ?**.• ^ ^ ^ ' i» •• ir • -* 1
r

09 09 97 97 09 00 97 «^ — — *— CJt^OO 1

~ ' 9> 0-^ ^ • -r '97 ' 97 ' 97 ^ 79 '09 '07
97 09 ^ 09 97 —
^S'Ot^t^'TVitCt

1

09 09 97 97 09 09
Ctfft— — -r’.itic*s

O
Ti- r«» 2S

2 £ 2 :£ 2^¥j

.^«t*<t'St^S:*ft»«t«t SSSSSSgg

'

o-s^natiitiitr-o :S ut 'S. r- p* at S 1

«

M

1ft r— ^ “TV ut o
2 § 2 5 B §

O lit lit ^ lit lit 1^ CSiit^iitiitiitBt
SStt^-^iitiitr^S
lit «t iC -S P" P* Cft s
= = = = = = = "

_ -X -r 5? 9 § i-2 ^ O f»

d St «t « r- p» s c»
1

lit at —' — r- r*-
—

' S i

'r>t%stit5tst-'r’i2t
<= = cc;=:o = =

i*t r- O *ft O
tt ^ -Jv j<t 5"

^Ktkit^^^Jftiiti^ SOiit^SMtiitiititt
,S «— it it at at it at

Ct St fi at — -r r» iC.
-r lit 'S- iS p'- r- at <at

‘

-S ^ ^ ^ O SSSSSSSS
I

?5

Kt r— S- -TV ift O
it “t r— -i

^ ^ T» Mt it ^
Olftift'SOlftUtliti O Kt lit r» p- r» iS -s; r» at lit lit p- S ‘

Mt wt cc '=. E- r- at S
1

-
— ^
<S Iff «• <r:

1*5 iff ^ kT

?»5is»<»^sr5»?»
ffiffKiff-iff'iffiff'iff

599»9l5»9»-^^5»
' 9i '95 * 9i • Si • 95 '9i^9f 95 '

iff Wff. P» P9 jM.. ^ 9f._
;

ft. ;; S
»r ^ *T iff

.

9r*»r—
ocJitctstststst

J

s? »r *5 ^ rf-

« Iff C O «
ff ffl ff iff. ff p» ^ J^.

• 'iC'Oi'jK'sK •
1

f— *-.ff-.iffff‘>ff9r*?
j

e» « <ff
• « « « ««^'->»-'o
f>- p- ^ p».ii^

- d'tfs-'SS’iifaT'fft'at
1— 1— .— •--•ff-iffff

i

*«; '« •95'« !

^ 00 9.9 00 00 ^0 »

^ it 5t ci ^ ?TSS5?T£2i2: atat««»«««
i

2 ^ ^ •ei <» X
iff — — iff^

-*>< • 95 ‘..r <*<

95*^ 09. 09 90.
•-^•es

1

^^^CTcrrrrroci
;

•ff ^ «
•—“ « « *ff '« —
nC « -ff

9 «> » •>

« fS
^

_ -ff -s

-T*^ 95 ” 9-, 9-

« «
•«9 <9«'99 "SR -'95

1

1

-
« i* ' — -r • -»

97 97 97 m0
-e» • ea "s» • ,< '•-9 • 0 'C» 'or '«r '5> 1

ststitCT-r^^i^
1

ff f*- — — Iff

07'X’ 97' 07' 07 ”07 * 97 ' X
97 97 97 95— rTs>rv

i

'95 • B5’ 95 ^95 ‘it'tfr'at'es ,

1— p-«r«rf-“»^9i9r l

tioctctst-r-riit
t

--
-ff

—’ —
»» »ff « »

ff « <C ^"ff «
97 97 97 ’1^'9097 97 ''09
09 00 ^ f*— ^ •» •»— —’rv'nti'tTst

9 [

«ff Iff W ^‘95 S» «. *ff 1"95 '95 »r •>95'—':*-'
{

— — 2» ** p ' '

3^ £ ^ 2~> ^ ^ ^ ^ Kt— uttpiitStatSt
^••— nst-^^E'-ot

iftCT'Ticioc^do
;

CtO^P^Sc»^S
1^ -O ^ •S O — CTCTSTtt-rtitit ,

•» ir tr: it IX it 5t it
^ ^ ^ ^

r- Ti r» tr^ r- r-* t> ^*ft«£Htg^Mt»ftg

^ ^ s -s ^ — tTCTCTtTitStSt
T s f 5 i i E 5 S Cl ^ i- ^ ^Ci—•Oit-r-'Cfot

statatatttatatat

c- ^ O -S O -S o —i-rrcJCT-tr-citst
j

~| 4
St «t ^ »ct Wt•r;r-ir»»2 r-
rv it ut « E- at

^ftiSr^O-fiSrCSt— jnsti^'s.r-at
— c»i%a*'r»t>a''a» tSMtOiftSiitSS '

S O St P- S Cl lit O 5

O S ^ —
’ — —

>

1— 1—

—

CTCfCTCICtitit— i

5

^ -97 79 -t: <r.
97 ^ 97 97 v~-

'« - 99^9: 'e» ^07'09 '95 '^'sar

OTCTO^St^S—* i

i

in

hv

g^'wnil

i\smuIua!

\

jsmi

nlUv

to

lh«

Ni

OdXVJ

Untll^'Xlor

04X>4),

'IVj-

(wr

riwuh,

i\ou\Iur\

“'V



TABLE 7-21

Brown and Sharpe Tapers

B & S Small Tools Catalog No. 35

All dimonsions In inches.

•Adopted by Amerlcnn StnndordB AtBoclntion.
•• **n 8c. S Stimdftrd'» Plup, Depths nre not used In n\l coses.

, when keyway 1*

f Special lencths of keywny ore used Insteod of stnndnrd lenKt^o In some ploees. Stitndnrd lengths need not beuse

driving only nnd not for odmltting key to force out tool.

^These lengths nre ntnndord for shnnk ciittcrfl.
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TABLE 7-22

Amcunt of Toper in Terms of Lengffi

Brov/n and Sharpe Smol! Tools Catalog No. 35

TAPERS

Taperr izz-n to l'< kch psr Foe; — f.-Kczir.t ci Taper for Lengtne Up to 24 Inches

Ler:^h
T^riererf

Inches ‘/r, V,j 'a 4

1 aper per Fooc

51
5/

1 112

'A .C332 .3332 .3 '3 3 .0310 .0013 .0015 .0020 .0025 .0033

.3335 .3337 .0020 .0025 ,0033 .0029 .0052 .0055

.0337 .3313 .3313 .3325 .0032 .0052 .0055 .0073 ,0104 .0130

V., .3313 .3315 .3323 .3332 .0052 .0073 .0023 .0117 .0155 .0195

.3313 .3323 .3325 .3352 .0073 .0104 .0130 .0155 ,020s .0250

'f-i .3313 .3324 .3333 .0355 .0023 .0130 .0153 .0125 .0250 .0325

.3323 .3322 .3332 .0117 .0155 .0125 .0234 .0312 .0221

Vrt ,3323 .3334 .3345 .3321 .0137 .0132 .0223 .0273 .0355 ,0455

u .3323 .3332 .0104 .0155 .0203 .0250 .0312 .0417 .0521

.3327 .3344 .3252 .0117 .0175 .0234 .0293 .0352 .0469 .0536

V, .3342 .3355 .0130 .0125 .0250 .0325 .0221 .0521 .0551

.3333 .3354 .0372 .0143 .0215 .0235 .0353 .0430 .0573 .0715

J' .333 2 .3352 .3373 .3155 .0234 .0312 .0321 .0452 .0525 ,0781

.3342 .3353 .33^5 .3152 .0254 .0332 .0423 .0503 .0577 .0345

y. .3343 .3355 .3321 .0132 .0273 .0355 .0455 .0547 .0722 .0911

.3342 .3373 .3223 .0125 .0223 .0321 .0433 .0535 .0781 .0977

I .3332 .3373 .3134 .0203 .0212 .0417 .0521 ,0525 ,0333 .1042

2 .3134 .3155 .3233 SAM .0525 .0333 .1042 ,125 .1557 .2033

.3153 .3234 .0312 .3525 .0237 .1250 .1552 .1375 .250 .2125

4 .3233 .3312 .3417 .0333 .125 .1557 .2033 .250 .3323 .4167

c .3233 .3321 .3521 .1042 .1552 .2033 .2504 .3125 .4157 .5203

A .3312 .3452 .3525 .125 .1375 .250 .3125 .375 .500 .625

7 .3335 .3547 .3722 J453 .2137 .2217 .2545 ,4275 -5333 .7292
.3417 .3525 ,0^33 .1557 .250 .3333 .4157 .500 .5557 .3333

5 .3432 .3733 .0237 .1375 .2312 .375 .4537 .5525 .750 ,9375
TC .3321 .3731 .1042 .2033 .3125 .4157 ,5203 .525 .8223 1.0417
n .3572 .3^52 .1145 ,22 '52 .3437 .4533 .5722 .5375 .9167 1.1453
12 .3525 .3237 .125 .253 .375 .500 .525 .750 1.000 1.250

13 .3577 .1315 .1354 sme .4052 .5417 .5771 .8125 1.0323 1S542
U .3722 .1024 .1453 .2217 .4375 ,5?33 .7222 .375 1.1557 1.4533
t; .3731 .1172 .1552 .3125 .4537 .525 .7312 .9375 1.250 1.5525
lA .3333 .125 .1557 .3333 .500 ,^667 .3333 1 .000 IS 333 1.5667

(7 .3335 .1323. .1771 .3542 .5312 .7033 .3354 1.0525 1.4157 1.7703
13 .3237 .1435 .1375 .3750 MIS .750 ,2275 1.125 1.500 1.375
t7 .1434 .1272 .3253 .5237 .7217 .2325 1. 13/5 1;5S33 1.9792
2C .1342 .1552 .2333 .4157 .525 ,P,333 1.0417 1.250 1.5557 2.0333

21 .1324 .1541 .2137 .4375 .5552 .375 1.0237 1.3125 1.750 2.1375
22 .1145 .1712 .2222 .4533 .5375 .2167 1.1453. 1.275 1.8333 2.2917

.1123 .1727 .2325 .4722 .7137 .2533 1.1270 1,4375 1.9167 2.3953
24 .125 .1375 .253 er.r, .750 1.000 1.250 1.500 2.000 2.500
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TABLE 7-23*

ABEC 1 Tolerances on Metric Boll Bearings, Except Type BM (Magneto)
RBEC 1 Toleronces on Roller Bearings

AFBMA Standards, Section 3 - June 1951

Rorc in

Millimeters

Over Inclusive

Inner Rinc Falernnce, Inch

Bore Diameter Radial

*0.0000 Runout

Outer Diameter

in .Millimeters

Over Inclusive

Outer Ring Tolerance, Inch

Outer Diameter Radial

+0.0000 Runout

0 0 -0.0003 0.0003 0 18 -0.0004 0.0006

n 18 -0.P003 0.0004 18 30 -0.0004 0.0006

18 30 -0.0004 0.0005 30 50 -0.0005 0.0008

30 50 •0.0005 o.oooo 50 80 -0.0005 0.0010

so 80 -O.OOOl) o.ooon 80 120 -0.0006 0.0014

80 120 -0.0008 0.0010 120 150 -0.O008 0.0016

120 180 -0.0010 0.0012 150 180 -0.0010 0.0018

180 250 -0.0012 O.OOlO 180 250 •0.0012 0.0020

250 315 -0.0014 0.0020 250 315 -0.0014 0.0024

315 400 -0.0010 0.0024 315 400 -0.0016 0.0028

400 500 -O.OOIH 0.0020 400 500 -0.0018 0.0032

500 630 -0.0020 0.0040

•This tuble ! n condrnBation of th^ ccirripondlnK tab!** In Section 3 of thp AFPMA Standard*. Othor rfcopnlred ABEC
specifications for ball bearins* can be found by subtractlnc co1u»rtn 3 from 2, Tablet 7—30 to 7—34. Inclusive* In case

tolerances are needed for deslcn purposes. The reader I* referred to the orlEinel source* for natter pertinent to the speci-

fication and Inspection of beorlnc** because the tabular natter from Section 3 is Inadeqfuate wit.hout the descriptive natter

of Section 4 on Standard Gacinc Practices.
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TABLE 7-24

Tolerances on V/idth of Individual Inner or

Outer Ring, Metric Ball and Roller Bearings

AFBMA Standards, Section 3 — June 1951

ABEC 1, 3, 5 and 7; RBEC 1 and 5

Nominal Bore, mm
Over Inclusive

Tolerance on Width for Bearings

Other Than Duplex, + 0.0000, Inch

0 180 - 0.003

180 315 - 0.010

315 400 - 0.016

400 500 - 0.018

500 630 - 0.022

TABLE 7-25

Tolerances on Diameters of Tapered Roller Bearings

AFBMA Slandords, Section 3 — June 1951

Cone Bote, In.

Tolerance on Cone Bore by Class

4 2 O 0 4B

Over Inclusive - 0.000 - 0.000 - 0.000 - 0.000 - 0.000

0 2-1/2 + 0.0005 + 0.0005 + 0.0005 + 0.0005 + 0.0005

2-1/2 12 + 0.001 + 0.001 + 0.0005 -f- 0.0005 + 0.001

12 24 + 0.002 — + 0.001 — + 0.002

Cup Outer
Tolerance on Outer Diameter by Class

,

^

Diameter, In. 4 2 oo 0 4B

Over Inclusive - 0.000 - 0.000 - 0.000 - 0.000 - 0.000

0 12 + 0.001 -f- 0.0005 + 0.0005 + 0.001

12 24 + .001 — + .002

2-1 36 mBm — + .0015 — + .003

All I rr.ena ion* in inch«»
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TABLE 7-26

Tolerances for Industrial Needle Bearings

AFBMA Standards, Section 3 — June 1951

Bore or Outside Diameter, In. Tolerance, In.

1

over i nc 1 lift i ve 4 0.0000

0 .7500 - 0.0004

.7500 2.0000 - 0.0005

2.0000 3.2500 - 0.0006

3.2500 4.7500 - 0.0008

4.7500 7.2500 - 0.0010

7.2500 10.2510 - 0.0012

10.2500 12.5000 - 0.0014

12.5000 15.7500 - 0.0016

15.7500 10.7500 - 0.0018

Ilfnrinp wiilih.n

Outer rings

Inner rings whose

outer dinmetcr is

5 in. or less

Inner rings whose

outer (lintneter is

grenter thnn 5 in

0.000 - 0.005

) 0.005 -f 0.010

^ 0.010 + 0.015

Shnfl dintneicrs for

Size of shofl

from to

0 4

•I 6

6 nnd over

scries NAA nnd NIt\

Tolcrnncc

f 0.0000

_ 0.0005

- 0.0007

- 0.0010

All dimrnilona In Inchpa
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TABLE

7*27,

continued
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TABLE 7-28, continued

Industry Type of Application

Cup Outside Diameter

Over 5 In.

Cup Seat

Toler- Recommended Erjuals Nominal

nnce Fit Cup 0 D

Automotive

Front UTieels, Full Flontin/;

Rear ^Tieels, Pinion,

Differential

Non-Adjustnble

Cups

•t.OOlO .0010 tight -.0010 oax

-.0000 .0010 tight -.0030 min

Differential
Ad;u5cablc

Cups

+.0010 .0020 loose +.0020 max

-.0000 .0010 tight -.0000 min

Rear UTieels, Transmission,

Ooss Shaft, Other

Applications

AdjunCflbIc

Cups

+ .0010 .0020 loose +.0020 max

-.0000 .0010 tight +.0000 min
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TABLE

7-29,

continued
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TABLE 7-30

ABEC-1 Housing Seal Diansters for Metric Annular Ball Bearings

AFBHA. SfancJarcs, Section 7 — March 1951

For comal Ioa£s -sricre hoosiog is stadcuarj aim re-

fzdca to crredioc of loai

cr:

Besscg

Cteside Diar
Icrces

:€ter

i Solid Honsiag

Bore

i

Incces

Clin max

Mean
Fit

Loose

Split Honsing

Bcre
Inches

min nax

Mean
Fit

Loos's

ie -6255 .6255 .6255 .6303 -0004 .6255 .6306 .0006

15 .7450 .7476 .74£0 .7435 .0004 .7460 .7468 .0006

22 .Z661 .3657 .£661 .3666 -0004 .3661 .3669 .0006

24 .9449 c -5445 .5454 .0004 .9449 .9457 .0006

26 1.0235 1,C232 1.0236 1.0241 -0004 1.0236 1. 0244 .0006

ZQ l.lSll 1.1307 1.1311 1.1316 .0004 1. 1611 1,1319 .0006

22 i*2552 1.2553 1.235S 1.2604 .0003 1.2555 1.2608 .0007
c r 1.3750 1.3775 1.3730 1.37e6 .0005 I.Z7Z0 1.3790 .0007

3 i. 1.45£7 1.4562 1.4567 1,4573 .0005 1.4567 1.4577 .0007

4C X • 15 C'C 1.5743 1.5743 1.5754 .0005 1.5748 1. 575£ .0007

42 1.6535 1.6530 1.6535 1.6541 .0005 ! 1.6535 1.6545 .0007
4" 1.6504 1.3455 1-£S04 1.3510 • 0005 1.3504 1.S5I4 .0007

52 2. 0472 2.0467 2.0472 2.0475 .0006 2.0472 2.0434 .0005

£5 2.1654 2.1645 2.1654 2.1661 .0006 2.1654 2.1666 .0005

62 2.4405 2.4404 2.4405 2.4416 .0006 2.4405 2.4421 .0009

€5 2.6772 2.6767 2.6772 2.6775 .0006 2:6772 2.6784 .0009

?2 2.6346 2-3341 2.3346 2.3353 .0006 2.3346 2.8353 .0009
"5 2.5523 2.5523

;
2.5523 2. 5535 .0905 2.9526 2.5540 .0005

gc 3,1456 3.1451 3.1456 3.1503 -0006 3.1456 3.1508 .0005

25 2.3465 T # CC
• •.<'7

1 3.3465 3-3474 .0003 3.3465 3.3475 .0010

3. 542“ 3 C # 33 3.5442 .0003 3.5433 3.5447 .0010

95 3-7402 3.7356 3.7402 3.7411 -0003 3.7402 3.7416 .0010

ICO 3.5370 3.5364
I

3. 5370 3.5379 -0003 3.5370 3.9384 .0010
IlG 4.3307 4.3301 4.3307 4.3316 .0005 4.3307 4.3321 .0010

115 4. 5276 4.5270 4- 52T6 4.5265 .00'0£ '4.5276 4.5290 .0010
12G 4.7244 4-T23S 4.7244 4.7253 .0003 4.7244 4.7253 .0010

125 4.5213 4.5205 4.5213 4.5223 .0005 4.5213 4.5225 .0012
130 5.1i£i 5.1173 5.1131 5.1151 .0005 5.1181 5.1157 .0012
140 5.5113 5,51IG 5.5113 5.5123 .0005 5.5118 5. 5134 .0012
145 5, TG8T 5.7075 5.7037 5.7057 .0005 5.7087 5-T103 .0012
150 5.5035 5.5047 5.5055 5.5065 .0005 3.9035 5.5071 .0012
L60 6.2552 6.2532 6.2552 6.3002 .0005 6.2552 6.3008 .0013
I'C 6.6525 6.6515 6.6525 6.6535 .0009 6.6529 6.6545 .0013
I£0 7.0366 7.0356 7.0366 7.0E76 .0005 7.0366 7.0882 .0013

150 7.4303 7.4751 7.4303 7.4314 -0012 7.4303 7.4821 .0015
200 7.3740 7.ST2& 7.3740 7.6751 .0012 7.3740 7 - 675S .0015
2IC 3.2677 3.2665 £.2677 £.2635 -0012 S-26T7 3.2695 -0015

215 3.4646 £.4624 S.4G46 3.4657 .0012 3.4646 3.4664 .0015

M nuc paf*
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TABLE 7—30, continued

For loads where the

housing rotates with

relation to the direc-

tion of load.
1

IThcrc the direction 0 f the load is indetetmin ate

Housing
1
1

Light loads, solid housing
1

Normal loads, solid housing
or split housing

i

only

Bore M can
j

Bore Mean B ore Mean
Inches Fit

I

Inches Fit Inches Fit
min max Tight min max Loose min max Loose mm

.6292 .6299 .0002 .6296 .6303 .0003 .6294 .6301 .0000 16

.7472 .7480 .7476 .7485 .0003 .7474 .7482 .0000 19

.8653 • 8661 .8657 .8666 .0003 ,8655 .8663 .0000 22

.9441 .9449 .0445 .9454 .0003 .9443 .9451 .0000 24

1.0228 1.0236 1.0232 1 . 024

1

.0003 1.0230 1.0238 .0000 26

1.1803 1.1811 1.1807 1.1816 .0003 1.1805 1.1813 .0000 30

1.2588 1.2598 .0003 1.2504 1.2604 .0003 1.2591 1,2601 .0000 32

1.3770 1.3780 1.3776 1.3786 .0003 1.3773 1.3783 .0000 35

1.4557 1.4567 1.4563 1.4573 .0003 1.4560 1, 1570 .0000 37

1.5738 1.5748 1.5744 1.5751 .0003 1.5741 1.5751 .0000 40

1.6525 1.6535 1.6531 1.6541 .0003 1.6528 1.6538 .0000 42

1.8494 1.8504 1.8500 1.0510 .0003 1.8497 1.8507 .0000 47

2.0460 2.0472 2.0167 2.0470 .0004 2.0461 2.0476 ,0000 52

2.1642 2.1654 2.1640 2.1661 .0004 2.1616 2.1658 .0000 55

2.4307 2.4409 2.4401 2.4416 .0004 2.4101 2.4413 .0000 62

2.6760 2.6772 2.6767 2.6770 .0004 2,6764 2.6776 .0000 68

2.8334 2.8346 2.8341 2.8353 .0001 2.8338 2.8350 .0000 72

2.9516 2.9528 2.9523 2.0535 .0004 2.9520 2.9532 .0000 75

3.1484 3.1496 3.1401 3. 1503 .0001 3,1488 3.1500 .0000 80

3.3451 3.3465 ,0004 3,3460 3.3474 .0005 3,3455 3.3469 .0000 85

3.5419 3.5433 3.5428 3.5442 .0005 3.5423 3.5437 .0000 90

3.7388 3.7402 3.7307 3.7411 .0005 3.7392 3.7106 .0000 95

3.0356 3.9370 3.0365 3.0370 .0005 3.9360 3.0374 .0000 100

4.3293 4.3307 4.3302 4.3316 .0005 1.3207 4.3311 .0000 110

4.5262 4.5276 4.5271 4.5285 .0005 4.5266 4.5280 .0000 115

4.7230 4.7244 4.7230 4.7253 .0005 4.7234 4.7248 .0000 120

4.9197 4.9213 4.9207 4.0223 .0006 4.9202 4.9218 .0001 125

5.1165 5.1181 5.1175 5.1101 .0006 5.1170 5.1186 .0001 130

5.5102 5.5118 5.5112 5.5128 .0006 5.5107 5.5123 .0001 140

5.7071 5.7087 5,7081 5.7007 .0006 5.7076 5.7092 .0001 145

5.9039 5.9055 5,9049 5.9065 .0006 5.9044 5.9060 .0001 150

6.2976 6.2992 .0003 6.2986 6.3002 .0007 6.2981 6.2997 .0002 160

6.6913 6.6929 6.6923 6.6939 .0007 6.6918 6.6934 .0002 170

7.0850 7.0866 7.0860 7.0876 .0007 7.0855 7.0871 .0002 180

7.4785 7.4803 7.4797 7.4815 .0009 7.4790 7.4808 .0002 190

7.8722 7.8740 7.0734 7.8752 .0009 7.8727 7.8745 .0002 200

8.2659 8.2677 8.2671 8.2689 .0009 8.2664 8.2682 .0002 210

8.4628 8.4646 8.4640 8.4658 .0000 8.4633 8.4651 .0002 215

continued on next pete
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TABLE 7—30, confirfueiJ

For noinial loads -wfaere faonsfng is stationary wirii re-

lation to direction of load.

B caring

Outside Diatneter

Inches

turn nax rain

Solid Housing

Bore
Inches Mean

Fit

Clin mai Loose

Split Housing

Bore
Inches

min max

.Mean

Fit
Loose

220 8.6614 8.6602 8.6614 8.6625 .0012 8.6614 8.6632 .0015

225 g.ess3 8,8571 8.8583 8,8594 .0012 8.8583 8.8601 .0015

230 9,0551 5,0535 9,0551 9.0562 .0012 9,0551 9.0569 .0015

240 9.4488 9,4476 9.4488 9,4499 .0012 9,4488 9,4506 .0015

250 9.8425 5.8413 5.8425 9,8436 .0012 9.8425 9,8443 .0015

260 10.2362 10,2348 10,2362 10.2375 .0014 10.2362 10,2382 ,0017

265 10.4331 10.4317 10.4331 10.4344 ,0014 10.4331 10,4351 .0017

270 10.6255 10,6285 10.6299 10.6312 . 0014 10.6299 10.6319 ,0017

280 11.0236 11,0222 11.0236 11.0249 ,0014 1 11.0236 11,0256 .0017
250 11.4173 11.4159 11.4173 11.4186 .0014 11.4173 11.4193 .0017

300 11.8110 11.8056 11.8110 11,8123 .0014 11.8110 11.8130 ,0017

310 12.2047 12.2033 12,2047 12.2060 .0014 12.2047 12.2067 .0017

320 12,5934 12,5968 12,5984 12.5998 .0015 12.5984 12.6006 ,0019

330 12.5921 12.9905 12.9521 12,9935 .0015 12.9921 12,9943 .0019
340 13.3858 13,3842 13.3858 13.3872 ,0015 13.3858 13.3880 .0019

350 13.7755 13,7779 13.7795 13.7809 .0015 13.7795 13,7817 .0019
360 14.1732 14.1716 14.1732 14.1746 ,0015 14.1732 14.1754 .0019
370 14,5669 14,5653 14,5669 14.5683 ,0015 14.5669 14,5691 .0019
3S0 14.9606 14,9590 14.9606 14.9620 .0015 14.9606 14,9628 .0019
390 15,3543 15,3527 15.3543 15.3557 .0015 15.3543 15,3565 .0019
400 15.7460 15,7464 15.7480 15.7494 .0015 15.7480 15.7502 .0019
410 16,1417 16,1399 16.1417 16.1433 .0017 16.1417 16.1442 .0022
420 16- 5354 16,5336 16.5354 16.5370 .0017 16.5354 16.5379 ,0022
430 16,9251 16,9273 16,9251 16,9307 .0017 16.9291 16.9316 .0022
440 17.3228 17.3210 17.3228 17.3244 .0017 17.3228 17.3253 .0022
450 17.7165 17,7147 17.7165 17,7181 .0017 17.7165 17.7190 . 0022
460 18.1102 18,1084 18.1102 18.1118 .0017 18.1102 18.1127 ,0022
465 18.3071 18.3053 18.3071 18,3087 .0017 18.3071 18.3096 .0022
480 18.8976 18.8958 18.8976 18.8992 .0017 18.8976 18.9001 .0022
450 19.2513 19.2895 19.2913 19.2929 .0017 19.2913 19.2938 .0022
500 19.6850 19,6832 19.6850 19.6666 .0017 19.6850 19.6875 ,0022
520 20,4724 20.4704 20.4724 20.4742 .0019 20.4724 20.4751 ,0024
530 20.8661 20.8641 20.8661 20.8679 .0019 20.8661 20.8688 .0024
540 21.2598 21.2578 21,2558 21.2616 .0019 21.2598 21,2625 .0024
560 22.0472 22.0452 22.0472 22.0490 .0019 22.0472 22.0499 .0024
580 22.8346 22,8326 22.8346 22,8364 .0019 22.8346 22.8373 .0024
590 23.2283 23.2263 23,2283 23.2301 .0019 23.2283 23.2310 .0024
600 23.6220 23.6200 23.6220 23.6238 .0019 23.6220 23.6247 .0024
620 24.4094 24.4074 24.4094 24.4112 ' .0019 24.4094 24,4121 ,0024

corttlmmd on next pMgm
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TABLE 7—30, continued

For loads where the

housing rotates with

relation to the direc-

tion of the load.

Where the direction of the load is indeterminate

Housing Light loads, solid housing
1

Normal loads, solid housing
or split housing only

Bore Mean Bore Mean Bore Mean
Inches Fit Inches Fit Inches Fit

mia max Tight min max Loose min max Loose mm
8.6596 8.6614 8.6608 8.6626 .0009 8.6601 8.6619 .0002 220

8.8565 8.8583 8.8577 8.8595 .0009 8.8570 8.8588 .0002 225

9.0533 9.0551 9.0545 9.0563 .0009 9.0538 9.0556 .0002 230

9.4470 9.4488 9.4482 9.4500 .0009 9.4475 9.4493 .0002 240

9.8407 9.8425 9.8419 9.8437 .0009 9.8412 9.8430 ,0002 250

10.2342 10.2362 10.2356 10.2376 .0011 10,2348 10.2368 .0003 260

10.4311 10.4331 10.4325 10.4345 .0011 10.4317 10,4337 .0003 265

10.6279 10.6299 10,6293 10.6313 .0011 10.6285 10.6305 .0003 270

11.0216 11.0236 11.0230 11.0250 .0011 11.0222 11.0242 .0003 280

11.4153 11.4173 11.4167 11.4187 .0011 11.4159 11.4179 .0003 290

11.8090 11.8110 11,8104 11.8124 .0011 11.8096 11.8116 ,0003 300

12,2027 12.2047 12.2041 12.2061 .0011 12.2033 12.2053 .0003 310

12.5962 12.5984 12.5977 12.5999 .0012 12,5968 12.5991 .0004 320

12.9899 12.9921 12.9914 12,9936 .0012 12.9905 12.9928 .0004 330

13,3836 13.3858 13.3851 13.3873 .0012 13.3842 13.3865 .0004 340

13,7773 13.7795 13.7788 13,7810 .0012 13.7779 13.7802 .0004 350

14.1710 14.1732 14.1725 14.1747 ,0012 14.1716 14.1739 .0004 360

14,5647 14,5669 14.5662 14.5684 .0012 14.5653 14.5676 .0004 370

14.9584 14.9606 14.9599 14,9621 .0012 14.9590 14.9613 .0004 380

15.3521 15.3543 15.3536 15.3558 .0012 15.3527 15.3550 .0004 390

15.7458 15.7480 15.7473 15.7495 .0012 15,7464 15.7487 .0004 400

16.1392 16.1417 16. 1409 16.1434 .0014 16.1399 16.1424 .0004 410

16.5329 16.5354 16.5346 16.5371 .0014 16.5336 16.5361 .0004 420

16.9266 16.9291 16.9283 16.9308 .0014 16.9273 16.9298 .0004 430

17.3203 17.3228 17.3220 17.3245 .0014 17.3210 17.3235 .0004 440

17.7140 17.7165 17.7157 17,7182 .0014 17.7147 17.7172 .0004 450

18. 1077 18.1102 18. 1094 18.1119 .0014 18.1084 18.1109 .0004 460

18.3046 18,3071 18.3063 18.3088 .0014 18.3053 18.3078 .0004 465

18.8951 18.8976 18,8968 18.8993 .0014 18.8958 18.8983 .0004 480

19.2888 19.2913 19.2905 19.2930 .0014 19.2895 19.2920 .0004 490

19,6825 19.6850 19.6842 19.6867 .0014 19.6832 19.6857 .0004 500

20,4697 20.4724 .0004 20.4715 20.4742 .0015 20.4705 20.4732 .0005 520

20.8634 20.8661 20,8652 20.8679 .0015 20.8642 20.8669 .0005 530

21.2571 21.2598 21.2589 21.2616 .0015 21.2579 21.2606 .0005 540

22.0445 22.0472 22.0463 22.0490 .0015 22.0453 22.0480 .0005 560

22.8319 22.8346 22.8337 22.8364 .0015 22.8327 22.8354 .0005 580

23.2256 23,2283 23.2274 23.2301 .0015 23.2264 23,2291 .0005 590

23.6193 23.6220 23.6211 23.6238 .0015 23.6201 23.6228 .0005 600

24.4067 24.4094 24,4085 24.4112 .0015 24.4075 24.4102 .0005 620
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TABLE 7-31

ABEC-3 Shaft Diameters for Bearing Seats of Metric Annular Ball Bearings

AFBMA Standards, Section 7 - March 1951.

LIGHT LOADS
For light loads where the shaft rotates in Re-

lation to the direction of the load or where

die direction of the load is indeterminate.

mm

Beating Bore
Inches

max min - max

Shaft Diameter
Inches

min

1

1

Mean fit max

Shaft Diameter
Inches

min Mean fit

4 .1575 .1573 . 1575 .1573 T.OOOO .1577 .1575 T.0002

5 .1969 .1967 .1969 .1967 .1971 .1969

6 .2362 .2360 .2362 .2360 .2364 .2362

7 .2756 .2754 .2756 .2754 .2758 .2755 .00015

8 .3150 .3148 .3150 .3148 .3152 .3149

9 .3543 .3541 .3543 .3541 • 3545 .3542

10 .3937 .3935 .3937 .3935 .3939 .3936

12 .4724 .4722 .4724 .4721 .00005 .4726 .4723

15 .5906 .5904 .5906 .5903 .5908 .5905

17 .6693 .6691 .6693 .6690 . 6695 . 6692

20 .7874 .7872 .7878 .7872 .0002 .7878 .7875 .00035

25 .9843 .9841 .9847 .9841 .9847 .9844

30 1.1811 1.1809 1.1815 1.1809 1. 1815 1. 1812

35 1.3780 1.3777 1.3784 1.3778 .00025 1.3785 1.3781 .00045

40 1.5748 1.5745 1.5752 1.5746 1.5753 1. 5749

45 1.7717 1.7714 1.7721 1.7715 1.7722 1.7718

50 1.9685 1.9682 1.9689 1.9683 1.9690 1.9686

55 2. 1654 2.1650 2.1659 2.1651 .0003 2. 1660 2. 1655 .00055

60 2.3622 2.3618 2.3627 2.3619 2.3628 2.3623

65 2.5591 2. 5587 2.5596 2.5588 2.5597 2.5592

70 2.7559 2.7555 2.7564 2.7556 2.7565 2.7560

75 2.9528 2.9524 2.9533 2.9525 2.9534 2.9529

80 3.1496 3.1492 3.1501 3.1493 3.1502 3.1497

85 3.3465 3.3460 3.3470 3.3461 3.3472 3.3466 .00065

90 3.5433 3.5428 3.5438 3.5429 3.5440 3.5434

95 3.7402 3.7397 3.7407 3.7398 3.7409 3.7403

100 3.9370 3.9365 3.9375 3.9366 3.9377 3.9371

105 4.1339 4.1334 4.1344 4.1335 4. 1346 4.1340

110 4.3307 4.3302 4.3312 4.3303 4.3314 4.3308

120 4.7244 4.7239 4.7249 4.7240 4.7251 4.7245

130 5.1181 5. 1175 5.1187 5. 1177 .0004 5.1189 5. 1182 .00075

140 5.5118 5.5112 5.5124 5.5114 5.5126 5.5119

150 5.9055 5.9049 5.9061 5.9051 5.9063 5.9056

160 6.2992 6.2986 6.2998 6.2988 6.3000 6.2993

170 6.6929 6.6923 6.6935 6.6925 6.6937 6.6930

180 7.0866 7.0860 7.0872 7.0862 7.0874 7.0867

190 7.4803 7.4796 7.4809 7.4798 7.4813 7.4805 .0009

200 7.8740 7.8733 7.8746 7.8735 7.8750 7.8742

210 8.2677 8.2670 8.2683 8.2672 8.2687 8.2679

220 8.6614 8.6607 8. 6620 8.6609 8.6624 8.6616

230 9.0551 9.0544 9.0557 9.0546 9.0561 9.0553
240 9.4488 9.4481 9.4494 9.4483 9.4498 9.4490
260 10.2362 10.2354 10.2368 10.2356 10.2373 10.2364 .00105
280 11.0236 11.0228 11.0242 11.0230 11.0247 11.0238
300 11.8110 11.8102 11.8116 11.8104 11.8121 11.8112

NORMAL LOADS
Shaft rotating with

relation to the direc-

tion of the load.

continjed on next page



TABLE 7—31, continued

NORMAL LOADS

Shnft staaonnty with

rcintion to the direc-

tion of the load.

Heavy Loads
Shaft rotadng with

reladon to the direc-

tion of the load.

max

Shaft Diameter
Inches

min Mean fit max

Shnft Diameter
Inches

min Mean fit mm
. 1573 . . 1570 L. 00025 T 4

.1967 .1964 5

.2360 .2357 6

.275t .2750 .0003 7

.3143 .3144 8

.3541 .3537 9

.3935 . 3931 a
< 10

.4722 .4717 .00035 o 12

.5904 .5899 15

.6691 .6686 <
7. 17

.7871 .7866 .00045 «
O 20

.9840 .Q833 2:

to 25
1.1808 1. 1803 < 30

1.3776 1.3770 .00055 3 35

1.5744 1.5738
<
to 40

1.7713 1.7707 45

1.9681 l.«675 SO

2. 1650 2.1643 55

2.3618 2.3611 60

2.5587 2. 5580 i

65

2.7555 2.7548 70

2.9524 2.9517 1

75

3. 1492 3.1485 80

3.3460 3v3452 .00065 85

3.5428 3. 5420 90

3.7397 3.7309 95

3.9365 3.0357 100

4. 1334 4. 1326 4.1350 4.1344 .00105 105

4.3302 4. 3294 4.3318 4.3312 no
4.7239 4.7231 4.7255 4.7249 120

5.1175 5. 1166 .00075 5. 11°4 5.1187 .00125 130

5.5112 5.5103 5.5131 5.5124 140

5.9049 5. 0040 5.9068 5.9061 150

6.2986 6.2977 6.3005 6.2998 160

6.6'523 6.6914 6.6942 6.6935 170

7.0860 7.0851 7.0879 7.0872 180

7.4797 7.4786 .0008 7.4818 7.4810 .00145 190

7.8734 7.8723 7.8755 7. 8747 200

8.2671 8.2660 8.2692 8.2684 210

8.6608 8.6597 8.6629 8. 6621 220

9.0545 9.0534 9.0566 9.0558 230

9.4482 9.4471 9.4503 9.4495 240

10.2355 10.2343 .0009 10.2379 10.2370 .00165 260

11. 0229 11.0217 11.0253 11.0244 280

11.8103 11.8001 11.8127 11.8118 300
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TABLE 7-32

ABEC—3 Housing Seat Diameters for Metric Annular Ball Bearings

AFBMA Standards, Section 7 - March 1951

For nomal load wiiere honsing is stadonaiy
?ridi relation a die dlrecdon of load.

Bearing

Onrside Diameter

Inches

Solid Honang i

Bore
j

Inches ,

Split Honsing

Bore
Inches

cn CSX r*tn mm max
Mean Fit

Loose oin cax
Mean Fit

Loose

16 .6299 .6296 .6299 .6303 .00035 .6299 .6306 .00055

19 .7480 .7477 .7480 .7485 .0004 .7480 -7488 .00055

22 .8661 .8658 .8661 .6666 .0004 .8661 .8669 .00055

24 -9449 .9446 .9449 .9454 -0004 .9449 .9457 .00055

26 1.0236 1.0233 1.0236 1.0241 -0004 1.0236 1.0244 .00055

30 1.1811 1.1808 1.1611 1.1816 .0004 1.1811 1.1819 .00055

32 1.2598 1.2595 1.2598 1.2604 .00045 1.2598 1.2608 .00065

35 1.3780 1.3777 1.3780 1.3786 .00045 1.3780 1-3790 .00065

37 1.4567 1.4564 1.4567 1.4573 .00045 1.4567 1.4577 .00065

40 1.5748 1.5745 1.5748 1.5754 .00045 1.5748 1.5758 .00065

42 1.6335 1.6532
(

1.6535 1.6541 .00045 1.6535 1.6545 .00065

47 1.8504 1.8501 1.8504 1.8510 .00045 1.8504 1.8514 .00065

52 2.0472 2.0468 2.0472 2.0479 .00055 2.0472 2.0484 .00080

55 2.1654 2.1650 2.1654 2.1661 .00055 2.1654 2.1666 .00080

62 2.4409 . 2.4405 2.4409 2.4416 .00055 2.4409 2.4421 .00080

68 2.6772 2.6768 2.6772 2.6779 .00055 2.6772 2.6784 .00080

72 2.8346 2.8342 2.8346 2.8353 .00055 2.8346 2.8358 .00080
"5 2.9528 2.9524 2.9528 2.9535 -00055 2.9528 2.9540 .00080

80 3.1496 3.1492 3.1496 3.1503 .00055 3.1496 3.1508 .00080

85 3.3465 3.3461 3.3465 3.3474 -00065 3.3465 3.3479 .00090

90 3.5433 3.5429 3.5433 3.5442 .00065 3.5433 3.5447 .00090

95 3.7402 3.7398 3.7402 3.7411 .00065 3.7402 3.7416 .00090

100 3.9370 3.9366 3.9370 3.9379 .00065 3.9370 3.9384 .00090

110 4.3307 4.3303 4.3307 4.3316 .00065 4.3307 4.3321 .00090

115 4.5276 4.5272 4.5276 4.5285 .00065 4.5276 4.5290 .00090

120 4.7244 4.7240 4.7244 4.7253 .00065 4.7244 4.7258 .00090

125 4.9213 4.9208 4.9213 4.9223 .00075 4.9213 4.9229 .00105

130 5.1181 5. 1176 5.1181 5.1191 .00075 5.1181 5.1197 .00105

140 5.5118 5.5113 5.5118 5.5128 .00075 5.5118 5.5134 .00105

145 5-TOST 5.7082 5.7087 5.7097 .00075 5.7087 5.7103 .00105

150 5.9055 5.9050 5.9055 5.9065 -00073 5.9055 5.9071 .00105

160 6.2992 6.2986 6.2992 6.3002 .00080 6.2992 6.3008 .00110

no 6.6929 6.6923 6.6929 6.6939 .00080 6.6929 6.6945 .00110
180 7. 0866 7.0860 7.0866 7.0876 .00080 7.0866 7.0882 .00110

190 7.4803 T.4796 7.4803 7.4814 .00090 7.4803 7.4821 .00125
200 7.8740 7.8733 7.8740 7.8751 .00090 7.8740 7.8758 .00125
210 8.2677 8.2670 8.2677 6.2688 .00090 8.2677 8.2695 .00125

215 8.4646 8.4639 8.4646 8.4657 .00090 8.4646 8.4664 .00125

ccRtisDacf on p*gB
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TABLE 7—32, continued

For nomal load where the

housing rotates with re-

lation to the direction

of load.

JfTicte the direction of the load
is indeterminate.

Housing Housing,Solid or Split Housing^Solid Only

Bore Bore Bore
Inches Inches Inches

Me.an Fit Mean Fit Mean Fit
min max Tight min max Tight min max Loose ram

.6292 .6290 .0002 .6296 .6303 .0002 .6294 .6301 .000 16

.7472 .7480 .00025 .7476 .7485 .0002 .7474 .7482 .00005 19

.8653 .8661 .00025 .8657 .8666 .0002 .8655 .8663 .00005 22

.9441 .9449 .00025 .044 5 .0454 .0002 .9443 .9451 .00005 24

1.0228 1.0236 .00025 1.0232 1.0241 .0002 1.0230 1,0238 .00005 26

1.1803 1.1811 .00025 1.1807 1.1816 .0002 1. 1805 1.1813 .00005 30

1.2588 1.2598 .00035 1.2594 1.2604 .00025 1.2591 1.2601 .00005 32

1.3770 1.3780 .00035 1.3776 1.3786 .00025 1.3773 1.3783 .00005 35

1.4557 1.4567 .00035 1.4563 1.4573 .00025 1.4560 1,4570 .00005 37

1.5738 1.5748 .00035 1.5744 1.5754 .00025 1.5741 1.5751 .00005 40

1.6525 1.6535 .00035 1.6531 1.6541 .00025 1,.6528 1,6538 ,00005 42

1.8494 1.8504 .00035 1.8500 1.8510 .00025 1.8497 1.8507 .00005 47

2.0460 2.0472 .00040 2.0467 2.0479 .00030 2.0464 2.0476 .0000 52

2.1642 2.1654 .00040 2. 1640 2.1661 .00030 2.1646 2.1658 .0000 55

2.4397 2.4409 .00040 2.4404 2.4416 .00030 2.4401 2.4413 .0000 62

2.6760 2.6772 .00040 2,6767 2.6779 .00030 2.6764 2.6776 .0000 68

2.8334 2.8346 .00040 2,8341 2.8353 .00030 2.8338 2.8350 .0000 72

2.9516 2.9528 .00040 2.0S23 2.9535 .00030 2.9520 2.9532 .0000 75

3.1484 3.1496 .00040 3.1491 3. 1503 .00030 3.1488 3. 1500 .0000 80

3.3451 3.3465 .00050 3.3460 3.3474 .00040 3.3455 3.3469 .0001 85

3.5419 3.5433 .00050 3.5428 3.5442 .00040 3.5423 3.5437 .0001 90

3.7388 3.7402 .00050 3.7397 3.7411 .00040 3.7392 3.7406 .0001 95

3.9356 3.9370 .00050 3.9365 3.0370 .00040 3.9360 3.9374 .0001 100

4.3293 4.3307 .00050 4.3302 4.3316 .00040 4.3207 4.3311 .0001 no

4.5262 4,5276 .,00050 4.5271 4.5285 .00040 4.5266 4.5280 .0001 115

4.7230 4,7244 .00050 4,7239 4.7253 .00040 4.7234 4.7248 .0001 120

4.9197 4,9213 .00055 4,9207 4.9223 .00045 4.9202 4.9218 .00005 125

5.1165 5.1181 .00055 5.1175 5.1101 .00045 5.1170 5.1166 .00005 130

5.5102 5.5118 .00055 5.5112 5.5128 .00045 5.5107 5.5123 ,00005 140

5.7071 5.7087 .00055 5.7081 5,7097 .00045 5.7076 5.7092 .00005 145

5.9039 5,9055 .00055 5.9049 5. 0065 .00045 5.9044 5.9060 .00005 150

6.2976 6:2992 .00050 6.2986 6.3002 .00050 6.2981 6.2997 .0000 160

6.6913 6.6929 .00050 6.6923 6.6039 .00050 6.6018 6.6934 .0000 170

7.0850 7,0066 .00050 7,0860 7.0876 .00050 7.0855 7.0871 .0000 180

7.4785 7.4803 .00055 7.4797 7.4815 .00065 7.4790 7.4808 .00005 190

7.8722 7.8740 .00055 7.8734 7.8752 .00065 7.8727 7.8745 .00005 200

8.2659 8.2677 .00055 8.2671 8.2689 .00065 8.2664 8.2682 .00005 210

8.4628 8.4646 .00055 8.4640 8.4658 .00065 8.4633 8.4651 .00005 215

continued on p«tf*
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T ABLE 7-32, continued

Fornonnal load where housing is stationary

with relation to the direction of load.

Bearing

Outside Diameter Inches

Solid Housing

Bore Inches

Split Housing

Bore Inches

Mean Fit MeanFit
mm max mia min max Loose min max Loose

220 8.6614 8.6607 8.6614 8.6625 .00090 8.6614 8,6632

225 8.8583 8.8576 8,8583 8.8594 ,00090 8,8583 8,8601 ,00125

230 9.0551 9.0544 9,0551 ?1.0562 .00090 9.0551 9.0569 ,00125

240 9.4488 9.4481 9.4488 9.4499 .00090 9,4488 9,4506 .00125

250 9.8425 9.8418 9,8425 9.8436 .00090 9,8425 9,8443 .00125

260 10.2362 10.2354 10.2362 10.2375 .00105 10,2362 10.2382 ,00140

265 10.4331 10.4323 10,4331 10„ 4344 .00105 10.4331 10.4351

270 10.6299 10.6291 10,6299 10.6312 ,00105 10.6299 10.6319

280 11.0236 11.0228 11.0236 11.0249 .00105 11,0236 11.0256

290 11.4173 11.4165 11,4173 11,4186 .00105 11.4173 11.4193 .00140

300 11.8110 11.8102 11,8110 11,8123 .00105 11.8110 11,8130 .00140

310 12.2047 12.2039 12,2047 12,2060 .00105 12.2047 12.2067 ,00140

320 12.5984 12.5975 12.5984 12,5998 .00115 12,5984 12.6007 ,00165

330 12.9921 12.9912 12,9921 12,9935 .00115 12.9921 12.9944 .00165

340 13.3858 13.3849 13,3858 13,3872 .00115 13,3858 13,3881 .00165

350 13.7795 13.7786 13.7795 13.7809 .00115 13.7795 13.7818 .00165
360 14.1732 14.1723 14.1732 14.1744 •00115 14.1732 14.1755 ,00165

370 14.5669 14.5660 14.5669 14.5683 .00115 14.5669 14.5692 .00165

380 14.9606 14.9597 14.9606 14.9620 .00115 14,9606 14.9629 .00165

390 15. 3543 15.3534 15.3543 15.3557 .00115 15,3543 15,3566 .'00165

400 15.7480 15.7471 15,7480 15,7494 .00115 15,7480 15.7503 .00165

410 16.1417 16.1407 16.1417 16. 1433 .00130 16.1417 16,1442 .00175

420 16.5354 16.5344 16.5354 16.5370 .00130 16.5354 16.5379 .00175
430 16.9291 16. 9281 16.9291 16,9307 .00130 16.9291 16.9316 .00175

440 17.3228 17.3218 17,3228 17.3244 .00130 17,3228 17.3253 .00175

450 17.7165 17.7155 17.7165 17.7181 .00130 17.7165 17.7190 .00175

460 18. 1102 18.1092 18.1102 18,1118 .00130 18,1102 18.1127 .00175

465 18.3071 18.3061 18,3071 18.3087 .00130 18.3071 18.3096 .00175

480 18.8976 18.8966 18.8976 18.8992 .00130 18.8976 18,9001 .00175

490 19.2913 19.2903 19.2913 19.2929 .00130 19.2913 19.2938 .00175
500 19.6850 19.6840 19.6850 19,6866 .00130 19.6850 19.6875 .00175

continue on noxt
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TABLE 7—32, continued

For noimal load where the

housing rotates with re-

lation to the direction

of load.

UTiere the dirccdon of the load
is indeterminate.

Housing
1

IlousingjSolid or Split 1 Housing^SoIid Only

Bore Inches Bore Inches
|

Bore Inche 5

Mean Fit Mean Fit Mean Fit

min mnx Tight min mnx Loose min mnx Tight mm

8.6596 8.6614 .00055 8,6608 8.6626 .00065 8,6601 8.6619 .00005 220

8.8565 8.8583 .00055 8.8577 8,8595 .00065 8.8570 8,8588 .00005 225

9.0533 9.0551 .00055 0,0545 9.0563 .00065 9.0538 9.0556 .00005 230

9.4470 0.4488 .00055 9.4482 9.4500 .00065 9.4475 9.4493 .00005 240

9.8407 9.8425 .00055 9. 8410 0.0437 .00065 0.8412 9,8430 .00005 250

10.2342 10.2362 .00060 10.2356 10.2376 .00080 10.2348 10.2368 .0000 260

10.4311 10.4331 .00060 10.4325 10.4345 .00080 10.4317 10.4337 .0000 265

10.027q 10.6299 .00060 10.6293 10.6313 .00080 10.6285 10.6305 .0000 270

11.0216 1 1.0236 .00060 11.0230 11.0250 .00080 11.0222 11.0242 .0000 280

11.4153 11.4173 .00060 11.4167 11.4187 .00080 11.4159 11.4179 .0000 290

11.8090 11.0110 .00060 1 1.8104 11.8124 .00080 11.8096 11.8116 .0000 300

12.2027 12,2047 .00060 12.2041 12.2061 .00080 12.2033 12,2053 .ooofl 310

12.5961 12,5984 .00070 12.5977 12.6000 .00090 I2.5O68 12.5991 ,0000 320

12.9898 12.9921 .00070 12.9914 12.9037 .00000 12.9872 12.9928 .0000 330

13.3835 13.3858 .00070 13.3851 13.3874 .00000 13.3842 13,3865 .0000 340

13.7772 13.7795 .00070 13.7788 13.7811 .00000 13.7779 13.7802 .0000 350

14.1709 14.1732 .00070 14.1725 14.1748 .00090 14.1716 14.1739 .0000 360

14. 5646 14.5669 .00070 14.5662 14,5685 .00090 14.5653 14.5676 .0000 370

14.0503 14,9606 .00070 14.0599 14.9622 .00000 14,9596 14.9613 .0000 380

15.3520 15.3543 .00070 15.3536 15.3550 .00000 ’ 15.3527 15.3550 .0000 390

15.7457 15.7480 .00070 15.7473 15.7406 .00090 1 15.7464 15.7487 .0000 400

16. 1392 16.1417 .00075 16.1400 16.1434 .00005 16.1399 16.1424 .00005 410

16.5320 16.5354 .00075 16.5346 16.5371 .00095 16.5336 16.5361 .00005 420

16.9266 16.9291 .00075 16.9283 16.9308 .00095 16.9273 16.9208 .00005 430

17.3203 17.3228 .00075 17.3220 17.3245 .00095 17.3210 17.3235 .00005 440

17.7140 17,7165 .00075 17.7157 17.7182 .00095
1

17.7147 17.7172 .00005 450

18.1077 18.1102 .00075 18.1094 18.1119 .00095 18,1084 18.1109 .00005 460

18.3046 18.3071 .00075 18.3062 18.3007 .00095 18.3053 18.3078 .00005 465

18.8951 18.8976 .00075 18.0068 18.8003 .00095 18,8958 18.8983 .00005 480

19.2008 19.2913 .00075 19.2905 10.2930 .00095 19.2895 19.2920 .00005 490

19.6825 19.6850 .00075 19.6842 19.6867 .00005 19.6832 19.6857 .00005 500
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TABLE 7-33

ABEC—5 and ABEC—7 Housing Bearing Seat Diameters for Metric Annular Ball Bearings

AFBMA Stondords, Section 7 — March 1951

HOUSn<GJ)IMENSIONS FOR ABEC-5 HOUSING DMENSIONS FOR ABEC-7
TOLERANCE BEARINGS TOLERANCE BEARINGS

HoQsIiig is stationaiy wtii relatiaa

to die direction of die load.

nun

Bearing O D
Indies
max min

Housing Bore *

Inches
max min

Mean
Fit

Loose
16 .6255 .6297 -6298 .6301 -COOIS

15 .74 E 0 .7478 .7479 .7482 .00015

22 .8661 .8655 .8660 .8663 .00015

2i .9445 .5447 .9448 .9451 .00015

26 1.0236 1.0234 1.0235 1.0238 ,00015

20 1.1811 1.1809 I . 1810 1,1813 .00015

32 1.2558 1.2596 1.2597 1.2600 .00015

35 1.3780 1.3778 1.3779 1.3782 .00015

37 1.4567 1.4565 1.4566 1.4565 .00015

40 1.5748 1.5746 1.5747 1.5750 .00015

42 1.6535 1.6533 r.6534 1,6537 .00015

47 1.8504 1.8502 1.8503 1.8506 .00015

52 2.0472 2.0469 2.0471 2.0474 .0002

55 2.1654 2.1651 2.1653 2.1656 .0002

62 2.4409 2.4406 2.4408 2.4411 .0002

£Z 2.6772 2.6765 2.6771 2.6774 ,0002

72 2.8346 2.8343 2.8345 2.8348 .0002

75 2.5528 2.5525 2.9527 2.9530 .0002

EO 3.1496 3.1493 3.1495 3.1498 .0002

85 3.3465 3.3462 3.3464 3.3468 .00025

90 3.5433 3.5430 3.5432 3.5436 .00025

55 3.7402 3.7395 3.7401 3.7405 .00025

100 3.9370 3.9367 3.9369 3.5373 .00025

110 4.3307 4.3304 4.3306 4.3310 .00025

115 4.5276 4.5273 4.5275 4.5279 -0 C025
120 4-7244 4.7241 4.7243 4.7247 .00025

125 4.9213 4.5209 4.5211 4.9216 .00025

130 5.1181 5.1177 5.1179 5.1184 .00025

140 5.5118 5.5114 5.5116 5.5121 -00025

145 5.7087 5.7083 5.7085 5.7090 .00025

150 5.5055 5.5051 5,9053 5.9058 .00025

160 6.2592 6.2987 6.2990 6.2595 .0003

170 6.6925 6.6924 6.6927 6.6932 .0003
lEO 7.0866 7.0861 7,0864 7.0869 -0003

Housing is stadonaiy -widi reladon
to die dlrecdoo of die load.

mm

Bearing O D
Indies
max min

Housing Bore

Inches
nun max

Mean
Fit

Loose
16 .6259 -6297 .6298 .6301 .00015

19 .7480 ,7478 .7479 .7482 .00015

22 .8661 .8659 .8660 .8663 .0.0015

24 .9449 .9447 1 .9448 .9451 .00015

26 1.0236 1.0234 1.0235 1,0238 .00015

30 1.1811 i . ieo9 1.1810 1.1813 .00015

32 1.2598 1.2596 1.2597 1.2600 .00015

35 1.3780 1.3778 1.3775 1.3782 -00015

37 1.4567 1.4565 1.4566 1.4565 .00015

40 1.5748 1.5746 1.5747 1.5750 .00015

42 1.6535 1.6533 1.6534 1.6537 .00015

47 1.8504 1.8502 1.8503 1.8506 .00015

52 2.0472 2.0470 2.0471 2.0474 .00015

55 2.1654 2.1652 2.1653 2.1656 .00015

62 2.4409 2.4407 2,4408 2.4411 .00015

68 2.6772 2.6770 2.6771 2.6774 .00015

72 2.8346 2.8344 2.8345 2.8348 .00015

75 2.9528 2.9526 2.9527 2.9530 .00015

80 3.1496 3.1494 3.1495 3.1498 .00015

85 3.3465 3.3462 3.3464 3.3468 .00025
90 3.5433 3.5430 3.5432 3.5436 .00025

95 3.7402 3,7399 1
3.7401 3.7405 .00025

100 3.9370 3.9367 3.9369 3.9373 .00025

110 4.3307 4.3304 4.3306 4.3310 .00025

115 4.5276 4.5273 4.5275 4.5279 .00025
120 4.7244 4.7241 4.7243 4.7247 .00025

125 4.9213 4.9209 4.9211 4.9216 .00025
130 5.1181 5.1177 5.1179 5.1184 .00025

140 5.5118 5.5114 5.5116 •5.5121 .00025

145 5.7087 5.7083 5.7085 5.7090 .00025

150 5.9055 5.9051 5.9053 5.9058 .00025

160 6.2992 6.2988 6.2990 6.2995 .00025
170 6.6529 6.6925 6.6927 6.6932 .00025
180 7,0866 7.0862 7.0864 7.0869 .00025

cmtbajed on next page
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TABLE 7—33 continued

HOUSING DIMENSIONS FOR ABEC-5
TOLERANCE BEARINGS

Housing is starionary with relation

to the direction of die load.

mm

Beating 0 D
Inches
max min

Housing Bore

Inches
rain ranx

Mean
Fit
Loose

190 7.4803 7.4708 7.4801 7.4807 .0003S

200 7.8740 7.8735 7.^738 7.8744 .00035

210 8.2677 8.2672 8.2675 8.2681 .00035

215 8.4646 8.4641 8.4644 8.4650 .00035

220 8.6614 8.6609 8.6612 8.6618 .00035

225 8.8583 8.8578 8.8581 8.8587 .01.035

230 9.0551 9.0546 9.0549 9.0555 .00035

240 9.4488 0.4483 9.4486 9.4492 .00035

250 9.8425 9.8420 9.8423 9.8429 .00035

260 10.2362 10.2357 10.2360 10.2366 .00035

265 10.4331 10.4326 10.4329 10.4335 .00035

270 10.6299 10.6294 10.6297 10.6301 .00035

280 11.0236 11.0231 11.0231 11.0240 .00035

2Q0 11.4173 11.1168 11.4171 11.4177 .00035

300 11.8110 11.8105 11.8108 11.8114 .00035

310 12.2047 12.2012 12.20)5 12.2051 .00035

320 12.5984 12.5978 12.5981 12.5986 .00035

330 12.9921 12.9915 12.9918 12.9925 .00035

340 13.3858 13.3852 13.3855 13.3862 .00035

350 13.7795 13.7789 13.7792 .00035

360 14.1732 14.1726 14.1729 14.1736 .00035

370 14.5669 14.5663 14.5666 14.5673 .00035

380 14.9606 14.9600 14.9603 14.9610 .00035

390 15.3543 15.3537 15.3540 15.3547 .00035

400 15.7480 15.7174 15.7477 15.7484 .00035

410 16.1417 16.1410 16.1414 16. 1422 .000)5

420 16.5354 16.5347 16.5351 16.5359 .00045

430 16.9291 16.9284 16.9288 16.9296 .00045

440 17.3228 17.3221 17.3225 17.3233 .00045

450 17.7165 17.7158 17.7162 17.7170 .000)5

460 18.1102 18.1095 18.1099 18.1107 .00045

465 18.3071 18.3064 18.3068 18.3076 .00015

480 18.8976 18.8969 18.8973 18.8981 .00045

490 19.2913 19.2906 19.2910 19.2918 .00045

500 19.6850 19.6843

1

19.6647 19.6855 .00045

HOUSING DIMENSIONS FOR ABEC-7
TOLERANCE BEARINGS

Housing is stadonaty with relation

to the direction of the load.

mm

Bearing 0 D
Inches
max rain

Housing Bore

Inches
min max

Mean
Fit

Loose
190 7.4803 7.4799 7.4801 7.4807 .0003

200 7.8740 7.8736 7.8738 7.8744 .0003

210 8,2677 8.2673 8.2675 8.2681 .0003

215 8.4646 8.4642 8.4644 8.4650 .0003

220 8,6614 8.6610 8.6612 8.6618 .0003

225 8.8583 8.8579 8.8581 8.8587 .0003

230 0.0551 9,0547 9.0549 9.0555 .0003

240 9.4488 9.4484 9.4486 9.4492 .0003

250 9.8425 9.8421 9,8423 9.8429 .0003

260 10.2362 10.2357 10.2360 10.2366 .00035

265 10.4331 10.4326 10.4329 10.4335 .00035

270 10.6299 10.6294 10.6297 10.6303 .00035

280 11.0236 11.0231 1 1.0234 11.0240 .00035

290 11.4173 11.4168 11.4171 11,4177 .00035

300 11.8110 11.8105 11.8108 11.8114 .00035

310 12.20)7 12.2042 12.2045 12.2051 .00035

320 12.5984 12.5079 12.5981 12.5988 .0003

330 12.9921 12.99)6 12.99)8 12.9925 .0003

340 13.3858 13.3853 13.3855 13.3862 .0003

350 13.7795 13.7700 13.7792 13.7799 .0003

360 14.1732 14.1727 14.1729 14.1736 .0003

370 14.5669 14.5664 14.5666 14.5673 .0003

380 14.0606 14.9601 14.9603 1).9610 .0003

390 15.3543 15.3538 15.3540 15.3547 .0003

400 15.7480 15.7475 15.7477 15.7484 .0003
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TABLE 7-34

ABEC-7 and ABEC-5 Shaft Diamefers for Beoring Seats of Metric Annalor Ball Beorings

AFBMA Standards, Section 7 - Morch 1951

SliAFT DIMEt.'SIO.’fS FOP. AEEC-7 TOLERA’.'CE EEAPJJi'GS SHAFT DIWEIiSIO.'fS FOR AEEC-5 TOLERA’fCE BEARE.'GS

For noraal loads, diaft rstating For nouaal loads, shaft rotating widi

relation to direction of load rdatlon to direction of load

Bearing Bore

Inches

mar n:ln

Shafe Diatr.eter

Inches

nar rain

Mean
Fit

mm

Bearing Bore

Inches

max min

Shaft Diameter

Inches

max min

Mean
Fit

Ti^t

< .1575 -15725 .1575 -1572 L.C00025 4 .1575 .1572
f

.1575 .1573 .00000

e -15 £5 .15fi75 -15£5 -1507 L-000025 5 .1005 .1567 ,15£5 .1507 .00000

« -22C2 .22£0S -2202 -2200 I..000025 £ .2202 .2300 .2302 .2360 -00000

7 .275C -27S45 .2750 .2754 L. 000025 7 -2750 .2754 .2756 .2754 .00000

£ .2150 -21425 .2150 ,314^ L. 000025 2 .2150 .2143 .3150 .3143 .00000

5 .2543 .35415 .2543 -3541 L.000025 5 .2542 .3541 .3542 .3541 .00000

li) .2527 .25255 .3537 .Z'tlt L-C00025 10 .2027 .2535 .3527 .2525 .00000

12 .4724 .47225 .4724 .4722 L.000025 12 .4724 .4722 .4724 .4722 .00000

15 .S50C .55045 1 .5500 -5504 L.000025 15 .5500 -5504 .5000 .5504 .00000

17 .££53 .££515 .££53 -0051 L.000025 17 ,££02 .££51 .££52 .££51 .00000

50 .7274 -72725 .7275 -7273 T.000075 20 .7274 .7372 .7375 .7373 ,00010

25 -5243 .52415 .5244 -5242 T.000075 25 .0342 .0341 .9344 .5342 .00010

20 1.1211 1.12055 1.1212 1.1210 T.000075 20 1.1211 1.1305 1,1312 1.1810 .00010

25 1.2720 1.37720 1.3722 1.3775 T.C0015 3S 1,2730 1.3778 1.3732 1.3779 .00015

<0 1.S742 1.574 £5 1.5750 1.5747 T.OOOIS 40 1.5743 1.5746 1.5750 1.5747 .00015

<5 1.7717 1.77150 1.7715 1.7710 7.00015 45 1.7717 1.7715 1.7710 I.77I0 .00015

50 1.0£25 I.55230 1.5 £27 1,0024 7.00015 50 i.oogs 1.0033 1.9037 1,9034 .60015

55 2.1C54 2.1C520 2-1^56 2.1052 7-00010 55 2,1££4 2.1051 .00015

£0 2.2C22 2.2C200 2.2024 2.3020 7.00010 £0 2.3022 2.2010 .00015

£5 2.5551 2.55250 2.5553 2.3525 7.00010 £5 2.5501 2.5533 2.5552 2,5535 .00015

70- 2.7555 2.75570 2.7S0L 2.7557 7.00010 70 2.7550 2.7550 2.7501 2.7557 .00015

75 2.5522 2.5S2C'; 2.5520 2.5520 7.00010 75 2.0523 2,5525 2,0520 2.5526 .00015

20 2.I45C 3.14540 3.1452 3.1454 7.00010 go 2,145£ 2.1452 2,1403 3.1494 .00015

£S 2.24C2S 3-2407 3.3402 7-000125 g5 2.3405 3.2462 2.2407 3.2462 ,00015

00 2.5422 2-54305 2.5425 3.5431 7.000125 00 2.5433 2.5420 3.5435 3. 5431 .00015

55 3-7402 2.72555 2-7404 3,7400 7.005125 05 3,7402 2.7255
(

2.7404 3.7400 ,00015

10 O' 3.5370 2-53C73 2.5372 2.5202 7.000125 100 2.0270 3.5207 3.5372 3.5263 .00015

105 4.1225 4.132C5 4.1241 4.1327 7.000125 105 4.1330 4.1336 i 4.1341 4,1337 .00015

110 4-2207 4.22045 4.2305 7.000125 110 4,3307 4,3304 4.3205 4.2205 .00015

120 4.7244 4.72415 4.7240 4.7242 7.000125 120 4.7244 4,7241
I

4,7246 4.7242 .00015

120 5.1121 5.11720 5,1123 5.1175 7.00015 130 5.1131 5.1177 5.1133 5.1179 .00020

UO 5.5112 5.51150 5.5120 5-5110 7.00015 140 5.5113 5.5114 5. 5120 £,5116 .00020

120 5.5055 5-50520 5.5057 5.5053 7.00015 150 5.0055 5,5051 5.0057 5.5053 .00020

ICO £.2552 £.25250 £.2550 7.00015 I£0 £.2502 £.2533 £.2954 £.2550 ,00020

170 £-£525 £.£52£0 £.0531 £-£527 7.00015 170 £.£525 £.0025 6.0521 £.6527 .00020

120 7,r.£CC 7.02C20 7.0202 7.0204 7.00015 120 7.0300 7,0302 7.0303 7.0364 .00020

150 7.4202 7.47550 7.4206 7-4200 7.00020 100 7,4302 7.4753 7,4306 7.4300 .000 2 5

200 7.2740 7.272C0 7.2743 7-2737 7.00020 200 7.3740 7,3725 7.3742 7.3727 .00025

210 2.2C77 2.20720 2.2020 2.2074 7.00020 210 3.2077 3.2672 3.2030 3.2674 .00025
220 2. ££14 2, £0100 f.-tin 2.0011 7.00020 220 3. ££14 3. £600 £,££17 8.0611 .00025
220 5.0551 5.05470 5.0554 5-0542 7-00020 230 0.0551 5, 0540 5.0554 9-0543 .00025
240 5.4422 5.44240 5.4451 5-4425 7.00020 240 5.4433 0.4432 5,4401 9-4435 -00025

2£0 10,22£2 10,2357 10.2305 10.2255 .00025
250 11.0226 11.0221 11,0230 11.0233 .00025
200 11.3110 11.3105 11.8112 11.8107 .00025
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ABEC-1

Housing
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Diameters
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TABLE 8-1

American Sfandard, Squoro and Flaf, Plain

Parallel Stock Keys According to Shaft Sizes

ASA B1 7.1 -1943

Shaft

Diameter

Square Key
Wx //•

Flat Key
Tx If

Shaft

Diameter

Square Key
r X If

Flat Key

IT X //•

1/2 1/8 X 1/8 1/8 X 3/32 2-3/8 5/8 X 5/8 5/8 X 7/16

9/16 1/8 X 1/8 1/8 X 3/32 2-7/16 5/8 X 5/8 5/8 X 7/16

5/8 3/16 X 3/16 3/16 X 1/8 2-1/2 5/8 X 5/8 5/8 X 7/16

11/16 3/16 X 3/16 3/16 X 1/8 2-5/8 5/8 X 5/8 S/8 X 7/16

3/4 3/16 X 3/16 3/16 X 1/8 2-3/4 5/8 X 5/8 5/8 X 7/16

13/16 3/16 X 3/16 3/16 X 1/8 2-7/8 3/4 X 3/4 3/4 X 1/2

V/8 3/16 X 3/16 3/16 X 1/8 2-15/16 3/4 X 3/4 3/4 X 1/2

15/16 1/4 X 1/4 1/4 X 3/16 3 3/4 X 3/4 3/4 X 1/2

1 1/4 X 1/4 1/4 X 3/16 3-1/8 3/4 X 3/4 3/4 X 1/2

1-1/16 1/4 X 1/4 1/4 X 3/16 3-1/4 3/4 X 3/4 3/4 X 1/2

1-1/8 1/4 X 1/4 1/4 X 3/16 3-3/8 7/8 X 7/8 7/8 X 5/8

1-3/10 1/4 X 1/4 1/4 X 3/16 3-7/16 7/8 X 7/8 COXCO

1-1/4 1/4 X 1/4 1/4 X 3/16 3-1/2 7/8 X 7/8 7/8 X 5/8

1-5/16 5/16 X 5/16 5/16 X 1/4 3-5/8 7/8 X 7/8 7/8 X 5/8

1-3/8 5/16 X 5/16 5/16 X 1/4 3-3/4 7/0 X 7/8 7/8 X 5/8

1-7/16 3/8 X 3/8 3/8 X 1/4 3-7/8 1 X 1 1 X 3/4

1-1/2 3/8 X 3/8 3/8 X 1/4 3-15/16 1 X 1 1 X 3/4

1-9/16 3/8 X 3/8 3/8 X 1/4 4 1 X 1 1 X 3/4

1-5/8 3/8 X 3/8 3/8 X 1/4 4-1/4 1 X 1 1 X 3/4

1-11/16 3/8 X 3/8 3/8 X 1/4 4-7/16 1 X 1 1 X 3/4

1-3/4 3/8 X 3/8 3/8 X 1/4 4-1/2 1 X 1 1 X 3/4

1-13/16 1/2 X 1/2 1/2 X 3/8 4-3/4 1-1/4 X 1-1/4 1-1/4 X 7/8

1-7/8 1/2 X 1/2 1/2 X 3/8 4-15/16 1-1/4 X 1-1/4 1-1/4 X 7/8

1-15/16 1/2 X 1/2 1/2 X 3/8 5 1-1/4 X 1-1/4 1-1/4 X 7/8

2 1/2 X 1/2 1/2 X 3/8 5-1/4 1-1/4 X 1-1/4 1-1/4 X 7/8

2-1/16 1/2 X 1/2 1/2 X 3/8 5-7/16 1-1/4 X 1-1/4 1-1/4 X 7/8

2-1/8 1/2 X 1/2 1/2 X 3/8 5-1/2 1-1/4 X 1-1/4 1-1/4 X i/8

2-3/16 1/2 X 1/2 1/2 X 3/8 5-3/4 1-1/2 X 1-1/2 1-1/2 X 1

2-1/4 1/2 X 1/2 1/2 X 3/8 5-15/16 1-1/2 X 1-1/2 1-1/2 X 1

2-5/16 5/8 X 5/8 5/8 X 7/16 6 1-1/2 X 1-1/2 1-1/2 X 1

All dlmenaionft given In inchea.

*W nnd H nre width and depth of key, reapectlvely* Tolernncea on width and depth of keya cut from cold-finlahed

stock nre given In Table 8—4.
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8-3

•To

in.ure

good

fit.

the

width,

deplhand

length

of

the

key.Iot

need

to

be
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with

tolerances.

This

practice
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and

absolves

the

designer

of

blame

in

case

unsatisfactory

fits

happen

because

reasonable
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are

not
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during

milling

or

slotting

operations,

'

fIf

necessary,
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key

stock,
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keys,
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bo
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tolerances
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Indicated

in

Table
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TABLE 8-4

ToIcronccs*on Square ond Flat Stock Keys

ASA B1 7.1 -1943

Square Keys

from to

Flat Keys
from to

Tolerance on

VTidth and Depth,

Minus

1/B 3 /a 1 /n » 3/32 3/8 X 1/4 0.0020

1/2 3/4 1/2 V 3/8 3/4 X 1/2 0.0025

7/n 1-1/2 7/a > S/8 1-1/2 X 1 0.0030

1-3/1 x 1-1/1 3x0 o.ooto

3-1/2 X 2-1/2 (i X 5 0.0050

At! dlmentlont In Inche*

•Thf ir tolemnce* pffTnlt cutttnc Vryu from cold-flnlth^d itock. Th<*y ore ruttable for tenerfcl

application* and where the tolerancei on the kejralota ore apecifled to provide Interchangeable

aasembly. To get good fit* on hJch*trede work, aelective fitting con be called for or the keyalot*

cim be dlmenaloned ao «« to rerrjir** hand fitting. Since key# can be machined or ground to loleronera

cloier thon apeclfied by thli atandartl, the eatra machining coal on the keya may be offael by a tavlng

In n««embly co»l.
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TABLE 8-5

Ditnonsions From Bottom of Koysoot one! From Top of Key
To Opposite Side of Shaft, Ploin Parailc! Stock Keys

ASA B17.1-1943

Squnre Key Flnt Key

Bottom of Top of Bottom of Top of

Depth Keysent Key to Depth Keysent Key to

to Bottom to Bottom
Shnft n Opposite of // Opposite of

Dinmeter Side of Slmft, Side of Shnft,

Inches Frnction Decimnl Shnft, ^ .T ^ // Frnction Decimnl Shnft, T r •). //

1/2 1/0 0.125 0.430 0.555 3/32 0.004 0.445 0.530

9/ If. 1/0 0.125 0.403 0.610 3/32 0.004 0.500 0.60.3

5/(1 3/16 0.100 0.517 0.705 1/0 0.125 0.540 0.67.3

11/16 3/16 0.100 0.501 0.760 1/0 0.125 0.612 0.737

3/4 3/16 0.100 0.644 0.032 1/0 0.125 0.676 0.001

13/16 3/16 0.100 0.700 0.006 1/0 0.125 0.730 0.064

7/f) 3/16 0.100 0.771 O.050 1/0 0. 125 0.002 0.027

15/16 1/4 0.250 0.706 1.046 3/16 0.100 0.027 1.015

1 1/4 0.2.50 0.050 1.100 .3/16 0.100 O.O'iO 1.070

1-1/16 1/4 0.250 0.023 1 . 173 .3/16 0.100 0.054 1.142

1-1/0 1/4 0.250 0.006 1.236 3/16 0. 100 1.017 1.205

1-3/16 1/4 0.2.50 1.040 1.200 .3/16 0.100 1.001 1.260

1-1/4 1/4 0.250 1.112 1 . 362 .3/16 0.100 1.144 1.332

1-5/16 5/16 0.313 1. 137 1.450 1/4 0.2.50 1.160 1.410

l-3/n 5/16 0.313 1.201 1.514 1/4 0.250 1.232 1.402

1-7/16 3/0 0.375 1.225 1 . 600 1/4 0.250 1.200 1 . 530

1-1/2 3/0 0.375 1 . 200 1 . 664 1/4 0.250 1.351 1.601

l-O/lf, 3/0 0.375 1 . 352 1.727 1/4 0.250 1.415 1.665
1-s/n 3/0 0.375 1.416 1.701 1/1 0.250 1.470 1.720
1-11/16 3/0 0.375 1,470 1 . 054 1/4 0.250 1 . 542 1.702

1-3/4 3/0 0.375 1.542 1.017 1/4 0.250 1.605 1.055
1-13/16 1/2 0..500 1 . 527 2.027 .3/0 0.375 1.500 1.065
1-7/0 1/2 0..500 1.501 2.0O1 3/0 0..375 1.654 2.020
1-15/16 1/2

AU lUmnnalona Rlvon In inchca.

0.500 1.655 2.155 3/0 0.375 1.717 2.002

roiillniiPtt on noxt pnio
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TABLE 8-5 continued

Sauarc Key Flat Key

Shaft

Diameter
Inches Fraction

Depth

II

Decimal

Bottom of

Key.seat

to

Opposite
Side of

Shaft, .5

Top of

Key to

Bottom
of

Shaft,

S + II

Depth

II

Fraction Decimal

Bottom of

Keyseat

to

Opposite
Side of

Shaft, T

Top of

Key to

Bottom

of

Shaft,

t + h

2 1/2 0.500 1.718 2.218 3/8 0.375 1.781 2. 156

2-1/1

1

1/2 0.500 1.782 2.282 3/8 0..375 1.843 2.218
2- 1/8 1/2 0.500 1.845 2.345 3/8 0.375 1.908 2.283

2-3/ir. 1/2 0.500 1.<’0') 2.409 3/8 0.375 1.971 2.346

2-1/4 1/2 0.500 1.072 2. 472 3/8 0..375 2.034 2.409

2- 5/16 5/8 0.625 1.057 2.582 7/16 0.438 2.051 2.489

2-3/8 5/8 0.625 2.021 2.646 7/16 0.438 2. 114 2.552

2-7/ir. 5/8 0.625 2.084 2.709 7/16 0.438 2.178 2.616

2-1/2 5/8 0.625 2. 148 2.773 7/16 0.438 2.242 2.680

2-5/8 5/8 0.625 2.275 2.900 7/16 0.438 2. 368

2-3/4 5/8 0.625 2.402 3.027 7/16 0.438 2.495 2.933

2-7/8 3/4 0.750 2.450 3.200 1/2 0.500 2.575

2-15/16 3/4 0.750 2.514 3.264 1/2 0.500 2.639 3.139

3 3/4 0.750 2..577 3.327 1/2 0.,500 2.702

3-1/8 3/4 0.750 2.704 3.454 1/2 0.500 2.829 3.329

3-1/4 3/4 0.750 2.831 3.581 1/2 0.500 2.956

3-3/8 7/8 0.875 2.880 3.755 5/8 0.625 3.005

3-7/16 7/8 0.875 2.944 3.810 5/8 0.625 3.069

3-1/2 7/8 0.875 3.007 3.882 5/8 0.625 3.132

3-5/8 7/8 0.875 3. 140 4.015 5/8 0.625 3.259 3.884

3-3/4 7/8 0.875 3.261 4. 136 5/8 0.625 3.386 4.011

3-7/8 1 1.000 3.300 4..300 3/4 0.750 3.434 4.184

3-15/16 I 1.000 3.373 4.,37 3 3/4 0.750 3.498 4.248

4 I 1.000 3.437 4.437 3/4 0.750 3.562 4.312

4-1/4 1 1.000 3.690 4.600 3/4 0.7.50 3.815 4.565

4-7/16 1 1. 000 3.881 4.881 3/4 0.7.50 4.006 4.756

4- 1/2 1 1.000 3.944 4.044 3/4 0.750 4.069 4.819

4-3/4 1-1/4 1 . 250 4.042 5.292 7/8 0.875 4.229

4-15/16 1-1/4 1.250 4.232 5.482 7/8 0.875 4.420 5.295

5 1-1/4 1.250 4.206 5.546 7/8 0.875 4.483 5. 358

5-1/4 1-1/4 1.250 4. 550 5.800 7/8 0.875 4.733 5.688

5-7/16 1-1/4 1.250 4. 740 S.OOO 7/8 0.875 4.927 5.802

5-1/2 1-1/4 1.250 4.803 6.053 7/8 0.875 4.991 5.866

5-3/4 1-1/2 1.500 4.900 6.400 1 1.000 5.150 6. 150

5-15/16 1-1/2 1.500 5.091 6.591 1 1.000 5.341 6.341

6 1-1/2 1..500 5.155 6.655 1 1.000 5.405 6. 4^1 j

An dimensions (;Iven in Inclies,
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TABLE 8-6

Dimensions of Square and Flat Plain Taper Stock Keys*

ASA B17.1 1943

Square Type Flat Type Tolerance*

Shaft

Diameter
(inci)

Maxi-
mum
Width

W

Height
at

Large
End**
H

Maxi-
mum
Width
r

Height
at

Large
End**
H

On
Width
(-)

On
Height

(+)

1/2 9/16 1/8 1/8 1/8 3/32 0.0020 0.0020

5/8 - 7/8 3/16 3/16 3/16 1/8 0.0020 0.0020

15/16 - 1-1/4 1/4 1/4 1/4 3/16 0.0020 0.0020

1-5/16 - 1-3/8 5/16 5/16 5/16 1/4 0.0020 0.0020

1-7/16 . 1-3/4 3/8 3/8 3/8 1/4 0.0020 0.0020

1-13/16 - 2-1/4 1/2 1/2 1/2 3/8 0.0025 0.0025

2-5/16 - 2-3/4 5/8 5/8 5/8 7/16 0.0025 0.0025

2-7/8 - 3-1/4 3/4 3/4 3/4 1/2 0.0025 0.0025

3-3/8 . 3-3/4 7/8 7/8 7/8 5/8 0.0030 0.0030

3-7/8 - 4-1/2 1 1 1 3/4 0.0030 0.0030
4-3/4 - 5-1/2 1-1/4 1-1/4 1-1/4 7/8 0.0030 0.0030
5-3/4 - 6 1-1/2 1-1/2 1-1/2 1 0.0030 0.0030

All dirr.ensions given in inches.

•Stock keys are applicable to the general run of work and the tolerances have been set accordingly. They
are not intended to cover the finer applications where a closer fit may be required,

••This height of the key is measv«d at the distance TT, equal to the width of the key, from the large end.
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TABLE 8-7

Stock Lengths of Ploin Toper Stock Keys

ASA B1 7. 1-1 943

Shaft

Diameter

(Inch)
Length of Key,* L

1/2 9/16 1/2 3/4 1 1-1/4 1-1/2 1-3/4 2

5/B - 7/8 3/4 1-1/8 1-1/2 1-7/8 2-1/4 2-5/8 3

15/16 1-1/4 1 1-1/2 2 2-1/2 3 3-1/2 4

1-5/16 - 1-3/0 1-1/4 1-7/0 2-1/2 3-1/8 3-3/4 4-1/2 5-1/4

1-7/16 _ 1-3/4 1-1/2 2-1/4 3 3-3/1 4-1/2 5-1/4 6

1-13/16 - 2-1/4 2 3 4 5 6 7 8

2-5/16 2-3/4 2-1/2 3-3/4 5 6-1/4 7-1/2 8-3/4 10

2-7/8 - 3-1/4 3 4-1/2 6 7-1/2 0 10-1/2 12

3-3/8 3-3/4 3-1/2 5-1/4 7 8-3/4 10-1/2 12-1/4 14

3-7/0 - 4-1/2 4 6 0 10 12 14 16

4-3/4 - 5-1/2 5 7-1/2 10 12-1/2 15 17-1/2 20

5-3/4 - 6 6 Q 12 15 10 21 24

All dtmenalons Rlv^n In Inchea.

•The minimum stock lenRth of keys Is equal to four times the key width, smd the maslmum stock length Is equal to sixteen limes the key width.

The Increments of increase In length are equal to twice the width.
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TABLE 8-9

Slock Lengths of Gib-Hcotf Toper Slock Keys

ASAB17.1 1943

Shaft

Diameter

find) Lenpth of Key,*i

1/2 - 9/16 1/2 3/1 1 1-1/4 1-1/2 1-3/4 n

5/a 7/8 3/4 1-1/8 1-1/2 1-7/8 2-1/4 2-5/8 3

15/lf. - 1-1 /l 1 1-1/2 2 2-1/2 3 3-1/2 4 .

1-5/16 - 1-3/8 1-1/4 1-7/n 2-1/2 3-1/8 3-3/4 4-3/8 5-1/2

1-7/16 - 1-3/4 1-1/2 2-1/4 3 3-3/4 4-1/2 5-1/4 6

1-13/16 - 2-1/4 2 3 4 5 6 7 8

2-5/16 - 2-3/4 2-1/2 3-3/4 5 6-1/4 7-1/2 8-3/4 10

2-7/a 3-1/4 3 4-1/2 6 7-1/2 0 10-1/2 12

3-3/8 - 3-3/4 3-1/2 5-1/4 7 8-3/4 10-1/2 12-1/4 14

3-7/8 4-1/2 4 6 8 10 12 14 16

•1-3/1 5-1/2 5 7-1/2 10 12-1/2 15 17-1/2 20

5-3/4 - 6 6 12 15 18 21 24

All dimenalcn* In Inchei.

•The minirrum stock leriRth of keys Is equal to four times the key width, snd the mssimum slock length Is equal to sixteen litoes

the key width. The increments of Increase in length are eq'jal to twice the width.
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TABLE 8-70

Keys for ffEMA Foot-f/.ounfed Uoforc an6 Generaforr;

HEMA Sfan8ard Dimencionr., Port 3 - July 1952

Frame

Kumbcr

Shaft

Diameter,

Inches

1-en^th of I5ey

Inches

Square

Key

56 5/2 1-3/2* 3/10

C6 3/4 1-7/2* 3/10

203 3/4 1-3/2 3/10

20i 3/4 1-3/2 3/10

22'i I 2 1/4

225 I 2 1/4

254 l-J/2 2-3/2 1/4

224 I-J/4 2-3/4 1/4

324 1-5/2 3-3/4 3/2

320 1-5/2 3-3/4 3/2

304 1-7/2 4-1/4 1/2

304S 1-5/2 1-7/2 3/2

305 1-7/2 4-1/4 1/2

305S 1-5/2 1-7/2 3/2

404 2-1/2 5 1/2

404S 1-7/2 2 1/2

405 2-1/2 5 1/2

405S 1-7/2 2 1/2

444 2-3/2 5-1/2 5/2

4443 2-1/2 2-3/4 1/2

445 2-3/2 5-1/2 5/2

4453 2-1/2 2-3/4 1/2

5040 2-7/2 7-1/4 3/4

5043 2-1/2 2-3/4 1/2

505 2-7/2 7-1/4 3/4

5053 2-1 /2 2-3/4 1/2
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TABLE 8-11

Keyways for Holes in Gears for General Industrial Practice

AGMA Standard Dimensions 261.01 - 1946

Recommended depth of Keyway Alternate method

shall be one-half Key height

Recommended Key'ways and Key Stock for Holes in Gears

Diameter of Holes

Inclusive

Inches

Standard Ke>-u-ays and Keys
Keyu-ays*

vridth Depth
Key Stock

Cold Rolled Steel

0.10 to 0.20 Carbon

Tolerance

On

Key Stock

S/l6 to 7/16 3/32 3/64 3/32 X 3/32

1/2 to 9/16 1/8 1/16 1/8 X 1/8

5/8 to 7/8 3/16 3/32 3/16 X 3/16 1 + 0.000

15/16 to 1-1/4 1/4 1/8 1/4 X 1/4
1

-0.002

1- 5/16 to 1-3/8 5/16 5/32 5/16 X 5/16

1- 7/16 to 1-3/4 3/8 3/16 3/8 X 3/8
,

1-13/16 to 2- 1/4 1/2 1/4 1/2 X 1/2
j

2- 5/16 to 2-3/4 5/8 5/16 5/8 X 5/8 > +0.0000

2-13/16 to 3- 1/4 3/4 3/8 3/4 X 3/4
,)

-0.0025

3- 5/16 to 3- 3/4 7/8 7/16 7/8 X 7/8

3-13/16 to 4- 1/2 1 1/2 1 xl
j

+ 0.000

4- 9/16 to 5- 1/2 1-1/4 7/16 1-1/4 X 7/8
j

\ -0.003

5- 9/16 to 6- 1/2 1-1/2 1/2 1-1/2 X 1
11

6- 9/16 to 7- 1/2 i-3/4 5/8 1-3/4 X 1-1/4

7- 9/16 to 8-15/16 2 3/4 2 X 1-1/2 +0.000

9- to 10-15/16 2-1/2 7/8 2-1/2 X 1-3/4 -0.004

11 to 12-15/16 3 1 3 X 2 1

13 to 14-15/16 3-1/2 1-1/4 3-1/2 X 2-1/2
1

15 to 17-15/16 4 1-1/2 4 X 3 1

+0.000

18 to 21 5 1-3/4 5 X 3-1/2
1

-0.005

•width tolerance —0.000, +0.002; depth tolerance, nominnl to + 1/64 for ttralcht key#, nomlniil to —1/64 for taper ke>#. ^
^

treated pinion# keyway depth ahall be 1/32 to 3/64 over nominal wUh minimum radlu# In keyway comer# of J/32. Keywas come

and key atock to be rounded from 1/32 to not more than 1/5 keyway depth for impact or alternating load#.
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TABLE 8-12

formulas for Calculating Shear* ond Compressive
Strength of Square and Flat Keys

To Find From Formula

Shszring tnit ?’Uth of key, IT , «n»

2i?/

Sc
ctresa, S^, pai Length of key, L, in.

Shaft diameter, B , in.

Torqac, M, in.-tb

^ 17BL*

Cornpresaive tciit Height of key, H , in.

atreaa, S^, pai Length of key, L, in. AM
Shaft diameter, B, in.

Torque, .Vf, in.-lb

ffLB

"Trifi k«y er«a at Ih^ chaar llr^ ia WLf^ valiKc of which for Tfc&drvfl k^yt ere

tlzVtfi in Table £-18; h«nce 5^ can be fotmd fcr the Wooiruff-tTpe key at well at

fcr aqotre key**

TABLE 8-13

Allov/able Compressive Stresses in Square and Flat Keys

Practice of Caterpillor Troctor Co.

Designation Material Recommended Use

Soft keya l/s-wcarbon etcel ^en compreaaive streaa ia

SAE 1018 less than

18.000 psi, one direction,

with clamped hob

15.000 psi, one direction,

without clamped hub

13>000 pci, both directions,

with clamped hob

10.000 p»i» both directions,

without clamped hob

Held keys SAE A\Aa ^"hen compressive stress

Rockwell C 42—50 equals or exceeds psx

Grouiiil on all four

aixles from I/<>4 oyer-

otze stock to jn.stire

remoral of all ciecar-

btzfization

listed above
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TABLE 8-14

Toleronce on Alignment of Keyslots

Engineering Stondords - 1954 The Coterpillor Tractor Company

Class Tolerance on Alignment Comments

1 R'ithin 1 degree These tolerances

2 within 2 degrees

are used to specify

the alignment of a

3 within 10 degrees

Ireyslot with a

drilled holci or

Timing gear + 5 minutes

any other machine

operation, as well

tej-R-nys ns for the align-

ment of two key-

slots.

TABLE 8-15

Fatigue Stress Concentrotion Factors in Solid Steel

Shafts Caused by Keyways (or Splines)

Lipson, Noll and Clock "Stress and

Strength of Manufoctured Parts", McGraw-Hill

sled-runner

Profile
j Sled-runner

Material and State Factor Bending Torsion Bending Torsion

Annealed Steels 1.6 1.3 1.3 1.3

Quenched and Drnw'n Steels 2.0 1.6 1.6 1.6
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TABLE

Georreiric Stress Ccncenfrcfton Fccfcrs in

HoHc’w Circulcr Shcff Ceyrec fcy Keyffcy

Lipssn, L’olf cns Clcdf. “Stress cnii Strensfh

of Mcrryfccfuresf Pcrfs," HcGrcvr-Kilf



TABLE 8-17

Fatigue Stress Concentration Factors in

Hollow Steel Shaft Caused by Keyway

Lipson, Noll and Clock "Stress and Strength

of Manufactured Parts," McGraw-Hill

r
d
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TABLE 8-18

Modified Radii on V/oodruff Keys and Keyslots to Reduce Notch Effect

Engineering Standards - 1953 The Caterpillar Tractor Company

Radius of Key Radius of Keyslot

Width

of Key r-3 +0.010
-0.000 RR»-3 +0.000

-0.010

A Min Max fvfin Max

Z/t2 .032 .042 .022 .032

1/8 .042 .052 .032 .042

5/32 .047 .057 .037 .047

3/16 .062 .072 .052 .062

1/4 .083 .093 .073 .083

5/16 .104 .114 .094 .104

3/e .125 .135 .115 .125

7/16 .146 .156 .136 .146

1/2 .167 .177 .157 .167

9/16 .183 .198 .178 .188

5/8 .208 .218 .198 .208

11/16 .229 .239 .219 .229

3/4 .250 .260 .240 .250

M3



TABLE 8-19

Identification and Sizes of Woodruff Keys Regularly Available
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TABLE 8-20

Woodruff Key Dimensions

SAE Handbook 1954

Key Numbers 201 to G inclusive, Tnble 8—19

ASA*
85.3
1950

Key
No.

Nominal
Key
Site
A*n

Wliltli

A
Dmiiu'tcr

11

ne|jht Key
Area at

ShcAtlnK
Line

SSPlt.

Weiclit

I’er lOOC
Key

In I.ii»Min
1

Mftx Min
1
Mnx Min t Max Min

1

Man Norn

202 MI Via ^ Vi .0625 .0635 .249 .2.40 .104 .109 .01456 ,6

202'/, 206 Vis
«

'Vis .0625 ,06.15 .102 312 .135 • 140 .01815 .7

3 02/j 207 '7a N ht .09.V8 .0948 .102 ..ili .135 •140 Vii .02616 .9

203 211 V(i * H 0625 .0635 565 .375 .167 .172 .02255 .9

303 212 09.18 .0048 .,165 .375 .167 .172 Ht .03280 1 3

403 2IJ 1250 12«l .565 37S .167 .172 K. ,01209 l.s5

204 1 Vis* !ii 062.4 0635 .490 .,400 .198 .2 03 .188 194 Vw .02068 1 3

304 2 » V'.'
.09.18 0948 490 5(M) .198 .2 03 IHK .191 Viii ,01344 1.9

404 i 12.50 .1260 490 .500 •198 .203 .188 .191 .0,5128 2 v5

305 •1 'k * ii 09.18 0018 615 .625 .250 2.11 ,240 0,52,13 3.0

4 05 5 1250 1260 61.4 .625 .250 234 210 .07160 3.9

505 6 156.1 157.1 61.4 .625 .250 2.11 ,240 08719 4 9

60S 61 Ifa s H .1875 1885 615 .625 .250 .2.11 .240 '10 .1005 .5,8

4 06 7 . 1250 \2(iO .740 7.50 .308 .313 297 .303 .08813 0 1

506 K (fax?. .1563 1573 .740 .750 •308 .313 ,297 303 Vfe . 10869 7 .5

606 9 llii * 5'. .1875 .1885 740 .7.50 •308 .313 .297 .103 Uo .1279] 9.0

806 91 Vi « ?'s .2500 2510 .740 .750 .308 .313 .297 ..103 Ki .16235 12.0

507 ID •'a V Vb 156.V 157.1 865 875 .370 .375 .3.59 .16.5 Vis ,129.14 II.

0

607 11 1875 1885 .865 875 .370 .375 .1.^9 .,165 ,15310 13,0

707 12 2188 2198 .865 .875 .370 .375 359 .16.5 181.37 It 9

807 A 'Axii 2500 .2510 865 .875 .370 .375
,
365 ha 19760 17 0

608 1.1 1875 ,1885 ,990 1 000 .433 .438 422 .128 ifs .17816 17.0
708 14 •xi X 1 2188 2198 .990 1 000 •433 .438 4>> .428 .21002 20.1
808 1.4 Vi a 1 2.400 2510 ,990 1 «K> .433 .438 422 .428 23200 2,1 0

1008 II Vis n 1 .1125 .11.15 990 1 000 .433 .438 422 .428 .28113 29,0

609 16 7|fl N 1

H

1875 1885 1 115 1 125 .479 .4 84 .469 .475 % 20078 22 0
709 17 Inal Vi 2188 2198 1 115 1 125 .479 •4 84 469 .47.5 Vis . 23200 25.0
809 18 V-falVi .2,500 2510 1 115 1 125 .479 .<184 469 .475 ’Xi .26220 29,0
1009 C Visa IV» .1125 .11.15 1 115 1 125 .479 .484 .469 175 « .31938 36.0

610 10 Vis a 1 Vi 1875 188.4 1.240 1 2.40 .542 ,547 .y\\ .537 V(i 22844 27.1
710 20 'oa IVi .2188 2198 1 240 1 250 .542 .547 s^.ll ,5.17 Vis ,26084 31 8
810 21 '4 a 1 Vi .2500 2510 1 240 1 2.50 .542 .547 531 5.17 •)ii . 29556 36 0
1010 1) Vis a 1 Vi ,1125 .11.15 1 210 1 2.50 .542 .547 5.11 .5.17 Vis .,1621.1 4.5.0

1210 !: VialVi 3750 3760 1 . 240 1 250 .542 .547 .531 ..537 .42435 5i.O

811 22 VialH 2500 2510 1 ..165 1 375 .589 .594 578 .584 ,32.590 4,1.0
toil 2.1 Visa IH 3125 .11.15 1 .165 1 375 .589 .594 578 ..584 Vu .40031 51.0
12U 1' Ha IH 5750 .5760 1 565 1 .375 .589 .594 578 ..581 'e .47055 65.0

812 21 Vi a 1 Vli .2,500 .2510 1.490 1 500 .636 .641 .625 .631 Vii .3562,5 ,50.0

1012 25 Visa IV'i .3125 .11.1.4 1.490 1 500 .636 .641 625 .631 Vis .4.1844 6.1.0
1212 Ci ata l'(i .37.40 .3760 1 .4‘X) 1.,400 .636 .641 .62.5 .Ml Vii .51668 75.0

conttnuntt on noxt pttfiei

8-21



TABLE 8-20, continued

R

ASA*
B5.5
19'50

Kt>
Ni.

Nortiif-jl

Kr\
S.*r

\ 1 h

W

Ti..'

**I(K

\

ItvAtrr

It

\!.r 31. •

C

M.-

St

Vut

1»

Kf>
Ar« It

Skfarvj
Lidr

.1pp.

W(Ut
PwlOX

Mui 5.U1 Nera

617 126 «« > 2M 1875 ! 8.1.1 } IIS I IJS .4Ct .4 05 *90 ’c .25751 21.4

filT 127 ;vn 2510 2 IIS .* IJS •4C1 r4M *90 *'« .UJ75 .11 2

1017 128 M2< ins : IIS ; IJS •401 .405 .190 .396 "'B .42969 39 3

1217 129 >. ' 2h 17V) 17fO : ns 2 in ..401 .4 C6 .1>3 J>5 "b .4x'aji 47 2

617 26 1875 IMI 2 in 2 121 •526 .5JI SIS .521 1*.. .’12727 343
817 1* « 2H ’*00 2*10 2 111 IJS •526 .5JI 111 521 'b 41750 45 2

1017 2% ‘ux2H 3121 *1 *1 2 in 2 IJS .526 .531 111 5JI .5M25 60 1

1217 29 Ux2h 3750 ilui i 115 2 IJS .526 .531 .515 J.M ’b 5J437 72 3

822 Kt Hx}'x 2500 .’Sin : ;«r> 2 7*0 jit .5M .573 ..Wl % .$coco 64.8

1022 Sk t 2*4 ,I|.M *M1 2 740 2 JSn .519 .594 .171 .SSI •St 62543 fO.8

1222 'I« >> » 2*4 IT.vi irco 2 740 2 710 .sn .5 94 .178 5.54 S. WJJ 95 6

1422 ’»» » 2*4 1*71 4*11 2 740 2 ?io .519 J94 .178 $54 12530 112 9

1622 \x W) <010 2 740 2 7*0 •589 .5 94 178 .154 ’Sr 90947 120 3

822 n H » ."i ’Vt) 2110 2 740 J 7V> .74 5 .750 7M 740 »< jns 91 6

1 022 s *121 *1*1 2 740 2 7V» .745 .750 734 740 *1 70718 114 2

1222 ^ 2*4 *7V> *7C/> 2 7jn 2 75^> .2*i .750 7*1 .740 85190 *36 6

1422 r 4*75 4*M 2 740 2 7*0 .7.5 .750 731 740 H .94997 IP 2

1622 \’ 'jx Ji, 5000 .<oio 2 710 2 750 .7.5 .750 .734 740 1.06060

1228 30 1750 3:«o 3 490 1 ino .935 .93« .921 927 Ki I.07S1J 216.

»

1428 31 4*M 4*81 1 490 1 500 .933 .938 .921 927 'Si 1.2J7IJ ?52.0

162S 32 • / » 3S 5000 5010 * 493 1 lOO .933 .938 .921 ..J7 I 39050 2$S 0

1828 31 1 3‘*» 5625 .i&<5 3 490 J 500 .933 .939 .921 .927 IS. I.MMS 325 0

2 028 31 H « J'j 6250 62fO * 4W 3 500 .*>55 .938 921 -927 >S. 1.67550 359 0

2228 35 6575 6M5 3 490 3 500 .933 .933 .921 .927 IS. I'.SC^I

2426 36 *4 « 3U 7500 7510 3 490 1 500 .933 .933 921 .927 1.92810

•Tflblp 9—40
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TABLE 8-21, continued

ASA*
B5.3
1950

Key
No.

Noiilin.nl

Kt-y

Size

.\ X H

Kfxw.nt Kf> \liovt* Sh;ifl Keyway

Width
.\

Depth
I)*

UeiRht
C*

Width
D

Class 2

Dc^th

H.nxir Min Max- Min Max 11 ixif Min .Max Min Max .Min
1

.Ma.v

617 JJ6 •« n -’.IJ 187.5 1861 1880 .107.1 .112.1 09.17 .0887 0987 . 1885 .1905 .0997 .1047

817 127 250fl 2487 2.505 276^1 2810 1250 .1200 .1.100 .2510 .25.10 .1410 .1360

1017 l.’R V. ' 2H .112.5 .nil Jl.lO 2448 .24'48 .1562 1512 .1612 ..11.15 .4155 .1622 .1672

1217 120 ,1750 .17.15 2755 21.15 2185 1875 1H25 1925 .4760 .4780 .1945 .1985

617 26 V. ' -’>S 1875 1861 .1880 4.121 4.17.1 lyM? 08.H7 09.87 .18,81 .1905 .0997 .1047

817 ’7 li x21S 2500 2487 2505 4010 4060 12.50 1200 .1.100 .2510 . 2530 .1310 .1460

1017 28 Vx2U .112.5 .1111 .11.10 J698 .1748 1562 1512 1612 .41.15 .41.1.1 .1622 .1672

1217 .1750 .17.1.5 .1755 .US5 ..14.15 1875 .1825 ,192.1 .3760 .4780 .1945 .1985

822 l\X .'lx 2*4 2.500 2487 2505 .4610 Am 12.10 1200 1.100 .2510 .2540 .1410 .1360

1022 Sv Ik X 2*4 .1125 .1111 .11.10 4.128 4.178 1.162 1512 1612 .41.1.1 .41.1.1 .1622 .1672

1222 i\ ?«\ 2>4 .1750 .17.15 .475.5 lots 4065 1875 1825 , 1925 .4760 .4780 . 1945 .1985

1422 I'x 7.175 4.160 4.180 .1701 .1751 2187 21.17 2217 ,4.185 .4405 .2247 .2297

1622 \\ ’.•\2>4 5000 40R5 .5005 ..1 1')0 .1440 25f>0 24.10 25.10 .5010 ..V).10 .2560 .2610

822 n >4 V -’>4 2.500 2487 2505 6200 62.50 12.10 1200 ,1.100 .2510 .2.140 .1410 .1.360

1022 s "k X 2>4 .1125 .1111 .11.10 .5.888 ..5918 1.562 .1.512 ,1612 ,41.1.1 .41.15 .1622 .1672

1222 r •» X 2’4 .17,50 .17.1.5 .17.55 5575 .562.5 187.5 .1825 .1025 ,3760 ..4780 .1935 .1985

1422 V 'vi \ 4.175 4 .
1W1 4.180 5261 511.1 2187 21.17 ,22.17 ,4.185 .440.1 .2247 .2297

1622 v '5X2X4 .5000 4085 5005 5000 2.100 .2450 .25.10 ..1010 .5040 .2560 .2610

1228 .w 'll X.I!-, .17,50 .17.15 .1755 7455 7505 .1875 1825 .1925 .4760 .4780 .1945 .1985

M28 M iKX.l'n 4.175 4.160 4.IS0 714.1 7104 .2187 21.17 .22.17 .4485 .4405 .2247 .2297

1628 M •,X.l'; .5000 108.5 .5005 6810 68.80 2500 2450 .2550 .5010 .5040 .2560 .2610

1828 U »KX.l'-, 562.5 5610 5610 6518 6568 2812 .2762 .2862 ,5645 .5655 .2872 .2922

2028 •U ?< x.l', 62.50 62J5 .6255 6205 6255 .1125 5075 ,4175 .6260 .6280 .4185 ..4245

2228 .15 '!kx.1). A875 6860 6880 SSO.l 50 IJ .1417 4487 ..4487 .6885 .6905 .4497 .4547

2428 .16 >4.X.1'5 7500 7485 .7505 5580 5640 ' 5750 .1700 .5800 .7510 .7540 .4810 .4860
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INDEX TO

SECTION 9

EoUs

CcTjnferh^Tes

Slols

Eraacned, Drilled, Reamed, and Tapped Holes Screw Threads

IchU Ns-^fs Humtcfs,

fricfcsJre* ^ Girt cf Tetfllcr t/jaHeT Inelmire

9-T Dscimaf aquivfllenis of regular sizes of cfrtlls. . 9-2 to 9-3

9-2 Drill sizes fo fit Jrill drivers 9-4

9-3 fo 9-7 Drills and coontersin'<s for mocliine centers, 9-5 to 9-6

9-S to 9-9 Hole sizes end drill for topped holes 9-7 to 9-14

9-10 Unified ond /-jneri con screvr thread series 9-15

9-11 to 9-13 Sizes cf tops 9-16 to 9-18

9-14 to 9-16 Sizes of taper and straight pipe fops 9-19 to 9-21

9-17 Drills for topped holes for pipe threods 9-21

9-18 fo 9-19 Pipe reorners 9-22

9-20 fo 9-24 Sizes of reamers 9-23 to 9-26

9-25 to 9-23 Reamers for tapered holes 9-26 to 9-30

9-29 to 9-3'3 Bridge snd car resmers 9-31

9-31 fo 9-32 Counferhores and spot facers 9-32 to 9-33

9-33 Sources of additional information about threaded fosteners 9-34

9-34 fo 9-37 Bolts and set screws 9-35 to 9-38

9-33 Sizes of end mills 9-39

9-39 Vlidths of side milling cotters 9-39

9-40 V/oodruff key cutters 9-41

9-41 to 9-42 T-Slot dim>ensions and cutters 9-42 to 9-43

9-43 fo 9-44 Vfidtbs and sizes of slotting saws 9-44 to 9-45

9-45 to 9-43 Milling cutters of simple contours 9-45 fo 9-48

9-49 to 9-52 Key/ray broaches and broaching 9-49 fo 9-53

9-53 fo 9-54 Stock oilovronces and tolerances for broaching, drilling, milling

reaming 9-54 fo 9-55

9-55 Chamfer on cotter-pin hole in bolts ond capscrevrs 9-56

9-56 fo 9-53 Holes and screw threads on detail drawings 9-57 fo 9-60
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TABLE 9-2

Drill Sizes Having Tang Dimensions to Fit Drill Drivers

ASA B5.12-1950 Twist Drills

Diameter
of

Drill

Inches

D

Comparable
Letter,

Fraction,
No., or MM

Drill

Diameter
of

Drill

Inches

D

Comparable
Letter,

Fraction,
No., or MM

Drill

0.1250 1/8 0.2570 p
0. 1285 30 0.2610 G
0. 1299 3.30 MM 0.2656 17/64
0. 1339 3.40 MM 0.2720 I

0. 1360 29 0.2770 J

0.1378 3.50 MM 0.2812 9/32
0. 1406 9/64 0.2854 7.25 MM
0.1440 27 0.2913 7.40 MM
0. 1470 26 0.2969 19/64
0.1520 24 0.3020 N

0.1562 5/32 0.3071 7.80 MM
0.1610 20 0.3125 5/16
0. 1660 19 0.3160 0
0.1695 IS 0.3230 P
0.1719 11/64 0.3281 21/64

0.1730 17 0.3320 Q
0.1770 16 0.3390 R
0. 1800 15 0.3438 11/32
0.1850 1 13 0.3480 S
0. 1875 3/16 0.3543 9 MM

0. 1910 11 0.3591 23/64
0.1935 10 0.3680 U
0. 1960 9 0.3750 3/8
0.1990 8 0.3860 "
0.2031 13/64 0.3906 25/64

0.2090 4 0.3970 X
0.2130 3 0.4062 13/32
0.2188 7/32 0.4219 27/64
0.2244 5.70 MM 0.4375 7/16
0.2280 1 0.4531 29/64

0.2344 15/64 0.4688 15/32
0. 2402 6.10 MM 0.4 844 31/64
0.2460 D 0.5000 1/2
0. 2500 1/4 0.5156 33/64
0.2520 6.40 MM 0.5312 17/32

Diameter Comparable Diameter Comparable
of Letter, of Letter,

Drill Fraction, Drill Fraction,
Inches No., or MM Inches No., or MM

D
Drill

D
Drill

0.5469 35/64 0.9875 15/16
0.5625 9/16 0.9531 61/64
0.5781 37/64 0. 9688 31/32
0.5938
0.6094

19/32
39/64

0.9844 63/64

1.0000 1

0.6250 5/8 1.0156 1 1/64
0. 6406 41/64 1.0312 1 1/32
0.6562 21/32 l.(M69 1 3/64
0.6719 43/64
0. 6875 11/16 1.0625 1 1/16

45/64
1.0781 1 5/64

0.7031 1.0938 1 3/32
0.7188 23/32 1.1094 1 7/64
0. 7344 47/64

1

0. 7500 3/4 1.1250 1 1/8
0.7656 49/64 1.1406 1 9/64

1.1562 1 5/32

0.7812 25/32
1.1719 1 11/64

0.7969
0.8125
0.8281
0.8438

51/64
13/16
53/64
27/32

1.1875
1.2031
1.2188
1.2344

1 3/16
1 13/64
1 7/32
1 15/64

0. 8594 55/64 1.2500 1 1/4
0. 8750 7/8 1.2812 1 9/32
0. 8906 57/64 1.3125 1 5/16
0. 9062 29/32 1.3438 1 11/32
0.9219 59/64 1.3750 1 3/8
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TABLE 9-3

Diameters of Center Drills

1/22

'i/fA

l/U
f>/fA

3/22

i z/ic

!
n/(A

j

7/32

;
i5/a

i
1/4

7/a
;

17/64

1/6
1

9/22

i
19/64

Z/Z'l
1

5/16

ll/a
j

11/32

TABLE 9-4

Sizes of Center Reomers

ASA B5-14—1949 Reamers

Size of Cac 1/4, 3/g, 1/2, 5/£, 3/4 inch

Inda.-fcii sn^Ie fc C(f' for centers in shzfts
or tools anri g2'^ for coontcrcinking heads
of flat-head setters.

TABLE 9-5

Sizes of Machine Counfersinhs

ASA B5-14— 1949 Reamers

Size of Ccc 1/2, 5/6, 3/4, 7/g, and 1 inch

Included zngle is 60*^ for centers in shafts
or tools and 82^^ for countersinking heads
of flat-head screers.
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TABLE 9-6

Sizes of Combined Drills and Countersinks

Regul ar or Plain Type Center Bell Type Center

Size of

Plain Type

Dimensions in Inches
Size of

Bell Type

Dimensions in Inches

Diameter

of Body

Diameter

of Drill

Length

of Drill

Diameter

of Body

Diameter

of Drill

Length

of Drill

1 mam 3/64 11 1/8 3/64 3/64

2 5/64 12 3/16 1/16 1/16

3 1/4 7/64 7/64 13 1/4 3/32 3/32

4 5/16 1/8 1/8 14 5/16 7/64 7/32

5 7/16 3/16 3/16 15 7/16 5/32 5/32

6 1/2 7/32 7/32 16 1/2 3/16 3/16
7 5/8 1/4 1/4 17 5/8 7/32 7/32

8 3/4 5/16 5/16 18 3/4 1/4 1/4

Regular centers are used on parts such as shafts that are to be turned or ground in ordinar>’ pro*
duction. The bell type center protects the outer edge of bearing area against damage during a
series of operations such as grinding after turning and heat treatment. A third type of center (not
shown here) is available when maximum protection to the center is required. It is specified for

tools like arbors where the centers are used repeatedly, and sometimes on production parts that
must be faced to length as a final operation.

TABLE 9-7

Machine Centers for Shaft Sizes*

Practice of Caterpillar Tractor Compony - 1954

Shaft Sizes as indicated in Table 9—6
Diameter,*

Inches Regular Bell type

3/8 to 1/2 2

1/2 to 1-1/2 4 14

1-1/2 to 2-1/4 5 15

2-1/4 to 3 7 17

3 and over 8 18

•Length, weight of piece nnd amount of machining Influence selection of machine

center as well ns diameter.
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E
Tf* C- 00 CO SP •O 0- CO 03 eoo5 •9*0- coco CO CO CO CO t9*0-COCO CO CO

o C73 50 <73 <>4 5J* 0- <73 59*03 04 TT 0- C7>tJ'C3 04 T9‘0- 03 T9* 03 04
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c 0- 00 I- DO 03 03 oo 03 rH rH rH 04 CO 04 03 tT T9* m m 0- CO

p 03 04C>4 03 03 C4 04 03 04 04 05 05 04 05 CO CO CO CO CO CO 05 05 COCO CO coco 05 05 03

cr
o

Threads

per
Inch

Tt* CO 04 CO 04 CO 50 00 04 CD 03 CO 59* CO 04 CD 04 CD •9* CO 04 CO 04 CD t9* CO 04 CD 04 CD
pp
eS
c

»H rH *H rH pH rH rH rH rH rH

CO
•o
d 03
03 NP "tH

r#< rf* tT CO CO COCO •r 5i* •9* 59* CO CO 04 C4 04 04 CO CO T#* t9* T9* Tt* COCO

a CO <0 05 fO t> t- rH rH rH rH CO CO rH rH rH rH mm 05 CO 03 03 t— t—

-CO)
H 04 03C^4 04 04 03 03 05 05 05 05 05 05 03 05 03 03 05 03 CO 03 CO CO 03 COCO CO CO CO eo
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TABLE 9-9

Formula for Computing Top Drill Sizes Corresponding

to 75 per cent Thread Depth

Metal Cutting Tool Handbook Metal Cutting Tool Institute

Drill size for 75 per cent thread depth = Outside diameter of thread —
0.974

Number threads per inch

Outside diameter Selected drilX

Percentage of thread depth = Number threads per inch X I

of thread diameter

0.01299

"Except where it is desirable to have all the bearing surface possible for screws that are to

be adjusted frequently, it is a costly practice to tap a greater thread depth than necessary.

Much tap breakage and many cases of production difficulties may be traced to selection of tap

drills that are too small.

A common nut drilled out so that it contains 50 per cent of a full depth thread will break the

bolt before it will strip.

A full depth of thread in a common nut is only about 5 per cent stronger than a 75 per cent

depth of thread, yet it requires three times the power to tap.

On an average, 75 per cent thread depth in the nut is stronger than the tensile strength of the

screw and is recommended for most applications. For small screws and in deep holes, less thread

depth will give ample strength. It should be noted that a drill will cut a hole somewhat larger

than its nominal size. This should be taken into account when the percentage of thread depth is

a critical factor.”
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TABLE 9-10

Uniftei end Americen Screv/- l breed Series

SAE Hendbee'< 1954

24SSZ X# T,i»

co-nm
CrjiT'jt
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gyn- asi*^ i-Tansaii ierJia IX'Tar'Sii tc:
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i Z 1 z

12 t

12
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c
i

2.r/.r.rr

2X€-2S
2A2vy
2, t?75
2.'jXXf.

2.312;
2.3T.VJ

2.-<373

2.?Xf.(i

2.^37

4 !
—

r <.an:i»vn Ir£ to., !

1 ES., njv- ' le
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TABLE 9-n

Fractional Size Taps — Cut Thread

ASA B5.4— 1948 Taps Cut and *Ground Threads

TAPER

TtTr !'
'r?'!

1 r? I f i n 1 1 T T rn
1 rn'?l.tl t H-n-tl'trlll tlg-

“V^^VV^^^V»^VVA^VVVA^^^

PLUG

BOTTOMING

^Size
Threads per Inch

NC NF KS

Vi 8 6-1

48
40
32

‘4i2 36

24
Vis 32

24
32

20
24
27

28
Vs 32

Vl6 18

Vi 8 20
24

Vis •n
Vis 32

16

20
% . . 24

27

^/is 14

Vis 20
24

Vis 27

12
13

Vi 20
24

‘A 27

^Sire
Threads per Inch

KC NF NS

Vis
Vs

12

is
Vs 27
V. ii

Vs i2
Vb is
Vs •• 27

‘’As 11
“/is 16
‘A 10

• •

i2
»/4 ie
*/4 . , 27

Vs 9
Vs i2

Vs ii

Vs 27

1 8
1 i2
1 ii
1 •• 27

I Vs 7
1 Vs i2 .

,

l’/4 7
1 Vs
1^8

12
6

1 Vs i2

I’A 6
1 I

A

i2
1 Vi

5
‘‘A

1 Vi 5
1 Vs

‘5

2 4 ‘A

•Sires of coirrnercUl ground threads range from 1/4 to Inch; sires of precision ground threads range from 1/4 to 1 inch, inclusive.

fThe 1948 ASA Standard on tops antedates the adoption, in 1949. of the Standard on Unified and American Screw niresds. The
Unified and the preceding American Standard are alike in thread form, the chief differences between them being the sppiication of allowsnces.
the variation of tolerances with sire, and the differences in the amounts of pitch diameter tolerances on ertemal and internal threads. For
ordinary design and production purposes, these differences are unimportant because Unified threads ore mechanically interchangeable with

American National threads of the same diameter and number of threads per inch, A significant difference for drandng purpose is the manner of

designating class, for eiample, 2A for external and 2B for internal threads In the new standard rather than 2 alone as in the previous
American Standard.
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TABLE 9-12

Sizes of Regular (Standard) Machine Screv/ Taps

ASA B5.4—1948 Taps Cut and Ground Threods

PLUS

TAPER

eoTTomse

Gage
1

i'lU.'abc-r
|

j

Basic 1 Cur Thrcac Commercial Ground Thread
i

Precision Ground
i Thread Screw

Gage
isumber

Major i Threa-ls cer Inch !; Threads per Inch Threads per Inch

Uianetcr
|

5

i;ct KF lo i:ct KF ;,-s
! mm

0
1

, 0.0800
1

80
1

! 80 0

1
1!

0.0730
1

84 72 56
i 1

64 72 56 1

2
!

j

0.0880
1

56 64 1

t j

56 64 2

-9
I

1
0.0S90 5 48 58 1 48 56

1

48 56 9
«>

4
i

0.1120
1

!

48 32,36 40 48 38 40 48 36 4

5 1 0-1 2a^0
1

40 44 1 40 44 40 44 5

0. 1380 1

) 1

! 32 40 38
1

32 40
j

1

32 40 6

8 ! 0.1840
i

32 36 40 32 38 32 36 8

10
j

0.1900
j

i
24 32 30 ! 24 32 24 32

i

10

12
i

0.2180 1

;

24 28 32
1

24 28 i

1

24 28
1

^2
14 i 0.2420

;

20,24 j 20,24
[

1

14

fTfce 15<* ASA Sf.trrAx)'. or. Urp% »— t!-.» in 15<9, cf :r.T S^arvlwrf «: Ur.l'ijr'l srrA. A„-r.<-ric!>n &:raw Tfs^es'Jt. TT.^ Unifiad sn'l
tt,» praca’iirs' t-jr.’rl'Br. i\K-A’^6 a' M'iK in fcunr:, tfc» chieJ fc-»fi>'»an thar: bafr.e the appllcait-jr. c' allM^KicaT, voria-
ti« cf to.'arancec •wttJ: lira, »r,i< tha rliffarenMi in tha arr-wntt nf pitch rfiscv-fcr tcJcrar^cs cci cxtcrr;*! «•.< hf.XTr.xl threarf*, Fcr ccrtinary
•tcaier. ar--J pcpi-JCtic-! pcrpctaa, thaaa fijtJcTcncca arc c-nSnpcrtant hccatitc UniSicf! thraa/Ja eaa r-.achar-.ically ir.t<!Tchan?aab!a with hr-xticen
r.'aticnal threa-ti cf tha larr^ f.iKrxlxr xr.-i irccfcar cf fhraa^le parr Inch. A. alzr.i/lcarrt itiffaraTtca fcr rtrar/in? purpcca ia tha r-^r.ar cT rfatie-
nttice claaa, for axarcpla, 2A. fcr axtamaS erxj SE fcr ir.tamal threa-ta In tha naar atan-tar’l rathar then 2 aicna aa in th* previctis Acvrricer!
£^*r/iair'l.
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TABLE 9-13

Sizes of Boiler and Stoybolt Tops — Cut Thread

ASA B5.4-1948 Tops Cut and Ground Threods

_,^/WAA^A^VWWVW>-

STRAIGHT boiler TAP

TAPER BOILER TAP

STAYBOLTTAP

NOTE: These taps ore furnished with American National Form or "V” Form
of thread and ail sizes have twelve threads pet inch.

1

Diameter
of Tap

Diameter of Shank D
Straight Taper*
Boiler Boiler Staybolt
Tap Tap Tap

1/2 0.5000 0.5000

9/16 0.5625 0.5625

5/8 0.6250 0.6250

11/16 0. 6875 0,6875

3/4 0.7500 0.7500

13/16 0.8125 0.8125

7/8 0.8750 0.8750 0.750

15/16 0.6375 0.0375 0.812

1 1.0000 1.0000 0.875

1-1/16 1.0625 1.0625 0.937

1-1/8 1.1250 1.1250 1.000

1-3/16 1. 1875 1.1875 1.062

1-1/4 1.2500 1.2500 1. 125

1-5/16 1.3125 1.3125 1.187

1-3/8 1.3750 1.3750 1.250

1-7/16 1.4375 1.4375 1.312

1-1/2 1.5000 1.5000 1.375

•Tnp«r boiler tnjjs have n Inper of 3/4 inch to the foot and the

diameter is mensiired 5/8 inch from the Inrce end of the thread.
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^TABLE 9-14

Sizes of Toper Pipe I ops v/ith Threod Toleronces — Cut and Ground Threads

ASA 85,4-1948 Tops Cut and Ground Threads

r:
tiiilJJlLjin
liin ; t ' diii

TTo-siinzt

S;m

TcreiAs
per Inch,

rrPT

G«ge Measurement' Lead Tolerance

!
per Inch of Thread,

Plus or Minus

Angle Tolerance

1

1

1

Taper per Foot, Inches

Prcjecticn,

Inches

Tolerance,
Plus cr Minus

Half Angle,
Plus or Minus

Full

Angie
Cut

Thread
Ground
Thread

Cut
Thread

Ground
Thread

Cut
Thread

Ground
Thread

Cut
Thread

Ground
Thrpad

Cut
Thread

Min Mar

27 0,312 Vic 0.003 0,0005 45' 30' 68' *%2 *Vs2 *V32 *%2
Vi 27 0.312 Vie Vic 0.003 0,0005 43' 30' 68' *Vm *V32 «/-a *V32
Vi 18 0,430 Vic Vic 0,003 0,0005 45' 30' 68' *%z *%2 *%2
A 18 0.4.54 Vic Vic 0.003 0,0005 45' 20' 68' *%2 *42 *42 *Vl2
i'z

14 0.S7S Vic Vic 0,f/j3 0,0005 43' 20' 68' *"/s2 ’4c *42 *%2
i't 14 0,565 %c Vic 0.003 0.0005 45' 20' 68' *%2 ’4c *42 *4z

I Ul/2 0.678 Vrs %2 0.rj03 0 0005 45' 20' 68' *V32 ’•Vie *%2 *%2
l»4 nvz 0.686 »/

732 V22 0 003 0-0005 43' 20' 68' *42 >*/ic *42 *42
I V2 11% 0 650 %2 0 rj03 0 0005 45' 30' 68' *%2 >Vic *42 *%2
2 11 Vz 0.667 Viz %2 0 003 0.0005 45' 20' 68' *4z »Vic *%2 *%2

2*A 8 0 525 %2 %2 0,003 0.0005 40' 25' 60' <Vcc =v« cVci *%2
3 8 0.525 ^22 V;2 0.003 0 0005 40' 25' 60' 5y« '*%< *42
2% 8 0.538

r- % 0,003 0.0005 40' 23' 60' <Vcc =4.t cVet *%2
4 8 0 550 % % 0.003 0 r/j05 40' 25' 60' CVee CVc4

i

*42

LEAD TOLEFAJfCE, F^.r crit Mp-t a vr.&xlr-.ijrr. «fr'.r cjf pltir cr rnlr.w* 0,001 in, fn nr.-? inch of ihr>sad U perr.itterf, finrl

thrfS'J tisp-t « rr^zitr^jn: ror nf pry« nr r-.inct 6.0005 in, in nn*? inch nf ihrc»'^ ta pcrrriftetf,

^Dispsncc that the arratf en/f nf tap prnjectt thr^.tsf^r. A.rr.^icfin 5t*n/larrf Pipe Threei^ Pinz

•Cn--^are vlth Tahle t.1—70
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TABLE 9-15

Sizes of Straight Pipe Taps with Thread Limits — Cut Thread

ASA B5. 4-1948 Taps Cot and Ground Threads

Vi6 27 0.2812 0.2797 0.2827
l/j 27 0.3748 0.3733 0.3763

Vt 18 0.4899 0.4884 0.4914

3/i 18 0.6270 0.62S3 0.6288

V2 14 0.7784 0.7767 0.7802
3/4 14 0.9889 0.9869 0.9909

1 11 1.2386 1.2366 1.2406
1 >4 11>/e 1.5834 1.5811 1.5856
1 i/s 11 Vi 1.8223 1.8201 1.8246
2 11 2.2963 2,2938 2.2988

All dimensions are given in inches.

Note: Ai the Americ.->n Standard Pipe Thread Form is to be maintained
the m.ajor and minor diameters v.iry with the pitch diameter. See formu-
las bcloiv. Either a flat or a rounded form is alionable at both the crest

and root.

FORMULAS FOR AMERICAN ST.ANDARD PIPE FORM
(.Approximate)

Major Diameter, Min «= Mc.asurcd pitch diameter plus.

A

Major Diameter, .Max = Measured pitch diameter plus B
Minor Diameter, Min “ Measured pitch diameter minus B
Minor Diameter, Max =» Mc.<.surca pitch diameter minus C

Pitch Diameter, Min = Sire at gaging notch minus o.Tc-half tolerance.

Pitch Diameter, Max = Minimum plus tolerance.

FORMULA V.AU'F.S
'breads per
NPS

Inch
A B C

27 0 0267 0 029t. 0.0257
18 0 040S 0 0444 0.0401
14 0 0535 0.0571 0 0525
IIV- 0.0658 0 0696 0.0647

LEAD TOLERANCE. .A maximum lead error of plus or minus 0.003
in. in one inch of thread is permitted.

ANGLE TOLERANCE
Threads per Inch Error in Half Error in Full

Angle .Angle

11 Vr to 27, inch 45minplusor 6S min
minus

9-20



TABLE 9-16

Sizes of Straight Pipe T aps with Thread Limits — Ground Thread

ASA B5.4-1948 Taps Cut and Ground Threads

Nominal
Size

Threads
per Inch,

NPS

Major Diameter Pitch Diameter

Plug at

Gaging
Notch

Min

G

Max

H

Plug at

Gaging
Notch
E

Min

K

Max

L

Vl6 27 i 0.3059 0.3098 0.3108 0.2812 0.2817 0.2827

Vi 27 0.3994 0.4034 0.4044 0.3748 0.3753 0.3763

V4 18 0.5269 0.5323 0.5333 0.4899 0.4904 0.4914

Vi 18 0.6640 0.6694 0.6704 0.6270 0.6275 0.6285

Vz 14 0.8260 0.8335 0.8345 0.7784 0.7789 0.7799

V\ 14 1.0364 1.0440 1.0450 0.9889 0.9894 0.9904
1 11 Vz 1.2965 1.3057 1.3072 1.2386 1.2396 1.2407

All dimensions are given in inches.

FORMULAS FOR AMERICAN STANDARD PIPE FORM
Nominal M.iior Diameter Minor Diameter Pitch Diameter

Size, Min Max Min Max Min Max
Inches G H K L
Va H -0.0010 (K-fA) -0.0005 M-A M-B E -f0.0005 K -f D

V- to V.
inch H -0.0010 (K-t- .A) -0.0015 M-A M-B E -f0.0005 K -f D
1 H -0.0015 (K-fA) -0.0020 M-A M-B E -fO.OOlO K -f D
All dimensions are given in inches.

FORMULA VALUES
Threads per Inch

NPS A B D E M
27 0.0296 0.0257 0.0010 Pitch di.am Actual
18 0.0444 0.0401 0.0010 of plug measured
14 0.0571 0.0525 0.0010 at gaging pitch

ll'A 0.0696 0.0647 o.oon notch diameter
LEAD TOLERANCE. A maximum lead error of plus or minus 0.0005 in. in one inch of thread is

permitted.

ANGLE TOLERANCE.
Threads per Inch Error in Half Angle
ll'A to 27, inch 30 min plus or minus

TABLE 9-17

Twist Drill Diameters for Tapped Holes for Pipe Threads

ASA B2.1-1945

Nominal
Taper Thread

Straight
Pipe

Thread

Pipo
Size

With
Use of

Reamer*

Without
Use of

Reamer

0.240
21/64 0.328

0.246
0.332

Vi 0.250
11/32 0.344

27/64 0.422

9/i6 0.562
Vi6 0.438
ViG 0.562

Vie 0.438
22/64 0.578

'4
ti/ie 0.688

0.891
*Vei 0.703
2%2 0.906

23/32 0.719
69/64 0.922

Pipe Threads

Nominal
Taper Thread

Straight
Pipe

Thread

Pipe
Size

With
Use of
Reamer*

Without
Use of

Reamer

I

iy4
IVb 1.125
1 16/32 1.469

19/64 1.141
1 31/64 1.484

16/32 1.156
1 1/2 1.500

IVz

2

1 33/32 1.719
2 3/i6 2.188

147/64 1.734
2 13/64 2.203

13/4 1.750
2 7/32 2.219

21/2 219/32 2.594 2 6/8 2.625 221/32 2.656

All dimensions ore plven in inches.

•These reomcrs arc tapered 3/4 inch to the foot and ore Intended for reaminR holes to be topped with American Standard Taper Pipe
Threads. Sec Tables 9-14 and 13-70.
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TABLE 9-18

Toper *Pipe Reamers

ASA B5.14-1949 Reamers

Nominal
Size

Diameter

Large Small

End End

Nominal
Size

Diameter

Large Small

End End

1/8 0.362 0.316 1/2 BSi
1/4 0.472 0.406 3/4 wSEimm
3/8 0.606 0.540 1 1.103

Nominal
Size

1-1/4

1 - 1/2

2

Diameter

Large Small

End End

1.553 1.103

1.793 1.684

2.268 2.159

All dimensions nre given In Inches,

•These renners ore topered 3/4 inch to the foot end ore Intended frr renming holes to be topped with Arrericon Standard

Toper Pipe Thrends, See Tobies 9—14 nnd 13—70.

TABLE 9-19

Sizes of Pipe Burring Reomers

Catalog No. 46 The Cleveland Twist Drill Compony

Capacity Pipe
Inches

Reamer Diameter, Inches
At Point At Large End

1/8 to 1/2 3/16 47/64
1/8 to 1 3/16 1-1/4

1/4 to 1-1/4 1/4 1-15/32

1/4 to 2 1/4 2-17/64
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TABLE 9-20

Sizes of Hens' Resmers — Sfreight'*' Flutes

ASA B5.]/£-19A9 Recr-.ers

3 Li*; a-rsiLsE:-* c-j-^ ss-rre rar:^* /sf t/5 fcJ Zrt/'Z iT'.c.'r^t, £t»- :s3rjre cf tE*irr;.
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TABLE 9-21

Sires of Expansion Hand Reamers* — Straight^ Flutes

ASA B5. 14— 1949 Reamers

Diameter of Reamer
Inches

Maximum
Expansion of

Straight Flute

Hand Reamer, Inch

Diameter of Reamer
Inches

Maximum
Expansion of

Straight Flute

Hand Reamer, Inch

1/4
“1 23/32“

9/32 3/4

5/16 13/16

11/32 27/32

3/8 0.006 7/8 0.010

13/32 29/32

7/16 15/16

15/32_j 31/32_

1/2 1-1/16

17/32 1-1/8

9/16 1-3/16

19/32 1-1/4

5/8 0.010 1-5/16 !

0.012

21/32 1-3/8

11/16 1-7/16

23/32_ 1-1/2 _
•Expansion hand reamers ore primarily deslcned for work where it is neceamry to enlarRe reamed holes by o few ihoussndth*.

fSpiraJ flute expansion hand reamers ore also available over some ronpe of sizes, i.e., from 1/4 to 1-1/2 inches. Inclusive, but

exclusive of intermediary 32^** sizes.
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TABLE 9-22

Sizes of Expansion Chucking* Reamers — Straignt Flutes and Shank

ASA B5. 14-1949 Reomers

«r<s arailabls £n a v^rittr c* styles, is-dsfiin^ frzcrts^^I sires as sr:all as i/g inch. See
Tafcl- 5—22 fsr dee&ral sizes fcr ^strzicrzUr jcfcs. In general, reaevtrs are tc«ts fcr ertlargjr.^r hcles to size by
tSie rezMe-al c5 s-ra!! srzctsttx cf sretat. Ifct cniy the thicicreas cf stccfc tc be rerrir^e^ btz also the dlsrr.eter cC

the fccle i:tr.t»rjce greatly the size c5 rearrer that car; be ctieez by harvt ^cver. See Table 5—52*

TABLE 9-23

Stub* Screw Machine Reamers — Spiral Flutes

ASA B5. 14-1949 Reamers

Scries

Lttrrbcr

DIaocter F^zags
Iccnes

Scries
Iicnber

Diameter Range
Inches

Series

Nninher
Diameter Range

Inches

CO o.oeoo tc 0.066 zncl. 7 0.2151 to 0.251 incl

.

15 0.4701 to 0.505 incl.

0 O.OSgl tc 0.074 iticl

.

E 0.2511 to 0.262 incl

.

16 0.5051 to 0.567 incl

.

1 0.0741 to 0.084 loci. c 0.2821 to 0.313 incl. 17 0.5671 to 0.630 incl.
2 0.0g4i to 0.056 incl. 10 0.3131 to (i.Zi4 incl. 16 0.6301 to 0.692 incl

.

3 0.0961 to 0.126 iccl. 11 0.3441 to 0.376 incl. 15 0.6521 to 0.755 incl.
4 0.1261 to 0.158 incl. 12 0.3761 to 0.407 incl

.

20 0.7551 to 0.817 incl.
e 0.16?.1 to 0.188 incl. 13 0.4071 to 0.435 incl. 21 0.8171 to 0.880 incl.
f O.lggl to 0.219 incl. 14 0.4391 to 0.470 incl. 22 0.8801 to 0.942 incl.

23 0.9421 to 1.010 incl

.

-Ai .he- aeti fc .cr«r r-^chi--.. Th.7. c« fc- ptircha.srf .f£fc*r fini.Ii errnnuf to
• £1. or crfeiih-oi, the iri=£r.c to »•«, rtiioofn* and cha=fori=^ beinz loft to the cor.

S-25



TABLE 9-24

Millimeter Sizes of Hand Reamers — Straight Flutes

Catolog No. 46 The Clevelond Twist Drill Company

Diameter,

millimeters

Diameter,

millimeters

Diameter,

millimeters

Diameter,

millimeters

3 7 11 18

3.5 7.5 11.5 19

4 8 12 20

4.5 in00 13 21

5 9 14 22

5.5 9. 5 15 23

6 10 16 24

6. 5 10.5 17 25

TABLE 9-25

Sizes of Taper* Pin Reamers — Straight Flutes, Spiral Flutes, Helical

ASA B5 .14-1949 Reamers

Size

Number
of

Reamer

Diameter

Small

End

, In.

Large
End

Length
of Flute

B, Inches

Size

Number
of

Reamer

Diameter

Small

End

, In.

Large
End

Length

of Flute

B, Inches

7/0 0.0497 0.0666 13/16 3 0.1813 0.2294 2-5/16

6/0 0.0611 0.0806 15/16 4 0.2071 0.2604 2-9/16

5/0 0.0719 0.0966 1-3/16 5 0.2409 0.2994 2-13/16

4/0 0.0869 0.1142 1-5/16 6 0.2773 0.354 3-11/16

3/0 0.1029 0. 1302 1-5/16 7 0.3297 0.422 4-7/16

2/0 0.1137 0. 1462 1-9/16 8 0.3971 0.505 5-3/16

0 0. 1287 0.1638 1-11/16 9 0.4805 0. 6066 6-1/16

1 0. 1447 0. 1798 1-11/16 10 0.5799 0.7216 6-13/16

2 0. 1605 0.2008 1-15/16

•Toper of 1/4 inch per foot.
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TABLE 9-26, continued

NOTE— SEE DRILL CHART AT BOTTOM OF PACE FOR SIZE OF DRILL AND NUMBER REQUIRED

DRILL PIN
OIA. DIA.

LENGTH OF PIN IN INCHES

mmummummsMm
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FOURTH DRILL
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TABLE 9-27

Morse Toper Reamers
V/ith Taper Shank

ASA B5. 14-1949 Rcomers

Roughing,
Straight flute,
High Speed Steel

PInUhIng,
Straight Flute,
High Si>e€<i Steel

P00?‘^<«0, CtPf-afT PLUTE

r
c: '1

V =<1

It E »

A W
CTPeiCMT FLUTE

Flnlehlng
Spiral Flute,
High Speed Steel

FlfUSKUCS, SPIFF L FLUTE

Eire
Itumber

oi

Teptt

Viinttmonz

i

ITumber
of

Taper
Shank,
Am-

Stand.*

Kumher of

Hutea
Flnlehlng
Reamer
Diameter

Length
Orerall

A

I/ength
of

Flat*

B
Eoaghlng FlnlahingSdaH

End
Large
End

0 0,2503 0,3574 Sii/„ 2% 0 4 to 6inel- 4 to 6incl.
1 0.2A74 0,5170 6*4* 3 I 4 to 6 inch 6 to 8 Inch
2 0.5005 0.7444 7% SVj 4 to 6 IncL 6 to 8 inch
3 0.774i 0.3351 zr/t 4% 4 to 6 Inch 8 to 10 inci-

4 1.0167 1.2533 10% 5% 4 to 8 inch 8 to 10 Inch
5 1.4717 1.S003 13% 6% 6 to 10 Inch 10 to 12 inch
6 2.II19 2,5550 17 <y,* 8% 6 to 12 inch 12 to 14 IncL

All sr^ v.iy^ in lr.chf;s»

Th'tee ffrerr^fm sr? <Jesefzn.<ri fcr c«e In reanlnz out Ucrtr ulandArd iAy.r sockuts. ?furr,fa'5r

of fIiA»« frey very In eccm'ian.c^f v/lth rr.shnufscttjr^^t tvsn^ifird j/r»cticf! but rr.uzt fall within

the f^r.ze «peoIfie/i In the t«bLe»

Sizes ?»'r7, I to 5 fnc/* have A5A atan^farf tape^r-

•3ee Tables 7-H an'l 7-15*

Tolerances

Element Range
Size ITumber Direction Tolerance

0 to 3 IncL Plus or Minns Mis
Length OraraH (A) 4 to 5 IncL Plus or Minus

6 Plus or Minus %
0 to 3 inch Plus or Minus Vic

VnLength of Flute (B) 4 to 5 incl. Plus or Minus
6 Plus or Minus %

All Sratnucms are pren in inehea.
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TABLE 9-28

Brown and Shorpe Taper Reamers
With Squared Shank

ASA B5. 14-1949 Reamers

Finishing, Straight Flute, Carbon Steel

Finishing, Straight Flute, High Speed Steel

Finishing, Spiral Flute, High Speed Steel

1H
SBOHI HHHHHHHBRI

99B9 Ml

L A

Size
Number

of

Taper

Dimensions

Number
of

Flutes

Diameter
Length
Overall

A

Lcn^

Flute
B

Lenph

Square
C

Diameter
of

Shank
D

Size
of

SquareSmall
End

Large
End

1 0.1974 0.3176 4 5/4 2 5/8 V4 ®A2 5/4z 4 fo 6
2 0.2474 0.3781 SVa 3 Vs Vic 1/4 4 to 6
3 0.3099 0.4510 5»A 3 Vs 5,il »5^z 5/16 4 to 6
4 0.3474 0.5017 s% 3«Vi6 5/1 c 5/16 >Uz 4 to 6
5 0.4474 0.6145 6 5? 4 V: s/ic 5/,6 4 to 6
6 0.4974 0.6808 6% 4 Vs Vs 5,4 >%: 4 to 6

17 0.5974 0.8011 7 >4: 4 Vg 5/4 5/4 V16 6 to 8
8 0.7474 0.9770 8 Vs >5/,C >546 Vs 6 to 8
9 0.8974 1.1530 8 Vs 6 Vs 5/8 1 V* 6 to 8
10 1.0420 1,3376 95/4 6 Vs 1 l>/8 -Vii 6to 8
11 1.2474 1.5657 10 Vs 75/8 1 ’"le 1 V4 >Vic 6 to 8
12 1.4974 1,8409 11 5,i 8 V4 1 Vs I>4i l>/8 8 to 10

All dimensions nre Riven In Inches,

These renmers nre desii^ncd for use in reflmlnj; out Hrown (c Shnrpe stnndard toper sock-
ets, Sires No. I, 2, ond 3 hove ASA Standard Toper. See Table 7—21,

Tolerances

Element Range
Size Number Direction Tolerance

1 to 7 incl. Plus or Minus '/16
Length Overall (A i 8 to 10 incl. Plus or Minus

11 to 12 incl. Plus or Minus >/8

1 to 7 incl. Plus or Minus >/l6
Length of Flute (B) 8 to 10 incl. Plus or Minus 5/3:

11 to 12 incl. Pius or Minus >/b

1 to 9 incl. Plus or Minus >4:
Length of Square (C) 10 to 12 incl. Plus or Minus V16

Diameter of Shank (D) 1 to 12 incl. Minus 0.0005 to 0.002

1 to 3 incl. Minus 0.004
Size of Square 4 to 9 incl. Minus 0.006

10 to 12 incl. Minus 0.008
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TABLE 9-29

Sizes of Toper Bridge Reamers — Straight and Spirol Flutes

ASA B5.1 4-1949 Reamers

Diameter* of R.e2mer
Inches

Diameter
Small End

K
Diameter* of Reamer

Inchec

Diameter
Small End

K

13/32 7/32 15/16 5/3

'7/16 15/32 1/4 1 11/16

1/7 5/32 1-1/16 3/4

17/32 5/16 1-1/3 13/16

5/16 11/32 1-3/16 7/3

5/3 3/3 1-1/4 15/16

n/16 25/64 1-5/16 1

3/4 7/16 1-3/3 1-1/16

13/16 1/2 1-7/16 1-1/3

7/3 5/16 1-1/2 I-3/I6

fe»rr.-«r* *7t tfjr r*t»ir.ir.s' rivfrt »r:‘i b<5lt In «trtxntLrtfI Irr^rt ftM

t^iiUr pUt9, etc*

^Tctemrjze ciH)/)iO «It nlzet*

TABLE 9-30

Short Length Toper Car Reamers

ASA B5.14—1949 Reomers

Diameter* of Reamer
Inches

Diameter
Small End

K
Diameter* of R.camer ^

Inches

Diameter
Small End

K

1/4 1/6
!

5/6 5/16
5/32 5/32 11/16 3/3

5/16 1 1/64 3/4 13/32
11/32 13/64 13/16 15/32

3/3 15/64 7/3 17/32
13/32 17/64 15/16 15/32

5/16 1/4 I 21/32
15/32 5/32 1-1/16 23/32

1/2 15/64 1-1/3 25/32
17/32 1/4 1-3/16 27/32

5/16 9/32 1-1/4 29/32

* ctr mr-.-irz te reirs'r. , fsr «« fr. ptocec. They are ejpecl.Iiy
for rs*-.*.'.? riv— »rrf fcoU hr,!ri ir. thfcj etretfwis' *.etfent.

«./ Cf,CjIC cr. eti

9-31



TABLE 9-31

Sizes of Counterbores and Spot* Facers with Pilots

Catalog No. 46 The Cleveland Twist Drill Company

Diameter
Inches

Range of

Pilot Sizes

Inches

Diameter
Inches

Range of

Pilot Sizes

Inches

Diameter
Inches

Range of

Pilot Sizes

Inches

1/4 1/8 to 3/16 3/4 5/16 to 11/16 1-5/8 1/2 to 1-9/16

9/32 1/8 to 7/32 25/32 5/16 to 23/32 1-11/16 1/2 to 1-5/8

5/16 1/8 to 1/4 13/16 5/16 to 3/4 1-3/4 1/2 to 1-11/16

11/32 1/8 to 9/32 7/8 5/16 to 13/16 1-13/16 1/2 to 1-3/4

3/8 3/16 to 5/16 15/16 5/16 to 7/8 1-7/fi

1

1/2 to 1-13/16

13/32 3/16 to 11/32 1 3/8 to 15/16 1-15/16 1/2 to 1-7/8

7/16 3/16 to 3/8 1-1/16 3/8 to 1 2 9/16 to 1-15/16

15/32 1/4 to 13/32 1-1/8 3/8 to 1-1/16 2-1/8 9/16 to 2-1/16

1/2 1/4 to 7/16 1-3/16 3/8 to 1-1/8 2-1/4 9/16 to 2-3/16

17/32 1/4 to 15/32 1-1/4 7/16 to 1-3/16 2-3/8 9/16 to 2-5/16

9/16 1/4 to 1/2 1-5/16 7/16 to 1-1/4 2-1/2 9/16 to 2-7/16

19/32 1/4 to 17/32 1-3/8 7/16 to 1-5/16 2-5/8 9/16 to 2-9/16

5/8 1/4 to 9/16 1-7/16 7/16 to 1-3/8 2-3/4 9/16 to 2-11/16

21/32 1/4 to 19/32 1-1/2 7/16 to 1-7/16 2-7/8 9/16 to 2-13/16

11/16 1/4 to 5/8 1-9/16 1/2 to 1-1/2 3 9/16 to 2-15/16

23/32 5/16 to 21/32

•Whether o hole Is enlarced by counterborlnp or by apot-feclng ! judced by the depth of cut. If the depth of the enlarged hole Is shallow, 1/8

inch or lees, the operation Is termed spot^faclnc. Flat seats on cast surfaces for boll heeds and nuts are often spot«foeed. Enlarged holes to

accommodate fllllster-hend cop screws, on the contrary, are counterbored. Tools for spot'faclni; alone need no peripheral relief; those for coun*

terborlnK do.
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TABLE 9-32

Counterbore Sizes for Cop Screv/s and Machine Screv/s

Catalog No. 46 The Cleveland Twist Drill Company

Fillister

Head Cap
Screw-

Head and

Body

Fillister

Head Cap
Screw-

Head and

Tap Hole

Body and
Tap Hole
for any
Screw

Round or

Hexagon
Head Cap
Screw

Head and
Body

Fillister

Head
Machine
Screw

Head and
Body

Round or

Her. Head
Machine
Screw

Head and
Body

.250

,250

.312

.312

,375

,312] ,375

,437

.437

.500

.421 , 500

.515 .562

.484 .562

. 578 ,625

.531 .625

.687 .750

.656 .750

.812 .875

.765 ,875

,937 1.000

.875 1.000

.500

.500

.625

.625

.375 .750

,375 .750

.437 .875

.437 .875

.500 1,000

,500 1.000

.250 3

.250 7

.312 I

.312 F

.375 0

.375 'Vie

.437 ^^/64

,437 U

.500 ^764

^^64
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TABLE 9-33

Screw Threods and Threaded Fastenings — References Only

Important as threaded parts are in the design of machinery of all kinds, relatively few tables in this

volume pertain to them. The sheer mass of information about screw threads and threaded fittings, such as

bolts, nuts, setscrews, alone would fill a volume, and still be incomplete. Moreover, an abundance of

published dara, already carefully compiled by reliable sponsoring organizations, renders further duplica-

tion unnecessary. The few tables given herein are representative. They supply approximate dimensions

that are deemed sufficient for drafting purposes. More complete and detailed data are found in the refer-

ences, as follows, and in Table 11—15.

Description of Publication Can 8e Procured From

Unified and American Screw Threads
ASA 81,1-1949

Published by The American Society of Mechanical
Engineers, 29 West 39th St., New York 18, N. Y.

ASME Screw Thread Manual for Shop and Drafting

Room — 1952 Same Source

Screw Thread Gages and Gaging
ASA 81.2-1951 Same Source

Acme Screw Threads, 81.6—1952 Same Source

Stub Acme Screw Threads, 81.8—1952 Same Source

Slotted and Recessed Head Screws,

818.6-1947 Same Source

Plow 8olts, 818.9-1950 Same Source

Track 8olts and Nuts, 818.10—1952 Same Source

Round Head 8olts, 818.5—1952 Same Source

Square and Hexagon 8olts and Nuts,

818.2-1952 Same Source

High-Strength, High Temperature Internal

Wrenching 8olts, 818.8—1950 Same Source

SAE Handbook The Society of Automotive Engineers, Inc.,

29 West 39th St., New York 18, N. Y.

Handbook H28, Screw-Thread Standards for

Federal Services (1944) and 1950
Supplement thereto.

Superintendent of Documents, U.S. Government

Printing Office, Washington 25, D- C.

8olt, Nut and Rivet Standards Industrial Fasteners Institute, 3648 Euclid Avenue,

Cleveland 15, Ohio
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rAELE 9-24

Reculcr Hexcc^r. Belts*

ASA EI£, 2-T552 Scrcre erref Pfexec-n b-fts errd ftuts

T'- ' .r' Tr- i

'Szs'e; Ecct risis’ Cc~ >-r- of FHIdd
Ei.t£c Sfe;-— G'lsnr p C H F.

^{54: X
*

££«£=) SGd Wiz SCr. jrdcT WddT £{£.'. 3fe=

L"4 c:25.:c C.IXC 7/15 C.45-y C.425 5.555 0.424 ££/54 0.152 0.150 0.031
r/K c.'Ur C,342 1/2 c.y/GC 0.577 0.552 7/52 0X35 0.155 0X31
-/d c.;~?: G.^y 5/ £5 5.5/25 5.544 5X55 0X25 1/4 u.Z'^S 0.225 0X31
r/t? '.4*7? C/4f£ 5/d c-yiy.y 5.555 0X27 £5/54 C.3I5 0.2/

z

0.031

l/Z C.'JCCC C.5;C '/'£ c.7y>yc G.725 0X55 CXX5 11/ 11 0.354. 0,352 0.031
5/' Cj5Z£:c c/:-7j £5/ £5 C.9575 5,555 £X25 1X55 ll/C-A 0.444 0,378 0X52
;''4 C-Tjee CJrrTfT 1 I/''? £.£255 I ^'5^ £.255 £.245 1/1 0,524 r, 0X52
7/S C.S75C ^.53S t las £-5£25 L255 £.515 £.447 irm 0X54 C.55I 0X52

i tSSX.r. IX-rj £ £/2 £.5CCC £.752 £X55 45/54 0.705 0.551 0X52
I I/£ L,mc £.L££ £ ££/£5 £45275 £.55 £ £.545 £X55 5'4 0.720 0X52 0.125

I 1/4 I,2ECC I.51; t 7/d £.2755 1X12 2.155 X555 27/32 0.275 5.745 0.IZ5

^ d I >’> l>425 2 £/LC 245525 £.554 2.522 2.275 25/52 0.540 5X10 0.125

t r/2 t-zvA 2 £/4 2,2555 Z.£75 2.5v5 2.425 I 1X35 0.502 o.rz5
I y/s Lj^xy.: r.-ij 2 7/15 2,43"5 2-555 2-215 2XX5 £ £/£5 1.100 0.552 0.125
I i.Tyi'c 14=4^ 2 y/£ 2j5255 Z-53d 5X5£ 2X55 I 5/52 £.£55 £.054 0.125
I T/£ L.'-'J': i.5yy 2 £5/£5 2.2 £25 2.715 5.242 5.105 £ 7/32 £.250 £.££4 0.125

Z X-CCCO 24:54 5X555 2.555 5.454 5-50'5 £ £1/52 I.53li 1.175 0.125
X :/4 z_xy,:c 2^2 >5 5 5/d r TT^it

> > 3.2^2 5X57 5.7£5 I £/Z £.542 £.327 0.128
2 1/2 X.5CCC 'ZJil‘5 5 5/4 5.7555 5x25 4.330 4-£55 £ 21/32 1.7u2 £-475 0.122
2 j''4 2-7y.:c 2.£75 4 £/£ 4. £255 5.522 4.Tu5 4.54.S £ I3/I5 1X55 I./332 0.122

5 j.ciycc 5.125 4 1/2 4-^'Cf 4-555 >'.rir.a£r 4.555 2 2X55 IXI5 0,128

; :/4 ;.2y.:c C £.*^' 4 T/c 445755 4.712 5X25 5.3"2 2 5/£0 X25I £.555 0.122
' 1/2 ;.5//C 5.552 y t/4 5.2555 5-5.75 5.052 5-725 2 5/ 16 2.320 X057 0.122
c r r 7<rr 5-v5d y y-Zd 5.5255 5.457 5.455 5.152 4 1/2 2.5/4 2-Z4I 0.128
4 4,cr:rc 4-I.Sl; 5 5.5555 5.250 5.5X2 5.5 £2 2 I1/I6 2.754 X424 0.128

cf cn::* s-z:i isisZl salt ‘rrr^-e.-f 2. 'iey, 2p*5^rifi^rf wtrith sertsiT tXzZs. fe.--:s:ir thet Iar:r*4t
'iIsTiftnr::s:rs-

ci 2:'^:^; ?:eafi sEsII fc-* fSss stzri sS:^nTf»r5^L. n^atrretsr ci tsp c.irz^ tESraH 2;«t msxirsuts wSxi?:; sctstt fEati, witfiit a td-

T-iriTcer ‘
1E22: E-5- at ati:r>T ts srzis c€ fc/t«fT a tt'-sssttc*- cf 2 far [-tn, sSre cr arteS 2 cf-*^

sxSa cf fcc»f7 rp-»frr £ cf 2 pi*r cent c5
•nanSrrrtim -xTiitsfE artrtcT Cata,

’.Crt-Ssn’-srr tSa-tarf! se t^Sce :i:e dSanretac ptca t/x fsr -cc tc anti Lrjtlntin:^ £ Ir:, arjf tjrtce tite diarr.-
-tTr p:cC i/Z rn- itr rantftJtc ere- c in- ScDtr tsc sEcrt fer ftttcisia ^regsi isnatSL aSall fee tTtrea.'iscr ac clcse tc the feeaci
ac ^ratr'-caS-

T'Ji—sne- ct: fc^a: irarta. f-:r s L-- cti*— fc t—jpa aaa" 6- ptos cr rrir-rs t/22 irr, fer sii'Se r/4 tc 3/a pfcs
cr CT~i,r 3/:5 ca frr r/ti grrf C/I ;aaj r.r r:=r3 t/2 =::. fer lirrc 3/a tc tt; fe..,, PP rr~n» 1/4 fc. fer
rirrl C-I/a tc 4 :c:_ cclmnrr frr tcir c-r— 3 i=, ^ Crr-^a j-aCI 6» pCna cr r:£c.cn 1/13 Ic- /cr rSrrr 1/4 tc 3/a r- .

itr iSc« 2-1 'J ts X iri-

* ' '
'

* - 1/ i- -

•Et-in ifear: enr.tr ts fettad; ?3?r sfeaSr feg're s ciaxsntnrr Cfeicfcatcs cf cne dlanrettr, a c:ir:£nn:ir: fiilftt eroal tc
ibf rrarmrarr fJSTet cf Cctt ceCt,, and an inttmai <iian:et.er eensi tc fJte apecinjE-i cianSmcm fecdT- tflantet-t—

»

S'lircair rrarrr^: fer itstl £ci; Cc ccr-rr/ ir; Trrrati-7- S^prcSiCatictr fer Etrr: JSicccr.r BcCrj ard -Tap BcCtc c/
-Iff AnrerSc-tn. EcrrSe'TT fer Terdntr irat-*ria!h (^STM A.^ZCTj»

rafeitc: II—^tc II—II rtrnntt.
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TABLE 9-35

Heavy Finished Hexagon Bolts*

ASA B18.2-1952 Square and Hexagon Bolts and Nuts

Nominal
Size or

Basic Major
Diameter
of Thread

Body
Diara Min

(Max Equal
to Nominal

Size)

Width Across
Flats
F

Width Across
Corners

G
Height

. "

Radius
of FiJJer

R

Mar
(Basic) Min .Max Min

...

Nom Mar .Min Mar Min

1/2 jPIff I 7/8 0,8750 0.850 0.010 0.969 HjM 0.426 0.386 m
5/8 1 1/16 1.0625 1.031 1.227 1.175 IqSqI 0.522 0.478 0.031 0.016
3/4 HCtitm] 0.7440 ] 1/4 1.2500 1.212 1.443 1.383 0.618 0.570 0.047
7/8 0,8750 1 7/16 1.4375 1.394 1.660 1.589 11/16 *0.714 0,662 0.047

1 3 5/8 1.6250 1J75 1.876 1.796 3/4 0.778 0.722 ISSh 0.031
1 1/8 1.1250 1.1170 1 13/16 1.8125 1.756 2.093 2.002 27/32 0.874 0.814 0.062 0.047
1 1/4 1.2420 2 2.0000 1.938 2.309 2.209 15/16 0.970 0.906 0.047
1 3/8 1.3750

j
3/16 2,1875 2.119 2.526 2.416 1 1/32 1.065 0.997 0.062 0.047

1 1/2 ! 3/8 2.3750 2.300 2.742 2.622 1 1/8 1.161 1.089 0.047
1 5/8 1.6250 2 9/16 2.5625 2.481 2.959 2.828 1 7/32 1.257 1.I8I 0.062 0.047
1 3/4 2 3/4 2.7500 2.662 3,175 3.035 1 5/16 1.352 1,272 0.047
1 7/8 1.8750 1.8670

1
15/16 2.9375 2.844 3.392 3.242 1 13/32 1.448 1.564 0.062 0.047

2 1 1/8 3.1250 3.025 3.608 3.449 1 7/16 1.482 1.394 0.062 0.047
2 1/4 2.2500 ;| 1/2 3.5000 3.388 4.041 3.862 1 5/8 1.673 1.577 0.062 0.047
2 1/2 2.5000 ;j 7/8 3.8750 3.750 4.474 4.275 1 13/16 1.864 1.760 0.062 0.047
2 3/4 2.7500

II 1/4 4.2500 4.112 4.907 4.688 2 2.056 1.944 0.062 0.047
3 HI 1

5/8 4.6250 4.475 5.340 5.102 2 3/16 2.248 2.128 0.062 0.047

All dimensions given In inches.

BOLD TYPE INDICATES PRODUCTS UNIFIED DIMENSIONALLY WITH DRITISH AND CANADIAN STANDARDS.
•'Finished*' In the title refers to the qusHty of monxifocture ond the closeness of tolerance and does not indicate

that aurfoces are completely machined.
Taper of head (angle between one aide and axis) shall not exceed 2 deg, specified width across flats being the

largest dimension.

Top of head shall be flat ond chamfered. Diameter of top circle shall be maximum width across flats within a tol-

eronce of minus 15 per cent.

Beoring surface shall be flat ond wostjer faced. Diameter of washer face shall be 95 per cent of maximum width

across flats within a tolerance of plus or minus 5 per cent.

Beorlng surface sholl be at right angles to axis of body within a tolerance of 2 deg for sires up to and including

1 in.; and within a tolerance of 1 deg for sizes lorger thon I in. The bearing surface shall be concentric with axis

of body within a tolerance of 3 per cent of the maximum width across flats.

Minimum thread length aholl be twice the diameter plus 1/4 In, for lengths up to ond including 6 In; twice the

diameter plus 1/2 In. for lengths over 6 in. The tolerance shall be plus 3/16 in. or 2V^ threads, whichever is greater.

On products that are too short for minimum thread lengths, the distance from the bearing surface of the head to the

first complete thread shall not exceed the length of 2*/^ threads, ns measured with a ring thread gage, for sires to to

and including 1 in* and Z\‘i thread for sizes lorger than 1 in.

Thfeods shol! be coorse*, fine-, or 8*threod series, class 2A for plain (unpinted) bolts. For plated bolls, the diam-

eters may be Increaaed by the amount of clast 2A ollowonce. Thickness or quality of plating sholl be measured or

tested on the side of the bolt head.

Point shall be flot ond chomfered or rounded ot mnnufocturer's option, length of point to first full thread not to

exceed ly. threads.

Tolerance on bolt length for bolts 6 in. and under in length shall be plus or minus 1/16 in, for 1/2 in. sire, plus

or minus 1/8 in. for sizes 5/8 to IW ln»i and plus or minus 1/4 in. for sires I-3/fi to 3 in. Length tolerance for

bolts over 6 In. In length shall be plus or minus 3/32 In. for 1/2 In. size, plus or minus 3/16 In. for sizes 5/8 to

1V4 In., and plus or minus 1/4 In. for sires 1-3/8 to 3 in.

Maximum deviation of shank from surface plate on which it is rolled shall be 0,0020 in. per Inch of length.

Suitoble material for steel boll is covered by TentoUve Specification for Steel Machine Bolts and Nuts ond Top

Bolts of the American Society for Testing Materiols (ASTM A-307); suitoble material for high-strength steel bolt Is

covered by ASTM Tentative Spec, for Quenched ond Tempered Steel Dolts and Studs with Suitable Nuts and Plain

Washers (ASTM A-32S).

See Tables 11—13 and 11 — 14 lor neavy nuta^
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TABLE 9-36

Square Head Set Screv/s

ASA B18.2-1952 Square and Hexagon Bolts and Nuts

f-'o=;inal

Size
nin Across

Flats
r

Tictb
Across
Corners

G

Height of Hea^

H

Dia-neter of
li'eclc Relief

K

P^adins
of

Head
X

Rad
cf

?«ecl:

Relief
R

’Tidth

of
Ji’ed:

Relief
U

Max Min Min m Max Min Max Min Jtorn •Max Max

m 0,190 0,1875 0,180 0.247 9/64 0.148 0,134 0.145 0.140 15/32 0.027 0.083m 0.216 0.216 0.208 0.292 5/32 0.163 0,162 0.156 35/64 0,029 0.091
1/4 0,250 0.250 0.241 0.331 3/16 0.196 0,178 0.185 0.170 5/8 0.032 0.100
5/16 0.3125 0.3125KKOl 0,415 15/64 0.245 0.224 0.240 0.225 25/32 0.036 O.lll
3/g 0,3750 0.375 0.362 0.497 9/32 0.293 0.270 0.294 0.279 15/16 0.041 0,125
7/16 0.4375 0.4375 0.423 0.581 21/64 0,341 0.315 0.345 0.330 1 3/32 0.046 0.143

1/2 0.950 0.500 0.434 0.665 3/8 0.339 0.361 0.400 0.3B5 1 1/4 0.050 0.154
9/16 0.5625 0.5625 0.545 0,748 n/M 0.437 0.407 0.454 0.439 I 13/32 0.054 0.167
5/g 0.6250 0.625 0,606 0.833 15/32 0.4S5 0.452 0.507 0.492 1 9/16 0.059 0.182
3/4 0.750 0,750 0.729 1.001 9/16 0.582 0.544 0.620 0.605 I 7/8 0.065 0.200
7/8 0.S75 0.875 0.852 1.170 21/32 0.678 0.635 0.731 0.716 2 3/16 0.072 0.222

I I.OOO 1.000 0.974 1.337 3/4 0.774 0.833 0.823 2 1/2 0.081 0.250
1 I/e 1.125 1,125 1.006 1.505 27/32 0.870 0.939 0.914 2 13/16 0.092 0.283
I 1/4 1.250 1,250 1.219 1.674 15/16 0.956 0.903 1.064 1.039 3 1/8 0.092 0.283
1 3/3 1.375 1.375 1.342 1.843 I 1/32 1.063 1.159 1.134 3 7/16 0.109 0.333
1 1/2 1.500 1.500 1,464 ZOlO 1 1/8 1.159 1.091

1

1-284
t

1-259
r

3 3/4 0.109 0.333
f

All given rn snche*.

shall be coerse-, fine-, cr g-thread series, class 2A» Square head set screvrs 1/4 in. size and larger
are ncmtall/ in ccarse thread series cnij.

Tolerance on screvr icr sizes cp to and including 5/2 in- shall be: cunus i/32 in. for lengths t?p to and
including I in; n:int=s 1/16 in- fee lengths over I is. to and fncloding 2 in-; and crimis 3/32 in- for lengths over
2 in. The tolerance shall be detited for larger size screvrs of cotnparable length.

Sqnare head set screws shall be made from alloy cr cs:br;fr. steel stiilably hardened. Screvs trade frem nonferrctis
material cr cerrosienr-resisting steel shall be made from a material mutually agreed upon by manufacturer and user-

Fcr variens types of points, see Table $—37,
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TABLE 9-37

Square Head Sef Screw Points

ASA B18. 2-1952 Square and Hexagon Bolts and Nuts

CONE POINT FULL DOG POINT HALF DOG POINT

Nominal
Size Cup «n<l Flat Point

Diameter
C

Ova!
(Round)
Point

1

Radius

1

»

Full Dog, Halt Dog
Pivot Point

Ditmetct
P

Full

Dap
Pvt.

0

Half
Dog
Pvt.

8Norn Max Min Norn •Max Min

FIO 3/32 0.102 n.OBS 0.141 0.127 0.120 0.090 0.045
F12 7/64 0.115 0.101 0.156 0.144 0.137 0.110 0.055
1/4 1/8 0.132 0.118 O.ISS 0.156 0.149 0.125 0.063
5/16 11/64 0.172 0.156 0.234 0.203 0.195 0.156 0.07S
3/8 13/64 0.212 0.194 0.281 0.250 0.241 0.188 0.094
7/16 15/64 0.252 0.232 0.328 0.29’ 0.287 0.219 0.109

1/2 9/32 0.291 0.270 0.375 0.344 0.334 0.250 0.125
9/16 5/16 0.332 0.309 0.422 0.391 0.379 0.281 0.140
5/8 23/64 0.371 0.347 0.469 0.469 0.456 0.313 0.156

3/4 7/16
j

0.450 0.425 0.563 0.563 0.549
1
0.375 O.ISS

7/8 33/64 1 0.530 0.502 0.656 0.656 0.642 0.43S 0.219

1 19/32 0.609 0.579 0.~50 0.750 0.734 0.500 0.250
1 1/8 43/64 0.689 0.655 0.844 0.844 0.826 0.562 0.281
1 1/4 3/4 0.767 0.733 0.938 0.958 0.920 0.625 0.312
1 3/8 53/64 0.848 0.808 1.031 1.031 1.011 0.6SS 0.544
1 1/2 29/32 0.926 0.8S6 1.125 1.125 1.105 0.750 0.375

All dimensions Riven In inches.
Pivot points ore simitnr to full doR point except thnt the point it rounded by n radius equal

to J.

Where usable lenpth of thrend Is less than the nominal diameter, hnlNdOR point shall be used.

When lenpth equals nominal diameter or less, Y = I IB dcR i 2 dep; when lenRth exceeds nom-
inal diameter, Y= 90 deg i 2 dep.
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Tolerance
on Width

of Face

-0.001

+ 0.002

on nil

sizes

Width of

Face, W
Inches

Tolerance
on Width

of Face

1/4 -0.0005

5/16 -0.0005

3/8 -0.0005

7/16

1/2 -0.0005

5/8 -0.0005

3/4

7/8

1 -O.OOl



TABLE 9-40

Cutter lumbers of Vfoodruff Keyslot Milling Cutters

ASA B5.3-1950 Milling Cutters

JTuraber of Cutters Cutter Face Number of Cutters Cutter Face

American* Old TTidthd A.mtrican* Old Widthf

Standard Standard Inches Standard Standard Inches

202 201 1/16

i

10 21 1/4

202-1/2 206 1/16 311 22 1/4

302-1/2 207 3/32 812 24 1/4

203 211 1/16 1003 B 5/16

303 212 3/32 1009 C 5/16

403 213 1/3 1010 D 5/16

204 1 1/16 1011 23 5/16

304 2 3/22 1012 25 5/16

305 4 3/32 1210 E 3/8

404 3 1/3 1211 F 3/8

1212 G 3/8
405 c

..1 1/3

406 7 1/3

505 6 5/32

605 61 3/16
2/16506' 3 5/32

617 26

817 27 1/4

S06 91 1/4 1017 28 5/16

507 10 5/32 1217 25 3/8

606 9 3/16 322 B 1/4

607 11 3/16

707 12 7/32
1022 S 5/16

1222 T 3/8

60? 13 3/16 1422 U 7/16

70? 14 7/32 1622 V 1/2

1203 152 3/8 1223 30 3/8

605 16 3/16

307 A 1/4
1423 31 7/16

1623 32 1/2

308 15 1/4 1323 33 9/16
709 17 7/32 2028 34 5/8

305 13 1/4 2228 35 11/16
610 19 3/16 2428 36 3/4
710 20 7/32

•Th« nt:— in r&Iyrr.n Irvficate* the ncrrinal ke7 dirrenafor: or «i«e cwtSer, i.e.,
the Jatt iT/o ^ve the n's^rr.fcnal dlair-ete?- hi gthe cf an fnch and the rffj^te precedln^r the la*t two norr.fnal width In 32nde
cf *n Inch. Tt^z, cttter 2M Indicates a aise 2/22 tc 4/2 In. or 1/16 In. thick * 1/2 In. diar'eter.

fTcIersnce cr* face widih of all sizes of ^.0005,
For Key Vo. 121, ti*e Ct.tter Jfo. 267
For Key 7»c. 141, f.'»e Ctitter ?fo. 262
For Key Ko. 121 , ute Ct-ierlto. 1002
Fcr Key ?.'o, lot, wae Ctrtter ?io. 10C6
For Key Jfo. 126, tife Cctter ?fo. 617
Fcr Key ?*o. 127, tixe Getter I'o. gxy

Fcr Key 7fo. 122, use Cutter ?To. 1017
For Key Tfo. 129, use Cutter 7fo. 12 17

For Key ?*c. RZ, tiee Cutter Vo. 222
Tor Key Jfo. S K, use Cutter ?To. 1022
Fcr Key Jfo. TZ, use Getter Jfo. 1222

Fcr Key Ifo, UZ, use Cutter Ifo. 1422
Fcr Key Vo. VZ, use Cutter Jfo. 1622
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TABLE 9-41

Dimensions of T-Slots

ASA B5. 1-1949 T-Slots— Their Bolts, Nuts, Tongues and Cutters

BASIC DIMENSIONS

Diameter
of

T-bolt2

Width
of

Throat
I 2

'd

Depth of Throat
T Head Space Dimensions and Tolerances

Rounding or Breaking
of Comers

Maxi-
mum

Mini-
mum

Width a
I

Depth h r W u

Maxi-
mum
Basic I^MHI

Mini-
mum

Maxi-
mum
Basic

Toler-
ance

Minus

Mini-
mum

Maxi-
jmum 1

Maxi-
mum 1

Maxi-
mum

'/4 V Vs V6 0 063 V >V64 0 031 '2/64 ’/g4 '/64 ]Az
Vu >'^2 v.6 V32 = V2 0 063 'Va >V64 0 031 '5/64 Vt 4 ]Az
’/» V.6 V6 V32 “/32 0 063 =V32 '-V64 0 031 '5/64 V4 */jz */Sz

Vi V.6 "/.6 Vie ="/32 0 063 =V2 2 5/64 0 031 22/a« V4 '^2 lAz
"/ic Vi 6 1 V 0 063 1 V.G 25/64 0 031 25/64 '/Sz 2/64

V4 >VlS 1 v.6 V16 1 'Vr O.OW 1 Va V 0.031 * Vr ‘/Sz 2/64

1 1 V.6 IV V 1 ^V32 0 094 1 =>'4 52/64 0.047 25/32 y.6 2^^

1
1 V.6 1 Ve I 2 Vi 0 094 2 Vs 1 2/3: 0 063 1 'Az •^2

1 Vz I V6 1 ‘y.6 1 V 2 2'/32 0 094 2 V6 1 >5/^2 0.063 1 Vz VSz '46

All dimensions In inches,

tolernnce of plus 0.001 is nllowed for “width of throot** when tongues or other ports must fit.

2ln odditlon to the **wldth of thront" plven obove, o secondory stondnrd is recof^nlred, hovinj: the “width of throat*' the same as

the nominal diometer of the T-boU. This Is to provide for the use durin?: the tronslilon period of this standard on many machine

tools where It is nlreody established.
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TABLE 9-43

Widths of Screw Slotting Sows

ASA B5. 3-1950 Milling Cutters

SEE NOTE*

American
Standard

Wire Gage
Number

fWidth of

Face, W,

Inches

American
Standard
Wire Gage
Number

fWidth of

Face, W,

Inches

American
Standard
Wire Gage
Number

fWidth of

Face, W,

Inches

8 WSM 16 24 0.020

Q 17 0.045 25 0.018

10 0. 102 18 0.040 26 0.016

11 0.091 19 0.036 27 0.014

12 0.081 20 0.032 28 0.013

13 0.072 21 0.028 30

14 0.064 22 0.025 32 0.008

15 0.057 23 0.023 34 0.006

•Standard carbon steel saws hove unpround, inrelJeved sides. Standard hlch-speed steel sows hove jn-oxind

sides ond moy be slightly side-relieved.

^Tolerance on nil sizes of dro.OOl.
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TABLE 9-44

Sizes of M.efol Slitting Sov/s

ASA B5.3-1950 Milling Cutlers

DisfR'SKf of Cutt'sr, Ineiicf;

of Fsoo,

Inch 0
J 4 J 6 ft:

1/32 7 X X

?./U X X X

l/lf. r X X X X

2/32 X r X X X

1/ft X X X X X X

5/22 X X X

2/15 X X X X

yK X X X

r.T. fiti r4

TABLE 9-45

Dimensions of Double-Angle Milling Cutters

ASA B5.3-1950 Milling Cutters

Diarrctcr of Oj.-tcr

D
7/lo'th of Fs/io

T
iJlarnoter of Hole

If

2 2/4 J/2 1

/•U ftf*: ir.
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TABLE 9-46

Dimensions of Convex Milling Coffers

ASA B5. 3-1950 Milling Coffers

DIAMETER DIAMETER WIDTH DIAMETER
OF CIRCLE OF CUTTER OF FACE OF HOLE

C D
1

W H

1/6 2 1/4 1/8 1

3/16 2 1/4 3/16 1

1 h 2 1/2 1/4 1

5/16 2 3/4 5/16 1

3/8 2 3/4 3/8 1

7/16 3 7/16 1

1/2 3 1/2 1

5/8 3 1/2 5/8 1 1/4

3/4 3 3/4 3/4 1 1/4

7/8 4 7/8

1 4 1/4 1

TOLERANCES

ELEMENT RANGE DIRECTION tolerance

Diameter of Cutter All Sizes Plus or Minus 1/16

Diameter of Circle All Sizes Plus or Minus 0.002

Up to 1 Inclusive Plus 0 . 00075
Diameter of Hole

Over 1

1

FTur- 0.001

All dimensiona ore plven in Inches.
Size of cutter la deat^n^oted by specifying dinmeter (C) of circular form.
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TABLE 9-47

Dimenstons of Concave Milling Cutters

ASA B5.3-1950 Milling Cutters

ELEMENT RANGE DIRECTION TOLERANCE

Diap^ter of Cotter All Sizes Plus or Minus
j

1/16

DlaDster of Circle

Ip to 7/16 Inclusive 0.001

0.002

Over 7/16 nBIB 0.002

0.004

Vldth of Face All Sizes Plus or Minus 0.010

Dlaneter of Hole Op to 1 Inclusive Plus 0.00075

Over 1 Plus 0.001

All dlrrenaloTJs arc piv^^n in Inchee,
Slz^ cf cutt«r ie deeifjnat/*d by epeclfylnj? dIofr,et«r (C) of circular form*



TABLE 9-48

Dimensions of Corner Rounding Cutters

ASA B5. 3-1950 Milling Cutters

RADIUS
OF CIRCLE

R

DIAMETER
OF CUTTER

D

WIDTH
OF FACE

W

DIAMETER
OF HOLE

H

1/8 2 1/2 1/4 1

1/4 3 13/32 1

3/8 3 3/4 rnmnamm 1 1/4

1/2 4 1/4 3/4 1 1/4

5/8 4 l/u
1 15/16 1 1/4

All dlmensJonn nrc plvc'n In inches.

Size of cutter is desicnated by sprclfylny. rodlu* (R) of clrculnr form.

TOLERANCES

ELEMENT RANGE
1

DIRECTION TOLERANCE

Diameter of Cutter All Sires Plus or Minus 1/16

Radius of Circle
i /8 Plus or Minus 0.001

Over i/8

Width of Face All Sires Plus or Minus 0.010

Diameter of Hole Up to 1 inclusive 1 Plus 0.00075

Over I Plus O.OOi
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TABLE 9-ii9

Stcn'iard Keyv/cy Brooches

h'etcl Cutfinn Tool Honobook Metol Cuffing Tool Insfifofe

Tjrh
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its Skiss Jt'or; I>!cir:al Tolsr- Hole Lec^n Len^te B

Di-r. IKe aece Cd Cd Cat
D E nirea.-d

Size
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TABLE 9-52
Round Brocches, Stock AHc-wcnce for Erocchfng, Broccning Leeds

Cctclog end ?''cnuc[ CB-46 CoLnici Breech Cemoen’/

i

cr:;^rr t5 Errrrxie -wii: s£xe c5

Sorr

CTcrtr

Ct-J

Feri

ttrJ

Crit

Si-
CtJ

S.-CO*
I

1

^ . 1
ra:r<£5 t

Yt 1 25 1,000
[

2 30 2/100 •

3 23 2,000

4 39 2,500
[

'A 1 *^32 25 1400>
2 'fa 30 2,500

!

2 'ffe
‘5-7
*« w 3,000

i

4 '!a 39 3,000!

7* 1 'fa 25 2/300
i

2 ‘fa 30 2/100
j

3 'fa 33 3,50-0
i

4 'fa 29 4/;ool

5 'fa 45 ^400
j

1 25 2/300'

2 “a 30 2450;
3 231,- 33 4,500;
4 ^a 39 4400-
5 45 5,500

7* 1 25 2400'

2 % 30 4/3-00
-7

23 5/300
4 39 5400
5 % 45 6400

1 1 ®;is 28 3/300

2 *7*5
6/300

3 3£ 7/3-00

4 45 7400
a «'4* 5! 840-0

6 '?54 54 9/300

17* 1

2

2

5

6

1

?»CfTr

"cri

LtrrrS

rerJ

r^4

C'lr

Si-M Irso^
04

r-jil

rcfsrris

CCct?:

CrJ

Ur^.

Ferr

Tiri

Crjl

Szs
ft-4

cf
firccdt

OJ

Fcfr

tr

Petards

! 17* 1 Ifii 2£ 3,000 2 I 1 '7is 31 7A00
2 Ifi* 23 7/300 2 1‘76 37 13/300

3 Ifi* 2S 8,000 2 l‘7s 41 16/300
4 Ifi* 45 8,000 4 1'76 48 17/000

;

c
Ifi* 51 9400 5 l'7fs 55 20/300

r 6 Ifit 54 10/300 6 l'7ts 58 21/300

;
1'/* 1 I'fis 25 2400 2’/* 1 2'/ts 31 7mo

i

L
2 I'fw 23 7400 2 2'/is 37 14/300

1'

f

2 1 12^.* # s<^ 38 9/300 2 2'fe 41 17/300
4 I'fi? 45 9/3-D‘O 4 27s 48 18/300
5 I'fis 51 10/300 5 2',',

6

55 21/300
6 I'fi? 54 12/300 6 27= 58 22/300

17* 1 I'fi* 28 4/300 2»4 1 2tis 31 7400
- 2 1^',^ 22 840-0 2 27E6 37 15/300

'iw 1^'i* 38 10/300 2 275 41 18/300
4 l^'ss 45 10/300 4 ^Tie 48 19/300
5 l^'it 51 12/300 5 27is 55 22/300
6 l*'i* 54 12,000 6 27is 58 24/300

l'/2 1 l^Si 28 4,000 27* 1 27rs 31 8/300
2 33 9400 2 2fie 37 16/300
3 l*f« 28 10/300 2 27s 41 19/300
4 1^« 45 11/300 4 2frs 48 20/300
5 • iSS 51 13/300 5 2f(s 55 23/300
6 12f« 54 14/3-00 6 276 58 25/300

17* 1 Ifis 21 5400 2'/* 1 27is 31 8400
2 Ifls 37 1 1/300 2 276 37 16/300
-3

Ifis 41 13/300 *7

27,5 41 20/300
4 ^'fS 48 14,000; 4 27s 48 21,000
5 Ifie 55 1 6,000

1

5 276 55 25,000
6 Ifts 58 17/300| 6 27s 58 26,000

17* 1 i"/is 31 6/300; 2% 1 2' 7s 31 9400
2 l"/(6 27 1 1/3-00

;

2 2"/r6 37 18,000
3 1

' fis 41 14/3-00; 3 2' 76 41 22,000
4 l"/'ls 48 15/300; 4 2' 7s 48 23/300
5 1‘5'is 55 17,000; 5 2' 7s 55 27/300
6 l"/is 58 1 s/300, 6 2' 76 58 29/300

I'Tis

1 'Tis

I'r.s

l'?:6

I'T.s

I'Tis

31

37

is

55
58

6^00, 3

12/K30!

15^000;

16,000'

19J000[

20,000,

•

1

2

3

4

5
6

2'ri6

2'7is

2 >7.6

2>7is

2‘7.s

2'Yis

31

37
^1

48

55

58

10,000

20,000

24.000

25/)00

30.000

30/300
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TABLE 9-53

Stock Allowance for Brooching, Milling, Reaming

Operation

Broaching

Milling

Amount and Remarks

1/32 inch minimum. The maximum depends much on machine
capacity and broach design — possibly 1/2 inch in single-

pass surface broaching and 5/8 or 3/4 inch for slots and

internal splines. Broaches are designed for the job so that

each tooth removes a prescribed thickness of stock. Too
hca\’y a cut overloads the tooth; too light a cut may mean a

burnishing or glazing action with no stock removal at all. A
cut of 0.0003 inch is perhaps a minimum and O.OOA or 0.008
inch a reasonable maximum. Katurnlly, finishing teeth arc

designed to remove less stock in proportion than toughing or

semi-finishing teeth.

Roughing: 1/8 inch or more

Finishing: a few thousandths of an inch to as much as

1/16 inch.

As for broaching, satisfactory milling operations require

substantial feeds per tooth. For example. Brown and Sharpe
suggest the following:

Type of Cut
Starting feed

per tooth, inch

Face Milling 0.008
Straddle Milling 0.008
Channel or Slot Milling 0.008
Slab Milling 0.007
End Milling (1/2 inch diameter

and larger) or Profiling 0.004
Sawing 0.003
Thread Milling 0.002

References

Table 9-52

Production Processes
by Bolz, The Penton
Publishing Co.

A Treatise on Milling

and Milling Machines,

Third Edition—1951,

The Cincinnati .Milling

Machine Co.

Sr ntl Tools Catalns

No. 35. 1951, Brown and

Sharpe Manufacturing Co.

Reaming Machine: 0.010 in a \/A inch hole

0.015 in a 1/2 inch hole

0.025 in a 1-1/2 inch hole

Metal Cutting Tool Hand-

book, Second Edition —

1950, Metal Cutting Tool

Hand: 0.001 to 0.003 inch Institute
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TABLE 9-54

Tolerances for Broaching, Drilling, Milling, Reaming

iolerances and Renarlrs

Sources or

References

Broaching Holes: ±0.0005 to 0.001

Solines: cO.OOl to 0.002
Sirfaces: rO.OlK)! to 0.001

Narro~ Slots: ±0.0005

Scraiile-broached Lugs: ±0.0003

Production Processes hr
Bolz, The Penton Pub-
lishing Co.

Drilling Ko. SO to Ko. 71
No. 70 to No. 52
No. 51 to No. 31

1/8 inch to No. 3
7/32 inch to size R
11/32 to 1/2 inch

33/64 to 23/32 inch

47/64 to 63/64 inch

1 inch to 2 inch

0.002 (-0.001) or (-0.000)
"0.003 All sizes
"0.004 Standard drills are likely to

"0.005 be slightly undersize because
"0.006 tolerances vary from zero to

"0.007 —Q.QQ06 on diameters less

"0.008 than, and including, 3/64
"0.009 inch, to as much as zero to

"0.010 —0.0025 on diameters over

1-1/2 and including 3-1/2 In.

Production Processes
by Bolz, The Penton
Publishing Co.

Milling

Keyslocs: “Kl.OOOS to —0.0015

T-K-o-Flute, Fast helir end mills: K).002 to —0.001

Straddle Milling: -^0.003

Narro~ Slots: -^.005 to —0.0003
Small Flat Surfaces: 0.002 to 0.005

Comt>are Tolerances in

Table 8-19

Table 9—33

Table 9—39

Reaming Under 1/2 inch: "^O.OOOS to —0.0015 Diameter tolerances

1/2 to 1 inch: -fO.OOl to —0.002 on ne's’ reamers are
over one inch: •^0.0015 to —0.003 positive. Table 9—20.

After tvear a reamer
may be as mnch as
0.003 undersize. An
advantage of the ex-

pansion reamer is that

it can be expanded to

exact size, thereby
making closer toler-

ances economical in

cool use.

Machine Drcaring by Lent recommends the following tolerances
for reamed holes:

under 3/4 inch: K}.0005, — zero

3/4 to 1-1/4: ±0.001, — zero
1-1/4 to 3: -^.0015, - zero

Compare Production
Processes by Bolz, The
Penton Publishing Co.

Machine Drawing by
Deane Lent, Prentice-
Hall, Inc.
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TABLE 9-55

Chamfer on Cotter-Pin Hole in Bolts and Copscrews

Practice of Caterpillar Tractor Co. — 1954

Nominnl
Size

Threads
per Inch

Drill

Size
A

Chamfer
Diameter

B

S/16 24 5/64 1/8

5/16 18 5/64 9/64

3/fi 24 7/64 5/32

3/8 16 7/64 11/64

7/16 20 7/64 5/32

7/16 14 7/64 11/64

1/2 20 7/64 5/32

1/2 13 7/64 3/16

9/16 18 9/64 13/64

9/16 12 9/64 7/32

5/R 18 9/64 13/64

5/8 11 <J/64 7/32

11/16 16 0/64 13/64

3/4 16 0/64 13/64

3/4 10 0/64 15/64
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TABLE 9-56

Methods of Shov/mg Drilled ond Reamed Holes on Drav/ings

IS SOMKTIMKS SIIOWI

on AT.'OTIIBR VIR7/

1^093 DRILUREAM
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TABLE 9-58

Method of Specifying Screw Threads on Drovrings

ASA 81,1-1949 Third Edition Unified and American Screv/ Threads

••Screw threads are designated by the initial letters of the thread series, preceded by^ the nominal size

(diameter in inches, or the screw number) and number of threads per inch, all in Arabic characters,^ and

followed by the class designation, with or without the pitch diameter tolerances or limits of size.

Ezaroples

-i - 13UNC-2B
i

^

class, internal

1 thread series

\ number threads per inch

nominal size

i-20UNC-2A-LH
\ \ ^^left hand

I class, external

thread series

number threads pet inch

nominal size

2 - 8N - 2B (1.9188 to 1.9289 pitch diam.)

l6Ui'»F — 2A (1.50 length of engagement)

••If a standard thread is modified by the inclusion of some non-standard feature, such as a smaller major

diameter, etc., the word •modified’ should be added with an asterisk and the non-standard feature or

dimension of the thread should be enclosed in brackets and likewise marked with an asterisk. If a stan-

dard thread has a long length of engagement for which standard allowances and tolerances are not applic-

able, such special length should be noted on the drawing or included in the designation, as shown above.”

No one of the conventional w-ays of representing screw threads on drawings possesses all the advan-
tages. Nor are all the ways illustrated here.

eontltwed on nexi page
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TABLE 9-58, continued

Through holes are preferable for tapping. In the case of blind holes, the next best practice is to allow

plenty of extra drill depth over tap deoth. This practice provides space for chips, and if great enough obvi-

ates the use of a bottoming tap.

Bottoming taps have a thread and a half of chamfer; hence the thread at the very bottom is not fully cut.
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INDEX TO

SECTION 10

Complied ond Edited by

EDV/ARD FITZGERALD

Mechanical Engineer, Batfelle Memorial Institute

Serrations and Splines

Tabic Numbers, Numbers,

Inclusive Gist of Tobutor Mottor Inclusive

10-1 Range of involute splines. - 10*2

10-2 to 10-3 Simplified drawings of involute splines. . ... 10-3 to 10-4

10-4 to 10-5 Basic data for 1/2 and 5/10 diometrol pitches 10-5 to 10-7

10-6 to 10-7 Clearances and fits for involute splines 10-8

10-8 Bosic data - oil involute splines 10-9

10-9 Allov/ablc errors on involute splines 10-10

10-10 Bosic formulas for involute splines 10-11

10-11 to 10-12 Chamfer data - externol and internal involute splines 10-12 to 10-17

10-13 to 10-14 Pin measurements of involute splines 10-18 to 10-19

10-15 Splines to clear ball bearing bores 10-20

10-16 Range pf involute serrations 10-21

10-17 to 10-18 Simplifed drav/ings of involute serrations 10-21 to 10-22

10-19 to 10-20 Formulas and basic data, involute serrotions 10-23 to 10-25

10-21 Fits for involute serrations. ; 10-26

10-22 to 10-23 Tooth dimensions ond errors, involute serrotions . 10-26

10-24 to 10-25 Pin meosurements of involute serrotions 10-27 to 10-28

10-26 to 10-29 4-, 6'-, 10- and 16-spline fittings 10-29 to 10-31

10-30 to 10-34 Fits for 6-, 10- ond 16-spline5 10-32 to 10-38

10-35 to 10-36 Major diometer fits 10-39 to 10-40

10-37 to 10-38 Dimensions and tolerances on hey fits 10-41 to 10-42

10-39 Stress analysis of splines and serrations 10-43
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TABLE 10-1

Range of Involute Splines, SAE Standard

1954 SAE Handbook

Range of Diametral Pitches

Range of Number of Teeth

Range of Nominal Diameters

1/2 to 48/96

6 to 50

.14 inch diameter (6 teeth 48/96 D.P.)
to 51 inches diameter (50 teeth 1/2 D.P.)

\

5/10 Pitch (actual size)

10/20 Pitch (actual size)
20/40 Pitch (actual size)

Th. nua.„o.crl. U,. number of .«U.

the dir/eroace belwe (h”'
**’' ‘>'a'>'aln“tor 1« the reclprociU of the nddendum. (The nddendum 1« halT

difference between the major diameter of the external .pU„e and the pitch diameter.)
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TABLE 10-2

Data To Be Placed on Drawing of External Involute* Spline

LENGTH OF FULL
DEPTH SPLINE

^ y- i

Involute Spline Data Example
Table
No. Column

Number of Teeth 20

Type of Spline (fillet root or flat root) fillet root

Diametral Pitch 1/2

Type and Class of Fit side of tooth,

Class A 10-8

Pitch Diameter 20.0000 10-5 2

Base Circle Diameter 17.3205 10-5 3

Major Diameter
21.0000

20.9900
10-5 24

Minor Diameter 18.0950
10-5 25

18.2000

Tooth Thickness
1.5703
1.5649

10-5 31

Measuring Pin Diameter 1.9200 . 10-5 Sub-heading

Measurement Across Pins 22.9559 (min.) 10-5 29

1 TIF Diameter 19.0000 10-5 27

Chamfer Dimension .237 10-11 2

Chamfer Height .104 10-11 3

Minor Diameter Fillet (for fillet root splines only) .338 (min.) 10-5 26

Hob Number
Drawing Number of Mating Part

•Boundary dimensions plus tabular data, as indicated here* have had limited usage In the specification of involute
splines and involute serrations on drawings. Splines have become so commonplace in today's machinery that there is a
real need for a sin^lified method of designating them on drawings, analogous perhaps to the metfxods of indicating
screw threads or spur gears. Noteworthy references like American Standard ASA B5. 15—1950, the SAE Handbook, Metal
Cutting Tool Handbook and others depict and recommend spline drawings of minute detail. It is indispensable, of course,
that the specification of a spline be unmistakably clear in every detail, but both an elaborate diagram and tabular data
seem an unnecessary duplication of statement. Moreover, when spline bores are broached and the designer calls for the
spline by broach number, even less information seems adequate; namely, the boundary dimensions with tolerances, the
broach number, and such data as may be necessary for inspection purposes after broaching,
f For maximum measurement across pins, see Table 10—13.

t The TIF diameter or "true Involute form" diameter is the diameter beyond which the tooth profiles are true involutes.

10-3



TABLE 10-3

Data To Be Placed on Drawing of Internal Involute* Spline

Table
Involute Spline Data Example No. Column

Number of Teeth 20

Tjpe of Spline (flat root or fillet root) fillet root

Diametral Pitch 1/2

Type and Class of Fit side of tooth,

Class A 10-8

Pitch Diameter 20,0000 10-5 2

Base Circle Diameter 17.3205 10-5 3

Major Diameter
21.9050
21.8000

10-5 12

Minor Diameter
19,0000

19.0050
10-5 11

Space Width
1. 5703
1.5761

10-5 15

Measuring Pin Diameter 1.4400 ,

18.4081 (max.)

,10-5 Sub-heading

Measurement Betu’cen Pins 'l0-5 14

I TIF Diameter 21.0000 10-5 10

Chamfer Angle 53'24* 10-12 2

Chamfer Height .102 (min.) 10-12 3

Major Diameter Fillet (fillet

Broach Number
toot splines only) .269 10-5 13

Drawing Number of Mating Part

•Boundory dimensions plus tabulsr data, as indicated here, have hadlirUled usa^e in the specification of involute splines

and involute serrations on drnwincs* Splines have become so commonplace In today’s machinery that there is a real need

for a simplified method of designating them on dfos.ings, analogous perhaps to the methods of indicating screw threads or

spur gears. Noteworthy references like American Standard ASA D5. 15^1950, the SAE Handbook. Metal Cutting Tool Hand-

book and others depict and recommend spline drawings of minute detail. It is Indispensable, of course, that the specifi-

cation of a spline be unmistakeobly clear In every detail, but both an elaborate diagram and tabular dsta seem an un-

necessary duplicotion of statement. Moreover, when spline bores are broached and the designer calls for the spline by

broach number, even less information seems adequote; namely, the boiindory dimensions with tolerances, the broach

number, and such data as may be necessary for Inspection purposes after broaching.
^For minimum dimension between pins, see Tabic 10—14.

t TIF diameter or ’*true Involute form** diameter Is the diameter within which the tooth profiles are true involutes.
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TABLE 10-4

Basic Data for 1/2 Diametral Pitch
°

1954 SAE Handbook

Mot-Pir* fJun::, IxW*V>

f

lia;crtftfca-er

;

>
1

(

K*,5b

i

rtf
1

1

luy.r
j

taiic
1

1

• !

TIF j

[

{•

dlar.

2 2
i:

^ 5

t'.utrziO/f —

1

1

1

i -cA/.r.l'.l 1

' '-L'- i

j

-e,.W/, 1

i j

Kin

\

;

-rO

5 !

7 i

rjSf/fi '1

7.1/1/
5.IK2

'

6.0622
7.1///

!

' s.r///
6.857
7.881

i 5.2062

(
6.0722

TEr-rt-rMt fit Ail fitj

?Ut-E<>tt Safc fit

r fitirt f IfijAt liii.';:

W
11

12
13
!_{

15

: 2.f///;

[VI.W/)

n.w/)
12/////

1 13/////
u////;

5//2;2 G////J
7.7'fI2 lO.y/j':/

%.(y%3 ,11////)

12/////

:

13/////

;

,14/////
‘

13/////

:

I6////i ;

&.&70
;

'j.m \

i()M2 ;

IMW
&/////
G.(////

G.3253
ir/,3/23

,11.25^3
12,1244
i2.r///;

10 lO.r////

17 m.f/ff!
18 18.''////

15 I'i.f/ff!

Zi 20 -f////

13.8501 ;I7.f////

14.7224

1.5..>8't5 .I5.f////

I0.4.V45 20.1///)

17,32/5 21.1///)

11.843
12.8.35

13.8.34

14.830
15.825

10.823
17.821/

18.818
15,815
2i'/.8l3

W.f///)
ii.r///»

,12.f///J

13.(////

;i4.(////

IG.f////

1.17.f////

118.1////

15.1////

21
22
23
24
25

25
27
28
25
30

31
32

21 .1//// 18.1855 22.1//// i

22.1//// 15,0.525 23,l//jO

Zl.i//// 15.5185 24.1//// I

'24.1//// ,25.7845 i25.1////

;-Z5.1/,l// 121.1,51/: [25.1//// i

'25.1//// l22,.5I57 '27,1.1///

'27.1/jOO 12).3;27 28.1////

28.1.1/1/ 24,2487 25.1////

25.1//// 25.1147 '.’//.1//0

-r/.l/i// 25,0808 131.1//0

20,1////

i21.1////

22.1///J

21.811
K,811/
23.81/

24.807 24.1////

25.81/5 24.1.1//J

25,804 l25,l////

27,803 25,1.1///

28.81^ 27.1//1/
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^/

41
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'31.1/1.17
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!
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',43.f//i/
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4-5.11/1/

.25.8458
27.7128
'2';-,5788

.2'y.444.5

,30.311//

'-31.1755

32 1/125

'd.'Jf.fi
:‘Z.nrf}

.34.5410

.35..7'/7r/

35.3731
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38.1051
38.0711

'.33.1//0
'
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.35.(//i/ ;

.35,1////

j

.37.1/1//

,.38.1////

35.1///)
'

40.1//// :

'41.1////

42.11/1/
'

43.1///)

44.1///)

45.1////

45.1//1)

!

33.71/8 {.‘flffffi

34.708 l.33.1///(

25.757 .34.1////

i

I

.35.705 25,1////

37.705 135.1.1///

38.705 '37.f//i)

; .r/.7.0-5 -38.1///)

40.704 30.1///)

Vi.ifffi
4l.(fffl

42.1////

43.1/1/)
44.1////

41.704
42.704
43.703
44.703
45.703

^5 46.1.1.00 35.8372 '47.1/// 45.7M
47.1//1/ 40.7032 '48.1.11/ 47.702
48.1/// 41..55'12 45,1///

'

48.702
1-/ 45.1.1/// 42.4,352 .50.1//// 45.701
r/i 'fiffffi ,43..31/!3 .51.1///

(

.50.701

®The f.-ts t^^irar^re'f ir.

47.01//J

}

Ht

7 t

A-pj, jriz

'

0.14.5
i

0.0-52

0-160 1 0.060
i 0.170 1 0.066
! 0.178

1

1 0.071

j

0.184 1 0.07.5

i
0.185

1

0.075
! 0.103 i; o.i/i

,

! 0.106 '

! 0.081
0-105 ;

0.086 '

1
0.201

jj

0.088
j

1 j

1 0.203 ' 0.1// .

! 0-20.5
!
0.051

i

,

0.207
1

0.053
0.2015

I
0.054

;

! 0.205
j

0.05-5
1

' 0.211/ i 0.056
0.212 : 0.057

1
0.212 ! 0-057

1 0.213
i

0,1/8'

1

0.214 , 0.055

1 0.21.5 0.100
i 1/.2I-5 1 0.100
1 0.216 1 O.lOl
0.217 O.IOI
0.217

i

0.11/2

; 0.218
!
0.102

1 0.218 1
0.11)3

;
0.215 i 6.103
0.210 0.103

' 0.215 : 0.11/4

' 0.250 i 0.11/4

0.220
!

0.11/4

; 0.221)
;

0.10-5

i
0.221

f
0.105

1/.221
!
o.uw

* 0.221 0.106
1/.222

1
0.106

0.222 i 0.106
0.222 : 0.106

;
0.222 0.106

. 0.222 1 0.107
0.223

i
0.107

. 0.223 0.107
' 0.223 0.107
' 0.223 0.107

FcJ!

-fi/Wi
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8.2040
0.21/40
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11.2040
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f-tf
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7.1///)
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nr
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'28.2040 128.1/00 |28.1///J
,2).204i/ i2/.000f/ '25.0001/
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fr.er*t
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v'lfith
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efetire
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;
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o.ir/ 4.4022 1,.5755

0.104 5,2.320 ; I. .5756

f)fm 6.404-3 ' ^'£'55
0.220 7.2707 1.5757
0.230 8.4(/.55 1,57.57

0-238 0.25.35 1..5757

0.245 i 10.4063 1.57.58

0-245 1 11.3125
;

1..57.58

0,35.3 '12.4070 1,5759
0-357

j

I.3..3Z58 1..57.50

0,260 14.407.3 I -5750
0.262

:

15.-33.57 1-5760
0.235

!
16-4078 ; 1.5760

0.267 17.34.37 1-5761
0.265 ,18.4081 1-5761

0.270 'I0.340'J 1.5761
0.272 20.408.5 1.5762
0.273 '21 .3352 ! 1,5762
0.274 22.4088 1,5763
0.275 '23.3598

I

1.5733

0.276 24.4080
i

1-5733
0.277

;
'35.36.37 ' 1-5731

0.278
'

26.4002
i
1-57M

0.279 Tt.’ifm
f
1.5731

0.280 28.4054 1 ,5735

0.281 Zl.ZfM 1.5735
0.282 30.4057 1,5766
0,282 ,31.3735 1 ,.5766

0.283 32.4057 1.5766
0.28-4 -34.3748 I -5767

0.284 .34.4105 1..5767

0.285 35.3770 1-5768
0.286 36.4101 1-5768
0.286 .37. ,3787 I -5738
0.286 38.4104 1 -5760

0.287 .30,380.5 1.5760
0.287 40.4106 1 .5770
0.287 41.3821 I -5770
0.28S 42.4107 1 .5i lO
0.288 43.38.35 1 .5771

o.m 44.4I0S 1 -5771
0.288 45.38-59 1-5772
0.288 46.4111 1-5772
0.285 47.3860 ' 1-5772
0.280 48.4113

1

1.5773

fsr fc7 «

/t ci?-;, £.At in CcC 2< f. <;»cre2 *«! by twice the an-cent cf mecL-r.tcr. rfin-enaicna! tenth clearance and the
cha-r'er acciie-;. The TI? diameter in Cc'„ 5 shetdd be ttsed,

diameter /Ceh <).

Jperreientt c:imi.-cct- aiimwatie rsd.^e sf ctmealtme, and ii based cn 757. cl the fell tangent radici fer mamirr-tcr. depth.
• Aitmerahte errers , ercept lead, have been added te the machinin? felerar.ee in compt-cinz the m.ari.-r.crt space width. When atlcwar.ces for lead

err'.'rt ariti of th-e I/ca'f -^tTrcr to thU .contirmca on noxt pogo
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TABLE 10-4, continued ^

1/2 Diametral Pitch

Pressure Angle, 30*

Majof^dlameter

Addendum (Hasic), 0.5000

Dedendum (Sec Sec 6)

EXTEtNAL

Fillet root^

Major diameter

Flat-root fide fit

Minor-diam

Cl I Cl II

16 17

+0.0000
-(0.0019

+ /'f)

+0.0000
-(0.0006

Minor
diam

fillet

dlam*
Minor
diam

Rad

21 32
i

23 24 25

+0.0000
-0.1050 '

App Max +0 0000
-0.0100

+0.0000
-0.1050

Circular Pitch, 3.1416
Meaf-Pin Diara, 1.9200

Dimensions for all 6ts

Tooth thickness

CIA CIB
Measurement over pins

CIA 1 CID CIC

Max effective

30 31
j

32



TABLE 10-5

Basic Data for 5/10 Diametral Pitch — Minor-Diameter Fits®

1954 SAE Handbook

5/l0 Bumclral Pilch

Pressure Angle, 30*

Addendum (Bjisic), 0.1000

Meas-Pin Diam (Ini), 0.2S80

Minor—Diameter Fits

CiroiUr Pilch, 0.628}

Meas-Pin Diam (Ext), 0.3840



TABLE 10-6

Dimensional and Effective Clearances®

1954 SAE Handbook

CLASS A CLASS n CLASS

C

DUUETRAL PITCH
Dimensional

clearance^’*

Effective
clearance**

Dimensional

clearance**'®

Effective

clearance'*
Dimensional
clearance**’ *

Effective

clearance®

Min Max Min Max Min Max Min Max Min Max Min ifax

1/2 +0.(KM5 -0.0015 QH -0.0045

2.5/5 -0.0015 +0.0020 IQQIg
3/6 Isinm +0.0007 -0.0015 -0.0042

4/8 and 5/10 +0.0050 BjnjjOK -0.0036

6/12 and 8/16 ifiWM +0.0035 +0.0021 +0.0051 +0.0017

10/20 thru 20/40 +0.0037 +0.0062 +0.0005 +0.0021 +0.0010 +0.0014

24/48 thru 48/96
HjAliiliDH

°Bn8ed on using machining tolerances plus 60% of oil allowable errors cumulatively, not Including lead.

^For 25 teeth.

*^The maximum dimensional clearance Is obtained by sublroctlng dimension In Col. 31, 32, or 33 from that In Col. 15 In Table 10—5. The

minimum dimensional clearance Is obtained by subtracting the sum of the machining tolerances for Col. IS and that for either Col. 31, 32, or

33, as listed in Table 10—5, from the maximum dimensional clearance.

“The minimum effective clearance la obtained by subtracting the dimension (maximum effective) In the heading over Col. 3 1, 32 or 33 from

the dimension (mirrimum effective) In the heading over Col. 15 (Table 10—5). The maximum effective clearance Is obtained by adding to the

minimum effective clearance the machining tolerances for Col. IS and that for either Col. 31, 32, or 33.

TABLE 10-7

Types af Fits for Involute Splines

1954 SAE Hondbook

Type of Fit Major Diameter-
i

Sides of Teeth Minor Diameter

Dimension Varied
to Control Fit

Major diameter
of external spline

Tooth thickness Minor diameter

of internal spline

Classes of Fit
Sliding

Fit

Close Press
Fit Fit

Sliding

Fit

Close Press

Fit Fit

Sliding Close Press

Fit Fit Fit

Designation
used in Tables
10-5 and 10-6.

I II III B C X Y Z

10-8



TABLE 10-8

Basic Data — All Involute Splines

1954 SAE Handbook

1/2 DIAJCTTXAl. nrts

N
Internzl tnd eztenul I External Internal

j

Int and ext
1

External

Di
90* Measarernent

over pins

U
D Dt,

F
« 90*
Cos-^

d,

Di

T

N
E

1 2 3 S 6 7 8 9 10 n

5.196152 0.261799 0.277128 1.91 0.369504 0.523599 1.305

6.062178 5.910186 0.224399 0.237538 1.83 0.974928 0.316718 0.448799 1.302

6.928283 10.8944 O: 106350 0.207846 1.86 0.277128 0.392699 1.362

7.794229 7.675817 11.7535 0.174533 0.184752 1.81 0.984808 0.246336 0.349066 1.364

8.660254 12.9144 0.157080 0.166277 1.83 0.221703 0.314159 1.406

11 9.526279 9.429316 13.8003 0.142800 0.151161

1

1.80 0.989821 0.201548 0.285599 1.409

12 10.392305 14.9295 0.130900 0.138564 1.81 0.184752 0.261799 1.440

13 11.258330 11.176244 15.8335 0.120830 0.127905 1.79 0.992709 0.170540 0.241661 1.443

14 12.124356 16.9412 0.112200 0.118769 1.80 0.158359 0.224399 1.467

15 12.990381 12.919218 17.8584 0.104720 0.110851 1.78 0.994522 0.147802 0.209440 1.471

16 13.856406 18.9507 0.098175 0.103923 1.79 0.138564 0.196350 1.490

17 14.722432 14.659629 19.8778 0.092400 0.097810 1.78 0.995734 0.130413 0.184800 1.493

18 15.588457 20.9584 0.087266 0.092376 1.78 0.123168 0.174533 1.509

19 16.454483 16.398282 21.8934 0.082673 0.087514 1.78 0.996584 0.116686 0.165347 1.512

20 17.320508 22.9649 0.078540 0.083138 1.78 0.110851 0.157080 1.525

21 18.186533 18.135680 23.9062 0.074800 0.079179 1.77 0.997204 0.105573 0.149600

22 19.052559 24.9704 0.071400 0.075580 1.77 0.100774 0.142800 mam
23 19.918548 19.872149 25.9168 0.068295 0.072294 1.77 0.997669 0.096392 0.136591 mam
24 20.784610 26.9752 0.065450 0.069282 1.77 0.092376 0.130900 mSM
25 21.650635 21.607912 27.9259 0.062832 0.066511 1.77 0.998027 0.088681 0.125664 1.553

26 22.516660 28.9793 0.060415 0.063953 1.76 0.085270 0.120830 1.562

27 23.382686 23.343126 29.9337 0.058178 0.061584 1.76 0.998308 0.082112 0.116355 1.564
28 24.248711 30.9829' 0.056100 0.059385 1.76 0.079179 0.112200 1.671
29 25.114737 25.077904 31.9405 0.054165 0.057337 1.76 0.998533 0.076449 0.108331 1.573
30 25.980762 32.9862 0.052360 0.055426 1.76 0.073901 0.104720 1.580

31 26.846787 26.812337 33.9465 0.050671 0.053638 1.76 0.998717 0.071517 0.101342 1.581
32 27.712813 34.9890 0.049087 0.051962 1.76 0.069282 0.098175 1.587
33 28.578838 28.546468 35.9517 0.047600 0.050387 1.76 0.998867 0.067183 0.095200 1.589
34 29.444864 36.9916 0.046200 0.048905 1.76 0.065207 0.092400 1.594
35 30.310889 30.280368 37.9565 0.044880 0.047508 1.76 0.998993 0.063344 0.089760 1.696

36 31.176914 38.9939 0.043633 0.046188 1.76 0.061584 0.087266 1.600
37 32.042940 32.014068 39.9607 0.042454 0.044940 1.76 0.999100 0.059920 0.084908 1.602
38 32.908965 40.9960 0.041337 0.043757 1.75 0.058343 0.082673 1.606
39 33.774991 33.747599 41.9645 0.040277 0.042635 1.75 0.999189 0.056847 0.080554 1.608
40 34.641016 42.9980 0.039270 0.041569 1.75 0.055426 0.078540 1.611

41 35.507(W1 35.480986 43.9680 0.038312 0.040555 1.75 0.999266 0.054074 0.076624 1.613
42 36.373067 44.9996 0.037400 0.039590 1.75 0.052786 0.074800 1.616
43 37.239092 37.214248 45.9711 0.036530 0.038669 1.75 0.999333 0.051559 0.073060 1.617
44 38.105118 47.0013 0.035700 0.037790 1.75 0.050387 0.071400 1.621
45 38.971143 38.947403 47.9740 0.034907 0.036950 1.75 0.999391 0.049267 0.069813 1.622

46 39.837168 49.0028 0.034148 0.036147 1.75 0.048196 0.068295 1.625
47 40.703194 40.680464 49.9766 0.033421 0.035378 1.75 0.999442 0.047171 0.066842 1.626
48 41.569219 51.0041 0.032725 0.034641 1.75 0.046188 0.065450 1.629
49 42.435245 42.413442 51.9790 0.032057 0.033934 1.75 0.999486 0.045245 0.064114 1.630
50 43.301270 63.0055 0.031416 0.033255 1.75 0.044341 0.062832 1.632

E

F

coa 30°

Bin (^,

coa 30°

sin

Rate of change of M,
Rate of change of I

Rate of change of M{
Rate of change of t.

' ForN odd, E

( For N odd, F

coa 30° 90°\
—: COB — Iam <<>, N )
COB 30° 90°\

Bin N }

Conatanta, x = 3.141593

coa 30° = 0.866025

Inv 30° = 0.053751
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TABLE 10-10

Bade fcrrr.tilac (or Irivoiuie Spltne
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TABLE 10-11

Chamfer Data — External Involute Splines

1954 SAE Handbook

Number

of

Teeth

1

1/2

Dim Hgt

2 3

Approx Min

2.5/5

Dim Hgt

4 5

Approx Min

Diametral Pitch

3/6 4/8 5/10

Major Diameter Qiamfer

Dim Hgt Dim Hgt Dim Hgt

6 7 8 9 10 11

Approx Min Approx Min Approx Min

6/12

Dim Hgt

12 13

Approx Min

8/16

Dim Hgt

14 15

Approx Min

10/20

Dim Hgt

16 17

Approx Min

6 .228 .091 .091 .036 .076 .030 .057 .023 .046 .018 .038 .015 .029 .011 .023 .009

7 .230 .09 4 .092 .037 .077 .031 .0 57 .023 .046 .019 .038 .016 .029 .012 .023 .009

8 .230 .095 .092 .038 .077 .032 .057 .024 .046 .019 .038 .016 .029 .012 .023 .009

9 .232 .097 .093 .039 .077 .032 .058 .024 .046 .019 .039 .016 .029 . 0 1 2 .023 .010

10 .233 .098 .093 .039 .078 .033 .0.58 .024 .047 . 020 .039 .016 .029 .012 .023 .010

11 .234 .099 .094 .039 .078 .033 .058 .025 .0 47 .020 .039 .017 .029 .012 .023 .010

12 .234 . 100 .094 .040 .078 .033 .058 .025 .047 .020 .039 .017 .029 .013 .023 .010

13 .235 .100 .094 .040 .078 .033 .059 .025 .0 47 , 0 20 .039 .017 .029 .013 .023 .010

14 .235 .101 .094 .040 .078 .034 .059 .025 .047 .020 .039 .017 .029 .013 .023 .010

IS .236 .102 .094 .040 .079 .034 .059 .025 .0 47 .020 .039 .017 .030 .013 .024 .010

16 .236 . 102 .094 .040 .079 .034 .0 59 . 0 2 5 .0 47 . 0 20 .039 .017 .030 .013 .024 .010

17 .236 . 103 .094 .041 .079 .034 .059 .026 .047 .021 .039 .017 .030 .013 .024 .010

18 .237 .10 3 .095 .041 .079 .034 .0 59 . 0 26 .047 .021 .040 .017 .030 .013 .024 .010

19 .237 .103 .095 .041 .079 . 034 .059 .026 .0 47 . 021 .040 .017 .030 .013 .024 .010

20 .237 . 104 .095 .041 .079 .035 .0 59 . 0 26 .047 .021 .040 .017 .030 .013 .024 .010

21 .237 .104 .095 .0 42 .079 .035 .059 .026 .047 .021 .040 .017 .030 .013 .024 .010

22 .237 . 104 .095 .042 .079 .035 .0 59 . 026 .047 .021 .040 .017 .030 .013 .024 .010

23 .238 . 104 .09 5 .042 .079 .035 .0 60 . 0 26 .048 .021 .040 .017 .030 .013 .024 .010

24 .238 .105 .095 .042 .079 .035 .060 .026 .048 . 021 .o-to .018 .030 .013 .024 .011

25 .238 . 10 5 .095 .042 .079 .035 .060 .026 .0 43 . 021 .040 .018 .030 .013 .024 .011

26 .238 .105 .095 .042 .079 .035 .060 .026 .048 .021 .040 .018 .030 .013 .024 .011

27 .239 . 10 5 .096 .0 42 .080 .035 .060 .026 .048 .021 .040 .018 .030 .013 .024 .011

28 .239 . 10 5 .096 .042 .080 .035 .060 .026 .048 . 021 .040 .018 .030 .013 .024 .011

29 .239 .106 .096 .042 .080 .035 .060 .026 .048 .021 .040 .018 .030 .013 .024 .011

30 .239 . 106 .096 .042 .080 .035 .060 .026 .048 .021 .0 40 .018 .030 .013 .024 .011

31 .239 .106 .096 .042 .080 .035 .060 .026 .048 . 021 .040 .018 .030 .013 .024 .011

32 .239 . 106 .096 .042 .080 .035 .0 60 . 0 27 .048 .021 .040 .018 .030 .013 .024 .011

33 .239 . 106 .096 .0 42 .080 .035 .060 .027 .048 . 021 .040 .018 .030 .013 .024 .011

34 .239 .106 .096 .042 .080 .035 .060 .027 .048 . 021 .040 .018 .030 .013 .024 .011

35 .239 .106 .096 .043 .080 .035 .060 .027 .048 . 021 .040 .018 .030 .013 .024 .011

continved on next
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TABLE 10-11, continued

12/24 16/32

Dim Hgt Dim Hgt
18 19 20 21

Appror Min Appror Min

.019 .008 .014 .006

.019 .008 .014 ,006

.019 .008 .014 .006

.019 .008 .015 .006

.019 .008 .015 .066

,020 .008 .015 .006

.020 .003 .015 .006

,020 ,008 ,015 .006

.020 .008 .015 .006

,020 .009 .015 .006

.020 .009 .015 .006

.020 ,009 ,015 ,006

.020 .009 .015 .006

.020 .009 ,015 .006

.020 .009 ,015 .007

.020 . 009 . 0 1 5 . 007

.020 .009 .015 .007

.020 .009 .015 .007

.020 .009 .015 ,007

.020 .009 .015 .007

.020 .009 .015 .007

.020 .009 .015 .007

.020 .009 .015 .007

.020 . 0 0 9 . 0 15 . 007

.020 .009 ,015 .007

.020 .009 .015 .007

.020 -.009 .015 .007

.020 .009 .015 .007

.020 .009 .015 .007

.020 .009 .015 ,007

Diametfal Pitch

Number
20/40 24/48 32/64 40/80 48/96 of

Teeth

Hajor Diameter Chamfer

Dim Hgt Dim Hgt Dim Hgt Dim Hgt Dim Hgt
22 23 24 25 26 27 28 29 30 31 1

Approx Min Approx Min Aoprox Min Approx Min Approx Min

,011 .005 ,009 ,004 .007 .003 .006 .002 .005 .002 6

.012 .005 .010 .004 .007 .003 .006 .002 .005 ,002 7

.012 .005 .010 .004 .007 .003 .006 .002 .005 .002 8

,012 .005 ,010 ,004 .007 .003 .006 .002 .005 .002 9

.012 .005 ,010 .004 .007 .003 .006 .002 .005 .002 10

.012 ,005 .010 .004 .007 .003 .006 .002 .005 .002 11

.012 ,00 5 ,010 .004 .007 .003 .006 .003 .005 .002 12

.012 .005 .010 .004 .007 .003 .006 .003 .005 .002 13

,012 ,005 .010 .004 .007 .003 .006 .003 .00 5 .002 14

.012 ,005 .010 .004 .007 .003 ,006 ,003 .005 .002 15

.012 .005 . 010 . .004 .007 .003 .006 .003 .005 .002 16

.012 .005 .010 ,004 .007 .003 .006 .003 .005 .002 17

.012 ,005 .010 ,004 .007 .003 .006 .003 .005 .002 18

,012 .005 ,010 .004 .007 .003 ,006 .003 .005 .002 19

.012 .005 .010 .004 .007 .003 .006 .003 .005 .002 20

.012 ,005 ,010 .004 .007 .003 ,006 .003 .005 . 002 ^ 21
,012 .005 .010 -004 .007 .003 ,006 .003 .005 .002 22
.012 .005 .010 .004 .007 .003 .006 .003 .005 .002 23
.012 .005 ,010 .004 .007 ,003 .006 .003 .005 .002 24
.012 .005 .010 .004 .007 ,003 .006 .003 .005 .002 25

.012 .005 .010 .00 4 ,007 .003 .006 .003 .005 .002 26

.012 .005 ,010 .004 .007 .003 .006 ,003 .005 ,002 27

.012 .005 .010 .004 .007 .003 .006 .003 .005 .002 28

.012 .005 ,010 .004 .007 .003 .006 ,003 .005 .002 29

.012 .00 5 .010 .004 .007 .003 .006 .003 .005 .002 30

.012 .005 .010 .004 .007 .003 .006 .003 -005 .002 31

.012 .005 ,010 .004 .007 .003 .006 .003 .005 .002 32

.012 .005 .010 .004 .007 .003 .006 .003 .005 .002 33

.012 .005 .010 .004 .007 .003 .006 .003 .005 .002 34

.012 .005 ,010 .004 .007 .003 .006 .003 .005 .002 35

continued on next pa^e
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TABLE 10-1 1, continued

Diametral Pitch

Number
of 1/2 2.5/5 3/6 4/8 5/10 6/12 8/16 10/20

Teeth Major Diameter Chamfer

1

Dim Hgt
2 3

Approx Min

Dim Hgt Dim Hgt Dim Hgt Dim Hgt
4 5 6 7 8 9 10 11

Approx Min Approx Min Approx Min Approx Min

Dim Hgt Dim Hgt Dim Hgt
12 13 14 15 16 17

Approx Min Approx Min Approx Min

36 .240 .106 .096 .043 .080 .035 .060 .027 .048 . 021 .040 . 018 .030 .013 .024 .011

37 .240 .107 .096 .043 .080 .036 .060 . 027 .048 .021 .040 .018 .030 .013 .024 ,011

38 .240 . 107 .096 .043 .080 .036 .060 .027 .0 48 . 021 .040 . 018 .030 .013 .024 .011

39 .240 .107 .096 .043 .080 .036 .060 .027 .048 .021 .040 . 018 .030 '.013 .024 .011

40 .240 . 107 ’.096 .043 .080 .036 .060 .027 .048 . 021 .040 .018 .030 .013 .024 .011

41 .240 . 107 .096 .043 .080 .036 .060 . 027 .048 .021 .040 .018 .030 .013 .024 .011

42 .240 .107 .096 .043 .080 .036 .060 .027 .048 .021 .040 . 018 .030 .013 .024 .011

43 .240 . 107 .096 .043 .080 .036 .060 .027 .0 48 . 021 .040 , 018 ,030 .013 .024 .011

44 .240 . 107 .096 .043 .080 .036 .060 .027 .048 .021 ,040 .018 .030 .013 .024 .011

45 .240 .107 .096 .043 .080 .036 .060 .027 .048 .021 .040 . 018 .030 .013 .024 .011

46 .240 .107 .096 .043 .080 .036 .060 .027 .0 48 . 021 .040 . 018 .030 . 0 1 3 .024 .011

47 .240 .107 .096 .043 .080 .036 .060 .027 .048 .021 .040 . 018 .030 .013 .024 .011

48 .240 .107 .096 .043 .080 .036 .060 .027 .048 .021 .040 . 018 .030 .013 .024 .011

49 .240 .107 .096 .043 .080 .036 .060 .027 .048 . 021 .040 .018 .030 .013 .024 .011

SO .240 .107 .096 .043 .080 ,036 .060 .027 .048 . 021 .040 . 018 .030 .013 .024 .011

TABLE 10-12

Chamfer Data — Internol Involute Splines

1954 SAE Handbook

Number
of

Teeth
1/2 2.5/5

Ang Hgt Ang Hgt

1 2 3 4 5

D°-M' Min D°-M' Min

Diametral Pitch

3/6 4/8 5/10

Minor Diameter Chamfer

Ang Hgt Ang Hgt Ang Hgt

6 7 8 9 10 11

D°-M ' Min D°-M' Min D°M' Min

6/12 8/16 10/20

Ang Hgt Ang Hgt Ang Hgt

12 13 14 15 16 17

D°-St

'

Min D°-M' Min D°-M' Min

6 53. 37 .202 53 37 .081

7 53. 34 .180 53 34 .072

8 53. 31 . 164 53 31 .066

9 53. 29 .152 53 29 .061

10 53. 29 .143 53 29 .057

11 53. 28 . 135 53 28 ,054

12 53. 29 .129 53 29 .052

13 53. 29 .124 S3 29 .049

14 53. 30 .119 53 30 .048

15 53. 31 .115 53 31 .046

53. 37 .067 53. 37 .051 53 37 .040

S3. 34 .060 53. 34 .045 53 34 .036

S3. 31 .055 53. 31 .041 53 31 .033

S3. 29 .051 53. 29 .038 53 29 .030

53. 29 .048 53. 29 .036 53 29 .029

53. 28 .045 53, 28 .034 S3 28 .027

53. 29 .043 53. 29 .032 53 29 .026

53- 29 .041 53. 29 .031 53 29 '•.025

53. 30 .040 53. 30 .030 53- 30 .024
53. 31 .038 53. 31 .029 53. 31 .023

53-37 .034 53-37 .025 53-37 .02(

53-34 .030 53-34 .022 53-34 .OlJ

53-31 .027 53-31 .020 53-31 .016

53-29 .025 53-29 .019 53-29 .Oi:

53-29 .024 53-29 .018 53-29 .OH

53-28 .023 53-28 .017 53-28 .OH

53-29 .022 53-29 .016 53-29 .013

53-29 .021 53-29 .016 53-29 .012

53-30 .020 53-30 .015 53-30 .012

53-31 .019 53-31 .014 53-31 .01^

continued on next
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I ABLE 10—11, ccr.tir.ue

p-g—ggel Pitts

i2/24 iA/32 20/43 24/4S 32/64 43/HO 4E/96

Major Dianersr Chanfer

Pic rizt Pic Hat Die Kgt Pic Hat Die Hat Pic Hgr Pic Hat

IS 19 20 21 22 23 24 25 26 27 2S 29 30 31

Aarcoi lEa Arptox Mia Approx Mia Approx J,Qa Approx Min A.pprox Jfin Approx Min

,023 .GOS .015 .037 .012 .035 .010 .004 .cog .003 .006 .003 .005 .002 36

.023 .GC5 .015 .03? .012 .005 .010 .004 .OOS .003 .006 ,003 .005 .002 37

.023 .003 .015 .007 .012 .005 .010 .004 .cog .003 .006 .003 .005 .002 3 S

.023 .005 .015 .007 .012 .00'

5

.010 .004 •,00g .003 .006 .003 ,005 .002 29

,020 .003 .015 .007 .012 .005 .010 .004 .cog .003 .006 .003 .005 .002 40

.020 .COS .015 .007 .012 .005 .010 .004 .OC'g .003 .006 .003 .005 .002 41

.020 .009 .015 .007 .012 .005 .010 .004 .oog .003 .006 .003 .005 .002 42

.023 .009 .015 ,007 .012 .003 .010 .004 ,008 .003 ,006 .003 .005 ,002 43

.020 .005 .015 .007 .012 .005 .010 .004 .008 ,003 ,006 .003 .005 .002 44

.023 .003 .015 .007 .012 . 00 n .010 .004 .oog .002 .006 .003 .005 .002 45

.020 .009 .015 .007 .012 .005 .010 .004 .008 .003 .006 .003 .005 .002 46

.020 .003 .015 .007 .012 .005 . C-10 ,004 .008 .003 .006 .003 .005 .002 47

.023 .009 ,015 .007 .012 .005 .010 .004 .006 .003 .006 .003 .005 .002 48

.020 .009 .015 .007 .012 ,005 .010 .004 .008 .003 ,006 .003 .005 .002 46

.020 .009 .013 .007 .012 .005 .010 .004 .OOH .003 .006 .003 .005 ,002 50

Nccber

TABLE 10—12, continnsti

Diacctrai Pfrar?

12/2X 16/52 20/40 24/48 32/64 40/80 48/96
Nuefaer

y.inoz Diaenrsr Chaefe:r Teetii

Ac5 Kgt Aca Kgt nng Hat Ang Hgt •Ang Hgt Acg Kgt Ang Hgt

IS 19 23 21 22 23 24 25 25 27 28 29 30 31 1

D--1 Ific D’-M
'

Mia D^-M' Min D"-M' IGn D=-M' Mia D=-M' Min D°-M' Min

53-• 37 .017 53-37 .013 53-37 .010 53-37 .006 53-37 .006 53-37 .005 53-37 .004 6
53- - * .015 53-34 .011 53-34 .009 53-34 .008 53-34 .005 53.34 .005 53-34 .004 7
53-•31 .014 53-31 .010 53-31 .005 53-31 .007 53-31 .005 53-31 .004 53-31 .003 8
53- 25 013 53-29 .010 53-29 .008 53-29 .005 53-29 . 005 53-29 .004 53-29 .003 9
53-•25 .012 53-29 .009 53-29 .007 53-29 .006 53-29 .004 53-29 .004 53-29 .003 10

•28 .011 53-28 .008 53-28 .007 53-28 .006 53-28 .004 53-28 .003 53-28 .003 11
53-•29 .011 53-29 .008 53-29 .006 53-29 .005 53-29 .004 53-29 .003 53-29 .003 12
53-29 .010 53-29 .008 53-29 .005 53-29 .005 53-29 .004 53-29 .003 53-29 .003 13
53. 30 .010 53-30 .007 53-30 .006 53-30 .005 53-30 .004 53-30 .003 53-30 .002 14
53-• 31 .010 53-31 .007 53-31 .006 53-31 ,005 53-31 .004 53-31 .003 53-31 .002 15

ccnftsied CO nsi? pa^e
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TABLE 10-12, continued

r- ANGLE

Number
o f

Teeth
1/2 2.5/5

Diametral Pitch

3/6 4/8 5/10

Minor Diameter Chamfer

6/12 8/16 10/20

Ang Hgt Ang Hgt Ang Hgt Ang Hgt Ang Hgt Ang Hgt Ang Hgt Ang Hgt

1 ) 3 4 5 C> 7 8 9 10 11 12 13 14 15 16 17

D°-:M' Min D°-;M' Min D°-M' Min D°-M' Min D°-] Min D^-M' Min D°-M' Min D°-M' Min

16 53- 31 .112 53- 31 .045 53- 31 .037 53- 31 .028 53- 31 .022 53. 31 .019 53..31 .014 53. 31 .011

17 53- 32 .109 53- 32 .044 53. 32 .036 53- 32 .027 53- 32 .022 53- 32 .018 53..32 .014 53 32 .011

18 53- 32 . 106 53- 32 .043 53- 32 .035 53- 32 .027 53- 32 .021 53. 32 .018 53.• 32 .013 53 32 .011

19 53- 33 .104 53- 33 .042 53- 33 .035 53- 33 .026 53- 33 .021 53. 33 .017 53..33 .013 53 33 .010

20 53- 34 . 102 53- 34 .041 53- 34 .034 53- 34 .026 53- 34 .020 53- 34 .017 53.• 34 .013 53. 34 .010

21 53- 35 .100 53. 35 .040 53- 35 .033 53- 35 .025 53- 35 .020 53. 35 .017 53.-35 .013 53 35 .010

22 53- 36 .098 53- 36 .039 53. 36 .033 53- 36 .025 53- 36 .020 53. 36 .016 53..36 .012 53 36 .010

23 53- 37 .097 53- 37 .039 53- 37 .032 53- 37 .024 53- 37 .019 53. 37 .016 53..37 .012 53, 37 .010

24 53- 38 .096 53- 38 .038 53- 38 . 032 53- 38 .024 53- 38 .019 53. 38 .016 S3..38 .012 53. 38 .010

25 53- 38 .094 53. 38 .038 53- 38 .031 53- 38 .024 53- 38 .019 53. 38 .016 53..38 .012 53, 38 .009

26 53- 39 .093 53- 39 .037 53- 39 .031 53- 39 .023 53- 39 .019 53- 39 .016 53..39 .012 53. 39 .009

27 53- 40 .092 53. 40 .037 53. 40 .031 53- 39 .023 53- 40 .018 53- 40 .015 53.• 40 .011 53. 40 .009

28 53- 40 .091 53. 40 .036 53- 40 .030 53- 40 .023 53- 40 .018 53. 40 .015 53..40 .011 53. 40 .009

29 53. 41 .090 53- 41 .036 53. 41 .030 53- 41 .023 53- 41 .018 53. 41 .015 53..41 .011 53. 41 .009

30 53. 41 .089 53. 41 .036 53- 41 .030 53- 41 .022 53- 41 .018 53. 41 .015 53..41 .011 53. 41 .009

31 53- 41 .088 53. 41 .035 53. 41 .029 53- 41 .022 53- 41 .018 53. 41 .015 53..41 .011 53. 41 .009

32 53. 42 .088 53. 42 .035 53- 42 .029 53- 42 .022 53- 42 .018 53. 42 .015 53. 42 .011 S3. 42 .009

33 53- 43 .087 53- 43 .035 53- 43 .029 53- 43 .022 53- 43 .017 53- 43 .015 53. 43 .011 53. 43 .009

34 53. 43 .086 53- 43 .035 53- 43 .029 53. 43 .022 53- 43 .017 53- 43 .014 53..43 .011 53. 43 .009

35 53. 44 .086 53- 44 .034 53. 44 .029 S3. 44 .021 53- 44 .017 53. 44 .014 53..44 .011 53. 44 .009

36 53- 44 .085 53- 44 .034 53- 44 .028 53. 44 .021 53- 44 .017 53- 44 .014 53. 44 .011 53. 44 .009

37 53. 44 .085 53. 44 .034 53. 44 .028 53- 44 .021 53- 44 .017 53. 44 .014 53..44 .011 53. 44 .009

38 53. 45 .084 53- 45 .034 53. 45 .028 53. 45 .021 53- 45 .017 53. 45 .014 53. 45 .011 53. 45 .008

39 53. 46 .084 53- 46 .034 53- 46 .028 53- 46 .021 53. 46 .017 53. 46 .014 53- 46 .010 53. 46 .008

40 53. 46 .083 53- 46 .033 53- 46 .028 53- 46 .021 53. 46 .017 53- 46 .014 53. 46 .010 53- 46 .008

41 53. 46 .083 53. 46 .033 53- 46 .028 53- 46 .021 53- 46 .017 53- 46 .014 53-.46 .010 53. 46 .008

42 53. 47 .082 53- 47 .033 53- 47 .027 53. 47 .021 53- 47 .016 53- 47 .014 53-.47 .010 53- 47 .008

43 53. 47 .082 53. 47 .033 53- 47 .027 53. 47 .020 53- 47 .016 53. 47 .014 53- 47 .010 53- 47 .008

44 53. 47 .081 53. 47 .032 53. 47 .027 53- 47 .020 53. 47 .016 53- 47 .014 53- 47 .010 53- 47 .008

45 53. 48 .081 53. 48 .032 53- 48 .027 53- 48 .020 53- 48 .016 53- 48 .014 53- 48 .010 53- 48 .008

46 53. 49 .080 53. 49 .032 53- 49 .027 53- 49 .020 53- 49 .016 53-49 .013 53- 49 .010 53- 49 .008

47 53. 49 .080 53- 49 .032 53- 49 .027 53- 49 .020 53- 49 .016 53- 49 .013 53- 49 .010 53- 49 .008

48 53- 49 .080 53- 49 .032 53- 49 .027 53- 49 .020 53- 49 .016 53- 49 .013 53- 49 .010 53-49 .008

49 53- 50 .079 53- 50 .032 53- 50 .026 53- 50 .020 53- 50 .016 53- 50 .013 53- 50 .010 53- 50 .008

50 53. 50 .079 53. 50 .032 53- 50 .026 53- 50 .020 53- 50 .016 53- 50 .013 53- 50 .010 53- 50 .008

continued on next pe£e
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TABLE 10-12, continued

— AWRI F

53 - 31 .009 53 - 31 .007 53 - 31 .006 53 - 31 .005 53 - 31 .003 53 31 .003 53 - 31 . 002 16

53 - 32 .009 53 - 32 .007 53 - 32 .005 53 - 32 .005 53 - 32 .003 53 32 .003 53 32 .002 n
53 - 32 ,009 53 - 32 .007 53 - 32 .005 53 - 32 .004 53 - 32 .003 53 32 .003 53 32 .002 18

53 - 33 .009 53 . 33 .007 53 - 33 .005 53 - 33 .004 53 - 33 .003 53 33 .003 53 33 .002 19

53 - 34 .009 53 - 34 .006 53 - 34 .005 53 - 34 .004 53 - 34 .003 53 34 .003 53 34 .002 20

53 . 35 .008 53 - 35 .006 53 - 35 .005 53 - 35 .004 53 . 35 .003 53 35 .003 53 35 .002 21

53 - 36 .008 53 - 36 .006 53 - 36 .005 53 - 36 ,004 53 - 36 .003 53 36 .002 53 36 .002 22

53 . 37 .008 53 . 37 .006 53 - 37 .005 53 - 37 .004 53 - 37 .003 53 37 .002 53 37 .002 23

53 -.38 .008 53 - 38 .006 53 - 38 .005 53 38 .004 53 - 38 .003 53 38 .002 53 38 .002 24

53 -.38 .008 53 - 38 .006 53 . 38 .005 53 38 .004 53 - 38 .003 53 38 .002 53 38 .002 25

53 .39 .008 53 39 .006 53 - 39 .005 53 39 .004 53 - 39 .003 53 39 .002 53 39 .002 26

53 .40 .008 53 40 .006 53 - 40 .005 53 40 .004 53 - 40 .003 53 40 .002 53 40 .002 27

53 .40 .008 53 40 .006 53 - 40 .005 53 40 .004 53 . 40 .003 53 40 .002 53 40 .002 28

53 • 41 .008 53 41 .006 53 - 41 .004 53 41 .004 53 - 41 .003 53 41 .002 53 41 .002 29

53 41 .007 53 '41 .006 53 . 41 .004 53 41 .004 53 - 41 .003 53 41 .002 53 41 .002 30

53 -41 .007 53 41 .006 53 - 41 .004 53 41 .004 53 . 41 .003 53 41 .002 53 41 .002 31

53 -42 .007 53 42 .006 53 . 42 .004 53 42 .004 53 . 42 .003 53 42 .002 53 42 .002 32

53 -43 .007 53 43 .005 53 - 43 .004 53 43 .004 53 . 43 .003 53 43 .002 53 43 .002 33

53 -43 .007 53 43 .005 53 - 43 .004 53 43 .004 53 . 43 .003 53 43 .002 53 43 .002 34

53 .44 .007 53 44 .005 53 . 44 .004 53 44 .004 53 - 44 .003 53 44 .002 53 44 .002 35

53 -44 .007 53 44 .005 53 . 44 .004 53 44 .004 53 . 44 .003 53 44 .002 53 44 .002 36

53 -44 .007 53 44 .005 53 . 44 .004 53 44 .004 53 . 44 .003 53 44 .002 53 44 .002 37

53 -45 .007 53 45 .005 53 . 45 .004 53 45 .003 53 . 45 .003 53 45 .002 53 45 .002 38

53 -46 .007 53 46 .005 53 . 46 .004 53 46 .003 53 . 46 .003 53 46 .002 53 46 .002 39

53 -46 .007 53 46 .005 53 . 46 .004 53 46 .003 53 - 46 .003 53 46 .002 53 46 .002 40

53 -46 .007 53 •46 .005 53 . 46 .004 53 46 .003 53 . 46 .003 53 46 .002 53 46 .002 41

53 .-47 .007 53 47 .005 53 . 47 .004 53 47 .003 53 . 47 .003 53 47 .002 53 47 .002 42

53 -47 .007 53 47 .005 53 . 47 .004 53 47 .003 53 . 47 .003 53 47 .002 53 47 .002 43

53-47 .007 53 47 .005 53 . 47 .004 53 47 .003 53 . 47 .003 53 47 .002 53 47 .002 44
53 -48 .007 53 -48 .005 53 . 48 .004 53 48 .003 53 . 48 .003 53 48 .002 53 48 .002 45

53 -49 .007 53 -49 .005 53 .-49 .004 53 49 .003 53 . 49 .003 53 49 .002 53 49 .002 46
53-49 .007 53-49 .005 53 -49 .004 53 49 .003 53 . 49 .003 53 49 .002 53 49 .002 47
53-49 .007 53-49 .005 53 -49 .004 53 49 .003 53 . 49 .003 53 49 .002 53 49 .002 48
53 -50 .007 53-50 .005 53 -50 .004 53 50 .003 53 . SO .002 53 50 .002 53 50 .002 49
53 -50 .007 53 -50 .005 53 -50 .004 53 -50 .003 53 . 50 .002 53 50 .002 53 50 .002 50
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TABLE 10-13

Pin Diameters & Measurements over Pins for

External Involute Splines

1954 SAE Hondbook

DiAumAL rtixm

\n 2.S/S ^/6 4/8 5/10 6/12 lO'W
1

12/24 16/J2

j

W40
}

3«/<8 n/u
j

40,'JO «/5fi

6 S.S660 3.5464 2.955:? 2,2165 1.7732 1 .4777 i.ios:? O.SSOO 0.738.8 0.5541
1
0.4433

{

1
0.3G94 0.2771

i

j

0.2217 0.1847

7 9.6S19 3. 8728 3.227:? 2.4205 1.>J364 1.6137 1.2102- 0.9682 0.806S 0.6051 0.4S4I 1 0.4034- 0,3026
1
0.2421 0.2017

s 10.S944 4.3578 3.6315 2.72.36 2.1789 1.8157 1.3618 1.0891 n.!X)79 0.6809 0..5447 0.4539 0.3405 ! 0.2724 0.2270

9 11.7535 4.7014 3.9178 2.9384 2.3507 1.9589 1.4092 1.1754 0.9795 0.7346 0,5877 0.4897 0.3673 0.2938 0.2449

10 12.9144 5.1658 4.:?04S 3.2286 2.5829 2.1521 1 .6143 1.2914 1.0762 0.8072 0.6157 0.5381 0.40.36 0.3229 0.2690

11 13.8003 5.5201 4.6001 3.4501 2.7001 2.3001 1.7250 1.3800 1.1500 0.8625 0.0900 0.5750 0.4313 0.3450 0.2875

12 14.9295 5.9718 4.9765 3.7324 2.9859 2.4883 1.8062 1 .49.30 1.2441 0.9331 0.7465 0.6221 0.4665 0.3732 0.3110

13 15.S335 6.3334 5.2778 3.9581 3.1007 2.0.T89 1.9792 1.5834 1.3195 0.9890 0.7917 0.6597 0.4948 0.3958 0.3299

14 16.9412 6.77G5 5.6471 4.2,35? 3.3882 2.8215 2.1177 1.6941 1.4118 1 .0588 0.8471 0.7059 0.5294 0.4235 0.3529

15 17.S5S4 7.1434 5.9528 4.4646 3,5717 2.9761 2.232? 1 .7858 1.48.82 1.1102 0.8929 0.7441 0.5581 0.4465 0.3721

16 IS. 9507 7.5803 6.3169 4 ,7577 3.7001 3.1585 2.36‘?S 1 .8951 1.5792 1.1844 0.9175 0.7896 0.5922 0.4738 0.3948

17 19.S77S 7.9511 6.6259 4 .9695 3.9756 3.3130 2.4847 1 .9.878 1 .6.565 1 .2424 0.9939 0.8282 0.6212 0.4970 0.4141

IS 20.95S4 S.3S34 6.9861 5,2396 4.1917 3.4931 2.619S 2.09,58 1 7405 1.3099 1.0479 0.8733 0.6550 0.5240 0.4366

19 21 .8934 8.7574 7.2978 5.4734 4.3787 3.6489 2.7367 2.1,8<.V? 1.8245 1.3683 1.0947 0.9122 0.6842 0.5473 0.4561

20 22,9649 9.1860 7.6550 5.7412 4.5930 3,8275 2.8706 2.a>65 1 .91.37 1.4S53 1.1482 0.9500 0.7177 0.5741 0.4784

21 23.9062 9.5625 7.9687 5.9760 4.7812 3.9814 2. <988:? 2..3<.106 1 .9922 1.4941 1.1953 0.9961 0.7471 0.5977 0.49S0

22 24.9701 9.9882 8.3235 6.2426 4.9911 4'. 1017 3.1213 2.4970 2.0,809 1.5607 1.2485 1.0464 0.7803 0.6243 0.5202

23 25.916S 10.3667 8.6189 6.4792 5.1831 4.3195 3.2390 2.5017 2.1.597 1.019.8 1.2958 1.0799 0.8099 0.6479 0.5399

24 26,9752 10.7901 8.9917 6.7438 5 3950 4.4959 3.3719 2.6975 2.2479 1.6860 1.3488 1.1240 0.8430 0.6744 0.5620

25 27.9259 11.1704 9.3086 6.9815 5. 581.2 4. 0543 3.4907 2.7926 2.3272 1.7451 1.3'.)63 1.1636 0.8727 0.6982 0.5SIS

26 2S.9793 11.5917 9.6598 7.2448 5.79.59 4.S2'.>9 3.6224 2.8979 2.4149 1.8112 1.4490 1.2075 0.9056 0.7245 0.6037

27 29.9337 11.9735 9.9779 7 4S:?1 5.9867 4.9890 3.7417 2.9934 2.4915 1.8709 1.4967 1.2472 0.9354 0.7483 0.6238

2S 30.9S29 12.3932 10 3270 7.7457 6.1960 5. 1638 3.8721 3.0983 2.5819 1.9304 1.5491 1.2910 0.9682 0.7746 0.6455

29 31 .9405 12.7762 10.6468 7,9851 6.3881 5.3234 3.9920 3.1911 2.6017 1.9963 1.5970 1.3309 0.9981 0.7985 0.6654

30 32.9SG2 13.1945 10.9>151 S 2460 0,5972 5.4977 4.1213 3.2)86 2.74.89 2.0610 1.6193 1 .3744 1.0308 0.8247 0.6872

31 33.9465 13.57S0 11.3155 8 4860 0.7893 5.6578 4.2433 3.3947 2 8289 2.1217 1.0973 1.4144 1.0008 0.8487 0.7072

32 34.9S90 13.9956 11 f-6?0 S 7473 0 9978 5.8315 4 3736 2.9158 2.1868 1.7495 1.4579 1.0934 0.8747 0.7289

33 35.9517 14.3807 11 9839 S 9S79 7.1903 5.9920 4.4910 3.5‘.i52 2 9960 2.2470 1.7976 1.4980 1.1235 0.8988 0.7490

34 36.9916 14.7966 12.3305 9 2479 7 3983 0.1653 4.6240 3. 6992 3.0820 2.3120 1.8196 1.5413 1.1560 0.9248 0.7707

35 37.05G5 15.1826 12.6522 9 4891 7.5913 0.3261 •1.7440 3.7057 3 1630 2.3723 1 .8978 1.5815 1.1861 0.9489 0.790S

36 3S.9939 15.5976 12 OliSO 9 7485 7. 7988 6.4990 4.8742 3.8',X)l 3 2495 2.4371 1.9497 1.6247 1.2IS6 0.9749 0.8124

37 39.9607 15 9843 13.320-2 9 1HX12 7.9921 0.6001 4.9951 3 9901 3 3;?01 2.4975 1.9980 1.6650 1.2488 0.9990 0.8325

3S 40.9960 16.3984 1 3 . C653 10 21<X1 S.I992 6. 8127 5.1245 l.O'.W 3.4163 2.5623 2.0198 1.7082 1.2811 1.0249 0.8511

39 11. >>645 16.7858 13.9882 10 4911 S.39-’9 0.81911 5.2156 4 . 1965 3 4970 2.6228 2.09S2 1.7485 1.3114 1.0491 0.8743

40 42. 99SO 17.1992 14.3327 10 7495 8.5996 7.1063 5.3748 4 29'IS 3.5832 2.6874 2,1499 1 .7916 1 .3437 1.0750 0.8958

41 43 P6S0 17.5872 14.6560 10 9920 8.7936 7.3280 5.4900 •4 .30(»-'^ 3.6(ViO 2.7480 2.1981 1.8320 1.3740 1.0992 0.9160

42 44.9996 17.9998 14.9990 11.2199 8.9999 7.4999 5.6245 4.50tX) 3.7500 2.8125 2.2500 1.8750 1.4062 1.1250 0.9375

43 45.9711 18.3884 15..3-237 11 .4928 9.1912 7.0019 5.7461 4.,5971 3 .830'.) 2.8732 2 1.9155 1.4366 1.1493 U.yoTT

44 47.0013 18.8005 15 6671 11.7503 9 4003 7.8330 5.8752 4.7001 3,9168 2.9.376 2.3501 1.9584 1.4688 1.1750 0.9792

^5 47.9740 19.1896 15 9913 11.9935 9 5918 7.9957 5.9968 4,7974 3.1X178 2. 9954 2.3<iS7 1.99S9 1.4992 1.1994 0.9995

46 49.002S 19.6011 16. 3143 12.2507 9 8000 8.1671 6.1253 4.900:1 4.0S:?0 3.0627 2.4501 2.0418 1.5313 1.2251 1.0-209

47 49.9766 19.9906 16.6589 12.4942 9.9953 8.3261 0.2471 4.9977 4.1047 3.1235 2.4988 2.0824 1.5618 1.2494 1.0412

4S 51.0011 20.4016 17.0014 12.7510 10.2008 8.5007 6.3755 5.1001 4 .250? 3.1878 2.5502 2.1252 1.5939 1.2751 1.0626

49 51 .9790 20.7916 17.3263 12.9918 10.3958 8.6632 6.4974 5.1979 4.3316 3.2487 2.5990 2.1658 1.6245 1.2995 I.0S29

50 53.0054 21.2022 17.6685 13.2514 10.0011 8.8343 6.6257 5.3006 4.4171 3.3128 2.6503 2.2086 1.6564 1.3251 1.1043

1.9200
Pin diameter, ”—p~“
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TABLE 10-U

Pin Diometers and Measuramenfs betv/een Pins for

Internal Involute Splines

1954 SAE Handbook

ZUXmJLl. TTTS!

l/J
1

1 J/S
1

5/1- €/12
[

s/lfi K/23 12/Z< 15/32
I

2)/« 2VM 35/M io/zn

6

1

4.3?33‘ 1.7573* 1.4541 l.COffl 0.8787 0.5492 0 .4,393 0.3661 0.2197 1 0.1098 0.0915

i7 5.2232 2.CS92' 1.74I0f 1.3058 1.6H45 0.8705 0.5529 0.5223 0.4353 0.2812 0.1306 0.1088

6 .33.54
'

2.5.582: 2.1318 1.5989 1.2791 1.06.59 0.7994 0.6395 0.5329 0.3997 0.3I9S 0.1599 0.1332

‘9 7.2513 2.9047 2.4206- 1-8135 1.4524 1.2103 0.7262 0.4539 0.3631 0.3025 0.2269 0.1815 0.1513

S.3355' 3.3556 2.79^ 2.0992 1.6793 1.3394 1.0496 0.8397 0.6997 0.5243 0.4198 0.3499 0.2624 0.1749

11
!

9.2^1 3.7147
1

3.60-56? 2.3217 1.8573 1.5478 0.S2S7 0.7739 0.5804 0.2902 0.2322 0,1935

12 10.3773 4.15S 3.46-58 2.5993 2.0795 1.7323 1.2S97 1.0337 0.8664 0.5498 0.4332 0.3249 0.2166

13 11.3O40| 4.5216 3.7680* 2.8260 242608 1.SS40 1.4130 1.1304 0.9420 0.7065 0.4710 0.5533 0.2828 0.2355

14 12.3973 4.9591 4.1326| 3.0995 2.4796 2.0663 1.5497 1.2338 0.7749 0.5166 0.3874 0.3099 0.2583

15 13.31671 5.3257 4.4323! 3.3292 2.6533 2.2195 1.6646 1.3317 1.1097 0,5549 0.4161 0-3329 0.2774

16 14.35S2 5.7593 4.7594 3.5996 2.8796 2.3997 1.7998 1.4338 I. 1999 0.7199 0.4499 0.3600 0.3000

17 15.325.3| 6.136«5 5.1089 3.83171 3.0653 2.5544 1.9153 1.5327 1.2772 •0.3832 0.3193

IS 16.3545 6.3594 5.4662! 4.0996 3.2757 2.7331 2.04S8 1.6393 1.3665 1.0249 0.8199 0.5125 Kilgg
19 17.3313' 6.9337 5.7781 4.3336 3.4669 2.8831 2.1668 1.7335 1.4445 1.0534 0.5417 0.4334

20 1S.3957 7.3335 6.1329 4,5997 3.6757 3.066.5 2.2903 1.8393 1.5332 1.1499 0.9199 0.5750 0.4600 0.3833

21 19.3105 7.7362 6.4468 4.S51 3.8681 3.2234 2.4176 1.9341 1 .6118 1.2088 0.6644 0.4835

22 2b.3SS3 8.1336 6.7906 5.6997 4.0758 3.3998 2.54S9 2.0399 1.2749 0.6375 0.5100 0.4250

23 21.3157' 8.5383 7.1152 5.3364 4.2691 3.5576 2.6682 2.1345 I.77SS 1.3.341 0.8894 0.6671 0.5337 0.4447

2i 22.3991 8.9336 7.4665 5.S998 4.4798 3.7332 2.7999 2.2399 1.8666 1.3999 1.1199 0.9333 0.5600 0.4666

23 23.3301 9.3160 7.7834 3.S37S 4.6700 3.8317 2.9188 2.3350 1.0459 1.4595 1.1676 0.9730 0.7297 0.5838 0.4865

26 24-3552 9.7337 S.I331 6.0998 4.8798 4.0G65 2.4399 2.(B33 1.5250 1.2200 1.0166 0.7625 0.6100 0.5083

27 25.3.33S- 10.1415 8.4513 5.338-51 5.0708 4.22yj 3.1692 2 .53.54 2.1128 1.5^6 1.2677 1.0564 0.7923 0.63.39 0.52S2

2S 26 .3593 ' 10.5557 8.7998 6.5998 5.2799 4.3393 3.2999 2.6399 2.1999 1.55rX) 0.82.50 0.6600

23 27.3571 10.9428’ O-llGO*. 6.8333 5.4714 4.5593 3.4196 2.7357 2.2797 1.7098 l.SoiS 1.15W 0.8549 0,6840

30 2S.3994 11.3338 9.4663
,

7.0999 5.6759 4.7332 3.5499 2.S359 2-3666 1.7750 1.4200 1. 1833 0.8875 0.710C 0.5917

31 29.3595
1

!
11.7440 9.7866

,
7.3400 5.8720 4.8333 3.67(» 2.4467 1.83.50 1.4680 1.2234 0.9175 0.7340 0.6117

32 ' 39.3555; 12.1595; I0.I.332, 7.SQ55 6.0759 5.0666 3.7999 2.5333 i.gox) 1.5200 1.2666 0.9500. 0.7600 0.6333
33 1 31-3523 12.5419; 10.4,541t 7.3106 6.2725 5.22n 3.9203 3.1363 2.6136 1.9602 1.5681 1.3068 0.9801 IBI 0.6534
31

[

32 .3555' 12.S.395! 10.755$' S.0555 6.4799 5.3399 3.2409 2.7COO 1.6200 1.0125 0.6750
35 33 .3545

!,

13.3455' 11 . 1215’ 8.3411
1

6.6723 5.5608 3.3355 2.7804 1.6682 1.3902 1.0426 0.6951

35 ( 34 .3555! I3.7a?s| 11.4655 8.5999 6.8799 5.7333 4.3000 3.4400 2.8666 2.1500 1.4533 1.0750 0.7167
37 35.3553, 14.1465| 1I.7S3S

,

8.8416 ' 7.0733 5.8944 4.4208 3.5366 2.9472 1.7683 1.4736 1.1052 0.8842 0.7368
3S 35.3555 14.3553. 12.1332

j

9.6999 7.2799 6.0666 4.5500 2.2750 1.8200 1.5166 1.1375 0.9100 0.7583
39 37.3532 14.9473; 12.4561 9.3421 7.4736 6.2280 4.6710 3.7368 3.1140 2.3355 1.86« 1.5570 1.1677 0.9342 0.7785
40

1

38.3557j 15.3559 12.7555 Q.5C<^, 7.6799 6.4000 4.8X10 3.8400 3.2000 1.9200 1.6000

41
i i f

1

15.7470 13.123^ 9.8425 7.8740 6.5616 4.9212 3.2838 2.4606 1.9685 0.9842 0.8202
42

j

40.3557, 15.1599, 13.4656' 10.0G59| 8.0799 6.7333 5.0500 4.0400 3.3666 2.5250 2.0200 1.6833 1.2625 1.0100 0.8417
43 41.3712, I6.54S.5| 13.79<>l| 10.3128 8.2742 6.8952 5.1714 4.1371 3.4476 2.5857 2.0685 i./^S 1.2928 0.8619
44

{
42.3558; I6.&559

;
14.1333; lO.effiC 8.4800 7.0666 5.3000 3.5333 2.6500 2.1200 1.7667 1.3250 0.8833

45 43.3725’ 17 .3150.! 14.4.575' 10.8131 8.6745 7.2288 5.4216 4.3373 3.6144 2.7108 2.1686 1.8072 1.3554

45
1
44.3958^ 17.7559 14.7559' 11.1606 8.8800 7.4000 5.5500 4.4400 2,7750 2.2200 1.3875 1.1100 fou^SI

47 45.3737; 18. 1435 15.I216; 11.343l| 9.0747 7.5623 5.6717 4.5373 3.7811 2.8.338 2.2687 1.4179 1.1343 0.9453
4S 46.3999, 18.5500, 13.4665' 11.6000' 9.2800 7.7333 5.S000 4.6400 3.8667 1.4500 1.1600 0.9667
49 47.3748, 18.9199, 15.7915 Il.&1.37j 9.4750 7.8358 5.9218 4.7375 3.9479 2.9609 2.3887 1.9739 1.1844 liCmil
50 48.^, I9.3600j 16.1333i 12.1000; 9.6800 8.0657 6.0300 4.8400 4.0333 3.0250 2.4200 1.5125 1.2100 1.0083



TABLE 10-15

Involute Spline Selections Based on Standard Ball Bearing Bores

1954 SAE Handbook

Dimensions given ore number of teeth nnd major dlnmetcrs neorest under benrlng bore.
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TABLE 10-16

Range of Involute Serrations, SAE Standard

1954 SAE Hondbook

Range of Diametral Pitches*

Range of Number of Teeth

Range of Nominal Diameters

10/20 to 128/256

6 to 100

.10 inch diameter (11 teeth 128/256 D.P.)

to 10.14 inch diameter (100 teeth 10/20 D.P.)

10/20 Pitch (actual size) 24/48 Pitch (actual size)

•Diarnetrol pitch la dealgnated by tv/o numbera written in the form of a fraction. The numerator la the number of teeth

divided by the pitch diameter In Inchea end the denominator ia the reciprocal of the addendum. (The addendum ia half the

difference between the major diameter of the external aerrotion and the pitch diameter.)

TABLE 10-17

Data To Be Placed on Drav/ing of External Involute* Serrations

Involute Serration Data Example Table No. Column

Number of Teeth

Diametral Pitch

Pitch Diameter

20

10/20

2.0000 10-20 2
Base Circle Diameter 1.4142 10-20 3

Major Diameter
2.1000

2.0900
10-20 8

Minor Diameter
1.8900

1.9000
10-20 9

Tooth Thickness .1771 10-20 Sub-heading
Measuring Pin Diameter .1920 10-20 Sub-heading
Measurement Across Pins 2.3189 (min) 10-20 11

fTlF Diameter 1.9300 (max) 10-20 10

Class of Fit

Drawing Number of Mating Part

Class A 10-21

•See footnote to Table 10—2,

fThe TIF diameter or “true Involute form" diameter la the diameter beyond v/hich the tooth profilea ore true

Involutea.
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TABLE 10-18

Data To Be Placed on Drawing of Internal Involute* Serrations

Involute Serration Data Example Table No. Column

Number of Teeth 20
Diametral Pitch 10/20
Pitch Diameter 2.0000 10-20 2

Base Circle Diameter 1.4142 10-20 3

Major Diameter
2.1500

2.1400
10-20 4

Minor Diameter
1.9400

1.9500
10-20 5

Measuring Pin Diameter .1920 10-20 Sub-heading

Measurement Between Pins 1.7139 (max) 10-20 7

fTIF Diameter 2.1100 (min) 10-20 6

Class of Fit Oass A 10-21
Drawing Number of Mating Part

*See footnote to Toble IOw2,

fTIF diameter or “true Involute form" diameter ! the dlometer within which the tooth profilee «re true

involutea*
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TABLE 10-19

Basic Formulas for Involute Serrations

1954 SAE Handbook

Circular Pitch = i-14l593

diametral pitch

Addendum (external) = Dedendum (external) = .500

diametral pitch

Addendum (internal) = .300

diametral pitch

Dedendum (internal) = .700

diametral pitch

Circular Tooth Thickness (external) = Circular Tooth Space Width

(Internal) = ^-770796

diametral pitch

Pitch Diameter = Number of Teeth

Diametral Pitch

A« used £n the above formulas, diametral pitch means the numerator of the
expression used to specify the sire of the seTretion. In the case of a 1/2
diametral pitch serration, 1 should be substituted for diametral pitch in the
above formulas.
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TABLE 10-20

Basic Data for 10/20 Diametral Pitch Involute Serrations

1954 SAE Handbook

10/20 Diametral Pitch
Pressure Anile, 45*

Circular Pitch, OJ142
Circular Tooth Thirkne«, 0.177!

Addendum, Eitemal, 0.0500
Addendum, Internal, O.OJOO

Cutting-tool radius, 0.045
j

Measuring-pin diameter, internal and eaternai, 0.1920

IKT AND EXT INTrKNAL CXTCINAL

Rase- Major Minor riF
Afras

between
pins

Major Minor TIF Meaiuremcnl

A'
diam diam

diam diam djam diam diam diam over pins
Factor £

Ref Ref Min Mtn Min Paste Mai K(ai Class A Class B 0.15 C

1 2 3 A 5 6 R 9 10 11 U u 14

Recommended tolerance—*
•fO.OlOO
-0.0000

+0.0100
-0.0000

Mat +0 0'W
-0 OKW

+O.O1XW
-00100 Min Min Min

6 0.0000 0.4243 0.7400 0.5 UK) 0.71(K) ().:ioii 0.7(KK) 0..51KK) 0,5300 0.9131 0.9144 0.9161 0.872

7 0.7(KM) 0.4950 0.8100 0.6100 0.8100 o.itoii (l.8(K)0 U.6(XK) (l.6;«K) O.'.KJSI 0.9048 0.9965 0.884

8 0.8000 0.5657 0.0100 0.7100 0.9100 ()..50.58 O.lKKh) 0.70(K) 0.7:100 1.1149 1.1162 1.1180 0.893

9 0.9000 0.6361 1 .11100 0.8UK) l.OUK) 1)..5978 l.(KKKI 0.8(K)0 0.8300 1.2000 1.2013 1.2031 0.901

10 1.0000 0.7071 1 . 1400 0.0100 1.1100 (1.7108 I.UKK) ().9(KX) o. 9:i(X) 1.3101 1.3174 1.3192 0.908

11 1.1000 0.7778 1.2100 l.OUK) 1.21(K) 0.8012 1 .2(XK) 1.0000 1 .(XKK) 1.4010 1.4051 1.4072 0.914

12 1.2000 0.8185 1.3 UK) 1.1100 1 .3100 0.912U 1 IHXK) 1 . UKK) 1.1:10.) 1..5109 1 .5183 1.5201 0.919

13 1.3000 0.9192 l.IKKJ 1.2100 1.4 UK) !.(K);(5 I .-UKK) I.2(KKI 1 .2;«K) i.eow 1.COS3 1.0101 0.921
1-1 1.4000 0.901K) 1.5100 1.3100 1 .5UK) 1.1126 1 .5(KK) l.:«KK) 1 .:i;)0 ) 1.7176 1.7190 1.7208 0.928

16 1.5000 1 .0607 1.6 UK) 1 .4400 1 .(iUX) 1.2053 l.O(KK) 1.1000 1 ,1:10.) 1..SOOO I.SIOI 1.8122 0.931

16 1.6000 1.1314 1 .74(K) 1.5100 1.7100 1.3i:t2 1 .7(KK) 1..5000 I.KIDO 1 .91.82 1.9190 1.9214 0.935

17 1.7000 1 .2021 1.8100 1.5100 1 .SUK) 1 .4065 1 .SIKK) l.C(K)0 1.51JK,) 2.0105 2.0119 2.01:1s 0.938

18 1.8000 1.272S 1.0 UK) 1 .7400 1 .9UK) 1 .51:16 1 .9(KK) 1.7000 1.7:100 2.1180 2.12(K) 2.1219 0.941

19 1.9000 1 .Si:!.') 2.(1100 1.8100 2.OUK) 1 .0070 2.1XVK) l.SIKJO 1 ..SUK) 2.2118 2.2132 2.2151 0.943

20 2.0000 1.4 M2 2.1400 1.9100 2.1100 1 .7i:i9 2. UKK) 1 .IKKX) 1 .93<JO 2.3189 2.3203 9 -trwo 0.945

21 2.1000 1 .4819 2.2100 2. OUK) 2.2UK) 1 ..8086 2 2(1tK) 2.0000 2.0:100 2.4129 2.4143 2.4102 0.948

22 2.2(H)0 1 .5,5,56 2. 3 UK) 2. IKK) 2.aUKI 1 9143 2.3(KK) 2. UKK) 2.1:100 2.5192 2.52i)6 2,5225 0.950

23 2.30(X) 1.6263 2.41()0 2.2100 2.4100 2.1KK.12 2. UKK) 2.2000 2.2:10) 2.0137 2.0151 2,0170 0.951

21 2. -1000 1.6071 2..5 UK) 2.:vioo 2. SUK) 2. nil 2.5'KK) 2:1000 2.:i:ioo 2.7195 2.7209 2.7228 0.953

25 2.5000 1 .7078 2.6UK) 2.4100 2 OUK) 2,2(K.iS 2.6(KK) 2.4000 2.4:100 2.8143 2. 81.87 2.8170 0.955

26 2.6000 1.8:18,5 2.7400 2.5100 2.7100 2.3116 2.7000 2..50X1 2.5300 2.9195 2.9210 2.lt229 0.956

27 2.7000 1 .oo;t2 2.8100 2.5100 2.8100 2.4102 2.8tKW 2.6(XK) 2.030) 3.0150 3.0101 3.0183 0.958

28 2.8000 1 .0700 2 OUK) 2.7.UK) 2. OUK) 2 5117 2 lUKK) 2,7000 2.7:«K) .3.1198 3.1212 3.12:11 0.959

29 2.9000 2.0.506 3.0100 2. 8 UK) 3. OUK) 2.6107 3 (KKK) 2 .SIKK) 2.810) 3.2155 3.2109 3.2188 0.9(K)

30 3.0000 2.1213 3.1100 2.9100 3.1100 2.7148 3 UKK) 2.9000 2.9:)(KJ 3.3200 3..3214 3.32.33 0.901

31 3.1000 2.1020 3 2100 3.0100 3,2100 2 8110 3 20(K) 3 0000 a.reioo 3.4159 3.4174 3.4193 0.9G2

32 3.2000 2.2627 3 3100 :l 14(K) 3 SUK) 2 91,50 3 :i)KK) 3. UKK) 3 .i;io) 3.5201 3. .5210 3.5235 0.963

33 3.3000 2..m5 3.4 UK) 3 2 UK) 3. IKK) 3 01 1

1

3 UKK) 3.2(KK) :i.23(X) 3.6163 3.0178 3.6197 0.951

31 3.4000 2.1012 3.5100 3.3100 3 5100 3 1151 :i .5(KK) 3.:ilKK) 3 . 3:100 3.7252 3.7217 3.7230 0.965

35 3.5000 2.4740 3.6100 3.41(K) 3. OUK) 3 2118 3 OIKK) 3.4000 3.4:100 3.8106 3.S1S1 3.8200 0.966

36 3.6000 2.,51.56 3.74(M) 3..5)00 3 7 UK) 3 31.52 3 7(KX) 3,.’’KKK) 3.5300 3.9253 3.9218 3.9237 0.967

37 3.7000 2.6103 3.8 UK) 3 5)00 3 SUK) 3 4120 3 S(KK1 3 (KKK) 3.5303 4.0170 4.01S5 4.0251 0.96S

38 3.8000 2.6.870 3.0100 3 7400 3 9100 3 51.5:1 3 '.KKK) 3.7000 3.7300 4.1205 4.1220 4.1230 0.968

39 3.9000 2.7577 4.0100 3 8100 4 0100 3 612;i 1 IKKK) 3.8(KK) 3.8.300 4.2172 4.2187 1.2206 0.^9
10 4.0000 2. 8284 4 1400 3.9100 4.1100 3 7151 •1 1000 3 9000 3.9,300 4.3206 4.3221 4. .3210 0.970

41 4.1000 2.8001 4 2400 4.5100 4 2100 3 8125 1 2()(X) 4 0000 4.5300 4.4175 4.4190 4.4200 0.971

12 4.2000 2. 0608 4.3100 4 1400 4.3100 3 91.51 1 :ino() 4 . KKK) 4.1:100 4.5205 4.5220 4.5239 0.9/1

43 4.3000 3.0106 4.t4(K) 1 2100 4 4100 4 0127 •1 UKK) 4.2000 •1.230) 4.0170 4.0191 4.6210 u.y<2

44 4.4000 3.1113 4..5100 4.3100 4.5100 4.1155 I .5(K)0 4.3000 4.3.300 4.7206 4.7221 1.7240 0.072

0.97345 4.5000 3.1820 4.5100 4.4100 4.0100 •1 . 21Z8 •1 6000 •1.4000 •1.4300 4.8179 4.8191 4.8213

46 4.6000 3.2527 4.7400 4 .5100 4.7100 4.3155 4 7000 •1.5000 4.5300 4.9207 4.9222 4.9241 0.973

0.974

0.974

0.975

0.975

47 4.7000 3. .3231 4.8100 4.5100 4. SUK) 4.4i:io •1.8000 4.6000 4.5300 5.0181 5.0190 5.0215
48 4.8000 3.3011 4.9100 4.7400 4.9100 4.51.56 •1 .9000 4.7000 •1.7:l(K) 5.1258 5.122,3 5.1242
49 4.0000 3.4618 5.5UK) •1.8100 5.0100 •1.0132 5 tXKKI •1.8000 •1 .8300 5.2182 5.2197 5.2216
50 5.0000 3.5355 5.1400 4 .9 too 5.1100 4.7157 5. UKK) 4.9000 4.9300 5. .3209 5.3221 5.3243

The fits and tolernncro siingested in this tnble nrc to be conslclerrd bintllnR on n mnnufncturrr or seller only svhen specifically agreed t

writing.

continued on neJd
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TABLE 10-20, continued

10/20 Diaaetral Pitch
Pressure Asgle, 45*

Circular Pitch, 0-3142

Grcular Tooth Thickness, 0.1771

Addendum, External, 0.0500

Addendum, Internal, O.OoOO

Cutting-tool radius, 0.045 Measuricg-pin diameter, internal and external, 0.1920

!

.V

Pitch '

diam
;

Base- '

circle
j

diam >

Major •

diam
|

Minor
diam

TIP
diam Mens

between
pins

XJajor
'

diam
Minor
diam

TIF
diam

Jleasurement
over pins

Factor E

Rel
1

Ref
;

Mia
i

Min Min Basic Max Max Class A Class B CUss C

1 2 1 5
1

4 ! 5 6 7 8 9 10 11 12 13 1<

Recommended tolerance-—
!

^0.0100
i

-o.QOoa
-f-0.0100
-0.0000

Max -fO.OOOO
-0.0100

:

-fO.OOOO
-0.0100

Min ilin Min

5.1000 ! 3.6062
I
5.2400 5.0400 5.2100 4.SI34 5.2000 5.0000 5.0300 5.4184 5.4199 5.4218 0.976

52 5.2000 1 3.6770
i

5.3100 5.14IJO 5.3100 4.9158 5.3000 5.1000 5.1300 5.5209 5.5224 5.5243 0.976

5.3000 ! 3.7477 5.4400 5.2400 5.4100 5.0135 5.4000 5.2000 5.2300 5.618(5 5.6201 5.6220 0.977

54 5.4000 i 3.8184
'

5.5400
;
5.3100 5.5100 5. 1158 5*5000 5.3000 5.3300 5.7210 5.7225 5.7244 0.977

55 5.5000
1

3.SS91 5.6400 5.440J 5.6100 5.2136 5.6000 5.4000 5.4300 5.8187 5.8202 5.8221 0.977

56 5.6000
^ 3.9593 5.7400

j
5.5400 5.7100 5.315S 5.7000 5.5000 5.5300 5.9210 5.9225 5.9244 0.978

57 5.7000
1
4.0305 5.8400 1 5.6100 5.8100 5.4137 5.8000 5.6000 5.6300 6.0188 6.0203 6.0222 0.978

5S 5.S090 4.1012 5.9400 5.7400 5.9100 5.5159 5.9000 5.7000 5.7300 6.1211 6.1226 6.1245 0.979

59 5.9000 4.1719 6.0400 5.8100 6.0100 5. 6138 6.0000 5.8000 5.8300 6.2189 6.2204 6.2223 0.979

60 6.0000 4.2426 6.1400 5.9400 6.1100 5.7159 6.1000 5.9000 5.9300 6.3210 6.3225 6.3244 0.979

61 6.1000 4.3134 6.2400 6.0100 6.2100 5.8139 6.2000 6.0000 6.0300 6.4190 6.4205 6.4224 0.9S0

62 6.2000 4.3841 6.3400 6.1400 6.3100 5.9159 6.3000 6.1000 6.1300 6.5211 6.5226 6.5245 0.980

63 6.3000 4.4548 6.4400 6.2400 6.4100 6.0140 6.4000 6.2000 6.2300 6.6191 6.6206 6.6225 0.980

61 6.4000 4.5255 6.5400 6.3400 6.5100 6.1159 6.5000 6.3000 6.3300 6.7211 6.7226 6.7245 0.980

65 6.5000 4.5962 6.6400 6.4400 6.6100 6.2141 6.6000 6.4000 6.4300 6.8192 6.8207 6.8226 0.981

66 6.6000 4.6669 6.7400 6.5400 6.7100 6.3160 6.7000 6.5000 6.5300 6.9211 6.9226 6.9245 0.981
67 6.7000 4.7376 6.8400 6.6400 6.8100 6.4142 6.8000 6.6000 6.6300 7.0193 7.0208 7.0227 0.981

68 6.8000 4.8083 6.9400 6.7400 6.9100 6.5160 6.9000 6.7000 6.7300 7.1212 7.1227 7.1246 0.982
69 6.9000 4.8790 7.0400 6.8400 7.0100 6.6142 7.0000 6.8000 6.8300 7.2194 7.2209 7.2228 0.982
70 7.0000 4.9497 7.1400 6.9400 7.1100 6.7160 7.1000 6.9000 6.9300 7.3212 7.3226 7.3246 0.982

71 7.1000 5.0205 7.2400 [7.0400 7.2100 6.8143 7.2000 7.0000 7.0300 7.4195 7.4209 7.4229 0.9S2
72 7.2000 5.0912 7.3400 7.1400 7.3100 6.9160 7.3000 7.1000 7.1300 7.5213 7.5227 7.5247 0.982
73 7.3000 5.1619 7.4400 7.2400 7.4100 7.0144 7.4000 7.2000 7.2300 7.6195 7.6209 7.6229 0.983
74 7.4000 5.2326 7.5400 7.3400 7.5100 7.1160 7.5000 7.3000 7.3300 7.7213 7.7227 7.7247 0.983
75 7.5000 5.3033 7.6400 7.4400 7.6100 7.2144 7.6000 7.4000 7.4300 7.8195 7.8209 7.8229 0.983

76 7.6000 5.3740 7.7400 7.5400 7.7100 7.3161 7.7000 7.5000 7.5300 7.9212 7.9226 7.9246 0.983
77 7.7000 5.4447 7.8400 7.6400 7.8100 7.4146 7.8000 7.6000 7.6300 8.0196 8.0210 8.0230 0.984
78 7.8000 5.5154 7.9400 7.7400 7.9100 7.5162 7.9000 7.7000 7.7300 8.1212 8.1226 8.1246 0.984
79 7.9000 8.0400 7.8400 8.0100 7.6146 8.0000 7.8000 7.8300 8.2197 8.2211 8.2231 0.984
80 8.0000 5.6569 8.1400 7.9400 8.1100 7.7162 8.1000 7.9000 7.9300 8.3213 8.3227 8.3247 0.984

81 8.1000 5.7276 8.2400 8.0400 8.2100 7.8147 8.2000 8.0000 8.0300 8.4197 8.4211 8.4231 0.984
82 8.2000 5.7983 8.3400 8.1400 8.3100 7.9162 8.3000 8.1000 8.1300 8.5213 8.5227 8.5247 0.985
83 8.3000 5.8690 8.4400 8.2400 8.4100 8.0147 8.4000 8.2000 8.2300 8.6198 8.6212 8.6232 0.985
81 8.4000 5.9397 8.5400 8.3400 8.5100 8.1162 8.5000 8.3000 8.3300 8.7213 8.7227 8.7247 0.985
85 8.5000 6.0104 8.6400 8.4400 8.6100 8.2148 8.6000 8.4000 8.4300 8.8199 8.8213 8.8233 0.985

86 8.6000 6.0811 8.7400 8.5400 8.7100 8.3162 8.7000 8.5000 8.5300 8.9213 8.9227 8.9247 0.985
87 8.7000 6.1518 8.8400 8.6400 8.8100 8.4148 8.8000 8.6000 8.6300 9.0199 9.0213 9.0233 0.985
88 8.8000 6.2225 8.9400 8.7400 8.9100 8.5162 8.9000 8.7000 8.7300 9.1214 9.1228 9.1248 0.985
89 8.9000 6.2933 9.0400 8.8400 9.0100 8.6149 9.0000 8.8000 8.8300 9.2200 9.2214 9.2234 0.9S6
90 9.0000 6.3640 9.1400 8.9400 9.1100 8.7162 9.1000 8.9000 8.9300 9.3214 9.3228 9.3248 0.986

91 9.1000 6.4347 9.2400 9.0400 9.2100 8.8150 9.2000 9.0000 9.0300 9.4200 9.4214 9.4234 0.986
92 9.2000 6.5054 9.3400 9.1400 9.3100 8.9164 9.3000 9.1000 9.1300 9.5213 9.5227 9.5247 0.986
93 9.3000 6.5761 9.4400 9.2400 9.4100 9.0151 9.4000 9.2000 9.2300 9.6200 9.6214 9.6234 0.986
94 9.4000 6.6468 9.5400 9.3400 9.5100 9.1164 9.5000 9.3000 9.3300 9.7213 9.7227 9.7247 0.986
95 9.5000 6.7175 9.6400 9.4400 9.6100 9.2151 9.6000 9.4000 9.4300 9.8200 9.8214 9.8234 0.986

96 9.6000 6.7882 9.7400 9.5400 9.7100 9.3164 9.7000 9.5000 9.5300 9.9213 9.9227 9.9247 0.987
97 9.7000 6.8589 9.8400 9.6400 9.8100 9.4151 9.8000 9.6000 9.6300 10.0201 10.0215 10.0235 0.9S7
98 9.8000 6.9296 9.9400 9.7400 9.9100 9.5164 9.9000 9.7000 9.7300 10.1214 10.1228 10.1248 0.987
99 9.9000 7.0004 10.0400 9.8400 10.0100 9.6152 10.0000 9.8000 9.8300 10.2201 10.2215 10.2235 0.987
100 10.0000 7.0711 10.1400 9.9400 10.1100 9.7164 10.1000 9.9000 9.9300 10.3214 10.3228 10.3248 0.987
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TABLE 10-21

Class of Fits for Involute Serrotions

1954 SAE Handbook

Classes of Fit Sliding Close Press

Fit Fit Fit

Designation

used in Table A B C
10-22

TABLE 10-22

Basic Tooth Dimensions for Involute Serrations

1954 SAE Hondbook

DiAWETitAL Pirai
EXTERNAL
ADDENDUM,
DEDEVDUM

a “ 6

ISTESNAL SERRATION
aRCVLAR pntll

MINIMUM
rfEECnVE
SPACE

MAXIMUM EfftenVE TOOTH THICrNtSS
MZASUiJXC

RIN DIAMETER
Addendum Dedendum CIiss of Fit

P di h # i, D c d

1/2 0.5000 0.3000 0.7000 3.1410 1 .7708 1.7703 1.7718 1.7738 1.9200

10/20 0.0500 0.0300 0.0700 0.3142 0.1771 0.17CC 0.1781 0.1801 0.1920

lG/32 0.0313 0.0188 o.aias 0.1003 0.1107 0.1102 0.1117 0.1137 0.1200

24/48 0.0208 0.0125 0.0292 0.1309 0.0738 0.0733 0.074S 0.0768 0.0300

32/64 0.0150 0.0094 0.0218 0.0982 0.0553 0.05IS 0.0503 0.0583 0.0600

40/80 0.0125 0.0075 0.0175 0.0785 0.0143 0.0138 0.0453 0.B173 0.04S0

48/90 0.0101 0.0003 0.0145 0.0051 0.0309 0.0304 0.0379 0.0399 0.0400

0-1/128 0.0078 0.0017 0.0109 0.0191 0.0277 0.0272 0.02S7 0.0307 0.0300

80/100 0.0003 0.003S 0.0088 0.0.393 0.0221 0.0210 0.0231 0.0251 0.0240

128/250 0.0039 0.0023 0.0055 0.0215 0.0138 0.0133 0.0148 O.OICS 0.0150

TABLE 10-23

Allowable Errors® for Involute Serrotions

1954 SAE Hondbook

DIAUrTKAL riTCn

10/20

16/32

24/48

32/64 up

IK\'OLUTC
pKoriti

ACCWULATK) PITOI ItlOl
pmstcs AW TWO Ttmt

15

16

16

16

VM XttOU

LcDcth tl Krntios

0 to 0 40 I o.5oioj.:i X.IS to 1.*')

OUT or lOUNDVESS--INTERNAL

Number of Teeth
6 8 10 12 14 10 20 25 30 35 40 45 50 CO 70 80 DO 100

10/20 11 10 9 9 9 10 10 10 11 12 12 13 13 14 10 17 IS 19

16/32 10 9 9 9 0 9 9 9 10 10 10 11 11 12 13 13 14 15
24/48 10 9 9 0 9 9 9 9 9 9 10 10 10 11 11 12 13 13
32/04 up 10 9 S 8 S s S 8 8 9 9 9 9 9 10 10 11 11

OUT or ioukd?:e5s-•EXTERNAL

Number of Teeth
C 8 10 12 14 10 20 25 30 35 40 45 50 GO 70 so 90 100

10/20 8 9 9 9 10 10 10 11 12 12 13 13 14 15 10 17 IS 19
10/32 8 8 9 9 9 9 10 10 10 11 11 11 12 12 13 14 14 IS
24/48 8 8 8 9 9 9 9 9 10 10 10 10 10 11 11 11 12 12
32/64 up 8 8 8 8 8 8 9 9 0 9 9 10 10 10 10 10 11 11

2.50 to 5.99 4.00 to 5.24 5.25 to 6JO

4 5 6

4 5 6

4 5 6

4 5 6

MAanxtxc TOtnLOfcx

Internal

10

10

10

10

External

15

15

10

10

All table figures are ten tliouanndtha of Inch, Add tile profile error, accumulated pltdi error, and the out of roundnets dlWded by f or K.

If aerrotlon la loncer than Ita pitcfi direneter, a lead error innv be added.
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Diametral

Pitch

'

Diametral

Pitch

10/20

16/32

24/48

32/64

40/80

48/96

64/128

80/160

128/256

|

H

10/20

16/32

24/48

32/64

40/80

48/96

64/128

20/160

I
28
/2
S6

Pin

Diam

I

Pin

Diam

1.920

.1920

.1200

.0800

.0600

.0480

.0400

.0300

.0240

.0150

-V

1,920

.1920

.1200

.0800

.0600

.0480

.0400

.0300

.0240

.0150

TABLE 10-25

Bosic Measurements Over Pins — External Involute Serrations

1954 SAE Handbook

I I I I I Mill Mill 11

II 11 I i'll

C> -f Q 40
to 00 Q r? QSo 00 00

o o o o o

S *-4 CO O CO
I'- o

CM cp 00 oO O O O

11 11 I 11 11 I

11 11 I 11 11 I

c'j Cl

O o
ip

«0 I- 00 o o

I Sm CP^ ^ CO to I - - — — — _
th «-< t-H t-H cS Cl c* Cl CP

,

CP CP CP -r -r

to Cl CP Cl CO Cl I'- Cl tr
lO •-« i?b »-« Jo •-« ».p I—• ‘P I - .

40 oooep»o S 55 S 55 PcPcS-rTT ocototoi-

05 40 C5 O
oo cb ^ < -r

S ep Q CP CO
io CO to CO

f=g

<-r ^ CO CO CO

4.'^ — 2 i.-*5

Cl Cl cl Cl Cl

— Q CO d
io 1-* 1,-5

(— »o -r 4.p
Cl Cl Cl Cl I

CP r» CO o o
S5 CO wt cc

o CO o oO CJ o c- o

. ^
ci Cl

g 2 «
•1 ci ci

1

0> 40 CP CD to
Cl ‘O »0 CO

iO 0> CP t'. *“•o O ^ Cl

o S Cl *6 o CO o Cl 5 5 - -

»o o CO Cl CO Q up o CP *r ^ "T
Cl CP CP CP "T -r »0 up up to o I- r*“ y.. cO

d Cl Cl d Cl Cl d Cl Cl Cl Cl Cl Cl Cl Cl

Cl CO O — O
to Cl CP— f

“ —
O I- I

ci ci ‘

40 CO
40 to to

* to
SI

^ g S
ci ci ci CP CP

— 4,5 up CD CO
CP 4.p c5 CO cr.

Cl Cl CO CO 0

0 CO Ci
00 Cl CP t-
CP Q to Cl

I Cl Cl CPO
CO CP CP CP CP

, 000 ^
I CP -p* CO o
I up t'- CP

lO 4P to

CP CP CP CO CP

CP -*• CO cr- CP^ CO Cl ^
I"- ^ CO o

CP CP CP CP CP

c?
to <r» CP -r CO
Cl to up 1— I-
CP T *0 up

CP CP CP CP CO

t CP CP 30
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CO I’- CO 5t

CP CP CP CP CP

CD Cl CP cT O
CD Cl CO 4.0 O
S up CD r-

-
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'
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Cl SI
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Cl S5 ci
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Cl X •r Ip © 1- X © b — Cl X "C © 1- b. O
up 4P 4P ip 4P 4P up 4P IP © © © © ©* © © © © © t- 1-

X© X »P
r*

4P t- 3 Cl X !•« Cl

3
cl fi

'A
o =-• Z 8 X

Fi 8 Cl si ci 8 ci Si Cl SI Cl S! Cl 8 up
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Cl 8 ci

4P S4 85 8 !5 ?5
©
up 3 © Cl© 5 © 8 a 1-© X© © i-

X
»r
©
*r 8 Ip S-5 85 ::5 8 1- ©

up a © Cl© 5 © .5
©© 1-© X©
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C5 C « i*! CO

CO SO CO cc

« CP U*
Cl ci Cl Cl Cl

up up up Ip uo
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-r up e h. X
CC X X X X*

c- c: O — up
CO CO X — Ci
cp up f- up cp
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3* 0& X X X X

to t- X 01
: n 2

8 a S3 13 2— ^ Cl fp -f 8 S § n i
up X d
?i ci ^-1

to up — O.
ci fp — up up
Cl Cl Cl Cl Cl
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I Cl

c d d d d

Cl fp — r*. »p
l» *0 Cl c X
<0 I-. X. ? r.
Cl Cl Cl Cl Cl

S - ci ci CP
fp CP CP CP rt

cccce ccco©
Cl CP — o
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ABLE IG-26

SAE Sfcrrccrc 4-2cfEr;e Fc‘‘£ng::

1554 SAE Hcr:?'5ssf<

—
1

1

1 Fc- a:

^ fzr

X F£t-'5’

< ''i— i

-

1

f r.^»r 9 ^ V2:

i

1

'TF-

: F
1

\

i c
' r/rr/-^ r.

' -sr ’! ri-

1

2/-< ^ C.74? C.Tll 1.175 c.r?i
j

1,555 1.537 1-155 1.155 7?
;
1.551 1.552 1.153 1,154 123

T/;' 1
^ 1,^74 C.?T.l 1,215 C.2II ' 1,743 1,744 1-155 117

1

1 1,555 1.555 1,11? 1.115 157

i-
i

' i.ci: 1,255 1.241
1

1

1.545 C.icSX 1-174 1-175 1.745 1,751 1,124 1,125 215

i

I-I/?.
I
, 1.124 1.121 v.2€X

1

1.271
j

C.X);5 1-135 1 -1?4 175^
1

1.343 1.344 1,141 1-141 277

1-1/4
i

1.241 1.251 1,255 1.511
I

1-151 1,152 1.153 1.154 217
j

1.535 1-557 1-155 1-155 5 /t

1-1 ' T '5*'/

j

i.-<^ ^ I.2TX 1 .525
i

1.15? I.IfX 1.112 1-115 252
1
1.131

[

1,131 1,171 1,172 414

1-1/1
1

^-1. X 1,511 C.25F 1.351
11
1.274 1,275 l.lll 1-.II2

1

311 ^ 1.124 1,125 1-135 1-137 451

1*5/^
1
i.a4 1,525 1,5? 5 1-35:

I

I-3?l 1. 5? I 1-121 1.122 357 1-21? 1,215 1-212 1,213 577

l-.'/4 1 X ^ I-T5l 1.421 l',422 1"^" I-4?7 1.131 1-131 424 1.311 1,312 1,213 1.215 571

2
! 1.55? 2.111 1,475 l-‘4?2

f

!
1-55? 1.711 1.14? 1.151

!

>55 1.45? 1,511 1,243 1,251 S75
2-1/4

i

2-24? 2.251 1,542
j

1.511 1. 512 1.157 1.155 71? 1.535 1,537 1,275 C-23I 1115
2-1/2

i 2.4X5
r

2.511 1-555 1,512 12.123
t

2.125 1.I35 1.137 ^55
i

1,375 1,311 1,312 L355

5
i
2.55? 5.111 1,722

1

j

2.i;4^ 2.551 1-225 1.225 1245 2-24? 2,251 1,373 1,375 1555

tlM';



table 10-27

SAE Standard 6-Spline Fittings

1954 SAE Handbook

Nom
Dia D

Min

For All

Max

Fit.s

Min Max

Permanent Fit

cl .j.

Min .Max

To Slide

8>hen Not
Under Load
d

.Min Max

1

T

To Slide

UTien

Under Load

. T
.Min Max

3/4 0.749 0.750 0. 186 0. 188 0.674 0.675 80 0.637 0.638 117 0.599 0.600 152

7/8 0. 874 0.875 0.217 0. 219 0.787 0.788 109 0.743 0.744 159 0.699 0.700 207

1 0.999 1.000 0. 248 0. 250
1

0.899 0.900 143 0.849 0.850 208 0.799 0. 800 270

1- 1/8 1. 124 1. 125 0.279 0.281 1.012 1.013 180 0.'J55 0.956 263 0.899 0.900 342

1-1/4 1. 249 1.250 0.311 0. 313 1. 124 1. 125 223 1.062 1.063 325 0.999 1.000 421

1-3/8 1.374 1. 375 0. 342 0.344 1.237 1.238 269 1. 168 1.169 393 1.099 1.100 510

1-1/2 1.499 1.500 0. 37 3 0.37 5 1. 349 1.350 321 1.27 4 1.275 468 1.199 1.200 608

1-5/8 1.624 1.625 0.404 0.406 1.462 1.463 376 1.380 1.381 550 1.299 1.300 713

1-3/4 1.749 1.750 0.436 0. 438 1. 574 1.575 436 l.-t87 1. 488 637 1.399 1.400 827

2 1.998 2.000 0.497 0.500 1.798 1.800 570 1.698 1.700 833 1.598 1.600 1080

2-1/4 2.248 2.250 0. 560 0. 563 2.023 2.025 721 1.911 1.913 1052 1.798 1.800 1367

2-1/2 2. 498 2.500 0.622 0.625 2.248 2.250 891 2.123 2. 125 1300 1.998 2.000 1688

3 2.998 3.000 0.7 47 0.750 2. 698 2.700 1283 2.548 2.550 1873 2.398 2. 400 2430
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TABLE 10-30

Table of Dimensions for 6- Spline Minor Diameter Fit

ASME Paper No. 48-SA—21 J. B. Armitage, Straight Sided Splines

.9

.7 50

.875

1.000

1.125

1.250

1.375

1.500

1.625

1.750

1.875

2.000

2.250

2 . 500

2.750

3.000

3.250

3 . 500

3.750

4.000

4.500

.755 . 6380 . 6378

.765 . 638 3 .6 381

.880 .7443 .7441

.890 .7446 .7444

1.005 .8505 .6503

1.015 .8508 .8506

1.130 .9 569 .9566

1.140 .9573 .9570

1.255 1.0631 1.0628 1

1.265 1.0635 1.0632 1

1.380 1.1694 1 . 1691 1

1.390 1. 1698 1.1695 1

1 . .505 1.27 53 1 . 2754 1

1.515 1 . 2762 1.2758 1

1.630 1.3821 1.3817 1

1.640 1 . 3825 1 . 3321 1

1.755 1 . 4883 l .-t879 1

1.765 1.48 8 7 1.48 8 3 1

1.880 1 . 5946 1 . 5942 1

1.890 1 . 5950 1 . 5')46 1

2.005 1.7010 1.'005 1

2.015 1.7015 1.7010 1

2.255 1.9135 1.9130 1

2.265 1.9140 1.9135 1

2.505 2. 1256 2 . 1251 2

2.515 2.1261 2.1256 2

2.755 2. 3406 2. 3401 2

2.765 2.3411 2 . 3406 n

3.005 2.5512 2.5507 2

3.015 2.5517 2. 5512 2

3.255 2.7656 2.7651 2

3.265 2.7661 2.7656 2

3.505 2.9786 2.9781 2

3.515 2.9791 2.9786 2

3.755 3. 1906 3. 1901 3

3.765 3. 1911 3. 1906 3

4.005 3.4015 3 . 4009 3

4.015 3.4021 3.4015 3

4.50 5 3.8 307 3.8 301 3

4.515 3.8313 3.8307 3

6369 .6364 .186 .750

6372 .6367 .188 .745

7432 .7427 .217 .875

7435 .7430 .219 .870

8 49 4 . 9 489 . 248 1.0 0 0

8497 .9492 .250 .995

9555 .9549 .279 1.125

9559 .9553 .281 1.120

0617 1.0611 .311 1.250

0621 1.0615 .313 1.245

1680 1.1674 .342 1.375

1684 1.1678 .344 1.370

2742 1.2736 . 3" 3 1.500

2746 1.2740 .375 1.495

3805 1.3799 .404 1.625

3809 1.3803 .406 1.620

48 67 1.4361 .436 1.7 50

4871 1.4865 .438 1.745

5930 1.5924 .467 1.875

59 34 1.5928 .469 1.870

6 <5 Vl 1.6984 .498 2.000

6996 1.6989 .500 1.995

9116 1.9109 . 560 2 . 250

9121 1.9114 . 562 2.245

12 37 2 . 12 30 . 6 23 2 . 50 0

1242 2 . 1235 .625 2.495

3367 2 . 3380 .686 2.750

3392 2 . 3385 .688 2.745

549 2 2 . 548 4 . 7 48 3.0 0 0

5497 2.5489 .750 2.995

7636 2.7628 .810 3 . 2.50

7641 2.7633 .812 3.245

9766 2.9758 .873 3.500

9771 2.9763 .87 5 3.495

1886 3 . 1878 .036 3.750

1891 3.1883 .938 3.745

3992 3.3983 . Q 88 4.000

3998 3.3989 .990 3.990

8284 3.8275 1.123 4.500

829 0 3.8281 1.125 4.490

.6362 .6377 .183 .184

.6354 .6373 .181 .183

.7425 .7440 .213 .214

.7417 .7436 .211 .213

.8 487 .8502 .244 .245

.8 479 .8498 .242 .244

.9550 .9565 .275 .276

.9541 .9 560 .273 .275

1.0612 1.0627 .307 .308

1.0603 1.0622 .305 .307

1. 1675 1. 1690 .333 .339

1. 1666 1. 1685 .336 .338

1.2738 1.27 53 ,368 .369

1.2728 1.2747 .366 .368

1 . 3801 1.3816 .399 .400

1.3791 1.3810 .397 .399

1.4863 1.48 7 8 .431 .432

1 . 4853 1.48 7 2 .429 .431

1 . 5926 1.5941 .462 .463

1.5916 1 . 5935 .450 .462

1.6989 1.7004 .493 .494

1.6978 1.6997 .491 .493

1.9114 1.9129 .555 .555

1.9105 1.9122 .553 .555

2.1235 2.1250 .617 .619

2.1224 2.1243 .615 .617

2 . 3385 2.3400 .680 .652

2.3374 2 . 3393 .678 .680

2 . 5491 2 . 5506 .742 .744

2 . 5479 2 . 5498 .740 .742

2.7635 2.7650 .804 .806

2.7623 2.7642 .802 .804

2.9765 2.9780 .867 .869

2.9753 2.9772 .865 .867

3.1885 3.1900 .930 .932

3.1873 3.1892 .928 .930

3.3993 3.4008 .981 .983

3. 3980 3.3999 .979 .981

3.8285 3.8300 1.116 l.llB

3.8272 3.8291 1. 114 1.116

continued on next pege
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TABLE 10—20, continued

\\c~ 1 rr h
r/ S'

uis. j 4
r
>

' h I 2,3,^.5 I 2,3.^,5

5,0C-£ 4,2517 4,2511 4, 2454 4,5465 1.546 5,000 4, 2455 4,2510 1.541 1,543

5,015 4, 5523 4, 5517 4,2500 4,2451 1.250 i.990 4,5432 4, 2501 1, 235 1,241

5,505 4,6507 4,6601 4, 676 3 4,6774 1,373 5,500 4,6785 4, 6800 1.366 1,368

5,515 4,6615 4, 6607 4, 6765 4, 6780 1.375 5.450 4,6671 4. 6750 1.364 1,366

iS-OOO
6,005 5,1015 5,1013 5#&555 5,0586 1,458 6,000 5,0557 5,1012 1.451 1,453

6,015 5,1025 5,1015 5,1001 5,0552 1.500 5,550 5,0583 5, 1002 1,465 1,451

TABLE 10-31

Tcble of Dimensions for 6-Spline Key Fit

ASME Paper Ho, 48—SA—21 J. B, Armitoge, SfrctgHf Sided Splines

>7YT
c.

S. Fnt
I, StHiV.r Fa
J. PctH Fit

4. t,;??,* Drr/e Fa
r. F.-ett Fa

Drs fj,
r<

^8

""h

(sll

(hr.)

f) 4^
I 2 7

J 4 5

*7^/;
,755 .ISZO .'iVt ,1862 ,1877 AZ79 , ,1852 ,1857

« f w y
,765 ,643 ,1888 ,626 - 1855 ,1874 ,1876 ,1885 ,1894
.fAfi ,744 ,2188 .£75 ,735 -2170 ,2185 ,2187 ,2200 ,2205
,850 ,745 ,2156 -870 .73*4 ,2167 ,2182 ,218 4 , 2157 -2202

1,005 ,850 , 2500 1-000 ,845 ,2462 ,2457 ,2455 ,2512 ,2317
1,015 ,855 , 2508 ,555 ,840 ,2475 ,2454 ,2456 ,2305 ,2514

T

1,135 ,556 ,2612 1, 125 ,551 .2753 , 280 8 ,2811 ,28 26 ,28 32
1,140 ,561 ,2621 1, 120 ,546 ,2785 ,2604 ,2807 ,2822 , 2£2S
X# 1,063 ,3125 1,250 1.056 ,3106 , 3121 , 3124 ,3135 , 3145
1.265 1,066 .?A?A 1,245 1.053 , 3102 ,3117 , 3120 ,3135 , 3141

1,375
1.360 1.165 , 34,36 1,375 1.164 . 3415 ,3434 ,3452 ,3458
1,350 1, 174 ,3447 1 , 370 1.155 .3415 ,3430 , 3433 , 3448 ,3454

1, £00
1,505 1,275 , 37.50 1,500 1.270 . 3730 , 37 45 ,3745 ,376 5 ,3771
1,515 i, 2^0 , 3760 1,45 5 1.265 . 3726 ,.3741 ,3745 ,3761 ,3767

1,625
1,630 i, 3^2 ,40 62 1,623 1- 377 .4542 ,40 57 , 4061 ,4077 ,4083
1,645 1,367 « 4^ ^ 2 1-620 1. 372 ,4038 ,4053 ,4057 -4073 ,4075

1. 750
1,755 1,463 ,4375 1,750 1.463 .4355 ,4370 ,4374 -4350 ,4356
1,765 1, 453 , 4365 1,745 1,478 .4351 ,4366 ,4370 ,4.366 ,4352

1,875
1,860 1,554 -4633 1,875 1,565 .4666 ,4663 -4687 ,4703 ,4705
1,650 1,555 ,4658 1,870 1.564 - 4664 , 4675 ,4683 ,4659 ,4705

n*?*; pfif.*:

1
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TABLE 10-31, continued

Nom
dh

If'A

Ds

If's

Dia Dh (all ds
fits) 1 2 3 4 5

2.000
2.005 1.700 .5000 2.000 1.695 . 49 7 9 .4994 .4999 .5017 .5024

2.015 1.705 .5011 1.995 1.690 . 4974 . 4989 .4994 .5012 .5019

2.250
2.255 1.913 .5625 2.250 1.908 .5604 .5619 . 5624 .5642 . 5649

2.265 1.918 .5636 2.245 1.903 .5599 .5614 .5619 .5637 . 5644

2.500
2.505 2.125 . 6250 2.500 2.120 . 6229 .6244 .6249 .6267 .6274

2. 515 2. 130 .6261 2.495 2.115 .6224 .6239 .6244 .6262 . 6269

2.750
2.755 2.340 .6875 2.750 2.335 . 6854 .68 69 . 6874 .6892 .6899

2.765 2.345 .6886 2.745 2.330 . 6849 .6864 .6869 .6887 .6894

3.005 2.551 .7500 3.000 2.546 .7479 .7494 .7499 .7518 .7525
3. 000

3.015 2.556 .7512 2.995 2.541 ,7474 .7489 .7494 .7513 .7520

3.250
3.255 2.765 .8125 3.250 2.760 .8104 .8119 .8124 .8143 .8150

3.265 2.770 .8137 3.245 2.755 .8099 .8114 .8119 .8138 .8145

3.500
3.505 2.978 .8750 3. 500 2.973 .8729 ,8744 ,8749 .8768 .8775

3. 515 2.983 .8762 3.495 2.968 .8724 .8739 .8744 .8763 .8770

3.750
3.755 3.190 .9375 3.750 3. 185 ,9354 .9369 .9374 .9393 .9400

3.765 3.195 .9387 3.745 3.100 .9349 .9364 .9369 .9388 .9395

4.000
4.005 3.401 1.0000 4.000 3.396 .9978 .9993 .9999 1.0020 1.0028

4.015 3.411 1.0013 3.990 3.386 ,9972 .9987 .9993 1.0014 1.0022

4.500
4.505 3.830 1.1250 4.500 3.825 1.1228 1,1243 1.1249 1.1270 1.1278

4.515 3.840 1.1263 4. 490 3.815 1.1222 1.1237 1. 1243 1.1264 1.1272

5.000
5.005 4.251 1.2500 5.000 4.246 1.2478 1.2493 1.2499 1.2520 1.2528

5.015 4.261 1.2513 4.990 4.236 1.2472 1.2487 1.2493 1.2514 1.2522

5.500
5. 505 4.680 1. 3750 5. 500 4.670 1.3728 1.3743 1.3749 1.3771 1.3779

5. 515 4.690 1. 3764 5.490 4.660 1.3722 1.3737 1.3743 1.3765 1.3773

6.000
6.005 5.101 1. 5000 6.000 5.091 1. 4978 1.4993 1.4999 1.5021 1.5029

6.015 5.111 1.5014 5.990 5.081 1.4972 1.4987 1.4993 1.5015 1.5023
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I MDL-C lU— OZ^

Table of Dimensions for 6-Spline Major Diameter Fit

ASME Poper No, 48-SA-21 J, B, Armitoge, Stroight Sided Splines

1. Free

2 , Sllrfinz rii

3. Push Pit

4, Light Drive Fit

J, Preei Fit

fail fits) (ail fits)

Dia
n n n

1 2 3 4 5
5

1 2 ,3 ,4,

5

.7500 -638 .186 .7482 .7497 -7499 .7512 .7517 .633 ,183 .184

,7508 .643 .188 ,7479 .7494 .7496 .7509 .7514 .628 .181 ,183

.8750 .744 .217 ,8732 .8747 -8749 -8762 .8767 .739 .213 .214

.8758 .749 .219 .8729 .8744 .8746 .8759 .8764 .734 .211 .213

j ono
1.0000 .850 .243 -9982 -9997 .9999 1.0012 1,0017 .845 .244 .245

i.oooe .855 .250 .9979 .9994 .9996 1.0009 1.0014 ,840 ,242 .244
1.1250 .955 ,279 1.1231 1.1246 1.1249 1.1264 1.1270 ,951 ,275 .276

1.1259 ,961 .281 1.1227 1.1242 1.1245 1.1260 1.1266 ,946 .273 .275
1-2500 1,063 -311 1.2481 1-2496 1-2499 1.2514 1,2520 1.058 .307 .308
1.2509 1.068 .313 1.2477 1.2492 1.2495 1.2510 1.2516 1,053 .305 .307

1
1.3750 1.169 ,342 1-3731 1.3746 1.3749 1.3764 1.3770 1,164 .338 .339
1.3759 1.174 ,344 1,3727 1.3742 1.3745 1,3760 1.3766 1.159 .336 .338

1 500
1,5000 1.275 ,373 1.4980 1.4995 1.4999 1.5015 1.5021 1.270 .368 .369
1.5010 1.280 .375 1,4976 1.4991 1.4995 1.5011 1.5017 1.265 .366 .368

1.625
1,6250 1,382 ,404 1.6230 1.6245 1.6249 1.6265 1.6271 1.377 .399 .400
1,6260 1,387 .406 1.6226 1.6241 1.6245 1-6261 1.6267 1.372 ,397 .399

1,750
1,7500 1,488 ,436 1.7480 1.7495 1.7499 1.7515 1.7521 1.483 .431 ,432
1.7510 1.493 ,438 1-7476 1.7491 1.7495 1.7511 1,7517 1.478 .429 .431

1-875
1.8750 1.594 .467 1.8730 1.8745 1.8749 1-8765 1.8771 1.589 .462 .463
1.8760 1.599 .469 1.8726 1.8741 1.8745 1-8761 1.8767 1,584 ,460 .462

2,000
2,0000 1.700 .498 1.9979 1.9994 1.9999 2.0017 2.0024 1.695 .493 .494
2.0011 1,705 .500 1.9974 1.9989 1.9994 2.0012 2.0019 1.690 .491 .493

2.250
2.2500 1-913 .560 2.2479 2.2494 2.2499 2.2517 2.2524 1,908 .555 .556
2.2511 1.918 .562 2.2474 2.2489 2.2494 2.2512 2.2519 1.903 .553 .555

2.500
2.5000 2.125 .623 2.4979 2.4994 2.4999 2.5017 2.5024 2,120 .617 .619
2.5011 2, 130 .625 2.4974 2.4789 2.4994 2,5012 2.5019 2,115 .615 .617

2.750
2.7500 2.340 . 636 2.7479 2.7494 2.7499 2.7517 2.7524 2.335 .680 .682
2.7511 2.345 .688 2.7474 2.7489 2.7494 2.7512 2.7519 2.330 .678 .680

3,000
3.0000 2.551 .748 2.9979 2-9994 2.9999 3.0018 3.0025 2.546 .742 ,744
3.0012 2.556 .750 2.9974 2.9989 2.9994 3.0013 3.0020 2.541 ,740 .742

3.250
3.2500 2.765 .810 3.2479 3.2494 3.2499 3,2518 3.2525 2.760 .804 .806
3.2512 2.770 .812 3.2474 3.2489 3.2494 3.2513 3.2520 2.755 .802 .804

3.500
3 . 5000 2.978 .873 3.4979 3.4994 3.4999 3. 5018 3.5025 2,973 .867 .869
3.5012 2.983 .875 3.4974 3,4989 3.4994 3.5013 3 . 5020 2,968 .865 ,867

3.750
3.7500 3.190 .936 3.7479 3.7494 3.7499 3.7518 3.7525 3.185 .930 .932
3.7512 3.195 .938 3.7474 3.7489 3.7494 3.7513 3.7520 3,180 .928 . 930

4.000
4.0000 3.401 .988 3.9978 3.9993 3.9999 4.0020 4.0028 3.396 -981 .983
4.0013 3.411 .990 3.9972 3.9987 3.9993 4.0014 4.0022 3,386 .979 . 981

4.500
4.5000 3.830 1.123 4.4978 4.4993 4,4999 4,5020 4.5028 3.825 1,116 1. 118
4.5013 3.840 1.125 4.4972 4.4987 4.4993 4.5014 4.5022 3.815 1,114 1,116

continued on next po^e
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TABLE 10-32, continued

Nom
Dia

(all fits)

Dh dh If'/,

(all fits)

ds Ifs

1 2 3 4 5 1 2, 3.4,

5

5.0000 4.251 1.248 4.0978 4.9993 4.9999 5.0020 5.0028 4.246 1.241 1.243
5.000

5.0013 4.261 1.250 4.9972 4.9987 4.9993 5.0014 5.0022 4.236 1.239 1.241

5. 5000 4.680 1.373 5.4978 5.4993 5.4999 5. 5021 5.5029 4.670 1.366 1.368
5. 500

5. 5014 4.690 1. 37 5 5.4972 5.4987 5.4993 5. 5015 5. 5023 4.660 1.364 1.366

6.0000 5.101 1.498 5. 9978 5.9993 5.9999 6.0021 6.0029 5.091 1.491 1.493
6.000

6.0014 5.111 1.500 5.9972 5.9987 5.9993 6.0015 6.0023 5.081 1.489 1.491

TABLE 10-33

Nopi

Dia

Tabic of Dimensions for 10-Splinc Minor Diameter Fit

ASME Paper No. 48-SA-21 J. B. Armitoge, Straight Sided Solines

.750
.755 .6453 .6451

.765 .6456 .6454

.875
.880 .7528 .7526

.890 .7531 .7529

1.000
1.005 .8603 .8601

1.015 .8606 .8604

1.125
1. 130 .9679 .9676

1.140 .9683 .9680

1.250
1.255 1.0754 1.0751

1.265 1.0758 1.0755

1.375
1.380 1.1829 1.1826

1.390 1.1833 1.1830

1.500
1. 505 1.2905 1.2901

1. 515 1.2909 1.2905

1.625
1.630 1.3980 1.3976

1.640 1.3984 1.3980

1.750
1.755 1.5055 1.5051

1.765 1.5059 1.5055

1.875
1.880 1.6130 1.6126

1.890 1.6134 1.6130

.6442 .6437 .115 .750

.6445 .6440 .117 .745

.7517 .7512 .135 .875

.7520 .7515 .137 .870

.8 592 .8587 .154 1.000

.8595 .8590 .156 .995

.9665 .9659 .174 1.125

.9669 .9663 .176 1.120

1.0740 1.07 34 .193 1.250

1.0744 1 .0738 .195 1.245

1.1815 1.1809 .213 1. 375

1.1819 1.1813 .215 1.370

1.2889 1.2883 .232 1.500

1.2893 1.2887 .234 1.495

1.3964 1.3958 .252 1.625

1 . 3968 1.3962 .254 1.620

1.5039 1.5033 .271 1.750

1.5043 1.5037 .273 1.745

1.6114 1.6108 .291 1.875

1.6118 1.6112 .293 1.870

.6435 .6450 .112 .113

.6427 .6446 .110 .112

.7510 .7525 .131 .132

.7502 .7521 .129 .131

.8585 .8600 .150 .151

.8577 .8596 .148 .ISO

. 9660 .9675 .170 .171

.9651 .9670 .168 .170

1.0735 1.0750 .189 .190

1.0726 1.0745 .187 .189

1.1810 1.1825 .209 .210

1.1801 1.1820 .207 .209

1.2885 1.2900 .228 .228

1.2875 1.2894 .226 .227

1.3960 1.3975 .247 .248

1. 3950 1.3969 .245 .247

1.5035 1.5050 .266 .267

1.5025 1 . 5044 .264 .266

1.6110 1.6125 .286 .287

1.6100 1.6119 .284

continued on next

.286

p«s»
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TABLE 10-34, continued

1, Free

2, SlfdlnK Fit

3, Pu#h Fit

4, Licht Drive Fit

5, Presi Fit

Norn h D d
!?

w
s

Dia 1,2 3 4 5 1 2
,3 ,4,

5

1 2 .3 ,4,

5

1.375
1 . 380 1.1829 1.1826 1.1815 1.1809 .132 1.375 1.1810 1.1825 .128 .129

1.390 1. 1833 1.18 30 1.1819 1.1813 . 134 1.370 1.1801 1.1820 .126 .128

1 . 500
1.505 1.2905 1.2901 1.2889 1.2883 .145 1.500 1.2885 1.2900 .140 .141

1.515 1 . 2909 1.2905 1 . 28«3 1.2887 .147 1,495 1.2875 1.2894 .138 .140

1.625
1.630 1.3980 1.3976 1. 3964 1.3958 .157 1.625 1.3960 1.3975 .152 .153

1.640 1.3984 1.3980 1.3968 1.3962 .159 1.620 1.3950 1.3969 .150 .152

1.750
1.755 1.5055 1.5051 1.5039 1.5033 .169 1.750 1 . 5035 1,5050 .164 ,165

1.765 1.5059 1.5055 1.5043 1.5037 .171 1.745 1.5025 1.5044 .162 .164

1.875
1.880 1.6130 1.6126 1.6114 1.6108 .181 1.875 1.6110 1.6125 .176 .177

1.890 1.6134 1.6130 1.6118 1.6112 .183 1.870 1.6100 1,6119 .174 .176

2.000
2.005 1.7206 1.7201 1.7187 1.7180 .194 2.000 1.7185 1.7200 .189 .190

2.015 1.7211 1.7206 1.7192 1.7185 .196 1.995 1.7174 1.7193 .187 .189

2.250
2.255 1.9356 1.9351 1.9337 1.9330 .218 2.250 1.9335 1.9350 .213 .214

2.265 1.9361 1.9355 1.9342 1.9335 .220 2.245 1.9324 1.9343 .211 .213

2.500
2.505 2.1506 2.1501 2.1487 2.1480 .243 2.500 2. 1485 2.1500 .237 ,239

2.515 2.1511 2.1506 2. 1492 2.1485 .245 2.495 2.1474 2.1493 .235 .237

2.750
2.755 2. 3656 2.3651 2 . 3637 2.3630 .267 2.750 2.3635 2.3650 .261 ,263

2.765 2.3661 2.3656 2.3642 2 . 3635 .269 2.745 2.3624 2.3643 .259 .261

3.000
3.005 2. 5806 2 . 5801 2.5786 2.5778 .292 3.000 2 . 5785 2.5800 .286 .288

3.015 2.5811 2.5806 2 . 5791 2 . 5783 .294 2.995 2.5773 2.5792 .284 .286

3.250
3.255 2.7956 2.7951 2.7936 2.7928 .316 3.250 2.7935 2.7950 .310 .312

3.265 2.7961 2.7956 2.7941 2.7933 .318 3.245 2.7923 2.7942 .308 .310

3.500
3.505 3.0106 3.0101 3.0086 3,0078 .341 3.500 3.0085 3.0100 .335 .337

3 . 515 3.0111 3.0106 3.0091 3.0083 .343 3.495 3.0073 3.0092 .333 .335

3 7^10
3.755 3.2256 3.2251 3.2236 3.2228 .365 3.750 3.2235 3.2250 .359 .361

3.765 3.2261 3.2256 3.2241 3 . 2233 .367 3.745 3.2223 3.2242 .357 .359

4 . 000
4.005 3.4407 3 . 4401 3.4384 3. 4375 .390 4.000 3.4385 3.4400 . 383 .385

4.015 3.4413 3.4407 3.4390 3.4381 . 392 3.990 3.4372 3.4391 .381 .383

4.500
4.505 3.8707 3.8701 3.8684 3.8675 .439 4.500 3.8685 3.8700 .432 .434

4 . 515 3.8713 3.8707 3.8690 3.8681 .441 4.490 3.8672 3.8691 .430 .432

5.000
5.005 4.3007 4.3001 4.2984 4.2975 .488 5.000 4.2985 4.3000 .481 .483

5.015 4.3013 4.3007 4.2990 4.2981 .490 4.990 4.2972 4.2991 .479 .481

5.500
5.505 4.7307 4.7301 4.7283 4.7274 .537 5.500 4.7285 4.7300 .530 .532

5 . 515 4.7313 4.7307 4.7289 4.7280 .539 5.490 4.7271 4.7290 .528 .530

6.000
6.005 5.1607 5.1601 5.1583 5.1574 .586 6.000 5.1585 5.1600 .579 .581

6.015 5.1613 5.1607 5,1589 5.1580 .588 5.990 5.1571 5.1590 .577 .579
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TABLE 10-35

Basic Dirriensions for Major Dios:eter Fits

AS!«'.E Paper Ho. 48—SA—21 J. B. Armitage, Straight Sided Splines

Dj_ (.r.inin-n—)— IJc—insl Disrr.eier

Kcr:

Dia

L-:!—nr; Clearance or Mazirrar: Inierfcreace

Clearance Is Pics
,
Interference Is ’fines

7 2 3 4 5

3/4 -f-.oois +.0003 +.0001 -.0012 -.0017

7/8 -^.0018 +.0003 +.0001 -.0012 -.0017

1
-
i-,0018 +.0003 +.0001 -.0012 -.0017

1- 1/8 i-,0015 +.0004 +.0001 -.0014 -.0020

1- 1/4 ^.0015 +.0004 +.0001 -.0014 -.0020

1- 3/S e.COlo +.0004 +.0001 -.0014 -.0020

1- 1/2 -!-.0020 +.0005 +.0001 -.0015 -.0021

1- 5/8 +.0020 +.0005 +.0001 -.0015 -.0021

1- 3/4 +.0020 +.0005 +.0001 -.0015 -.0021

1-7/S +.0020 +.0005 +.0001 -.0015 -.0021

2 +.0021 +.0006 +.0001 -.0017 -.0024

2- 1/4 +.0021 +.0006 +.0001 -.0017 -.0024

2- 1/2 +.0021 +.0006 +.0001 -.0017 -.0024

2- 3/4 +.0021 -
i-.0006 +.0001 -.0017 -.0024

3 +.0021 -
i-.0006 +.0001 -.0018 -.0025

3- 1/4 +.0021 -
i-.0006 +.0001 -.0018 -.0025

3- 1/2 +.0021 +.0005 +.0001 -.0018 -.0025

3 - 3/4 +.0021 -
i-.0006 +.0001 -.0018 -.0025

/
*T +.0022 -i-.OOOT +.0001 -.0020 -.0023
4 - 1/2 +.0022 +.0007 +.0001 -.0020 -.0023

5 +.0022 -
i-. OOO? +.0001 -.0020 -.0028

5 - 1/2 +.0022 -f-.OOOT +.0001 -.0021 -.0029
6 +.0022 +.0007 -5-. 0001 -.0021 -.0029
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TABLE 10-36
Tolerances for Major Diameter Fits

ASME Paper No. 48-SA-21 J. B. Armitage, Straight Sided Splines

Nom
Din

Tolerance

'
h,

/)

1
. 2 .3 .4,5 1

,23 .4,5

3/4 .0008 .0003

7/8 .0008 .0003

1 .0008 .0003

1 - 1/8 .0009 .0004

1 - 1/4 .0009 .0004

1 - 3/8 .0009 .0004

1 -1/2 .0010 .0004

l-S/8 .0010 .0004

1 - 3/4 .0010 .0004

1 -7/8 .0010 .0004

2 .0011 .0005

2 - 1/4 .0011 .0005

2 - 1/2 .0011 .0005

2 -3/4 .0011 .0005

3 .0012 .0005

3 - 1/4 .0012 .0005

3 - 1/2 .0012 .0005

3 - 3/4 .0012 .0005

4 .0013 .0006

4 - 1/2 .0013 .0006

5 .0013 .0006

5 - 1/2 .0014 .0006

6 .0014 .0006
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TABLE 10-37
Tolerances on Key Fits

ASME Paper No. 48-SA-21 J. B. Armitage, Straight Sided Splines

1. Frfr

2. MIUKtirr Kit

3. ruBh Kit

4. Lintit Drlvr’ Kit

B, Prt'ftH Kit

Nom
Din

'rolernncc

>h
1

,
2 , 3 ,4 ,5 1

,
2

, 3 ,-1.

5

3/4 ,0000 .0003

7/0 .0000 .0003

1 .0000 .0003

1 - 1/0 .0009 .0004

1 . 1/4 .0009 .0004

1 - 3/0 .0009 .0004

1 - 1/2 .0010 ,0004

1 - 5/0 ,0010 .0004

1 - 3/4 .0010 .0004

1 -7/0 .0010 .0004

2 .0011 .0005

2 - 1/4 .0011 .0005

2 - 1/2 .0011 .0005

2 - 3/4 ,0011 .0005

3 ,0012 .0005

3 * 1/4 ,0012 .0005

3 - 1/2 .0012 .0005

3 - 3/4 .0012 .0005

4 .0013 . 0005

4 - 1/2 .0013 ,0005

5 .0013 .0006

5 - 1/2 .0014 .0005

6 .0014 .0006
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TABLE 10-38
Basic Dimensions for Key Fits

ASME Paper No. 48-SA-21 J. B, Armitoge, Straight Sided Splines

1. Free

3. SlIdlnKFil

3. Push Fit

4. LI|;ht Drive Fit

Pre«* Fit

ir, (J»tinimum) for 6 splines — 1/4 Norn Dia
If? (Minimum) for 10 splines — .156 Nom Dia

IT'^' (Minimum) for 16 splines — .008 Nom Dia

Nom
Dia

Minimum Clearance or Maximum Interference

Clearance is Plus, Interference is Minus

1 2 3 4 5

3/4 -^.0018 +.0003 +.0001 -.0012 -.0017

7/8 +.0018 +.0003 +.0001 -.0012 -.0017

1 +.0018 +.0003 +.0001 -.0012 -.0017

1-1/8 +.0019 +.0004 +.0001 -.0014 -.0020

1-1/4 +.0019 +.0004 +.0001 -.0014 -.0020

1-3/8 +.0019 +.0004 +.0001 -.0014 -.0020

1-1/2 +.0020 +.0005 +.0001 -.0015 -.0021

1-5/8 +.0020 +.0005 +.0001 -.0015 -.0021

1-3/4 +.0020 +.0005 +.0001 -.0015 -.0021

1-7/8 +.0020 +.0005 +.0001 -.0015 -.0021

2 +.0021 +.0006 +.0001 -.0017 -.0024

2-1/4 +.0021 +.0006 +.0001 -.0017 -.0024

2-1/2 +.0021 +.0006 +.0001 -.0017 -.0024

2-3/4 +.0021 +.0006 +.0001 -.0017 -.0024

3 +.0021 +.0006 +.0001 -.0018 -.0025

3-1/4 +.0021 +. 0006 +.0001 -.0018 -.0025

3-1/2 +.0021 +.0006 +.0001 -.0018 -.0025

3-3/4 +.0021 +.0006 +.0001 -.0018 -.0025

4 +.0022 +.0007 +.0001 -.0020 -.0028

4-1/2 +.0022 +.0007 +.0001 -.0020 -. 0028

5 +.0022 +.0007 +.0001 -.0020 -.0028

5-1/2 +.0022 +.0007 +.0001 -.0021 -.0029

6 +.0022 +.0007 +.0001 -.0021 -.0029
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TABLE 10-2?

Stress Analysis of Splined and Serroted Fits

r = Ctcd: p-s'ssii}

5 = sbiar .ctrisi fs per eqtrare ircfc cf eirr.er sf-^fe cr tefc, -rrfcfcfccTer

ie Is-ver.

= Pcefc stsereier cf splie* cr rerraticc fJe /.ecces)^ fc the case of strai^f.t ei/fed splices,

/) IS tee ccrstrisa! srcrsiiie of ir.2jor 2S(f isisor ifJsrrjKers fsee erasipfe telo-yj,

I- = LeSi??fc of ecstsot of spHseo cr serratec fit (is fsof.es),

Fcreii .splfse fits

r*w.72;4)D^f,i:

Eza.’splei /. ferosze 1^000: ^ear os 2 C-1Cm(P sfafe,

2-fsof so—fsal ofas:.erer straf^fr-siief sfz splise.

/.fto-jisfle sfear stress to sfcafe; lCi,<;'j'5 psL
/.Il.o-irafle sf-ear stress is erens ^ean 5,000 psi.

Les^tf cf .spifses 2'/t fsefes.

To oesessise fJ'r

Fora 2*!ssfc srs-stfeti splice, tfe isfscr efa-steter is approzisiatel/ 1,700 (Table 10—JI),

/> = I/2r2^ 1,700}

= I/Z'3.700}

- LSOO

" = 5/300 P'sf, tfe zircsi’afle sfear ss^ess cf tfe ereafer cf tfe tro isaterials

= 0,1505

= 00,7254} (1.250) *(2'I/4i(5000>

T = 24/jOO Jf. IS-
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TABLE n-l

Dimensions of Sfandord ond Oversize, Hardened and Ground, Dowel Pins

ASA B5.20--1947 Machine Pins

^^O^Appro)^

D -1 t
_ C^D-

1
O.OlO±O.OOS

1 _

-> <—CROWN 1/3 to 1/8 OF DlMl

All dlmenslonn nre given in inchei.

Theae pJna are extensively used In the tool ond mochlne Industry nnd « mochine reomer of nominal site

mny be used to produce the hole# into which these pins top or preaa fit. Tliey mutt be atroicht nnd free from

ony defects that will effect their aervicenbillty'
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TABLE n-2

Dimensions of Straight Pins — Chomfered and Square End

ASA B5,20-1947 Machine Pins

CHAMFERED SQUARE END

Diameter
Homlnal
Diameter

>!

Mai Min

Cmunfer
B

0.062 0.010
0,094 0.0937 0,010
0,109 0.1094 0,010

0,123 0,010
0.156 0.1562 /ei
0,188 0.1875 1

0,219 0,2187 0,2167 ^4

0.2.30 1
/hi

0.312 0.3095 1
/32

0,375 142
0.438 0.4375 0.4345 42
0.500 142

All dlm^nsiona art frlven in Inches*

These pins must be straight orvi free from burrs or any other defects that vrill affect their servlceoblllty#
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TABLE n-3

Dimensions of Ground Dowel Pins (Not Hardened)

ASA B5.20-1947 Machine Pins

Diameter
Nominal

/ ChamXer
Diameter B

Max Min

0.062 0.0600 0.0595 0.010
0.091 0.0912 0.0907 0.010
0.109 0.1068 0.1063 0.010

0.125 0.1223 0.1218 0.010
0.156 0.1535 0.1530
0 183 0.1847 0.1842 ‘/4«

0.219 0.2159 0.2154

0.250 0.2470 0.2465 ‘/44

0.312 0.3094 0.3089
0.375 0.3717 0.3712
0.438 0.4341 0.4336 VSi

0.500 0.4964 0.4959
0.625 0.62U 0.6206
0,750 0 7458 0,7453 *44
0 875 0.8703 0.8700
1.000 0.9952 0.9947

All dimensions ore in inches.

Maximum diameters ore cradunted from 0.0005 on I/I6 In. pins to 0.0028 on l-ln. pins under the minimum com-

rrerciol bar stock sices.
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TABLE 11-5

Rollpin Dimensions, Hole Sizes, and Shear Strengths

Catalog No. 825 Elastic Stop Nut Corporation of America

Tolerance on specified length

0.187 to 1.000 ±.015
1.001 to 2.000 ±.020
2.001 to 3.000 ±.025
3.001 to 4.000 ±.030

4.001 S: above 1.035 C-H h- or CHAUrCR
OPTIONAL

A

Maximum
Nominal (Go Ring Gage)

Minimum
V3{D| + + D^)

1

B

Max

C

Min Max
Stock-

Thickness

Recommended

Hole Size

Min Max

Minimum Double

Shear Strength,

Pounds
Carbon Steel and

Stainless Steel

.062 .069 .066 .059 . 007 10m .065 425

.086 .083 . 075 wm . 078 .081 650

.004 . 10 3 .000 . 001 . 008 . 038 HH .004 .007 1.000

. 12S . 135 . 131 . 122 . 008 .044 . 125 . 120 2,100

. 140 . 149 . 145 . 137 .008 .044 .028 . 140 . 144 2,200

. 166 . 167 . 162 . 151 .010 .048 .032 . 156 . 160 3,000

. 187 . 100 . 194 . 182 .011 . 055 .040 . 187 . 102 4,400

.210 .232 .226 .214 .011 .065 .048 .210 .224 5,700

.250 .264 .258 .245 .012 .065 .048 .250 .2.56 7,700

.312 .328 .321 . 306 .014 .080 .062 . 312 .318 11,500

. 375 .392 .385 .368 .016 .00 5 .077 .375 .382 17,600

.437 .456 .448 . 430 .017 . 005 .077 .437 .445 20,000

.500 .521 .513 . 485 .025 .110 .094 .500 .510 25. BOO
1

All dlmenslonB nre given in inchei.

Mnicfials

Standard Rollpins nrc manufactured from enrbon steel and
Type 420 corrosion resistant steel.

Temperatures at which Rollpins can be operated sntisfac'

torily usually exceed the permissible operating; temperatures
of the members in which they are inserted. However, for spe-
cial applications the following values may be taken as safe
limits before the physical properties of the Rollpin ore sulr
stantially altered:

Carbon steel 500°F,
Type 420 Corrosion Resistant Steel 700°F.

Finishes

Carbon steel Rollpins are customarily supplied plain, with

the black oiled Hnish characteristic of heat treating. Zinc and

cadmium plated finishes arc also available on special order.

Corrosion resistant steel pins nre furnished only with passivated

finish. In cases where Government limitations apply to raw

nuicrial or plating, certifications under these limitations must

accompany purchase orders, There a mild degree of corrosion

resistance is necessary, n phosphate coating is available.

coni/nuorf on next
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TABLE 11-6

Rollptn Avcilcbilify end Uumbering Systen*

Ccfclog I'o. 225 Elcsfic S*ap flut Corporation of America

flAXU CA?30;t STEH. F-CLLFtN AVAILA-ErUTY

fjGwrs'AJL DrA)/=rst

LS.'9TH3 j:c2 at a.A .12= .1^5 .ith .fE7

T

f

T a':.

K-AEE?
Cerrss

A^-
Urn -V T A-. ...A A^

A- T 7
tb .

/ f f
. . * ^ A, A,

.... * ... * A-
.c. -O-

ie .. -fr,.. A-
-fr,.. ....i- A^ ,c-

A... A. •f' w. A..

A... A^ A.

A lb,.. A. A.. -b
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TABLE 11-6, continued

ROLLPINS are identified by a series of dash numbers in accordance with the example shown below.

EXAMPLE

5 9 028 125 - 0750 =
ROLLPIN, .125 Diam., .028 wail,

3/4 long, Plain Carbon Steel.

THIRD DASH NUMBER indicates

length in thousandths of an indi.

- SECOND DASH NU.MBER indicates nominal diam-

eter in thousandths of an inch and is determined

from "A-Nominal” column in tabulation on page 14.

- FIRST DASH NUMBER indicates wall thickness in

thousandths of an inch and is determined from"stock

thickness" column in tabulation on page 14.

- S ECOND DIGIT indicates finish:

9—Plain
3_Phosphate coating, Army Spec i~!-0-2C, Type 2, Class B.

2—Cadmium plate, Federal Spec QQ-P-416, Type 1, Class C.

1 —Zinc plate. Federal Spec QQ-Z-325. Type 1, Class 3-

FIRST DIGIT indicates material:

7—Corrosion Resistant Steel, AISI 420. (.Magnetic)

5—High Carbon Steel.

9— Deryllium Copper
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Shaft Diameter
Indies

Nominal Diameter of
Transverse* Rollpin

Nominal Diameter of
Rollpin Used as fKey

3/16 1/16

7/32 5/64

1/4 3/32

5/16 1/e

3/8 1/8

7/16 5/32

1/2 5/32

9/16 3/16

5/8 3/16
11/16 7/32

3/4 7/32
13/16 1/4

7/8 5/16

15/16 5/16
1 3/8

1 - 1/4 7/16
1- 3/8 7/16
1- 1/2 1/2

1- 5/8

•Doiils =h«r strength of rollpins in trEnsveme Eheer is given in Table 1 l-s, last column.

fTo find the shear strength, pounds, of a rollpin in longSudinal shear in the manner of a key,
muttply the double shear strength listed in the last column of Table 1 1_5 corresponding to the
pro^r dmmeter, by two-fifths the nunber of dUmeters in the length of the pin. Thus a pin cf
0.I2S nommal drameter and 3/4 inch long, and which has a double sheer strength of 2,1000
potmas, has a loneitucfinal shear strength of

5040 pounds, minimum.
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TABLE 11-8

Dimensions of Cotter Pins

ASA B5.20-1947 Machine Pins

-L- H -L-

MITRE
END

-£

-L--

r-E

-L-

' -
fir.:

>

-

EXTENDEO PRONG BEVEL
MITRE SQUARE POINT
END CUT

HAMMER
LOCK

Diameter
Nominn]

Diameter
A

M .n-T Min

Inside
Fyc

Diameter
B

,Min

Outside
Kyc

Diameter
C
Min

Hole
Sizes
R ccom-
m ended

Lengths of

Carricd-in-Stock Sizes
TTic Atlas Dolt and Screw Co

0.031 0.032 0 .028 1/32 1/16 3/64

0.047 0.048 0.044 3/64 3/32 1/16

0.062 0.060 0.056 1/16 1/8 5/64 1/2 to 2 inch by quarter inch

0.07B 0.076 0.072 5/64 5/32 3/32

0.094 0.090 0.086 3/32 3/16 7/64 1/2 to 2 by quarters; 2'/:

0. 109 0. 104 0. 100 7/64 7/32 1/8

0. 125 0. 120 0.116 1/8 1/4 0/64 ( 1/2 to 2 by quarters;

' to 3 by half inches
0. 141 0. 134 0. 130 9/64 0/32 5/32

0.156 0.150 0. 146 5/32 .5/16 11/64 3/4 to 2'A by quaitcts; 3

0. 188 0.176 0. 172 3/16 3/8 13/64 3/4 to 2'/3 by quaitcrs; 3, 3’/, 4

0.219 0.207 0.202 "/32 7/16 15/64

0.250 0.225 0.220 1/4 1/2 17/64 1 to 214 by quanets; 3,314, 4

0.312 0.280 0. 275 5/1(5 5/8 .5/16 1 to 214 by quarters; 3,314, 4, 5

0. 375 0. 335 0.320 3/P 3/4 3/8 l'< to 4 by half inches; 5

0.438 0.40fi 0 . 400 7/16 7/8 7/16

0. 500 0.473 0.46" 1/2 1 1/2 2 to 4 by half inches; 5

0.625 0.598 0.590 5/8 1 1/4 5/8 3, 314,4, 5

0.750 0.723 0.715 3/4 1 1/2 3/4

All dimrnKlons ore rIvco In IncheB.

A ccrtnln oir.ounl of leeway Is peimllted In the deslpn of the hend; however, the Inside dinmeters ond outside dinineters given should be

ndltered to.

Proncs nre to be portiUel, ends shnll not be open.
Points mny be blunt, bevel, extendod-pronp, mitre, etc., ond purchnser tnoy specify type required.
Lengths shnll be mensured oa ahoem on the above lllustrntlon (dimenalon).
Cotter plna shall be free fnam burrs or nny defects thoC will offect Iheir sen'iceobllity.



TABLE 11-9

Regular Square IJufs

ASA B18.2— 1952 Square end Hexagon Bolts and Huts

•Size or
Basic Major
Diarzetcr
of Thread

llcrh Aero;
Flats
F

>s •{(irh Across
Corners

!
G

i

Thickness
H

Maz f Basic) gg Min j;om .Max Min

1/4 0,2550 7/16 0.4375 0,425 0.619 0.584 7/32 0.235 0.203
5/16 0.3125 0/16 0.5625 0.547 0.795 0.751 17/64 0.283 0.249
3/S 0.3750 5/8 0.6250 0.606 0.884 0.832 21/64 0.346 0,310
7/16 0.4375 3/4 0.7500 0.72? 1.06

1

1.009 3/8 0,394 0.356

1/2 0,5000 13/16 0.8125 o.~g? 1,140 I .0S2 7/16 0.458 0.418
5/S 0,6250

,

1 1,000-0 0.560 I.4 I4 1.330 35/64 9.569 0.525
3/4 0.7500 I 1/8 1.1250 1.038 1.591 1.494 21/32 0.689 0.632
7/8 0.g750 1 5/16 1.3125 1.269 1.856 1.742 49/64 0.792 0.740

1 1.0000 1 1/2 1.5000 1.450 2.121 1.991 7/8 0.903
1 1/S 1.1250 1 11/16 1,6375 1.631 2,386 2.239 I 1.030 0.970
I 1/4 1,2500 I 7/8 1.8750 1.812

i

2.652 2.439 1 3/32 1.126 1.062
1 3/3 1,3750 2 1/16 2.0625 1.994 2.91- 2.73'^ 1 13/64 1.237 1.169
1 1/2 1.5000 2 1/4 2.2500 2.1'5 3.132 2.936 1 5/16 1.348 .276
1 5/8 1.6250 2 7/16 2.4375 2.356 3.447 3.235 1 r/6’4 1.460 1.384

•Belt* ere gxresi Is. Tahle
AU given £n inches.

gcuare neix ere net fislxfoed c?n any scrfece bet are threaded.

Taper d the cidea cf nets (angle between cne side and the axis) shall net exceed 2 deg, the
vridlh across flats being the largest dhrensicn.

Tops cf ntie shall be flat and chandered cr vrasher crovrned, Dianieter of the top circle shall be
the maxfnrtm vridth across the fists v/hhin a tolerance cf c'.intrs 15 per cent.

Bearing strfsce shall be at right angles to the axis cf the threaded hole within a tolerarzce of

3 deg for l-in^ r:cts ce smaller and 2 deg fer nuts larger than I irt-

Tfcreadi shaC be ccarse-thread series, class ?B ,

Stntsble material for steel nets is covered by ASTV, A-307; ether materials will be as agreed npen
by mamdaetcrer and cser.

11-11



TABLE 11-10

Finished Hexagon and Hexagon-Jam Nuts

ASA B18, 2-1952 Square and Hexogon Bolts and Nuts

Nominal
•Size or

Uasic Major
Piameter
of I'hrc.id

Uidth Across
Fl.lIS

I-

ttidtii Across
Corners

C.

Thickness
N’uis

11

Thickness
Jam Vuts

U

Max ( fLisic) '.'in M.i» Min ''om Max Min N’om Max Min

1/4 0.2500 7/16 0.4375 0.428 0.488 7/32 0.226 0.212 5/32 S I 3 0.150

5/16 0.3125 1/2 0.5000 LlfCIlM 0.577 0.557 17/64 0.273 0.258 3/16 11 0,180

3/8 0.3750 9/16 0.5625 luCmI 0.628 21/64 0.337 liAMia 7/32 0,227 0.210

7/lG 0.4375 11/16 0.6875 0.675 0.794 0.768 3/8 0.385 0,365 1/4 0.260 0.240

1/2 0.5000 3/4 0.7500 0.736 0.866 0.840 7/16 0.448 0,427 5/16 0.323 0.302

9/16 0.562,5 7/8 0.8750 1.010 31/64 0.496 0.473 6/16 0.324 0.301

5/8 0.6250 15/16 0.9375 0.922 1.083 1.051 35/64 0.559 0.535 3/8 0.387 0.363

3/4 0.7500 1 1/8 1.1250 1.088 1.299 1.240 41/64 0.665 0.617 27/64 0.446 0.39S

7/8 0.8750 1 5/16 1.3125 1.269 IdllG 1.447 3/4 0.776 0.724 31/64 0.510 0.458

1 1.0000 1 1/2 i.,5ono 1.450 1.732 li;53 55/64 0.887 0.831 35/64
VPP|

0.519

J 1/8 1.1250 1 11/16 1.68'5 1.631 1.9.19 1.859 31/32 0.999 0.939 39/64 0.579

1 1/4 1.2500 1 7/8 1.R750 1.812 2.165 2.066 1 1/16 1.094 1.030 23/32 u&O 0.687

1 5/8 1.3750 2 1/16 2.0625 1.994 2.382 2.273 I 11/64 1.206 1.138 25/32 0.815 0.747

1 1/2 1.5000 2 1/4 2.2500 2.598 2.480 1 9/32 1.317 1.245 27/32 0.808

1 5/8 1.6250 2 7/16 2.4375 2.815 2.686 1 25/64 1.429 1.353 29/32 0.944 0.868

1 3/4 1.7500 2 5/8 2.6250 2.53S 3.031 2.893 1 1/2 1.540 1.460 31/32 nmiM 0.929

1 7/8 1.8750 2 13/16 2.8125 2.-19 3.248 3.100 1 39/64 1.651 1.567 1 1/32 1.073 0.989

2 2.0000 3 3.0000 2.')nn 3.464 5.306 1 23/32 1.763 1.675 1 3/32 1.138 1.050

2 1/4 2.2500 3 3/8 3.3750 3.2(.2 3.807 3.719 1 59/64 1.970 1.874 1 13/64 1.251 1.155

2 1/2 2.5000 3 3/4 3.7500 3.6:-. 4.330 4.133 2 9/64 2.193 2.089 1 29/64 1.401

2 3/4 2.7500 4 1/8 4.1250 3. ‘.188 4.763 4.546 2 23/64 2.415 1.634

3 3.0000 4 1/2 4.5000 4.350 5.196 4.959 2 37/64
1

2.638 2.518 1.763 IBM
•Bolt* ore given In Tohle 9-34.

All dimensions given In inches,

BOLD TYPE INDICATES PRODUCTS UNIFIED DIMENSIONALLY WITH BRITISH AND CANADIAN STANDARDS.

"Finished'* In the title refers to the quality of mnnufoclure one! the closeness of toleronce and does not Indicate that

surfaces are completely machined.
Toper of the sides of nuts (angle between one side ond the nxls) shall not exceed 2 1^'®' specified width across

flats being the largest dimension.

Tops of nuts shall be flat ond chamfered. Diameter of top circle shall be the maximum width across flats within n tol-

erance of minus IS per cent for washer faced nuts ond within a tolerance of minus $ per cent for double chamfered nuts.

Bearing surface shell be Washer faced or with chamfered comers. Diameter of circle bearing surface shall be the max-

imum width ocroBB flats within a toirmnee of minus 5 per cent. Topped hole shall be counter-sunk 1/64 In. over the

major dlometer of thread for nuts up to and including 1/2 In., and 1/32 In. over tne mojor diameter of thread for nuts over

1/2 In. size.

Bearing surfoce shall be at right angles to the axis of the tlueaded hole within o toleronce of 2 dog for 5/8 In. nuts or

smoller and I deg for nuts larger than 5/8 In.; therefore, the maximum total runout of bearing face would equol the tan-

gent of Bpeclfled angle times the distance across flats.

Threod shall be coarse-, fine-, or 8-thread series; closn 2B.
Sultoble moterlol for steel nuts is covered by ASTM A-307; other malerlols will be ns agreed upon by monufacturer

ond user.

Tolerance on width across flots moy bo Increased O.OtS In. for hot formed nuts 5/8 In. ond smaller.
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TABLE n-12

Machine Screw and Stove Bolt Nuts

ASA B18. 2-1952 Square and Hexagon Bolts and Nuts

Nominal
Size or

Basic Major
Diameter
of Thread

idth Across
Flats
F

1

Vl'idth Across
Comets

G
!

Thickness
H

Maximum
(Basic) Min

Square

Max Min

Her

Max Min
Nomi-
nal Max Min

No. 0 0.0600 V32 0.1562 0.150 0.221

1

0.206 0.171 3/64 0.050 0.043

No. 1 0.0730 V32 0.1562 0.150 0.221 0.206 fHWiM n.1'1 3/64 0.050 0.043

No. 2 0.0860 3/16 0.1875 0.180 0.265 0.247 o.2r 0.205 1/16 0.066 0.057
No. 3 0.0990 3/16 O.I6’5 0.180 0.265 0.24' 0.217 0.205 1/16 0.066 0.057
No. 4 0.1120 1/4 0.2500 0.241 0.354 0.331 0.289 0.275 3/32 0.09S 0.037

No. 5 0.1250 5/16 0.3125 0.302 0,442 0.415 0.361 0.344 7/64 0.114 0.102
No. 6 0.1380 5/16 0.3125 0.302 0.442 0.415 DBai 7/64 0.114 0.102

No. 8 0.1640 I 11/37 0.3438 n.532 0.4S6 0.456 0.30' 0.376 1/S 0.130 0.11'

No. 10 0.1900 3/8 0.3'50 0.3(>2 0.530 0.497 0.435 0.413 1/8 0.130 0.1 n
No. 12 0.2160 7/16 0.43'5 0.423 0.610 0.581 0.505 0.482 5/32 0. 16

1

1/4 0.2500 7/16 0.43'5 0.423 0.610 0.581 0.505 3/16 0.193
5/16 0.3125 0/16 0.5625 0.545 0.'05 0.748 0.650 0.621 7/32 0.225
3/6 0.3750 5/8 0.6250 0.607 0.884 0.S33 0.722 0.692 1/4 0.257

All duncDsions nlvrn In Inchct.

llexopon rroehlne ncrrw nuts shnll hov; tops flot und chs—.fcrrd. Diorretcr of top clrclr shall be the maxlntim

width ncross flats within o tolerance of rrlnua 15 per cent. nottOTM ore flat but for special purposes nay be

chamfered or washer faced If so specified.

ScTJftfc nochine screw nuts ond stove bolt nuts sholl have tops ond bottoms flat without chamfer.

Thrcod shall be coorse-threod series for square Tnochlne-*scTew or slove«bo!l nuts, coarse- or fine-thread

series for hexoRon machine screw nut. class 2B.
Suitable moterlnl for steel nuts Is eo>-ered by ASTM A-307. other materials will be as apreed upon by manu-

focturer and user.
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TABLE 11-13

Heavy Square, Hexagon and Hexagon-Jom Nuts

ASA B18.2-1952 Square and Hexagon Bolts and Nuts

N'csiinal

*Size or
Basic Major

iTidtfi Acros
Flats
F

5 Vidtb Across
Corners

G

1 Thickness
Heavy Noes

H

Thickness
Heavy Jam Nuts

1

_«
Diameter
of Thread

Max
Square Hex

1

(Basic) Min Max Min Ma* Min Nom Max Min Nom Max Min

1/4 0.2500 1/2 0.5000 0.4S8 0.707 0.670 0.556 1/4 0.266 0.218 3/16 0.204 0.156
5/16 0.3125 9/16 0.5625 0.546 0.795 0.750 0.622 5/16 0.330 0.280 7/32 0.236 0.186
3/8 0.3750 11/16 0.6875 0.669 1 0.973 0.919 i 0.794 0.763 3/8 0.393 0.341 1/4 0.268 0.216
7/16 0.4375 3/4 0.7500 0.728 1.060 1.000 0.866 0.830 7/16 0.456 0,403 9/32 0.300 0.247

1/2 0.3000 7/8 0.8750 0.830 1.237 1.167 1.010 0.969 1/2 0,520 0.464 5/16 0.332 0.277
3/8 0.6i5t! 1 I/IR 1.0623 1.031 1.503 1.416 1.227

1

1.173 3/8 0.647 0.587 3/8 0.397 0.337
3/4 0.7500

,

1 1/4 1.2300 1.212 1.768 1.665 1.443 1 1.382 3/4 0,774 0.710 7/16 0.462 0.398
7/8 0.8750 1 7/16 1.4373 1.394 2.033 1.914 1.660 1.589 7/8 0,901 0.833 1/2 0.526 0.458

1 i.oono 1 5/8 1.6230 1.575 2.298 2.162 1.876 1.796 1 1.028 0558 9/16 0.590 0.519
1 1/8 13250 1 13/16 18125 1.756 2.563 2.411 2i)93 2J302 1 1/8 1 J55 1.079 5/8 0.655 0.579
1 1/4 1J2500 2 2.0000 1.938

,

2,828 2.661 2.309 2.209 1 1/4 12S2 1 J87 3/4 0.782 0.687
1 3/8 1-^750 2 3/16 2.1875 2.119 3.094 2.909 2 526 2.416 1 3/8 1409 1310 13/16 0 346 0.747

1 1/2 1 jOOO 2 3/8 2.3750 2.300 3.359 3.158 2.742 2.622 1 1/2 1.536 1.433 7/8 0.911 0.808
1 5/8 1.6250 2 9/16 2.5625 2.481 2.9591 2.828 1 5/8 1.663 1.556 15/16 0.976 0.868
1 3/4 1.7300 2 3/4 2.7300 2.662 3.175 3.033 1 3/4 i 1:790

,

1.679 1 1.040 0.929
1 7/8 1.8750

!

2 15/16 2.93751 2.844
1 1

3.392 3.242 1 7/8
1

1.917
1

1.802 1 1/16 1.104 0.989

2 2 0000 3 1/8 3.1250 3.023 O o'E 3.608 3.449 2 2.044 1.925 1 1/8 1.169 1,050
2 1/4 2.2500 3 1/2 3.5000 3.388 r3 4.041 3.862 2 1/4 2.298 2.155 1 1/4 1.298 1.155
2 1/2 2.5000 3 7/8 3.8750 3.750 V s V c . 4.474 4.275 2 1/2

i

2,552 2.401 1 1/2 1.552 1.401
2 3/4 2.7500 4 1/4 4.2500 4.112 w

I
(55

i

4.907 4.688 2 3/4 2.806 2.647 1 5/8 1.681 1.522
3 3.0000 4 5/S 4.6250 4.475

1

5.340 5.102 3 3.060 2.893 1 3/4 1.810 1.643

3 1/4 3.2500 5 5.0000 4.838 5.774 5.515 3 1/4 3.314 3.124 1 7/8 1.939 1.748
3 1/2 3.5000 5 3/8 5.3750 5.200 6.207 5.928 3 1/2 3.568 3.370 2 2.068 1.870
3 3/4 3.7300 5 3/4 5.7500 5.562

1

61540 6.341 3 3/4 3.822 3.616 2 1/8 2.197 1.990
4 4.0000 6 1/8 6.1250 5.925

j

7.073 6.755 4 4.076 3.862 2 1/4 2.326 2,112

• Bolte ere given in Tetle 9-J&.

Ali dimensions (zlven in inches,

BOLD TYPE DJDICATES PRODUCTS UNIFIED DHtENSONALLY WITH BRITISH AliD CANADIAN STANDARDS.
Nets are net finished on any surface but are threaded.
Taper of the sides of nuts (angle between one side and the axis) shall not exceed 2 deg, the specified width across flats

being the largest denension.

Tops of nuts shall be Gat and chsrrdered or (except jan: nuts) washer crowned. Dian:eter of top circle shall be the maximunj
width across flats within a tolerance of minus 15 per cent.

Bearing surface shall be at right angles to the axis of the threaded hole within a tolerance of 3 deg for l-in. nuts or smaller
end 2 deg for nuts larger than I in.; therefore, the maximuor total runout of bearing face wotdd equal the tangent of specified
angle times the distance across Gats,
Thread shall be coarse-thread series, class 2B,
Suiteble ir^terial for steel nuts is covered by ASTM A-307; other materials wUl be as agreed upon by manufacturer and user.



TABLE 11-14

Heavy Semifinished Hexagon and Hexagon-Jam Nuts

ASA B18.2-1952 Sauore ond Hexagon Bolts and Nuts

Nominal
•Size or

Basic Major
Diameter

Width Across
Pints
F

Width Across
Cornets

G

Thickness
Heavj' Nuts

M

Thickness
Heavy ] am Nuts

tl

of Thrcnd
Max

( Basic)
Min Max Min Norn Max .Min Nom Max Min

1/4 0.2500 1/2 0.5000 0.577 0.556 15/64 0.250 0.218 in 0.188 0.156
5/16 0.3125 0/16 0.5625 BiSUlI 0.622 19/64 0.314 E iii 0.220 0.186

3/8 0.3750 11/16 0.6875 0.669 0.794 0.763 23/64 0.377 E
;

£ 1 0.252 0.216

7/16 0.4375 3/4 O.7500 0.728 0.866 0.830 27/64 0.441 E it

]

17/64 0.285 0.247

1/2 0.5000 7/8 0.8750 0.850 1.010 0.960 31/64 IW 1 1 0.464 EV ! 0.317 0.277

9/16 0.5625 15/16 0.9375 0.909 1.083 1.037 35/64 0.526 0.349 0.307

5/8 0.6250 1 1/16 1.0625 1.031 1.227 1.175 39/64 list 1 0.587 ^BSrTTr 0.381 0.337

3/4 0.7500 1 1/4 1.2500 1.212 1.443 1.382 47/64 0,758 0.710 ^Ktl!Tr 0.446 0.398

7/8 0.8750 1 7/16 1.4375 1.3S4 1.660 1.589 55/64 0.885 0.833 31/64 0.510 0.458

1 1.0000 1 5/8 1.0259 1.575 1.870 1.790 03/04 1.012 0.950 35/04 0.519

1 1/8 1.1250 1 1.1/16 1.8125 1.756 2.093 1 7/64 1.139 1.079 39/64 t Hi 0.579

1 1/4 1.2500 2
3/16

2.0000 1.938 2.309 2.209 I 7/32 1.25! 1.187 23/32 i ] 0.687

1 3/8 1.3750 2 2.1875 2.110 2.526 2.416 1 11/32 1.378 r.3 io 25/32 0.815 0.747

1 1/2 1.5000 2 3/8 2.3750 2.300 2.742 2.622 1 I5/.72 1.505 1.433 27/32 0.810 0.898

1 5/8 1.6250 2 9/16 2.5625 2.481 2.959 2.82B 1 19/32 1.632 1.556 29/32 0.944 0.868

1 3/4 1.7500 2 3/4 2,7500 2.662 3.175 3.035 1 23/32 1.759 1.679 31/32 1.009 0.929

1 7/8 1.8750 2 15/16 2.9375 2.844 3.392 3.242 I 27/32 1.8S6 1.802 1 1/32 1.073 0.989

2 2.0000 3 1/8 3.1250 3.025 3.608 3.449 I 31/32 2.013 1.925 1 3/32 1.138 1.050

2 1/4 2.2500 } 1/2 3.5000 3.388 4.041 3.862 2 13/64 2.251 2.155 1 13/64 1.251 1.155

2 1/2 2.5000 3 7/8 3.8750 3.750 4.474 4.275 2 29/64 2.505 2.401 1 29/64 1.401

2 3/4 2.7500 4 1/4 4.2500 4.112 4.907 4.688 2 45/64 2.759 2.647 1 37/64 BiZI 1.522

3 3.0000 4 5/8 4.6250 4.475 ' 5.340 2 61/64 3.013 2.693 1 45/64 1.763 l/i43

3 1/4 3.2500 5 5.0000 4.8 38 ' 5.774 5.515 3 3/16 3.252 3.124 1 13/16 1.876 1.748

3 1/2 3.5000 5 3/8 5.3750 5.200 5.928 3 7/16 3.506 3.370 1 15/16 2.006 1.870

3 3/4 3.7500 5 3/4 5.7500 5.562 6.341 3 11/16 3.760 1.616 2 1/16 2.134 1.990

4 4.0000 6 1/8 6.1250 5.925 7j073 6.75^
1

3 15/16 4.014 3.862 2 3/16 2.264 2.112

Al! dimf^nsions in Inches.

BOLD TYPE INDICATES PRODUCTS UNIFIED DIMENSIONALLY WITH BRITISH AND CANADIAN
STANDARDS.

Semifinished nuts ore finished on benring surface ond threaded.
Toper of the sides of nuts (angle between one side ond the axis) Bholt not exceed 2 deg, the specified

width ocross flats being the largest dimension*

Tops of nuts shall be flat and chomfered. Dlometer of top circle shall be the maximum width octoss (lata

within o toleronce of minus 15 per cent for washer faced nuts and within a tolerance of minus 5 per cent for

double chomfered nuts*

Bearing surface shall be washer faced or with chomfered comers. Diameter of washer face ond the dlometer

of circle of bearing surface of double chamfered nuto shall be the moximum width octobb flats within a tolee-

once of minus 5 per cent. Tapped hole shall be countersunk l/M In. over the mojor diameter of threod for

nuts up to ond including 1/2 In. and 1/32 In. over the mojor diameter of thread for nuts owr 1/2 In, sire.

Bearing surface shall be nt right angles to the oxis of the threaded hole within o toleronce of 2 deg for

5/8 in. nuts or smaller and 1 deg for nuts lorger Utnn 5/8 In.; therefore, the moximum totol runout of benring

face wotdd equol the tongent of specified angle times the distance ocross flats,

Threod moy be coarse-, fine-, or 8'thrend aeries; class 2n tolerance; unless otherv.'lse specified, coorse-

thread series will be furnished.

Suitflble material for steel nuts Is covered by ASTM A-307; other mnterinic will be as ngreed upon by

manufacturer and user.

•Bolts are given In Table 9—35.
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TABLE n-16

Wrench Openings

Appendix 1, ASA B18. 2-1952 Snuore and Hexagon Bolts and Nuts

For Finished, Finished Thick, Recular and Heavy Scries Nuts; Rec;ular,

Heavy, Finished and Finished Heavy Bolts; Cap Screws; Set Screws;

Lac Bolts; Machine Screw and Stove Bolt Nuts

NOMINAL DOLT, SCRET AND NUT DIAMETERS

Nominal Size of

French, also Dastc
oc Maiimam ^tdih

Across Flats of

Dolt and Screw
Heads and Nuts

Allon.-ance

between
Dolt Head
Of Nuts
and Jaws
of U tench

ITrench Openings

NUTS
RejruJar

Senes
Dolts

Fi rushed

Dolt

Hesifoo
Head Op
Saew

Heavy
Series

Bolts

Finished
Heavy
Bolt

Bolts
Set

Saews

.Hachine Saew
Nuts and Store

Bolt Nuts

Finished
and

Finished
Thick
Series

Nuts

Refjlar
Series

Nuts

Hesvy
Series
Nuts

SGn ai Max

V32 0.1562 0.002 0.158 0.005 0. 163 No. 0 and No. 1

3/16 0.1875 0.002 0.190 0.005 0.195 No. 10 No. 2 and No. )

1/4 0.2500 0.002 0.252 0.005 0.257 1/4 No. 4

5/16 0.3125 0.003 0.316 0.006 0.322 No. 10 5/16 No. 5 and No. 6
11/32 0.3438 0.003 0.347 0.006> 0.353 No. 8
3/8 0,3750 0.378 0.006 0.354 1/4- 1/4 3/S No. 10

7/16 0.4375 0,003 0.440 0.CO6 0.446 1/4 1/4 1/4 7/16 No. 12 and 1/4

1/2 0.5000 0.004 0.50-4 0.006 0.510 Vlf. 1/4 5/16 5'16 1/2

9/16 0.5625 0.004 0.566 0.007 0.573 VB 5/16 5/16 VB ys 9/16 5/16

19/32 0.5933 0.004 0.599 0.007 0.605

5/8 0.6250 0.004 i3.629 0.007 o.oy. 3/8 7/16 7/16 5/8 3/8
11/16 0.6875 0.004 0.692 0.007 0.699 7/16 3'S

3/4 0.7500 0.005 0.755 0.008 0.763 1/2 7/16 7/16 1/2 1/2 y4
25/32 0.7812 0.005 0.786 0.003 0.794

13/16 0.8125 0.005 0.818 0.009 O.B26 1/2 9/16
7/8 0.8750 0.005 0.8SO 0.009 0.8S9 9/16 9/16 1/2 1/2 7/8
15/16 0.9375 0.006 0.944 0.009 0,953 V8 9/16 578 5/8

1 1,0000 0.006 1.006 0.009 1.015 5'R I

1 1/16 1.0625 0.006 10C£ 0.009 1.077 5 '8 5/8
1 1/8 1.1250 0.007 1.132 O.OIO 1.142 5/4 3/4 V4 374 I l/s
I 1/4 1.2500 0.007 1.257 0.010 }.2C7 3/4 V4 1 1/4

1 5/16 1.3125 0.008 1.320 o.on 1.331 7/8 7/8 7/8 7/5
I 3/8 1.3750 0.008 I.3S) 0.011 1.394 1 3/B
1 7/16 1.4375 0.003 1,446 0.011 1.457 7/8 7/8

1 1/2 1.5000 O.OOS 1.508 0.012 1.520 1 1 1 I 1 1/2

1 5/8 1.6250 0.009 1,6M 0.012 1.646 1 1

1 11/16 1.6£75 0.009 1,696 0.012 1.703 1 1/8 1 l/fi 1 1/8 I 1/8

1 13/16 1.8125 0.010 1.B22 0,013 1.835 1 1/8 1 1/8
I 7/8 1.8750 0.010 1,885 0.01) 1.89S 1 1/4 ! 1/4 1 1/4 1 1/4

2 2.0000 0.01

1

2.0U 0.014 2.025 I 1/4 I 1/4
2 1/16 2-0625 0.01

1

2.074 0.014 2.OSS I 3/B I 3/fi I 3/8
2 3/16 2.1875 0.012 2.200 0.015 2.215 I 3'P 1 3.78

2 1/4 2.2500 0.012 7.262 0.015 2.277 1 1/2 I 1/2 1 1/2
2 3/B 2.3750 0.013 ;.3a3 0,016 1 1/2 I 1/2
2 7/16 2.4375 0.013 2.450 0.016 2.466 1 5/8 1 5/S I 5/8

2 9/16 2.5625 0.014 1576 0.017 2.595 I 5/8 1 5/8
2 5/8 2,6250 0.014 2.639 0.017 2.656 1 3/4 1 V4
2 V4 L7300 0.014 2.766 0,017 2,78) I i/4 1 3/4
2 13/16 2.8125 0.015 2.827 0.018 2.845 1 7/B 1 7/S
2 15/16 2.9375 0.016 1954 0.019 2.973 1 7/8 1 7/8

3 3.0000 0.016 3.016 0,019 3.035 4. 2

3 1/8 3.1250 0.017 3.142 0,020 3.162 2 2
3 VB 3.3750 0.018 3.393 0.021 3.414 f . 1/4 2 1/4
3 1/2 3.5000 0.019 3.518 0.022 3.540 2 1/4 2 1/4
3 3/4 3.7500 0.020 3.770 0.023 3.793 2 1/2 2 1/2
3 7/8 3.8750 0.020 3.895 0.023 3.918 2 1/2 2 1,72

4 1/a 4.1250 0.022 4.147 0.025 4.172 2 3/4 2 3/4
4 1/4 4.2500 0.022 4.272 0.025 4,297 2 3/4 2 374
4 1/2 4.5000 0.024 4.524 0.026 4.550 5 3
4 5/8 4.6250 0.024 4.649 0.027 4.676 5 3

5 5.0000 0.026 0.029 5.055 3 1/4 3 1/4
5 3/8 5.3750 0.028 0.031 5.434 3 1/2 3 1/2
5 3/4 5.7500 0.030 5.780 0.033 5.813 3 V4 3 V4
6 1/8 6.1250 0.032 C.157 0.035 6.192 4 4

AU dimensions given in inches.
•Regular square only.

Wrenches shall be marked with the ‘‘Nominal Sire of Wrench** which U equal to the basic or maximum width across flats of the

corresponding bolt head or nut.

Allowance (minimum clearance) between maximum width across flats of nut or bolt head and jaws of wrench equals (1.005 I'

from minimum). (W equals nominal sire of wrench.)
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TABLE n - 19

Shafts for Ball and Roller Bearing Lock Nuts

AFBMA Standards Section No. 8

SHAFTS FOR TAPERED ROLLER DEARING LOCK NUTS
clamped MOUN llNO

SHAFTS FOR TAPERED ROLLER HEARING LOCK NUTS
adjustable mounting

mS Thread Major Diam Thread Picch Diam Thread Threat Dali Bearings, Cylindrical and Double Rot
Self-al ieninp Roller Bearines

V

Minor RcHel thread
1

Kevtvav

Max Tol Min Max Tol Min Diarp

Max
V^

il/(S4

-0

Brg.

Bore

Diam
K'

Max

Length
P

+ 1/64
-0

Depth Width Length
L N M

+1/64 +1/64 +1/64
-0 -0 -0

Nut

No.

32 0,391 .0054 0.3856 0,3707 .0026 0.3681 1/16 0.3937 5/16 9/32 1/16 1/8 3/32
32 0.469 .0054 0.4636 0.4487 .0026 0.4461 ! Illfl 1/16 0. '724 13/32 3/8 1/16 1/8 3/32 N-01

32 0.586 .0054 0.5657 .0030 0.5627 ! il j 1 1/16 0.’ '96 1/2 3/8 5/64 1/8 3/32

32 0.664 .00.54 0.6586 0.6437 .0030 0.6407 Esil 1/16 0.6b:<3 9/16 13/32 5/64 1/8 3/32 Kffi;

32 0.781 .0054 0.77 56 0.7607 .0034 0.7573 0.7427 1/16 0.7074 23/32 7/16 5/64 3/16 3/32 }b!I

32 0.969 .0054 0.9636 0.9487 .0034 0.9453 0.9307 1/16 0.9843 7/8 15/32 3/32 3/16 1/8

18

18

1.173 .0082

1.3125.0082
1.1648
1.3043

1.1369
1.2764

.0040

.0040

1.1329
1.2724

1 . 1048
1.2443

3/32
3/32

1.1011 1- 1/16 15/32 3/32 3/16 1/8 N-06

18 1.376 .0082 1.3678 1.3399 .0040 1.3359 1.3078 3/32 1.3780 1- 1/4 1/2 3/32 3/16 1/8 N-07

18 1.563 .0082 1.5548 1.5269 .0045 1.5224 1.4948 3/32 1.57 48 1-1.5/32 17/32 3/32 5/16 1/8

18 1.767 1.7309 .0045 1.7264 1.6988 1/0 1.7717 1-11/16 17/32 3/32 5/16 5/32

18 1.967 1.9309 .0045 1.9264 1.8988 1/0 1.9685 1- 7/8 19/32 3/32 5/16 5/32 N-lO

18 2.157 .0082 yiK^ 2.1209 .0051 2.1158 2.0888 1/0 2.1654 2- 1/16 19/32 1/8 5/16 5/32 N-11

18 2.360 mmBIBLI 2.3239 .0051 2.3188 2.2918 1/8 2.3622 2- 1/4 5/8 1/8 5/16 5/32 N-12

18 2.548 .0082 2.5398 2.5119 .0051 2.5068 2.4798 1/0 2.5591 2- 7/16 21/32 1/8 5/16 5/32 N-13

18 2.751 .0082 2.7149 .0051 2.7098 2.6028 1/0 2.7559 2- 5/8 21/32 1/8 5/16 1/4 N-14

12 2.933 2.8789 .0054 2.8735 2.8308 5/32 2.9520 2-25/32 11/16 1/8 5/16 1/4 AN- 15

12 3.137 .0112 3.0829 .0059 3.0770 3.0348 5/32 3.1496 3 11/16 1/8 3/8 1/4 ^^-16

12 3.340 .0112 3.3288 3.2859 .0074 3.2785 3.2378 5/32 3.3465 3- 3/16 23/32 1/8 3/8 1/4 AN-17

12 3.527 .0112 3.4729 .0074 3.4655 3.4248 5/32 3.5433 3- 3/8 13/16 5/32 3/8 1/4 A.'N-ltJ

12 3.730 .0112 3.6759 .0074 3.6685 3.6278 5/32 3.7402 3- 9/16 27/32 5/32 3/8 1/4

12 3.918 .0112 3.8639 .0074 3.8565 3.81.58 5/32 3.9370 3-25/32 7/8 5/32 3/8 5/16 AN-20

12 4.122 .0112 4,0679 .0083 4.0596 4.0198 5/32 4.1339 3-15/16 7/8 5/32 3/8 5/16 AN-21

12 4.325 .0112 4.3138 4.2709 .0083 4 . 2626 4.2228 5/32 4.3307 4- 3/16 29/32 3/16 3/8 5/16 AN-22

12 4.716 .0112 4.6619 .0083 4.6536 4.6138 5/32 4.7244 4- 9/16 15/16 3/16 3/8 5/16 AN-24

12 5.106 .0112 5.0519 .0083 5.0436 5.0038 5/32 5.1181 4-15/16 1 3/16 1/2 5/16 AN-26

12 5.497 .0112 5.4429 .0083 5.4346 5.3940 5/32 5.5118 5- 5/16 1- 1/16 3/16 5/8 5/16 AN-28

12 5.888 .0112 5.8339 .0083 5.8256 5.7058 5/32 5.9055 5-23/32 1- 1/8 7/32 5/8 3/8

8 6.284 .0152 6.2028 .0091 6.1637 6.1306 1/4 6.2992 6- 1/8 1- 3/16 15/64 5/8 3/8 AN-32

AN-34

AN-36

AN-38

AN-40

8 6.659 .0152 6.5770 .0091 6,5687 6.5056 1/4 6.6929 6- 1/2 1- 7/32 1.5/64 3/4 3/8

8 7.066 .0152 6.9848 .0091 6.9757 6.9126 1/4 7.0866 6-29/32 1- 1/4 15/64 3/4 3/8

8 7.472 .0152 7.4568 7.3908 .0091 7.3817 7.3106 1/4 7.4803 6- 5/16 1- 9/32 15/64 3/4 3/8

8 7.847 .0152 7.8318 7.7658 .0114 7,7544 7.6936 1/4 7.0740 7-11/16 1-11/32 15/64 7/8 3/8

Thrend Relief Dlometer "A’’ = Mn* Minor Tlirend Dlnmeter - \/64 In, • .005 i.l. for 32 md 18 Pitch Thrends, nnd Mnx Minor Thrend

1/32 In. i ,010 In. for 12 nnd 8 P Itch Tlirenda. Length of Denrlnft Sent s Minimum llenrlnc Width — 1/64 In. i .010 In. Threads ore

Nntlonol Form NS, Clnso 3.

conl/nuedonnextpo«»
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TABLE 11—19 continued

SHAFTS FOR BALL BEARING LOCK NUTS

I

I

Tapered Roller Bearings

Kcvwav
Thds.

per

Inch
Diam
K
Max

Thread
V

Length
f’

Depth Width' Length
M U

Nut
No,L

+1/64
-0

N
+ 1/64
-0

+1/64
-0

+ 1/64
-0

+1/64
-0

+1/64
-0

5/16 19/32 3/8 3/32 1/0 3/32 15/32 32

13/32 25/32 15/32 3/32 1/0 3/32 9/16 ^RRoiiH 32

1/2 13/16 1/2 3/32 1/8 3/32 19/32 32

9/16 7/8 17/32 3/32 1/0 3/32 5/0 8-N-03 32
45/64 29/32 17/32 3/32 3/16 3/32 5/8 O-N-04 32

7/0 1- 19/32 1/8 3/16 1/8 23/32 O-N-OS 32

1- 1/16 1- 19/32 1/0 3/16 1/0 23/32 O-N-06 18

1- 3/16 1- 1/16 5/0 1/0 3/16 1/0 3/4 0-N.065 18

1- 1/4 1- 1/16 5/8 1/0 3/16 1/0 3/4 8-N-07 18

1- 7/16 1- 1/16 5/8 1/0 5/16 1/0 3/4 O-N-OB 18

1-21/32 1- 1/16 5/0 1/0 5/16 5/32 25/32 8-N-09 10

1-55/64 1- 3/16 11/16 1/0 5/16 5/32 27/32 8-N-lO 18
2- 3/64 1-' 3/16 11/16 1/0 5/16 5/32 27/32 8-N-ll 18

2- 1/4 1- 9/32 3/4 5/32 5/16 5/32 29/32 8-N-12 18

2-27/64 1-11/32 25/32 5/32 5/16 5/32 15/16 B-N-13 18
2- 5/8 1-11/32 25/32 5/32 5/16 1/4 1- 8-N-14 18

2-25/32 1-13/32 13/16 3/16 5/16 1/4 1- 1/32 8-AN-15 12
3- 1-13/32 13/16 3/16 3/8 1/4 1- 1/32 8 -AN- 16 12
3- 3/16 1-15/32 27/32 3/16 3/8 1/4 1- 1/16 B-AN-17 12
3- 3/0 1- 5/8 15/16 7/32 3/8 1/4 1- 5/32 8-AN-18 12
3- 9/16 1-11/16 31/32 7/32 3/8 1/4 1- 3/16 8-AN-19 12
3-49/64 1- 3/4 1- 7/32 3/8 5/16 1- 9/32 O-AN-20 12

3-16/16 1- 3/4 1- 7/32 3/8 5/16 1- 9/32 B-AN-21 12

4- 5/32 1-13/16 1- 1/32 7/32 3/0 5/16 1- 5/16 8-AN-22 12

4-17/32 1-29/32 1- 3/32 1/4 3/0 5/16 1- 3/8 8 -AN- 2 4 12
1-29/32 2- 1/32 1- 5/32 1/4 1/2 5/16 1- 7/16 8 -AN -2

6

12
5-19/64 2-21/32 1-15/32 1/4 5/0 5/16 1- 3/4 B-AN-128 12
5-21/32 2-13/16 1- 9/16 9/32 5/8 3/8 1-29/32 8-AN-130 12

6- 1/16 2- 7/8 1-19/32 5/16 5/8 3/0 1-15/16 8-AN-132 0
6- 7/16 3- 1-21/32 5/16 3/4 3/0 2- 8-AN-134 0

6-27/32 3- 1/8 1-23/32 5/16 3/4 3/8 2- 1/16 8-AN-136 8
7- 1/4 3- 1/8 1-23/32 5/16 3/4 3/8 2- 1/16 8-AN-138 0
7- 5/8 3- 5/16 1-13/16 5/16 7/8 3/0 2- 1/8 8-AN-140 8

Thrond Relief Dlnmeter "A" = Mnx Minor Thrend Dlometcr — 1/64 In. i .005 In. for 32 nnd 18 Pitch Threndn,
ond Mnx Minor Thrend dlnmeter - 1/32 In. ± .010 In. for 12 nnd 8 Pitch Threndo. Lenclh of Benrlnc Sent "Z"
= Minimum Benrlng Width — 1/64 In. i .010 In. Threndo nre Amerlcnn Nntlonnl Form NS, Clnno 3.
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TABLE n-22

External Tooth Lock Washers

n <3
1 a <6 ^8 #10 tn 1/1 5/16 3/8

4 Mnx
1

0,2<’0 0.320 0.381 0.410 0.175 0.510 0.610 0.691
\Un 0.305 0.365 0.395 0. 160 0.191 0.588 0.670

Max 0. 150 0. 1T6 0.201 0.231 0.267 0.332 0.398
Min 0. US 0. Ml 0.168 0. 195 0.221 0.256 0.320 0.381

r Max o.oi*) 0.022 0.023 0.025 0.028 0.028 0.031 0.010
Min O.OIS 0.016 0.018 0.020 0.023 0.023 0.028 0.032

Suem 1/2 9/16 5/8 11/16 3/4 13/16 7/8 1 1 1/8 1 1/4

\ Max 0.900 0.985 1.070 1.260 1.315 1.110 1.620
Min O.RRO 0.860 1.015 1.220 1.290 1,3R0 1.590

11 Max 0.530 0.590 0.663 0.728 0.795 0.061 0.927 1.060
Min o.im 0.513 0.576 0.611 0.701 0.76R 0.833 0.897 1.025

c \'ax 0.010 0.015 0.015 0.050 0.050 0.055 0.055 0.060 0.067
Min 0.032 0.037 0.0.37 0.042 0.042 0.047 0. 047 0.052 0.050

All dlmmsions nre Klvrn in Inches.
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TABLE n-24

Ring No.

5000

5000 - 25 !

5000 - 31 '

5000 - 37

5000 - 43

5000 - 45

5000 - 50

5 000 - 51

5000 - 56

5000 - 62

5000 - 68

5000 - 75

5000 - 77

5000 - 81

5000 - 86

5000 - 87
j

5000 - 90

5000 - 93

5000 - 100

5000 - 102

5000 - 106

5000 - 112

5000 - 118

5000 - 12 5

5000 - 131

5000 - 137

5000 - 143

5000 - 145

5000 - 150

5000 - 156

5000 - 162

5000 - 165

5000 - 168

5000 - 175

5000 - 181

5000 - 185

5000 - 187

5000 - 193

5000 - 200

5000 - 206

5000 - 212

5000 - 218

5000 - 225

5000 - 231

5000 - 237

5000 - 244

5000 - 250

5000 - 253

Lug, Sections and Hole Dimensions of Series 5000 INTERNAL
Woldes Truorc Retaining Rings

Copyright 1952

Engineering Data and Specifications, Oct, 1952 Waldes Kohinoor, Inc.

Lug
sect sect

Hole
Dim Diam
B j E P

.063 . 015 .025 ,031

.066 .018 .033 ,031

.082 .028 .040 .041

.098 .029 .049 .047

.098 .030 .050 .047

.114 .035 .053 .047

.114 .035 .053 .047

.132 .035 .053 .047

. 132 .035 .060 .062

. 132 .036 .063 .062

.142 .040 .070 .062

. 146 .044 .074 .062

. 155 .044 .077 .062

.155 .045 .081 .062

.155 .045 .084 .062

.155 .047 .087 .062

. 155 .050 .091 .062

.155 .052 .096 .062

.155 .052 .008 .062

.180 .055 .101 .078

.180 .056 . 105 .078

.180 .059 .112 .078

. 180 .059 .114 .078

.180 .061 . 120 .078

. 180 .063 .124 .078

.180 .065 . 126 .078

.180 .064 .128 .078

. 180 .065 . 130 .078

.202 .070 . 138 .078

.227 .076 . 146 .078

.227 .072 .144 .078

,227 .071 . 145 .078

.234 .073 . 144 .078

.234 .073 .147 .093

.234 .075 . 149 .093

.234 .074 .150 .093

.234 .076 . 155 .093

.240 .082 . 165 .093

.250 .085 . 171 .093

.260 .085 . 173 .093

.264 .089 . 179 .093

.270 .090 . 180 .093

.270 .095 . 192 .093

.270 .096 .195 .093

.280 .098 .201 .110

.280 . 106 .204 . no

.280 .101 .205 . no

Since tolerance dimensions
are not included^ u is rec-

ommended that this chart

be used only ns a reference

chart of working dimen-
sions and not for purposes

of inspection*

Ring No.

5000

Lug
Dim
B

5000 - 256 .290

5000 - 262 .290

5000 - 268 ,300

.5000 - 275 .300

5000 - 281 .300

.5000 - 283 .300

5000 - 287 .310

5000 - 300 .310

5000 - 306 .320

5000 - 312 .320

5000 - 315 .320

5000 - 325 .344

5000 - 334
1

.344

5000 - 347
i .340

5000 - 350 , 340

5000 - 354 .350

5000 - 356 .350

5000 - 362 .350

5000 - 375 .360

5000 - 387 ,370

5000 - 393 .370

5000 - 400 .370

5000 - 412 .370

5000 - 425 .370

5000 - 433 .400

5000 - 450
1

.400

5000 - 462 I .400

5000 - 475
{

.410

5000 - 500 1 .446

5000 - 525 .450

5000 - 537
!

.468

5000 - 550 .468

5000 - 575 ,468

5000 - 600 ! .468

5000 - 625 .478

5000 - 650 .488

5000 - 662 ' .524

5000 - 675 .530

5000 - 700 .544

5000 - 725 .561

5000 - 7 50 .564

5000 - 800 .586

5000 - 825 .598

.5000 - 850 .608

5000 - 875 .620

5000 - 900 .632

50 00 - 9 5 0 .654

5000-1000 .676

sect

J

sect

E

Hole

Diam
P

.104 .207 ~n()

.105 .210 .110

.106 .218 .110

. 108 .225 .110

.131 .266 .110

.111 .230 .110

.117 .234 .110

.121 .249 .110

.121 .252 .110

. 122 .255 .110

.142 .258 .125

.128 .264 .125

.132 .272 .125

.137 .282 .125

. 132 .285 .125

.133 .288 .125

.134 .291 .125

. 135 .296 .125

,142 .309 .125

.145 .318 .125

. 147 .323 .125

.150 .330 .125

.144 .321 .125

.148 ,333 .125

. 153 .339 .125

. 157 .351 .125

. 159 .360 .125

. 163 .369 .125

. 172 .390 .156

.179 .408 .156

.181 .408 .156

.181 .408 .156

.180 .408 .156

.177 .408 .156

.184 .423 .156

.189 .438 .156

.192 .447 .187

. 199 .456 .187

.203 .474 .187

.211 .489 .187

.218 .507 .187

.230 .540 .187

.239 .558 .187

.246 .573 .187

.251 .591 .187

.257 .609 .187

.271 .642 .187

.284 .675 .187
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TABLE

11-25,

continued

Copyright

1952
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carbon
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TABLE 11-26

BEVELED, INTERNAL Retaining Rings — Series 5002
Copyright 1952

Engineering Data and Specifications, Oct, 1952 Waldes Kohinoor, Inc.

Tolerances on dimensions L and M
should be so chosen that any combi-
nation of them cannot exceed the

end-play take-up.

Clearance dimension is same as C
in Table 1 1—25.

ing

!o.

302

HOUSING

Diam

Inches mm

S S S

Dec F fact Approx
Equiv Equiv Equiv

DIMENSIONS OF
BEVELED RING

Thick-

U Tol ness T'ol

T

DIMENSIONS OF
BEVELED GROOVE

Diam Tol Width Tol

D -.000 W -.000

Min
Width
of Gap
A

(Ring in

Groove)

Max
End-
Play
Take-

Up

Allow-
able

Thrust
Load
(lbs)

Safety
F actor

= 4

00 1.000 1 25.4 .033 .042 1.081 +.003 .036 . 150 .005 49 50

02 1.023 — 26.0 .033 .042 1.106 .036 .155 .005 5050

06 1.062 1 1/16 27.0 .041 .050 1.150 .044 . 160 .006 6200

12 1.125 1 1/8 28.6 .040 .0 50 1.217 .043 . 170 .006 6600

18 1.1B8 1 3/16 30.2 .040 .050 ±.002 1.283 + .004 .043 .18 5 .006 7000

25 1.250 1 1/4 31.7 .039 .0 50 1.351 .042 . 200 .006 7350

31 1.312 1 5/16 33.3 .039 .050 1.418 .042 .215 .006 7750

37 1.375 1 3/8 34.9 .038 .050 1.486 .041 ,230 .007 8100

43 1.438 1 7/16 36.5 .037 .050 1.552 .040 .245 .007 8500

45 1.456 -- 37.0 .037 .0 50 1. 572 .040 .245 .007 8600

50 1.500 1 1/2 38.1 .037 .050 1.622 .040 .255 . 008 8800

56 1. 562 1 9/16 39.6 .048 .062 1.688 .052 .265 .008 11400

62 1.625 1 5/8 41.2 .047 .062 1.756 .051 .270 .008 11850

65 1.653 42.0 .047 .062 1.786 .051 .280 .008 12100

68 1.688 1 11/16 42.8 .046 .062 1.823 .050 .295 .008 12350

.75 1.750 1 3/4 44.4 .046 .062 1.891 .050 . 295 .009 12800

81 1.812 1 13/16 46.0 .046 ±.001.062 ±-083
1.958 +. 005 .050

+ .001
. 310 .009 13250

.85 1.850 — 47.0 .046 .062 1.998 .050 . 300 .010 13500

187 1.875 1 7/8 47.6 .046 .062 2.025 .050 . 310 .010 •13700

193 1.938 1 15/16 49.2 .045 .062 2.095 .049 . 325 .010 14150

!00 2.000 2 50.8 .044 .062 2.160 .048 . 340 .010 14600

206 2.062 2 1/16 52.

3

.060 .078 2.225 .065 . 3 55 .010 18950
>12 2. 125 2 1/8 53.9 .060 .078 2.295 . 065 . 365 .011 19500
>18 2.188 2 3/16 55.5 .059 .078 2.365 .064 . 365 .012 20100
225 2.250 2 1/4 57.1 .059 .078 2.435 .064 . 380 .012 20 700
231 2.312 2 5/16 58.7 .058 .078 2. 500 . 063 . 400 .012 21200
237 2.375 2 3/8 60.3 .058

±.0015 .078 2.567
+. 006 .063

+ . 0015 .420 .012 21800
244 2.440 2 7/16 61.9 .057 .078 2.634 .062 .415 .013 22400

250 2. 500 2 1/2 63.5 .0 57 .078 2.700 .062 .430 .013 23000
253 2. 531 2 17/32 64.2 .057 .078 2.733 .062 . 440 .013 23300
Material la carbon aprina atecl, but Woldea Truorc Rctainlna Ringa can olao be made from

1060- 1090, and atalnicaa atoel No. 420.
Serlea 5002 not available in phoaphor bronze end aluminum.

aluminum, beryllium copper, phoaphor bronze, SAE

conttnuod on next pege
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TABLE 1 1-26, continued
Copyright 1952

Ring
No.
5002

HOUSING

Diam

Inches

S S
Dec Fract
Equiv Equiv

—
mm

S
Approx
Equiv

DIMENSIONS OF
BEVELED RING

Thick-

U Tol ness Tol
T

DIMENSIONS OF
BEVELED GROOVE

Diam Tol Width Tol
D -.000 W -.000

Min
Width

of Gap
A

(Ring in

Groove)

Min
End-
Play
Take-
Up

Allow-

able

Thrust

Load
(lbs)

Safety

F actor

= 4

2.S6 2.562 2 9/16 65.0 .072 .093 2.760 .078 .445 .013 28100

2fi2 2.625 2 5/8 66.6 .071 .093 2.840 .077 . 440 .014 28800

268 2.688 2 11/16 68. 2 .071 .093 2.907 .077 .440 .015 29500

275 2.750 2 3/4 69.8 .070 .093
^

2.975 .076 . 450 .015 30100

281 2.813 2 13/16 71.4 .070 i.0nl5 pqj
1^.003 3.040

+ .006 .076 .470 .015 30800

283 2.834 -- 71.9 .070 .093 3.063 .076 .485 .015 31100

287 2.875 2 7/8 73.0 .070 .O'!.! 3.105 .076 . 500 .015 31500

300 3.000 3 76.1 . 068 .093 3.245 .074 .570 .016 32900

306 3.062 3 1/16 77.7 .084 . 109 3.310 .091 . 575 .016 39300

312 3.125 3 1/8 79.3 .083 . 109 3.377 .090 .600 .016 40100

315 3.156 3 5/32 80.

1

.083 . 109 3.408 .090 . 605 .016 40500

325 3.250 3 1/4 82.5 .082 .109 3.509 .089 .610 .017 41700

334 3.346 3 11/32 87.5 .082 . 109 3.611 .089 . 645 .017 43000

347 3.469 3 1.5/32 88.0 .081 .. 109 3.746 .088 .665 .OlBl 44500

350 3. 500 3 1/2 88.8 .081 . 109 3.780 .088 .675 .018' 44900

354 3. 543 -- 89.9 .080 . 109 3.826 .087 .685 .018: 45500

3 56 3.562 3 9/16 90.4 . 080 . loo 3.850 .087 .670 .019; 45700

362 3.625 3 5/8 92.0 .079. . 109 3.920 . 086 . 690 . 019
;
46600

375 3.750 3 3/4 95.2 .078 -.002 . 109 4.060 .085 +.002 .690 .021
j

48100

387 3.87 5 3 7/8 98.3 .077 . 109 4.205 .084 .695 .023j 49700

393 3.938 3 15/16 99.9 .077 . 109 4.283 .084 .680 . 025

!

50600

400 4.000 4 101.5 .076 . 109 4.350 .083 . 695 .025! 51400

412 4.125 4 1/8 104.7 .084 . loo 4.406 .091 .675 .028' 53000

425 4.250 4 1/4 107.9 .084 . 100 4.632 .091 .690 . 029 !

54600

433 4.330 -- 109.9 .083 . lOo 4.710 .000 .700 . 029 I 55500

4 50 4. 500 4 1/2 114.2 . 082 . 100 4.905 .089 .730 . 030

1

57800

462 4.625 4 5/8 117.4 .081 . 109 5.041 .088 .760 .031

1

59400

475 4.750 4 3/4 120.6 .081 .109 5. 177 .088 .770 . 032 ! 61000

500 5.000 5 126.9 .081 . loo 5.450 .088 .810 .034[ 64200

Material is carbon eprlnp steel, but IV aides Truarc Retaining Rings can also be mode from aluminum, beryllium copper, phosphor bronze, SA—

1060-1090, nnd stainless steel No. 420,
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TABLE 11-30

SAE Stanford Ball-Bearing Snap Rings

SAE Handbook 1954

Dimension R — To clear stnntinrd fillet radius
Dimension r — To clear 0.020 inch radius
Radius Y — Maximum 4 mm (0.016 in.) up to 52 mm OD,

and 6 mm (0.024 in.) above 52 mm OD.

For Metric Annular Ball Bearincs, All Types (Sincle and Double Rov)

r^earinc Bores,
nim

Fxtra
Light Light Medium

/

F xtra

Light

1

Light

Medium
U idth

B
Diam
C

Diam
D

Thick.

T
Hidth

v;

Gap
G

Ctr

Bore

Min

10 , 078 .056 1. 109 1-23/64 .042 .125 1/8 1-25/64

15 12 .078 .078 .056 1. 187 1-7/16 . 042 . 125 1/8 1-15/32

17 15 10 . 078 .078 .056 1.306 1-35/64 .042 . 125 1/8 1-37/64

— — 12 — .078 .056 1.369 1-39/64 . 042 . 125 1/8 1-41/64

— 17 — — .078 . 056 1. 500 1-3/4 . 042 . 125 1/8 1-25/32

20 15 .078 . 078 . 056 1. 565 1-13/16 . 042 . 125 1/8 1-27/32

25 20 17 . 078 .094 .0 56 1.756 2-1/16 .042 .156 1/8 2-3/32

— 25 20 .094 .056 1.958 2- 17/64 .042 . 156 3/16 2-19/64

30 — — .078 — . 05 6 2.071 2-3/8 .042 .156 3/16 2-13/32

35 30 25 . 078 . 125 .078 2.347 2-21/32 .065 .156 3/16 2-11/16

40 — — .094 — .078 2.552 2-59/64 .065 . 188 3/16 2-63/64

— 35 30 — . 125 .078 2.709 3-5/64 .065 .T88 3/16 3-9/64

45 —
. 094 __

. 078 2.828 3-13/64 .065 . 188 3/16 3-17/64

50 40 35 .094 . 125 .078 3.024 3- 13/37 .065 . 188 3/16 3-15/32

— 45 — . 125 . 078 3.221 3-19/32 .065 . 188 3/16 3-21/32

55 50 40 . 109 . 125 . 10° 3.417 3-51/64 .095 . 188 3/16 3-55/64

60 “ — . 109 — . loo 3.615 3-63/64 . 095 . 188 3/16 4-3/64

65 55 45 . 109 . 125 . 109 3.811 4- 3/16 . 095 . 188 3/16 4-1/4

70 60 50 . 109 . 125 . 109 4.205 4-37/64 . 095 . 188 3/16 4-41/64
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TABLE 11-31

Commerciol Tolerances for Snap Rings (ID, OD and Gap)

Handbook of Mechonical Spring Design Associated Spring Corporation

h-LD.-'.

UTien measuring ting di-

ametetB, the scale shall be

held at eight angles to the

center line passing through

the gap.

Inside Diztr.
Tolerances (Free Dimensions)

of Rine Inside Diam
(Free) Ertemal Rings Internal Rings Gap

Under IK -f- .000 X- .015 .031
- .015 — .000

1% to 2 + .000 X .031 +

- .031 - .000 _ .062

2 to ^ + .000 X .062 X

- .062 - .000 _ .093

5 and over .000 + .125

- .125 X .000 _ .125

All <ii?r.cTi*ien« bts in inches*
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TABLE n-32

EXTERNAL, Round Section Relionce Snap Rings

Eoton Manufacturing Co, Reliance Division

Rinp Groove Rinc Groove
Shaft Dimension.'! Dimensions Shaft Dimensions Dimensions

diam series X ** D* 0* 2R B dlom series X
* it

D 0 2R B

'/fi"

( 1

111.1"
f

'1

1 .085 1.000 .882 .085 .026

i
2 .022 .110 .097 .022 .007 2 .118 .979 .853 .118 .037

(
1

f

1

1 .100 1.051 .927 .100 .031

}
2 .022 .172 .152 .022 .007 ''/fl" 2 .130 1.034 .912 .130 .040

Va"
i 1

1
1 .100 I.II4 .983 .100 .031

1
2 .029 .230 .203 .029 .009

1 2 .130 1.096 .957 .130 .040

1 .022 .296 .261 .022 .007

I'A"
f 1 .118 1,154 1.027 .118 .037

1
2 .035 .288 .254 .035 .Oil

J

1 2 .140 1.150 1.014 .140 .044

i
1 .029 .353 .322 ,029 ,009

f

'1

1 .118 1.226 1.081 .118 .037

}
2 .043 .345 .304 .043 .013 1 */ 1 0 2 .140 1.212 1.059 .140 .044

* II s
1 .035 .412 .353 .035 .Oil

f

'1

1 .130 1.281 1.130 .130 .040
liT

i
2 .051 .402 .355 .051 .016 2 .156 1.264 I.II5 .156 .049

V2'
\ 1 .043 .468 .412 .043 .013

f

\
1 .130 1.344 1.185 .130 .040

1
2 .059 .458 .404 .059 .018 I ’/in" 2 .156 1.326 1.170 .156 .049

1 .045 .529 .467 .045 .014

I'/z"
f

‘1

1 .140 1.398 1.233 .140 .044
liT 2 .052 .518 .457 .052 .019

2 .172 1.378 I.2I5 .172 .054

Vs”
(

1 .051 .587 .518 .051 .016

lys"
(

\

1 .140 1.522 1.342 .140 .044

1
2 .071 .575 .507 .071 .022

2 .172 1.502 1.325 .172 .054

1 1 .051 .649 .572 .051 .016
f 1 .172 1.526 1.434 .172 .054

1 2 .071 .637 .562 .071 .022 |
3
V' 2 .203 1.608 1.418 .203 .053

%" 1
1 .059 .706 .623 .059 .018 I

( 1 ,203 1.855 1.636 .203 .053

1 2 .085 .690 .609 .085 .026 2
"

\ 2 .232 1.837 1.620 .232 .072

1 n" 1 .059 .769 .678 .059 .018
( 1 203 2.103 1.855 .203 .053

1
1‘.

/ 2 .085 .753 .654 .085 .026 21/4"
t 2 .232 2.085 1.839 .232 .072

1 1 .071 .823 .726 .071 .022

/ 2 - .100 .804 .709 .100 .031

{
1 .232 2.332 2.057 .232 .072

1
\ 1 .071 .885 .780 .071 .022

21/2"
2 .250 2.321 2.047 .250 .078

1.1
/ 2 .100 .857 .764 .100 .031

.072

.0781" \ 1 .085 .938 .827 .085 .026 1 1 .232 2.827 2.494 .232

/
2 .118 .917 .809 .118 .037

3"
1 2 .250 2.816 2.483 .250

•Tolernnces on D nnd O difncmaionii nrr minus ns follows:
of respective D dimension.

/8 in. to 3/8 In. sires 6%. 7/16 In. to I In. sices S%. 1-1/6 in. to 3 1

••Tolernnce on X dimensions t2%.



TABLE n-33

EXTERNAL, Square Section Reliance Snap Rings

Eaton Manufacturing Co, Reliance Division

•Tolrrmtcro on D ond O fllrnmnlonn nir* minuD nu follow/n; t/8 In. to 3 /fi In. aizrn f,%, 7/16 In. to 1 In.
of rrBpcciivr D dimi^elon.

* nlzfJB sVti 1-1/8 in. to 3 in sIsjob a%
• •Tolrrnncf' on S dlmr^ulontj t2%.
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TABLE 11-34

Allowable Stress ond Deflection in Snop Rings

Handbook of Mechanical Spring Design Associated Spring Corporation

"If a ring is to deflect without set, the maximum stress should not exceed 200,000 psi. For conditions in

which some set is acceptable, stresses up to 260,000 may be used where necessary.” The following problem
is solved to illustrate a method of finding the allowable deflection of rings when the maximum stress is

approximately 200,000 psi; Find the allowable deflections of a ring of 1/d by 1/8 rectangular spring steel

"coiled on edge", i.e., with the 1/d dimension radial, and of 1^ inch mean diameter, free.

Desired
Deflection

f, inch Fonr.ul.a Definition of Symbols

Ring compressed Sh S= Allowable stress, psi

for placement in hole f 200,000

K K n = mean diameter of free ring,

200,000x 0.25 inches

-

h - radial dimension
30,000,000 X O.Od I

= 0 .0d 06 inch
n ^ modulus of elasticity of

material, psi

D/h = 3 ,
giving K e o.Od I K = factor from Tabic Jl—35

Ring expanded for Sh
placement externally f

in nxini direction F K K S' factor from Table 1 1—36

200,000 X 0.25

30,000,000 X 0.062

“ 0.0260 inch

n/h = 5, giving K ~ 0.062

Ring expanded nr, by

placement in radial 3 h S
direction F =-

! •: K K - factor from Table 11—‘36

3 X 0.25 * 200,000

30.000,000 X 0.062

= 0.OKO6 inch

Differences In the nmounts of deflccUonr. for the e«me stress of 200,000 psl vnrj- Errntlv with tlie D/h rollo. T or o

rntio of 4 they would be still more pronounced, while the differences would be slinht for n rntio of 14*
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TABLE n-35

Snap Rings in Contraction, Round or Rectangulor Sections. Maximum Tensile

Stress at Outside, Hardened and Drav/n After Forming

Handbook of Mechanical Spring Design Associated Spring Corporation
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MECHANICAL SPRINGS
by

A. M. Wohl*

SPRING TYPES^

The more important types of spring are:

Helical Con^ression or Tension Springs, These
ore made of bar stock or wire coiled into a helical

form, the load being applied along the helix axis. In

a compression spring, the helix is compressed; in

a tension spring, it is extended.

Helical Torsion brings. Similar in form to the

helical compression spring, these are loaded by a

torque about the helix axis.

Leaf Springs. These consist essentially of flat

bars of varj'ing lengths clamped together to obtain

greater efficiency and resilience (automobile leaf

springs). Such springs may be full clltptict semi*

clliptict or cantilever.

Spiral springs consist of flat strip wound in the

form of a spiral (clock springs) and arc loaded in

torsion.

Belleville springs are essentially coned disks;

these may be stacked up to give n variety of spring

load-deflection characteristics.

HELICAL TENSION OR COMPRESSION SPRINGS

Because of inherent advantages of low cost,

compactness, and efficient use of material, helical

tension or compression springs arc widely used in

machine design and mechanical engineering.

Basic Formulas — Round ^irc Springs, (/nror-

reeled Stress, The usual method of calculating

stress in round-wire helical springs axially loaded
is to assume that the bar nets essentially tm a

straight bar under a torsion or twisting moment equal
to load P times mean coil radius r (Fig. 1). Thus
on this basis the shearing stress in the spring

will be equal to the moment Pr divided by the

section modulus in torsion, which is r7jVl(>^'hcre
d is the wire or bar diameter. This gives the com-
monly used formula for stress in helical springs;

^Much oI the dntn Jn lhl» jrectlort is based cn the
writer’s book (ref. 1).

l6Pr

This stress is frequently known as the "uncor-
rected” stress (to distinguish it from the corrected

stress figured by talcing into account direct shear

and curvature effects).

Although this formula neglects a great many
factors which may modify the stress distribution in

nctunl helical springs, it is surprisingly good as a

criterion of load-carrying ability without excessive

set, where only static loads arc involved. The
reason for this is that stresses figured by Eq. (1)

are approximately 133 percent of the stresses which
would exist in the spring after complete yielding

U

Fig. 1. Hellcol compression spring.

has taken place over the cross section (assuming

yielding nt constant stress). Thus the formula gives

an indication of the load nt which excessive set

may occur.*i’

Effects of curvature and cccentricit)' of loading

are discus.vcd below.

Corrected Stress. Because of the curvature of

the bar or wire, particularly in helical springs of

small index (ratio of coil to wire diameter) the

torsional shearing deformations (or strains) on the

•Advi.ory Encineer, W.*tlnghoU5c Research Labs,,

East Plttaburgh, Pa.
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ci ceil sre grcs^cr tbas

cn occcMc, \c th-c plzr. risrfr ct &.c ceil

ci s. helical cccfn? 2'>, th.e tccalcrral chearis^

cefcTTtgtrccc ^cr strarac) ac cear the icciic of the-

coil are ccc.zidtt2.bly ;grcarer than these at The

tea see £cr this iz that the freer lee^h of ae eleireet

at zz fherxrciee racial cross sectfoer: as eh/rsre} is

c:sch less dizc test at Thrc has heee ccciitcjtd

fcr .itra:^ cr: 2CO12I In an-

•iiiicn, £n» nprtr:^ cre-js secrinn erase ezrzy 2 nirscr

sh^ar ica-i ennal to co azial tcai; then fetior in-

creases stress at tne instse cl tne ccil at a. Tfccs

as Isr.;5 as c:e elaetts Iirr.it is cos ezeeeied and t:o

resl-iaal cr trajpft stresses are present, stress

distribtrtict: across a transtrerse diameter cf the

Fij- 2. ElesJie sHesrin; sfress districuticn ccfoss
IrcnsYerse diemefer cl helicci sprine ci srtcll index.

I

j

C'

Fie* 4. Efsstic sireerine stress disfrifeutien ccfcss
tre.esversc dicseter cl (teliccT sprirrj: of forge indexr.

cress secticn cf 2 fcelisa! spring of ssrall index

•srili be someedtzt as shcern in Fig- 3, "’ritn tfce

stress at tne iipsH.de of tne ccii at a mtrefe larger

than that at the c^izsiis at fe. For a large i.eder

spring, hosreeer, the toasisnal st-'ess dirrtrifccticn

apprciirr.a£es the li-eear distribution obtained in a

straight bar ender torsion (Fig- 4),

To cafsclate the elastic stress at point a in

Fig- 3, at the ittside cf the coil, the stress gieen

by the erdinary fermcia fEc. (I)] shocid be rr.xilti-

plied by a factor K fcnmrs as a "ccrrattire correction

factor” 'jrhich depend.s on die spring i.edez c =

2r/d. Tcisgixes

s (2j

sdiere

pr^ 4c~ 1 _^ 0.615

4c — 4 c
(3)

The .stress Sj i.s fceccently called the "corrected”

stress to distinguish it from the tmcorrected xalne

of Ec- (I), A plot of the correction factor If xs.

spring index c = 2r/<f i.s gixen in Fig- 5-

Afthcegh the vzloe of K gixen by Eq, 3 is ap-
prcxi.-nate, it agrees closely xrith resells obtained
using more exact theory for practical springs with
tndeie-S greater than three*,

J-fost highly stressed compression springs are
cold-set by the mansfactcrer. This ccn,sist5 of
coiling the spring initially to a length greater than
the specified free length and compressing it beyond
the elastic limit so plastic flow or set occurs, with
re.sulta.nt reduction of free length. This plastic flow
cr yielding occurs first at the inside of the coil at
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points of maximum stress. On unloailinR, trapped

stresses are set up which subtract from the peak

stress at n in Fig. 3. Thus the actual peak stress in

a spring will usually be considerably lower than the

corrccted-strcss value. However, the corrected

stress formula [Uq, (2)] will, in general, still yield

the stress rmjge for repeated loading if load P is

taken as load range. This stress range is important

where fatigue loading is present.

Stress Augment from Direct Shear. Uherc static

loading is involved, it appears reasonable to neglect

stresses in helical springs from bar or wire curva-

ture, ns these arc highly localized and may be

relieved by yielding of the material. However, the

stress augment from the direct shear load is more

or less uniformly distributed over the cross section.

For conservative design where static loading is

involved, it appears reasonable to add this stress

to that given by Uq. This gives

^ _ If. Pr , 4 P

"TF
Letting c 2r spring index or ratio of coil to

wire diameter, this equation may be written

= /v'

^ .7(/‘
(4)

O)

7’his formula results in somewhat more conservative

load ratings for low-index springs than those ob-

tained using the uncorrected stress ( Kq. ( 1)1. Thin
is considered desirable by some engineers since

for such low-index springs some reduction in static

load<afrying nbility may be expected due to the

direct shear load.

Deflection, To calculate deflection in n rounds

wire helical spring, the latter is considered to be
essentially a straight bar under a torsion moment
Pr. Length / of this bar will be equal to 2"rn

where n is the number of actiec coils in the spring.

Calculating the angular deflection due to twisting
of this bar under a moment Pr, and multiplying by
the coil radius, the deflection ^ of the spring be-
comes

Spring rate P/f) is

CA Pr" n

Gd*

P _ Gd*
6-1 r * n

(6)

(7>

Although derived on the basis of simplifying

assumptions, these formulas will give sufficiently

accurate results in most practical cases provided
that the proper values of G and n arc used (ref, 1,

page 48). Tl\c effects of laigc pitch angles are dis-
cussed in Ref. 1.

Allowance for End Turns, For most compression
springs with ends squared and ground, the number
of active turns ri used in Eq. (6) or (7) to calculate

deflection or rate may be taken equal to total turns
(tip to tip of bar) minus turn (ref. I. page
157). For usual tension springs with a full coil

Fig, 6, Effect of tcmperotorc on modulus of rigidity

of spring motcriols. (Based on tests by Zimmerli,

Pfoc, ASTM 1930, Port II, poge 356.)

turned up, n may be taken as one plus the number

of coils between points where the loops begin.

Modulus of Rigidity. For springs made of music

wire, carbon or alloy steels, the modulus of rigidity

G may be taken as 11.5 X 10* psi and for 18-8

stainless steel 10 X 10* (for other nonferrous spring

materials, see Table 16). Values of G will drop off

at elevated temperatures (Fig. 6).

Compression Springs — Round Wire. Working

Stresses* For purposes of choosing working stress,

helical-spring applications may conveniently be

divided into (1) static loading, (2) intermediate

loading, and (3) fatigue loading.
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Static Loaiiing — Notoal Tecperature. This cat-

egor/ icsiudes cases in Tr-hich the ioa^i is steady,

ct applied infrectiectiy, say less than 1,000 tis'.es

during the life of the spring. An ezan:?!e is a

spring used to apply gashet pressure. It is also

assumed that norrr^al temperatures pecvaii. The

choice of erorhing stress in such cases depends to

some extent on whether some set may be tolerated;

if so, a higher erorhing stress may he used than

-ould be the case otberjrise.

In calculating springs for static loading, present

practice in most cases is to use the uncorrected

stress formula [Ec.(i)], stress augments from cur-

earure and direct shear being thus neglected. For

somesrhat m.ore coaserratire design ~bere the

spring index is small, springs may fce figured by

Ec, f4), -B-bich takes into account the stress augment

from direct-shear loading but not that from curuatcre.

Extremely high v.-orkfng stresses are practical

for helical springs s.-here space is at a premiu—

Fig. 7. lAoximum design stresses for compression

springs os used in ordnance, (SAE spring manual).

and only limited life fs required fFig. 7j. The
curves in Fig. 7, taken from data published by the

SA.E Spring Committee,' represent uncorrected

design stress values [Eo, Cl)] for various spring

materials and various vrire or bar sizes, for helical

compression springs in ordnance applications where

a relatively short spring life is ordinarily required.

These curves apply only under the follooring con-

ditions: springs cold-set and shot-peened for sizes

over 1/ 16 in,; corma! temperature operation; spring

index bervreen 4 and 9. There these conditions are

cot fulfilled, lower stresses should be used.

Stress values of Fig. 7 are maximum values
which m.ay be used irhen zpace ic at a premium and
only Irmited life is expected. In general, stresses
at solid compression should not exceed values

given in this figure. There fatigue loading is pres-

ent fas in automotive valve springs), the use of

such stresses would generally result in early fa-

tigue failure. For industrial applications where

more space is usually available, it is suggested

that about 25 pof cent lovrer stresses be used,

even for infrequent or static loadhng.

As another • example, suggested stress values

Cref. 6, 1944 Ed,) are given in Table 1 for various

spring materials. These apply to springs undc-r oc-

Toble 1: Safe Working Stress for Helical Springs

(Under occosional loading only)

Ccrrected

f/aierist ifj. [Eq.(2)]

ff.ijztc v/tre 0,015 180,000

O.OdO 155,000

0.156 128,000

Chrcrne^^cndXtjm wire, , , ,

,

0.040 157,000

0,100 140,000

0.500 115,000

OiUtempcfeci cr cerken 0.020 164,000

vcfve*5pf I'ng v^ire 0.100 127,000

0.500 92,000

18-S stc'inle55 0.025 122,000

0.150 93,000

0,500 70,000

Phosphor bronze vdre 0,025 77,000

0.150 65,000

0.500 46,000

J.OTE: If uncerreetetf stresses are used, values fa

this table ihcisld be divldfei by 1,2.

czsional loading at notrral temperature. Values in

this table are more conservative than those of

Fig. 7.

Static Loading — Elevated Temperature. Tests
ohow that temperatures as low as 250 F may greatly

increase the amount of relaxation, or set, which
occurs in statically loaded springs as compared
with that which occurs at room temperature. Thus a

spring clamped between parallel plates at elevated
temperature may gradually lose part of its load

over a period of time. This creep, or set, must be
allowed for in design, and lower vrorking stresses
should be used where low amounts of. set are per-

missible. Unfortunately, not many data are available

in the literature on the a-mounts of relaxation to be
expected in springs when operating for long periods
of time. The results of relaxation tests made by
ZimmetlF, which covered periods from 3 to 10 days
are summarized in Table 2. In these the springs
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were compressed to a given amount and placed in a

furnace for a given time, the load loss being esti-

mated from the loss in free height. These tests

indicate that, even at as low as 80,000 psi corrected

stress, music-wire springs will lose 2 to 3 por cent

of their initial loads at 250 F, and 7 per cent at

350 F, within 3 days. At 100,000 psi (90,000 un-

corrected), load losses, in 3 days of about 5 P^t

cent at 250 F and 10 per cent at 350 F may be ex-

pected. Extrapolated relaxation curves* for music-

wire springs indicate that, in a year or so, tw'O or

more times as much relaxation may occur as that in

3 days. Hence it appears that, for operation in the

range 250 to 350 F, and uncorrected stresses around

90,000

psi, music-wire springs may lose around 20

per cent of initial load in a year due to relaxation.

For this reason it is in general desirable to use

springs of IS-S stainless-steel wire above 250 F

because tests show that these will have much lower

load losses.
Kelaiation-test data (Table 2) indicate that at

450 F stainless-steel springs will lose about 6 per

cent in load after 10 days at uncorrected stresses

around 90,000 psi. In a year’s time, a considerably

larger amount of relaxation, or load loss, would be
expected. For applications at temperatures above

500 F, springs made from an alloy such as Z-nickel

or Inconel may be advisable.*

Relaxation, or set, during operation may be

reduced by loading the springs under temperature

at a load somewhat above the working load for a

period of time. This operation, called **heat-set-

ting,’* removes a considerable part of the initial set.

Intermediate Loading (Load Applied Say 1,000 to

100.000 Cycles.) Applications intermediate between

static loading and fatigue loading — a peak load say

1.000 to 100,000 cycles during spring life (such as

automobile suspension springs) — arc in this class.

A typical scatter band obtained by fatigue tests

on heavy helical springs, hot-wound, of carbon

steel*'' is shown in Fig. S, where corrected stress

is plotted again.sf cycles to failure. These results

were obtained on carbon-steel springs (^J inch

bar diameter, index 5) tested in n zero-to-maximum

Tabic 2: Percentage Loss In Load for Helical Springs ot Elevoted Temperatures
(based on tests by Zlmmerll)

Test Bluing Lost in lood Lost in load

Diameter, Temp,, temp,,* ot 80,000 pt i ot 1 00,000 psi Rockwell

Moterlol In. deg F deg F ttreii,tT; hardness

Music wire . * • • 0.U8 250 700 2.5 4.7 48

0.9ir, C, 0.3ir. Mn ... 0.148 350 700 7 10 48

Music wire 0.062 250 700 2.5 3.5 51

0.9ir« C, 0.31% Mn 0.062 350 700 7 7.5 51

Carbon steel 0.148 250 800 3 4.5 45

0.66% C, 0.76% Mn 0.148 350 700 6 10 45

Carbon steel . . . 0.062 250 800 3 3.5 43

0.59% C, 0.75% Mn 0.062 350 700 6 8.5 47

Cr—V steel. . . • 0.148 250 BOO 2 4 45.5

0.87% Cr, 0.18% V 0.148 350 800 4 7 45.5

Cr—V steel 0.062 250 700 1.5 2.5 49

0.97% Cr, 0.18% V 0.062 350 BOO 3.5 5 46.5

0.062 350 800 3 3 43.5

Stainless steel 0.148 450 700 3.5 5.5 45

18.2% Cr, 9.2% Ni 0.148 550 800 9.5 11.5 43.5

0.148 250 800 1.3 2 43

Stainless steel 0.062 350 800 2 4 45.5

19.2% Cr, 9.1% Ni 0.062 450 800 3.5 5.5 45.5

0.062 550 800 9 11.5 45.5

•Volues hove been reported for optimum bluing (or mtreoo-rellevln^ temperoture*. Greoter losses In load moj usuall>

be expected for bluing temperntures other thnn those listed. Tests on ntalnless steel sprlnss run 10 da>s, all others run

3 dnys,

ptreases colculoted with curvature correction. If calculated wHthout curvature correction, about 10% lon-er v ues

would be obtained.
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trtr\
atmosphere, temperature not over 150 F, and rela-

tively slowly varying loads. Since corrected

stresses are used, values in this table are in gen-

eral more conservative than those of Fig. 7.

Example. Hot-wound Allo>’-steel Spring for Flex-

ible Drive. Springs in a flexible drive for a turbine

locomotive arc: OD 3.56 in., bar diameter 0.87 in.,

index 3.1, 8^:4 active turns, free height 10.51 in.

Solid load 7,650 Ib. Spring made from chrome-

vanadium steel bars, centerless-ground, and shot-

peened. Uncorrected stress at solid load 80,000

psi, which occurs only at rare intet^'als. For normal

starting conditions with 30 per cent maximum ad-

hesion between wheel and rail, uncorrected stress

w'ill be 42,000 psi and corrected stress 65,000 psi.

This corrected stress is less than half the expected

endurance range for 100,000 cycles for shot-peened

springs of index 3.

Fatigue Loading. In this cntegor>* arc included

springs, such as valve springs, subject to say a

million or more repeated load cycles in service.

In the typical endurance diagram for a helical

spring (Fig. 9) the limiting stress range is read

vertically between the line marked ‘'maximum

stress" and that marked "minimum stress." Thus
a spring operating between points A and B would

operating in a range from 20,000 minimum stress

to 87,000 maximum stress, the corrected stress

range in this case being 67,000 psi.

^'hcrc fatigue is involved, a common practice is

to use the corrected stress range as a basis for

design because this gives the range at the inside

of the coil where fatigue failures usually start.

Thus for the spring of Fig. 9 operating from a

minimum stress of 20,000 psi (point /\), with 1.5

factor of safety, the working-stress range would be

67,000/ 1,5 45,000 (approx) or from 20,000 minimum
to 65,000 maximum stress.

In actual springs, curvature of the bar acts to

produce stress concentration' or a localised peak
stress near the inside of the coil. Hccausc of lack

of sensitivity of some spring materials to such

stress-concentration effects (low notch senvttivity)^

endurance ranges calculated by this method will in

general be higher for the lower index springs (small

f/d than for the high-index springs, the difference

depending on the material. Available data indicate

that this difference will be considerably greater for

hcavw hot-wound springs'® than for springs of high-

quality material such ns valve-spring wire. Thus if

the endurance range, calculated ns a corrected

stress, is determined from tests of large-index

springs, it will, in general, be safe to apply the

results to lower index springs of the same material

and wire size. However, caution should be exercised

in applying the results of tests on low- or medium-
index springs to those of high-index of the same

Fig. 9. Typical endurance diagram for helical com-

pression springs. (Based on tests by Zimmerli, ref.

12.)

Fig. 10. Approximote endurance diagrams for good

quolify Hellcol compression springs. (Indexes oroon

S-10.)
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•jrxr^ six-t, ths Isser -srill freccsr-tl? shc-sr

re^re—i-ere-f rest eniicrarrce rssge cf the catettah

ftecreaees e-erre'Phat at the e:2.x:r:-ta: stress cf the

ra=-ge rssreases fri?- 5 ;, £=' this sr.cc!c he ccc-

siierei is ctsige- Fee ceai stresses helssr the

etasttt Ii“t, this cectease is tzsge is cssally

ctite srtsH, hs^eser.

At^cxirtate estcrasce ciagra.tts "Jihith 1x27 he

ezpectes frest gsoi-rrtalitj helhtsi ccstptesstcc

sttiszs cf d'ffesest tszserials are shcTct; is Fig, iO.

Is 2" cases, the littfticg ecctraccc tasze is terrts

cscer lice ccrrespcccica to the giree sjricg itatetial.

These cerres held rceghir fes ssriegs haring indexes

herjreen 5 aad IT. A.s these cerres represect rongh

arerage ralces, cocnfderahre deriaricn in indi—ideal

instances rr^y he noted. For srtaU-irdex st-riegs,

higher ralc-en than ntese cf Fig^ IG may he chtained

in scn:e casen. The effect cf shot peening in raising

the endcrance limit is shcern hy the three neper

dashed lines. It shsnid he emphasized that in

practical design Icsrer stress rasges than those

indicated hy these endcsance ralnes nhcrfd he csed
ts preride a fastss of safety. This factor cf safety

may range frett 1.25 to 2, depending cn the serions-

ness cf faitcre, in cases •shere snfficient fatigee-

test data are arailahle.

As a ferther example stresses giren in Tahle 4

are csed as a basis for design for serere serrice at

normal temperatnses hy Tentinghocse Electric Corp,

(ref, I, page 135). These stresses, erhich are ccr-

rected raicec, apply to nrssic ci oil-tempered erire

in the sstaller sizes and to het-ero—nd carbon steel

springs, heat-treated after ferming in the larger

sizes. In general, stress ralnes cf Table 4 are

considered censerrattTe; in many cases higher cal-

nes may he csed if a carefni analysis cf rhe appii-

caticn is carried ect.

Stress at Solid Compression, It is nscally de-

sirable to prepertion cempression springs so no

appreciable permanent set srill occer -xhen com-

pressed solid. In eperatien, springs may at ernes

he compressed solid so any set ocenrring ender

these conditions srill change the free height, hence

cte operating characteristics. To aroid scch set it

is seggestetF* that the stress at solid compression

he limited to raises given in Table 5. One colnmn

of this table gives d:e stress at solid compression

for springs not cold set; the other colnmn gives

stress at solid cempression vmich may be csed af-

ter a!t set is removed by means cf the cold setting

Effect of Eccentricity of Loading, If a com.pres-

Eton spring having the cscai shape of end terns is

compressed betvreen tvro parallel plates as in a

testing machine, the tescitant ioad P is displaced

by a smalt amonnt e from the axis of the spring

iFig, IIJ, The effect cf this eccentricity of loading

is to increase torsional stress on one side of the

A

Fig. II, Compression spring looded eecenfricoKy.

spring and decrease it on the other- Analysis^ in-

dicates that load eccentricity e depends primarily

on the member or coils and may be expressed as

Tcble 4: Kcrfeire Stresses for Severe Service—
Kelicel Compression Springs* e = I.12r'

0,504

rr

0.121

lY*

2,06
(S)

Drtmefer cf fn. Tfprl'ir.j Sfrejsfi:

Up to G.CiS 60,000

O.OsS-C’.US 55,000

0.IE5- 0-220 4b,000

0^20-0.525 42,000

0d20 -0.570 26,000

0,570 — 1 ,5 22,000

*^cr xvrmas mafSr cT mnlr cr ciPte=x^eC vrve in
smalr-r jlr-s snA fcsr-iromvt hesr,tre£rei; fitter

ttminx, mi tfirzer etres, ?cr -.ricstticr brcnxe rCOV cf

tnere valm enrt ttr fitfiinPeir steel ytm, ct tlrese vatees
are osee, TePIe er-s nrt awl? tn'S^rre cerresfm effects
cr etevatef temperatcre are preserr. Valves represent
cerrerfe-f stresses.

There r = mean coil radics

iV = member cf solid coils, or total member of

coils mimes 1/2. for the cseal type of

sqcated ard groend ends
Stress in the spring vriil be increased approximately
im the ratio 1 e/r as compared vrith the stress in

a spring ender a pmrely axial load. Thes this effect

is of greater importance for springs trith a small

mernher of active coils. For example, in the case of
a spring vrith five total coils die cotrection amonmts
to aboer 15 pet cenu In practical springs, as a
reselt of variafions in the shape of the end terns,

eccentricity valees may vary over a vride range; so
Ec, (&) snoeld be considered as giving only a
rce^ indication.
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Toblo 5: Suggested Corrected Stresses at Solid Compression, ^^.HeKcal Springs

Solid stress, psi

(springs not cold set)

Solid stress, psi

(springs cold set)
KVi Serial

Music wire:

Up to 0.032 diameter

0.032 - 0.062

0.062-0.125
0.125 and over

Hard-drawn spring wire:

Up to 0.032 diameter

0.032- 0.062

0.062-0.125

0.125 and over

Oil-tempered wire, 0.125 and over

18-8 stainless (hord-drown):

Up to 0.125

Over 0.125

Phosphor bronze (general sizes)

Tolerances in Spring Dimensions and Rotes. As
spring rnte (pounds per inch deflection) is propor-

tional to the fourth power of the wire diameter and

inversely proportional to the cube of the coil di-

ameter, small variations in these quantities will

produce much larger variations in rnte. Because of

such variations, in general, it is not practical to

hold the rate closer than about 5 to 10 per cent in

actual springs except at extra cost.

Tolerances in coil diameter, free length, w-ire

diameter, load, and rate for compression or extension,
springs as listed in the SAE Manual’ are given in

Tables 6 to 9.

Table 6: Coll-dtameter Tolerances*

Colt diomotar. T oloronco.
In. Plus or Minus, In.

1/1 6 or loss 0.004
1/16- 1/4 0.007
1/4 - 1/2 0.010
1/2- 1 0.020
1-2 0.030
2-4 0.050
4-7 0.090
7-1-2 0.125
Over 12 0.156
•These nppjy to springs with Indexes between 4 snd 9.

Buckling of Compression Springs. If compression
springs arc made too long, buckling may occur from

column action under load. In design it is necessary
to guard against this by choosing spring proportions

so working load will always be less than critical

130,000 180,000

110,000 170,000

100,000 160,000

90,000 150,000

120,000 170,000

100,000 160,000

90,000 150,000

80,000 140,000

80,000 140,000

85,000 140,000

75,000 120,000

40,000 70,000

buckling load; if this is not practical, guides must

be provided to prevent sideways motion.

Analysis of buckling” shows that critical deflec-

tion at which buckling just occurs depends on the

ratio between free length /q and mean coil diameter

2r, and on the method of fastening the spring ends,

i.e,, whether fixed or hinged (in Fig. 12 a, a spring

with fixed ends is indicated; in Fig. 12 i, one with

Toble 7: Free-Iength Toleronees*

Op«n<olled springs, Close-colled springs.

Frao Isnglh, toleronees. toleronees.

In. plus or minus. In

.

plus cr minus. In.

1/2 or loss 0.025 0.015

1/2-1 0.050 0.030

1-2 0.080 0.040

2-4 0.110 0.050

4-8 0.150 0.075

8-16 0.190 0.130

16-24 0.312 0.200

24 - 40 0.750 0.375

40-60 1.125 0.750

*When a lond or loads is specified free length may be

shown ns on opproxlmntlon ond no tolerances applied.

Tolerances for extension springs are for measurements

between inside of hooks.

hinged ends). Distance h in Fig. 126 is assumed

very small compared to free length of spring.

In Fig. 13, curve a shows the ratio of the critical

buckling deflection to the free length, plotted

against ratio of free length ^ to mean coil diameter,

for a spring with hinged ends. Curve 6 represents

the same for springs with builrin ends.
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/.ctoal spring? co~pressed berween plates -KTiicb

are approrimately parallel may be expected to sho-w

intermediate results. For this reason, a conserrative

method of design is to use the hinged-end curve a.

although this mzy yield son'^eyrhat low values for

the buckling load. Critical buckling load for any

Toble 8; yfire-diemeter Tolerance^

Vre Divfr»5fvf, Tclercre*r, plus or Minus,

In, In.

Under 0,030 ,

.

0.001

0.030-0.137, 0.002

0.137-0.406, 0.003

0.406 end Icrg 0.003

anri 'valve-spfinz wire may be cbtatned to

to CO.OOl in, fer sixet 0,tAZ in.

Tcble 9j Lced end Rote Tolerances*

Lced tolerenee. Rcfe telercnce.

flo.cctive ceils plus or rrArtut, % plus or minus, 55

Under 2 15 10
3-9 10 3

9-15 3 6

15 end ever 7 5

*Hgte to fae eetefnune-i faejx/cen 10 arvl 507, of total

•iefleetlcn x/5-rfn not alrea-iy ectabUfhe^ by tx/o apeclfled

leads.

spring is the critical deflection multiplied by the

spring rate p/fj [Eo. (7)].,TestE“ shoe.- good agree-

ment vrith the curve for springs vith hinged ends.

In practical springs, some deviation from these

theoretical curves must be expected because of

uncertainty as to the end condition and the effects

of eccentricicv oi loading. From Fig. 15 it Is seen
that, if the ratio IqI’It bet'^-een free length and
rr.ean coil diarr.eter is less than about 2.7 for the

hinged end condition, no bucHing ^ill occur before

the spring is con:prcssed solid. For the built-in end
condition, bucVJing vrlW not occur for a ratio /o/2r
less than about 5-3-

Exanrple. R.eqtured, critical buckling load for a
steel corr.pttssion siting of the following dimen*
sions; free length in-, mean coil radius r =
0,75 in-, Iq/2t ~ Af OD=l,75 in-, ^ire diameter =
0-25 in-, actlee turns n = 12, Calcclaced spring rate
LHc- (/)] is 139 lb per in- Assuming the most un-
favorable condition (hinged ends), from Fig- 13 the
ratio of critical deflection to free length for

A is 0.2. Thus btackling for such a spring vrould
occur at a deflection 0-2 = 0.2(6) = 1-2 in-, or at
a load of 1.2 X 139 Ib per in, = 167 Ib- If the built-
la end condhton vrere realized, hovrever, no buckling

would be expected in this spring at any practical

deflection.

Lateral Loading of Compression %)rings. ^en
a cormression spring is loaded as in Fig, 14 by an

axial force P and a lateral force Q, the lateral de-

flection for a gtren (2 in general increases as P
increases- For steel springs where the modulus of

rigidity is 11,5 X 10^ psi and the modulus of elas-

ticity 30 10* psi, the following'^formala may be
used to calculate lateral deflection^j.

C Qnr
= (0.403/* + 2.12r’) (9)

\Vd*

•where n = number of active coils

r = mean coil raJitts

d — wire diameter

/ = compresced length (Fig. 14)

C = 2 factor which depends on the ratio /o/2r
between free length and mean coil diam-

eter, and on the tatio o/Zq between com-

pression Cj due to axial load P and

free length (to find C, the chart of

Fig. 15'* ruay be used).

It is assumed here that the ends are con-

strained to move parallel during lateral de-

flection.

ie’tf'mi Er4s

Fig- 12. Springs with fixed end hinged ends*

'/////^d//////.

Fig, 13, Curves for finding critical buckling deflec-

tion, (Buckling lood = buckling deflection times

spring rote.) (Due to Horingx.)

12*11



Because of imperfect clamping of the ends in

practical springs, and other deviations from the

idealized ease in Fig. 14, considerable differences

ly.
-
. o

Fig. 14. Spring under combined
loterol and oxlol loading.

may occur between test and theoretical values for

lateral deflections, ffence Eq. (9 ) should be used
as a rough guide only.“ Also because of these
lateral deflections, additional stresses are set up
(ref, I, page 180), which should be allowed for in

design.

Example. A laterally loaded steel spring has the
following dimensions: mean coil diameter 2 r = 4.25
in., bar diameter d = 3/4 in., free length /„ = 9 . 5 ,

ratio tg/lr - 2.2^, active coils n = 8 . Calculated
spring rate [Eq. (7)] is 732 lb per in.

Assume .axial load P on this spring is 2,400 lb

and lateral load Q — 200 Ib, Then axial deflection

S at this load is 2,400/732 = 3.28 in. The ratio

S//o between deflection and free length is 3.28/9.5 =
0.345. From Fig. 15 for ^//q - 0.345 and ijlr^

factor C~2.J5. Using this value and raking

Q~ 200 lb, from Eq. (9) the lateral deflection S —

0.59 in. In this case, the lateral deflection is about
twice the value obtained for a very small axial load

where C will be approrimafely unity,

Dj'namical Effects. A spring, such as a valve

spring, subject to rapid variation in load, may ex*

perience additional dynamical or surging effects

which seriously increase the stress. Particularly

severe dynamical effects may occur in such cases

when a harmonic in the motion of the spring end (or

Fig, 15. Chort for finding factor C, (Due to Horingx.)
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,310 (fir. Tzlre-Isfc cxr-s^ Jr. tr.^: ca.-;« cf -rstTC

ha-: £ fre-rasc-try •n-hlch cfijiach-ie.-: -s-ith cf the

frecctccisi cf th-s cpricg fccrrecjcrjficg tc

CCS cf ths rcccsc cf -rihracic-c/. HarrccrJcc of -yerv

high crcsc caa/ haye to fcs ccnafceref fc certsit;

CS 5SC. Ccsaffy the Ic-s-s~ frsccsccj- is cf ths crest

!c:cctt2css- Fct 2 tTtfcg cccrtrsccerf fcsrj>-e»c

pstallsl platsc, ths fitet rrjcfe cf yictatict: feette-

cccctfi.-:? tc the I-Jyrsct r.atcra! ftscser-cy; rpfll

ccc'fct cf 2 rittatcr?- c-cticc cf the crfccie cart cf

the sprit? y^th ths eef c renaicltg ctaticcary. The

cscccc trees cf Tierstfet fccrrtcpcr.5:eg tc 2 htgfrsr

fesccstcy) yj-El ha-re a cefe fer pcitt cf zero nrettet

cf the cciit) it the trii-fle cf the spring, -rrhile

trarcitrrrtr cretict cf the ccilc ccccrs at pcietc cte-

fetrth aarf thres-fet^rht: cf the length tfictatt frotr a

girec er-tf cf the tpritg.

ft'atcral Freqr:.et.cie£. The Icrc-ect r.attrral fre-

ccetCT- / it cvciet per tecctii fer a helita! spritg

clatrpei tetyreet rwo parallel plates (cef, 1 ,
page

232) is giret 67

2fr*/;-l32 7
rio)

yjhere tf = yrire size it-

r - treat coil tafict, it-

G = erciclct cf tigiiitv, pit

4 = 2-eceieratlstof graritp, it- p-tf sec?

g=3h0it-per.sec*

7 = specific -sreight cf traterial, ifc per cc ic-

n = tetrser cf aettre cciLi

Fcr steel spritgs tra-yitg fceth erafs clatrpetf,

shere G=U.;x 10* psi at/ 7=0-223 t= per cc
it., the Ic-»eit tatcral frcCTretcp / (exetes per trec-

ctc) rectces ts

Cr", ieci;£,e fe'.p-rcc Fsxtf Etc pccii f/I v fcc»

fj; Et.-i'Cet £/» (/;-Prcte£-sfc f-c'C (/iCcrecE-c /f t-.

Ltr,; £j. Ew/»r SCI'

tig* IE- I enricts-spffne et<f (fesicns-

'T'C

j 'j

tit.

Ffe- 17. Sprite etrft.

f

y
--I

(n>

Freecetciet it the higher trc2e.c of vihratict erill

be 2, 5, 4, etc,, tis.ei thi.s fretuetcy-

Fcr a rrpritg yrith cte etc free atef the ether

cizrr.'P'^d, the Icree.et tatcral freccetcy yrocld be

ccizsl to that cf 2 .li.trifar spritg terice as fetg but

yrith both etrfs cla.-tpef. For tech a spritg, Eq, fll)

appiies if the nttrber cf ttrrts n is taliret as tyrice

the atical tt.trher it the spritg-

Eiatrcie, 7, stee! spring yrith if=0-3 it-, r= 1

it-, s = 6, is ciasrpetf at both etf.s- tTsing fll),

the Icerect tatcra! ftecsetcy beccs.es

3,310 X 0.3
/ 175 cycles per sec

(IV x6

Ic the secotc trefe of eibration, the spring fre-

ccer.cy trill he cotiile this (cr 330 cycle.s per sec)-

If scch a spring trere cced 2.1 a eatee spring, at at

engine .epees seen as to giee 2 freqeetcy cf tretien

cf one of the harmctic conrpetetts of the ealee-Iift

ccree eccai to c.ce cf the.se frecKetcie.s, erce.ssi?e

yibratict yrotlii be eipectei fref- I, page 222)-

The foiicyritg tretherfs are asefol it recucing

srre.eie.s ft ealre springs fres. cynatrfcal effects:

cse cf a high tatcral freccetcy to zvoii resetatee
yrith Ic-yrer harmcrics; car. carzo-a shapeti tc cedace

a.c.p[itc.fes cf the hartrctics cf it.portatce in the

operatitg-epeed range; rcdcchcg pitch of coils neat

etife cf the spring tc change natcral freccenc;/ yrhen

os-ciliatict ccccrs, closing these coii.s; c.se of

friction ca.e.pers pressing against center coils.

Tet-siot Springs — P.onnd Tire. Spring End;:.

Tension springs may be-woend -with a yariety of end

designs fFig- 16), Set-JE of these may ie.snlt it con-

siderably higher stress tr.an calculated from Ea, f 1),

For ezampie, the design of Fig. I6fc fa half loop

terned up sharply; may hare rather sharp currarcre

and .cercre stre.ss concentration, resulting in 2
decrease it strength particularly under fatigue

icading- ’-fuch ierrer stress-concentration effects

are present in the full loop of Fig- lOir, If the loop

is at the side CFig, I6c), the morr.ent art. of the

icad is practicaiiy tyrice that -arhich yrocid exist if

2 purely axial load yrere applied, thus resulting in

an apprexir-ate doubling cf the stress in the spring-

The designs shc-yr.n in Eig, \(,k and f yrill have
relatixely loyr stress in the end turns.

Often ten.sion spring.s are made yrith plain ends.
Special fixtures called "spring ends" are attached

to these as irciicated in Fig. I7ir, Tith these, the

spritg is close-yrocnd at-d the ends are spread apart

by scre-jring the spring into the hole.s. In this case
an initial stress is set up corresponding to the

•spreading apart cf the turns near the ends. The
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spring end shown in Fig. 17^ is screwed into the

end of a spring coil having plain square-cut ends.

Initial Tension. Tension springs arc usually

wound w'ith initial tension, i.c,, a certain initial

load must be applied to the spring before the coils

start to separate. After separation, spring rate is the

same as that which would be obtained for a spring

with no initial tension. This effect is important in

the operation of many mechanisms.

Values of initial load Pj which can be obtained

without difficulty in practice arc given by the

formula (ref. 6, page 48).

Pi =
I6r

( 12)

where S = torsion stress due to initial tension
s
d ~ wire diameter

r = mean coil radius

Table 10: Torsional Stress Corresponding fo

Initial Tension (Tension Springs)

Spring Index Initial tension
stress, p*i

3 24,000
* 22,500
5 20,000
6 18,000
7 16,200
3 14,500
’ 13,000
10 11,600

10,600

12 9,700

13 8,800
1-1 7,900

15 7,000

Fig. 18. Stresses for tension springs In ordnonce opplicotions where space Is limited ond only limited

life is required. (SAE Manual.)

Values of Ss depend on die spring index 2r/d

and may be taken from Table 10.

Example, Dimensions of a tension spring are:

2 in. OD, 1/4 in, wire diameter, and index 2r/d- 7.

From Table 10 for an index of 7, the maximum stress

from initial tension will be = 16,200 psi. From
Eq. (12), initial tension load becomes

;r (10,200) (0.25)’

p 57 lb

16 (0.375)

By special methods of winding, much higher values

of initial tension than those in Table 10 may be

obtained if necessary, but usually at extra expense.

forking Stresses, Because tension springs can-

not be cold-set without losing initial tension or

producing excessive space between turns, lower

working stresses (about 20 per cent lower) should

be used than fox compression springs of the same

material and wire size.

An example of maximum allowable worldng

stresses in tension springs for ordnance appHca'

tions where space is limited and only a limited h e

IS required, is shown in Fig. 18 for various materi-

als (data from SAE Manual*). In general, where more

space is available and longer life is desire ,

stresses 20 or 25 per cent lower than these values

should be used.
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Data on working stresses” for average conditions

are also pven in Table 3.

If fatigue is present, because of the weakening

effect of the end turns, it is suggested that the

design be carried out in the same manner as for

compression springs (page 7), using stresses

about 20 per cent lovrer for the case of the full-

loop ends (Fig, I6c). For other types of ends, still

lower stresses may be advLsablc, depending on

the shape of the end.

Spring Tables — Tension or (Compression Springs,

Cc/rrecled Stress Tables, To facilitate spring se-

lection in practical design v;hete fatigue loading is

involved. Table 11 due to PvOss and based on the

corrected stress formula [Eq. (2)] may be used. For

each OD and v/ire size two figures are given, an
upper one representing load in pounds at 100,000
psi corrected stress and a lov/er one representing

spring scale or rate in pounds per inch per single

coil based on a shear modulus G of 11,5 lO** psi.

For any actual spring, the spring scale per coil

given in the cables must be divided by the number
of active coils. This scale is independent of the

load. To obtain the spring scale per coil at any
modulus G, values in the table should be multiplied

by G/11.5 y, 10®. This factor is approzimately 0.87

for 18-3 stainless steel and 0,55 (or phosphor

bronze.

The figure of 100,000 psi corrected stress is

used mainly for convenience and is not necessarily

the v/otking stress. For any other corrected stress

Sst loads given may be multiplied by the ratio

Ss/ 100,000, Also the loads given in the table may
be considered to represent load ranges at corrected
stress ranges of 100,000 psi.

If it is desired to determine the load at an un-
corrected stress of 100,000 psi, the loads given in

Table 11 should be multiplied by the correction

factor K (Fig, 5) corresponding to the spring index.

Example, A compression spring with a rate of

200 Ib per in, is required for a mechanism. Maximum
allowable OD is 2 in. and maximum load 160 lb.

Assuming this spring to operate under severe con-
ditions, (approximately zero to maximum stress

range) the allov/able stress vdll be taken from
Table 4 and is 48,000 psi for 0.263 wire. A load of

160 Ib at 48,000 psi would correspond to 160 z
100,000/48,006 = 335 Ib at 100,000 psi. From Table
11, this could be obtained for 0,263-in, wire and 2

in.OD with spring scale per coil equal to 1,316 Ib,

As the scale v/anted is 200 lb per in,, number of

active coils = 1,316/200 or approximately 6i4.
Total number of coils v^ould be around 8 to 8/4,
This would require a spring of about 1.1 (8.5)

(0.263) ^ 0,8 = 3-26 in. free length, allovring 10 per
cent extra length for space between the turns v/hen

the spring is compressed at a load of 160 lb. The
length at a load of 160 Ib would be 3,26 — 0.8; or

Toble 11: Helicol Compression or

Tension Springs*

•Eased on lOO.OGO psi corrected stress Eq,(2), For
ony other stress load should be multiplied by 5 /
100 ,000 .

”

Upper figure for each wire size is load In poursds at
100,000 psi corrected stress; lower fleure is aprlng scale
per slnele coil.
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Table 11: Helical Compression or Tension Springs fCont/nuec/j



Table 11: Helical Compression or Tension Springs (Concluded)

I

*« »

* I

I
•

' i . • « .
•

> . I I . .

** • I . « .•

• * * • I . »

*
'

I • t

« »• •» « ».,» . , .

•

.
l’

' * *
*. • • "

I I * * .
• * . . . Ik.

It »

2,46 in., and the solid length about 10 pet cent
less, or about 2.2 in.

Tables for Static Loading, Where springs arc
statically loaded, Table 12 based on 100,000 psi
stress, calculated using the factor Kg [Eg. (5)]
which takes into account direct shear but not curva-
ture effects, may be used. Loads P and deficettons
per turn y at a stress of 100,000 psi are given for
various wire sizes and outside coil diameters.
Deflection y is based on a shear modulus of 11,4 x
10 psi. Although stresses of 100,000 psi may be
used in many cases, this figure is used in Table 12
merely for convenience. For any other stress Sg
loads P and deflections y should be multiplied by
the ratio S^/100,000 and for any other modulus C,

• • I . *1

« I I

• I . • f

» : II . I , • ’ll . , .

deflections y should be multiplied by 11.4 x lO'/C.
Interpolation for intermediate wire sizes or OD
values may be used with sufficient accuracy for
most purposes.

In general, for most springs, loads and deflections
per turn as given in Table 12 are about 5 to 10 per
cent lower than would be the case if calculated
using the uncorrected stress formula [Eg, (1)]. To
find loads and deflections at 100,000 psi uncor-
rected stress, values of P and y given in the table
should be multiplied by the factor fCc = 1 + 0,5/c
where c spring index.

For calculating stresses and deflections in heli-
cal springs, special spring slide rules, furnished by
many manufacturers, are very convenient.
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Table 12: Loads ond DeffocHons per Torn for Statically Loaded Helical Springs

NOTE: P loud In pounds, y
“ deflectlcm per turn ot load P. Table based on atreis of 100,000 pil (not correcte

for curvature, Eq. 5). For any other stresB 5^, values of P and y should be multiplied by 5^/100,000. Deflections «re

b DBcd on n torsion modulus G *= 1 X 10^ psl. For any other value of G, deflections given should be multiplied by

therotio n,400,000/G.
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Springs of Square or Rectangular Bar Section-

Such springs are sortetiir.es used -s-bere it is desired

to provide maximcc: energv storage vritiiin a limited

space. One reason for this is that mere material

map be provided vrithin a given OD and length of

spring, particclailp if the spring is coiled flatsrise,

and hence greater energy storage is possible. This

advantage is partially offset by the fact that it is

difficult to obtain material in the square or the

rectangular section of equal quality to that in the

round seczioa.

Square-bar Springs. Neglecting correction for

curvature and direct shear, the uncorrected stress

in a helical spring of square section is

given uncorrected stresses. It is merely necessary

to determhie the load and deflection at die given

tmcorrecled stress in the corresponding round-vrire

spring, f. e., one having the same outside coil

diameter, number of turns, and a vrire diameter equal

to the average side of the square cross section.

Loads thus found are multiplied by the factor 1.06

and the deflections by 0.738 to find those for the

scuare-vrite spring at the given stress. This pro-

cedure may also be used if corrected stresses are

taken as a basis, but there vrill be a small error for

lovr-index springs because the correction factor R
for square vrire is slightly different from the corre-

sponding factor K for round vrire.

4.8 Ft
Ss = (13)

a'

vrhere P = load

a = side of square cross section

r = mean coil radius

Deflection O of a square-bar helical spring is

given by

44.6Pr'n

Ga^
(-14)

where n = number of active coils

G = modulus of rigidity

This formula is theoretically around 2 to 4 per cent
in emor for indexes between 3 and 4, but for most
practical cases it is sufficiently accurate.

For square wire, the corrected stress Is toaadF
by multiplying the stress of Eq. (13) by a factor

K ' where

1.2 0.56
(15)

This

S ' = K’S,

In this equation c = 2 r/a = spring index. The
factor R * is slightly below the factor R for round
’^ite [Eq. (3)], but the latter may be used as an
approximation if desired.

In genpral when a square-wire spring is wound,
plastic deformation during coiling makes the section
trapezoidal (Fig, 19). In such cases an approximation
nay be had by taking an average value of a equal to

2ai
a=.

4

and taking the spring index eqtal to 2r/a^ for find-

ing R'.
Table 11, which applies to rocad-wire helical

springs, cay also be csed for a calculation of loads
and deflections in square wire or bar springs at

Fig* 19* Helical spring of square wire cxlally loaded.

(Hole: The wire becomes somewhat frapc^zolda{ from
the colling operation.)

Rectangnlar-baf Springs. The imcorrected stress

in a spring of rectangular wire (Fig. 20) is

Pr(3a-f I'.Sb)
‘ (16)

where a = long side and h = short side of rectangle.

This formula holds whether the spring is coiled

flatwise as in Fig. 20 or lengthwise with the long

side of the section parallel to the spring axis.

However, the correction for curvature is different

in the two cases.

To calculate corrected stress S

^

in rectangular

bar springs, the chart of Fig. 21 may be used.*®

This gives

I

s,' = e—

=

ab'lab
{ITi

In this case a and b ate sides perpendicular and

'

parallel, respectively, to the spring axis (Fig. 21)

a.nd ^ is a factor depending on the ratio a/b ot b/a
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and on the ratio 2r/a. (In this case b always repre-

sents the side parallel to the spring axis.)

To calculate deflections in rectangular-bar

springs having large indexes (say greater than 8),

the following formula, based on torsion of a straight

bar of rectangular section, will yield results accurate

to within a few pet cent where the pitch angle is

not large:

19.6 Pf* n
5 = ; (18)

G5’ (a-0.56fc)

Fig. 20. Helical spring of rectongulor wire colled

flofwise.

where a = long side and b = short side of cross
section (Fig. 20).

For both small and large indexes, the deflection
of a rectangular-bar spring may be calculated by
using the chart of Fig. 22”. Deflection is

ByPr'n

G
(19)

where the constant y depends on the ratio a/h or
b/a and may be taken from Fig. 22, where in this

case b is the side parallel to the spring axis and a
the side perpendicular thereto. If the spring is coiled

flatwise as in Fig. 20, the ratio a/b is taken, while

if it is coiled with the long side parallel to the
axis a ratio b/a is taken (Fig. 22).

Example. A rectangular-bar spring is coiled

flatwise with a = 1/2 in., h = 1/4, r= 1.5 in., P =
300 Ib, number of active turns n = 5, G - 11.5 X lo'

psi (steel). From Fig. 22, the constant y=6.7 for

a/b — 2, 2f/o = 6. From Eq. (19) the deflection is

8yPr*n 8x6.7x 300 x 3.37x5
^ = 7 = 1-51 in.

o’i^G 0.25 x 0.0625 x 11.5x 10'

From Fig. 21, the factor = 5.88, and by Eq. (17),

corrected stress is

Ss'-ft
Pr

a b 'Ja b

5.88 X 300 X 1.5
=60,000psi

0.25 (0.5) 'Jo7ir5

Fig, 21, Curves for finding stress factor^ for rectangular bor spring. (Based on charts by Llesecke.)
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Fig. 22. Curves for flrwllng deflection factor y for rectangular bor springs. (Based on charts by Llesecke.)

HELICAL TORSION SPRINGS

General Notes, Springs of thin type in most
cases arc subject to a torque about the spring azin
so the primary stress is flexural, in contrast to the
helical compression or tension spring •where the
primary stress is torsional. Torque may he trans-

mitted to the spring by variously shaped ends (Fig.

23) or the spring may have an arm loaded as in Fig.
24. Applications of such springs include: door-hinge
springs, springs for starters in automobiles, springs
for brush holders in electric motors.

In most cases it is advisable to load torsion
springs so the spring tends to wind up as the load
is applied. If this is done, residual or trapped
stresses set up by cold winding are in such a direc-
tion as to subtract from the stress as a result of
loading; and a lower peak stress results. In cases
where the direction of loading is such as to unv/ind
the spring, a lovr-temperature heat-treatment to

remove trapped coiling stresses is advisable.
Loading the spring in the manner shown in Fig.

24 also results in a lower moment arm to the point
of maximum stress since the reaction is against
the arbor.
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( 20)

UTiere the ends of the spring are clamped, or if

special ends ate used, some stress concentration

may be expected and should be taken into account

if the spring is subject to repeated loading.

Because a torsion spring (for usual applications)

tends to wind up with load, its diameter decreases.

To prevent binding and excessive stress, it is

portant that sufficient clearance be provided between

the arbor or rod, about which the spring is wound,

and the inner diameter of the spring. Clearance

necessary may be estimated from the calculated

deflection of the ends of the spring as given by

Eq. (22) or (26) below. Thus if the spring end de-

flects 90 deg or 1/-1 turn and the spring has 8 turns,

the diameter will change in the ratio of 1/4 to 8, or

by about 3 per cent. Likewise, if the spring fits

inside a tube and is loaded to unwind, sufficient

clearance must be allowed between the OD of the

spring and the ID of the tube.

There relatively long torsion fjprings are used,

there is always the possibilin* of torsional buckling

if the torque exceeds a certain value, and in such

cases the use of guides may he necessary. Some-

times the application* of a tension load to the spring

may be sufficient to avoid buckling.

Usually for manufacturing reasons, torsion

springs arc made of round wire, but where maximum
energy* storage is required in a given space, square

or rectangular wire may he used.

Design Formulas. Unccrrcctcei stress for circular

wire, curvature effects being neglected

Fig. 25. Curved-bar foctors for torsion springs of

circulor and rectangular wire.

323/
S =

where 31 = bending moment
d = wire diameter

For the spring shown in Fig. 24, .M = PR.

Corrected stress 5*(which takes into account stress

augment from bar curvature is (ref, l,page 317)

S’ (21 )

The factor depends on the spring index 2r/d
(Fig. 25). Angular deflection <3 in radians as a result

of a gix’cn moment .M is

6-
1283frn

Ed*
(22 )

where r = mean coil radius

n = number of active coils

n = modulus of elasticity

Deflection 5 along arc from load P applied at

end of lever arm of length R (Fig. 24) is

12SPR’rn

F? (23)

For rect.mpulor-bar torsion springs, the corre-

sponding formulas are;

Vr.conpctrd stress:
6M

S =
bh‘

{2i)

»here b width

h =• radial depth of section

CoTTreipd stress:

S' (25)

»hcrc fCj depends on the ratio 2r/h (Fig. 25).

Anftuiar deflection p in radians;

2.( r If r n
6 =- (26)

Ebb'
Deflection S along arc as a result of load P ap-

plied at radius R (Fig. 24) is

2.(rrPR’rn
5= —_ (27)

Ebh^

Example. A brush-holder spring fora small motor

is loaded as indicated in Fig. 24, Dimensions are:

load arm R = 7/8 In., mean coil radius t~ 3/16 in.,

wire size d = 0.04 in., spring index c = 2r/d = 9.4.

Load P at the end of arm is 1 1/4 lb. From Fig. 25

factor K, for c =: 9.4 is l.OS. Using Eq. (21), cor-

rected stress is (taking 31 = PR)
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(30 )

by Eq. (29) varies from 1.35 to about 1.6 depending

on the ratio of ID to OD of the wound portion; for

three turns this ratio varies from 1.12 to 1.19*’.

Pinned Outer End (Fig. 27). Frequently in prac-

tice the outer end of a spiral spring is hinged instead

of clamped. In this case, external moment may
be taken as Pr and an analysis* shows a value for

Fig. 27. Spiral spring with large number of turns.

(Pinned outer end.)

angular deflection about 25 per cent greater than

for the clamped-end condition (Fig. 26) for the same
applied moment and assuming the coils do not touch.

The maximum stress in this case will be twice that

given by Eq. (29), but it occurs at a point where

there is no stress concentration.

Example. Torsion spring of steel with pinned

end (Fig. 27). Alg = 25 in. -lb, r - 1 in., strip section

1/2 X 0.06 in., / = 15 in., f w 9 x 10*‘ in.*, E r. 30 x
10* psi. From Fq.(28) for n damped end:

Ml 25x15
^ 1.39 rndinnr;

El 30x 10* y.9x lO""

For a pinned end, the angle <5 will be 25 per cent

greater, or 1.25 x 1.39 = 1.7*1 radians = lOO-deg.

From Eq. (29), stress nt point O is 6,Mo/bh* =
83,500 psi. Maximum stress will be twice this, or

167,000 psi.

4 4
-Ih + cf* + D* Ih-lD + d)W 'j rr

where / = total length of spring

h strip thickness

d, D are dimensions given in Fig. 28

Factor K depends on the ratio m given by

(31)
A I h

Fig, 28, Spirol spring wound on orbor.

,Values of K for various values of m are given in

Table 14.

Toble 14

m 5 4 3 2 1,5

K 0.672 0.702 0,739 0.796 0.85

For good practice, m = 2 in which case D =

J 2 .55 /A + </’ and Eq. 30 simplifies to*

+ (3j,)

In practice to avoid excessive stres.s, the arbor

diameter is usually made around fifteen to twenty-

five times the strip thickness.

Example. A power spring has the following

dimensions (Fig. 28): 6 = 0.015, f = 129. D = 2.25,

</= 0.375 in. From Eq. (31)

Power Springs — Coils in Contact. lOicte
spiral springs are wound up tightly (ns in the power
spring of n phonograph) the previous analysis does
not apply. In such cases the spring is usually

placed inside a hollow case (Fig. 28).

To find the total number of turns N delivetcd by
the spring in unwinding from the woundup position

pf Fig. 28 to the unwound position, the following
approximate expression may be used (ref. 1, page

346 ).

m= (2.25’ -0.375*) = 2.00

4(0.015) (129)

Since m = 2, Eq,(31a) may be used.

Using the given values of D, and d in Eq.

(31a), the number of turns N delivered in unwinding

becomes 16.0

Working Stresses. Working stresses in spira

springs calculated from Eq. (29) may run ns big

as 175,000 psi for l/8-in.-thick steel strip and
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Holes or Notches. For a hole in a flat strip

subjected to bending (Fig. 32), theoretical stress-

concentration factor Kt depends on the ratio d/h

between hole diameter and strip thickness and on

the ratio d/b between hole diameter and strip

width. Values of Kf may be obtained for various

values of these ratios with the curves of Sec. 6.6

(Fig. 10.)*In this case, the corrected stress is Kt

[6M/(b — d) b^]. For small d/h and d/h, ATf = 3.0;

for large rf/Zr with small d/h. Kt = 1.85 (Fig. 10, See.

6.6 20
),

DracJ'ftg

morrtftt

Fig, 32. Flat spring with hole In bending.

For semicirculnr notches of dinmeter r/, small

compared with the strip width h, values of K'r may
be taken as approximately the same as those for

holes of the same diameter, and nssuminp the .same

ratios cf/fc and j/i (Fip. 10, Sec. 6.6).

Wotkinp Stresses. For static loads or loads in-

frequently repented, workinp stresses for flat springs

made of 0.7 to 0.8 carbon steel (Uock-well C 45 to

48) m.ty run ns high ns 180,000 psi for l/8-in.-chicl:

strip to 240,000 psi for 0.025-in. -thick strip.

'S'here fatigue or repeated loading is present,

much lower stresses than these should i>e used and

the stress range should be calculated taking stress-

concentration effects into account.

LF.AF SPRINGS

General Notes. Leaf springs are somewhat less

efficient in terms of energy storage cap.acity per
pound of metal ns comp.ared with helical spring.s.

Balancing this disadvantage is the fact that such
springs may be applied to function ns structural

members.^' Sketches of a typical semielliptic leaf

spring and of some typical ends and center clamps
ate shown in Figs. 33 to 35. Rebound and alignment
clips arc illustrated in Fig. 36.

Design Formulas, The following formulas for

leaf springs arc based on the assumption of a beam
of uniform strength.^'

Symmetric Semielliptic Leaf Spring (Fig. 37o).

Spring rate in pounds per inch is

•Metol. Encln.crfng—Deign, p, 110 .

P 8En6tf

where n = number of leaves
b = width

b= thickness of leaf

L = length, in.

3PL
Stress S= (36)

2 n o h

Unsymmetric Semielliptic Leaf Spring (Fig. 378)

P Ebnh'L
Rate — = • (37)

5 6/,’//

6P/, /,
Stress S- ’

(38)
Lnbh^

, /j and /.
j
ore dimensions shown *n Fig. 37i.

Cantilever Leaf Spring (Fig. 37c) having n leaves,

/ being the length of the longest leaf.

Fig. 33. Seml-elllpfle spring.

IP) Pioin End Wounhng If) Rtlnfofctd Eye

(p) End Block for Semi-

flliplic R R. Type

Fig. 34. Leaf spring ends.
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Alfemate Design

vnih Cup Center

Fig. 35. Center clamps, lea^ spring.

(i) Cr-cr.-t/pe a?

Fig. 36. RefcounJ oni! alignment clips for leaf springs.

P Ebnh^
R.2tc — — (39)

b Cl'

CPI
Stress S = (40)

nbh^

Equations (35) to (40), although based oa the

assrmptioa that the sizing rray be considered as a
beam of uniform strength and composed of leaves

of equal thickness, are frequently used for pre-

Utninary’ design even for cases ‘W’herc these condi-

tions are nor fulfilled. Effects which cause devi-

ations from the ideal conditions assumed are: use

of leaves of different thicknesses; use of more than

one main leaf; stiffening effects of center clamp

and leaf ends; interleaf friction; effects of spring

shackle-s which result in angular loading at the ends.

These effects may result in rather large deviations

from values calculated from the fcrmulas. ?rfethods

for applying Eqs. (35) to (40) and correcting the

results to take some of these factors into account
are discussed in the SAE Manual.^^

Fig. 37- Leaf springs.

Stresses. Design stresses based on the

use of Eqs. (35) to (40) modified as suggested in the

SAE Manual for automotive and railroad leaf springs,

are given in Fig, 38- If the design is based on the

static-loading condition, z.e., on the static deflection

resulting from the load carried, design stress in-

creases as static deflection increases (lower carves

of Fig. 38). ^ere possible, however, the design
should be based on the maximum stress which occurs
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under conditions of dynamic deflection, a value of

130,000 psi being suggested for carbon steel and

Mo,000 psi for alloy steel.

Use of these stresses in general will result in n

life of about 100,000 full-load cycles of stress

(assuming that the springs have been shot-pecned

and cold-set). Also a set of from 3 to 3 per cent of

full-load deflection at such stresses may be ex-

pected. Where the spring operates under conditions
of appreciable negative loading in rebound, lower
stresses than those of Fig, 38 must be used. Where
other stresses than those resulting from vertical

loading (such as windup torque stresses) are pres-
ent, these must be considered in calculating maxi

-

mum stress, or lower stresses must be used if the
design is based on the static loading condition.”

Materials. .Materials commonly used for leaf

springs include SAE Nos. 1095, 4003, 5150, 0150,
and 9200. In general, alloy steels are used for

automotive springs, and c.arbon steels for railway
springs. Ileat-trentments giving Drinell hardnesses
415 to 400 will usually yield satisfactory results

for spring steels. Also shot-pecning and cold-setting

operations arc desirable for satisfactory life in

service.

For data on endurance limits of leaf spring ma-

terials sec Table 19-

CONED-DISK (BELLEVILLE) SPRINGS

General Notes. Such springs consist essentially

of coned or dished disks with diametral cross
sections and loading ns indicated in Fig. 39. The
loadTleflcction characteristic depends primarily on

the ratio /;// between initial cone height (or dish)

Delleclion

Fig. 40, Shapes of lood-dcflectlon dlogroms obtained by varying ratio fi/t.
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ami tliickne.ss. Some of these characteristics arc in-

dicatcdin f'ig.'iOforvarious values ofh/t. For ratios

h/t around 0.5i tlic curve approximates a straight

line up to a deflection equal to half the thickness

while for h/l equal to 1.5, the load in nearly con-

stant (within a few per cent) over a considerable

range of deflection. Springs with ratios h/t approx-

imating 1.5 arc known an constant-load ot zero-rate

springs, fly stacking Belleville springs in parallel

(Fig. 410) load capacity is increased, while the

series arrangement (Fig. Alb) gives increased de-

flection for a given load. The latter method .should

not l)c used, however, (or ratios of h/t greater than

1.3 because instability and an irregular load-de-

flection characteristic may result. Guides are usu-

ally advisable to prevent buckling or lateral de-

flection.

Advantages of Belleville springs include: small

space requirement in direction of load application;

ability to carry lateral loads; characteristics varia-

ble by adding or removing disks. Disadvantages

include nonuniformity of stress distribution, partic-

ularly for large ration of OD to ID.

(0 ) Slocked la Paroilel

where / == thickness

/? = outer radius (Fig. 39)

f: =-, modulus of elasticity

Factor C depends on R/r (Fig. 42) and the factor

C, depends on both h/t and i5/( where h = initial

cone height. Values of C^ may be taken from I'ig.

43. Shapes of the curves for C, also represent the

shapes of load-deflection diagrams for the v.arious

ratios b/t.

Theoretical load P, required to flatten tlic

spring is

l.lECht^

If the spring in tested against a flat plate, actual

flattening loads will be higher than Pi because of

the tendency of edge loads to move inward ns the

.spring approaches the ffattened position.

Fig. 41, Methods of stacking Bcllovlllo springs.

Design Formulas Based on Elastic Theory. The
following formulas for calculating stress and de-

flections in Belleville springs are based on the

assumption that radial cross sections of the spring
do not distort during deflection.^’’ ‘ Results are in

approximate agreement witli available test data;

however, agreement with tent data closer than 15
per cent should not be expected because of fric-

tional and other effects not taken into account.

Load P at deflection S is

P=-
l.lSEC

Ih - S)l^h jf + f’

This formula may be written

P =
c Cl Ef"

(41)

(42)

Compression stress Sc at upper inner edge A
(Fig. 39) at deflection S is*’

Sc-
- 1.1 ESC

R’
(44)

(Normally where d 2 h this is the maximum stress

in the spring.)

Stress S/i (normally tension) at lower inner edge
D (Fig. 39) is

s,.,
l.J ESC

R^
-C (45)

(For 8 > 2 h. Si ^
is greater than S^)

Stress Si 2
nt lower outer edge C (Fig. 39) is

l.lEScr / 8 \

—r-
In these equations C„ C„ C4. and C, may be taken

S|, =-
(46)
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Scale

fo^

focfofi

and

lO 15 20
^ .

D»^»ecficn

/ *
V'*^ tr.c>re»,s

Fig. 43. Curves tor determining lood factor C|*

25

Fig, 44. Curves for finding Cj, C^, C^ and C*

from the curves of Fig. 44. As fatigue {r.^cturcs

frequently start at the lower outer edge of the spring

at C. Fig. 3^), tension stress S',
j

m.iy be critical

even though numerically smaller than the compres-

sion stress S^ at A.

In .all cases in Kqs. (44) to (46) a negative sign

indic.ates compression, a positive sign tension.

Hquarions for calculating stress may be simpli-

fied to the following:

K £ r'

(47)

where K is a stress factor depending on ratios f?/r,

o/r. and h/t. It may be taken from the chart of Fig.

45 for R/r *^- 1,5 and from Fig. 46 for RA between 2

and 2.5. In these figures, the lower group of curx’es

represents stress at upper inner edge for various

h/i values; the upper curve represents stress at

lower inner edge for h/t “ 0 (flat plate). Additional

charts for calculating stresses at points D and C

(Fig, 39) arc given in the SAF Manual.’*

It should be noted that, because of the presence

of trapped stresses in actual springs, the peak

stresses calculated by Kqs. (44) to (47) may be

considerably higher than the actual stresses present.

Formulas for Small Deflections and Cone Heights.

Uhcrc both cone-height and deflection are small

rclntivc to thickness (say h/t and B/t both less

0.5) a rough estimate of load and stress can be

obtained by using the following simplified formulas

based on the elastic flat plate theory.
^ ^

A'ofr. As dishing action is neglected in deriving

these equations, results calculated from them may
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differ somewhat from those of Eqs. (41) to (46), and

it is suggested that for best accuracy the latter be

used.

P =
K,SEt'

S =
li, SEt

(48)

(49)

S =

P =

f’

S(’

(50)

(51)

Factors fC,. K'j and fCj in these formulas depend on

ratio R/r and may be t.ahen from the curves of Fig, 47.

Formula for Nominal Stress across Diametral

Section. If the spring is approximately flat when
loaded, as is true in most practical cases, a nominal

stress Sn across a diametral section may be calcu-

lated simply by dividing the external bending moment
by the section modulus. This gives

(52)

Design Example. A constant-load type of Belle-
ville spring is required for a gasket application

whete a load of 5,000 to 6,000 lb is desired in a

deflection range of 0.09 in. OD = 8 1/2 in., 1D =
4 1/4 in., h/t= 1.5. Stress Sc limited to 220,000
psi. Maximum deflection S = 1.3r. From Fig. 46, for

h/l = 1.5, S/l= 1.3, R/r= 2, fC=-5.1.TaklngSc =
— 220,000 psi (compression), E = 30 X 10‘ psi for

steel, by solving Eq. (47) for t and substituting

these values, required thickness t becomes, since
s=s.

f = R
£c

Jke
4.25

220,000

'15. 1 X 30 X 10‘
0.161 in.

From Fig. 43, Cj is practically constant from 5 =
0.75t to 5 = 1.3l,a range of about 0.09 in. This will

give approximately constant load within the desired

range.

From Fig. 43, for fc//=1.5, S/f = 1.3, load

factor C, = 1.67, and from Fig. 42, for R/r = 2,

factor C - 1.45. Load per disk at 5 = 1.3t, or 0.21

in., is

C.CEt*
P ; = 2,700 Ib

P’

By using two springs in parallel, the desired

load is obtained.

Derived in this way, this formula yields a kind of

average stress, the stress-concentration effect from

the presence of the hole being neglected. In general

it is believed to offer a somewhat better indication

of the load-carrying capacity of the spring under

static-loading conditions than Eqs. (44) or (50),

which yield a localized stress at one corner of the

spring. However, Eq.(52) should not be used whete

fatigue loading is involved.

Correction for l.oad Acting Inside Edge. Incases
where the disk spring is loaded, not at the edges,

but on two rims, as shown in Fig. 48, the following

modifications arc necessary.

Calculate load P and stresses S^-, and S,, ns

functions of deflection S using Eqs. (42), (44),

(45), and (46). Then correct thus:

Deflection 5' between rims (Fig. 48)

5 ' = S-f_ (53)
R-r

forking Stresses. Static Loading, ^hete Belle-

ville springs nre subject only to static or infrequent-

ly repeated loading, calculated stresses Sc based

on Eq. (44), equal to 200,000 psi or higher have

been used (or steel springs. Although such stresses

seem high, localized yielding will generally occur

allowing relief of the most highly stressed portions

of the spring.

An alternative method of design for static loading

is to use the nominal stress formula [Eq. (52)] keep-

ing the value of Sn well below the yield point of the

material.

Fig. 48. Belleville spring with lend inside edges.

Load between rims

P' =P
R-r

a
(54)

Stresses remain unchanged as functions of S and

can be restated as functions of S' if conversion

according to Eq. (53) is made.

Patigtie Loading, For springs subject to fatigue

or repeated loading, lower stresses should be used

than for those subject to st.atic loading. Although

not much data nre available, the indications Me

that Belleville springs made of good-quality spting

steel will withstand repeated loading up to perhaps

500,000 cycles even for peak stresses as high as
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200,000 psi calculated fro;:; Eq. (44).® For longer

spring life or higher operating tenaperatcres, it is

necessary to use loerer stresses.

A core logical method of design where fatigce

is inrolred is to calcclate the stress ranges from

Ecs. (44) to (46) at critical points and compare

these valces with the data available on the endur-

ance properties of the material. The reduction in

fatigue properties from the surface condition of the

spring (effect of decarburization, etc.) should he

taken Lnto account. For further discussion of work-

ing stresses, see S.AE )/lannal (ref. 22).

l^terials. Materials used in the smaller sizes

of Belleville springs are SAE 1074, 1025, and

1095. For larger thicknesses and for highest quality,

silicomanganese steel SAE 9260 or chrome-vanadium

steel SAE 6150 are preferred. Phosphor bronze

(spring temper) may also he used, in which case

stresses about half those allowable for steel springs

should be used and the modulus E should he taken

as 15 y- 10® psi.

SPPJ.SG MATEPTALS

Physical Properties. In Table 15 are given phys-

ical properties, including torsional and tensile

ultimate strengths, modulus of elasticity, shear

modulus, and elastic limits for the more widely

used spring steels. Similar data for stainless steels

and ncnferrcus materials ate given in Table 16.‘>®

Fatigue Properties and Endurance Ranges. Data

on endura.nce ranges and physical properties for

various spring materials in torsion and bending are

given in Tables 17 and 18. On each table, besides

the limiting endurance range, pertinent information

is given including kind of material, heat-treatment,

surface condition (he., whether ground and polished,

or untouched), ultimate and yield strengths in

tension, modulus of rupture, and yield strength in

torsion. A.n endurance range from 0 to 110,000 psi

as listed m.eans that the bar will withstand in-

definitely a stress range between these limits

while completely reversed stress is indicated by

the sign i. Si.milar data for leaf- and flat-spring

materials in bending are given in Table 19. For

further information, refer to literature references

given on these tables.

Data given in these tables indicate that, where

the test specim.en is ground and polished, in general

a considerably higher endurance limit is obtained

than is the case where the surface is in the "as-
received” condition. This difference in endtnance
limits may probably be attributed largely to surface

decarburization from heat-treatment, although ocher

factors (such as strface flaws or defects) may also

be present. Such defects may account for the low

values of endurance range repotted in some cases.

Hates on Spring Wires and Materials (refer to

Tables 15 and 16 for SAE or ASTM numbers.

Music Wire. A high-quality carbon steel, this

wire is widely used for small-sized helical springs,

particularly those subject to severe stress con-

ditions. The high' strength of this material is

obtained by using a steel of about 0.70 to 1,00 per

cent carbon, patenting and cold drawing to size.

Variations of tensile strength for different wire

sizes are shown in Fig. 49f maximum and minimum

values being indicated. In forming helical springs

of music wire, the winding is done cold over a

mandrel. After winding, a low-temperature heat-

treatment to relieve coiling stresses is usually

given. The optimum temperature for this treatment

may vary from 500 to 800F, the higher values being

advisable for springs subject to elevated tempera-

tares?'
Oil-tempered Spring Wire. This is a good-quality

high-carbotr-steel wire, made by the open-hearth or

electric-furnace process. In manufacturing, the

wire is cold-drawn to size, then heat-treated.

Variations of tensile strength with wire size are

indicated in Fig, 50, Springs made of this wire are

wound cold, then usually given a thermal treatment.

Hard-drawn Spring Wire. A carbon steel of lower

quality than music or oil-tempered wire, this wire

Fig, 49, Maximum and minimum tensile strength of

music wire for various sizes, (from ASTM Specifi-

cation A 223—51.)

is used in cases where the stresses are low or where

a high degree of uniformity is not so essential.

This material has tensile-strength properties slight-

ly below those of oil-tempered wire Fig. 50. It

should not, in general, be used where fatigue load-

ing is involved.

Hot-wound Helical Springs, Heat-treated after

Forming. For the larger sizes of helical springs
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Table 15; Approxlmafe Physicol Properties of Typical Spring Steels*

Material

ASTM
or

SAE
No. Composition,

Ultimate
tensile

strength,

psi

Elastic

limit

in tension,

psi

Ultimate

strength

in torsion,

psi

Elastic

limit

in torsion,

psi

Hard-drawn spring wire A-227- il C 0.6-0.7

Mn 0.9-1.

2

150,000-

soo.oocP

100,000-

200,000

120,000-

220,000

75,000-

130,000

Oil-tempered spring wire A-229-41 C 0.6-0.7

Mn 0.6-0.9

155,000-

300,000’

120,000-

250,000

115,000-

200,000

80,000-

130,000

A-228.41 C 0.7-1.0 250,000-

500,000?

150,000-

350,000

150,000-

300,000

90,000-

180,000Mn 0,3“0.6

Hot-rolled bars • SAE 1095 C 0.9-1.05

Mn 0.25-0.5

175,000-

200,000

105,000-

140,000

110,000-

140,000

75,000-

110,000

Chromo-vonodtum alloy steel. SAE 6150 C 0.-18-0.53

Mn 0.7-0.9

Cr 0.8-1.

1

Vo 0. 15 min

200,000-

250,000

180,000-

230,000

140,000-

175,000

100,000-

130,000

Sil icomonganese steel SAE 9260 C 0.55-0.65

Mn 0.6-0.9

Si 1.8-2.2

200,000 to

-250,000

180,000-

230,000

140,000-

175,000

100,000-

130,000

Clock-spring steel SAE 1095 C 0.9-1.05 180,000- 150,000 to

Mn 0.3-0.5 340,000 -310,000

^ Dato from r«f. 6 1952 Ed« Modulus of elottlclty approximately ]0*ptl and modulus ofrl(»idlty 11.5^ 10'^ psi for
all steels.

^Dependlnn on sUe (see Flf;e. 49 nnd 50)

’Low volue probably a result of surface deeorburixatlon.

Table 16: Approxlmote Physical Properties of Stolnless Steels ond Nonferrous Mctols*(os Used In Springs)

Ultimate
tar>tlle

strength,

f.Vster iai Composition, V» psi

Stainless steel 18*8,

Type 302

C 0.08-0.15

.. Cr 17-20

Ni 6-10

160,000-

330,000'

, . Cu 91-93 100,000-

150,000Tin 7-9, or

Cu 94-96

Tin 4—6

. Ni 64

Cu 26

Mn 2.5

Fo 2.25

140,000

, . Cu 98 160,000-

200,000Bo 2

Pormanickel . Ni 97t 180,000-

230,000

IDependlnc on alxe
•Ref 6, 1952 Ed.

fpiUB small omounts of Cu, Mn, Fe, Si, Mr, T1.

Elostlc Modulus Ultimate Elostle Modulus

limit cf strength limit of

In tension, elasticity, In tors Ion, in torsion. rigidity.

psi psi psi psi psi

60,000- 28 X 10’ 120,00I>- 45,000- 10 X 10*

260,000 240,000 140,000

60,000- 15 X 10’ 80,000- 50,000- 6.2 X 10’

110,000 105,000 80,000

80,000-

120,000

26 X 10* 75,000-

110,000

45,000-

70,000

9.5 X 10"

100,000- 16 X 10‘- 100,000- 65,000- 6 X 10‘+,

150,000 18.5x10" 130,000 95,000 7x 10“

130,000-

170,000

30 X 10" 120,000-

150,000

60,000-

90,000

11 X 10"
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(say over about 3/8 to 1/2 in. wire diameter) it is

not practical to wind the springs cold. In such

cases, the spring may be made from carbon- or

alloy-steel bars wound hot and then heat-treated.

For winding of these springs, ASTM specification

AI 25-52 calls for heating to a temperature of 1700

F and coiling on a preheated mandrel. The springs

are then allowed to cool uniformly to a black heat,

after which they are heated uniformly to a tempera-

ture sufficient to refine the grain, then oil-quenched.

After quenching, they arc tempered by heating to a

temperature below the critical for n sufficient time

to yield the required hardness values.

47T), Stainless steels having a composition of
about 18 per cent chromium and 8 per cent nickel
arc widely used for springs subject to corrosion
conditions and are also of value for elevated tem-
perature conditions.

The tensile strength of this wire is developed
by cold drawing and may vary from 160,000 psi in
0.3I2-in.-diamccer size to 320,000 psi in the 0,01-

in.-diameter sire. Springs may be wound cold and
stress-relieved at 750 F for 15 min to 1 hr, depend-
ing on w'irc size.

Phosphor bronze. This material finds Its great-
est use in cases where a spring with good electrical

Wire Oiomctcf, Inches

Fig. 50 Moximum and minimum valuei of ultlmote tensile ttrength lot hord-drown ond oil-tempered spring

wire. (ASTM Specifications A227-47 ond A229-41,) NOTE: ASTM tentotive revision, 1951, of A229-41
shows 5000 psi higher minimum values for olbtempered wire thon those given on this curve.

Chromc’varjadium Steel HVrr. In the past this

alloy-steel wire has been frequently specified

where a high-quality material is needed and where
temperatures nrc somewhat higher than normal, such
as is the case for automoiivc-vnlve springs. It may
be obtained in either annealed or hcnt-trc.atcd

condition, W'hcn wound from annealed wire, springs

must be heat-treated after coiling. After winding
from oil-tempered chrome-vanadium wire, a low-

temperafurc hent-treatment at around 500 to 700 F
should be given, the higher temperatures being pre-

ferred for applications involving elevated tempera-

tures.

Stainless Steal (I8‘8) Spring U'ire fA5T*M: /I3/3-

conductivity is desired; it is also used for appli-

cations where corrosion resistance is important.

Drrylliitr: Copper. Used frequently where high

elcctricnl conductivity is desired, this is a copper

alloy containing about 2 per cent beryllium and

smnll amounts of alloying materials. In general, wire

made from it is quenched from 1475 F» ^ben cold-

drawn to increase liie hardness. After coiling, it is

heni-trcntcd to increase physical properties. This

hcat-tfcnimcnt may also be varied to change the

modulus of elasticity or the amount of drift or creep.

Many other materials are a]so used for springs

including Inconel, Inconel X, K-moncI, Permanic-

kci.»
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INDEX TO

SECTION 13

Aircraft Tubing Mechanical T ubing

Pipe Pipe Fittings and Threods

Table Numbers,

Inclusive Gist of Tobulor Motter

Page Numbers

Inclusive

13*1 Mechanical tubing, v/arehouse stock sizes 13-3 to 13-4

13-2 to 13-4 Tolerances on cold-finished mechanical tubing 13-5 to 13-7

13-5 Tolerances on ground mechanical tubing 13-8

13-6 to 13-8 Tolerances on hot-rolled mechanical tubing 13-8 to 13-10

13-9 Stra ightness of round mechanical tubing 13-11

13-10 to 13-11 Turning and grinding allov/ances on mechanical tubing 13-11 to 13-12

13-12 to 13-14 Tolerances on mechanical tubing of stainless steel 13-12 to 13-13

13-15 to 13-16 Toleronces on tubes of aluminum alloy 13-14 to 13-15

13-17 to 13-19 Sizes and tolerances on copper tubes (not pipe) 13-16 to 13-17

13-20 to 13-21 Variotions in tubes of magnesium alloy 13-18

13-22 to 13-24 Airframe tubing of steel 13-19 to 13-20

13-25 to 13-27 Aircraft tubing of stainless steel 13-20 to 13-21

13-28 Sfandord pipe 13-22

13-29 Test pressures for line pipe 13-23

13-30 to 13-31 Extra strong and double extra strong pipe 13-24 to 13-25

13-32 to 13-33 Allov/able service pressures in pipes 13-26 to 13-27

13-34 Pipe occording to schedule numbers 13-28

13-35 Stainless steel pipe 13-29

13-36 to 13-37 Specification requirements for pipe 13-30 to 13-31

13-38 to 13-39 Copper pipe and v/ater tube 13-32 to 13-33

13-40 Pipe of aluminum alloy 13-34

13-41 Pipe of nickel alloy

13-1

13-34

continued on next p^gc



SECTION 13

Table Numbers, Page Numbers,

Indus ive Gist of Tabular Motter Inclusive

13-42 Pressure ratings of pipe fittings 13-35 to 13-36

13-43 to 13-47 Fittings for butt-welding 13-37 to 13-40

13-48 to 13-50 Fittings for socket welding 13-40 to 13-42

13-51 to 13-59 Screwed fittings 13-43 to 13-50

13-60 to 13-66 Screwed fittings of brass or bronze 13-51 to 13-57

13-67 to 13-69 Ferrous plugs and bushings 13-58 to 13-60

13-70 to 13-71 Stondord pipe thread 13-61 to 13-63

13-72 Dryseol pipe thread 13-64

13-73 Straight pipe thread 13-65

13-74 Pipe-thread details on drawings 13-66

Words or phrases, more or less descriptive of the catepories of tubular products, have become associated with the

variety of uses to which such products are put in design.

Pressure Tubes is the term often used to indicate that the tubes convey fluids at elevated temperatures or pressures,

or both, while heat is being transferred to, or extracted from, the fluid. Boiler nnd superheater tubes, oil-still tubes,

heat-exchanger nnd condenser tubes are examples.

Pressure Piping connotes tubes for conveying fluids at normal or elevated temperatures or pressures, or both, but

without heat transfer.

Mechanical Tubing is used in the manufacture of machine parts where the tubular section has advantages, as for

example, hollow shafts, shock absorbers, motor parts, inensements.

Pipe is named and designated in many w-ays, depending on materials, method of manufacture, method of installation,

sponsor practice, use of, nnd a host of other defining chnracteri.stics. Of necessity the less frequently used

materials and sizes are omitted here. So are the special sizes nnd shapes of tubular sections. The references

grouped in Tables 13-36, 13-37, nnd 13-42, ns well as those at the tables themselves, will serve as a source of

additional matter pertaining to tubes for particular purposes, special sizes, and out-of-the-ordinar)’ shapes.
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TABLE 13-2

Dimensional Tolerances for Seamless Cold Finished

Mechanical Tubing, Carbon and Alloy Steel

Steel Products Manual AISI, Section 18 — 1951

Tolerances for Steel and Iron V/rougnt Products - 1954 Federal Standard No, 48

V±riMilor.% from ViJimeierx Mr:4 Thlclcceai

Sivt 0 D , In.
OutsideDUnw

in

InsldeDiim,,
in

WtB Thick-
ness, per e«3t

Over
j

Under Orrr Under Oter Under

3/lG to 1/2 excl.(»» <>>) 0^9 0

1/2 to 1% excl.(») (W <e> 0 0 0.005 10 10

1% to 3% ercl.f*) <»» (<=) BBuiM 0 0 0,010 10 10

3% to 6% excl.t-UbHO 0.015 0 0.005 O.OIB 10 10

0% to 8 excl,('> v?hen

wall it lets than 5% of

OD

0.030 0.030 0.035 0.035 10 10

5% to 8 excL v/hen v/all

is from 59^ to 7,69i of

OD

0.020 0.020 0.025 0.025 10 10

514 to 8 ercl,(») when
wall is over 7.6% of

OD

0,030 0 0.015 0.030 10 10

8 to 10% incl.<«> when
v/all is less than 69<> of

OD

0.045 0,045 0.050 0.050 10 10

8 to 10% incl, when wall

is from 6% to 7.6 %> of

OD

0,035 0.035 0.040 0.040 10 10

8 to 10% incl.<*> v/hen

v/all is over 7.59, of

OD

0.045 0 0.016 0.040 10 10

VOTE — R«quff«?r.enta for aCzec over iGV* in- ovtxlde iham^Urr are cotntrwnly
bet7/een pir^chater ar.4. producer.

(ft) For mb'?® r/ith irieide (Hemeterletn than SO per cent of cutcMe diameter or

9/ith wall thlckneftft more thfin 25 per cent of outside diameter, or with wall thick-’

nest over VA in., or weiehlng more than 90 lb, per ft, v/hich are difficult to draw
over a stationary mandrel, the inside diameternjay vary over or under by an
arnount equal to 10 per cent of the wall thickness. The wall thickness may vary

12Vj per cent over and under that specified.

(b) For tube# with inside dismeter leas ttan ‘/i in, (or leas than Vt In. when the
wall thickness it more than 20 per cent of the outside diameter), which cannot be
scccessfolly drawn over a manrfrel, the wall thickness may vary 1 5 per cent over
and under that specified aruJ the inside diameter wifi be governed by the outside
diameter and wall thickness variations,

(c) Tubint havlnc a wall thlcfcneta less than 3 per cent of the outside diameter
cannof be straightened properly without a certaLn a;{;ount of distortion. Conse>
<rjently such tubes, while havin* an averaje outside diameter and Inside dismeter
within the tolerances shown In Table 13-2, will require an ovality tolerance of %
per cent over and under the nominal outalde dlam.eter and Inside diameter, this
belnt in addition to the tolerances indicated in the table.
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TABLE 13-4

V/all-Thickness Variations in Electric-V/elded, Cold Rolled

Carbon-Sfeel Mectianical Tubing

Steel Products Manual AISI, Section 18 — 1951

Tolerances for Steel and Iron V/rought Products — 1954 Federal Standard No. 48

Oatii^ DUnsiter cf Tafccs

E.V/. Gzzi ?j—Ti i—i'i 2—Zil 2Ti—

5

SH-5%

22 (.022) -f-.OOO

—.003
-f.OOO

—.003

20 (.033) -t-.COO

—.004
-f.OOO

—.004
+.000
—.004

IS (.049) -f-.OOO

—.004
-f.OOO

—.005
+.000
—v005

16 (.055) -f.OOO

—.004
-f.OOO

—.005
+.000
—.005

+.002
—.006

+.002
—.007

14 (.033) -f.OOO

—.004
-f.OOO

—.003
+.000
—.006

+.002
—.007

+.002
—.007

13 (.095) -i-.OOO

—.004
-f.OOO

—.005
+.000
—.006

+.002
—.007

+.002
—.007

12 (.109) -f.OOO

—.006
+.000
—.006

+.003
—.007

+.003
—.009

11 (.120) -f.000
—.006

+.000
—.006

+.003
—.007

+.003
—.009

10 (.134) -f.OOO

—.006
+.000
—.006

+.003
—.007

+.003
—.009

9 (.148) -f.000

—.006
+.000
—.006

+.003
—.007

+.003
—.009

8 (.165) +.000
—.007

+.000
—1307

+.003
—.OCS

+.003
—.010

Th« {sllavisi^ sdditiCTJSl pic* tolerance* eppty to the plu* shown, dae
to the crown cn sirjjJe width strip or firisr vaTistion* on ir.tiltiple slit strip;

% to iVi irw O D

Over iV, to 3% in- O D

,025 to .065= .0015

.055 to .187= .002

.025 to .065= .002

.065 to .187= .0025

13-7



TABLE 13-5

Dimensional Tolerances for Ground Seamless,

Carbon-Sfeel, Mechanical Tubing

Steel Products Monual AISl, Section 18 — 1951

Sixe. OD In.
I

Diameter Variations for Sixes and Lenrths Given, in.

Over
1

Under OTfr
I

Undtr

Lesttha:

Up to lU ind.

Over IV* to 2 ind.

Up to 16 ft. Ind. Over J6 ft.1 0.000

0.000

0.004

O.OOS

Lerrthii

Over 2 to 3 ind. ..

Over 3 to 4 ind. .

Up to 12 ft. Ind. OrtrllfLloH ft.

0.005

0.006

0.000

0.000

0.006

O.OOS

Kol«—The wall thictenetm and lt\«lde dl^Tr.etef loler»Ttce« «rc the a« (or cold

drawn rrechervlcal tublnt ahown In Table

TABLE 13-6

Dimensional Tolerances for Hot-Finished, Seomless,

Carbon-Steel, Mechonical Tubing

Steel Products Manual, Section 18 - 1951

Variallof.s frrm Dlatcrtef artd Wall TKlcknesa

Wall Tlueksfaa. p*? e«l

SpeciSed Site.
Outiide

DUnitler, la.

Ralia cf
WallTtick-

ceit to
Outalde
Diaaetrr

Outaidc
Diameter,

to. -lOr and
under

Over
.ICW'

to. 172*
iacl.

Over
.172* to

.2or
iad.

Oxer
.203*

* 1 S
-D J* k

•

O O H o o D o P

Under 3 All wall

thick-

0.023 p§ 16.5 1G.5

1

15 15 14 14 12.5 12.5

nesses

3 to 5}^ eid. All wall

thick-

.031 .031 16.5 16.5 15 15 14 14 12.5 12.5

nesses

5'^ toSexd. All wall .047 .047 14 14 12.5 12.5

thick-

nesses

StolOJiind. 5% and .047 .047 12.5 12.5

over

S to 10?4 ind. Under .6% .063 .063 12.5 12.5

Note: The common ranpc of »it« of hot finUhrd lube^ is IH In. to and inclodj^
10^ In. outside diameter with wall ihicknras not le^s than 0.095 In. (No. 15
or 3 per cent or more of the outside diameter. For sixes under IH *n. or oeer I0%i »n-

outside diameter the sanations are negotiated between the purchaser and producer.
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TABLE 13-7

Dimensional Variations in Diameter of Hot-Rolled

Welded, Carbon-Steel, Mechanical Tubing

Steel Products Manual AISI, Section 18 — 1951

V.'aU

Thickness Flash-In Tube (1) Standard Tube

0 D Same os Standard
1 D Up to 55% Greater

than Standard <21

0 D Up to 35%
Closer timn
Standard

I IJ No Spret-
Hriition (3)

0 D
'Nominal

I D Ova!Size of Tube U.W. CaKc 0 D Ovnl 0 D I D 0 D Oval

V. to % 16 to 22 ±.003 .003 ±.003 .003 ±.002 .003

y. to % 14 ±.003 .003 ±.003 .003 ±.002 .003

to % 20 to 22 ±.004 .005 ±.004 .004 ±.003

% to % 16 to 18 ±.004 .004 ±.004 .004 ±.003
% to % 12 to 14 ±.004 .004 ±.004 .004 ±.002 .003

% tolVs 18 to 22 ±.004 .007 ±.004 ±.007 .005 ±.003
y. toi'/t. 14 to 16 ±.004 .007 ±.004 ±.012 .005 ±.003
% tol% 11 to 13 ±.004 .005 ±.004 ±.012 .005 ±.003 .004

1 w to 2 18 to 22 ±.005 .008 ±.005 ±.008 .008 ±.005 ±.019 .008 ±.004 .006

lU to 2 14 to 16 ±.005 .007 ±.005 ±.010 .006 ±.005 ±.017 .007 ±.004 .005

1 VS to 2 7 to 13 ±.005 .006 ±.005 ±.015 .006 ±.005 ±.023 .006 ±.00.3 .004

2 Vs to 2 '.4 18 to 20 ±.006 .010 -*-,006 ±.010 .010 ±.006 ±.014 .010 ±.004 .007

2% to 2 >,-4 14 to 16 ±.006 ±,006 ±.012 .008 ±.006 ±.019 ±.004 .007

2V4 to2>4 6 to 13 ±.006 .008 -*-,006 ±.016 .008 ±.006 ±.024 ±.004 .005

2% to 2 18 to 20 ±.010 -*-,010 ±.014 ±.010 ±.022 .020 ±.007 .010

2% to 3 14 to 16 ±.008 .015 -*-.008 ±.012 .015 ±.008 ±.019 .015 ±.006 .008

2% to 3 4 to 13 ±.008 .012 -*-.008 ±.016 .012 ±.008 .012 ±.006
3V4 to 3 Vi 16 to 18 ±.010 .018 ±.010 ±.015 ±.010 WSi^ .018 ±.008
3% to3V4 4 to 14 ±.008 .014 -*-.008 ±.020 Hall ±.008 ±.028 .014 ±.006 .010
3% to

4

14 to 16 ±.010 -*-.010 ±.017 KilH ±.010 ±.026 .020 ±.008 .014

3% to

4

4 to 13 ±.010 .014 -*-.010 ±.021 .014 ±.010 ±.029 .014 ±.007 .008

4% to 5 14 to 16 ±.020 -*-.020 ±.022 .025 ±.020 ±,034
4JAto5 9 to 13 ±.015 -*-.015 ±.026 iHmh ±.015
Sy, to5</4 10 to 16 ±.020

1
.025

L
±.020

•The Actual inside diameter variations are computed by using the outside diameter and wall thickness tolerances shown in Tables 13-7
and 13-8.

HEIGHT OF I D FLASH
(1) Fldsh^in Tube! The maximum height of the inside welding flash does not customarily exceed the wall thickness or in any case

1/8 in.

(2) O 0 Same as Std*i ^ T) 55% Greater than Std,! The maximum height of the inside welding flash is commonly 0.010.
(3) 0 P to 35% Closer than St.i I D No Specifications! The maximum height of the inside welding flash for flash-in grade does not

customarily exceed the wall thickness, or in any case 1/8 in. If flash remove grade is specified, the maximum height of the inside welding
flash is commonly O.OlO.
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TABLE 13-8

V/all Thickness Variations in Hot-Rolled, Electric V/elded,

Carbon-Steel, Mechanical Tubing

Steel Products Manual AlSl, Section 18 — 1951

Tolerances for Steel and Iron V/rought Products - 1954 Federal Standard No. 48

Wsll
ThleVness
li . W. Gsce

Outside DUmelrr of Tube

IQQI ir.-s'i
j

lH-3%
1

4-4% 4%-*%1EZZB
20 (.035) sa
18 (.049) -}-.002 .(-.002

—.004 —.004

16 (.065) -(-.002 +.002 MM '
I
'l-l

—.006 —.008 mamwmmsol
14 (.083) -f.002 +.002 +.002 +.002 +.003 +.002

—.006 —.008 —.008 —.008 —.010

13 (.095) -f.002 +.002 +.002 +.002 +.003 +.002

-.006 —.008 —.008 —.008 —.010 —.012

12 (.109) -^.002 +.002 +.002 +.002 +.005 +.004

—.006 —.008 —.008 —.008 —.010 —.012

11 (.120) -(-.002 +.002 +.002 +.002 +.005 +.004

—.008 —.008 —.008 —.008 —.010 —.012

10 (.134) +.002 +.002 +.002 +.005 +.004

—.008 —.008 —.008 —.010 —.012

9 (.148) +.002 +.002 +.002 +.005 +.005

—.003 —.008 —.008 —.011

8 (.166) +.002 +.002 +.002 +.005 +.005

—.008 —.008 —.008 —.011

7 (.180) +.002 +.002 +.002 +.00 5

—.008 —.008 —.008 —.011

6 (.203) +.002 +.002 +.005
—.010 —.010 —.012

5 (.220) +.002 +.002 +.005

—.010 —.010 —.012

4 (.238) +.002 +.002 +.005

—.010 —.010 —.012

The followlnc eddltional plus tolemnces to the plus limits shov-Ti due

to the crown on single width strip or wider vsKstioni on multiple silt strip:

lo I In. O D .001

Ov»r I to IV. In. O D .003

Over Jt'.lo 3',; In. O D .004
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TABLE 13-9

Out-of-Straightness Tolerances for Round,

Carbon-Steel, Mechanical Tubing

Steel Products Manual AISI, Section 18 — 1951

Tolerances for Steel and Iron Wrought Products - 1954 Federal Standard No. 48

Sise Limits

Uax.
Carva-
tore 1q
any

8 Feet

Maximum Currature in

Total Lengtlis

Maximum
Carratore

for
Lengths
under
SFeet

0 0 6" and smaller. Wall

thickness, over 3% of 0.030" 0.030" X

Number of feet

of length
Ratio of

0.010"

3
0 D , but not over O.B"

foot

OD over B" to 8", inch

Wall thickness, over

4% of 0 D , but not 0.045" 0.046" X

Number of feet

of length

Ratio of

0.016"

per
3

over 0.76" foot

OD over 8" to 10% ", inch

Wall thickness, over 4% 0.060" 0.060" X

Number of feet

of length

Ratio of

0.020"

of 0 D , but not over 1" 3 per

foot

TABLE 13-10

Cleanup or Machining Allowances for Carbon
and Alloy Steel, Seamless Mechanical Tubing

Steel Products Manual AISI, Section 18 - 1951

For Machined Parte
Site. 0 D inches

Machining Allowances
on Diameter, inch

OD ID
Less than 3/32 0.008 0.008

3/32 to 3/16, excl. 0.012 0.012

3/16 to 1/2 , excl. 0.016 0.016

1/2 tol% ,exch 0.020 0.020

1% to 3 ,excl. 0.040 0.040

3 to 6% , excl. 0.060 0.060

5% to 8 ,exch 0.080 0.080

NOTE: Machining allowances for staea 8 Inches and orer are eustomarllf
negotiated between purchaser and producer.

When tubing is finished to siae bjr grinding instead of machlnlngf the
cleanup grinding allowances are shown in Table 13*1 1.
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TABLE 13-n

Cleanup Grinding Allowances for Carbon
and Alloy Steel, Seamless Mechanical Tubing

Steel Products Manual AISI, Section 18 - 1951

0 D
lacK

Grindint; Allowances
on DlamHcT, incH

OD I D

Less thnn 3/32 0.005 0.005

3/32 to 3/16, excl. 0.006 0.006

3/16 to 1/2 ,cxcl. 0.008 0.008

TABLE 13-12

Stainless Steel — Well Thickness Voriations

on V/elded, Mechonicol and Aircraft Tubing

Steel Products Manual AISI, Section 18 - 1951

Wall Thleknnt
n . W. Cite

SIZE OF TUBE. IN INCH

UptoS/IC •;-n i-in 31; 4—

«

* Wall Tljlcknes* Variation

23 (.025) +0.000 +0.000 +0.002
—0.0025 —0.003 —0.003

22 (.028) +0.000 +0.002 +0.002
—0.0025 —0.003 —0.003

21 (.032) +0.000 +0.002 +0.003 +0.004
—0.0025 —0.003 —0.003 —0.003

20 (.036) +0.001 +0.003 +0.004 +0.005 +0.006
—0.003 —0.003 —0.003 —0.003 —0.003

19 (.042) +0.000 +0.000 +0.001 +0.001 +0.004
—0.004 —0.006 —0.006 —0.007 —0.007

18 (.049) +0.000 +0.000 +0.001 +0.001 +0.004
—0.004 —0.006 —0.006 —0.007 —0.007

17 (.058) +0.000 +0.002 +0.001 +0.004
—0.006 —0.006 —0.007 —0.007

16 (.066) +0.000 +0.002 +0.002 +0.004
—0.006 —0.006 —0.006 —0.007

15 (.072) +0.000 +0.003 +0.002 +0.004
—0.006 —0.006 —0.007 —0.007

14 (.083) +0.000 +0.003 +0.001 +0.001
—0.006 —0.006 —0.008 —~0 i010

13 (.096) +0.000 +0.003 +0.001 +0.001

—0.006 —0.006 —0.008 —0.010

12 (.096) +0.000 +0.003 +0.003 +0.003

—0.006 —0.006 —0.008 —0.010

11 (.120) +0.000 +0.003 +0.003 +0.003

—0.000 —0.006 —0.008 —0.010

10 (.134) +0.003 +0.003

—0.008 —0.010
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TABLE 13-13

Annealed Stainless Steel — Dimensional Tolerances

on V/elded, Mechanicol and Aircraft Tubing

Steel Products Manual AlSl, Section 18 — 1951

Tolerances for Steel and Iron Wrought Products - 1954 Federal Standard Ho. 48

Di 3= <e e I { c n * ID

1 O D Up to 23 Per Cent
Clca«r tfcic

SU^iXTi
ID iroEi>«f£c*tion

[
0 D Up t« 23 Per Cent Ck/ier

than Stan dard
[ ID Up to 40 Per Cent Cloier
1 than Standard

Variatic^i n: fciih
! i

Verixttoa fc inch
' Variathm fn fseh
f

£
Tftli

B. W. Ozzt OD ID OraJitr
1

Orality I OD
I

ID OvaIit7

Up to 3/16

%
Over %
” %— %
” %

incL
n

ft

20 Ga. & lighter

18-24 incL

13-23 ”

16-23

12-15 ”

0.002

: 0.003
' 0.003

0.004

0.004

1

9

1

9

1

9

0.003

0.004

0.004

0.007

0.005

— 0.002

0.003

0.003

0.005

0.004

1

1

1

0.0015

0.002

0.003

0.004

0.004

0.002

0.003

0.003

0.005

0.004

tt %—1% Tt 17-23 tt

,
0.005 0.007 0.009 !

0.004 0.006 9 0.004 0.006

rr %—1% Tt 10-16 tt
: 0.005 0.007

j

0.004 0.005 1 0,004 0.005

n 1%—

2

Tt 17-23 Tt 0.006 0.010 0.004 0.007 ^^9

1

0.004

n 1%—

2

Tt 10-16 tt
• 0X06 0.008 0,008 0.004 0.006 0.004 0.006

ti 2 —2% Tt 15-21 Tt ' 0.007 0.012 0.005 0.009 0,005 0.009

Tt 2 —2% Tt 10-14 Tt 0.007 0.010 0.010 0.005 0.007 0,005 0.007

n 2%—

3

Tt 15-20 Tt 0.010 0.012 0.018 0.008 0.014 0,007 mS&M
tt 2%—

3

Tt 10-14 Tt i 0.010 0.012 0.016 0.008 0.012 0.007 0.007
n s 4 tt 14-18 Tt

, 0,012 0.014 0.024 0.010 0.018
[

Tt 3 —4 ft 10-13 Tt 0.012 0.020 0.010 0.016
i

n 4 —5 Tt 10-16 Tt 0.016 0,030 0.012 0.020
!

n 5 —6 tt 10-16 tt

;
0.020 0.035

[

Note L Tnbing is ordinarily specified to ontside diameter and wall thiclcness. If inside diameter is the more important dimension,
tubing should be specified to O D and I D dimensions. Tolerances in any tube are applicable only to two cross-sectional dimensions.
Thus, if outside diameter and wall thickness are specified, tbs inside diameter may not necessarily conform to these tolerances, and
if ir.side and outside diameters are specified, the wall thicknesses may not necessarily conform to these tolerances.

Note 2. All tolerances,ezcept.ovalityjas shown above are plus and minus-

TA3LE 13-14

Annealed Stainless Steel — Dimensional Tolerances
on Seamless, Cold-Finished Mechonicol Tubing

Steel Products Manual AISI, Section 18 - 1951
Tolerances for Steel and Iron Wrought Products - 1954 Federal Standard No. 48

OD
VariatWTvi
fnzn Oatzide
Diameter, is.

Orality, Dcntlc 0 D
Tolerance when rraH is

:

WaD Thick-
ness, per cent
See Notes a, b

Orer Under Over Under

Under 1/2 0.005 0.005 Lighter than 0.015" 15 15
1/2 to 1% euccl. 0.005 0.005 Lighter than 0.065" 10 10
1% to 3% ercl. 0.010 0.010 Lighter than 0.095" 10 10
3% to 5% excL 0.015 0.015 Lighter than 0.150" 10 10
5% to 8 excl. 0.030 0.030 Lighter than 0.240" 10 10

(a) Tubes with wall thicknesses more than 25 per cent of their outside
diameter or with wall thicknesses greater than lU in. or weighing
more than 90 pounds per foot may vary in wall thickness plus and minus
1214 per cent.

(b) For tubes with inside diameter less than 1/2 in. (or less than 5/8
in. when the wall thickness is more than 20 per cent of the outside
diamccer), which are difficult to draw over a stationary mandrel, the

wall thickness may vary 15 per cent over or under that specified and the
inside diameter will be governed by the outside diameter and wall thick-
ness variations.
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TABLE 13-15

Aluminum-Alloy, Drown, Seamless Tubes
Permissible Variations in Dimensions

ASTM Designation: B210—53

rnuMissini.H vaiuatiosh in niAMi:THn (ai’pi.iks to out-
SIDli DIAMKTini UNT.liSS OTIII'KWISI'. srUCIITr.l))

Nominal Diameter, in.

rermitsitde VarU lion* in Diameter, plui or mituii. In.

Mean Diameter*
or Ti-Tape

Meafltirement—*
Alloya MIA,
GIA. OR20A,
CG 42A.GS1IA

Intlividtial Meaaiirement of
Diameter (Otit-of*Roundnri«l

Ricept S«>fl or Thin Wall Tuhei^

Alloya GIA, 1

GR 26 a. MIA
Alloya CG42A.

GS IIA

•A to 0 OOd ' o.noi
1

0 000
Over vi to 1, Incl 0 oot 0 001 n OOT
Over 1 to ?. incl o.oos o.oio
Over 2 to »T, incl 0 ooo 0.000 0.012

Over 3 to f>, Incl 0 OOR o.fy)s 0,016
Over A to ff, incl 0.010 0 010 0.020
Over fl to H. loci

1
O.OKA 0.015 0 030

Over K to 10, incl 0 020 O.OX) o.oto

Over 10 to 12. incl 0 02S 0.025 0.050

* (lUmfttf H (he uvefAce *nf two rnraiarrmenft «f liiAroetrr taken al rUbt
anrtea (n each other al any i^olnt alunc the lentth of the lutie.

* Thin wait (uhe^, that l« (uf>e« having a watt thlrknr%« ten than • & per rent of the
diameter or ten than 0 020 In , ami (uhet in the a<>ft temper ahall be rommercialty round
The <tesiation« of ln«t(«iitiia1 meaturementa from (he nominal «*tli vary with (he alloy
anil (he ratio of watt (hteknrat to diameter.

niUMfrvStlU.K VAUIATIOW*? IN* WIDTH OR Di:rTH or squarr,
Ui:CTANCUfl.AK. III-XAGOSAL AKD CHTTAGONAL TUIH'.S

PermUtlMe Variationt In Width or Depth, plua or miniti, in.

Nominal

At 1

Not at Ci'Tner*

Width or Depth,
In

*
Corner* 1

!

i

square.
Itetaf«'nal,

anil

Octafimal

Rectancular

0 500 and leM
j

n 001
{

0 000 The permisnhle variation in width )i the
0 .101 to 1 W 0 WU 1 0 OCR value from column 3 which corrrsjvmdt
1 01 to 2 00

!
0 tx>5

1

0 010 to the depth dimrniion, provided that
2 01 to 5 (H) 0 012 thia value it not leit than the permit*
5 01 to 5 W ilgtW 0 Olfl •ihte variation in width when meat-
5 ni to 0 W WiMUtiW 0 OM uted at the ctxnen The I'ermlitilde
0 01 to fi 00 0 015

i

0 0.30 variation in depth it the value from
R.Ol to 10 00 0 020

I

0 oto column .3 c«'rte*t»mdint to the width
Over 10 00 0 0.*5 1 0 050

1

dtmentlon. pfosidetl that tbit value it

not lets than the permtwihle variation

csrtS'jx-T- -rc-.

in depth when inratured at the corners

• Internirihate wuttha or tleptha ahall he foundri! off to the tblnl decimal place, If

(he dintenimn i« lett than I 00 tn and the arcond, if (hr dintrn>ton h 1 00 in or more,
in acmrdance with the Kecommendril rrarlirta h*r Pe^ijnaltni Stinificant riarea in

Specified l.inutitic Valuea (ASTM Detitnation S r'O.

1T:kMISSII1LI: VARIATJOSS is WAI,I. THICKSKSS

.Nominal
Wall Thick nets

In
•

1
rermistilile Vsrialiont in Wall thickneii, plut or rainui. in.

s5
1

ImllAidual Meaturemenla

! Alloya
GSltA
Ca42A.

}
Round Only

Alloy*
1

OIA,
GR20A, VtlA.;

1

Round Only

1 Alloya
OSMA,
CG42A

1

Round Or\ly

All
Alloyt

Other than
Round

0 010 to 0 OTi
1

0 002 0 002
1

0 o.in to 0 oin 0 o«n 0 003 !

0 0.50 to 0 U'O 0 001 0 004 10 per cent of noml.
0 121 to 0 203 * n (V13 0 005 nal wall thick*

0 201 to 0 ,'UKl
}

tl (NIS 0.00*4 nett, hut not let*

Inn, .17.1 0 012 1 0.012 Him 0 txlj In,

n 370 to 0.500
1

0.032
j

0.032
.

' r.s~ _ . tT^::=:r:rjrr=:s=r

'

* Mean imII (hlrkneti l« (hr averacr of the two mrarurementa of wall thlcknraa

taken at ojiiai’iltc rmN of any diameter
* lntrfinr«ltrtte wall thnkiir^tea shall t»e rounded off to the third decimal place la

accnrd.iiire wtth (he Recommended Tracticea for DraiRnatlnK Slitnlficant iTacei in

SprctTirtl l.imiiiot; Valuet (AST.M, Deslsoaliot) R *211).
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TABLE 13-16

Aluminum- A.Iloy Extruded Tubes

Permissible Voriotion in Dimensions

ASTM. Designation; B235—53T

FEKiriSSIELE VAP-IA-TTO^rS Ur DIAMETER. FOR. EOUirD TUBES

Sp^si£irf
Oslafile cr

Xzss'i* IKasitftef,

ts.

P«rn:£atj£f'e Var^ii^ti*£s Dfars«t«r,pfsacrs:jr:ca,is.

Brteas Dtas:<t«r^
free:

SyUzister
(S«)

i

0fas:etar at Any
Pfcfst frets

£j>ess£<il Diaettax*
(Oralsesi)

0.010 0.050
1 to Z.eKi 0.012 0.055

0.015 0.030
0.025 o.o.w
0.035 0.075

B t0 IC, ezsl 0.045 O.ICW
10 to 12.eis! 0.055 0.125
12 to 12V*» 0.055

!

0.150

‘ tfUsicter" ti <^5t«^Tase:^ hf tke •eraj's c? t^ro tz/Mrsresisists USrjta at
rfj*:! a2x!« to eaoi ctitar,

* Ii'ct ap^Eoaite is ttsassoalocJ CO) tai=p-tr cr if wall tHciscss fa r«5 tfras 2y» p^r
c«st of tio etrtaCia ejfasetor.

PEH.MI531ELE VAR-fATtO^fS Iir WIDTff OP, DEPTIf FOP, FOT/ARE
RECTAirGtrZJLP., HEXAGO?fAL, AJfD OCTAGCCfAL TUBES

ParsttfHf.ftr Varlatjcita Is V/T-ftf: cr Diptfe, pJst cr erfs^ra. fs.

Spetfiasl
WJ: 6f

[

Wliitf: cc Utfpti

cr D-;;ih ret at Ccfsm fros: Sp^Cied
V/iiitk cr Urpth

U-rpt!:.

Is-

at Oirs-tri frost
S-yiCzEfsi^vrvitb.

cr Dtptfc

S»7sarc.
Hsxafosal,

acil

Octajosal

Ractaejnfar

V* to */. «til 0.012 0.050 Tbe pcrcrfttifcle varlatios for

•A to t, cxd 0.014 O.f/20 tfee wUStij Is toe raise for
I to 2. etd 0.018 0.0^^ s<5sarc, t«u.?osal, asd
2 to 4, exd o.co.; 0.035 ccta^fosal tetfs?: for a
4 to 5. Issf 0.03.1 O.OM dieesstcc et^sal to toe

depto, asd ttsr«fjel7. fcert

Is sc case ia toe p^cis-
aitte ranatioc less ifeas at

1

toe careers.*

* Exas^ta^ Tlio wvltfc perctisCbts TarUtws cf I by Z ir. rectar.tclar tcfcfnx ia ptua
cr eissa (iX/lfj fs. as/i ti« p^rciaattfe rarUtistr fa plw or tsisvs 0J)3S is.

pcp.ifissrBtE VAP.iATfo?fs ts v/all thickkess foe p-ou;:d
tuef,s

PcrszifJbt* Varfarfotta is V/all ThfclcK^'j, pfaa cf minsi, is.

Fpesi Eerf

7/aI1 Tfe-cicese,
Is

Mean 7/aII TT-.lcisess* frots
Sped5ed 7,311 Thicicest

7/aIT Thickness at Asy
Pr.fst fros; Meaa 7/aII

Tfc^kcess* fEccestfisjty)
[ Ostjide DIaseter,, l?t

'
2 to 5, ,

excf
I

Sisd
r.rer

0 rc’ 0 COT
‘

0.00? - O-OIO 10 per cent of the
0 0^ t/v 0 12,'. ex-! f 0 CO? 0 010 0 015
0 IZ^ to 0 Z'A rxrl ' 0 000 ‘ 0 012 0 050 net*i'

0 ZV; to 0 27.», rtcl 0 on , 0 010 0 055 maxidrsi of 0 OOO
0 Z75 to 0 5/:<i. rrei 0 015 1

0 051 {
0 0.15 ,

0 505 fc 0 750. exrl 0 050 0 05? ’ 0 045
0 7Lrj to I COO, far? 0 025 ; 0 055 -

X.COO to I 5CO. esc! ... 0 045 0.00.;

* Tc« "c;«ar: •'alJ thfciseit" ii rf*t«rtsjs«5r! fc7 tfcs areraye of two n:«a?nfets*nr*
taies r;pp<.*c'c eacf; r^hjtr

PKP.i:r5SIEI,E VAP,rATTO%'S f!r V/AU, FOE SQUARt'
EECTAirCULAP.. I£EXAGO:?AL, A:rD OCTAC^'AI, TUBES

Perr:fi-ih?» ra^Eatios? of wan tfciafcn-rj'i at asy p'rtr;? frotn i^all
thscism tEall sot jcreater tfcas p?t« cr tsissi 10 p»rr rerst r.f rh<r 4p-*dtfrr:
wan tbickz^i' rraxistss! 0 (yy> is,, istcicrcs: 0010 in.
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TABLE 13-17

Preferred Sizes of Round, Seamless Brass and Copper Tubing

Simplified Practice Recommendations R235-48,

Sup't. of Documents, Gov’t. Printing Office

ASTM Designations; B135-52, B75-52, and B251-53T

PREFERRED SIZES OF ROUND.SEAMLESS COPPER TUBE,"-*’'

[X (rxllcoffts pr«ferred tfzes]

Outside
Diameter

Wall Thicknesses, In*

In conformimcc v.iO\ the Simplified PrncHce Rrcommrndnilonn R 235-<8 for Copper imd CoppeoAlloy Round Senmlest

Tube lanued by the U. S. Drpnrtinent of Commerce.
b This tube 1 r not necessnrlly Avnllable In nU fUloys In the full rnnr.«* of sleet shos^Tt.



TABLE 13-18

V/all Thickness Tolerances* for Copper and Copper-Alloy Tube

( Not' Applicable to Rpe,^ Water Tube, and Type B Sizes.)

ASTM Designation: B251-53T ( Applicable to ASTM Designations B68, B75 and B135)

WqII Thickness

eru

T/32»o
1/8 Incl.

Over 1/8

to 5/8
Incl*

Outside Diameter

Over 5/8 Over 1

to 1 to 2
Inch Inch

in.

Over 2
to 4

Inch

Over 4

to 7
Incl*

Over 7
to 10

Incl.

Under 0.018 0.002 0.001 0.0015 0.002

0.01B, incl., to 0.025 0.003 0.002 0.002 0.0025

0.025, incl., to 0.035 0.003 0.0025 0.0025 0.003 0.004

0.035, incl., to 0.053 0.003 0.003 0.0035 0.0035 0.005 0.007

0.053, inci., to 0,083 0.0035 0.004 0.004 0.006 0.008 0.010

0.033, incl., to 0.120 0.004 0.005 0.005 0.007 0.009 0,011

0.120, incl., to 0.165 0.005 0.006 0.006 0.008 0.0 10 0.012

0.165, incl., to 0.220 0.007 0.0075 0.008 0.010 0.012 0.014

0.220, incl., to 0.234 0.009 0.010 0.0 12 0.014 0.016

0.234, incl., to 0.380 0.011 0.012 0.014 0.016 0.018

0.380 and over 5% 5% 6% 6%

*lf tolerances of all plus or ell minus are desired^ double the values given.

tTables 13-36, 13-37.

TABLE 13-19

Average Diameter Tolerances for Copper and Copper-Alloy Tuoe

ASTM Designation; B251-53T (Applicaole to ASTM Designations 368, B75 and 3135).

Specified Diameter Diameter to Which Toleronce,
Tolerance Applies Plus ond Minus

Up to , incl. inside or outside 0.002

Over 1/8 to 5/8 inci. inside or outside 0,002

Over 5/8 to 1 incl. Inside or outside 0,0025

Over 1 to 2 incl. inside or outside 0.003

Over 2 to 3 incl. inside or outside 0,004

Over 3 to 4 incl. inside or outside 0,005

Over 4 to 5 incl. inside or outside 0.006

Over 5 to 6 incl. inside or outside 0.007

Over 6 to 8 incl. inside or outside 0.003

Over 8 to 10 incl. inside or outside 0,010
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TABLE 13-20

Permissible Variations on Diameter for

Magnesium-Base Alloy, Extruded, Round Tubes

ASTM Designation: B217- 53T

Formissible Vorlotlon, Plu* of Minus

Specified DIomelor, Devlotlon of fAeon Deviation of Diameter
In.* DIofmter t ffoot ot Any Point from

Specified Diameter Specified Dlometer^

0,999 and ondor 0.010 0.020

t.OOO fo 1.999 0.012 0.025

2.000 to 3.999 0.015 0.030

4.000 to 5.999 0.025 0.050

6.000 to 7.999 0.037

8.000 to 9.999 0.045 0.100

* Intermediate diameter* ehail be rounded oft to the third decl«

mol pi ftce.

txhe **meen dlometer** 1* determined by the oversee of two
mesfurement* token ot rleht sneteo to esth other.

fl^ot oppllcsble if the wall thickne** Js Jet* thon 3.5 per cent

of the outside diameter.

TABLE 13-21

Permissible Variations in Wall Thickness,
Plus or Minus, of Magnesium-Bose Alloy,

Extruded, Round Tubes

ASTM Destination: B217-53T

Specified
Thickneit,

In.*

Deviation of Meon Wo!l Thicl(r>e**t
from Specified Woll Thicknesf

Outside Outside Outside
Diameter Diometer Diomefer
2.99 orxj 3 to4.99 5 ood Over
Under

Devietlon of

WoII Thickness
ot Any Point

from Specified
Woll Thickness

0,062 and under 0.007 0.003 0.010
10 per cent of

the meon wall

thicknessf

0.063 to 0.124 0.008 0.010 0,015
0.125 to 0.249 0.009 0.013 0.020
0.250 to 0.374 0.011 0.016 0.025
0.375 to 0.499 0.015 0.021 0.035

with omoximum
of 0.060 and o

minimum of

0.010

i

0.500 to 0.749

0.750 to 0.999

1,000 to 1.499

0.020 0.028 0.045

0.035 0.055

0.045 0.065

* Intermediate wall thlckne** shall be rounded off to the third decimal place,

"f
The **meari wall thlcknett** |a determined by the overage of two meature-

ments taken at 180 deg to each other.
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TABLE 13-22

Sizes for Seamless Airframe Tubing

Carbon and Alloy Steel

Steel Products Manuol AISI, Section 18 — 1951

TABLE 13-23

Carbon Steel — Sizes for V/elded Airframe Tubing

Steel Products Manual AISI, Section 18 - 1951
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TABLE 13-24

Alloy Steel - Sizes for Welded Airframe Tubing

Steel Products Manual AISI, Section 18 — 1951

Wall

Outaide DiaiBFl^r in Inebea

H !4 H !4 '!« >!4 1 IM IM i;s IH 154 l!£ 1J4 2 2H 2M 2!< 2M SM
iii

!!4 3

.02fi X X X X X X X X

.032 X X X X X X X X X X X

.035 X X X X X X X X X X X X

.W2 X X X X X X X X X X X X

.049 X X X X X X X X X X X X X X X

.053 -' X X X X X X X X X X X

.0C5 X X X X X X X X X X X X X X X X X X ———

.072 X X X X X X X

0S3 X X X X X X X X

.095 .V X X X X X X —

.109 X X X

TABLE 13-25

Stainless Steel - Sizes of Scomless Aircroft Tubing

Steel Products Manuol AISI, Section 18 - 1951

(huli* Dosrtfr ia latlvt

Thick.
ecaa a !6 » 14 5f 14 14 '4 14 14 54 '14 M 14 I 114 IM 114 IM 154 n; 114 • 5M JM :m 3 SM

1
.010

1
X X

.012 X X X "x" "x" ~x

.010 X X X X

.020 X X X X X X ~x T T

.023 X X X X "F X T "F "x

.035 X X X X X
~

~x
~

"FT X m IT "FFF X "x"FFF
.042 X X X s F F
.049 X X X X X X X

'

X "FQ
~F X FF ~

X x X X X X

.058 X X x ~x "F "F "F B x" F T

.OW X X X X X X T X B X T"T F FF F X

.0S3 ~x T "F IT X F

.095 T T "F X F~F F X

.109 IT

.120 X X X X nT -

.134 B __

.156 _

.188 F —

.219 X X X
- — —

.250 X _ —
__

1 _ —
___ — —————
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TABLE 13-26

Outside Dicrneters end Vi'cii Thicknesses of Seamless, C^Id-Finished,

Round, Annealed end Kard-Dro'/m Stainless Aircraft I ubing

Steel Products Manual AlSl, Section 18 — 1951

ticcicsl 03
inches

'<o~ia2.1 ^all
Thickness,

inch

OD Tolerance
inch

*Ovalicv Tolerance
(Annealed tubing

ocilj') in addition

to OD tolerance,

inch

TaU
Thickness,
per cent

I

Over Under
j

Over Under
j

Over Under

Cccer G.S
L'ceer 0.=

Lrifier -015

-015 ever '

.004

.004
.004

1

.004
.004 .004 10 10

G.S
<3.5

CO 1.3
CO 1.5

excl

.

erol.

Cr*.'£“r .065
-065 5: orer

.005
-005

.005
,005

.005 .005 10 10

1.5
1.5

to 3-5
to 3-5

excl-
erci-

Cr.fier .C'JS

-055 A” oxer
.010
.010

.010

.010

.010 .010 10 10

3.5
3 -

ta 5.5
to 5.5

excl-
excL-

Under , 150

0 * 150 oTer
.015
.015

.015

.015
.015 .015 10 10

5.5 tc £.0
CO g.r>

excl-
excl

Under .240
(3.240 cTer

.030

-030

.030

.030

.030 .030 10 10

TABLE 13-27

Stainless Steel — Sizes of V/elded Aircraft Tubing

Steel Products Manual AISl, Section 18 — 1951

y>tr

Thfci:'

cess,
icch.

r/ J-
•« (T

1.-

'J
r-
't I

1^'
1 'X IV. u. r* -T

Outside Disneter, inches

1% 2 2% 2% 1% 2'4 2=4 Z '4 2^; 3 3'/. 3 '4 34 4 44 44 44 5

.cs X X X X X X X X X X X X X X X

.C3; X X X X X X X X X X X X X X X X X X X X X X X

.042 X X X X X X X X X X X X X X X X X X X X X X X

.C<5 X X X X X X X X X X X X X X X X X X X X X X X X X X X

-f-r; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

.C-,3 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

.cos X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
-ICO X X V X X X X X X X X X X X X X X X X X X X X X X X X X

.12C X X VA X X X X X X X X X X X X X X X X X X X X X X

.!S4 _ _ X X X X X X X X X X X X X X X X X X X X X X X X X
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TABLE 13-28

Standard Weight, Threaded, Line Pipe

Steel Products Manual AISI. Section 18 — 1951

Size:

Nom.

in.

Weights per Foot

Wall

Thickness,

in.

Diameters Couplings Test Pressures, psi.

Nom.

Thd.

&
Cplg.,

lb.-

Calculated

Outside,

in.

Inside,

in.

Length,

in.

Outside

Diam.,

in.

R
u

Steel Iron

Plain

Ends,

lb.

Thd.

&

Cplg.,

lb.

•T3
V
2*5

1
4^
4^
s
a

Lnp-Weldcd

or

Grade

A

Grade

B

Grade

C

Open

Hearth

and

Wrought

f

*4 .25 .24 .25 .068 .405 .269 IV., .563 .04 700 700 700 700 700

1
'4 .43 .42 .43 .088 .540 .364 1*.; ..719 .09 700 700 700 700 700

3'
.57 .57 .57 .091. .675 .493 l^i .875 .13 700 700 700 700 700'

'4 .86 .85 .86 .109 .840 .622 2% 1.063 .24 700 700 700 700 700

1.14 1.13 1.14 .113 1.050 .824 2'/. 1.313 .34 700 700 700 700 700

1 1.70 1.68 1.69 .133 1.315 1.049 2‘; 1.576 .54 700 700 700 700 700

1’.. 2.30 2.27 2.30 .140 1.660 1.380 2L 2.054 1.03 800 1000 1100 1300 800

1‘4 2.75 2.72 2.74 .145 1.900 1.610 2L 2.200 .90 800 1000 1100 1300 800

2 3.75 3.65 3.71 .154 2.375 2.067 2i; 2.875 1.86 800 1000 1100 1300 800

2
‘4 5.90 5.79 5.88 .203 2.875 2.469

;

4*.. 3.375 3.27 800 1000 1100 1300 800

3 7.70 7.58 7.67 .216 3.500 3.068 4*4 4.000 4.09 800 1000 1100 1300 800

3*4 9.25 9.11 9.27 .226 4.000 3.548 4*. 4.625 5.92 1200 1200 1300 1600 950

4 11.00 10.79 11.01 .237 4.500 4.026 4'/; 5.200 7.59 1200 1200 1300- 1600 950

5 15.00 14.62 14.90 .258 5.563 5.047 4i; 6.296 9.98 — 1200 1300 1600 930

6 19.45 18.97 19.33 .280 6.625 6.065 4’.; 7.390 12.92 — 1200 1300 1600 950

8 25.55 24.70 25.44

1

.277 8.625 8.071 5*4 9.625 23.18 1200 1300 1600 950

8 29.35 28.55 29.25 .322 8.625 7.981 5*4 9.625 23.18 — 1300 1600 1600 950

10 32.75 31.20 32.20 .279 10.750 10.192 5L 11.750 31.55 — 1000 1200 1400 800

10 35.75 34.24 35.20
i

.307 10.750 10. 136 5*.; 11.750 31.55 1000 1200 1400 800

10 41.85 40.48 41.35 .365 10.750 10.020 5’.4 11.750 31.55 — 1200 1400 1400 800

12 45.45 43.77 45.40 .330 12.750 12.090 6'/. 14.000 49.27 — 1000 1200 1400 800

12 51.15 49.56 51.10 .375 12.750 12.000 6'.. 14.000 49.27 — 1100 1200 1400 800

14D 57.00 54.57 55.80 .375 14.000 13.250 6’.; 15.000 45.83 950 1100 1400 750

16D 65.30 62.58 64.08 .375 16.000 15.250 6L 17.000 55.83 — 850 1000 1300 700

18D 73.00 70.59 72.37 .375 18.000 17.250 7*-. 19.000 66.53 - 750 900 1100 600

20D 81.00 78.60 80.70 .375 20.000 19.250 V.; 21.000 79.37 — 700 800 1000 55(J

•Nominal welghta, threads and couplings ore shou'n for purposes of Ulentlficotlon in specifying weight of pipe.
^

TTeat pressures shown apply to senmlcss, riectrtc-welded. and lap-welded open hearth iron pipe and to lop-welded wrought iron I’ P *

Pressures shown for sizes 4-in. nominal and smaller apply also to butt-welded open hearth iron and in sizes 2-in. nominal and smo

to wrought iron pipe.
tomsriiy

(a) The customary vnriotlon in weight for any length of pipe Is 10 per cent above and 3U per cent below; and carload weight is cus o

not more than P/J per cent under the calculated weight,
(b) Taper of threods is Yi In. per foot on diameter for all sizes,
(c) API STD 5-L covers these data in detail.
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TA£L£ 13-2?

Tr.:d<r.=33ss cr.c Test Frassc-ras fcr PIafr:-Er:3 Lins Ftps

Sfga- Frccrcfs J-tevc! AlSt, Secftcn IS — 1551

;

1

1

irre

1

! THrk-
1

Tel£:e£

£riC

G=i= H

1

i

j

C; sre

G;s££ a
I

1
-?;r i?:c 7Zf: 2333 i5ec

I 2220 25:3' 2533 me
25:*: 2533 2533 2133

1

-2:1 23:c 2333 me 2533

j

-I'Jt L3>:c IiCC 2233 1233

ITXC 2333 2533 T JK”**

1
.22T ITCC 2233 2533 me

1

xr.cc XTTC 2533 1533
< -2?t i 22:c S3TC 25Te me
1

.312 ; 25:c 2333 2533 2333

i
' L'XO 1233 1533 ^ee

(
-aX!?

{

I2:c I-i'C 2533 553

1
.23.-; 1 Tii'C I5>33 zeee 1113

1

1
m ’ I6tC 1533 2533 1233

I Trn
,

ir:c 2:cc 2533 1-433

.244 . IKC 2233 ZiCC 1533
• 2:cc 2533 rye

:
- H-T

i

2CC 933 1233 1 551

;
.^l.r 1

5<:': me 1433 i T5*
1 - Z:*' I 13CC me ifce

j
S53

« ZTT 12:3 me vtze 3 553
t ^ jp » «

1
I'CC L533 2333 !

1333
< « 3ZZ

i

1533 1533 2333 ' 1333
*

i 1C3 1133 2233
j

in:
l^'X me z-ee 1 1533

' - 1533 2133 2533 1 1533

- .^1.' T 'C 1133 ! eec
-Z'C ' 5t5T me I'Ce i T33

( .^TTr ncx me ICC ! 533

;
- 3CT . L'CC me 1533 333

Srze;
GtZCsIIi:

'

1

1

issz pr^s-erss- esL

Scs'sl fee

!

Ls=-
G=-E G-ceC

p?"--

*s.nf

I

ir.\-
yr f 1133 15CC 1733 533

• ic'i I2ce I4CC 1533 lece
.455 1533 1713 2233 1233

r^-'- ,25/ TC3 SC3 m.3 633
,ZTX 533 551 1233 651
-512 9CC me me 713
-lie ncc 1233 1433 633

•?,/ y tree 1233 1513 633
.5T5 Hie I2CC me 553
.455 1233 i4ee 1533 1333

14 -wI2 533 55T 1233 653
T y y 533 me me Tce
-T— 553 me 1413 TS-
.«5 1113 1533 1733 533
.533 1533 H.33 isec 1333

15 -312 TC3 533 m3 cc,-:

.544 TTC err 1233 633
35" KCC m.3 733

.«5 1133 m3 1513 633
-3ee 1113 m3 1733 533

I£ -312 533 T5T "Sie 533
‘ T y # TC3 533 1333 550
1 T3e 5ee mo 633

KC 1133 me 733

1
.533 IZCC 1233 mo 533

23
1

i -312 551 653 651 453
i .344 533 TC3 551 513

! TC3 533 icee SeC

j

.455
1

533 sec 1233 653
1.533 ! ?ec

r

1133 1413 7CC

r 5 I- czT^ cSku =::

x<ft •^'2-c^tri arx£ rmariir al.'! - ^ fcaard

£ £els*»7 arttf csrfcaid ta cpratrniarilT-

^ artif Cr 9»T:£trj^£ £m= p^<5-T«at

U-^^



TABLE 13-30

Extra Strong Standard Pipe

Plain Ends or Threaded and Coupled

Steel Products Manual AISI, Section 18 — 1951

Nominal
Size, in.

Weight
per Foot
Calcu-
lated
Plain

Ends, lb

Wall
Thick-
ness, in.

Diametera Test Pressures

Outside,
in.

Inside,
in*

Steel Iron

Butt
Welded,

psi

•Lap
Welded

or
Grade A,

psi

Grade B,
psi

Grade C,
psi

Open Hearth
and Wroughtf

1/8 .31 .096 .406 .216 860 850 850 860 850

1/4 .64 .119 .640 .302 860 860 860 850 860

3/8 .74 .126 .676 .423 860 850 860 860 850

1/2 1.09 .147 .840 .646 850 860 860 860 850

3/4 1.47 .164 1.060 .742 850 850 860 850 850

1 2.17 .179 1.316 .967 850 860 850 860 850

iVi 3.00 .191 1.660 1.278 1300 1800 1900 2300 1400

1% 3.63 .200 1.900 1.600 1300 1800 1900 2300 1400

2 6.02 .218 2.376 1.939 1300 1800 1900 2300 1400

2 Vs 7.66 .276 2.876 2.323 1300 1800 1900 2300 1400

3 10.26 .300 3.600 2.900 1300 2600 2600 2600 2500

3% 12.61 .318 4.000 3.364 1700 2600 2600 2600 2300

4 14.98 .337 4.500 3.826 1700 2600 2600 2600 2200

6 20.78 .376 6.663 4.813 — 2400 2600 2600 1900

6 28.67 .432 6.626 6.761 2300 2600 2600 1900

8 43.39 .600 8.626 7.626 — 2100 2400 2600 1700

10 64.74 .600 10.760 9.750 — 1700 2000 2600 1300

12 65.42 .600 12.760 11.760 — 1400 1600 2100 1100

•Lnp-vve!ded pipe In not commonly produccrj in wires imnller th«n 1*V inch.

fTeot presaureB shown apply to Bcnmleis, c leclrlc^elrted, nnd lf»r»^*elded, open heorth Iron pipe and Inp-welded wrouKht iron pipe* Test

pressurea for sizes 4'/rin. oulalde diameter ond smoller npply iilso to butt-wejded open heorth iron pipe. ..

(a) The customary variation in weiRht for any ieoRth of pipe is 10 per cent above and per cent below and the carload weight i» cub o .

not more than V/a per cent under the calculated weight.

(b) API Standard Specification 5*L covers these data In detail*
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TABLE 13-31

Double Extra Strong Pipe

Plain Ends or Threaded and Coupled

Steel Products Monual AISI, Section 18 — 1951

Sit«:
KetnJtttl*

iiL.

Wdrtt
DiMseteT*

{

Teat Pressures

per Foot
Cmleol&ted
FUSn

Ends. Ib.

Tfcitk*
cesa, !c.

OvUlit,
io.

Inside,
itu

Butt
Welded,

psi.

Lsp
Wcld^ or
Grsde A,

psL

Grxde
B, pal.

1/2 1.71 .294 .840 .252 1000 1000 1000

3/4 2.44 .308 1.050 .434 1000 1000 1000

1 3.66 .358 1.315 .699 1000 1000 1000

1% 5.21 .382 1.660 .896 1200 B
1

9
1% 6.41 .400 1.900 1.100 1200 ml
2 9.03 .436 2.376 1.603 1200 1800 1900

2% 13.70 .552 2.875 1.771 1200 1800 1900

3 18.58 .600 3.500 2.300 — 1800 1900

4 27.54 .674 4.600 3.152 — 2000 2100

6 38.55 .750 6.563 4.063 2000 2100

6 53.16 .864 6.625 4.897 — 2000 2100
8 72.42 8.625 6.875 — 2800 2800

(a) The customary variation in -weight is 10 per cent above and 10
per cent belo-w.
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TABLE 13-32

Formulas for Pressures in Pipe and Pipe Fittings

ASA B31. la-1953, Supplement No. 1, Code for Pressure Piping

To Find Formula In Which

Minimum pipe wall

thickness, t. inches

Maximum internal

service pressure, P,

psig

'm - [ 2
/

^

25(r„ - Q
p — -- -

D-2y(/„-Q

Table of y values

Temp

Deg F

Up to

900
950 1000 1050 1100

1150

and up

Ferritic

Steels
0.4 0.5 0.7 0.7 0.7 0.7

Austenitic

Steels
0.4 0.4 0.4 0.4 0.5 0.7

D = outside diameter of pipe,

inches

5 = allowable stress, psi, in

material due to internal

pressure, at the operating

temperature, deg F. The

Sections of the Code for

Pressure Piping, B31.1,

provide not only tabular

values of S for specific

materials, temperatures

and service, as illustrated

in Table 13—33, hut also

instructions to govern

special and unusual con-

ditions

C = allowance for threading,

mechanical strength, and/or

corrosion. In Inches

y = a coefficient. Table at

left is suitable for

in terpolation.

Hydrostatic test The Code, B31.1, depending upon the Section, prescribes

pressures hydrostatic test pressures for pipe fittings, and piping

systems, both before and after erection. Quite generally

the hydrostatic test after erection calls for a test pres-

sure of not less than one and one-half times the maximum

operating pressure, adjusted to 100°F.

Bursting strength of

fittings, Pg, psig
Pg = and which

t = thickness of pipe wall,

inches

ASA B16.9-1951

Steel Butt-Welding

Fittings

Table 13—42 lists

pressure ratings of

fittings

applies strictly to cal-

culating the bursting

strength of straight pipe.

Strengths of fittings are

determined by comparing their

test strengths with the bursting

pressures exhibited by straight

seamless pipe of the designated

wall thickness and material.
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TASLE 13-23

A^fc'H'rrfg Sfrgcgigs fcr Ffg-g ?' Pc^fsr Fc'rrrc 2/rfg;:

yfc. T Ccc^ r'r Frerircre Pf,

EC^iiisiscr !' Lii:rt>!:r5-'::jre3r trc '^r<r Tjn ^jrr^PL

ve::-'Ci-*t
i
-xc HHHHI

222 cxck
t’

'ZxrzrxL
i-j t'.C xcc ICC AXC* 4IC IX

- t

C'-C

f

f

I4^CC’
!

L t:? i PXt V-AJ'-C ICvCCC tcxcc xcxx XXACC IJACC
1

uia

|;

a::-
/ ji'

1

tZ/AC ICXCC xxccc XX.CCC 24,222 xaacc rJACC
1

1

A 2IS
A 1*7?

; ;

Tx;xc re,TCc IS^XC X7/XC XX/AC XX^XC XAACC I-Cr-^CC

) A 2X5
1

t2~A rs.xcc xr/xcc t2fr.e xxA-cc XAACC XAAXC
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TABLE 13-36

Outside Diameter Variations According to Different Specifications

for Various Kinds of Pipe and Pressure Tubing

Steel Products Manual AISI, Section 18 — 1951

Type Site. In. Reference Specifications
Variations

Over Under

PIPE
*

fTo 1*4, inch 1

|2 and over J

ASTM A-53p A-120. A-253 1/G4 in.

ICr

1/32 in.

1%

Seamless and Welded

Standard Weight

.

Extra Strong
Double Extra Strong

Seamless

Electric Welded

fH tol^.incl. 1

i
Over 1% to 4, inch I

{ Over 4 to 8, inch }

j Over 8 to 18. inch |

i Over 18 to 24, inch j

All siics

f ASTM A-IOG, A-158.
' A-20G, A-280.

1 A-315. A-333. A-335

ASTM A-135

1/64 in.

1/32 in.

1/lG in.

3/32 in.

1/8 in.

1/32 in.

1/32 in.

1/32 in.

1/32 in.

1/32 in.

LINE PIPE*
Seamless and Welded ( To 1 14 inel. )

j 2 and over
J

API STD 5-1, 1/G4 in. 1/32 in.

.IYp

OIL COUNTRY PIPE
Casing, Drill Pipe and Tubing

Seamless and Welded f 4 and under )

I Over 4 )

API STD S-A 1/32 in.

O.TSlTr

1/32 in.

O.TSYf

PRESSURE TUBES*

BOILER AND SUPERHEATER
(Seamless and Lap-Welded)

Hot Finished and Hot Rolled

(Seamless and Electric Welded)

Cold Finished and Cold Rolled

] 4 nnd under
i Over 4

1 ASTM A-83.A-192. A-209,

( A-210. A-213
1/64 in.

1/64 in.

!

(

(

1

1/32 in.

1
3/64 in.

f Under I

1
1 to Hi, inch

1 Over 1 li to 2, cxcl.

( 2 to 21i, cxcl.

1 2’i to 3. cxcl.

3 to 4, inch

1 Over 4

f AST.M A-83. A-178. A-192
< A-209. A-210, A-213.

i A-22G, A-249. A-250

!

0.004 in.
;

0.004 in.

O.OOG in.
i

0.006 in.

0.008 in.
' 0.008 in.

0.010 in. 0.010 in.

0.012 in. 1 0.012 in.

0.015 in.
1

0.015 in.

0.015 in. 1
0.025 in.

STILL TUBES
(Seamless)

Hot Finished

Cold Finished

( 4 nnd under )

1 Over 4 to 7 '.i j,

( 4 and under
1

|Over4to71i J

ASTM A-161, A.200. A-271

1/G4 in.

1/G4 in.

0.015 in.

0.015 in.

1/32 in.

3/64 in.

0.015 in.

0.025 in.

HEAT EXCHANGER AND
CONDENSER TUBES^

(Seamless and Electric Welded)
Cold Finished and Cold Rolled

f Under 1

^ 1 to 1 >i, inch
( Over 1 % to 2, cxcl.

ASTM A-179, A-199, A-214

A213, A249

0.004 in.

0.006 in. 1

0.008 in.

0.004 in.

0.006 in.

0.008 in.

•Identicnl tolerances on diameters ore specified In Federal Standard No. To/ernnces /or Sfeef and

Iron ^yrouHUt Products-
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TABLE 13-37

V/oll Thickness Voriofions According to Different Specificofions

for Various Kinds of Pipe and Pressure Tubing

Steel Products Manual AISI, Section 18 — 1951

V(mU TTikVr;«*
or Ziz4, Ifie

V$iriMthr.itr

Pftr Cent

Over Under

PIPE

All sizes
fASTId A-58, A-120, A-125,

1 A-253 12%

S<;aml«!,r or V/cWcd
‘

Standard Weight 1

Extra Strong 'r

DonWe Extra Strong j

S^amlca*: All sizes
/ASTM A-IOC, A-206, A-158,

(A-280, A-315, A-332, A-335 _ 12%

LIKE PIPE*
H'iamles.'! and V/alded , . All sizes API .STO 5-L — 12%

OIE COUIITP.y PIPE
CASIttG, DRILL PIPE, TUEIMG
Searnla?..', and V/aldcd /III sn2«i5 API .STD 5-A

— 12%

PRESSURE TUBES
*

in. thick and
under

Over .005 in to .150
in, inel. t ASTId A-88, A-102, A-209,

( A-210,A-2I8

40

85

28
28

0

0

0
0

BOILER AND SUPERHEATER
TUBES

(Seamless and Lap V/'elded)

BOILER AND SUPERHEATER
TUBES
Cold Finished (Seamless)

(Electric Welded) Cold Boiled

Over .150 in. to .180
in. incl.

Over .180 in.

( Up to 1% in. O.D. '(

1 Over 1% in. O.D. )

All sizes

( ASTId A-82, A-I02, A-209,
t A-210,A.212

f ASTM A-I78, A-22C, A-249,
> A-250

20
22

18

0
0

0

STILL TUBES
(Seamless)

Hot Finished
Cold Finished

All sizes 1

All sizes J

ASTM A-151, A-200, A-271 28
22

0
0

HEAT EXCHANGER AND
CONDENSER TUBES*
Cold Finished

iSeamless) Cold Finiehed
(Electric VCeldcd) Cold Boiled

All sizes
All sizes

A.STM A-I79, A-199, A-2I3
A.STM A-21d, A-2d!)

22
18

0
0

Prcyfr/cf*,
*fo, Tf>ftr/>rtcf)9 (or Ctcnt find Jron V/roaCJit
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TABLE 13-38

Dimensions and Weights of Copper and Red Brass Pipe - Standard Pipe Sizes

ASTM Designation: B251-52T (Applicable to ASTM Designations B42, B43 and B188)

Pipe Size,

In.

Nominal Dimensions, In.

!

Outside Inside Wall

Diameter Diameter Thickness

Cross-

Sectional

Area of '

Bore,

Sq. In.

Nominal- U eight,

Lb per Ft

Red
Copper Brass

i/f) 0.40S 0.281

Regular

0.062 0.062 0.259 0.253

1/4 0.540 0.376 0.082 0.110 0.457 0.447

3/R 0.075 0.495 0.090 0.192 0.641 0.627

1/2 0.840 0.625 0. 107 0.307 0.955 0.934

3/4 1.050 0.822 0.114 0.531 1.30 1.27

1 1.315 1.063 0. 126 0.887 1.82 1.78

1-1/4 1. 060 1.368 0. 146 1.47 2.69 2.63

1-1/2 1.900 1.600 0.150 2.01 3.20 3.13

2 2.375 2.063 0. 156 3.34 4.22 4. 12

2-1/2 2.875 2. 501 0. 187 4.91 6. 12 5.99

3 3.500 3.062 0.219 7

.

37 '8.75 8.56

3-1/2 4.000 3.500 0.250 9.62 11.4 11.2

4 4.500 4.000 0.250 12.6 12. 12.7

5 5.562 5.062 0.250 20.1 16.2 15.8

6 6.625 6. 125 0.250 29.5 10,4 19.0

8 8.625 8.001 0.312 50.3 31,6 30.9

10 10.750 10.020 0.365 78.8 46,2 45.2

12 12.750 12.000 0.375 113 56. 5 55.3

1/8 0..t05 0,205

Extra Strong

0. 100 0.033 0.371 0.363

1/4 0. 540 0.294 0, 123 0.068 0.625 0.611

3/8 0.675 0.421 0. 127 0. 139 0.847 0.829

1/2 0.840 0.542 0 . 149 0.231 1.25 1.23

3/4 1.050 0.736 0. 157 0.425 1.71 1.67

1 1.315 0.951 0. 1E2 0.710 2.51 2.46

1-1/4 1 . 060 1.272 0. 19) 1.27 3.46 3.39

1-1/2 1.900 1.494 0.203 1.75 4. 19 4.10

2 2.375 1.933 0.221 2.9t 5.80 5.67

2-1/2 2.875 2.315 0.200 4.21 8.85 8.66

3 3.500 2.892 0.304 6.57 11.8 11.6

3-1/2 4.000 3.358 0.321 8.86 14.4 14.1

4 4.500 3. 818 0.341 11.5 17.3 16.9

5 5.562 4.812 0.375 18.2 23.7 23.2

6 6.625 5.751 0.437 26.0 32. 9 32.2

8 8.625 7.625 0,500 45.7 49.5 48.4

10 10.750 9.750 0.500 74.7 62,4 61.1
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TABLE 12-29

Sfan'imd Copper Wafer Tabo — Dimensions an'J Woighfc,

on-j Toleronceo in Diometc-r an4 Wall Thickness

ASTW Designoficn; B25T—52T (Applicable to A.STU Designations B-bb and B'18b)

/-tt f'slcrc.icei if) fr,i « tcife ere crA r.tn'Jt r./coyt no in/fc'Tt*;/.

(/3

"Xt/'.i*
T./iy) iO T'/p^ L T-/p-» )/

ff

tr,-.

rfi*
/iv

1

T&f^'
rrti

[ ciW: r/sl
1

*5r^« rM
To!of~

nron
Tyynr T'/g^ £. T'/;^ W

y. 0.370 0.002, 0.001 0.035
1
0.0035 0.032

1

0.0235

07235 1 0-0035

0.1/5 0.125

\ (j.SCO 0,002_5 0-001 O/f/2
:

0-00/ ^ / 0,252 0,123 y y y

% 0.025 ((3,C02j5 0.001 0.0/2 0,00/ 0.0/2
j

0.0035 -- .-- 0.3// 0-235 ...

'/, 0,750 0-0025 0,001 1 0.0/2 i 0-00/ 075/2' 0.0035 0./13 0,352 y y y

\ 0-375 0,003 0-001
[
0.005 !

0,00/5 0-0/5
1

0750/ --- 0,5/1 0-/55 y y y

\ 1,125 0-0035 0,00151 07505 0,00/5 0,050 ; 0-00/ ^ ^ / # ^ ^ 0.332 0.555 y y y

t% tA75 0,00/ 0-0015! 0,005
I
0-00/5 0-055 ! 0,02/5 2.0/2 0,0235 1,0/ 0,33/. 0,532

1% 1.025 ! 0.0005 0.002 0/>72 i 0,005 0,050 ' 0-00/5 0.0/2 0.02/ 1,55 1,1/ 0,2/0

2 2-125: 0.005 0,002 0-033 : 0.007 0.070 1 0-005 0,055 0,005 2,05 1,75 1-/5

''% 2-025 0.005 0,002 0,025 1 0,007 0-050
i

0-055 0,055 0,005 2.23 2-/3 2-03

3-125 0,005 0.002
f
0-102 1 0,007 0.022

j

0,027 0.072 O.OOO /,02 -yy *y<y 2-53

2
‘4 3.025 j0.005 07502 0-120 i

0.005 0-120
1
07507 0,033 0,027 5,12 /,22 3-53

/, 0.125 0.005 0,002 0-13/ 1 0,010 0,112
!
0-022 0,025 0,022 5,51 5,33 /-55

r 5,125 0.005 0,002 0-150 1 0.010 0.125 0.010 0-122 0,022 2,57 7.51 5,55

i 0,125 ;r>/;0£ 0,002 0.122 ' 0,012 0.1/2
;

0.010 0.122 0/j12 13,2 10.2 3,22

3,125
1

jO/iOi
-0,002

-0,0-0/ 0.271
j

0.015 0.202 ' 0.0 14 0, 170 0/1 1/ 12.3 15,5

to 10.125 |o-003
'0,002

-0,000
i 0-333 ‘ 0.015 0.250 10.015 0,015 V 1 25,5

15 |lZ12.5
1

0-0 03
‘0,002

-0,000

1

1

0-/25 . 0-022
1

I
i

I lOJjie
^

!

0^2S4 0,015 .57,3

1

35,7

ST/.’lD/fiS D!>/£fa'jflS / fly WefOHTC OF
COPPER TUBE, TYPE E"

CO /.vT7Y EIS?;

r-?y

Tf'.f-'y'ivJiS,

r'A'? ^ ?>^y

P, g-ffff

0,125 0,035
0,133 0-035 0,0552
0.250 0,035 0,0215
0,313 0,035 0,113
0,375 0,035 0,1/5
0.4Vi 0,035 0, 172
O.oj'i 0,035 0,123
0,500 0,055 0,3//
0-5/0 0,055 0,375
0,575 0,055
0,3/0 0,055 0,513
1,050 0,055 0,730
1,315 0,055 0-232
1.550 0,0.55 1-252
1-200 0,055 1-/52
2,375 0,055 1.323

(f.^^VtcaUo to A.CTM h^lt B'i?

V^rif'ht Tol>fTancf;.~Tt-o -/f.iy),’ of tf-o pif." shisll

r.oc tfir/ iror, efio oocr.\r.'A •noifj.c pf:.' ioo' proaocif^A
it. 'Xfts.’.o V-,—X'A f,y xr.r/cK thic, the: tr,\\',yi\r,y/,

^
Plw* crf-T U.tnut

e orA, tsoi*tT f f r t ,,, f , t , , p
O 6 »; S, ir.zf. 7
0'>ir Z g

Thtokjie’Sf Tolfranoec.—Vri-. of u,': pip';

nr.-/ po/.'.j sf.aH n'".'!: f;*;: trisr. t^jsc pfi^ftcribrA

i.-: TaUc f-y wr,-/: t‘ I'r.o (oWo.-vir.y,

Piyt fJ’if.'JZ

Tr,Urnry^tf^ ^,r c^t

CnrAtK-A-if, 5
0/’:rCtof.,\rA 7
O/er g

f.', ft.*: ft/At ir,.
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TABLE 13-40

Aluminum-Alloy Pipe Nominal Dimensions and Weight

ASTM Designation: B241-53T

Site,

to.

Oirtslde
Diameter,

In.

Standard Pipe
(ASA Schedule 40)

Extra Heavy P
(ASA Schedule

Wall
Thick.
oesi,
in.

Weight, lb per ft

Wall
Thick.
ness,
In.

Weight, Ib per ft

Alloys
CSIOA
and

GSllA

Alloy
MIA

Alloys
CSIOA
and

GSllA

Alloy
MlA

»/• 0.405 0.0G8 0.085 0 0S6 0.095 0.109 0.110
V4 0.540 0.088 0.147 0.149 0.110 0.185 0.187
»/i 0 G75 0.001 0.106 0.198 0.126 0.256 0.259
V» 0.S40 0.100 0.201 0.207 0.147 0.37C 0.3S0
/i 1.050 0.113 0.301 0.395 0.154 0.510 0.515

1 1 215 0.133 0..5R1 0 5S7 0.170 0.761 0.759
i>/< l.CCO O.HO 0.7»J6 0 794 0.101 1.037 1.047
V/t 1.000 0.145 0 oto 0.910 0.200 1.256 1.269
2 2 275 0.154 1 .264 1.277 0 218 1.737 I 7.51

5>/i 2.875 0.203 2.004 2.024 0.276 2.C50 2.677

a 3.500 0.21C 2 621 2 647 0.300 3.547 3.r>82

3>/i 4.000 0.220 3.151 3 183 0.318 4 326 4.3C9
4 4.500 0.237 3 733 3.770 0,337 5.183 5. 2.3.5

& 5.563 0.2.58 5 0.57 5 108 0.375 7.18S 7 260
G 6.625 0.2SO 6. 501 6 630 0.432 9.884 0.933

8 8.G25 0.277* 8.513 8 628 o 8 15.01 15. 1C
8 8.623 0.322 P 878 0.077

10 10.750 0.270' 10 70 10.00 o.s6o‘ 18.93 19.12
10 10.750 0 307* 11.81 11 96
10 10.750 0.365 14.00 11 14
12 12.750 0.330* 15 14 15 29 0.500' 22.63 22. B6

•SehtduIeSO. * Sehtdulr fiO. • No ASA Schfdult.

TABLE 13-41

Nickel and Nickel-Alloy Seamless Pipe
and Tubing - Sizes Regulorly Available

ASTM Designations: B161-49T, B165-49T, B167-49T

Nominal

Pipe Size

Outside

Diameter

Nominal Tall Thickness

Schedule No. 10 Schedule No. 40

or Standard

Schedule No. 80

or Extra Stronc

1/f! 0.405 0.049 0.068 0.095

1/4 0.540 0.065 0.088 0.119

3/8 0.674 0,065 0.091 0,126

1/2 0.840 0.083 0. 109 0.147

3/4 1.050 0.003 0.113 0.154

1 1.315 0.100 0. 133 0,179

1-1/4 1.660 0. 109 0.140 0.191

1-1/2 1.900 0. lOo 0.145 0.200

2 2.375 0. 109 0.154 0.218

2-1/2 2.875 0.120 0.203 0.276

3 3.500 0,120 0.216 0.300

3-1/2 4.000 0.120 0.226 0.318

4 4.500 0. 120 0.237 0.337

5 5.563 0.134 0.258 0.375

6 6.625 0:134 0.280 0.432

8 8.625 0.322 0.500
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TABLE 13-43 TABLE 13-44

Dimensions of Long-Radius Elbows - Dimensions of Straight Tees - Steel,

Steel Butt-Welding, Pipe Fittings Butt-Welding, Pipe Fittings

ASA B16.9-1951 ASA B16. 9-1951

Nominal
Pipe
Size

Outside
Diameter
at Bevel

Center-to-End

Nominal
Pipe
Size

Outside
Diameter
at Bevel

Center-to-End

90-Deg
Elbows

A

4S-Deg
Elbows

B
Run
C

Outlet
M

1 1.315 1 Vz Va 1 1.315 1 Vz 1 Vz

1 V4 1,660 IVs 1 1 V4 1.660 1 Vs 1 Vs

IVz 1.900 2 V4 1 Vs 1 Vz 1.900 2 V4 21/4

2 2.375 3 1% 2 2.375 21/2 21/2

21/2 2.875 33/4 1 V4 21/2 2.875 3 3

3 3.500 41/2 2 3 3.500 3 Vs 33/g
31/2 4.000 SV4 21/4 3Vz 4.000 334 33/4

4 4.500 6 2 V2 4 4.500 4 Vs 4 Vs

5 5.563 71/2 3 Vs 5 5.563 4 Vs 4%
6 6.625 9 33/4 6 6.625 5 Vs 5 %
8 8.625 12 5 8 8.625 7 7
10 10.750 15 6 Vi 10 10.750 8 V2 8 Vz
12 12.750 18 7V2 12 12.750 10 10

14 14.000 21 8 3/4 14 14.000 11

16 16.000 24 10 16 16.000 12 Not
18 18.000 27 11 1/4 18 18.000 131/2 stand-
20 20.000 30 12 Vz 20 20.000 15 ard
24 24.000 36 15 24 24.000 17

All dimensions are in inches. All dimensions are in inches.
TOLERANCES

Elbows
and
Tees

Reducers

Also Table Table
13-45 13-46

Center-to-
End

Dimension

Over-all
Length

A,B,C,M H

=^Vl6 =^Vis

=^Vl6 ±Vl6

=*=Vl6 *VlS

=^Vl6 =^Vl6

—%2 =^V32

=*=V42 =^%2

All Fittings

Nominal
Pipe
Size

Outside
Diameter
at Bevel

Vz to 21/2 f Vis
—V32

3 to 3 Vz V16

4 =*=Vl6

5 to 8 +V32
-Vis

10 to 18 +V12
-Vs

20 to 24 +1/4
— Vis

Inside
Diameter
at End

=^V3Z

=*= Vis

=*= Vis

=*=Vis

*V8

=*=Vis

Wall
Thickness

Not
less

than
S7V2%

of

nominal
thick-
neas

All dimensions are in inches.
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TABLE 13-45

Dimensions of Reducing Outlet Tees — Steel,

Butt-Welding, Pipe Fittings

ASA B16.9-1951

Nominal
Pipe
Size

Outside
Diameter
at Bevel

Ccntcr-to-End
Nominal
Pipe
Size

Outside
Diameter
at Bevel

Center-to-End

Run

C

Outlet

M
Run

C

Outlet

M
Run Outlet Run Outlet

1 X 1 X y4 1.315 1.050 1 '72 1 Vz 8 X 8 X 6 8.625 6.625 7 6%
1 X 1 X yz 1.315 0.840 1 '7t 1 ^h. 8 X 8 X 5 8.625 5.563 7 6?l

8 X 8 X 4 8.625 4.500 7 6'/,
1 >/4 X 1 y4 X 1 1.660 1.315 1 % iy» 8 X 8 X 3',4 8.625 4.000 7 6
iy4 X 1 y4 X Vx 1.660 1 050 1 % iy»
iy4 X 1 Vx X yz 1.660 0.8-10 lya lys 10 X 10 X 8 10.750 8.625 8'/. 8

10 X 10 X 6 10.750 6.625 S'T. 7%
1 X 1 yz X 1 '74 1.900 1.660 2 '74 2 '74 10 X 10 X 5 10.750 5.563 sv 7(4
1 Vz X 1 Vi X 1 1.900 1 315 2 '74 2 '74 10 X 10 X 4 10.750 4.500 8 'A 7'/i
1 Vz X lyz X y4 1.900 1.050 2 '74 2 '74

1 X 1 Vz X '72 1.900 0.810 2
'74 2 '74 12 X 12 X 10 12.750 10.750 10 9 'A

12 X 12 X 8 12.750 8.625 10 S
2 X 2 X 1 '/^ 2.375 1.900 2 '72 3Vi 12 X 12 X 6 12.750 6.625 10 8 Vs
2 X 2 X 1'74 2.375 1.660 2 'A 2

'74 12 X 12 X 5 12.750 5.563 10 8 '7,

2 X 2 X 1 2.375 1 315 2'/i
0

2 X 2 X Vx 2.375 1,050 2 '72 IVx 14 X 14 X 12 14.000 12.750 11

14 X 14 X 10 14.000 10.750 11
2Vz X 2>/4 X 2 2.875 2.375 3 2V, 14 X 14 X 8 14.000 8.625 11

1 ^h. 2.875 1.900 3 2*7* 14 X 14 X 6 14.000 6.625 11
ZVz X X 1 '74 2 875 1 660 3 2',4
2Vz X 2yz X 1 2.875 1 315 3 2 '74 16 X 16 X 14 16.000 14.000 12

16 X 16 X 12 16.000 12.750 12
3 X 3 X 2 '72 3 500 2 875 3?i 3 '74 16 X 16 X 10 16.000 10.750 12
3 X 3 X 2 3.500 2 375 3 Vi 3 16 X 16 X 8 16.000 8.625 12
3 X 3 X 1 '7: 3.500 1.900 3 Vi 2 Vi 16 X 16 X 6 16.000 6.625 12
3 X 3 X 1 '74 3 500 1 660 334 2Vx

18 X 18 X 16 18.000 16.000 13
'/4

3y! X 3y2 X 3 4.000 3.500 3y4 3 Vi 18 X 18 X 14 18.000 14.000 13 '7:
i

3>/z X 3 >72 X 2 '72 4.000 2 875 3Vx 3 ',4 18 X 18 X 12 18.000 12.750 13
3yz X 3Vz X 2 4.000 2 375 3Vx 3 '74 18 X 18 X 10 18.000 10.750 13 V 4

3yz X 3
'72 X 1 '7z 4 000 1.900 3Vx 3'7« IS X 18 X 8 18.000 8.625 13 'A c 5

4 X 4 X 3
'72 4,500 4.000 4 Vi 4 20 X 20 X 18 20.000 18.000 15

'

5

1

4 X 4 X 3 4.500 3.500 4V4 3% 20 X 20 X 16 20.000 16.000 15
4 X 4 X 2

'72 4 500 2.875 4y« 3^4 20 X 20 X 14 20.000 14.000 15
4 X 4 X 2 4,500 2.375 4% 3'/4 20 X 20 X 12 20.000 12.750 15
4 X 4 X i '/i 4.500 1.900 4 Vi 3 Vi 20 X 20 X 10 20.000 10.750 15

20 X 20 X 8 20.000 8.625 15
5 X 5 X 4 5.563 4.500 4 Vi 4 54
5 X 5 X 3 '72 5.563 4.000 4y8 4'y| 24 X 24 X 20 24.000 20.000 17
5 X S X 3 5.563 3.500 4yg 4 54 24 X 24 X 18 24.000 18.000 17
5 X 5 X 2

'72 5.563 2.875 4y* 4 '74 24 X 24 X 16 24.000 16.000 17
5 X 5 X 2 5.563 2 375 4 Vi 4'7« 24 X 24 X 14 24.000 14.000 17

24 X 24 X 12 24.000 12.750 17
6 X 6 X 5 6.625 5.563 3 Vi 24 X 24 X 10 24.000 10.750 17
6 X 6 X 4 6.625 4.500 5 Vi 5

'7b
6 X 6 X 3 'A 6.625 4.000 5% 5

^

6 X 6 X 3 6.625 3.500 5 Vi 4 Vs
6 X 6 X 2

'72 6.625 2.875 3 Vi 4^4

All dlmenBions nre in Inclien.

• See Tnble 13—43 for tolernncen
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1 X
I X
I X I

IV^X ^4
I%x li

1 X I

l^rixl
X^x
l^.zX li

2 X I
2 X I Vi
2 X i

2 X vi

2 * 2 X 2

2VzX I* i
2*2 X I

2 X 2 *i
3 X 2
s X i *a
2 X I *i

2 5^ X 2
2 *4 X 2%
3 Vz X 2
^ *2 X i ^2
2 */2 X I *i

X 2 * i
4 X3
4 X 2 *i
4 X 2
4 X I Ik

3 X 4
2 X 3 *4
3 X 3
2 X 2 li
5 X 2

Orrtiiis jy?-— g*srj

ziBerel
j

Lerje

1.315 I.CSQ
1.313 0.246

1-660 1.315
I 6rC I.G50
1.660 0.£42

l.SOO X .660
1.500 I.3 I5
I.SCO I.C50
l.SOO 0 .S4-6

2,373 l.SOO
2.273 1.660
2.375 1.315
2.4/S I.GSO

2 ,2.73 2.373
2,273 l.SOO
2.£T5 1.660
2.£73 1.315

3.500 2.875
3.500 2.375
3.500 l.SOO
3.500 1.660

4.000 3.500
4.000 2.873
4 .COO 2 , 2 io

4.000 l.SOO
4 .COO 1.660

4 .5:0 4.000
4,560 3.560
4.560 2-273
4,560 2.375
4.500 l.SOO

5,563 4.500
5,563 4.000
5,563 3 .3:0
5.563 2.875
5,S63 2.373

e XS
6 X 4
6 X 2 *i
e X 2
6 X 2 *i

£ X 6
S X 5
£ X 4
s X 3

1

^

10 X £
10 X 6
10 XS
10 X 4

t2 X iO
12 X £
12 X 6
12 X S

14 X 12
14 X 10
14 X £
14 X 6

!3 X 14
15 X 12
IS X 10
15 X £

I£ X 16
jis X 14
|I£ X 12
!I£ X 10

20.050
20,000
20.000
20.000

24.000
24.000
24.000

6.62.3 6
5.563 6
4.500 6
4.000 6

£.62.5 7
6.625 7
5.S<>J 7
4.500 7

10.750 8
£.623 8
6.625 8
5.563 8

12.730 13
10.730 13

«.£23 Ji

14.000 14
12.750 14
10.750 14
£.625 14

16.000 13
14.000 15
12.750 15
10.750 15

IS.COO 20
15.000 20
14.000 20
12.750 20

20.000 20
15.000 20
16.000 20



TABLE 13^47

Recommended Bevel When Wall Thickness* of Fitting Equals

That of Pipe - Steel, Butt-Welding, Pipe Fittings

ASA B16.9-1951

Fig. I Rccomhendp.d Br.vr.i. roR Wall TiiicKMCJsr.<

Cn RT Exd or Fittikg, V, Ik. or l.rst

Fig. 2 Rr.coMMr.XDrD Bevel tor Wall ThIcexesses
(T) AT Esd or Firri.xo, Greater Tha.v V< Ik. elt xor

ClRELTER ThAX P/i Ik.

Entl» Whm »'»n thlckntPR l« le«« thrni ’/it In. moy br cut pquAfc.

•Wall thlckncpp of fltllnB •• utually choacn ciiual to that of pipe, not only for appearance but also to Injure fittlnK

of aame burillnB alrenRth na pipe. Sonetimea flttlnc of create, wall IhIcLneat than pipe la uaert.

TABLE 13-48

Tolerances on Steel, Socket-Welding, Pipe Fittings

ASA B16.il - 1946 Reaffirmed 1952

(a) Center to Bottom of Socket

Tolerance for *'A’* Table 13

—

For sizes V,, '4 . ±0.03 in.

’4, in .. ±0.06 in.

1, 1'4, !/„ 2 in . ±0.08 in. (c)

2'4 in. and larger .. ±0.10 in.

(b) Bottom to Bottom of Sockets - Couplings

Tolerance for '*E” Tnble 13—50

For sizes Vj, *4 'o , . ±0.06 in. (f)

V„ V;, ’4in . . ±0.12 in.

1, 1’4, IV,. 2 in ±0.16 in.

214 in. and larger . . ±0.20 in.

(c) Bottom of Socket to Opposite Face - Half

Couplings

Tolerance for **F*' Table 13—50

For sizes
/J, % in ±0.03 in,

±0.06 in.

1
, l'/,, iVj, 2 in ±0.08 in.

2 *.^ in. nnd Inr^cr. ±0.10 in.

(d) Bore Dinmeter of Socket

Toteinnee for "B" Table IJ—tO an'I 13-50

For sizes 2 in. and smaller - 0 in. + 0.010 in.

2 \\ in. and larger - 0 in. + 0.015 in-

Tolerancefor "D” Table 13-49 ‘“>‘1 13-50

Foe sizes 2 in. and smaller - 11*^15
j

1% in. and larger -

Concentricity of Bores

The socket and fitting bores shall be concentric ait in a

tolerance of plus or minus 0.030 in. for all sizes.

Coincidence of Axes

The maximum nllotvnble variation in the alignment o t e

fitting bote and socket bote axes shall be ‘4 >"• *" '•
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TABLE 13-49

Dimensionsf of Socket-V^elding Elbows,

Tees, and Crosses — Steel Pipe Fittings

ASA B16,11 — 1946 Reaffirmed 1952

ITwniaal
Pips
Siie

Depth.
of

Socket,
Min

Center to Bottom
of Socket* Bore

Diam-
eter
of

Socket,
Min

B

Socket "Wall Thickness*
Min Bore Diameter of Fitting

Sched*
40 and 80

Sched
160

Sched
40

Sched
80

Sched
160

Sched
40

Sched
80

Sched
160

A»» C D

Vz % VlG 0 420 0.125 0.269 0.215
Vi Ts V16 0.125 0.364 0.302

Vi 'Vzz 0.690 0.125 0.493 0.423
Vi V% Vt Vi 0,855 0.136 6.234 0.622 0.466
Vi Vz Vi Vs 1,065 0.141 0.193 0.273 0.824 0.614

1 Vz Vs iyi 6 1,330 0.166 0.313 1.049 0.815
iy< Vz 1 V16 iy< 1.675 0.175 0.239 0.313 1.380 1.278 1.160
Wz Vz ly^ IVz 1.915 0.181 0.351 1.610 1.338

2 Vz iVt 2,406 0.193 0.273 0.429 2.067 1.939 1.689
2V2 Vt 1% 214 2.906 0,254 0,345 0.469 2.469 2.323 2.125
3 Vt Z'A 2 >72 3.535 0.375 0.546 3.068 2.626

All dirtcailons are given in inches.

dimension "C*' is V/4 times the nominal pipe thickness, btd not less than % in.
^Hedadng sixes have the same center to bottom of socket dimension as the largest sire of the reducing fittirfg.

ISee Table 13— for tolerances.

*Schedale 40 eorre^xmds to standard pipe; schedule 80 to extra strong.

•*A cardinal principle of Standard B16.il is the maintenance of a fixed position for the bottom of the socket
with reference to the center line of the Ilttlsig.
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TABLE 13-50

Dimensionst of Socket-Welding 45-Degree Elbows,

Couplings, and Half Couplings - Steel Pipe Fittings

ASA B16.il - 1946 Reaffirmed 1952

C

Nominal
Pipe
Size

|M^||

Center to Bottom
of Socket

for 45 Dee Ells' Couplings
Distance
Between
Bottoms

of Sockets’

E

Holf
Couplings,
Bottom of

Socket to

Opposite
Focc

F

Bore
Diam-
eter

of

Socket,
Min

B

Socket Wall Thickness’
Min

Bore Diameter of Fitting

Sched*
40 and 80

Sched
160

Sched
40

Sched
80

Sched
160

Sched
40

Sched
80

Sched

160

A** C D
1

y. % y.c V* Vb 0,420 0.125 0.125 0.269 0.215

Vt % Vis v« Vs 0,555 0.125 0.149 0.364 0.302

% Vic "/is 0.690 0.125 0.158 0.493 0.423

Vz % Vis y Vs 0 855 0.136 0.184 0.»4 0.622 0.546 0.466

Vz Vz Vis Vs * Vic 1.065 0141 0.193 0.273 0.824 0.742 0.614

1 Vz Vic "/is 'A I Vb 1,330 0.166 0.224 0.313 1.019 0.957 0.815

I Vi Vz "/is 'Vic 'A 1 Vis 1 .675 0.175 0.239 0.313 1.380 1.278 1.160

1 Vz Vz "/is 1 'A 1 'A 1.915 0.181 0.250 0.351 1.610 1.5W

i

2 Vs 1 1 Vb 1 Vb 2.406 0.193 0.273 0.429 2.067 1.939 1.689

2V2 Vs 1 Vs I Vi 1 "As 2.906 0.2S1 0.315 0.469 2.469
3 Vs 1 V. 1 Vs 1 V. 3.535 0.270 0.375 0.546 3.06S 2.900

All dlmenslonn River) in Inches.

Minimum dimension **C’* Is IVi times the nominol pipe thickness, but not lesB thnn ** in.

Reducfnc sizes hnve the snme center to bottom of socket dimension » the lorgest sire of the reducinR fitting.

fSee Toble 13—48 for tolemnces.
•Schedule 40 corresponds to Stnndnrd pipe; Schedule RO to estrs strong.
••A cardlnsi principle of Slnndnrd Q16.il is the mnlntensnce of n fixed position for the bottom of the socket with reference to the

line of the flttinn.
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TABLE 13-51

Dimensions of Elbov/s, Toes onrf Crosses -

Mollcoble-lron Screv/ed Fiffings, 300 lb
^

ASA B16.19-1951

r
>-A-^

IL,
1-

ii
—

-

TEE

rfoml-
nal Pipe

Size

Center-to-
End, Elb'ci’//B,

Tcfifi, and
CronnoH

A

Center-
to-End,
45-Dcf:
Elbov/B

1

C

I.«nKth
ol

Thread,
Mfn

B

V/idth
of

Band,
Jdln

E

IncidoDiametor
of PltlinK

F
Motfll

Thfck-
ncB'J

0

Oiitfilde

DJamslcr
of Band,
Min

IfMin 7dflx

Vi 0,04 0,43 jnc^M 0,540 0.584 Hn 0,93

% l.Ofi 0,47 0,075 0,719 1.12

Vi
1.2.4 1,00

1
0,57 0,840 0.897 1.34

% 1.44 1.13 0.04 1 .0.50 1,107 nRn 1.03
1 1.C3 1,31 0,75 UuH 1,315 1 .385 0,20 1.05

’ Vi 1.04 1.50 0,84 MRM I, coo 1,7.30 0,22 2.39
1 2,13 1.09 0,87 1,900 1 ,f)70 0,24 2.08
2 2.,'>0 2.00 1 ,00 ZMIC) 2.445 0.20 3,28
2 Vi 2.94 2.25 1.17 0.94 2.875 2,975 0.31 3,80
2 3,33 2..50 1,23

1

l.fK) 3..5fKI 3.000 0,35 4,02

AM dfmfrrttiona Mf. tcfvfn In Incft^n,
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TABLE 13-52

Dimensions of Couplings - Molleoble-lron

Screwed Fittings, 300 lb*

ASA B16. 19-1951

3

.

n
1 1

- Hi

y-Jr%
n

i
Rib y

w

—

-B-

COUPLINGS WITH BANDS

G

I u
- Il[rr

L
COUPLINGS V/ITHOUT BANDS

Nominal
Pipe
Sire

Length
o(

Thread,
Min

B

Width
of

Band,
Min

E

Inside
Diameter
of Fitting

F

Metal
Thick-
ness

G

Outside
Diameter

of

Coupling

H,

Outside
Diameter
of Band
Min”

H

Length
of

Straight

Coupling

WMin Max

'A 0.43 0.38 0.S10 0.581 0.14 0.820 0.93 1.375

i't 0.47 0.44 0.675 0.719 0.15 0.975 1.12 1.625

Vi 0.57 0.50 0,840 0.897 0.16 1.160 1.34 1.875
0.64 0.56 1.030 1.107 0.18 1.410 1.63 2.125

1 0.75 0.62 1.315 1.385 0.20 1.715 1.93 2.376

1 A 0.8-1 0.69 1.660 1.730 0.22 2.100 2.39 2.873
1 '/i 0.87 0.75 1.900 1.970 0.24 2.3S0 2.63 2.875
2 1.00 0.8-1 2.375 2.445 0.26 2.895 3.28 3.625
2 ’A 1.17 0.91 2.875 2.975 0.31 3.495 3.86 4.125
3 1.23 1.00 3.500 3.600 0.35 4.200 4.62 4.125

All dliTtfn®Iont •re clven In Inche*.

•Hj diameter la atendard for couplinfa without bands. Hj equals F minimum plua 3G*

••H minimum la for couplinca with bands and la optional with the manufacturer.

• See Table 13«^3 for preaaure ratine.
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"ABLE 12-52 TABLE 13-54

{5-Er:^ Df.'rsnrfcn^ cf Bgffucsnn Tei

gccfg-frcR Scf&'ff&i Fiffing^, ffc

A5A BU.Vf-m\

Dirngngfong of Reducing Couplings —
Wcr/Iga&fg-lron Scre<ffed Ffffingc, 200 \b*

ASA BU. 15-1551

7-k'.=ks: C*
?l5e
S{^

7- f
y 7,

y-t / % 'x %
-x % X %

1,12 1,15 1,15
1,22 1,15 1,23
1,21 I,.21 I„20

^/t X. <1 X % I,« IJll 1,45

I X t X Vi
I XI x^

I,SO tf/i 1,50

:
!,-« IM I/O

1
1,21 1,21 1,45

I X *4 X I
1

1,02 I. -30 1-02

I%XI7<XI I,7S 1,73
[

1,01

li/cy.uuy.Yi I,S2 1,02 1,73
I ^ X I 4 X 4 1,20 1,S0; 1-05
I V« X I X 1

1/< 1,!X 1,01 1-54

jpfll?.'’''*

\p\tn
ifexl^iXI^

2,00 2,00 2,00
1,21 IJ21 2,0/
1.00 1,05 1/0
1,0.2 1,02 I /I
2,L2 2,0/ 2,12

1
X
1
X 1 2. 22 2,23 2/0

2,12 2,12 2/1
'Zy^y/t 2,0/; 2-0/ 2,23
% y % y, Vi, 1,02 1,01 2.12
i “V^ 1.73 1,73 2,00
2 X I % X 2 2,.S0 2/0

24x2^1x114
2,0'; 2,05 2,7^
2,4-5 2,45 2,02
2,&5 %.tr. 2.54

2X2x.i% 2 0,0 2.00 2/1
2X2X2 2 21 2,01 2.1.2
2 X214 X2 2,20 2 ,21 S.3^

-^.T AT* X.'>*r: '.r.

T'-.r T«v;<> i5—>55^

<4frr5

7*RT^»

Z(v,
47

X 14
i 1.45

<4 X % 1.05

%y.k 1,05

y< X % 1.73
1.75

4 X 4 1.73

I x% 2.0/
I x% 2.0/
I x4 2.00
I X. 4 2.0/

154 X I 2,5^

14 x% 2.20
1 4 X 4 2.20

I % X 1 y^ 2.05
i4 X

I

2.05
1 4 X 34 2,05
1 4 X 4 2.05

^xi% 2,15
2^ X

1

4 2,15
2x1 2.15
2 X 2,15
^y.y^ 2-15

'^‘^k'y% 2,05
24 x.iy2 2,05
2x214 4,0/
2x2 4.CO
2 X I % 4,0/

fi.Ti »r» ari*y'5r» M vr.t^y^r

^f fitxlT.^% f/',r ryt ct5'/^

&y Tfirrif

T(%h,f<^ f5— ffsr pr-yttyr*-
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TABLE 13-5 5

Center-to-End Dimensions of 90'Deg Reducing Elbows -
Malleable-Iron Screwed Fittings, 300 lb*

ASA B16.19-1951

Nominal
Pipe
Size

Centcr-to-End

X Z

Vl X 3/8 1.19 1.19

3/4 X Vz 1.31 1.38
1 X 3/4 1.50 1.56
1 ’A X 1 1.75 1.81

1 'A X 1 V4 2.00 2.06
2X11/4 2.25 2.38
21/2 x 2 2.69 2.75
3 X 2V4 3.06 3.31

All dlmcnalonn ore Riven in inches.

For dlmensiona not Riven Tohle 13—51.

Rcducinfi »lzea of flttlnRB for which dL'nenulon* nr^ not Riven
In tnbloa mny be produced from reRulnr pottema for Hated Blrea

by nond buahlnR.

•See Tnble 13— for presRure rntlnn.

TABLE 13-56

Dimensions of Street Elbows

-

Malleable-Iron Screwed Fittings, 300 lb*

ASA B16.19-1951

Nominal
Pipe
Size

00-Deg Elbows 4S-Dcn Elbows
Length

of

Thread,
Min

B

Width
of

Band,
Min

E

Inside
Diameter

of

Fitting

Metal
Thick-
ness

G

Outside
Diam-
eter

of

Band,
Min

H

Length
of

External

Thread,
Min

L

Max
Port

Diam-
eter

Male
End

N

Center-
to-End

A

Center
to

Mole
End

j

Ccntcr-
tO'End

C

Center
to

Male
End

K

F

Min Max

V4 0 9-1 1 44 0 43 0 38 0.14 0.93
3/8 1.06 1 63 0 47 0.44 •Itt jiwiEM 0.15 1.12 0.41 HAiil
Vz 1 25 2 00 1 00 1 38 0 57 0 50 Kiia 0.16 1.34 0.53 KSm
3/4 1 44 2.19 1 13 1.56 O.&l 0.56 1.050 1.107 0.18 1.63 0.55

1 1 63 2 56 1.31 1.81 0 75 0.62 1 315 1.385 0.20 1.95 0.68

1 'A 1.94 2 88 1 50 2.13 0 84 0.69 1.660 1.730 0.22 2.39 0.71 1.16

1 Vz 2.13 3 13 1 69 2 31 0.87 0.75 1 900 1.970 0.24 2.68 0.72
12 2.50 3 69 2.00 2.69 1 00 0.84 2.375 2.445 0,26 3.28 0.76
9 1R

2 V4 2.94 4 50 1.17 0.94 2.875 2.975 0.31 3.86 1 . 14
2 fi7

3 3.38 5 13 1.23 1.00 3.500 3.600 0.35 4.62 1.20

All dimensions ore Riven in inches.

•Street elbows nre not recommended for pressiirca nhove 600 lb.
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TABLE 13-57

Dirtensions of Elbov/s, i efes end Crosses —

250 lb*' Cesf Iron Screwed Frffings.

ASA B16.4—1949 Recffirrred 1953

X

>1
Y

i [

i

r
TEE

:fOTtirj£i

Pipe
Slzn

Oerter
to Eoi,
Eltc^s,

Tees, arrl

Oerter
to Eoi,
45-Ces
Eito^s

0

tergtfc
of

Tfcreaf,

Kir.

2

Hdtfc
of

Ezrrf,

HIr

E

Inside Dle-teter
of Pittln?

Ket&i
Thick-
ness^

G

CKtslde
Dianeter
of Esnd,

Mir.

R

F
Cresses

A i&x Kir,

1/4 O.C-4 0. 21 0,42 0.4S 0,524 0.12 1.17

3/2 LOO 0.22 0.47 0.55 0.715 0.675 0.12 1.35

1/2 1.25 1.00 0.57 0.60 0.257 0,240 0.20 1.55
Zl‘z 1.44 1.12 0-64 0.62 1.107 1.050 0.23 1.22

1 1.6.3 1.21 0.75 0, 75 1.2E5 1.215 0.22 2.24
I 1/4 L£4 1.50 0.24 0.22 1,720 I. 660 0.33 2.72
I 1/2 2.12 i.es 0.27 0.57 1.570 I. 500 0.35 2.07
2 2.55 2-05 1. 00 1.12 2.445 2.275 0,35 3.74
2 1/2 2.54 2.25 1.17

.

1.30 2.575 2. 2o 0.42 4.60

2.22 2.50 1.Z3 1.40 2,600 2.500 0.48 5.35
2 1/2 3.75 2.63 1,22 1.45 4.100 4-OCO 0,52 5.52
4 4.12 2.21 1.23 1.57 4.600 4- 500 0.55 6.61
5 4. 22 2,15 1.42 1.74 5.662 5.563 0. 65 7.52
5 5.63 2.50 1.53 1.51 6.725 6.625 0,74 5.24

E 7.CO 4-21 1.72 2.24 2.725 E-625 0.50 11.73
10 2.62 5.15 1.53 2.52 10. ccO 10.750 1.02 14.37
12 10. O'} e.co 2.12 2.91 12.250 12.750 1.24 16.84

25--ii ^\srzd£-ri. £cr #cr#ve<f ci-rer* crily tie cf er:rf AS-^kz elic'w*,

frji-viTjZ *5^*11 h^*re f<?cr cr =:cr^ riEt cr tE* lett/er "L" cast cr:

ti:-^ fasrjl at er:ii 'witi teft-5tac:rt t?^ea.d^

tPatt-fms b-? ts ;:r^tare catti;:^* cf tE« rnctal tEfeSrjtssses i^iTer: in th* tables, Ifeta!

at r:c pczr,* shall te Ijsss thac: per cerrt cf thieJetess ^iren £?: the table.

HI33. The cse cf rdhs is cptlcrjsl '^ilth the srart^fa ctsrer, ex-cept that ce»2pli?:^s haring ff^ht- arrt

left-hactd threarfs shall hare fscr cr ffurre rihs cr the letter "L.” cast cn the &ar-<f at en^J *»rith left-

har-it i-reart.

Misxhsccr: satsTate-l stearr pressesre cr 4C^ ps£ ^aje craxfrxrx: aruf prestere at i5G F.
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TABLE 13-58

Dimensions of Elbov/s, Tees and Crosses —

125 Ih** Cost Iron Screwed Fittings

ASA B16.4-1949 Reaffirmed 1953

••Moximum tfiturntrd prrtture of 17S P«l na*l*nuTn Ilcpiid and pr«*«*uT^ at 150 F.

Nominal
Pipe
Si:^p

Center
to End,
Elboxs,

Tecs, and
Crosses!

A

Center
to End.
45-Oce
E lbo»s

C

LcnEth
of

Thread.
Hin

B

Width
of

Bond.
Min

E

Inside Dla.-cter
of Flttlnc Metal

Thick-
ncss7

G

Outside
Diameter

of
Band.
Min
H

f

Max Min

1/4 O.hl 0.73 0.32 0.38 0.584 0.540 0. no 0.93

3/8 0.95 0.80 0.36 0.44 0.719 0. 675 0.120 1.12

1/2 1. 12 0.88 0.43 0.50 0.897 0.840 0.130 1.34

3/4 1.31 0.98 0.50 0.56 1. 107 1.050 0.155 1.63

1 1.50 1. 12 0.58 0.62 1.385 1.315 0. 170 1.95

1 1/4 1.75 1.29 0.67 0.69 1.730 1.660 0.185 2.39

1 1/2 1.94 1.43 0.75 1.970 1.900 0.200 2.68

2 2.25 1.68 0.84 2.445 2.375 0. 220 3.28

2 1/2 2.70 1.95 0.92 0.94 2.975 2.875 3.86

3 3.08 2. 17 0. 98 1.00 3.600 3.500 0.260 4.62

3 1/2 3.4? 2.39 1.03 1.06 4.100 4.000 0.280 5.20

4 3.79 2.61 1.08 1.12 4.600 4.500 0.310 5.79

5 4.50 3.05 1.18 1.18 5.663 5.563 0.360 7.05

6 5.13 3.46 1.28 1.28 6.725 6. 625 0.430 8.28

8 6.56 4.28 1.47 1.47 8. 725 8.625 0. 550 10.63

10 •8.08 5. 16 1.68 1.68 10.850 10. 750 0.690 13.12

12 •9.50 5. 97 1.88 1.88 12.850 12. 750 0.800 15.47

All dirrcnsions /:wcn in inches.
Fittings having right- and left-hand threads shall have (out or r'^e ribs ot (he letter **L" cast on the band at

end with left-hand thread.

jTliis applies to elbows and tees oniv.
^Dimensions for reduciOK tees ore given In Table 13— $*>,

"Patterns shall be designed lo produce castings of metal thicknesses given in the table. Metal thickness at no

point shall be less than 90 per cent of the thickness given in the table.
j i r k a

RIDS. The use of ribs is optional with the manufacturer, except that couplings having right- and left- an

threads shall have four or more ribs or the letter **L** cast on the band at end with left-hand thread.
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TABLE 13-59

Birnsnsions of ^ Reducing Tees -

125 Ib^ Cost iron Screv/ed Fittings

ASA 316.4-1949 Reaffirmed 1953

f
Cert*:r tc Ebf

;

5^
f

T
'

' z
1

1/2 Z 1/2 z 2/e! 1,C4 ! I-C4 i LC2 !

1/2 z 1/2 Z 1/4
1

C.S7

;

0.57 1
i 0.52 i

2/4 Z 2/4 Z 1/2; 1.2.; 1.20
j

> 1.22 i
1 1

2/4 z 3/4 Z S/£! 1.12
'

1. 12 i
: 1.13 (

2'4 y 2/4 z 1/4: 1.05 ' 1.C5

:

2/4 z 1/2 z 2/4 1. 21 1.22

:

' 1.21 r

2/4 Z 1/2 z 1/2’ I.2C' 1.12

1

‘ 1.22 \

1/2 Z 1/2 Z 2/4
.
1.22

,

1.22
1:

;

1 y t. y 2/4 ' 1-37 1'

1.37 j
1.45 (

T r I y 1/2 1.25 1 1.25 i

i 1.25 ;

1 y 1 y 2/e i.ie
1
1.12

j(

I y 2/4 z I I.Z'J
1
I.4S 1: l.SO i

1 y. 2/4 z 2/4; 1.37 ( 1.21 1 1-45 ^

t y 2/4 z. 1/2 1.2c i 1.20
1
1.20 1

i y 1/2 z I 1.52 1 1-25 ; 1.50

i y. 1/2 z 2/4 1.27 ' 1.22 i 1.45
1 y 1/2 Z 1/2 1.2s

,

1.12 : 1.20
.

: 1.

I y 2/2 Z 1 1.55 1.27
1

’ i.zo
;

Zfk 7 2/4 Z 1 1.45

'

1.45 ' 1.37
I 1/4 r 1/4 Z 2 2.10 ' 2.10 i 1.50;
1 1/4 z I 1/4 z I 1-5* : i.se

,

l.£7 ;

1 1/4 Z 1 1/4 Z 2/4 1.45

;

1.45 . 1.52

1 1/4 z 1 1/4 / 1/2 1.24 ' 1.24 : 1.53

:

1 1/4 Z i 7 I 1/4 1.75 i.ei ;
1.75

'

1 1/4 Z 1 7 I 1.55 1.50 ‘ I.£7 '

1 1/4 z t y. 2/4 1.45 1: 1.27 ; I. £2

I 1/4 Z i y 1/2 1.24
1

: 1.20 ' 1.53
1 1/4 z 2/4 Z I 1/4 1.75

;
1.52 ,1.75

;

I 1/4 z 2^4 r 1 i.se 1.45 l.£7
1 1/4 r 2/4 z 1.45 1.31 ' I. £2

'

I 1/4 z 1/2 z f 1/4' 1.75 1,53 I. 75 1

I 1/4 z 1/2 Z X I-5S 1,30 1.07
I y I y 1 1/4; i.er . 1.57 ' I.ee
I 1/2 z I 1/2 z 1 1/4 I. £2

,
1.52 ' i.ee

i 1/2 Z I 1/2 z 1 1.05 1.05 ‘ i.eo

'

1 1/2 z. 1 1/2 z 2/4 1.52 1.52 ‘ 1-75

I 1/2 z T 1/2 z 1/2 j
1. 41

'

1.41
'

I.eo

'

1 1/2 y 2 1/4 z I 1/2 1. 54 ' i.ee I. 54
1 1/2 z 1 1/4 z 1 1/4' I.E2 1.75 * l.£3
1 1/2 Z I 1/4 Z 1 1.03 I.se I.eo
1 1/2 z I 1/4 z 2/4 ,

1.52 , 1.45 1.75
‘

1 1/2 z 1 1/4 z 1/2 I-4I 1.34 I.eo
I 1/2 z 1 y I 1/2. 1.54 i.eo 1.54
I 1/2 Z I 7 1 1/4 1.22 I. £7 I.ee
1 1/2 z I y 1 I. £5 . I. SO , i.e.7'

I 1/2 r 2/4
2^4

X I 1/2:
r I

1.24 1.54

1 1/2 y 1/2 z 1 \n' 1.54
;
I.£0[ I. 54

I 1/4 y I z I 1/21 I.ee; I.eo ' i.e2
f 1/4 y i 1/4 Z I 1/2! l-Sc; i.eei 1.22
I y l z I 1/2

!

i

i.eoj I.eO| 1.55

2 7 2 z. 1 1/2'
1

2.02 [ 2. 02 ! 2 . IS
2 y 2 z I 1/4

j

1 I. so f I.sol 2. 15
2 y 2 z 1

1;
i--3i 1.72

j
2.02

A 11 -r:f

54r:i=£l Pip4

;
S-izizZ

Carter to Erji

r-U z

i 2 Z 2 Z 3/4 1.67 1.60
j

1. 57

!
2 Z 2 Z 1/2 1.45 1. 45 I.ee

1

2 Z I 1/2x2 2.25
1

2-15
1
2.25

2 z I 1/2 y I 1/2 2.02 ! 1.54 f 2.2£
2 z I 1/2 z 1 1/4 l.SO 1.E2 2.10

: A Z 1 1/2 Z I 1.72
1

I.«| 2.C2

\

\ 2 Z 1 1/2 Z 2/4 1.50 1.52 1 1.57
‘ 2 Z 1 1/2 Z 1/2 1.45 : 1.42

;
1-33

i 2 Z 1 1/4 Z 2 2.25 2.10 i
2.25

i 2 Z 1 2/4 Z I 1/2 2.02 I.ee 2.IS

i
2 Z 1 2/4 Z I 1/4

[

1 .50
,

1-75 2.10

f 2 Z I 2/4 Z I 1.72
f

1 . ; 2.C2

!
2 Z 1 Z 2 2-25 2.02 2.25

; 2 Z 1 Z I 2/2 2.C2 I.eo 2.15
' 2 Z X Z 1 1/4 l.SO i.er 2. 10

12 Z 2/4 » 2 2.25 1.57 2.25
i 1 1/2 z I 2 2.ie 2.02 2.02

: 2 Z 1/2 Z 2 2.23 I.ee 2.25

i
1 1/2 Z I 2/2 Z 2 2. IS 2.15 2.02
I 2/2 Z 2 1/4 Z 2 2.16 2. 10 2.02

j

2 1/2 Z 2 2/2 Z 2 2.23 2.33 2.60

2 1/2 Z 2 1/2 Z I 1/2 2.16 2.26 2. 51

; 2 1/2 Z 2 1/2 Z I 1/4 2.04 2.04 2.45
' 2 1/2 Z 2 1/2 Z I X 1.S7 I.c< 2.27

i
2 1/2 Z 2 1/2 Z 3/4 ’ 1.71 2.74 2.22

1 3 1/2 Z 2 1/2 Z 2/2 ;
i.£3 1.62 2.22

, 2 1/2 Z 2 Z 2 1/2
' 2.70 2.£0 2.70

1 2 1/2 Z 2 Z 2 I 2.23 2.25 2.60

i
2 1/2 Z 2 z 1 1/2 !

2.25 2.02 2.51
; 2 1/2 Z 2 X I 1/4 I 2.04 1,90 2.45
•; 2 1/2 z 2 z I

^
I.£7 2.72 2.27

21/2x2 Z 2/4 1.74 1.60 2.32
,21/2x2 Z 1/2

1
2.63 1.45 2.23

:
2 2/2 Z I 2/2 z 2 2/2 1

2.70 2.51 2.70

I

2 1/2 z 1 1/2 z 2
;
2.33 2.16 2.60

1

2 1/2 Z I 1/2 z I 1/2 2.16 1.54 2.51

i 2 1/2 Z I 1/4 Z 2 1/2 ' 2.70 2.45 2.70
,21/2X11/4x2 1 2.2* 2.10 2.60
2 1/2 z I Z 2 1/2 2.70 2.27 2.70
2 1/2/2 Z, 2 2.25 2.02 2.60

! 2 1/2 Z 2/4 Z 2 1/2 2-70 2.22 2.70

,
2 2/2 Z 1/2x2 2/2 2.70 2.23 2.70
2 Z 2 z. 2 2/2 2.£0 2.60 2.35
2 Z 1 1/2 Z 2 1/2 1 2.60 2.51 2.35

1

2

Z 1 1/4 Z 2 1/2 ' 2.60 2.43 2.35
. I 1/2 Z I 1/2 Z 2 I/Z . 2.51 2.51 2.16

1

Z 2 Z 2 1/2 |z.e3 2. 63 2.S9
Z 2 Z 2 !2.52 2.52 2.83
Z 2 Z I 1/2 2.25 2.25 2.E0
X 2 z 1 1/4 (2.17 2.17 2.74
X 2 y.l >2.00 2. CO 2.00

-»
/. 2 z 2/4

j

I-£T I.er 2.61

Z 2 z 1/2 1
1.76 1. 76 2.52

3 Z 2 I/Z z 2 j3.oe 2.55 3. 02
3 Z 2 Z/2 z 2 1/2 2.63 2.70 2.55

-Z 2 1/2 Z 2 |2.52 2.35 2.83

i'i ZTyi ^ss K^!f at 155
c/^ntlr^ed on next



TABLE 13—59, continued

All dimennionB Rjven in Inchrs.
1 For dimensIonB not pivcn aee Tnbl^ 13—58.
Mnximxim BoturntBd Btcntn preBsure or 175 pal ROpfr maximum liquid and poB presBurc at 150F.
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TABLE 13-60

Dimensions of Elbov/s, Tees, Crosses and Couplings —

250 lb* Brass or Bronze Screwed Fittings

ASA B16. 17-1949 Reaffirmed 1953

45° ELBOW

T
' " n

w IZn
1_p

COUPLING

Nomi-
nal

Pipe
Size

Center
to End,
Elbows,

Tees, and
Crosses

A

Length
of

Thread,
Min

B

Center
to End
4S-Deg
Elbows

C

Width
of

Band,
Min

E

Inside
Diameter
of Fitting

Metal
Thick-
ness,
Min

G

Outside
Diameter

of

Band,
Min

H

End to End
Coupling

Min Max

F W
Va 0.81 0.32 0.73 0.38 0.54 0.58 0.11 0.93 1.06
% 0.95 0.36 0.80 0.44 0.68 0.72 0.12 1.12 1.16
Vz 1.12 0.43 0.88 0.50 0.84 0.90 0.13 1.34 1.34
V4 1.31 0.50 0.98 0.56 1.05 1.11 0.16 1.63 1.52

1 1.50 0.58 1.12 0.62 1.32 1.38 0.17 1.95 1.67
IVa 1.75 0.67 1.29 0.69 1.66 1.73 0.19 2.39 1.93
1 Vz 1.94 0.70 1.43 0.75 1.90 1.97 0.20 2.68 2.15
2 2.25 0.75 1.68 0.84 2.38 2.45 0.22 3.28 2.53
21/2 2.70 0.92 1.95 0.94 2.88 2.98 0.24 3.86 2.88
3 3.08 0.98 2.17 1.00 3.50 3.60 0.26 4.62 3.18
4 3.79 1.08 2.61 1.12 4.50 4.60 0.31 5.79 3.69

All dimensions are given in inches.

See Table 13—61 for pressure-temperature ratings.
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TABLE 13-61

Dimensions of Reducing Tees —
250 lb* Brass or Bronze Screwed Fittings

ASA B16. 17-1949 Reoffirmed 1953

—

r

N V

*

Y '

h i

L r
TEE,

REDUCING

Nominal Pipe SizeB nd

z

v? X 1,4, X I 01 1 01 1 03
V, X ^,4 X Vi \ 20 1.20 1 22

X 5/4 X V4 1.12 1 12 1.13
X '/? X V4 1 31 1 22 1 31

^4 X '.T X u 1 20 1 12 1.22
X X V4 1 22 1 22 1 20

1 X 1 X V4 1 37 1 37 1 45
1 X 1 X Vi 1 26 1 26 1.36
1 X =>.4 X 1 1 50 1 45 1.50
1 X V4 X V4 1 37 1 31 1.45
=4 X ^4 X l 1 45 1 45 1 37

1 V4 X 1 V4 X 1 1 58 1 58 1 67
1 Vt X I '/4 X Vi 1 45

1 45 1 62
1 '/< X 1 'A X 1 31 1 31 1,53
1 '/4 X 1 X 1 V4 1 75

1 67 1 .75
1 '/4 X 1 X 1 1 58

1 50 1.67
1 V4 X ’4 X 1 V4 1 75 1 62 1 .75

1 X 1 X 1 V4 1 67
1 67 1 58

I'/z X 1 Vi X > '/4 1 82 1 82 1.88

All dimension* nrr in inch^*.
For dltr.enaloni not glv^n Table 1 60
Note that dinen«lon« ore in accord with the

12S-tb Cast-Iron Seren-f‘d Fittlnr«.

Nominal Pipe Size
Center to EndDII Z

1 Vi X 1 Vi X 1 1.65 1.65 1.80
1 14, X 1 X Vi 1.52 1,52 1 .75

1 Vi X 1 Vi X Vi 1.41 1.41 1.66

1 Vi X 1 V4 X 1 V4 1.82 1.75 1.88

1 Vi X 1 V4 X 1 1.65 1.58 1.80

1 Vi X 1 X 1 Vi 1.91 1.80 1.94

1 Vi X 1 Vi X 1 Vi 1.8S 1.88 1.82
2 y 2 X 1 Vi 2.02 2.02 2.16
2 X 2 X 1 V4 1.90 1.90 2.10

2 X 2 X 1 1.73 1.73 2.02
2 X 2 X Vi 1,60 1.60 1.97

2 X 2 X Vi 1.49 1.49 l.SS

2 14. X 2 V’ V 2 2.39 2.39 2.60
3 X 3 X 2 2.52 2.52 2.89

3 X 2 ' X 3 3. OS 2 9^ 3.03
3 X 2 X 3 3.03 2 89 3.08

4 X 4 X 3 3.30 3.30 3.60
4 X 4 X 2 2.74 2,74 3.41

4 X 3 X 4 3,79 3.60 3.79

Atnerlcan Standard, Table 13— S'), for

*P r' ssurr-tcmpernture ratinp nnrf pradc of material

Designated
Roting Service

Pressure
psi Coge

Temperoture,

MSS SP-20, Grode C

Deg F, Maximum

MSS SP-20, Grode B
Maximum or A5TM B62 w ASTM B61

250 lb
Stoom

Gas or liauid

250

400
406

150

550

150
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TABLE 13-63

Dimensions of Reducing Tees-
125 !b* Brass or Bronze Screwed Fittings

ASA B16.15 - 1947 Reaffirmed 1952

TEE. REOUCrtJG

Nominal Pipe
[

Center to Cnd

Size X Y /.

XX 0.65 0 60

Vd X Vd X 0.75 In 0.78

Ts X '/4 X 0.82 Ira 0 82

Ta X Vt X >/4 0.75 isl 0.78

Vi X Vi X Vi 0 93 0.93 0 90

Vi X Vi X '/< 0 87 0.87 0 87

Vi X Vi X Vi 1.01 0.90 1.01

Vi X Vi X Vi 0.93 0.82 0 90

X ^/g X * '2 0.90 0.90 0.93

V, X X Vi l.OS 1.03 1.11

Va X V4 X Va 1.00 1.00 1 00

Vi X Vi X ’i 1.18 1.11 1 18

Vi X Vi X Vi 1 OS 1.01 1. 11

Vi X Vi X Vi I 11 i.n 1 OS
1 X 1 X Vi 1.30 1.30 1 31
1 X 1 X Vi 1.20 1.20 1 21
1 XI X Vi 1.12 1.12 1 13

1 X Vi X 1 1.13 I 31 1.-13

1 X Vi X Vi 1.30 1.18 1 31
1 X ^i X Vi 1 20 1,03 1 21
1 X Vi >; 1 1 -13 1 21 1.-13

1 X Vi X Vi 1.30 1 11 1 31

Vi X V'4 X 1 1.31 1 31 1 30

1 V4 X 1 Vi X 1 1.52 1 52 1 60
I '/4 X I Vi X Vi 1.39 1 39 1.-I8

1 V4 X 1 Vi X Vi 1 29 1 29 1.41
1 V4 X 1 XI V*
I V4 X 1 X 1

I 69
1 52

1 60
1 '13

1.69
1 60

All dimension# Riven In Inches,

Nominal Pipe
Size

Cer

X

Iter to 1

1

End

Z

1 •i X 1
v 39 1 30 1.48

1 Vi X Vi 1 Vi 69 1 .48 1.69
1 Vi X X 1 >i 69 1 10 1.69
1 I V 1 i 60 1 60 1 52

1 1 1

;

V 1 Vi 1 72 1
7'*

1 81

1 X 1
* y 1 1 1 55 1 72

1 le. X 1 1% X 5'. 1 •12 1 •12 l.GU

1 X 1 Is X 1% 1 32 1 32 1 .S'S

1 iu X 1 •i
V

1 1

;

1 s i 1 81 1.81

1 X 1
'.i >» 1 Vi .72 1 69 1 81

1 X 1 '4 X 1 1 T> 1 . 1.72

1 v- X V 1 )

;

1 81 1 GO 1 SI

I Vi X 1 i X 1 1
1 81 1 81 1.72

1 X 1 1
? 1 72 1 V2 1.5.5

2 X 2 X 1 } \ 1 89 1 2.07

2 X 2 V 1 Vi 1 77 1 77 2.01
n X 2 1 1 .59 1 ry 1 95

2 X 2 >: Vi 1 17 I 17 1 81

2 X I 1 \ X •> 0 12
• »
i. 07 2 J2

0 V 1 V T 1 , 1 ,89 1 s: 2 07

I X 1 V »> 2 07 07 1.69
«»

} \ X •>
1 X •» •» 39 •> 2 60

2 1'-, X 2 ;< 2 39 2 tW

2 V 2 X 2 1

;

GO •> .00 2.39

3 X 3 X 0 It. •>
.83 S3 2.99

3 X3 X 2 »> .52 2 52 2 89
•1 X 1 X 3 3 30 3 30 3.60

4 X 4 X 2 0 71 •) 71 3 41

For dimension# not given see Tnhle 13—62.

Size# 1 X ‘j tVj, IVj X 1 * l'‘j, l‘» X 1 X l*.i, l‘j X 1 X I nnd 2 x 2 x ‘*i nre also nvnllable

but not to standard center to end dimension#. The demand for the#e sires Is Insufficient

to wnrrnnt imlficotlpn.

*See Tnble 13—64 for presBuro-temperoture ratings.
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TABLE 12-54

Dimenztcra sf Stresf Bhoy/z -

125 Ib'^ Erc=s or Bronze Screwed Fittinge

ASA B16.15 - 1947 Reaffirmed 1952

0::rsrw C£=t£rto
FfsmaX*:

Hers’
XH.rfcrieii,

Hfc

G

Cetrrer

to Hale
CerrJer to

Length of
TEresif

Port
Diameter

Sm
ic.c

M'DtgEC
A

46 Deg Eli

C

Eci
TO Deg El;

J

Hr

K

J/Iale ErH,
Hlr.

D

HaleEnd,
Jjlax

D

Vi [

0,64 0,42 0.52 0,76 0.22

Vi ! 0.71 0,60 i.ir 0,66 0.26

V 0.62 0.62 1,21 0.52 0.40

'h I.OI 0.76 0,00 1.46 1,06 0.52

Vi- 1.16 0,?.S 0,10 1.C6 1.22 0.56 0.72

X 1,4.2 t.K 1,56 1.40 0.05 0.42
X i.ec- 1,22 2,21 1,61 0.71 1.26

1.61 I,£7 2.46 1.60 0,7^1 1.47
2 2,12 I,4.v 2.66 2.14 0 70 1.51

AtS riirK-wttSTtt

F«5r T«ft>

Itl-stv^'TA^ Ur eJ:r*54«< ^5r:/it lU*:*^ frrlr.sf-s

•pr«.c:cr£-Ter.?!tfgit;re rgrfng gr:<i gradfs of tr.ztetizi

Tcmperatcre, Deg F, Mar

Serrice PcL
.Vfaz

Cert
M.SS SP'20,Gra.'!e C

ASr?TB'42

7/r3cght

ASTO BIO, BI4-0

Ca.t£

MSS SP*20,Gr2Ae B
ASTM B61

125 400 400 500

Gas cr Liorsrt
j 175 ISO 150 HO
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TABLE 13-65

Dimensions of Square Heod ond Squore Socket Plugs

125-lb Brass or Bronze Screwed Fittings

ASA B16.15 - 1947 Reaffirmed 1952

SOLID PATTERN
SIZES i'-4"lNCLUSryE

CORED PATTERNS
BOTH DESIGNS APPROVED

SIZES j -4' INCLUSIVE

COUNTER-SUNK
PATTERN

SIZES •j'-4'lHCLUSIVE

Kominal
Pipe
Size

Thread
length,

Min

A

Width
Across
Flats'

Height
of Plug
Square,

Min

E

Metal
Thickness,

Min

Inside
Diameter
of Plug

Max

N

Size
of Square
Socket,*

Min

F

Nom
11

Max

C OlEl
y« 0.27 0.281 0.24

0.41 Vs 0.375 0.28

ii 0.41 ye 0.43S 0.31

yi O.Sl Vic 0.563 0.3S 0.09 0.12 0.53 Vt

v: 0.55 Vs 0.625 0.44 0.10 0.13 0.72 y
1 0.G9 ‘Vic 0.813 0.50 0.11 0.14 0.93 y
1 Vt 0.71 ’Vo 0.938 0,56 0.12 0.15 1.25 y
ly 0.73 I'/s 1.125 0.62 0.13 0.16 1.47 y

1

2
1

0.76 1 Vie 1.313 0.68 0.15 0.17 1.91 Vt
1.07 1 y 1.500 0.17 0.18 2.32 1 y

3 1.13 I’Vie 1.688 0.80 0.19 0.19 2 90 1 Vt
4 1.22 2V4 2.250 0 92 0 22 0.22 3.83 2

All dimensions are given in inches.

^ These dimensions, C, arc the nominal sire of wrench as given in Table 19, American
Standard \\rcnch-Hcad llolts and Ni;ts and Wrench Oj'cnings (.ASA B18.2-19A1). Sejuare

head plugs are designed to fit these wrenches. Plug squares may have opposite sides tapered
a maximum of 4 deg total. Table ii-if,

T Square socket of countersunk plugs to have dimensions, F, to fit commercial square bars of
Sires indicated. Countersunk square sockets may have opposite sides tapered a maximum
of 4 deg total.
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TABLE 13-66

Dimensions of Outside Head, Inside Head, and Face Bushings - 125 lb Brass

or Bronze Screv/ed Fittings

ASA B16.15 - 1947 Reaffirmed 1952

J-
H-

^2

OUTSIDE HEAD

n

m
FACE

ITominal
Pipe
Size

Length of

Eztetnal
Thread,
Min

A

Length of

Infernal

Thread,
Min

E

Height
of

Head,
Min

C

Width of Head'
Min
H

Metal
Thickness,*

Min

GOutside Inside

y X Vt 0.44 0.26* 0.14 0.64t .....

X y* 0.48 0.40* 0.16 0.68t .... .....

V^ 0
! X 4 0,48 0,25 0.16 0.68t

y X 0,56 0,4I» 0.19 • 0.871 .....

y X 0.56 0.32 0.19 0,87t

Vz X % 0,56 0.25 0.19 0.87t —
s/a X yz 0.63 0,53* 0.22 1.151 , , , , ,

2/ X % 0.63 0.36 0.22 1.151

X Va 0.63 0.32 0,22 1.151

1 X 0.75 O.SO 0,25 1.421
1 X 0,75 0.43 0.25 1.421
1 X 0.75 0.36 0,30 i.i2 .....

1 X 0.75 0.32 0.30 — 1.12

1!/'4. X i 0,80 0.58 0,28 1.76
It4 X 54 0,80 0.50 0.28 1.76 .... .....

4 X 0,80 0.43 0.34 .... 1.34 0.i85

^ X 4 0,80 0.36 0.34 — 1.12 0,185

^2 X IVa 0.83 0,71* 0.31 2.00
li X 1 0,83 0.58 0.31 2.00 ....

liA X 54 0,83 0.50 0,37 1.63 0,200
1 Vi X <k 0,83 0.43 0.37 .... 1.34 0.200

2 X lyz 0.88 0.70 0.34 2.48
2 X 0.88 0.67 0 34 2,48
2 X 1 0.88 0.53 0,41 i.95 0.220
2 X 54 0.88 0.50 0,41 1.63 0.220
2 X 4 0.88 0.43 0.41 1.34 0.220

21'z X 2 1.07 0.75 0.37 2.98

21'z X 1 Vz 1.07 0.70 0.44 z.m
2i'z X 1 Va 1.07 0.67 0.44 2.39 0,240
2 Vz X 1 1.07 0.58 0 44 — 1.95 0.240

3 X 21/2 1.13 0.92 0 40 3.86
3 X 2 1.13 0.75 0,48 . r . a 3.28
3 X IVz 1.13 0.70 0,48 2.68 0.260
2 X i4 1.13 0.67 0,48 2,39 0.260

4 X 3 1.22 0.98 0,50 4.62
4 X 21/2 1.22 0.92 0.60 .... i.m 0.310
4 X 2 1.22 0.75 0.60 3.28 0.310
4 X IVz 1.22 0.70 0 60 2.63 0.310

All dimensions are given in inches.

The ^thtion oflugs on face bushings shall not be prohibited.
Bushings redudng_ to pipe sizes smaller than given are bushed from the smallest

reduedon appearing in the table.
• To provide proper metal thickness these sizes shall not be cored out to diameters

greater than the root diameter of the internal thread. The length of the internal
thread may be equal to the minimum dimension, B, or greater up to the full length of
bushing.

_

t Bushings in these sizes may be made from bar stock. When made from bar
stock Ae dimension H may be */», “/ii, Vf, l*/i, and iy„ in., respectively, in order
to conform v/ith regular hexagon or octagon bar stock sizes.

' Heads of_bushir.gs shall hexagonal or octagonal.
’ Metal thickness, G, is the same as 125 Lb Casulron Screwed Fittings (ASA

B16d-I941).
*
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TABLE 13-67 TABLE 13-68

Dimensions of Square Head Ferrous Plugs Dimensions of Countersunk Ferrous Plugs

ASA B16. 14 - 1949 Reaffirmed 1953

SOLID PLUGS CORED PLUGS

ASA B16.14 — 1949 Reaffirmed 1953

Nominal '•>

Pipe
Size

Thread
Length,
Min

Height of

Square,
Min

Width
Across Flats

C

Metal
Thickness,*

Mil.

A B Nom’ Max G.

Vs 0.37 0.21 Vaz 0.281
Va O.dd 0 28 Vs 0 375
Ts 0.48 0 31 Vic 0 438

'/z 0.56 0.38 Vic 0 563 0 IG
% 0.63 0 44 Vs 0.6i5 0 18

1 0.75 0.50 •Vic 0 813 0 20
1 Va 0.80 0 56 'Vic 0.938 0 22
• '/z 0.83 0 62 1 Vs 1 123 0 21

2 0.88 0.68 1 Vic 1 313 0 26
2Vz 1.07 0.74 1 V- 1.500 0 29
3 1.13 0.80 1 '

'/ic 1 688 0.31
3 V4 1.18 0.86 1 % 1 875 0 31

All dimensions given in inches.

Material to be c.ist iron, malleable iron, or steel,

threads'
American Standard tapered pipe

• Solid plugs are provided in sizes Vi to 3Vi in., inch; cored plugs.
Vi to jVj in., mcl.

» i

’ For sizes Tin. and larger slotted or b.ir pattern plugs are provided.

‘"c rh' nominal size of wrench as given in
1 able Amencan Standard Wrench-Head Bolts and Nuts and
\\rcnch Opemp (AS.i\ B18.2). Square he.,d plugs are designed to
fit these wrenches. Table 11-16 e

* Cored ^ugs have minimum metal thickness at all points, equal to
dimension G, except at the end of the thread

Nominal
Pipe
Size

Thread
Length,
Min

Sire of Square
Socket*

F
Size of

Hexagon*

Metal
Thickness,

Min

A Kom Min H G

'/» 0.37 0.06
Vi 0.41 Vi 0.09

Va 0 48 Vic 0.13
0.56 0.382 Vs 0.16

v. 0 63 0.508 0.18

1 0 73 0.50S Vs 0.20
1 0.80 '.i 0.759 0.22
1 0.83 Vs 0.759 0.24
O 0 88 * V 0.854 0.26

2 li 1 07 I >/s 1.137 0.29

3 1.13 1 Vs 1.391 0.31

3'/z 1.18 1 V-. 1.518 0.34

4 1 22 2 2.022 0.37

All dimensions given in inches.

Material to be cast iron, malleable iron, or steel.

These plugs are threaded srith .American Standard tapered

pipe threads. (AS.A B2.I.)
* Square socket of countersunk pattern to have dimensions to

fit commercial square bars of sizes indicated.

’ I iexagon socket of countersunk pattern shall has'e dimensions

to fit regular svrenches used with hexagon socket set screws.
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TABLE 13-69

Dimensions of Ferrous Outside Head, Inside Head,

and Face Bushings

ASA Bl 6. 14-1949 Reaffirmed 1953

FACE BOSHING

OUTSIDE HEAD

Size'

Length of

External
Thread/
Min

Length of

Internal
Thread,
Min

Height
of Head,
Min

Width of Head,’
Min

C

Metal
Thickness,*

Min

A T D Outside Inside G

V4 X Vs 0.44 10.26 0.14 *0.64

Vs X V4 0.48 §0.40 0.16 *0.68

Vs X Vs 0.48 0.25 0.16 *0.68

Vs X Vs 0.56 §0.41 0.19 *0.87

Vz X V4 0.56 0.32 0.19 *0.87

Vz X Vs 0.56 0.25 0.19 *0.87

34 X Vz 0.63 §0. S3 0.22 •1.15

3/4 X Vs 0.63 0.36 0.22 *1,15

3/4 X V4 0.63 0.32 0.22 *1.15

3/4 X Vs 0.63 0.23 0.22 •1.15

1 X 3/, 0.73 0.50 0.23 •1,42
1 X Vz 0.75 0.43 0.25 •1.42
1 X 3/g 0.75 0.36 0.30 l!i2
1 X >74 0.75 0.32 0 30 1.12
1 X Vs 0.75 0.25 0.30 1.12

H/4 X 1 0.80 0.58 0.28 1.76
iy4x v>. 0.80 0.50 0.28 1.76
1 1/4 X Vz 0.80 0.43 0,34 1.34 o!i85
1 1/4 X Vs 0.80 0.36 0.34 1.12 0.185
iy4 x 1/4 0.80 0.32 0.34 1,12 0.185

1 yz X 1 >74 0.83 §0.71 0.31 2,00
1 yz X 1 0.83 0.58 0.31 2.00
lyzx 34 0.83 0.50 0.37 L63 o! 26o
lyzx yz 0.83 0.43 0.37 1.34 0.200
lyzx Vs 0.83 0.36 0.37 1.12 0.200
lyzx 174 0.83 0.32 0.37 1.12 0.200

2 X 1 yz 0.88 0.70 0.34 2.48
2 X 1

174 0.88 0.67 0.34 2.48
2 X 1 0.88 0.58 0.41 i!95 o!^o
2 X 34 0.88 0.50 0.41 1.63 0.220
2 X >72 0.88 0.43 0.41 1.34 0.220
2 X Vs 0.88 0.36 0 41 1.12 0.220
2 X 174 0.88 0 32 0.41 1.12 0.220

22/2 X 2 1.07 0.75 0.37 2.98
2 >72 X 1 >72 1.07 0.70 0.44 2.68
2 >7z X 1 >74 1.07 0.67 0,44 2 ! 39 o!240
2 >72 X 1 1.07 0.58 0.44 1.95 0.240
2>7zX 34 1.07 0.50 0.44 1.63 0.240
2>72X Vz 1.07 0.43 0.44 1.34

continued

0.240

On next page
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TABLE 13-69, continued

Size*

Length of

External
Thread,’
Min

Length of

Internal
Thread,
Min

Height
of Head,
Min

Width of Head,’
Min
C

Metal
Thickness,*

Min

A T D G

3 X Z'/z 1.13 0.92 0.40 3.86

3 X 2 1.13 0.75 0.48 3.28

3 X 1 Vz 1.13 0.70 0.48 2.68
3 X 1 Vi 1.13 0.67 0.48 2.39

3 X 1 1.13 0.58 0.48 1.95

3 X Vt 1.13 0.50 0.48 1.63

3 X 1.13 0.43 0.48 1.34

3 >/2 X 3 1.18 0.93 0.43 4.62

31A X Z'/z 1.18 0.92 0.52 3.86
3 Vi X 2 1.18 0.75 0.52 3.28 0.280

3V5 X HA 1.18 0.70 0.52 2.68 0.280
3 X 1 V< 1.18 0.67 0.52 2.39 0.280

3’/t X 1 1.18 0.58 0.52 •• 1.95 0.280

4 X 3>A 1.22 1.03 0.50 5.20
4 X 3 1.22 0.93 0.50 4.62
4 X zv^i 0.92 0.60 3.^ o.sio

4 X 2 0.75 0.60 3.28 0.310
4 X 1 ’A 0.70 0.60 2.68 0.310
4 X 1 Vt 0.67 0.60 2.39 0.310
4 X 1 a 0.58 0.60 •• 1.93 0.310

5 X 4 1.31 1.03 0.50 5.79
5 X 3 'A 1.31 1.03 0.60 5.20 > > <

5 X 3 1.31 0.93 0.60 4.62 0.380
5 X ZVz 1.31 0.92 0.60 3.86 0.380
5 X 2 1.31 0.75 0.60 3,28 0.380

6 X 5 1,40 1.18 0.63 7.03
6 X 4 1.40 1 03 0 75 5.79 0.430
6 X 3 VA 1,40 I 03 0,75 5.20 0.430
G X 3 1.40 0.93 0.75 4.62 0.430
6 X Z'A 1.40 0.92 0,75 3.86 0.430
6 X 2 1.40 0.75 0.75 3.28 0.430

8 X 6 1.57 1 28 0.83 8.28
8 X 5 1 57 1.18 0.83 7.05 0.5W
8 X 4 1.57 1 03 0.83 5.79 0.550
8 X 3>A 1.57 1 03 0.83 5.20 0.550
8 X 3 1.57 0 93 0.83 •• 4.62 0.550

All dimcnsionj given in inches.

Matcri.ll to be cast iron, malleable iron, or steel. (See footnote 1.)

These bushings .arc threaded with .American Standard tapered pipe threads. (.AS.A

B2.1.)

The addition of lugs on face bushings shall not be prohibited.

Cored bushings have minimum metal thickness at all points, equal to dimension G,
except at the end of the thread.

* When, made of bar stock, the dimensions may be '/•> "As, aod l’A«in., re-

spectively, in order to use rc^lar bar stock sires.

§ To provide proper metal thickness these sizes shall not be cored out to diameters

greater than the root diameter of the internal thread. The length of the internal thread

may be equal to the minimum dimension, T, or greater tip to the full length of bushing.
' Mexagon head or octagon head bushings, sizes 2V> in. and smaller reducing one size

may be made either of malleable iron or steel. Other sizes may be made either of cast

iron or malleable iron or steel. Face bushings, sizes 2*/» io. and smaller may be made
either of malleable iron or steel. Face bushings, 3 in. and larger reducing one size may
be made either of malleable iron or steel. Face bushings, 3 in. and larger reducing two

sizes or more, may be made either of cast or malleable iron or steel.

•In the case of Outside Head Bushings, Length A includes provisions for im-

perfect threads.
* Heads of bushings shall be hex.tgottal or octagonal, except that on the larger sizes of

outside head bushings the heads mtiy be made round svith lugs instead of hex.igonal or

octagonal.
* G same as metal thickness for 125 Lb Cast-Iron Screwed Fittings (ASA B16d).
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TABLE 13-70

Basic Dimensions, American SfantJard, Taper Pipe Thread
I

ASA B2.1 - 1945 Pipe Threads

1 2 3 4 5 6 1
7 1 «

1

9
1

10
11

11

IToniinal

Pipe
Size

Outside
Diameter

of

Threads
per Inch

Pitch
of

Thread

Pitch Di-
ameter at

Beginning
of External
Thread

Hand-Tight Engagement
Effective Thread,

Eitemal

Pipe Length*
Li DIam*

Length*
hi

Diam
Et

D n P In.
:
Thds E, In. Thds In,

!i‘

0.3123 27 0.03704 0,27118 0.160 4.32 0.28118 0.2611 7.05 0.28750
0.405 27 0.03704 0.36351 0.180 4.86 0.37476 0.2639 7,12 0.38000

Vi 0,540 18 0.03556 0.47739 0.200 3.60 0.48989 0.4018 7.23 0.50250

% 0,675 18 0.05556 0.61201 0,240 4.32 0.62701 0.4078 7.34 0.63750

V^ 0.840 14 0.07143 0.75843 0.320 4.48 0.77843 0.5337 7.47 0,79179

Vi 1.050 14 0.07143 0.96768 0.339 4.75 0.98887 0.5457 7.64 1.00179

\ 1.315 11 Vi 0.08696 1.21363 0.400 4.60 1.23863 0.6828 7.85 1.25630
1.660 11

4

0,08696 1.55713 0.420 4.83 1.58338 0.7068 8.13 1.60130
1.900 114 0,08696 1.79609 0.420

i

4.83 1.82234 0,7235 8.32 1.84130
2 2.375 n4 0,08696 2.26902 0.436 5.01 2.29627 0.7565 8.70 2.31630

21/2 2.875 8 0.12500 2.71953 0.682 5.46 2.76216 1,1375 9.10 2.79062
3 3.500 8 0.12500 3.34062 0.766 6.13 3,38850 1.2000 9.60 3,41562
31/2 4.000 8 0.12500 3.83750 0.821 6.57 3.88881 1,2500 10.00 3.91562
4 4.500 8 0.12500 4.33438 0.844 6.75 4.38712 1.3000 10.40 4.41562

S 5.563 8 0.12500 5.39073 0.937 7.50 5.44929 1.4063 11.25 5.47862
6 6,625 8 0.12500 6.44609 0.958 7.66 6.50597 1,5125 12.10 6.54062
8 8.625 8 0.12300 8.43359 1.063 8.50 8.50003 1.7125 13.70 8.54062
10 10.750 8 0.12500 10.54531 1.210 9.68 10.62094 1.9250 15.40 10,66562
12 12.750 8 0.12500 12.53281 1.360 10.88 12,61781 2.1250 17.00 12.66562

14 OD 14.000 8 0.12500 13.77500 1.562 12.50 13.87262 2.2500 18.90 13,91562
16 OD 16.000 8 0.12500 15.76250 1.812 14.50 15.87575 2.4500 19.60 15.91562
18 OD 18.000 8 0.12500 17.75000 2.000 16.00 17.87500 2.6500 21,20 17.91562
20 OD 20.000 8 0,12500 19.73750 2.125 17.00 19.87031 2.8500 22.80 19.91562
24 OD 24.000 8 0,12500 23.71250 2.375 19.00 23.86094 3.2500 26.00 23,91562

•Corrjpor^ v/ith Tt>hlf 9—14.

* ipi- dimensions of the American Standard Taper Pipe Thread arc given in inches to four or five decimal places.
Whil: this impliss a greater degree of precision than is ordinarily attained, these dimensions are the basis of gage dimen-
sions and are to esepressed for the purpose of eliminating errors in computations.

Also length of thin ring gage and length from gaging notch to small end of plug gage.

continued on next po<?«
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TABLE 13—70, continued

1 12
1

13
1

14 IS
1

16
!

17 18
1

19 20 21 22

Nominal

Pipe

Size

Wrench Make-up
Length for

IntemiU Thread
Vanish

Threads

y

Over-all
Length
External
Thread

U

Nominal Perfect
External Threads*

Depth
of

Thread

h

Increase
in Diam

per
Thread
0.0625

n

Basic*

Minor
Diam at

Small
End of

Pipe

K,

Length Diam
E,

Length
U

Diam
£•

In. Thda In. In- Thds In. In- In- In. In. In.

0.1111 3 0.26424 0.1285 3.47 0.3896 0.1870 0.28287 0.02963 0.00231 0.2416

Vs 0.1111 3 0.35656 0.1285 3.47 0.3924 0.1893 0.37537 0.02963 0.00231 0.3339

Vi 0.1667 3 0.46697 0.1928 3.47 0.5946 0.2907 0.49356 0.61444 0.00347 0.4329

4 0.1667 3 0.60160 0.1928 3.47 0.6006 0.2967 0.63056 0.04444 0.00347

Vz 0.2143 3 0.74504 0.2478 3.47 0.7815 0.3909 0.78286 0.05714 0.00446

4 0.2143 3 0.95429 0.2478 3.47 0.7935 0.4029 0.99286 0.05714 0.00446 0.9105

1 0.2609 3 1.19733 0.3017 3.47 0.93-15 0.5038 1.24543 0.06957 0.00543 1.1441

1 Va 0.2609 3 1.540S3 0.3017 3.47 1.00S5 0.5329 1.59013 0.06957 0.00543 1.4876

1 Vz 0.2609 3 1.77978 0.3017 3.47 1.0252 0.5-196 1.83043 0.06957 0.00543 1.7265

2 0.2609 3 2.25272 0.3017 3.47 1.0S82 0.5826 2.30343 0.06957 0.00543 2.1993

2 Vi 0.2500f 2 2.70391 0.4337 3.47 1.5712 0.8875 2.77500 0.100000 0.00781 2.6193

3 0.2500t 2 3.32500 0.4337 3.47 1.6337 0.9500 3.40000 0.100000 0.00781 3.2406

3 Vi 0.2500 2 3.82188 0.4337 3.47 1.6837 1.0000 3,90000 0.100000 0.00781 3.7375

4 0.2500 2 4.31875 0.4337 3.47 1.7337 1.0300 4.40000 0.100000 0.00781 4.2344

5 0.2500 2 S. 37511 0.4337 3.47 1 . 8-100 1.1563 5.46300 0.100000 0.00781 5.2907

6 0.2500 2 6.43047 3.47 1.9462 1.2625 6.52500 0.100000 0.00781 6.3461

8 0.2500 2 8.41797 3.47 2.1462 1.4625 8.52500 0.100000 0.00781 8.3336

10 0.2500 2 10.52969 0,4337 3.47 2.3587 1.6750 10.65000 0.100000 0.00781 10.4453

12 0.2500 2 12.51719 0.4337 1

1

3.47 2.5587 1.8750 12.65000 0.100000 0.00781 12.4328

14 OD 0.2500 2 13.75938 0.4337 3.47 2.6837 2.0000 13.90000 0.100000 0.00781 13.6750

16 OD 0.2500 2 15.74688 0.4337 3.47 2.8837 2.2000 15.90000 0.100000 0.00781 15.6625

18 OD 0.2500 2 17.73138 0.4337 3.47 3.0837 2.4000 17.90000 0.100000 0.00781 17.6500

20 OD 0.2500 2 19.72188 0.4337 3.47 3.2837 2.6000 19.90000 0.100000 0.00781 19.6375

24 OD 0.2500 2 23.69638 0.4337 3.47 3.6837 3.0000 23.90000 0.100000 0.00781 23.6123

• Also pitch diameter at gaping notch (hand-tight plane.) * Also length of plug page.
• The length Li from the end of the pipe determines the plane beyond which the thread form is imperfect at the crest. The

two threads are perfect at the root. At this plane the cone fonned by the crests of the thread intersects the cylinder forming the

external surface of the pipe. L\ ^ Li — 2p,
• Given as information for use in selecting tap drills. TAbir» 9-1 nnd o_i7

»rt r a‘
t The Army-Navy Aeronautical Specifications arc based on a wrench make-up of three threads 3 in. and smaller. The £1 di-

mensions are as follows; Size 2Vs in. 2,69609 and si’,; 3 in. 3.31719.
All dim:nsions are given in inches.
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TABLE 13-71

0.0037
0.0040

The basic dimensions of the American Standard taper pipe thread are given in inches to four and five decimal places. While this implies a greater
^gree of precision than is ordinarily attained, these dimensions are so expressed for the purpose of eliminating errors in computations.
The limits specified in the table are intended to serve as a guide for establishing limits of the thread elements of taps, dies and thread chasers,

"hese limits may be required on product.

•The Anay->;a\’y Aeronautical Specification AN-GGG-P-363 agrees with all values given in this table, except those for the maximiun truncation
nd maximum width of flat for the in. size, 27 threads. These values ar^ respectively, 0.0027 in. and 0.0031 in.

Dimensions of gages, such as plain taper plug and ring gages, which depend on maximum and minimum truncations. Cols. 5 to 8, inclusive, shall
determined by applying the thread depths in Cols. 3 and 4 to the basic pitch diameter, ^ or Ei. Step values of tolerance notches are 16 times

Col. 3 - Col. 4). rather than 32 times Col. 9.
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TABLE 13-72

Limits on Crest and Root of American Standard ^ Dryseal Pipe Threads

ASA BZ1 - 1945 Pipe Threads

truncation^

/^Maximum Ftaiy^fy.P*^^IVor/J Too! Arcyy//

Minimum
Truncation

Maximum —
Truncation

-—Minimum Fiat
H—Maximum Flat

j
CREST

'

—Worn Too!Arc

Worn Tool Arc ^
Maximum —-

—

Truncation^i ^—
Minimum-"'^ ^ ”*

Truncation

INTERNAL THREAD

CREST

I I

L-/<rax/V

1 L—Mini!

Worn fool Arci,

Maximvm FIof
Minimum Flat

V>x\\

Mintmunv^^
Truncation^
\\S SS'^ N-W^ ''VO

'^^MaxtmumHof

^Minimum FlatWw^** * * \\N\

EXTERNAL THREAD

5 6

Komtior

per
Iiich

Truncation’

Minimum Maximum

Equiralent Width of Flat

Minimum Maximum

Toler-

ance
on

Equira-
lent

Width
of Fiat

Inches Formula Inches Inches Formula Inches Formula

27 Crest
Root

0.03208 O.O-Up
0.094p

0.0017
0.0035

0.094p
0.1 40p

0.0035
0.0032

0.0018
0.0017

0.054p
O.lOSp

0.0020
o.oaio

O.lOSp
0.162p

18 Crest
Root

0.04811 0.047p
0.078p

0.0026
0.0043

0.078p
0.109p

o.oais
0.0061

0.0017
0.0018

0.034p
0.090p

0.0030
0.0050

0.090p
0.126p

14 Crest
Root

0.0618G 0.036p
0 060p

0.0026
0.0043

o.oeop
0.0S5p

o.oai3
0.0061

0.0017
0.0018

0.042p
0.070p

0.0030
0.0050

0.070p
o.ogsp

11 Vi Crest
Boot

0.07531 0.040p
O.OfiOp

0.0035
0.0052

o.oeop
o.ogop

0.0052
0.0078

0 0017
0.0026

0.046p
0.0G9p

0.0040
0.0060

0.069p
0.103p

8 Crest
Root

0.10825 0.042p
0.055p

0.0052
0.0069

0.055p
0.076(1

0.0069
0.0095

0.0017
0.0026

0.048p
0.064p

0.0060
O.OOSO

0.054p
0.088p

Note: Dimensions arc specified to four and five decimal places. While this implies a greater degree of precision than is

ordinarily attained, these dimensions are so expressed for the purpose of eliminating errors in computations.

’ Although these threads are designed for use svithout a lubricant or sealer, a lubricant may be used when desired in making up

these joints.
_ t ti i..

’ The m^'or diameter of plug gages and the minor diameter of ring gages used for gaging dryseal threads ihah be trun-

cated 0.20p minimum or 0.2Sp maximum for all pitches.
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TABLE 13-72

Dimensions of External and Infernal, Sfratghf,

PiDe Threads for U.echanical Joints

ASA. EZl — 1945 Pipe Threads

2 1
•.r 4 5 ni

Tcretir
p*r
Jzch

Erterzil Tcrta.6'

162
Bis=

j''-

_ .

Z/'ci

27 0.355 0,253 0.3743 0.3713
13 0.527 0,516 0.4259 0,43.47

13 0,664 0,654 0,6270 0.6213
14 0.825 0,813 0.7734 0.7717
14 1.026 1.023 0.5239 0.S222

11 1.236 1.280 1,2336 1.2306
11% 1,641 1.625 1,5234 1.5753
11% 1.830 1.864 1.8223 1,8142
n% 2,254 2.333 2.2363 2.2832

3 2.846 2.822 2.7622 2.7506
3 3.472 3,443 3.223.5 3.3762
8 3,572 3.545 3.8333 3.8771
3 4.470 4.447 4.3371 4.3754
8 5.533 5,509 5.4-433 5.4.376

3 6.585 6.566 6.5050 6.4943

IzitTzia! Ttrea-d

Pitch Dizrrtifr

0.3733
0.4551
0.6322
O. 7E5I

P.S556

1.2463
1.5516
1.S3C6
2.S.544

2.7723
3,4002
3.SCC5
4.2533
S.4610

0.3742
0.4355
0.6270
0.7734
0.5333

1.2236
1.5334
1.3223
2.2562

2,7622
3,3535
3.3333
4.3371
5.4453

AJl are f?;

* Ter t5» ccerre?:i<!r:re cf tj-zise rts tc c«e e?u« cf leith

*r; S5:e

fir 27 ths-.s'iT per C.CC25
" C.COS.O fr..

IX " '' C'XCX^

Ilvi " "
^ " " C-C'ST'J Li-

lt iTrerirsre-afei alli-w^-ice* be rtrbtrarte'; fnn Cie cf tCie ezierr-al

£?-.re*rf giren tfbi-re-

5 ar:^ 10 are ibe earr^e ar tf^e ptiih <fiarrjeter at tbe en-f if jrier?:al t?-rea*f,

Bctic. (5ee Tasfe Cef-
Tbe r:z.Tj7T «iiis:rTAT^T cf exlemal fhres/fr a^vf riafer <fiarr.et<*r if ir:ferr.al trres'f t are sJ'/iee ae

prif-i-'f £77 ci-TT-jercSa; straS^ht ^pe <fser an-f citrrrjerci®: er-^-^ rtrai^f-.t pipe tap=.

Tie r.rsinffr, rirj'^ if f5pe <x*er-:al Cirearf r«-re « « tie rr:r:iri:ir: r-.ircr

^i^rzflrt^ cf Cc-e i-:ternal rrf>sbi, as in CpI- 2^ a-pf tie rzirJrT^n r/zjoT dicr-j^^ if tie fr.^

tirearf -r:^^ fee tie xrtfrrA a* tie rrpsxtrxrr: sra;ir ^larrreter if the exterra! tfrearf, as sii-wr:

Li CiL 2-

Tie ep*;ir anf fxirppr <fL&r:eters hare fcce?: lafetrlaf.e'fm the fcaejs if a tr^rmafi-in if p/^^i ti

ae^Pif frferfereip-pe. a* crest arrf rut eti-en pri»fvitiir za^e^f erfti ^fa-^et rra^e fr: acicrfance -wSti

T'ar- 25/f cf Starpf^rl-

ms



TABLE 13-74

Pipe Thread Details on Drawings of *Mochine Ports

Threaded holes for pipe connections to cylinders, machine bases and similar machine parts are

called for on drawings by symbols in the conventional manner by specifying pipe size and threaded

connection. Compare Table 9—58* Because pipe threads must have pressure tightness, as well as

fasten parts together, this requirement is important in the symbol. Proper sealing also limits the

depth the pipe can enter the hole, and consequently the depth of tapped hole is often specifically

dimensioned.

Since the number of threads is governed by pipe size, this item is of less importance in the

designation of pipe threads than it is in the designation of ordinary screw threads. Thus 3 NPT
unmistakably, though indirectly, specifies 8 threads per inch on a pipe having an outside diameter

of 3’l/2 inches. The SAE Handbook, 1953, *** Section on Dryseal Pipe Threads gives the

following examples: 1/8-27 Dr>*seal NPTF and I/S'27 Dryseal N'PSF, The letters are abbreviations

as follows: N • National or American Standard; P • Pipe; T • Taper; F - Fuel or Di>*seal and

S Straight. Other abbreviations are defined in the SAE Handbook and in the .American Standard

on Pipe Threads, ASA B2.1— 1945.

For line dlngroma of piping; ayntemf. arc TaMra 15—22 and 15—23.
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trCEX TG

5ECTn:> U

f - * * f ^

Jrct^stye QiZi c'f

P :je Jft.'-i-eri:,

frcfL'sfrs-

1^2

V--Z

14-4 fc 14-6

14-7 f- 14-P

l4-5 fc- 14-11

14-12

U-12 tc' 14-14

14-15 14-19

14-25 {c 14-21

14-22

14-23

14-24

rcr czc-'ffiTiz

fitlef vr=H;,

" * c' ^ f
crsccr-tfcn rcr

'scrc'csc I.T v/^lcfnc

Ccrf cc-rccrteens c? wsHs , , - .

5slscfse elssJrsscI stcr.eeris fsr fnsf-sfrtel eesis.rsn? ,

Frcsitcr.sl 1:orsssc.'»'’5f i^I^stric r'CJcre

?>Ei'''A sfenesre .""cters

i/stcel Jt; , ssrrtse; eteererrs

:e1s fer h sef'ssyysi' crssrrttts

c-/r-:

ftnt; rfre^/fnes

14-2 fn 14-5

14-5

14-6

14-7 fs 14-9

14-9 fc 14-10

14-10 fe 14-11

14-12

14-12 fc 14-12

14-14 fs 14-19

14-20 fn 14-22

U-22 to 14-26

14-26

14-27
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TABLE 14-1

Designation of Common Welds by Symbols on Drawings

ASA Z32.2. 1 - 1949, Reaffirmed 1953 Graphical Symbols for Welding

The joint is the basis of reference. Any joint, the wcldinp of which is indicated by a syrabol, always has an ARROT SIDE
and an OTHER SIDE. Accordingly, the arrow plus the weld symbol can always be placed with respect to the joint so as to
comply clearly and positively, with the phrasing ARROtt' SIDE, OTHER SIDE, and BOTH SIDES.

n

L
SECTION OR
END VIEW ELEVATION

(A) ARROW-SIDE SQUARc-GROCVE WELDi^JG SYM30L

ElEVATiONDESiRED SECTION OR
WELD END VIEW

(B) other-side square-groo/e weloin’g symbol

SECTION OR
END VIEW

li

Z

SECTION OB
ENO VIEW ELE-ATiON

(A) ABRCrW-SiDE BEVEL-GBOOVE V/ELDING SYVBOL

DESiBED
WELO

(Bl OThco-s.DE BEVt.-GBOO-iE WEJ5 NG SYf.'BDL

ElEvaTiON

(C) BOTM-SIOES SQJABE-GBOO-/E v/EuOiNG SY'.'BO;.

application of squars-gboo.'E welo.ng symbols

CESIOED section OB - cvaTiONWEwD SNO ViE.V
CWEV..TION

IC) SCTh-S'CES EE .’El-G=OOVE AELOING SYMSOL

APPLICATION OF BSVEL-GBOCT.^ WELDING 5YI/SOLS

¥
SECTION OR
END VIEW

L

elevation

ARROV/-SIOE Fillet WElOiNG SYVBOL
(A) BOTH-SiDES billet welding symbol

FOB ONE JOINT

SECTION OR
END VIEW Elevation

(B) other-side Fillet welding symbol

rJO'NTA

-JOINT B
DESIRED
WELD

SECTION OR
END VIEW

elevation

(B) BOTH-SiDES FILLET WELDING SYMBOL
for TWY) JOINTS

APPLICATION OF FILLET WELDING SYMBOLS

itinucd on ne*t pa^o
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TABLE 14-1, continued

Butt welds, fillet welds and groove welds, as illustrated on the preceding page, comprise the bull: of today’s welded

design. The Lincoln Electric Company says, "basically, around 80 percent of all welded machinery structure connections

are made by fillet welds, 15 percent are butt welds, and 5 percent require special welds. In pressure vessel welding,

approximately 90 percent of all connections are butt welds.”

Among the other types of welding that are often used in engineering design are spot welding, seam welding, upset welding

and projection welding.

LOCATION OF WELD WITH RESPECT TO JOINT:

(a) Welds on the arrow side of the joint shall be shown by placing the weld symbol on the side of the reference line toward

the reader, thus:

(b) Welds on the other side of the joint shall be shown by placing the weld symbol on the side of the reference line away

from the reader, thus:

(c) Welds on both sides of the joint shall be shown by placing weld symbols on both sides of the reference line, toward

and away from the reader, thus:

(d) Spot, seam, flash and upset weld symbols have no arrow-side or other-side significance in themselves, although sup-

plementary symbols used in conjunction therewith may have such significance. Spot, seam, flash and upset weld symbols

shall be centered on the reference line, thus:

\

LOCATION SIGNIFICANCE OF ARROW:

(a) In the case of groove, fillet, and flash or upset welding symbols, the arrow shall connect the welding symbol reference
line to one side of the joint, and this side shall be considered the arrow side of the joint. The side opposite the arrow
side of the joint shall be considered the other side of the joint.

(b) In the case of plug, slot, spot, seam and projection welding symbols, the arrow shall connect the welding symbol
reference line to the outer surface of one of the members of the joint at the center line of the desired weld. The member

Continued on next page
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TABLE 14-1, continued

to which the arrow points shall be considered the arrow-side member. The other member of the joint shall be considered

the other-side member.

(c) W'hen a joint is depicted by a single line on the drawing and the arrow of a welding symbol is directed to this line

the arrow side of the joint shall be considered as the near side of the joint in accordance with the usual conventions of

drafting.

(d) When a joint is depicted ns an area parallel to the plane of projection in a drawing and the arrow of a welding symbol

is directed to that area, the arrow-side member of the joint shall be considered as the near member of the joint in accord-

ance with the usual conventions of drafting.

SPOT WELDING SYMBOL:
Symbols have no arrow-side nor other-side significance.

A

Desired Spot

Weld
Section

Elevation
View

SEAM WELDING SYMBOL:

Desired Scam Section
Weld or End

View

Elevation

continued on next pege

I
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T^BLE 14-2

A.Hov/'oble Loads on FilleJ V/elds in Sheer'*'
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TABLE 14-3

Weld Stress Formulas

Welding Handbook, Third Edition American Welding Society
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TABLE 14-4

Rea3rr.rT;ended Proportions of Grooves for Wefol-Arc V/elding end ^Gos Vfelding — Steel

Vfeiding Hendbook, Third Edition American V/elding Society

OTrrs F0’=i WELOtnO C»fE see WK E^CWiSgeoct/e jo:;c7s fcs ‘weldimg cme sio

=

/«w3L£ 7 DV. P FC2rrtC"fS JC'JfT FSXWtC’tCQJ FO=

4S* WI*<- AU- HCPncw;. PC2?Ttcn

22* W{*f. Vi'»CT F.V.O

f2* V'S i'Z'iri't. r

CCOS-E' VE£-G=,CC«^ JOfffTS FO= 1»rcLCf(2 EOTK SIDES

Lers-./ JOr.’fT F£CCVWZIj2£C pc«?

hc«*;2^STAl Fcsrrjcv

S???-£'VE£'C?^Cr/£ Jt??fTS 0*fl CP, BjTH S^^eS

WrZCWU P«?Ttc?f

'4rc'4r<'*{
' '

' kr^
t-CTir^

I

S’?^sg-gr/a-g^/2 J07crs rc^. '<vaor??3 vzt v/tth excrjjfs

P«3 W R-: tJ
A.’i^-£ X ctw. p.

<;* MI**. W ici.

25* «r?r. -n' «rt

jcyffTs Fn^ vfn mfiGCfizc^, both srozs

[^flc-v^-Tr I cjl

gnGLe r FsifTicMi ^(fcT RZCcvwtniEB reft
<1* «:?, tLL KiftrZCrfTte ftCSITIS'I
EC* w:i. r.v.c
iz* «;>, r

ccogse- U-GftCG'/E JDJITS FD?. WELCIHS EOTK SIDES

/\rafo£
-IS*
Wf!l. , ,MlJf. . -<<^5*-^

‘'°'=V£
zncee y, rcsrriens

<S'V!!(. ALL
20 ‘ic.n, r.v ,c

CT-
jDiirr P£ccwvs*i5£0 rcft

HCSIZOItTAL posnion

JOIMTS POP. VfSLCtKS O'iE OR eOTH SIDES
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TABLE 14-5

Typical Edge Preparations for Welding Aluminum

Welding Hondbook, Third Edition American Welding Society

t

£

OXYHYDROGEN, OXYACETYLENE

ATOMIC HYDROGEN, CARBON ARC

1 ; (

up tt> i'

to 50’

V‘/ ~
1

Thicltnessci to
j

2,'

u I

-45“ to 50“

* Thictnesies j- to I'

-45“ to 60“1*^
Tt r r\
.. t <_ i— 'I

" •

jT— !>—i-50’to60’
TKlcVncuej j to 1'

METAl ARC

iTT 30’

r.: ' 31 '-czi

^
Welded

From One Side.

Thiclncsses
j
Welded

From Both Sidej.

Thickncuej i ondOver. 1^3q’

Thicicnejjej end Over.

INERT GAS

Thicknciiei up to j
V/elded

From One Side.

Thicknesses up to j Welded
From Both Sides.

L
i—

_

Thicknesses 1’ end Over.
*

30“

r

FT
t -rvi : )C ^c=n i

1
to 1' ••A” J

\1
Thicknesses

end Over.

^::l_ --r
-

Pipe Welds up to 12' I.P.S.

A = 55“ Position Weld.

A = 30“ Roll Weld.

14-8



TABLE T4-6

Edge Preparotion for Arc V/eItJing Stainless Steel

V/elding Handbook, Third Edition American Vi'elding Society

Cs) Fcr ;lit* */u i=- tiissir

(i) Fcr Sim V<- t; Vii-S=. W For pta*« V« i=- *=<i tHteier

TABLE 14-7

Clearances Required for Stud V/elding Gun

Welding Handbook, Third Edition American Vfelding Society

Sttd
Dian

Wnlnrar! Seed Clearances

A B C D E

Cnifa, 0».«—

t

3

16
5

16

Bead
Radios 5

16

1

2

TTeld

Tidtfc

1

4
5

16

Bead
Radios 5

16
9
16

S-eld

Tidth

f-v.

5

re-
3

B

Bead
Radios
+ ‘4

3

8
11

16

Weld

Width

3

g
3

8

Bead
Radios

3

8
3

4
Weld
Width

+ ’4.

7

16
13

32

Besd

Radius
tv
^3

13

32
13

16

Weld
Width

+ ’4

1

2

15

32

Bead
Radios
+ ”4,

15

32
15

IT

Weld
Width

5

S
9
Tg

Becd

P-aditis
9

Weld
Width

+ '4

3

<
5

8

Bend

Ra.djc.5
S'
n

5

8 A
Weld
Width
+ *4,



TABLE 14-8

Stud Welding Specifications

Welding Handbook, Third Edition American Welding Society

(•) Bpvcificattona for Typical Studs

Stud
Size

Stud LcnRlli, Threads
^Thread Lenirth B

Burn
OfT.

C -^V»t In.

I

Approx
Sire

Ferrelc
1 In. or I.ess !*/• to l*/is In.

Vh In
or Over

D-f-
0.020 In. -

—

Min. Max. NC NF T
‘*.•10 S 32 40 L minus */ia 1 1'/. V.. 0.190

—
No. 8 »»/i« 8 32 3t. L minus */i« 1 tVi 0.214 .

— -

No. 10 ‘*/te 8 24 32 L minus */i« 1 P/i Va? 0.262
*/4 in. •*, 1* 8 20 28 L minus */t« 1 IV* V» 0.330

**'10 8 18 24 L minus */n 1 1*/* V* 0.406
•/» in. «Vi« S 16 24 L minus */j* 1 p/. */• 0.468 J
^/i« in. 8 14 20 L minus Vi« 1 IV. 0.546
Va in. 8 13 20 L minus •/n 1 IVi 1 0.613

Pur I'L'is or less For I Vs or o\er
Vt in. 'Vifl 8 11 IS L minus */« IVe 0.765 Btfo** Weld AfiM- W,!d

For l*Vi« Of leav For 2 or over FJtfi FJIed Coo
V* in. IVi 8 10 16 L minus */4 IV* •0.890 STANDARD STUD

(b) Spociricstlons lor Psducsd Dsbs Studs

Stud
Sire,
A

Stud
-- L.
Min.

Length,
In.
Max.

Rcti. Bise
Length,
K. In

WeM
Di.im ,

i:. In.

Thrrids
.— Fcr Inch——«

NC NF

Thrc.xd Lrnrth B.
-'^Length of Mud—

'

Wain- P/s In.
Of Less or User

Burn
OiT.

C •* Vas
In.

Fillet

,l)iam
I)J-0 6.

In.

No. 8 8 V«* >/# ^2 .u. . nnnns K IV. ‘/i* 0.169
No. 10 >v,« 8 •/til •/I 24 32 . imitus K P.'* Via 0 192
V* in. ‘Vu 8 Vjs Via 20 28 .. nur.us K P.'* Vie 0 255
Vxe in. 8 Vi ‘ri 18 24 . tnimis K V/4 » »s 0 343
V» in. »Vi« 8 */ Vu 16 24 . rnnus K » j> 0.406
^/le in. ‘*/i« 8 */ti «/. 14 2-1 . nnniK K */, O 4rvS

Vs In. V. 8 •/as V'ta 13 20 , rnsuis K P I Ve o.Si'i

SefcraWtld Afttr Wetd
Flvx Ft?*d Cop

HAIF SfO. BASE STUD

Fctmlc
No.

s m
10 RRB

Vi in. RRB
*/h in RB
V» in. RB
V»* in. RB
Vs in. RB

Stnndard stud mntcKal Is AJSt C-1020 or C-1015

TABLE 14-9

Relative Speeds and Costs for 3/8-In. Fillet Welds in Different Positions

Welding Handbook, Third Edition Amcricon Welding Society
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TABLE 14-10

Illustration of Cost of Poor Fit-Up in Fillet V/elds

Welding Hondbook, Third Edition American V/elding Society

GOOD Frr-U?(A-'/6TRIArvGL6
VOLUMES used)

-VS.-
ROOT OPENING Vz THE SIZE OF V/ELD
{9 TRIANGLE VOLUMES REQUIRED

AND 13 PROBABLY USED)

TABLE 14-11

Effect of Overwelding

Welding Handbook, Third Edition American Welding Society

CORRECT V/ELD
(4 TRIANGLE VOLUMES OF -VS

-

METAL REQUIRED)

OVERV/EL0ED -JOINT LARGER
THAN SPECIFIED SIZE

(9 TRIANGLE VOLUMES OF
METAL USED)
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TABLE 14-12

*Selecfed Electrical Standards about Industrial Equipment

Identification

of Standard Title Remarks

ASA Cl-1953 National Electrical Code National Board of Fire Underwriters
National Fire Protection Association

ASA C2 National Electrical Safety
Code

National Bureau of Standards
Handbook H 30

ASA C6.1-I944 Terminal Markings for

Electrical Apparatus

ASA C50-1943 Rotating Electrical Machinery

ASA Y32.1. 1-1951 Graphical Symbols for Single-
Line Electrical Engineering
Diagrams

ASA Z32.10-1948 Graphical Symbols for

Electron Devices
Under revision — out of print

ASA Z32.12-1947 Basic Graphical Symbols for

Electric Apparatus
Under revision ~ out of print

ASA Z32.3-1946 Graphical Symbols for Electric
Power and Control

Under revision — out of print

NEMA National Electrical Manu-
facturers Association

Tables 14—15 to 14—19 are
illustrative.

JIC Joint Industry Conference Tables 14—20 and 14—21

Electrical Standards for

Industrial Equipment
Table 15— 19 states purpose and

source of JIC Standards

• References rather than nbatrocted matter are clvcn here not only because the quantity of matter is abundant and space in this

volume Is limited but also because essential standards are undercoinc revision. It is recoipilxed that to power industrial

equipment and safely to control it. by electrical apparatus, is often as perplexine and absorbinc for the detlcner as is the

design of the mechanical equipment itself —• and no less important. Althouch an electrical co-deiicner noy carry the bvtrden

of the electrical design, the space for motors, the convenience and arrancement of controls, the safety of operating personnel,

operating Instructions and diagrams, as well as acceptable and satisfactory overfall performance, are nevertheless responsi-

bilities of the mechanical designer. Doth designers can use the latest revisions of these references to adv'sntage.

TABLE 14-13

Horsepower and Speed Ratings for D-C Froctionol Horsepower
Constant-Speed Motors

Standards for Fractional Horsepower Motors, NEMA Publ. No. MG 2—1951

Approilmutc Full Load, Ilpm

T20 :j-io0 1725 1140 SoO
'-i-J 3450 1725 1140 SoO
.'-8 3400 1725 1140 S50
i'C 34o0 1725 1140 {::50

Rated 32, 1153450 1725 1140 S50
3450 1725 1140 SoO and 230 volts

34 3450 1725 1140
3450
3450

1725 ...

14-12



TABLE

M-M

Horsopowor

onci

SpJiQcl

Ratings

for

Froctionnl

Horsepowor

Intluclion

Motors

Slnntlnrds

for

Fractional

Horsenowor

Motors,

NEMA

Publ.

No.

MG

2~1951

14-13
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TABLE 14-15

Horsepower and Synchronous Speed Ratings of Single-Phase

Integral-Horsepower Motors

Standards for Motors and Generators, NEMA, 1949

Rated 115 and 230 V

60 Cycl es so Cycles 25 Cyclcit

Up Rpm Rpm Rpm

« • . 900 . . . 1000 750 ...

H 1200 900 . . . 1500 1000 750

1 . • . ISOO 1200 900 3000 1500 1000 750 1500

3000 1800 1200 900 3000 1500 1000 750 1500

2 3000 1800 1200 900 3000 1500 1000 750 1500 750

3 3000 1800 1200 900 3000 1500 1000 750 1500 750

0 3000 1800 1200 900 3000 1500 1000 750 1500 750

7y> 3000 1800 1200 900 3000 1500 1000 750 1500 750

10 3000 1800 1200 900 3000 1500 1000 750 1500 750

If) 3000 1800 1200 900 .•1000 1500 1000 750 1500 750

20 3000 1800 1200 900 3000 1500 1000 750 1.500 750

25 3000 1800 1200 900 ... . • .

TABLE 14-16

Horsepower and Synchronous Speed Ratings of Polyphase
Integral-Horsepower Induction Motors

Standards for Motors and Generators, NEMA, 1949

Rated at 110, 208 ^ and 220, 440, 550 and 2300 V

60 (lycicK .'0 ClfS 25 Cydes
Up Rpm Rpm Rpm

. . 900 720 (iOO 514 450 ... 750 . . . 750 500

. . . 1200 900 720 COO 514 450 1000 750 750 500

1 1800 1200 900 720 GOO 514 450 . . . 1500 1000 750 1500* 750 500

3000* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1500* 750 500

2 3G00* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1500* 750 500
•>
•} 3000* 1800 1200 900 720 COO 514 450 3000* 1500 1000 750 1500* 750 500

0 3000* 1800 1200 900 720 GOO 514 450 3000* 1.500 1000 750 1500* 750 500

7L. 3000* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1500* 750 500

10 3000* 1800 1200 900 720 COO 514 450 3000* 1500 1000 750 1500* 750 500

15 3000* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1500* 750 500

20 3000* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1500* 750 .500

25 3000* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1500* 750 500

30 3000* 1800 1200 900 720 GOO 514 4.50 3000* 1500 1000 750 1500* 750 500

10 3000* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1.500* 750 500

50 3000* 1800 1200 900 720 000 514 450 3000* 1500 1000 750 1500* 750 500

(10 3000* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1500* 750 500

75 3000* 1800 1200 900 720 000 514 450 3000* 1,500 1000 750 1500* 750 500

100 3000* 1800 1200 900 720 GOO 514 450 3000* 1500 1000 750 1500* 750 500

125 3000* 1800 1200 900 720 GOO 514 450 3000* 1.500 1000 750 1500* 750 500

150 1800 1200 900 720 GOO 514 4.50 1.500 1000 750 1.500* 750 500

200 1800 1200 900 720 GOO 514 1.500 1000 750 1500* 750 ,500

* Applies to Hutilrrcl-cuKc motors only.

+ 60-cycle only.
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Standard

Dimensions

for

Foot-Mountod

Motors

and

Gonorntors

with

Single

Straight

Shaft

Extension

NEMA

Standords

for

Motors

and

Generators,

Part

3-1953



TABLE 14-18

Standardized Letter Dimensions for Electric Motors

NEMA Standards for Motors and Generators, Part 3 — 1953

Lettering of Dimeosloo Sheets for Horizontal Machines Side View
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TABLE 14-20

JIC Typical Graphical Symbols for Electrical Diagrams

General Motors Stondords, Equipment and Operations,

Section S General Motors Corp.

SWITCHES

DISCONNECT
CIRCUIT CIRCUIT LIMIT LIQUID LEVEL

INTERRUPTER BREAKER normally open | normally closed normally o<»PN|NQ*wm LV

? ? ?

cxia

VACUUM e PRESSURE
HELD CLOSED

TEMPERATURE ACTUATED FLOW (AIR,WATER, ETC)
normally open normally closed normally open normally closed normally open

0^^
O^CJ

SPEED (PLUGGING)

F F

o4^ O-ip

ANTI-PLUG

F

o^rG

0-fX3.

SELECTOR

-{-O I 0+
-fO , I

+6 5+

FOOT
normally CLOSED NORMALLY OPEN

0^:50

PUSH BUTTONS
SINGLE CIRCUIT I DOUBLE CIRCUIT I MUSHROOM HEAD I MAINTAINED CONTACT

NORMALLY OPEN I NORMALLY CLOSED

o o Q...1 Q
Q 1 Q qTq o

I
o cr""u

TIMER CONTACTS GENERAL CONTACTS
CONTACT ACTION RETARDED WHEN COIL IS! STARTERS , RELAYS , ETC

ENERGIZED DE-ENERGIZED (CMERLDAO nCRMAL
NORMALLY OPEN NORMALLY CLOSED NORMALLY OPEN NORMALLY CLOSED

ii’M. t

°T^ -4h Hh -41^

COILS

RELAYS, OVERLOAD
TIMERS

, ETC THERMAL BLOWOUT SOLENOID
CONTROL
TRANSFORMER

(XYTT^,
XI X*

14-20



TABLE 14—20, continued

AUTO TRANSFORMER
IROH CORE

COILS {continued)

REACTORS
AIR CORE

0-<JiSiSiAJLr0

ADJUSTABLE

(SHOWN WITH IRON CORE)

RECTIFIERS
HALF WAVE I FULL WAVE three phase

MOTORS
0-C. TYPES

FIELDS I ARMATURE

location of relay contacts
ICB

I- * HUH8ERS W PABEKTHESJS

, ,^ l_i DCSMHATE THE LOCATIOH^ OF RELAY CONTACTS

.

3 ^ I ^ ,
A UNE UHOENNEATM A
LOCATION NUMBER

4 I I
SIGNIFIES A NORMALLY

' ' closed CONTACT.

FIXED

resistors
TAPPED POTENTIOMETER OR RHEOSTAT

HEATING ELEMENT
DENOTE PURPOSE

ELECTRONIC TUBES

COLO CATHODE DIODE TRIOOE TETRODE PENTODE IGNITRON IpHOTO-CELL

MISCELLANEOUS
FUSE (POWER OR HORN,
CONTROL ORCUm SIREN , ETC

BELL OR
BUZZER

PLUG AND
RECEPTACLE

METER SHUNT METER
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TABLE 14-21

JIC Typicol Somple Electrical Diagroms

General Motors Standords, Equipment ond Operation,

Section S General Motors Corp.

WIRING AND INTERCONNECTION DIAGRAM

riirYt'rn
ilil; iii; jiiiii!
ITTTj :TTT1 -TTTTT!
; H J! M , I

rs JS
I

I II II M IT I

,
! ' I I r"*
IJT/^J' 'l«/^JI

L J

sTAWT US 21.4 3t$

jSTliAT KrtJ

• 4o eft

MftSTi:^ STO**

S a T_a l

PT
SLS

4LS

I UAH klj-

I
> e I e »0

b

ftUTO 5U*5C CCwnl

START ^CY C;.C

i4e eSft

RtT .

:«is
02^

E3Ep^3EpBp
CIS SO^ASO^a 4C«.C SOkO

(to elT

CMC* RtT
oaJlo
230

SEOUCNCC OF OPERATION FOR AUTOMATIC CYCLE
(A) WITH %IA»». AUTO* «tCCTOR SWITCH SCT M "kuTO* OCSiTtOH

RtLAT »«.L eC CNCRCI2C0
cat ORCRATOR tOAOS RarT into rniTuRt ANO recss aOTM

•CTCLt START* BUTTONS rNtRCl20»fi /C^lSOk A » Ck*»<R*NC
MRT

ICI WHCN RART IS ClANrCO ftS L/LS CkOSC tNtRCiTiRG 7CM
(SOL ei STARTING SliOC oo«n M RARiO acvancc vhCN
SLICC wovts Off RiflSOL BIlS OC*tNCRCtItO

(OJ SLfOC MCVtS PC»NCAMI*R*G VAtVt «N CCLR»SC ANORmC fCtO
AT THC CNO or rtCD TRAVtl JIS CLOStS tPKRCiT'NC JCM
(SOL C) ANO RCTuRNfNS SLIOC IN RARiQ RCTuRN
SLIOC CAMS INTO STOP POSITION ANO TRiRS ^IS

(C) ^LS CNfRCiZCS SrWfSOL 0) UNCLAirPiNC PART A/TCR PART
IS UNCLAMRCO Slf C ttS ARC OPCNCO 0C*CRtR6i2iNG
AHO SCJr (SOL 0 ) completing CTCLC

ELEMENTARY DIAGRAM
U L2 L3

1 1 /

3Hinsrr

CLIMR
(5-7-R5-U'l4J

URCUMR
(4'IT‘(T1

Sl<€ up
(i2*«>iC)

CTtLt CCMPLCTC
(ft>l*l31

3

2CT 30 . A .SOL «•».« «<»«• ,,>r»

3CR
. A f ‘RI 'TE t-p* ,,3CR

- -
SCR

rCR KTCMAULIC CiACRAM

see SNCtT NO I

SEOUENCt or OPERATIOM FOR MANUAL CYCLE
(At WITN "NAN-AUTO* Switch SCT M man POSjTO* PClAT cpa wt.L

ec eC‘CNCR&2co
«) PwtSS YlAMR button' to CNCRC12C 4C>P(S0L Al CLAMP*^ PA^
(ct «*<N PART IS CLAwnO CieSPiG «J ANO /fS'SLiOC BCWN RiTTT^

MAT ic pusHco TO CNCRGirc rejuvx. bi mct-wc slcc
(01 PwtSS

Y

mCRGCnCt RtTURw TOCNCRiirt JCRtSOL Ct TO

Rtn^ SL'OC
(Cl PNtSS'UNCLAMR'B'jTTCR* TO CXRS<2C SCHOOL 0) TO 12»CLAA^

PART
LIMIT SWITCHES

TtSLFtJNO •ClCSCOW'CH partis aAATPCO
Jts NO- CLC«D WnCN slide iS OCwn
etS (Pit CPifttN O •HCLO ClOSCO whCN SLICE «S UP

e<5 (* CP2S> N C -HCLO OPtN WhCN SLCC IS

5LSC.ALSNC • MCLO CPCN w>«N PART IS ClAMPCO

last N^ USCO

(
SAWPlC CLCCTRICAL

I CtACRAM
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TABLE 14-22

Americon Standard Graphicol Symbols for Heat-Power Apparatus

ASA Z32.2.6 - 1950

1 COMPRESSOR

1.1 ROTARY

4 COOLING TOWER

1.2 RECIPROCATING

1.3 CENTRIFUGAL

M-fJoior
T- Turbine

2 CONDENSER

2.1 BAROMETRIC

2.2 JET

2.3 SURFACE

[|ZH2)

3 COOLER OR HEAT EXCHANGER

5 deaerat6r

5.2 WITH SURGE TANK

6 DRAINER OR LIQUID LEVEL
CONTROLLER

7 ENGINE

7.1 STEAM

S* Supercharger 5

0-Oirzel C&-0

CE~0
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TABLE 14-22, continued

8 EVAPORATOR
8.1

SINGLE EFFECT

8.2

DOUBLE EFFECT

c

9 EXTRACTOR

-

0
-

10 FAN* BLOWER

U-Uotar
T- Turbin f

11 FILTER

12 FLOW NOZZLE

13 FLUID DRIVE

14 HEATER
14.1 AIR (Plate or Tubular]

~\\h

f

14.2

AIR (Rotofing Type)

14.3

DESUPERHEATER

0
14.4

DIRECT CONTACT FEED-WATER

l_t

14.5 FEED WITH AIR OUTLET

ill

14.6 FLUE GAS REHEATER
(Intermediate Superbeoter)

14.7 LIVE STEAM SUPERHEATER

OR REHEATER

15 LIQUID LEVEL CONTROLLER

(See 6)

oontino9d on n«xf
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Table 14—22, conflnued

TABLE 14-23

References to Standards on or Contoining Grophical Symbols

Designation

of Standard Title Remarks

ASA Z32.2.2-1949

ASA Z32.2.4-1949

Reaflirmcd 1953

ASA Z32.2.5-1950

Graphical Symbols for Plumbing

Graphical Symbols for Heating,

Ventilating, end Air Cooditiooiog

Graphical Symbols for Railroad Use

In general these stand

ards proride designers,

engineers, architects,

contractors with recog-

nized nomenclature for

use on drawings.

ASA Z32.13-1950 AbbreTiations for Use on Drawings

JIC StAodards Joint Industry Conference Pneumatic

Standards for Industrial Equipment

Table 15-24 atate* put"

pose and aource of JIC

Standards.

ASA Z32.2.3-1949 Pipe und Pipe Fitting* Tables 15-22 and 15-23

ASA and others Elecctical Apparatus Table 14-12

14-26



TABLE 14-24

Arnenccn Standard Symbol to Designate Surface Irregularities

ASA 846,1—1947 Surface Roughness, Waviness, and Ley

SITEFACE S"i'MEOL SYHEOLS rnDICA.TP.'G DIRECTION' OF LAY

The syrnbo! tried to designate surface ir-

regularines is the checi mark and an horizon-
tal extension as shosrn,

The point of the syiaho! mav be on the line

indicat!ngthesurface,on the ^mess line, or on
an arro^ poindng to the lurrace. The long

and extension shall preferably be to the
right, as the drawing is read-

Roughness height
value is placed adjacent
to and on the inrlde of
the long leg as zhtrnn.

Waviness height
value, when required,

is placed above ^e
horizontalextensionline

asshown-

Lav designation,
when required, is indi-

catedby the laysymbol,
placed under the
extension to the right of
the long leg line as

shown.

Roughness width
value, when required,

is plaj^ to the right of
the lay symbol as

shown.

i

X
M
C
R

.005

Parallel to the boundary line of

the surface indicated by the symboL

Perpendicular to the boundary line

of the surface indicated by the sym-
bol.

Angular in both directions to the
boundaryline ofthe surface indicated

by the symbol.

Multi-directional.

Approximately circular relative to
the center of the surface indicated by
the symboL

Approximately radial relative to the
center of the surface indicated by the
symboL

j^enumerical valnein inches ofthe
width ofspacing ofremghness is added
to the rimt of the directional indica-
tion of the lay symbol as shown.

A typual example would be the use of the
symbol to express the foUowingspedfication:

Roughness hei^t = 16 microinches
Waviness height = 0.0005 in.
L®-7

,
= Circumferential

Rougnness width = 0.030 in.

CJXCS
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Gnr.kolr.

0"Rin()r.

INGIHX TO

SECTION 15

Pocklnflc

llydrnulic Sltindti

Sodir.

Tablo Niimbore, Gist of Tabular Maftor

Inclusivo - —

15-1 to 15-2 Pockinn idonlificniion cind codor.

15-3 to 15-7 Packing r.izor. and lypon

15-8 Cloarnncor. for cup pncklngr-

15-9 Numborc of V pncklngr- vorr.un pror.r.uro ,

15-10 to 15-11 Adopter rings for V packings

15-12 to 15-13 0-Rlng dlmonslons
,

15-14 to 15-15 Back-Up rings for 0-Rings

15.16 Gasolino and korosono rosistont 0-Rlngn

15-17 O-Rlngs ns gaskets
. .

15-18 Service suitability of O-Rings

15-19 to 15-21 American standard gaskets and grooves

15-22 to 15-23 American standard graphical symbols for piping and pipe fittings
, , .

15-24 to 15-27 JIC hydraulic standards

15-28 Resistance of synthetic rubbers in oil seals

15-29 Closures for roller hearings
. . ,

Is and Symbols

Pagn

lncluRlva_

15-2 to 15-3

15-4 to 15-8

15-9

15-9

15-10 to 15-13

15-14 to 15-18

15-19 to 15-20

15-21 to 15-24

15-25

15-25

15-26 to 15-31

15-32 to 15-39

15-40 to 15-44

15-45

15-46

10-1



TABLE 15-1

Joi^^ Industry Conference

JIC Materials and Type*of-PacI<ing Codes

Material Type of Packing

F-FABRIC REINFORCED

H-HOMOGENEOUS
(NAT. OR SYNTH.)

L-LEATHER

.M-METALLIC

X'-SPECIAL

V-VEE RINGS ONLY

VT-VEES & FE.MALE ADAPTER

VB-VEES & MALE ADAPTER

VA-VEES & BOTH ADAPTERS

C-CUP PACKING

U-U-PACKING

O-O-RING PACKING

O-RING GASKET (STATIC SEAL)

F-FLANGE PACKING

.V-SPECIAL

vr-rASHER

15-2





TABLE 15-3

Nominal Sizes for Leather Cup Packings

Joint Industry Conference Standards

A (Cylinder Diam)

30° Max

Dash numbers sho^Tl io this tabl e are for teferen ce only and apply specif! cnily to this draning.

Dash A C D £ Dash A C D E
No. Max Min Max No. Max Min Max

1 7/16 1/4 1/32 1/16 31 3-5/8 5/8 1/8 Z/16
2 1/2 1/4 1/32 1/16 32 3-3/4 5/8 1/8 3/16
3 9/16 1/4 1/32 1/16 33 3-7/8 5/8 1/8 3/16
4 5/8 9/32 1/32 3/32 34 4 5/8 1/8 3/16
5 11/16 9/32 1/32 3/32 35 4-1/4 5/8 1/8 3/16

6 3/4 5/16 1/32 3/32 36 4-1/2 5/8 1/8 3/16
7 13/16 5/16 1/32 3/32 37 4-3/4 5/8 1/8 3/16

8 7/8 3/8 1/32 3/32 38 5 3/4 1/8 3/16

9 15/16 3/8 1/32 3/32 39 5-1/4 3/4 1/8 3/16

10 1 1/2 1/16 1/8 40 5-1/2 3/4 1/8 3/16

11 1-1/8 1/2 1/16 1/8 41 5-3/4 3/4 1/8 3/16

12 1-1/4 1/2 1/16 1/8 42 6 3/4 1/8 3/16

13 1-3/8 1/2 1/16 1/8 43 6-1/4 3/4 1/8 3/16

14 1-1/2 1/2 f- 3/32 1/8 44 6-1/2 3/4 H 1/8 3/16

15 1-5/8 1/2 R 3/32 1/8 45 6-3/4 3/4 3w
1/8 3/16

K 1-3/4 1/2
o
H 3/32 5/32 46 7 3/4 O 1/8 3/16

1-7/8 1/2 3/32 5/32 47 7-1/4 3/4 1/8 3/16

18 2 1/2 3/32 5/32 48 7-1/2 3/4 1/8 3/16

19 2-1/8 1/2 3/32 5/32 49 7-3/4 3/4 1/8 3/16

20 2-1/4 1/2 3/32 5/32 50 8 1 1/8 3/16

21 2-3/8 1/2 3/32 S/32 51 8-1/2 1 1/8 3/16

22 2-1/2 1/2 3/32 5/32 52 9 1 1/8 3/16

23 2-5/8 1/2 3/32 5/32 53 9-1/2 1 1/8 3/16

24 2-3/4 1/2 3/32 5/32 54 10 1 1/8 3/16

25 2-7/8 1/2 3/32 5/32 55 10-1/2 1-1/4 1/8 3/16

26 3 5/8 1/8 3/16 56 11 1-1/4 1/8 3/16

27 3-1/8 5/8 1/8 3/16 57 11-1/2 1-1/4 1/8 3/16

28 3-1/4 5/8 1/8 3/16 58 12 1-1/4 1/8 3/16

29 3-3/8 5/8 1/8 3/16
30 3-1/2 5/8 1/8 3/16

Note 1: The obove nre nominol commercial alrea Note 2: Material* and alrea ahoam are for Eoidance o >

recommended fornew deti^s. Other sires for when these tj'pes sre used. It should not be constme

equipment olreody In use are available. that other t>*pea of packing arc not acceptable.
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I MDU.1. I

Nominal Sizes for Leother or Homogeneous V Packings

Joint Industry Conference Standards

CROSS

ENLARGED
SECTION

Dash numbers shown in this table are for reference only and apply specifically to this drawing.

Dash

No.

Cross

Section

Nominal

Inside

Diameter

Nominal

Outside

Diameter

B

±.010

Dash

No.

Cross

Section

Nominal

Inside

Diameter

Nominal

Outside

Diameter

B

±.010

8 1/4 1/4 3/4 .083 46 3/8 3-3/4 4-1/2 .156

10 1/4 3/8 7/8 .083 49 7/16 4 4-7/8 .197

12 1/4 1/2 1 .083 50 7/16 4-1/4 5-1/8 .197

14 1/4 5/8 1-1/8 .083 51 7/16 4-1/2 5-3/8 .197

16 1/4 3/4 1-1/4 .083 52 7/16 4-3/4 S-5/8 .197

18 1/4 7/8 1-3/8 .083 53 7/16 5 5-7/8 .197

20 1/4 1 1-1/2 .b83 54 7/16 5-1/4 6-1/8 .197

22 1/4 1-1/8 1-5/8 .083 55 7/16 5-1/2 6-3/8 .197

24 1/4 1-1/4 1-3/4 .083 56 1/2 5-1/2 6-1/2 .197
25 5/16 1-1/4 1-7/8 .140 58 1/2 6 7 .197

26 5/16 1-3/8 2 .140 60 1/2 6-1/2 7-1/2 .197
27 5/16 1-1/2 2-1/8 .140 62 1/2 7 8 .197
28 5/16 1-5/8 2-1/4 .140 64 1/2 7-1/2 8-1/2 .197
29 5/16 1-3/4 2-3/8 .140 66 1/2 B 9 .197
30 5/16 1-7/8 2-1/2 .140 67 1/2 8-1/2 9-1/2 .197

31 5/16 2 2-5/8 .140 68 1/2 9 10 .197
32 5/16 2-1/8 2-3/4 .140 69 1/2 9-1/2 10-1/2 .197
33 5/16 2-1/4 2-7/8 .140 70 1/2 10 11 .197
34 5/16 2-3/8 3 .140 71 1/2 10-1/2 11-1/2 .197
35 5/16 2-1/2 3-1/8 .140 72 1/2 11 12 .197

36 3/8 2-1/2 3-1/4 .156 74 1/2 12 13 .197
38 3/8 2-3/4 3-1/2 .156 76 1/2 13 14 .197
40 3/8 3 3-3/4 .156 78 1/2 14 15 .197
42 3/8 3-1/4 4 .156 80 1/2 15 16 .197
44 3/8 3-1/2 4-1/4 .156

Note 1 : The above are nominal commercial alzes recommended for new designs. Other sizes for equipment already
in use are available.

Note 2: Materials and sizes shown are for guidance only when these types ,are used. It should not be conslmed foat
other t>*pe8 of packing are not acceptable.
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TABLE 15-5

Nominal Sizes for Leather or Homogeneous U Packings

Joint Industry Conference Standards

Inside

Diameter
Increment

Cross

Section
C

1/2 ntnu 7/8 1/8 1/4 5/16
1 Timu 1-3/4 1/8 3/8 3/8
1-7/8 ntnu 2-1/2 1/8 1/2 7/16
2-3/4 nmu 3-3/4 1/4 1/2 1/2
4 ntnu 5-1/2 1/4 5/8 5/8
5-1/2 nmu 11 1/2 3/4 3/4

12 nmu 15 1 3/4 1

16 AND o\'En 1 3/4 •

*16 in. TO 36 in.- 1-1/4
•37 in. Si tn> - 1-1/2

Dash numbers shown in tliis table are for reference only and apply specifically to this drawing.

Dash

No.

Cross

Section

Nominal

Inside

Diameter

Nominal

Outside

Diameter

c E

12 1/4 1/2 1 5/16 1/16
14 1/4 5/8 1-1/8 5/16 1/16
16 1/4 3/4 1-1/4 5/16 1/16
18 1/4 7/8 1-3/8 5/16 1/16
20 3/8 1 1-3/4 3/0 3/32

22 3/8 1-1/8 1-7/8 3/8 3/32
24 3/8 1-1/4 2 3/8 3/32
26 3/8 1-3/8 2-1/8 3/0 3/32
27 3/8 1-1/2 2-1/4 3/8 3/32
28 3/8 1-5/8 2-3/8 3/8 3/32

29 3/8 1-3/4 2-1/2 3/8 3/32
30 1/2 1-7/8 2-7/8 7/16 1/8
31 1/2 2 3 7/16 1/8
32 1/2 2-1/8 3-1/8 7/16 1/8
33 1/2 2-1/4 3-1/4 7/16 1/8

34 1/2 2-3/8 3-3/8 7/16 1/8
36 1/2 2-1/2 3-1/2 1/2 1/8
38 1/2 2-3/4 3-3/4 1/2 1/8
40 1/2 3 4 1/2 1/8
42 1/2 3-1/4- 4-1/4 1/2 1/8

44 1/2 3-1/2 4-1/2 1/2 1/8
46 1/2 3-3/4 4-3/4 1/2 1/8

Note liTlie above are nomlnol commercial slzea recommended
for new deslgni1 . Other sizes for equipment already In use are

available.

Nominal Nominal
Dash Cross C ^
No. Section

Dian,eter Diameter

49 5/8 4 5-1/4 5/8 5/32

50 5/8 4-1/4 5-1/2 5/8 5/32

51 5/8 4-1/2 5-3/4 5/8 5/32

52 5/8 4-3/4 6 5/8 5/32

S3 5/8 5 6-1/4 5/8 5/32

54 5/8 5-1/4 6-1/2 5/8 5/32

55 5/8 5-1/2 6-3/4 5/8 5/32

56 3/4 5-1/2 7 3/4 5/32

58 3/4 6 7-1/2 3/4 3/16

60 3/4 6-1/2 8 3/4 3/16

62 3/4 7 8-1/2 3/4 3/16

64 3/4 7-1/2 9 3/4 3/16

66 3/4 8 9-1/2 3/4 '6/ 16

67 3/4 8-1/2 10 3/4 3/ i6

68 3/4 9 10-1/2 3/4 3/16

69 3/4 9-1/2 11 3/4 3/16

70 3/4 10 11-1/2 3/4 3/16

71 3/4 10-1/2 12 3/4 3/ib

72 3/4 11 12-1/2 3/4 3/16

74 3/4 12 13-1/2 1 3/16

76 3/4 13 14-1/2 1 3/16

78 3/4 14 15-1/2 1 3/16

80 3/4 15 16-1/2 1 3/16

Note 2: Mnlcrinls ond sires sho'vn ore for guldonce only "-hm

these types ore used. It should not be constnied that other tJTes

of packing ore not acceptable.
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TABLfc 13-b

Nominal Sizes for Homogeneous U-Cup Packings

Joint Industry Conference Standards

Dasli

No.

Nominal Size Diameter +. 005 D £ B R NW Cf l-»

I.D. O.D. A B C

8 1/4 1/4 3/4 .265 .735 1/2 3/32 ,045 .030 1/32

10 1/4 3/8 7/8 .390 .860 5/8 3/32 .045 .030 1/32

12 1/4 1/2 1 .515 .985 3/4 3/32 ,045 .030 1/32

14 1/4 5/8 1-1/8 .640 liilO 7/8 3/32 .045 .030 1/32

16 1/4 3/4 1-1/4 .765 1.235 1 3/32 .045 .030 ,070 1/32

18 1/4 7/8 1-3/8 .890 1.360 1-1/8 3/32 .045 .030 .070 1/32

20 1/4 1 1-1/2 1.015 1.485 1-1/4 3/32 .045 .030 ,070 1/32

22 1/4 1-1/8 1-5/8 1.140 1.610 1-3/8 3/32 .045 .030 .070 1/32
24 1/4 1-1/4 1-3/4 1.265 1.735 1-1/2 3/32 .045 .030 .070 1/32

25 5/16 1-1/4 1-7/8 1.265 1.860 1-9/16 1/8 .050 .032 .093 1/32

26 5/16 1-3/8 2 1.390 1.985 1-11/16 1/8 .050 .032 .093 1/32
27 5/16 1-1/2 2-1/8 1.515 2.110 1-13/16 1/8 .050 .032 .093 1/32

28 5/16 1-5/8 2-1/4 1.640 2.235 1-15/16 1/8 .050 .032 .093 1/32
29 5/16 1-3/4 2-3/8 1.765 2.360 2-1/16 1/8 .050 .032 ,093 1/32
30 5/16 1-7/8 2-1/2 1.890 2.485 2-3/16 1/8 .050 .032 .093 1/32

31 5/l£ 2 2-5/8 2.015 2.610 2-5/16 1/8 .050 .032 .093 1/32
32 5/16 2-1/8 2-3/4 2.140 2.735 2-7/16 1/8 .050 .032 .093 1/32
33 5/16 2-1/4 2-7/8 2.265 2.860 2-9/16 1/8 .050 .032 .093 1/32
34 5/16 2-3/8 3 2.390 2,985 2-11/16 1/8 .050 .032 .093 1/32
35 5/16 2-1/2 3-1/8 2.515 3,110 2-13/16 1/8 .050 .032 .093 1/32

36 3/8 2-1/2 3-1/4 2.515 3,235 2-7/8 1/8 .054 .035 ,125 3/64
38 3/8 2-3/4 3-1/2 2.765 3,485 3 1/8 .054 .035 ,125 3/64
40 3/8 3 3-3/4 3.015 3,735 3-3/8 1/8 .054 .035 .125 3/64

D«sh nacibefE shown In thi» tftble arc for reference only and apply specifically to this dra^/lne.

Materials end sizes shown are for cuidence only when these types are used. It shoud not be construed that other types of pecking
are not occeptabic.
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TABLE 15-7

Nominal Sizes for Leather Flange Packings

Catalog and Manual 201 G and K-lnternational

OUTSIDE
RADIUS

FLANGED AREA OR BASE

INSIDE RADIUS
OR SHOULDER

CONTACT OR
SEALING AREA

LIP

E
THICKNESS

ROD DIAMETER-*

Dash
No .

Rod
Diam

Recom-

mended
OD

E C

12 1/2 1 - 1/4 1/16
* 3/32 5/16

14 5/8 1 - 3/8 1/16* 3/32 5/16
16 3/4 1 - 1/2 1/ 16 » 3/32 5/16
18 7/8 1 - 5/8 1/16 ‘ 3/32 5/16
20 1 2 3/32 * 1/8 3/8

22 1 - 1/8 2 - 1/8 3/32 * 1/8 3/8
24 1 - 1/4 2 - 1/4 3/32

* 1/8
i

3/8
26 1 - 3/8 2- 3/8 3/32

* 1/8 3/8
27 1 - 1/2 2- 1/2 3/32

» 1/8 3/8
28 1 - 5/8 2- 5/8 3/32 * 1/8 3/8

29 1 - 3/4 2- 3/4 3/32 * 1/8 3/8
30 1 - 7/8 3 1/8 • 5/32 7/16
31 2 3 - 1/8 1/8 • 5/32 7/16
32 2 - 1/8 3 - 1/4 1/8 • 5/32 7/16
33 2- 1/4 3 - 3/8 1/8 • 5/32 7/16

34 2- 3/8 3 - 1/2 1/8 • 5/32 7/16
36 2 - 1/2 3 - 3/4 1/8 • 5/32 1/2
38 2 - 3/4 4 1/8 • 5/32 1/2
40 3 4- 1/4 1/8 • 5/32 1/2

42 3 - 1/4 4 - 1/2 1/8 • 5/32
I

1/2

44 3 - 1/2 4 - 3/4 1/8 • 5/32 1/2

46 3 - 3/4 5 1/8 • 5/32 1/2

49 4 5 - 5/8 1/8 5/32
* 3/16 5/8

50 4 - 1/4 5 - 7/8 1/8 5/32
* 3/16 5/8

51 4 - 1/2 6 - 1/8 1/8 5/32
* 3/16 5/8

52 4 - 3/4 6 - 3/8 1/8 5/32
* 3/16 5/8

53 5 6 - 5/8 1/8 5/ 32
* 3/16 5/8

54 S- 2/4 6 - 7/5 1/8 5/32 * 3/16 5/8

55 5 - 1/2 7 - 1/8 1/8 5/32
* 3/16 5/8

*Dlmen(ilonB applleable to majority of Installations.
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TABLE 15-8

Piston Clearances and Tolerances Suitable for Cup Packings

Catalog ond Monual 201 G and K-lntemational

Cylinder
Disc^erer,

Incces

Tolerances on
Diacerer

Min Ma:

Diametral Clearances
berween Piston and Cylinder

Under 500 to 3000 psi

500 psi 3000 psi end o—er

3 and cnder 0.000 0.005 0.006 0,004 0.003

4 to 1Z O.GCO 0.003 0.006 0.006 0.004

e to 10 0.000 0.010 0,010 0.006

10 to 12 o.coo 0.014 i 0.012 0.010

12 to 16 0,000 0.015
1

0.014

TABLE 15-9

Humber of V Packings per Set According to Pressure

Packing Standards E. F. Houghton and Ca
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TABLE 15-10

Female Adopter Rings for V Packings

Sizes Dimensionally the Same as AN 6228

Catalog and Manual 201

INDICATOR READING.

G and K-International

(NOMINAL CROSS
SECTIONAL width)

SECTION X-X (ENLAROED)

Dash
No. W

Nominal

ID OD

B
+ .000

-.002

C

Ref.

Ball

Diam

H

±.005

R
+ 0

-1/64

1 3/16 1/8 1/2 .127 .498 . 177 .1562 .282 1/16
2 3/16 3/16 9/16 .190 .560 . 177 .1562 .282 1/16

3 3/16 1/4 5/8 .252 .623 . 177 ,1562 .282 1/16
4 3/16 5/16 11/16 .315 .685 .177 .1562 .282 1/16

5 3/16 3/8 3/4 .377 .748 .177 .1562 .282 1/16

5 3/16 7/16 13/16 .440 .810 .177 . 1562 .282 1/16

7 3/16 1/2 7/8 .502 .873 .177 . 1562 .282 1/16

8 1/4 1/4 3/4 .252 .748 ,240 . 1875 .351 1/16

9 1/4 5/16 13/16 . 315 .810 .240 .1875 .351 1/16

10 1/4 3/8 7/8 .377 .873 . 240 .1875 .351 1/16

11 1/4 7/16 15/16 .440 .935 .240 .1875 .351 1/16

12 1/4 1/2 1 .502 .998 .240 . 1875 .351 1/16
13 1/4 9/16 1- 1/16 .565 1.060 .240 .1875 .351 1/16

14 1/4 5/8 1- 1/8 .627 1.123 .240 . 1875 .351 1/16

15 1/4 11/16 1- 3/16 .690 1.185 .240 .1875 . 351 1/16

16 1/4 3/4 1- 1/4 .752 1.248 .240 .1875 .351 1/16

17 1/4 13/16 1- 5/16 .815 1.3110 .240 .1875 .351 1/16

18 1/4 7/8 1- 3/8 .877 1.373 .240 .1875 .351 1/16

19 1/4 15/16 1- 7/16 .940 1.435 .240 .1875 .351 1/16

20 1/4 1 1- 1/2 1.002 1.498 .240 . 1875 .351 1/16

21 1/4 1- 1/16 1- 9/16 1.065 1.560 .240 . 1875 .351 1/16

22 1/4 1- 1/8 1- 5/8 1. 127 1.623 .240 .1875 .351 1/16

23 1/4 1- 3/16 1-11/16 1.190 1.685 .240 .1875 .351 1/16

24 1/4 1- 1/4 1- 3/4 1.252 1.748 .240 .1875 ,351 1/16

25 5/16 1- 1/4 1- 7/8 1. 252 1.873 .302 .2500 .458 7/64

26 5/16 1- 3/8 2 1. 377 1.998 .302 .2500 .458 7/64

27 5/16 1- 1/2 2- 1/8 1.502 2.123 .302 .2500 .458 7/64

28 5/16 1- 5/8 2- 1/4 1.627 2.248 . 302 .2500 .458 7/64

29 5/16 1- 3/4 2- 3/8 1.752 2.373 . 302 .2500 .458 7/64

30 5/16 1- 7/8 2- 1/2 1.877 2.498 .302 .2500 .458 7/64

conltnumdon naxt p*S>
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TAELE 15—10, ccriiinved

Hi irorrinai 1 A B C H R

[

-^-.OOA f.Q'iO Ball ^o
2^0 .

i

ID OD
1 - .000 -,G04 Ref, Dia.'a ±,005 -1/64

31
1

i 5/16 2 2- 5/6 [ 2,002 2.623 . 302 ,2505 .456 7/64
32 I

i 5/16 2- 1/5 2- 3/4
[

2, 127 2.746 .392 .2550 . 455 7/64
; 5/16 2- 1/4 2 - 7/5

1
2.252 2.673 .392 .2550 ,455 7/64

'9 /
'V'T 5/16 2- 3/5 9

1
2, 377 2.556 .302 , 2509 .456 7/64

35 : 5/16 2- 1/2 1/6 ! 2.502 3.123 .302 .2500 .456 7/64

35 ; 3/5 2- 1/2 1/4 [ 2,502 3.246 .365 , 2125 . 565 1/6
37

i

-/S 2- 5/5 3- 3/5 i 2,626 3,372 .365 ,3125 .565 1/6
3^

j

3/5 2- 3/4 9^ 1/2
i

2,753 3.457 . 3125 .565 1/6
3'5

1
3/5 2- 2/5 5/5 1 2.676 3,622 .365 , 3125 ,565 1/8

A7
i
3/6 fj

9^ 3/4
1

3,053 3.747 - 355 ,3125 ,565 1/6

41 ! 3/6 1/5 9^ 7/5 3,126 3.672 .365 ,3125 ,565 1/6
42 1 3/6 3- 1/4 4 3,253 3,557 - 265 .3125 . 565 1/6
43

,

3/6
•9 . 3/8 / 1/5 3 , g7g 4.122 .555 .3125 1/8

44 i 3/6 1/2 4- 1/4 3,503 4,247 .365 ,3125 1/6
•9*4 3/6 3 - 5/8 4- 3/5 3,626 4.372 .365 ,3125 -565 1/6

46 3/5 3/4 4- 1/2 3.753 4,457 . 255 ,3125 -565 1/6
47 3/6 3 - 7/6 4- 5/6 3,676 4.622 .365 .3125 .565 1/5
4? 7/i6 3- 7/6 4- 3/4 3 - g7g 4.747 .427 ,3750 .671 5/32
45 7/16 4 4- 7/5 4.003 4.672 .427 .3750 .671 5/32
SO 7/16 4- 1/4 1/5 4,253 5.122 « ,3750 .671 5/32
51 7/16 4- 1/2 5- 2/5 4,503 5,372 .427 . 37 5 0 .671 5/32
52 7/16 4- 3/4 5- 5/6 4,753 5.622 .427 . 3750 .671 5/32

1 7/16 5

1/4

5- 7/6
1

5,003 5.672 .427 . 3730 .671 5/32
54 7/16 6- 1/5 5,253 6.122 .427 .3750 .671 5/32
55 7/16 5 - 1/2 6 - 3/5 5.503 6.372 .427 * i # jO .671 5/32
55

!

i/2 5 - 1/2 6- 1/2
1

5,503 6,457 .450 .4375 5/32
57 1/2 =' 3/4 6- 2/4

1

5.753 6.747 .450 . 4375 .776 5/32
£5

55

60

1/2
1/2
1/2

6
6-

6-
1/4
1/2

7

7 *»

7-
1/4
1/2

6,003

I

6.503

6.557
7,247
7.457

.450

.450

.450

. 437 5

.4375

.4375

.776

.776

.776

5/32
5/32
5/32

61

62
63

64
65

1/2

1/2
1/2

1/2

1/2

6 -

7

7-

7-

7-

3/4

1/4
1/2

3/4

7 -

g-

g -'

3/4

1/4
1/2

3/4

1
6.753

‘ 7,003

1
7.253

i
7,503
7,753

7.747
7,557
6,247
6,457
6.747

.450

.450

.450
,450

.450

.4375

. 4375

.4375

.4375

.4375

.776

,776

.776

.776

.776

5/32
5/32
5/32
S/32
5/32

66
j

67

65

65

70

1/2
1/2

1/2

1/2
1/2

6

6-

9
o.

10

1/2

1/2

c

c_

10

lo-

ll

1/2

1/2

6.093
6.503

1 5,003
! 5,503
i 10.003

6.557
5.457
5.557
10.457

10,557

.450

.450

.450

.450

.450

.4375

,4375
.4375

. 4375

. 4375

.776

.776

.776

.776

.776

5/32
5/32
5/32
5/32
5/32

'i i

72
73
74
75

76
77

73

75

35

1/2
1/2
1/2

1/2

1/2

1/2

1/2
1/2

1/2
1/2

lo -

ll

11-

12

12-

13

13-

14

14-

15

1/2

1/2

1/2

1/2

1/2

11-

12

12-

13

13-

14

14-

15

15-

16

1/2

1/2

1/2

1/2

1/2

: 10,503

1
11,003

j

11,503
12.003

1

12.503

^ 13.003
' 13,503

14.003
14, 503
15.003

11.457

11.557
12.457

12.557

13.457

I 3 . 5ST
14.457
14.557
15.457
15.557

,450

.450

.450

.450

.450

.450

.450

.450

.450

.450

.4375

.4375

.4375

,4375

.4375

.4375

.4375

.4375

.4375
,4375

-778

.776

.776

.778

.778

.776

.776

.776

.776

.776

5/32
5/32
5/32

5/32

3/32

5/32
5/32

5/32
3/32
5/32
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TABLE 15-11

Male Adapter Rings for V Packings

Sizes Dimensionally the Same as AN 6229

Catalog and Manual 201 G and K-lnternational

INDICATOR REAOINO.

.stnhetrical about

f
USE 1/18 FOB

.OTZ i DETERHIHINO
I, STACK HEIGHT

e

N .010
'' .0625 -.000 RADIUS OR
STRAIGHT BEVEL OPTIONAL

section XX(ENLAflOED)

Dash
No.

W

Nominal

ID OD

A

+ .005

- .000

B

+ .000

-.005

1 3/16 1/8 1/2 .145 .480

2 3/16 3/16 9/16 .200 .542

3 3/16 1/4 5/8 .270 .605
4 3/16 5/16 11/16 .333 .667

5 3/16 I 3/8 3/4 .395 .730

6 3/16 7/16 13/16 .458 .792

7 3/16 1/2 7/8 .520 .855

8 1/4 1/4 3/4 .270 .730

9 1/4 5/16 13/16 .333 .792

10 1/4 3/8 7/8 .395 .855

11 1/4 7/16 15/16 .458 .917

12 1/4 1/2 1 .520 .980

13 1/4 9/16 1- 1/16 .583 1.042

14 1/4 5/8 1- 1/8 .645 1.105

15 1/4 11/16 1- 3/16 .708 1.167

16 1/4 3/4 1- 1/4 .770 1.230

17 1/4 13/16 1- 5/16 .833 1.292

18 1/4 7/8 1- 3/8 .895 1.355

19 1/4 15/16 1- 7/16 .958 1.417

20 1/4 1 1- 1/2 1.020 1.480

21 1/4 1- 1/16 1- 9/16 1.083 1.542

22 1/4 1- 1/8 1- 5/8 1.145 1.605

23 1/4 1- 3/16 1-11/16 1.208 1.667

24 1/4 1- 1/4 1- 3/4 1.270 1.730

25 5/16 1- 1/4 1- 7/8 1.270 1.855

continued on nox/ pege

15-12



ID

Nominal

OD
+ .005

-.000

B
+ .000

-.005

26 5/16 1- 3/8

27 5/16 1 - 1/2

28 5/16 1 - 5/8

29 5/16 1 - 3/4

30 5/16 1- 7/8

31 5/16 2

32 5/16 2 - 1/8

33 5/16 2 - 1/4

34 5/16 2 - 3/8

35 5/16 2- 1/2

36 3/8 2 - 1/2

37 3/8 2 - 5/8

38 3/8 2 - 3/4

39 3/8 2 - 7/8

40 3/8 3

41 3/8 3 - 1/8

42 3/8 3 - 1/4

43 3/8 3 - 3/8

44 3/8 3 - 1/2

45 3/8 3 - 5/8

46 3/8 3 - 3/4
47 3/8 3 - 7/8
48 7/16 3 - 7/8

49 7/16 4

50 7/16 4 - 1/4

51 7/16 4 - 1/2
52 7/16 4 - 3/4
S 3 7/16 5

54 7/16 5 - 1/4

55 7/16 5 - 1/2

56 1/2 5 - 1/2

57 1/2 5- 3/4

58 1/2 6

59 1/2 6 - 1/4

60 1/2 6 - 1/2

61 1/2 6 - 3/4
62 1/2 7

63 1/2 7 - 1/4

64 1/2 7 - 1/2

65 1/2 7- 3/4

66 1/2 8

67 1/2 8 - 1/2

68 1/2 9

69 1/2 9 - 1/2
70 1/2 10

71 1/2 10 - 1/2
72 1/2 11

73 1/2 11 - 1/2
74 1/2 12

75 1/2 12 - 1/2

76 1/2 13
77 1/2 13 - 1/2
78 1/2 14
79 1/2 14- 1/2
80 1/2 IS

2 1.395 1.980

2 - 1/8 1.520 2.105

2- 1/4 1.645 2.230

2- 3/8 1.770 2.355

2- 1/2 1.895 2.480

2 - 5/8 2.020 2.605

2 - 3/4 2.145 2.730

2- 7/8 2.270 2.855

3 2.395 2.980

3- 1/8 2.520 3.105

3 - 1/4 2 . 520 3.230

3- 3/8 2.645 3.355

3- 1/2 2.770 3.480

3- 5/8 2.895 3.605

3- 3/4 3.020 3.730

3- 7/8 3.145 3.855

4 3.270 3.980

4- 1/8 3.395 4.105

4- 1/4 3.520 4.230

4- 3/8 3.645 4.355

4- 1/2 3.770 4.480

4- 5/8 3.895 4.605

4- 3/4 3.895 4.730

4 - 7/8 4.020 4.855

5 - 1/8 4.270 5.105

5- 3/8 4.520 5.355

5 - 5/8 4.770 5.605
5 - 7/8 5.020 5.855

6 - 1/8 5.270 6.105

6 - 3/8 5.520 6 . 355

6 - 1/2 5.520 6.480
6- 3/4 5.770 6.730
7 6.020 6.980
7 - 1/4 6.270 7.230
7 - 1/2 6.520 7.480

7 - 3/4 6.770 7.730
8 7.020 7.980
8 - 1/4 7.270 8.230
8- 1/2 7.520 8.480
8 - 3/4 7.770 8.730

9 8.020 8.980
9 - 1/2 8.520 9.480

10 9.020 9.980
10 - 1/2 9.520 10.480
11 10.020 10.980

11 - 1/2 10.520 11.480
12 11.020 11.980
12- 1/2 11.520 12.480
13 12.020 12.980
13 - 1/2 12.520 13.480

14 13.020 13.980
14- 1/2 13.520 14.480
15 14.020 14.980
15- 1/2 14.520 15.480
16 15.020 15.980

5-1
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TABLE 15-14

LeGfnsr Bsc!<-Up Rings for Use with 27 Series O-Rrngs ( I able 15-12)

Sizes DirrensiGnsny tne Ssn:£ cs AH 6246 Bsck-U? Rings

Ccfsfcc end Wsn-jtn 201 G end K-Inlsmsficnaf

1
/r-r-^T

OD T T
2rc. ±.<307 ±-007 ±.010

I .255 .C3T .052
2 .2CI .557 .052

,312 .557 .052
4 .544 .O.'" .052

-3T5 .557 .052

< .455 .537 .052
A ! .5C5 .557 .052

.552 .G5C- .052

.525 .050 .052
1C .555 .CSC .052

,T55 .050 .052
12 .512 .050 .052
12 .5T; .050 .052
14 .435 .050 -CC2

Actual 5124
Dasi OD T
Ko- ±M -i-.OIO

-.005
±.010

15 1 , 123 .052
IC 1-1/15 .123 .052
i7 X-1/5 *123 .052
IC 1-3/15 * 123 .052
TC I-i/4 * 123 .052
2: 1-3/15 .123 .052

21 1-3/3 .123 .052
22 .123 .052

1-1/2 .123 .052
24 1-4/15 .123 .052
25 1-3/5 .123 .052

25 1-11/15 .123 .052
2'"

1-3/4 .123 .052
2!- 1--/5

- 133 .054
29 2 .155 .054
T.

i

2-1/5 * If;3 .054
31 i 2-1/4 * 133 .054
^2

i

2-3/5

i

2-1/2
.155

.155
.054
.054

*1 /
2-5/5 .133 .054

1

2-3/4 . 15.5

I

2-T/5 • 133 .054

3-i
1

3-1/5
*13 3

. I33
.054
.054

39
1

2-1/4 - 133 .054
/ f*» *

t 3-3/5 .155 .054

Acnial Size
Dash OD T
J7o. ±1/64 7- .010

-.005
±.010

4l 3-1/2 .188 .054
4*^ 3-5/8 .188 .054
43 2-3/4 .188 .054
44 2-7/8 ,133 .054
45 t .18.8 -054

45 4-1/5 .188 .054
4T 4-1/4 .188 .054
43 4-3/8 .188 .054
45 4-1/2 .188 .054
50 4-5/5 .188 .054

7 I 4-3/4 .188 .054
52 4-7/8 .188 ,094

5-1/8 .240 .125
C # 5.1/4 ,240 .125
55 5-3/8 .240 .125

£-1/2 .240 .125

1

5-5/8 .240 .125
33 5-3/4 .240 .125
39 Z-T/P. .240 .125
50 € .240 .125

51 5-1/8 .240 , 125
52 5-1/4 .-240 .125,
53 5-3/8 .240 .125
54 5-1/2 .240 ,125
63 1 5-3/4 .240 .125

55 7 .240 .125
67

'

7-1/4 .240
i .125

63 7-1/2 .240 :

1 . 125
65 7-2/4 .240 .125
70 3 .240 i .125

71 8-1/4 .240 .125
72 8-1/2 .240 .125
73 5 ,240 .125
74 5.1/2 .240 .125
73 10 .240 .125

75 10-1/2 .240 .125
/ f 11 .240 .125
73 11- 1/2 .240 .125
79 12 .240 .125
80

1

12-1/2 .240 .125
81 13 .240 .125
82 13-1/2 .240 .125
83 14 .240 .125
84 14-1/2 .240 .125
3c 15 .240 .125
85 VP.-in .240 .125
3f

S3

' 15 .240

.240
.125
.125
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TABLE 15-15

Leother Back-Up Rings for Use with 30 Series 0-Rings (Table 15-13)

Sizes Dimensionally the Same as AN 6244 Back-Up Rings

Catalog and Manual 201 G and K-International

DETAIL FOR LEATHER BACK-UP RINGS - FOR PRESSURES OVER 1300 PSI

Dash

No . H
-

O ID H ’

+ .010

-.005

T
+ .010

Dash
No .

OD
± 1/64

ID 11

'

+ .010

-.005

T
+ .010

1 1 - 7/8 1 - 5/8 1/8 1/16 27 5 - 1/8 4 - 7/fl 1/8 1/16

2 2 1 - 3/4 1/8 1/16 28 5 - 1/4 5 1/8 1/16

3 2 - 1/8 1 - 7/8 1/8 1/16 29 5 - 3/8 5 - 1/8 1/8 1/16

4 2 - 1/4 2 1/8 1/16 30 5 - 1/2 5 - 1/4 1/8 1/16

5 2 - 3/8 2 - 1/8 1/8 1/16 31 5 - 5/8 5 - 3/8 1/8 1/16

6 2 - 1/2 2 - 1/4 1/8 1/16 32 5 - 3/4 5 - 1/2 1/8 1/16

7 2 - 5/8 2 - 3/8 1/8 1/16 33 5 - 7/8 5 - 5/8 1/8 1/16

8 2 - 3/4 2 - 1/2 1/8 1/16 34 6 5 - 3/4 1/8 1/16

9 2 - 7/8 2 - 5/8 1/8 1/16 35 6 - 1/8 5 - 7/8 1/8 1/16

10 3 2- 3/4 1/8 1/16 36 6 - 1/4 6 1/8 1/16

11 3 - 1/8 2- 7/8 1/8 1/16 37 6 - 1/2 6 - 1/4 1/8 1/16

12 3 - 1/4 3 1/8 1/16 38 6 - 3/4 6 - 1/2 1/8 1/16

13 3 - 3/8 3 - 1/8 1/8 1/16 39 7 6 - 3/4 1/8 1/16

14 3 - 1/2 3 - 1/4 1/8 1/16 40 7 - 1/4 7 1/8 1/16

15 3 - 5/8 3 - 3/8 1/8 1/16 41 7 - 1/2 7 - 1/4 1/8 1/16

16 3 - 3/4 3 - 1/2 1/8 1/16 42 7 - 3/4 7 - 1/2 1/8 1/16

17 3 - 7/8 3 - 5/8 1/8 1/16 43 8 7 - 3/4 1/8 1/16

18 4 3 - 3/4 1/8 1/16 44 8 - 1/4 8 1/8 1/16

19 4 - 1/8 3 - 7/8 1/8 1/16 45 8 - 1/2 8 - 1/4 1/8 1/16

20 4 - 1/4 4 1/8 1/16 46 8 - 3/4 8 - 1/2 1/8 1/16

21 4 - 3/8 4 - 1/8 1/8 1/16 47 9 8 - 3/4 1/8 1/16

22 4 - 1/2 4 - 1/4 1/8 1/16 40 9 - 1/4 9 1/8 1/16

23 4- 5/8 4 - 3/8 1/8 1/16 49 9 - 1/2 9 - 1/4 1/8 1/16

24 4 - 3/4 4 - 1/2 1/8 1/16 50 9 - 3/4 9 - 1/2 1/8 1/16

25 4 - 7/8 4 - 5/8 1/8 1/16 51 10 9 - 3/4 1/8 1/16

26 5 4 - 3/4 1/8 1/16 52 10 - 1/4 10 1/8 1/16

NOTE: Thickness shall not vniy more than .010** between tmy two point# on n ring.

15-20



TABLE 15-16

Gasoline and Kerosene Resistant 0-Rings (IPC 34)

Sizes Dimensionally the Same as USAF 934 Series

Catalog and Manual 201 G and K-International

i

1

Nominal Actual Size

No.
j

97 in. ID in. OD in. W in. ID in.

1 .062 ,125 .250 .070±,003 .1144.005
2 .062 .156 .281 ,0704.003 .1454,005
3

1
.062 . 188 .312 .0704.003 .1764.005

4 .062 .219 .344 ,0704.003 .2084,005
5 .062 .250 .375 .0704.003 ,2394,005

6 .062 .312 .438 .0704.003 .3014,005
7 .062 .375 .500 .0704.003 .3644.005
Z .094 ,375 .562 .1034,003 .3624.005
9 .094 .438 .625 .1034.003 .4244,005
10 .094 .500 ,688 . 1034.003 ,4874,005

11 .094 .562 .750 .1034,003 .5494,005
12 .094 .625 .812 .1034,003 .6124.005
13 .094 ,688 .875 .1034.003 ,6744.005
14 ! .094 .750 .938 .1034.003 .7374,005
15 .125 .750 1,000 .1394.004 ,7344.006

16 .125 .812 1,062 .1394.004 .7964.006
17 .125 .875 1.125 .1394.004 .8594,006
le .125 .938 1.188 .1394,004 .9214,006
19 .125 1,000 1.250 ,1394.004 ,9844,006
20 .125 1.062 1,312 ,1394.004 1,0464,006
21 .125 1.125 1.375 .1394.004 1.109±,006
22 .125 1.138 1.438 . 1394,004 l.l71i,006
23 .125 1.250 1.500 ,1394,004 1.2344,006
24 .125 1.312 1.562 .1394.004 1,2964.006
25 .125 1.375 1.625 .1394.004 1.3594.006
26 ,125 1.438 1.688 .1394.004 1,4214,006
27 .125 1.500 1.750 .1394.004 1.4844,006
23 .133 1.500 1.875 .2104.005 1.4754,010
29 .183 1.625 2.000 .2104.005 1.6004,010
30 ,183 1.750 2.125 .2104.005 1.7254,010
31 ,183 1,875 2.250 .2104.005 1.8504,010
32 .188 2.000 2,375 .2104.005 1,9754,010
33 .183 2.125 2.500 .2104.005 2.1004,010
34 .188 2.250 2,625 .2104.005 2.2254.010
35 .188 2.375 2.750 .2104.005 2.3504.010
36 .183 2.500 2.875 .2104.005 2,4754,01037 ,133 2.625 3.000 .2104.005 2.6004,010
33 .133 2.750 3 . 125 .2104,005 2.7254.015
39 . 188 2.375 3.250 .2104.005 2,8504,01540 . 188 3.000 3.375 .2104.005 2.9754,015
41

42
.138

,188
3.125
3.250

3.500
3.625

.2104.005

.2104.005
3.1004.015
3.2254.01543 .188 3.375 3.750 .2104.005 3.3504.01544 . 188 3.500 3.875 .2104.005 3.4754.01545 . IdB 3.625 4.000 .2104.005 3.6004.015

continued on next pe^e

15-21



TABLE 15—16, continued

Dash
No.

W in.

Nominal
ID in. OD in.

Actual Size
W in. ID in.

46 . 188 3. 750 4.125 .210±.005 3.7251.015
47 .188 3.875 4.250 .2101.005 3.8501.015
48 .188 4.000 4.375 .2101.005 3.9751.015
49 .188 4.125 4.500 .2101.005 4. 1001.015
so . 188 4.250 4.625 .2101.005 4.2251.015

51 . 188 4.375 4.750 .2101.005 4.3051.015
52 .188 4.500 4.875 .2101.005 4.4751.015
SO .250 4 ..500 5.000 .2751.006 4.4751.015
54 .250 4.625 5. 125 .2751.006 4.600±.01.5
5S .250 4.750 5.250 .2751.006 4.725±.015

56 .250 4.875 5.375 .2751.006 4.8501.015
S7 .250 5.000 5.500 .2751.006 4.9751.015
^8 .250 5. 125 5.625 .2751.006 5. 1001.023
SO 1 .2.50 5.250 5.750 .2751.006 5.2251.023
60 .250 5.3".5 5.875 .2751.006 5.350±.023

61 .250 5.500 6.000 .2751.006 5.4751.023
62 .250 5.625 6.125 .2751.006 5,6001.023
63 .250 5.750 6.250 .2751.006 5.7251.023
64 .250 5.875 6.375

1

.2751.006 5.850±.023
65 .250 6.000 6.500 .2751.006 5.9751.023

66 .250 6.250 6.750 .2751.006 6.2251.023
67 ,250 6.500 7.000

1

.2751.006 6.4751.023
68 .250 6.750 7.250 .2751.006 6.7251.023
69 .250 7.000 7.500 .2751.006 6.9751.023
70 .250 7.250 7.750 .2751.006 7.2251.030

71 .250 7.500 8.000 .2751.006 7.4751.030
72 ,250 7.750 8.250 .2751.006 7.7251.030
73 .250 8.000 8.500 .2751. 006 7.9751.030
74 .250 8.500 9.000 .2751.006 8.4751.030
7S .250 9.000 9.500 .2751.006 8.9751.0.30

76 .250 9.500 10.000 .2751.006 9.4751.030
77 .250 10.000 10.500 .2751.006 9.07.51.030
78 .250 10.500 11.000 .2751.006 10.4751.0.30
79 .250 11.000 11. 500 .2751.006 10.9751.030
80 .250 11.500 12.000 .2751.006 11.4751.030

81 .250 12.000 12. 500 .2751.006 11.9751.030
82 '

. 250 12.500 13.000 .2751.006 12.4751.0.30
83 .250 13.000 13.500 .2751.006 12.0751.030
84 .250 13.500 14.000 .2751.006 13.4751.0,30
85 .250 14.000 14.500 .2751.006 13.9751.030

86 .250 14.500 15.000 .2751.006 14.4751.030
87 .250 15.000 15.500 .2751.006 14.9751,030
88

:
.250 15.500 16.000 .2751.006 15.4751.0.30

89 . 062 .438 .562 .0701.003 .4261.005
90 .062 .500 .625 .0701.003 .489*. 005

91 .062 .562 .688 .0701.003 .5511.005
92 .062 .625 .750 .0701.003 .6141.005
93 .062 .688 .812 .0701.003 . 676± . 005
94 .062 .750 .875 .0701.003 .7391.005
95 .062 .812 .938 .0701.003 .8011.000

96 .062 .875 1.000 .0701.003 .8641.006
97 .062 .938 1.062 .0701.003 .9261.006
98 .062 1.000 1.125 .0701.003 .989±.006

99 .062 1.062 1.188 .0701.003 1.0511.006
100 .062 1.125 1.250 .0701.003 1.114±.006

continued on next pole
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lABLE 15—16, continued

Dash
Ao*

101

102

103

104

105

100

107

105

105

110

111

112
113

114
115

110

IIT
llg

119

120

121

122

123

124
123

120

127

128
129

130

131

132

133

134
135

130

137

138

139
140

141
142

143
144

145

140

147

14P

149
140

151

152

153

154
155

Itoaiazl Actual Size

T in. ID in- OD in. 7 in. ID in.

.002 1 , 188 1.312 .070i .003 1.176±.00£

.002 1.250 1.375 ,0~0 t.003 1.239±,006

. 002 1.312 1.4.38 ,070±.003 1.301=. 006

.002 1,375 1.500 .070±,003 1.364=. 006

. 094 .812 1.000 ,103±,003 .799±.006

.054 , Ji" 5 1.062 ,103±,003 .862=. 006
,094 # 93^ 1.125 .103=, 003 .924=, 006
.094 1,000 1.188 .103±,003 .987=, 006
.094 1.002 1.250 .103±, 003 1. 049=. 006
,094 1.125 1.312 .103±,003 1.112±. f)06

,094 1,188 1.375 .103±,003 l . I 74i.006
.094 1.250 1.438 .103±.003 1.237±,006
,094 1.312 1.500 .103=. 003 1.299±,006
.094 1.375 1.562 .103±.003 L ..362±,00'6

.094 1.438 1.625 .103=, 003 1.424±,006

.094 1.300 1.688 .103±.003 1.487^,006

.054 1.502 1.750 .103±,003 1.549±.010

.054 1,025 1.812 .103i.003 1.612±,01n

.094 1. 088 1.8,75 .103t .003 1. 67 4i , 010
. 094 1.750 1.938 .103±.003 1.737=. 010

.094 1,812 2,000
'

.103±.002 l .799±.010
.094 1,875 2.062 1 .103i,003 1.862±,010
,094 1.538 2,125 '

. 103±, 003 1.92 Si . 010
.094 2.000 2.188 ? ,103±,003 1.987±.010
.094 2,002 2.250 1 .103 i.003 2. 050 ±.010

.094 2,125 2.312 ,103±.003 2.112 t ,010

.094 2,188 2.-375 .10.3 ±.003 2.175±,010

.054 2.250 2.438 .103±,003 2.237±.010

.094 2.312 2,500 .103±.003 2..300±,0 I 0

.094 2,375 2.-562 .103±.003 2..362 ±.010

.094 2.438 2.625 AOZt.fm 2.425±.010

.054 2.500 2,688 .10.3±.003 2.487±.010
,094 2.502 2.750 .103±.,003 2. S50±.010
.054 2.625 2.812 .103±,003 2.612±.010
.094 2.688 2.875 .103=. 003 2.675±.015
.094 2.750 2.938 .10.3i .003 2. 737 ±.015
,094 2.812 3.000 .10.3±.003 2.800±.015
.125 1.625 l . P.75 .139±.004 l .609±.010
, 125 1.750 2.000 .139±.004 1.734±.010
,125 1.875 2.125 .139±.0O4 l .859±.010

.125 2.000 2.250
[

.139±.004 1.984±.010
,125 2.125 2.375 , I 39±, r)04 2.109±.010
,125 2.250 2.500

1

.139±,004 2,234±.010
, 127 2,375 2.625 ' .139±,004 2..359±. 010
. 125 2 . 500 2,750

i

.139±.004 2,4S4±.010
.125 2.625 2.8-'5 .139=. 004 2.609±,010
. 12 3

.125
2,7 50

2 , 87 5

3.000
3.125

.1-39±.004

.139±.004
2.734±.015
2.859±.015

. 125 3.000 3.250
. 135±.0C 4 2.984±,015

. 125 3,125 .3.375 .139±.004 3.109±.015

.125

.125

.125

3.850
3.375
3.500

3.500
3.625
3.750

,135±.004
,139±.004
.135±,004

.3.234±.015

3,359±.015
3.484±,015

. 125 3.625 3.875 .139±.004 3.609±.015

. 125 3,750 4.000 .139±, 004 3.734±.015

continued on next page
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TABLE 15—16, continued

Dash
No.

W in.

Nominal
ID in. OD in. W in.

Actual Size
ID in.

156 . 125 3.875 4.125 . 139±. 004 3.8591.015

157 .125 4.000 4.250 .1391.004 3.9841.015

15B . 125 4.125 4.375 .1391.004 4.1091.015

159 .125 4.250 1..500 .1391.004 4.2341.015

160 .125 4.375 4.625 . 1391.004 4.3591.015

161 .125 4.500 4.750 . 1391.004 4.4841.015
162 . 125 4.625 4.875 .1391.004 4.6091.015

163 . 125 4.750 5.000 . 1391.004 4.7341.015

164 . 125 4.875 5.125 . 1391. 004 4.8591.015

165 .125 5.000 5.250 . 1391.004 4.9841.015

166 .125 5.125 5.375 . 1391.004 5.1091.023

167 .125 5.250 5..500 .1391. 004 5.2341.023

168 .125 5.375 5.625 . 1391.004 5.3591.023

169 . 125 5.500 5.750 .1391.004 5.4841.023

170 . 125 5.625 5.875 . 1391.004 5.6091.023

171 . 125 5.750 6.000 .1391.004 5.7341.023

172 . 125 5.875 6.125 .1391.004 5.8591.023

173 .125 6. 000 6.250 . 1391.004 5.9841.023

174 .125 6.250 6.500 . 1391.004 6.2341.023

175 .125 6.500 6.750 .1391.004 6.4841.023

176 .125 6.750 7.000 .1391.004 6.7341.023

177 .125 7.000 7.250' .1391.004 6.9841.023

178 .125 7.250 7.500 . 1391.004 7.2341.030

179 .125 7.500 7.750 .1391.004 7.4841.030

180 .125 7.750 8.000 . 1391. 004 7.7341.030

181 .125 8.000 8.250 . 1391.004 7.9841.030

182 .125 8.250 8.500 .1391.004 8.2341.030

183 .125 8.500 8.750 . 1391.004 8.4841.030

184 .125 8.750 9.000 . 1391.004 8.7341.030

185 .125 9.000 0.250 .1391.004 8.9841.030

186 .125 9.250 0.500 . 1391.004 9.2341.030

187 . 125 9.500 0.750 . 1391.004 9.4841.030

188 . 125 9.750 10.000 . 1391.004 9.7341.030

189 .125 10.000 10.250 . 1391.004 9.9841.030



table 15-17

O-Rings as Gaskefs in Flonges, Cylinder Head Covers, Static Seals

Handbook of 0-Ring Hydroulic Packings Plastic and Rubber Products, Inc.

Nominal 0-Ring

Cross-Section

Actual 0-Ring

Cross-Section

Minimum
Squeeze

Depth of

Recess A
Width of

Recess B

1/16 .070 ± .003 .017 .045 ± .005 3/32

3/32 .103 ± .003 .020 .075 ± .005 9/Si,

1/8 .139 i .004 ,025 .10.5 f .005 3/16

3/16 .210 ± .005 .030 .170 ± .005 9/32

1/4 .275 ± .006 .040 .225 ± .005 3/8

TABLE 15-18

Service Suitability of O-Rings

Parco Engineering Handbook Plastic and Rubber Products Compony

Buna N
209-70

Buna N
228-70

Neoprene

318-70

Thiokol

501-70

Butyl

805-70

Natural

606-70

Silicone

Rubber

Acetone P P F F E E F

Acids (dilute) F F G P E G G

Alkalis G G G F G G G
Ammonia G G G
Aniline P P F E P
Automotive Hydraulic Brake

Fluid F P F F E

Butane F G P F P P F
Carbon Tetrachloride P P P F P P P
Dlbutyl Phthalate P P P G G
Ethyl Acetate P F P F E G
Ethyl Alcohol E G G G G G
Ethylene Glycol E G G G G
Fuel Oil F E P G P P P
Freon 12 G G G G F F P
Freon 22 P P F G G F
Gasoline (aromatic) G E P G P P P
Gasoline {non^romaxlc) E G F G P P P
Hydraulic Fluid (mineral oil base) E G F F P P P
Kerosene E E P G P P P
Lubricating Oil E P E G P P G
Phenol F F P F G G
Propane F G P F P P
Stydrol P P P P E P E
Turpentine P F P G P P
Vegetable Oils G F F G G P

^ F —' Fair— eerviceable under some conditions*
G — Coed — •erviceable under mest coalitions* P — Poor—- not suitable*

ftOTE: There are a nirri>er cf types of silicone rubbef* Either the particular type desired or the use to which It will be
pul should be specified* Because of its relatively poor physical properties, silicone rubber is recommended only for static
seals*
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TABLE 15-20

Dimensions of Ring-Joinf Gaskets for Steel Pipe Flanges

ASA B1 6.20-1 952 Ring-Joint Gaskets and Grooves for Steel Pipe Flanges

Tolerances

P (average pitch diameter of ring) «• ±0.007
A (width of ring) ±0.008
*B and H (height of ring) ± 1/64
C (width on flat of octagonal ring) • . ±0.008
23*^ (angle) ± 1/2 deg

(radius of ring) ± 1/64

A small bead near the center of ovol or octagonal
shaped ringS| located so that it will not enter the groove,
is not objectionable*

* A plut tolerance of 3/64 In. for heichteD and H {• permit*
ted providine the variation In thehelchtof any Clven ring; deee
not exceed 1/64 In. throuehout Ita entire circumference.

1 2 3
_

4
__

5 6

Ring
Number

Pitch
Diameter
of Ring

P

Sidth

Ring

A

Height of Ring
Width

on Flat
of Oc-
tagonal
Ring
C

Oval

B

Octac-
onal
H

Rll 1 11/32 1/4 7/16 3/8 0.170
R12 1 9/16 5/16 9/16 1/2 0.206
R13 1 11/16 5/16 9/16 1/2 0.206
R14 1 3/4 5/16 9/16 1/2 0.206
R15 1 7/8 5/16 9/16 1/2 0.206

R16 2 5/16 9/16 1/2 0.206
R17 2 1/4 5/16 9/16 1/2 0.206
R18 2 3/8 5/16 9/16 1/2 0.206
R19 2 9/16 5/16 9/16 1/2 0.206
R20 2 11/16 5/16 9/16 1/2 0.206

R2I 2 27/32 7/16 11/16 5/8 0.305
R22 3 1/4 5/16 9/16 1/2 0.206
R23 3 1/4 7/16 11/16 5/8 0.305
R24 3 3/4 7/16 11/16 5/8 0.305
R25 4 5/16 9/16 1/2 0.206

continued on next page
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TABLE 15-21

Dimensions of Ring-Joint Grooves in Steel Pipe Flanges

ASA B1 6.20-1 952 Ring Joint Gaskets and Grooves for Steel Pipe Flanges

TOLERANCES

E (depth)

F (width) + 0.008
P (pitch diameter) ±0.005
R (radius at bottom) max
23“ (angle) ± 1/2“

1 2 3 4 5

Groove
Number

Pitch
Diameter

Depth U'idth

Radius
at

Bottom
P E F R

Rll 1 11/32 7/32 9/32 1/32
R12 1 9/16 1/4 11/32 1/32
R13 1 11/16 1/4 11/32 1/32
R14 1 3/4 1/4 11/32 1/32
R15 1 7/8 1/4 11/32 1/32

R16 2 1/4 11/32 1/32
RH 2 1/4 1/4 11/32 1/32
R18 2 3/8 1/4 11/32 1/32
R19 2 9/16 1/4 11/32 1/32
R20 2 11/16 r/4 11/32 1/32

R21 2 n/iT. 5/16 15/32 1/32
R22 3 1/4 1/4 11/32 1/32
R23 3 1/4 5/16 15/32 1/32
R24 3 3/4 5/16 15/32 1/32
R25 4 1/4 11/32 1/32

R26 4 5/16 15/32 1/32
R27 4 1/4 5/16 15/32 1/32
R28 4 3/8 3/8 17/32 1/16
R29 4 1/2 1/4 11/32 1/32
R30 4 5/8 5/16 15/32 1/32

R31 4 7/8 5/16 15/32 1/32
R32 5 3/8 17/32 1/16
R33 5 3/16 1/4 11/32 1/32
R34 5 3/16 5/16 15/32 1/32
R35 5 3/8 5/16 15/32 1/32

R36 5 7/8 1/4 11/32 1/32
R37 5 7/8 5/16 15/32 1/32
R38 6 3/16 7/16 21/32 1/16
R39 6 3/8 5/16 15/32 1/32
R40 6 3/4 1/4 11/32 1/32

R41 7 1/8 5/16 15/32 1/32
R42 7 1/2 1/2 25/32 1/16
R43 7 5/8 1/4 11/32 1/32
R44 7 5/8 5/16 15/32 1/32
R45 8 5/16 5/16 15/32 1/32

continued on next pag
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TABLE 15—21, ccntfoye^f

1 ? L
7> 4 5

EaEfos
Gro-s-re PIrd-. 1 Di?tfc

tJiaTTMCZ Ecwrr.
p E F E

EA5 g S/IS 17/32 I/IS
S 2S/32 MV.

E4S S' 3/4 1/4 11/32 Mil
^A') IS s/g ',/\C iS/32 1/32
?rA IS 5/g 7/lS 21/32 MV
ESI II 5/lS 27/32 I/IS
e;2 12 1/4 11/32 1/32
ES3 12 3/4 S/IS lS/32 1/32
E54 12 3/4 1/Vi 21/32 MV
ESS 13 1/2 II/IS I 3/ IS 3/32

PS'S IS 1/4 11/32 1/32
E57 IS S/IS IS/32 1/32
ESS IS S/IS 27/32 MV
ES5 IS s/g 1/4 11/32 1/52
?</! IS II/IS I S/IS 3/32

B6l IS 1/2 S/IS IS/32 Mil
Fz-z IS 1/2 7/lS 21/32 I/IS
PA3 IS 1/2 S/g I I/IS 3/32

17 7/g 1/4 11/32 1/32
FiS IP 1/2 S/IS IS/32 1/32

E<CS IE 1/2 l/Vi 21/32 I/IS
vci IE 1/2 II/IS I 3/ IS
FiSS 2r; 3/g 1/4 11/32 1/32
E-SS 21 S/IS IS/32 1/32
E7S 21 1/2 2S/32 I/IS

E7I 21 II/IS I 3/IS 3/32
E72 22 1/4 11/32 1/32
E7J 23 3/g 17/32 MV
P.74 23 1/2 2S/32 MV
E7S 23 II/IS I 5/IS 3/32

E76 2S 1/2 1/4 11/32 1/32
P.77 27 1/4 7/IS 21/32 I/IS
E72 27 1/4 S/g I I/IS 3/32
E75' 27 1/4 I3/IS I 7/ IS 3/32
?9X> 24 1/4 i/4 11/32 Mil

FJSI 2> 7/lS IS/32 I/IS
F?,2 2 1/4 S/IS IS/32 1/32
E.!^< 2 1/2 S/IS IS/32 1/32
FSS I/g 3/g 17/32 MV
F.g.S > S/IS 7/ IS 21/32 I/IS

PS7 IS/IS 7/ IS I/IS
FES 4 7/g 1/2 MV
FE5 4 1/2 1/2 2S/32 MV
P5S 6 I/g S/IS 27/32 MV
ESI IS 1/4 11/ IS I IS/IS 3/32
ES2 S 5 /IS 15/32 1/32

PSJ 27 1/2 i/2 2S/32 MV
E54 31 1/2 1/2 2S/32 MV
ESS >> 3/4 1/2 25/32 MV
ESS 3S 5/ IS 27/32 MV
E57 S/IS 27/32 MV
ESS 40 1/4 S/IS 27/32 MV

All jtiTfr. i?:
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TABLE 15-22

American Standard Graphical Symbols for Piping

ASA Z32.2.3-1949

Air Conditioning

28 Brine Return

29 Brine Supply

30 Circulation Chilled or Hot-Water Flow

31 Circulation Chilled or Hot-Water Return

32 Condenser Water Flow

33 Condenser Water Return

34 Drain

35 Humidification Line

36 Make-Up Water

37 Refrigerant Discharge

38 Refrigerant Liquid

39 Refrigerant Suction

Henting

40 Ait-Relief Line

41 Boiler Blow Off

42 Compressed Air

43 Condensate or Vacuum Pump Discharge

44 Feedwater Pump Disdiarge

45 Fuel-Oil Flow

46 Fuel-Oil Return

47 Fuel-Oil Tank Vent

48 High-Pressure Return

49 High-Pressure Steam

50 Hot-Water Heating Return

51 Hot-Water Heating Supply

B

CH

CHR

C

CR

D

H

RD

RL

A

—00 00 00

FOF ^

— tV iV ^

At —iV

continued on next page
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TABLE 15—22, continued

52 Low-Pressure Return

53 Low-Pressure Steam

54 MaLe-Up ^Tater

55 Medium Pressure Return

56 Medium Pressure Steam

Plumbing

57 Acid Waste

58 Cold Water

59 Compressed Air

60 Drinking-Water Flow

61 Drinking-Water Return

62 Fire Line

63 Gas

64 Hot Water

65 Hoc-Water Return

66 Soil, Waste or Leader (Above Grade)

67 Soil, Waste or Leader (Below Grade)

68 Vacuum Cleaning

69 Vent

Pneumatic Tubes

70 Tube Runs

Sprinklers

71 Branch and Head

72 Drain

73 Main Supplies

y ^

^

ACID

A

F F

6 G

V

o

S S

S
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TABLE 15-23

American Standard Graphical Symbols

for Pipe Fittings and Valves

ASA 232.2.3-1949
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TABLE 15—23, continued

5.7 Long Radius

5.8 Reducing

5.9 Side Outlet

(Outlet Down)

5.10 Side Outlet

(Outlet Up)

5.11 Street

6 Joint

6.1 Connecting

Pipe

6.2 Expansion

7 Lateral

8 Orifice Flange

9 Reducing Flange

continued on next pa^e
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TABLE 15—23, continued

Flanecd Screwed Bell & Spigot Welded Soldered

10 Plugs

10.1 Bull Plug

10.2 Pipe Plug

11 Reducer

1 1.1 Concentric

1 1.2 Eccentric

12 Sleeve

13 Tee

13.1 (Str.iight

Size)

13.2 (Outlet Up)

13.3 (Outlet Oown)

13.4 (Double Sweep)

13.5 Reducing

13.6 (Single Sweep)

HOtl

—II

—

1

|— —I— j 5.—

^

)6— —&—

-

0-

)
/
V

-e-

•HSHf -t—
0-1- -9-0^ -000-

II O II-
I O I DOG -©09-

=1= 1-
A—ll _1 A L

0;'

6 d-ll 76 ^ -^6 4V

/ ll -I

—

7-

)
' 2
V

-4)f ^6 4'0

continued on next page
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TABLE 15—23, continued

•Also used for general STOP VALVE symbol when ompllfledby speclficetlon.

continued on next poge
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TABLE 15—23, confinucd

Flapped Screved Bell & Spipot V. elded Soldered

21A JJctcr-OpsrzMt:

jw] m jM]

—
{{><H [>1<]

— *4C><K~

22 Globe Valve

22-1 HtXH- -[XF -3>^ -HX>g
22,2 /.egie Globe Sarte /.s Symfcole 15^ g. 15,5

22*3 Ho'jc GJab«? Saree/.e Syrtbof 23.3

Ki h: m
22-< Motor-Operated

23 Kor:e Valve

1>0—

23.lAr.^ic

j

23.2 Gate

23.3 Globe

24 LoderiiieH Valve

-txj2

-ttXH—[X3— -etJ^
23 Otticfc Openwg

Valve

26 Safety Valve

DJCl

27 Stop Valve Ser.e A.o Sytr.hol 21.1
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TABLE 15-24

Joint Industry Conference (JIQ Hydroulic Standards for Industrial Equipment

Joint Industry Conference Standards

JIC Standards are published by GcneraJ Motors Corpotadon lot distribution to Divisions of the Corporation and to manu-

facturers who arc suppliers to those Divisions. Credit for the preparation of the JIC Hydraulic Standards for Industrial Equip-

ment, one of several JIC Standards, is attributed to

Hydraulic Equipment Manufacturers

Hydraulic Press Manufacturers

Industrial Equipment Users

National Machine Tool Builders* Association

Resistance Welder Manufacturers Association

Tubing and Fitting Manufacturers

Packing and Seals Manufacturers

Copies of these Standards can be procured from the General Motors Production Engineering Section, General Motors

Building, Detroit 2, Michigan.

Nine of the tables of this Section have been taken from the jlC Hydraulic Standardsi including the next two tables and

the remainder of this one, which apply to description and diagrams as follows:

**1. All hydraulic equipment shall be identified. Uhen possible, name of component, catalog number and manufacturer's

name shall be shown.

2. Size of piping (outside diameter and wall thickness).

3. Diameters of pistons and rods, length of stroke, and estimated required force of cylinders when other than maximum

pressure is applied.

4. Time of cycle, wlien pertinent (for example, time range of cycle exclusive of loading).

5. Operating pressures.

6. Horsepower, rpm and direction of rotation of each pump drive.

7. Pump speed and delivery in gpm.

8. Reservoir capacity.

9. Recommended oil viscosity range.

10. Displacement, speed range, and torque racing of each hydraulic motor.

11. Data or text, or both, shall show operations performed with related electrical and mechanical control and actuating

equipment.**
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TABLE 15—25, continued

VALVE

V^LVh^ CHECK

VALVE, RESTRICTION, CHOKE
VARIABLE VISCOUS

VALVE, RESTRICTION, ORIFICE
VARIABLE NON-VISCOUS

VALVE
MAXIMUM PRESSURE

VALVE, RELIEF
REMOTELY OPERATED

VALVE. SEQUENCE
DIRECTLY OPERATED

VALVE, PRESSURE REDUaNG

VALVE, FLOIS' CONTROL
PRESSURE COMPENSATED
VISCOUS

NON-VISCOUS

VALVE, SHUT OFF
2 POSITION - 2 CONNECTION

VALVE, DIRECTIONAL
2 POSITION - 4 CONNECTION

VALVE, DIRECTIONAL
2 POSITION - 3 CONNECTION

VALVE, DIRECTIONAL
3 POSITION - 4 CONNECTION
OPEN CENTER

VALVE, DIRECTIONAL
3 POSITION - 4 CONNECTION
CLOSED CENTER

VALVK, BASIC SYMBOL
(Insert Model No. for

Special Valves u
Method of indicating internal flow.

VALVE EXAMPLES

VALVE, MANUAL SHUT OFF

METHODS OF OPERATION

CONTROL, BASIC SYMBOL

CONTROL, CENTRIFUGAL

CONTROL, COMPENSATOR

CONTROL, COMPENSATOR
PRESSURE

CONTROL, COMPENSATOR
TEMPERATURE

CONTROL, CYLINDER

CONTROL, DETENT

CONTROL, MANUAL

CONTROL, MECHANICAL

CO.NTROL, MOTOR
ELECTRIC

CONTROL, MOTOR
HYDRAULIC

CONTROL, PILOT
HYDRAULIC

CONTROL, PILOT
AIR

CONTROL, SERVO

CONTROL, SOLENOID

CONTROL, SOLENOID
HYD. PILOT OPERATED

CONTROL, THERMAL

CONTROL, PILOT HYD.
DIFFERENTIAL AREA

—
j

wn
I

UVD _
DIFF S
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TABLE 15-26

Dicgrcn-s lllustrcftrrg Cc:r.bincficr,s of JIC GrcphiccI Syrrbols

Joint Industry Ccnferencs SfancarJs

EZA'^fPLES OF COWEEtATIO:rS

PU1.CP, DOUELE-XITH ELECTRIC KOTOR
OKE rIZED DISPLACEMSrT

O’.'E VARIABLE DISFLACElIEirT
XITH PRESSL'RA: COJ'PEirBATOR

Full?, SnCGLE-IITK ELECTRIC MOTOR

O'AFJAELE DISFLACEMEl.'T

HAl.D TKEEL & CTLCTiER COlfTRGL

VALVE, FLOT COirTROLa: MAXIMUM
PRESSURE TITH COMPEloATOR

VALVE, 4 TAY
THREE posrnoir-spRn.'G centered
MAirUAL CONTROL
? -^ T, CYL, PORT ELOCJIED L’i

CEMTER POSITIO:.'

0*"K Sr—znt Siin-vzi Ir Ce=rer Pcsiccc)

VALVE, 4 TAY
2 FOSITIOIFSPPJI.'G OFFSET

SOLSrOID CX»irTP.OL

PILOT OPERATED
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TABLE 15-27

Packing Standards Prove Popular

*‘Last September (1953) in these columns (The Houghton Line) wc covered the progress made towards standardization of
packing sizes.

**To most plant men who have grown up in their jobs in an age of standards for almost every conceivable commodity, it

may seem strange that tlic hydraulic-pneumatic packing industry is just awakening to the advantages to be obtained from such
a move*

"Probably the Joint Industry Conference thought so, too, when it spurred manufacturers on to concerted action* We thought

it was going to be more of a job to get our thousands of packing customers, small and large, to change over to standard depths

and iliickncsscs, tlian it was to sell our fellow manufacturers and out trade association on the idea* But it turned out that we
were wrong; the customers caught on immediately and agreed to changes as called to their attention*

"During the third quarter of this year over 50/* of all cup packings we made conformed to the standards as set up* We have

passed the half-way mark, and soon expect that 75f« of our cup packing business will be according to standards* To the cus-

tomer it means quicker deliveries from stock rapidly being built up on all popular sizes* You can sec the delay occasioned by

making each order a la carte, so to speak. Also, as pointed out in the September Line, plant inventories of packings can be re-

duced; dash numbers indicate the size, regardless of the installation.

"Cup packings are made with a small bolt hole, and can be punched by the user to obtain the required hole size.

"So our packing department is quite happy about the cooperation we*re getting from buyers, and wants us to tell you so*"

Editors Note:

The forcRolnr Is quoted os indicotlve of the kind of procfcss thot ewt be mode tov.ord stondordi xntion in o relotively short time (six or seven

years). Isn't it loRicnl to expect thot simllor pror.f^s* miqhl be mode tovwd i» etondordientlon of oil seoJs, poeklnp exponders ond other

hydroullc devices. Oil seols, in pnrtlculnr. come in o f.rent multitude of sires ond styles. In foci, the sires nnd vnriety ore so crest that

specific sires ore omitted nltoRether from these tables.
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TABLE 15-28

Chart Showing the Resistance of the Standard Synthetic

Rubber Members of Garlock Oil Seals

Catalog 10, Garlock Klozures The Garlock Packing Company

Fluid Resistance

(a) Salt solutions and brines (example: soda, sodium chloride) Good
WATER

(b) Organic acid (example: acetic acid) Good
(Neutral, alkaline,

(c) Alkalies (examples; ammonia, sodium hydroxide, lye, potash) Good
or weak

(d) Slurries Good
acid solutions)

(e) Miscellaneous (example: soap) Good

FOOD (a) Aqueous (example: vinegar) Good

PRODUCTS (b) Oils and emulsions (example: salad dressing) 1
Good

1

MINERAL (a) Hydrochloric Good

ACIDS (b) Hydrofluoric (aqueous) Good

(c) Hydrofluoric (anhydrous) •Destroyed

dissolved salts or
(d) Phosphoric Good

suspended matter)
(e) Sulfuric •Destroyed

(O Nitric (including mixtures with sulfuric) •Destroyed

(a) Alcohol, acetone, and glycerine Good

(b) Aliphatic aldehydes (example: formaldehyde) Good

(c) Aliphatic amines Good

(d) Aliphatic nitro compounds Unsatisfactory

(e) Silicone oils Good

(f) Aliphatic ethers Good

(g) Animal or vegetable oils Good

(h) Aliphatic hydrocarbons (example: butane) Good

OILS AND (i) Freon (F-11, F-12, and F-122) Good

SOLVENTS (i) Phenols ‘Unsatisfactory

(k) Aromatic aldehydes •Unsatisfactory

(1) Aromatic ethers •Unsatisfactory

(m) Esters (example: methylchloride

)

•Unsatisfactory

(n) Aromatic or terpene hydrocarbons

(examples: benzol, tmpentine, toluol, xylol) •Unsatisfactory

(o) All Ketones •Unsatisfactory

(p) Aromatic amines •Unsatisfactory

(q) Aromatic nitro compounds Unsatisfactory

(i) Chlorinated hydrocarbons (example; trichlorethylene) •Unsatisfactory

(s) Freon (F-21 and F'-22) •Unsatisfactory

(t) Carbon bisulfide •Unsatisfactory

DRY GASES (Examples: acetylene, carbon monoxide, steam, and

sulfur dioxide) Good

•Oil seals with Teflon sealing members will withstand these acids and solvents.

NOTE: The metal parts of oil seals are available in a choice of different metals. The kind of metal chosen for the manu-
facture of such parts* therefore, determines the degree to which they resist corrosion.
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TABLE 15-29

Notes on Closures for Use with Timken Roller Bearings

Timken Engineering Journal Timken Roller Bearing Co,

"General In selecting the proper closure design for nny Timken bearing application it should be kept in mind that the
consistency of the lubricant, foreign material to be excluded, speed of the application and general operating conditions are
of unusual importance. Foreign material such as dust, mill scale or any hard, gritty substance will act as a lapping agent
and quickly destroy the bearing. Likewise, water, acid or inferior lubricant will etch the highly finished surfaces and will
also bring about early failure,

"Felt Closures Felt can be used with some success with grease lubrication and at low surface rubbing velocities.

The effectiveness of felt closures depends upon the quality of the felt used and the degree of surface smoothness. All

closure rubbing surfaces should have a high polish finish. An endless or carefully sewed wool type felt will give best results.

"When high speeds ate encountered a harder felt should be used than at lower speeds.

"Under dirty conditions felt closures should be protected from the dirt ns much as possible with a good machined dirt

shield.

"Metal Stampings Metal stamping closures may be used effectively with low speed, clean to ditty conditions, in com-
bination with other closure elements. These parts may be steel stampings manufactured within a tolerance of 0.005 in. Ail

stampings should be designed so ns to provide a clearance of 0.020 in. to 0.025 in. on diameter between rotating and station-

ary parts. A minimum endwise clearance of 1/16 in. should be provided between adjacent rotating and stationary parts.

"Machined Parts Machined parts used with other closure elements ate recommended in place of stampings where it is

desirable to maintain more accurate closure clearances. This results in a greater closure efficiency, either in retaining oil

in the inside of the bearing housing or by keeping dirt and foreign matter out.

"Annular Grooves Annular groove closures are used in place of felt closures where considerable grit and dust are

common. These grooved closures are very effective when used with either oil or grease at all speeds. They are especially

effective when used in connection writh internal or external flingers, depending upon the requirements of the application. The

closer the running clearance the greater the effectiveness of the closure. On shafts up to 2 in. diameter a running clearance

of 0.010 in. to 0.015 in, on diameter is recommended. On larger diameter shafts these clearances may be increased to as much

as 0.040 in. to 0,050 in. due to operating speeds and temperatures.

"The closure usually has a number of grooves cut in the bore or on the outside diameter depending on the design, IThen

used with oil these grooves tend to break the capillary action. In the case of grease the ^ooves pack hard with the grease

and make a tight closure. The grooves are usually cut with a round nose tool and with the sides of the tool ground to an

included angle of 30 degrees. The width of the groove at the widest part should be about l/S in. to 3/16 in. and the land

between the grooves should be about one half the width of the groove. The depth should be about 5/32 in. to 3/16 in. Not

less dian three grooves are recommended. A greater number will make the closure more effective.

"Commercial Seals Various types of commercial seals are available which have been developed for a variety of uses.

Most of these seals are of the rubbing type and have their rubbing elements made of felts, leather or various compositions.

"These are usually supplied as complete assemblies retained by metal stampings. The tubbing elements are invariably

backed by some type of spring or resilient material to provide on automatic take-up for axial or radial movements by the shaft.

"The rubbing elements ate usually carefully selected materials properly processed to provide long seal life with maximum

efficiency.

"Under dirty conditions these seals should be protected from foreign matter by means of external flingers, shrouds or

other types of dirt seals to avoid rapid seal and shaft wear.

"Being a rubbing type seal, its use becomes somewhat restricted at high shaft speeds where high rubbing velocities are

produced. Under such conditions proper recommendations for use should be obtained from the seal manufacturer.

"Under dirty conditions the seal should be mounted so that die lips of the rubbing member point outward to permit fresh

lubricant to pass through the seal thus keeping the dirt from lodging under the sealing element.

"Under such conditions where the major problem is lubricant retention the seal should be mounted with the sealing

element lip pointed in toward the beating chamber.

"Under conditions where both lubricant retention and foreign matter exclusion ate involved, the use of two seals with

lips turned away from each other is recommended. In such cases it is advisable to supply lubricant to the space between

the closures."
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