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THE NATIONAL BUREAU OF STANDARDS

Functions and Activities

The functions of the National Bureau of Standards are set forth in the Act of Congress, March 3,
1901, as amended by Congress in Public Law 619, 1950. These include the development and
maintenance of the national standards of measurement and the provision of means and methods for
making measurements consistent with these standards; the determination of physical constants and
properties of materials; the development of methods and instruments for testing materials, devices,
and structures; advisory services to government agencies on scientific and technical problems; in-
veation and development of devices to serve special needs of the Government; and the development
of standard practices, codes, and specifications. The work includes basic and applied research,
development, engineering, instrumentation, testing, evaluation, calibration services, and various
consultation and information services. Research proj.cts are also performed for other government
agencies when the work relates to and supplements the basic program of the Burean or when the
Bureau’s unique competence is required. The scope of activities is suggested by the listing of
divisions and sections on the inside of the back cover.

Publications

The results of the Bureau’s work take the form of either actual equipment and devices or pub-
lished papers. These papers appear either in the Bureau’s own series of publications or in the journals
of professional and scientific societies. The Bureau itself publishes three periodicals available from
the Government Printing Office: The Journal of Research, published in four separate sections,
presents complete scientific and technical papers; the Technical News Bulletin presents summary
and preliminary reports on work in progress; and Basic Radio Propagation Predictions provide
data for determining the best frequencies to use for radio communicationa throughout the world.
There are also five series of noaperiodical publications: Monographs, Applied Mathematics Series,
Handbooks, Miscellaneous Publications, and Technical Notes.

Information on the Bureau’s publications can be found in NBS Circular 460, Publications of the
National Bureau of Standards ($1.25) and its Supplement ($1.50), availakle from the Superintendent
of Documents, Government Printing Office, Washington 25, D.C.
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1957 HANDBOOK OF SCREW-THREAD STAND-
ARDS FOR FEDERAL SERVICES, PART III

As Approved 1960

SECTION XII. ACME THREADS'
1. GENERAL AND HISTORICAL

When formulated prior to 1895, Aeme threads
were intended to replace square threads and a
variety of threads of other forms used chiefly for
the purpose of producing traversing motions on
machines, tools, ete. Acme threads are now
extensively used for a variety of purposes. This
section provides for two general applications of
Acme threads, namely, general purpose and
centralizing.?

The three classes of general purpose threads
have clearances on all diameters for free movement
and may be used in assemblies with the internal
thread rigidly fixed und movenwnt of the external
thread in a direction perpendicular to its axis
limited by its bearing or bearings. The five
classes of centrahzing threads have a lLimited
clearance at the major diameters of the external
and internal threads, so that a bearing at the major
diameter maintains approximate alinement of the
thread axis and prevents wedging on the flanks
of the thread. For any combination of the
five classes of threads covered in this seetion some
end play or backlash will result. This is unavoid-
able for interchangeable product.  When backlash
or end play is objectionable, some mechanical
means should be provided to eliminate the con-
dition. The folYowing practices have been
suceessfully used:

(@) The internally threaded member is split
arallel with the axis and adjusted and lapped to
t the externally threaded member;

(b) the internally threaded member is tapped
first and the externally threaded member is milﬁ\d,
ground, or otherwise machined to fit the internally
threaded member;

(¢) the internally threaded member is split
perpendicular to the axis, and the two parts are
adjusted to bear on opposite flanks of the thread
of the externally threaded member.

In any case, sufficient end play must be left to
provide a close running fit.

In addition to limits of size for the standard
series of dianeters and pitches of Aeme threads,
tables of pitch diameter tolerances provide for
a wide choice of diameters for a given standard
pitch, and by use of the formulas for diameter
and pitch ineremerts shown in tables XI1.6, XI1.7,
and XII.8, pp. 7, 8, and 9, the pitech diameter tol-

1 This sectlon is In substantial agrecment with Amerlean Standards Associ-
ation publication ASA BL.5, “Acmne Screw Threads,” which is published by
the ABME, 290 W. 39th St., New York 18, N.Y. The latest revision should
be consulted when referring to this ASA doc 'ment.

3 Stub Acme threads are covered in section X111, p. 18.

ances for special dinmeters and pitches can be de-
termined for each class. Formulas and data for
use with special threads are also provided in table
XIL5, p. 6, for pitch diameter allowances on
external threads, and in table XII.4, p. 5, for
major and minor diameter allowances and
tolerances.

Multiple threads should be considered when
fast relative motion is required.

While threads for valve operation may be made
to this standard, this application is highly special-
ized and these data should not be used without
consultation with the valve manufaecturer.

2. SPECIFICATIONS FOR ACME
FORM OF THREAD

1. ANGLE oF THREAD.—The angle between the
flanks of the thread measured in an axial plane
shadl be 29°  The line bisecting this 20° ungle
shall be perpendicular to the axis of the thread.

2. Pirca oF Tureap.—The pitch of a thread is
the distance, measured parallel to its axis, between
corresponding points on adjacent thread forms.

3. Hewcur or THreEaD.— The basie height of the
thread shall be equal to one-half of the pitch.

4. TmckNEss oF THREAD.—The basic thickness
of the thread at a diameter smaller by one-half
the piteh than the basic major diameter shall be
equal to onc-half of the pitch.

5. ArLowance (MiNnimuM  CLEARANCE) AT
Masor Axp Minor DiamererRs.—(a) General
purpose threads—A minimum diametrical clear-
ance is provided at the minor diameter of all
external threads by establishing the maximum
minor diameter 0.020 in. below the basic minor
diameter for 10 threads per inch (tpi) and coarser,
and 0.010 in. for finer pitches.

A minimum diametrical clearance at the major
diameter is obtained by establishing the minimum
major diameter of the internal thread 0.020 in.
above the basic major diameter for 10 tpi and
coarser, and 0.010 in. for finer pitches.

(b) Centralizing threads.—A minimum dia-
metrieal elearance is provided at the minor
diameter of all external threads by establishing the
maximum minor diameter 0.020 in. below the basie
minor diameter for 10 tpi and coarser, and 6.010
in. for finer pitches. A minimum diametrical
clearance for the fillet is provided at the minor
diameter by establishing the minimum minor
diameter of the internal thread 0.1p greater than
the basie minor diameter.

A minimum diametrical elearance at the major
die _acter is obtained by establishing the minimum
major diameter of the internal thread 0.001VD
above the basic major diameter.
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6. CuaMFERs AND FiLLETS.—(a) General pur-  table XII.2; the basic thread form is symmetrical
pose threads.—Extcrnal *hreads may have the and is illustrated in figure XII.2.
crest corners chamfered at an angle of 45° with , 5 )
the axis to 8 maximum depth of 0.0667p. This TaBLE XII.1—Fasic dimensions, general purpose Acme

q . : threads
corresponds to 8 maximum width of chamfer flat,
of 0.0945?. . Width of flat at:
() Ce.tralizing threads—External threads e |l ez
shall have the crest corners chamfered at an angle Threads | Heightof heightor| thick- | Crestof | Rootof
= 3 - | T ich, e read, (8§ & H
of 45° w1th_the axis to a minimum dcpth ‘of 0.05p iheh, » (basic), [A=h+05| (basic), | thread | thread,
and a maximum depth of 0.0667p. This corre- L E=biy| A | e ) Gasitly b o
sponds to a minimum width of chamfer flat of 037p | 020X
0.0797p and a maximum width of 0.0945p. (Sce _ ety
table XII.2, cols. 6 and 7.) . b ) q : P 2
External threads for classes 2C, 3C, and 4C -
may have a fillet at the minor diameter not greater i, in, in, i, in, n.
e 16 0. 06250 | 003125 0.0862 | 0 03125 0, 0232 Q. 0206
than 0.1p and for classes 5C and 6C the minimum ¢~ | “Gzis | “ossn | Cowr | ossri <0265 .0239
fillet shall be 0.07p, and the maximum fillet 0.1p. Iz | 088 L0467 ) 0407 | 167 -0 8
Internal threads of all classes may have a fillet 3. ° .| ‘120 lowso | lo72s| o6es -0463 J0411
at the major diameter not greater than 0.06p. 667 | omsaz | Lowss | ossm L0618 . 0566
7. Bastc Divsxsions —(a) General —For gen- - 1] B Y Y. ghLE ) ]
1 i - 3. ... 83333 | 16067 L1767 | L1667 . 1236 1184
eral purpose threads, the basic thread form dimen ] el I 12 e
sions for the most generally used pitches are given ' :
in table XII.1; the basic thread form is symmet- ?;,‘;;_':j; ;5,‘,35:7; 5&:{; ;§£3‘§ ;;:}“3 ;Lgi‘,‘ %SE’E
S 3 3750 . 3850 . 370 . 2780 . 27
rical and is ﬂlps.tmted in figure XII. L . | 3 E ol Rl S0
For centralizing threads, the basic dimensions 1 :

for the most geﬂ‘dm‘uy used pﬂehci are g:i“‘ﬂ i » For ailuwance, see tabie XTLY, wol. 3,

P
v 7BASIC’A PITCH
LA

i i "./I/ ,,, LN XA %
A duiowance ond K

¥
"/ PITCH DUMETER /.

S S
4, " '/, /’ / 7/ ’// ) -—
/}/ [/ /// X7

b4 ALLOWANCE ON— /7% /77
[}

SN MINOR DIAMETER /i
A A ql Sy S hes
A Vi / a7 4G
T TP
AR i VA
VPN AR AR A 7

{ ExTERAL THREAD |
P eww

Frovre X11.1.—General purpose Acme thread form.

NOTATION
20 =29°
a=14°30"
p=piteh
a=number of threads per inch

N=number of turns per inch
h=Dbasic height of thread=0.5p
t=thickness of thread =0.5p
Fea=0.3707p=Dbasic width of 1at of crest of Internai tiread
Fo=0.3707p=Dbasle width of flat of crest of externa thread
Fra=0.3707p—0.259 X (major-dlamneter allowance on internal thread)
F\, =0,3707 p~0.259 % (minc ~-diameter allowance on external thread —
pitch-dlameter alluwance on external thread).
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TaBLE XI1.2—Basic dimensions, centralizing Acme threads

Total height 45° ¢hamfer crest of central- Fillet radias at minor dianieter
of thread 1zing cxternal threads Max fillet of centralizing screws
Threads per Height of (all cxternal | Thread thick- radias, root
inch, % Pitch, p thread (basic), threads) ness (hasic), of centralizing
h=0.5p he=h+4-0.5 t=0.5p Min depth, | Min width of | tapped hole, Min (classes Max (all
allowance s 0,05p chamfer tlat, 0.06p 5and 6 only), classes),
0.0707p 0.07p 0.10p
t 2 3 4 5 6 7 8 9 10
in. in. in. in, in. in. in. in. in,
0. 06250 0.03125 0. 0362 0. 03125 0. 0031 0. 0044 0. 0040 0. 0044 0. 0062
07143 . 03571 . 0407 . 03571 0036 L 005) . 0040 . 0050 . 0071
. 08333 . 04167 L0467 04167 L0042 060 . 0050 . 0058 . 0083
. 10000 . 05000 . 0600 . 05000 . 0080 L0070 . 0060 L0070 01
. 12500 . 06250 .0725 . C6250 A2 L0090 L0075 0088 0125
. 16667 . 08333 . 0933 . 08333 L83 L0120 0100 L0117 . 0167
. 20000 . 10000 . 1100 . 10000 L0100 L0140 L0120 L0140 . 0200
. 25000 L 12500 . 1350 . 12500 L0125 180 L0150 L0175 L0250
. 33333 . 16667 1767 . 16667 167 L0240 0200 L0233 L0333
. 40000 . 20000 . 2100 L 20000 L0200 . 0280 . 0240 L0280 .00
. 50000 . 25000 . 2600 25000 0250 0350 . 0300 . 0350 . 0500
. (6667 . 33333 L3433 . 33343 330 L0470 . 0400 L0467 0667
. 75000 . 37500 . 3850 L 37600 1380 . 0530 L0450 .0525 L0750
1. 30000 . 50000 . 5100 . 3000 L0500 L0710 OH00 . 0700 . 1000
* For allowance, see table X1I.4, col. 3.
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Fiauvre X11.2.—Centralizing Acme th cad form.

NoratioN
20 =29°
a=14°3%'
p=rpitch
a=number of threads per inch

N=number of turns per inch
A=baslc helght of thread=0.5 p
t=thlckness of thread -0.5&1
Fca=0.3707p=Dbasic width of flat of crest of Internal thread
Fe=0.3707p =baslc width of flat of crest of external thread
Fra=0.2707p—0.259 X (najor-dlsmeter allowance on internal thread)
Fr,=0.3707p—0.259X (mlinor-dlameter allowance on external
thread — pitch-diameter allowance on external thread).
Frn and F., are measure:

from the intersectlons of the stralght flanks and roots.
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(d) Special requirements (derviations from nomi-
nal diameter).—Applications requiring special ma-
chining processes resulting in a basic diameter
other than the nominal diameters shown in table
XII.3, column 1, shall have allowances and toler-
ances in accordance with table XI1.4, footnote a;
table XII.5; and tabulated tolerances, tables
XII.6, X11.7, and XII.8.

(¢) Special diameters.—Special diameters not
shown in table XII.3 or not divisible by Y, shnll
show the actual basic major diameter in decimals
on drawings, specifications, and tools,

3. STANDARD ACME THREAD SERIES?

There has been selected a series of dinmeters
and associated pitches of Acme threads listed in
table XII.3 which is recommended as preferred.

3 When Acme eentralizing threads are prodneed in single nnits or in very
small gqnantities (and princlpally in sizes larger thian the range of commerclal
taps and dies) where the mannfacturing process employs entting tools (sich
as lathe cutting), It may he economically advantageous and therefore desir-
able to have the eentralizing control of the mating threads located at the minar
diameters,

Partlenlarly under the above-mentioned type of manufacturing, the ad-
vantages cited for minor diameter eentralizing control over eentralizing con-
trol at the major diameters of the mating threads are:

(1) Qreater ease and faster checking of machined thread dimensions. 1t
1s much easler to measure the minor diameter (root) of the external thread and
the mating minor diameter (crest or bore) of the internal thread than it 1s to
determine the major diameter (root) of the internal thread and the major
diameter (crest or turn) of the external thread;

(2) better manufactnring control of the machined size due to greater ease
of checking;

(3) lower manufacturing costs.

These dimneters nnd pitches have been carefully
seleeted to meet the present needs with the few-
est number of items, in order to reduce to a mini-
mum the mventory of both tools and gages.

4. CLASSIFICATION AND TOLERANCES, ACME
THREADS

There are established lierein three classes of
threads for genernl purpose and five clnsses for
centinlizing Aeme thrends, as follows:

Type of thread |

Class of thread

3G
3C

1G
4C

General purpose. ... ...ooooooioioiia. 24 l
Centralizing. ... .. oo ... 2C |
i

These classes, together with the accompanying
specifieations, are for the purpose of assuring the
interchangenble manufncture of Aeme thrended
parts. Each nser is free to seleet the classes best
adapted to lis purticular needs. 1t is suggested
that external and internal threads of the same class
be used together for cither general purpose or
centrnlizing assemblies.  If less baeklash or end
pluy than provided by class 2 is desired, classes 3
nid 4 are provided for both general purpose and
centralizing threads, and classes 5C and 6C for
centralizing threads only.

TABLE XI1.3—Acme thread series, basic diameters and thread data

1dentification Basie diameters Thread data
Oencral purpose, all Centralizing, classes Lead angle at hasie
classes, and centralizing, C and 6 piteh diameter
elasses 2C, 3C, and 4
Nomi Thrend | Basie Basie | iencral
nal  {Threads thick- | helght | width | purpose, Shear | Stress
sizes per Plteh, | ness at of of fiat, all Central- | area, ares,
(all | inch, n Piteh | Minor | Major Plteh Minot p piteh | thread, F= classes, izing class cluss
classey) Major | diam. | diam. diam- diam- diam. line, | A=0.5p|0.3707p | and cen- | elasses 3Gs 30b
diam. leter, E=jc.or, K=|cter, R= jeter, F= [eter, K= t=0.5p trajizing | 5C and
eter, D | (D—=R) [(D—2h) [(D—0.025 (3--A} | (3—2h) elasses 6C,
VD) 2C, 3C, by
and 4C,
X\
1 2 3 4 5 [ 7 8 9 10 11 12 13 L} 15 16
in. in. in, in, in. in in, in, in. deg min | deg win | agin. agin.
16 | 0.2500 | 0.2188 ; 0.1875 L o 0.03125 | 0.03125 | 0.0232 5 12 Lo e 0. 350 0. 0285
14 . 3125 . 2768 2411 .. L3571 | L 03571 i) 4 42 - . 451 474
12 . 3750 X L2017 | 04167 | 04167 L3 4 33 | ....... L 545 . 0699
12 . 4375 . 3058 L3542 1. . 04167 04167 R 1 3 N N - K] 1022
10 . 5000 . 4500 . 4000 LO5000 | . 05000 L0371 4 3 4 13 .74y 1287
84 ... 8 . 6250 . 5625 . 5000 L2500 | 06250 | 06250 L0463 4 3 4 12 41 . 243
[ T 6 . 7500 . 6667 . 5833 CIO6RT | 08383 | L 08333 LO8IR 4 33 4 42 1L 108 . 2848
% . 6 L8730 7 L7083 AT ] NA33 | L o83y . OR1N 3 N 3 57 1. 339 4150
..., 5 1.0000 . 9000 . 8000 J20000 | L0000 | L 10060 L0741 4 3 4 10 1.519 . 5354
1%...... 51 L1250 | 1.02% . 9250 1. 0485 . O8RS KAR5 L 20000 | L 10000 | . 10000 L0741 3 33 3 39 1.751 .09
1% . 51 L2500 1.1500 1 1050 1. 2220 1. 1220 10220 | 20000 [, 1oooe § . 10006 L0741 3 10 3 15 1. 984 407
13¢ ... 4 1.3750 | 1.2500 1250 1.3457 1. 207 1. a7 L2h00 1 L 12500 | 12500 27 3 3y 3 4« 2,130 1. 059
133 . 4 1.5000 | 1.3750 | 1.2500 1. 4644 1. 3444 1.2104 | 25000 § 12500 @ . 12500 Rl I 3 2.372 1248
13%...... 4 1.7500 { 1.6250 | 1. 5000 1. 7169 1. 59y 14660 (25000 | . 12500 | . 12500 .27 2 48 2 82 2.R37 1.851
2. ... 41 20000 ) 1.8750 | 1750 1, 9646 1. 83v6 17146 | 25000 | . 1290 | N Dot 2 2 2 3.301 2. 501
21 . 3] 22500 2.0833 7 1.9167 2.212% 2. (458 L8502 | L33 N L1286 2 55 2 5 3.643 3. (49
2% ... 3] 250003 23333 ( 2.1667 2. 4605 2. 2438 212721 16067 L1236 2 ¥ 23 4.110 3.870
2% ... 3 2.750 ] 2.5833 | 24167 2. 7085 2. 5418 2.3752 | L3 . 16667 . 1236 2 21 22 4.577 4.788
....... 27 30000 2.7500 | 2. 5000 2. 9567 2. 7067 2,457 | 50000 | .2%00 [ . 25000 L1853 3w 3 2 4. 786 527
34 ... 2| 35000 3.2500 [ 3. 0000 3. 4532 3. 2032 2.8832 | | 50006 | . 25000 250 L INS3 2 48 2 M 573 7.50
4 ... 2| 4.0000 | 3.75001 3. 5000 3. 9500 3. 7000 3.4500 | . 50000 | . 25000 250001 . IRA3 2 2 R 6. 67 10.12
% ... 2 4.5000 { 4.2500 | 4.9000 4.4470 4.1970 3.9470 | 50000 ¢ . 200 2%00 | 1883 2 9 2 10 7.60 13.13
........ 2 5.0000 | 4.7500 ! 4.5000 4. 9441 4. G941 4. 4441 L S0000 |, 25060 25000 [ - INS3 1 &5 1 5 8.5 18.53

e Per inch length of engagement of the external thread in line with 1he minor diameter erests of the internal thremd.  Computed from this formula: Shear

sream Ka[0.54n tan 14%° (E,— K,)).

Flgures given are the minimum shear area based on max K, and

min £,.

Figures given are the minimum stress area based on the mean of the minimum minor and pltch dismeters of the external thread.

4
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All classes of general purpose external and in-
ternal threads may be used interchangeably. The
requiremcnt for a eentralizing fit s Umt the sum
of the major-diameter tolerance plus the major-
dismeter allowance on the internul thread, and the
major-dinmeter tolerance on the external thread,
sha{l equal or be less than the pitch-diameter nllow-
ance on the external thread. A class 2C external
thread, which has a larger pitch diameter allow-
ance than cither a class 3C or 4C externnl thrend,
can be used interchangeably with classes 2C, 3C,
or 4C internal threads and fulfill this requirement.
Similarly, a class 3C external thread can be used
interchangeably with classes 3C or 4C internnl
threads, but ony a class 4C internal thread can
be used with a class 4C external thread. Classes
5C and 6C external and internnl thrends enn be
used interchangeably. The average backlash for
any cross combinntion will be between the values
for backlash when both members are class 5C and
when both members are class 6C.

1. Basic Diamerers.—The maximum major
diameter of the external thread is basic and is

the nominal major diameter for all classes except
classes 3C and 6C. The maximum major dinmeter
of all vlass 5C and 6C externu! threads is the busie
major diameter, B, established by subtracting

0.025yD from the nominal diameter, D. The
minimum pitch dinmeter of the internnl thread
is basie for all elasses and equal to the basic mnjor
dinmeter minus the basie depth of thread, 0.5p.
The basic minor diameter is equnl to the basie
major diameter minus twiee the basic thread
depth, p. The minimum minor dinmeter of the
general purpose internal thread is bnsie.  The
minitnum minor diameter of the centralizing in-
ternal thread is 0.1p above basie.

2. LexarHn oF Excagerient.—The tolerances
specified herein are applicable to lengths of en-
gagement not exceeding twice the nominal major
diameter.

3. ToLerances.—(a) The tolerances specified
represent the extreme variations allowed on the
product. They are such as to produce inter-
changeability and maintain a high grade of prod-
uet.

TasLE XI11.4.—Tolerances and allowances (minimum clearances) for major and minor Jdiameters, Ace thrcud series (max

major diameter of external threod D) hasic,

Basic ihread height, h=0.5 p.)

Allowances from basle major and minor Tolerance on nujor diameter, plus on internal, minus on external threads
dlameters, all classes
All exter- Internal thread Tolerance|  General Purpose Centralizing
nal threads on nmiinor
Threads diam, all
Bize = | per Ineh, Internal
nb General Centralizing tireads, All elasses Cluss 2C | Classes 3C and 5C Classes 4C and 6C
purpose plus
Miror onsp !
diameter, External
minus® Major Major Minor External f| Internal ani External | Internal | External | Internal
dlameter, | dlameter,} i meter, thrend, | thread ¢ | Internal | thread, thread, thread, thread,
plus plus pius 0.05p threads, | o015/ 000354/ 1| 0.0010v/ D] 00020/ D
/D | 01p 0.0035v D)
1 2 3 4 5 [ 7 8 9 10 1 12 13 14
in. in. in. in. in. in. in. in. in
| < I 16 0.010 0. 0050 0. 0050 0.010
34s..... 14 .010 L0050 . 0050 0]
... 12 .010 . 0030 . 0050 010 | ool et
... 12 .010 L0030 . 0050 L010 ... N |
Yo ... 10 .020 . 0050 . 0050 . 020 0. 0025 0. 0007 0. 0014
8 .02 020 . 0008 . 0125 . 0062 . 0062 020 . 0028 L0008 . 0016
8 00 L 020 .oy L0167 . O0K3 L0083 020 . 0030 . 009 L0017
[} O .00 Lo L0167 L0083 0083 L020 . 0033 t L0009 . 0019
5 020 .02 .0u10 200 . 0100 0100 020 . 0035 .0015 0035 L0010 . 0020
5 .20 020 L0011 200 . 0100 0100 .020 . 0037 L0016 L0037 001 . 0021
5 020 A L0011 .02 L0100 o0 . 020 . 0039 L0017 . 0039 .00 . 0022
4 020 0N L0012 020 0125 0125 020 .01 L0018 L0041 L0012 L0023
4 020 020 .0012 s L0125 0125 .020 . 0043 . 0018 L0043 L0012 . 0024
4 020 0% L0013 L0250 L0125 0125 020 L0046 . 0020 . 0046 L0013 . 0026
4 .00 . 020 L0014 L0250 L0125 0125 A0 L0049 . 0021 L0049 L0014 L0028
3 . 020 0N L0015 L0333 . 0167 0167 020 L0052 L0022 . 0052 L0015 . 0030
3 .02 Ay L0016 . 0333 L0167 0157 020 . 0055 . 0024 . 0055 . 0016 L0032
3 . 020 020 L0017 0333 L0167 0167 020 . 0038 . 0025 L0058 L0017 0033
....... 2 .020 00 L0017 . 0500 L0250 L0250 020 . 0061 L0026 L0061 .07 . 0035
... 2 020 0N BLbLY L0500 L25%) 250 00 L0065 L0028 . 0065 L0019 L0037
...... 2 .20 .00 .00 L0500 - 0250 250 .00 L0070 L0030 L0050 . 020 . 0040
4% ... 2 020 i Lol . 0500 L0250 L0250 .00 L0074 . 0032 L0074 . 002 L0042
5....... 2 .02 020 .22 L0500 . 0250 250 020 L0078 . 0034 L0078 L0022 . 0045

s Values for intermediate dlameters should be caleulated from the formulas In column headings, but ordinarlly may be interpolated.

® Intermedlate pltchus take the vaiues of the next coarser piteh listed,
¢ Values are 0.020 In. for 10 tpi and coarser, und 0.010 In. for finer pitches.

4 The minlmum elearance at the major diameter between the Internal and external thread is equal to col. 5.
¢ The minitaum clearance at the minor diameter between the cenitralizing Internal and external thread 15 the sum of the values in cols. 3 and 6.
f To avold a complicated formula and stll] provide an adequate tolerance, the piteh factor is used as a base, with the minimum tolerance vajue set at 0.005 in,

NortE.—The maximum angulsr play of a centrulizing Internal thread, one diameter long, on Its external thread for the maximum major diameter

clearance Is 1° or less.

Tolerance on minor diameter of all external threads is 1.5 X pitch-dlameter tolerance.
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TapLe XI1.5.—Pitch-diameter allowances for Acme threads

Nominal slze range » Pltch-dlameter allowances on external b
threads, general purposc and centralizing

To and Classes 2G, Classes 3G, Classes 4G

Above Including 2C, and 5C; 3C, and 6C; and 4C;_

0.008yD 0.006 D 0.004yD

1 2 3 4 5
in in in in.

He 0. 0024 0.0018 0.0012
e Rie] . O o
Ao . (0049 L0087 L0024
% L0057 L0042 L0028
1Y . 0063 L0047 L0032
1346 . 0069 . 0052 .0035
134¢ 0075 L0056 . 0037
114 . 0080 00 . 0040
1346 . 0085 . 0064 . 0042
1%4s . 0089 0067 . 0045
174g A [LEa] BT
1%s . 0098 073 . 0049
174 L0105 079 L0052
28 L0113 . 0057
23§ 0120 . 0090 . 0060
Fies < (100 st AR
274 L0153 . 0uw . LUt
3li . 0140 . 0105 . 0070
334 L0150 L0112 . 0075
4% . 0160 L0120 . 0080
434 L0170 M7 . 0085
5% .0181 . 0136 . 0091

s The values In columns 3, 4, and 5 are to be used for any size within the
corresponding range shown In columns 1 and 2. These values are calcuiated
from the mean oi columns 1 and 2. 1t is recommended that the sizes given
In table XI1.3 be used whenever possible.

b An Increase of 10 percent In the allowance is recemmended for each inch,
or fractlon thereof, that the length of engagement exceeds two diameters.

(0) The tolerances on diameters of the internal
threads shall be applied plus from the minimum
sizes to above the minimum sizes.

(¢) The tolerances on diameters of the external
threads shall be applied minus from the maximum
sizes to below the maximum sizes.

(d) The pitch-diameter tolerances (which con-
trol thread thickness) for an external or internal
thread of a given class are the same. The pitch-
diameter tolerances for the product in-lude lead
and angle deviations.

Pitch diameter tolerances for all classes and for
various practicable combinations of diameter and

itch, are given in tables XII.6, XI1.7, and XII.8.

he relative proportions of the pitech diameter
tolerances are: class 2, 3.0; classes 3 and 5, 1.4;
and classes 4 and 6, 1.0.

(¢) The tolerances on the major and minor
diameters of the external and internal threads
are listed in table XII.4 and are based on the
following formulas, which are to be used for special
threads:

4. ArLowances (MinmmuM CLEARANCES).—AL
lowances applied to the pitch diameter of the ex-
ternal thread for all classes, general purpose and
centralizing, are given in table XIL5. These
pitch diameter allowances are equal to the sum
of the allowance on major diamneter, colunn 4,
table X114, and the sum of the toleranees on ex-
ternal and internal threads, columns 10 to 14,
inclusive, table XI1.4, for general purpose und

centralizing, plus an additional anount of 0.002y'D
in. for classes U0 and 0C. This s the nuninam
pitch diameter allowance that is required to niain-
tain the centralizing fit and minimum end play of

0.0005yD in. for classes 5C and 6C.

For centralizing fits, when the product has a
length of engagement greater than the standard
length of the thiread ring gage as shown in table
XII.14, column 3. p. 17, and lead deviations not
exceeding the values shown at the bottom of that
table, and when “go’” thread ring gages of these
fengths are to be wsed, the maximun pitch diam-
eter of the external thread shall be decreased by
the amount showi: in table XII.14, column 5. 1f
the lead deviations in the product are grewter than
indicated, the allowance for the ring gage stated in
colaint 5 should Le increased propurtionately.
However, if metheds of guging the external thread
are to be used which will detect angle deviation
and cumulative lead deviation, the pitch diameter
of the external thread shall be below the tabular
maximum pitch diameter of the external thread
by an amount sufficient to compensate for the
measured deviations,

An increase of 10 percent in the allowance is
recommended for each inch, or fraction thereof,
that the length of engagement exceeds two di-
ameters.

5. FormuLas ror DiameTERS.—The formulas
for the major, pitch, and minor diameters are
given in table XI1.9.

5. LIMITS OF SIZE, ACME THREADS

Limits of size for general purpose Acme threads
of the preferred series of dinmeters and pitches are
Fiven wn table XI1.10. The application of these
imits is illustrated in figure X11.3.

Limits of size for centralizing Aeme threads of
the preferred series of diameters and pitches are
given in tables XII.11 and XII.12. The applica-
tion of these limits is illustrated in figures XII.4
and XII.5.

Tolerances on major and minor diameters of exlernal and internal threads

Type of thread

Major diameter

Minor diameter

External thread

Internal thread External thread Internal thread

0.05p » (Min=
0.905n.)

=-| ov010yD ...

0020 in,

0.0020yD o oooeoeoeio ) OO i

1.5Xpiteh dismeter toler- }l-.OSpl{!\lln-
ance 0,005 In.)

for 10 tpi and

courser; 0.010 In. for finer

}l.sxmtch diameter toler- }0'05”'(‘\.““"

. 1’]1;0 avold a compllcated formula and still provide un adequate tolerance, the pitch factor is usch a base, with the minimum Lulcrzuu_::_ {'ulue set at

6
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6. THREAD DESIGNATIONS 1% —6 ACME—4C=Centralizing class 4C Ae-

. - - . b f 3/ . .
The following abbreviations are recommended me threads; major diameter 1% in., piteh

- : £ ; 0.1667 in., single, right-hand.
o e e a5 15 SPECE Jonc, i o 9%—0.4p—0.8L—ACME—3C=Centralizing

elass 3C Acme threads; major diameter

ACME=Aeme threads, 2% in., pitch 0.4 in., lead 0.8 in., double,
G=general purpose, right-hand.

C=centralizing, 2%—0.3333p—0.6667L—ACME—5C=Cen-

LH=left-hand. tralizing elass 5C Aeme threads; nominal

major diameter 2% in. (basie major diam-
eter 2.4605 in.), piteh 0.3333 in., lead 0.6667

Right-hand Acme threads: in., double, right-hand.

1%—4 ACME—2G=General purpose class  Left-hand Acme threads:
2G Aeme threads; major diameter 1% in.,

Examples of designations:

piteh 0.2500 in., single, right-hand. 1%—4 ACME—2G—LH
2%—0.4p—0.8L—ACME—3G=General pur- 2%—0.4p—0.8L—ACME—3G—LH

pose elass 3G Acme threads; major diam- 1%—6 ACME-4C—LH

eter 2% in., pitch 0.4 in., lead 0.8 in., double, 2%—0.4p—0.8L—ACME—3C—LH

right-hand. 2%—0.3333p—0.6667 L—ACME—5C—LH

TasLE XI1.6.—Pilch diamel:r tolerances for Acme screw threads, classes 2G and 2C

Threads| Pitch Pltch diameter tolerances for nominal diameters of: s
per |increment,
Inch, |9,030y17n
n . 34 in, 56 in. 34 in, e in, 1 in. 54 in. 34 in, 76 in, 1in, 14 in. 1% in,
in. in. in, in, in. in. in. in, in,
0.0112 0.0115 0.0117 0.0122 (11 17 () PO R PRI IR

L0128 . 0132 0.0136 0.0140 .o ....o|o...C
. 0134 . 0139 0143 . 0147 0.0150 0.0154

Diarmneter incre-
ment, 00084/ D_ .|  0.00300 0.00335 0.00367 0.00397 0.00424 0.00474 0. 00520 0.00561 0.00600 0. 2636 0. 00671

Threads| Pitch Pitch diameter tolerances for nominal diameters of: s
increment,

per ent
1“;“- 0.0 y1/n

134 in. 1% in, 13¢ in. 21n. 214 in, 2'4 in. 2% in. 3in. 314 in, 4in, 434 in. Sin,

. 0300
L0317
. 0339

. 0349 L0357 . 0365 . 0372 .037
. 0364 .0372 . 0380 . 0387 . 0194
L0412 . 0420 L0427 . 0434

Diameter incre-
ment, 0.006yD...] 0.00704 | 0.00735| 0.00794 | 0.00849 | 0.00900 | 0.00%49 o.oows| 0.01030 | 0.01122] 0.01200 | 0.01273 | 0.01342

s The equivalent tolerance on thread thickness is 0.250 times the pitch diameter toierance. For an intermediate nominal diameter, appiy the pitch diameter
tolerance for the next larger nominal diameter given In this table,

Norz.—The pitch diameter tolerances shown equal the sum of the pltch increment and the dismeter increment.
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TaBLE XIL.7.- [’lich diameter tolerances for Acme screw threads, classes 3G, 3C, and 5C

Threads| Piteh Piteh diameter toierances for nominai diameters of: »
per [Increment,

inch, | o.014 /172

14 in. 54e in. 34 in, 7{e in. 1% in. 56 in. 34 in. 7% in. 1in. 1} in, 1Y in.

in.
0 057
. 0060

in. in. in. in,

. 01143
.01212
. 01400

Diameter incre-
ment, 0.0028 ‘/B.. 0.00140 0.00157 0.00171 0. 00185 0. 00198 0. 00221 0. 00242 0. 00262 0. 00230 0. 00297 0.00313

Threads| Piteh Piteh dinmeter tolerances for nominal diameters of: »
per |increment,

inch, 1 9.014 y/ifn

134 in. 114 in. 134 in. 2in, 24 in. 236 in. 234 in. 3in. 314 in. 4in, 414 in. 5in,

. 01212
. 01400

Diameter incre-
ment, 0.0028 1/5.. 0.00328 0.00343 0. 00370 0. 00396 0. 0042 0.00443 0. 00464 0. 00485 0.00524 0. 00560 0. 00594 0. 00628

s The equivalent tolerance on thread thiekness is 0.259 times the pilch diameter tolerance. For an intermediate nominal diameter, apply the pileh diameter
toierance for the next iarger nominai diameter given in this tahle,

Notz.—The piteh diameler tolerances shown equal the sum of the pileh ineremenl and the diameter inerement,
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TasLE XI1.8.—Pitch diameter lolerances for Acme screw threads, classes 4G, 4C, and 6C

Threads| TPitch Pitch diameter tolerances for nominal diameters of: »
per lncremcﬂt,
‘“ﬁhr 0.010y/1/n

14 io. 51q in. 34 in. } %16 in, % in. 3¢ in. 345 in, 7% in, 1in. 134 in, 1}4 in.

Dismeter inere-

ment, 0.002 \/D. . 0.00100 0.00112 0.00122 0.00132 0.00141 0.00158 0.00173 0. 00187 0. 00200 0. 00212 0. 00224
Threads| Piteh Piteh diameter toferances for noniinal diameters of: »

per |increment
ineh, | 0,010 yT/n ey ) y
n 134 in, 1% in. 134 in, 2 in. 214 in. 214 in, 234 in. 3in, 334 in, 4in, 414 in. 51in,

18......
4.
12. ...
10_.....
- TR . ] . X
6....... . 00408 . 00”4 . 0065 0067 L (069 0.0071
| . 00447 . 0068 . 0069 L0071 . 0073 L0075
4. ... . 00500 . 0080
k J . . 0048 . .
24 .0101 .0103 L0106 . G108
2nn .0108 L0111 L0113 L0115
1%._... L0119 L0122 L0124 L0126
e ... 0124 L0127 .0129 L0131
1....... L0137 . 0140 .0142 .0145
Diameter inere-

ment, 0.002yD...| 0.00235 0. 00245 0. 00265 0.00283 0. 00300 0.00316 0. 00332 0. 00346 0.00374 0. 00400 0.00424 0.00447

s The equivaient tolerance on thread thiekness is 0,259 limes the piteh diameter tolerance. For an intermediate nominal diameter, appiy the piteh diameter
tolerance for the next larger nominal diameter given in this tahie.

Norr.—-The piteh diameter tolerances shown equal the sum of the pilch increment and the diameter increment,
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TasLe X11.9.—Formulas for diameters, Acre thread classes

Ciasses 2Q, 3@, 4G Ciasses 5C, 6C
Ciasses 2C, 3C, 4C
1 2 3

EXTERNAL THREADS

]

Major dia: 1
Basic (maxX)= | D B{=D-0.025 D)
Min = | D~tolfrom table X11.4, cols| B—toi from tahie X11.4, cois
8,10,11,0r13 NMorl3
Pitch dia:
Max = | Int min pitch dia—allow | Int min pitch dia—allow
Lrom 5mb]e X115, cols 3, | irom table X11.5, cols 3 or
, or
Min = | Ext max pitchdia—tolfrom Ext max pitch dia—toi from
tables X11.6, X11.7, or tabies X11.7 or X11.8
Xus
Minor dia:
Max = | D—p—aliow froma tablc | B—p—allow from tuahle
X114, col 3 X11.4,co0l 3
Min = [ Ext max minov dia—1.5X | Ext max minor dia~1.5%
itch dia tol from tahles itch dia toi from tabics
11¢, X11.7, or X11.8 X11.7or X118
INTERNAL THREADS
Major dia:
Min = { D+allow from table X11.4, | B-+allow from table X11.4,

cols4orb co

Max = | Int min major dia+tol from | Int min major dia+tol from
tabll: X114, cols 9, 10, 12, table X11.4, cols 12 or 14
or

Pitch dia:
Basic (min)= | D—0.5p B-0.5p
Max = | Int min pitch dia-tol from | Int min pitch diat-tol from
tahles X11.6, X11.7, or tavie Xil.7 or X11.8

xXuns
Minor dia:
Basic = | D—p B-p
Min = D‘—& (for classes 2G, 3G, | R—p+0.1p
= | D—p+0.1p (for classes 2C,
AN

Max = | Int min minor dia+tol from | Int min minor dia4-tol from

table X114, col 7 tabie X11.4, coi 7
D= Nominal size or diameter.
B=Basic diameter (for ciasses 5C and 6C)
p=Pitch

7. GAGES FOR ACME THREADS

Gages representing both product limits, or
adequate gaging instruments for thread elements,
are necessary for the proper inspection of Acme
ihreads. The dimensions of “go” and ‘“not go”
gages should be in accordance with the principles:
(@) that the maximum-metal limit or “go” gage
should check simultaneously as many elements as
possible, and that a minimum-metal limit or “not
go” thread gage can effectively check but one
element; and (b) that permissible variations in
the gages be kept within the extreme product
limits.

() GAGE TOLERANCES

Tolerances for the thread elements of “‘go” and
“not go” thread gages for Acme threads are as
specified below.

1. ToLeraNces oN Pitch DiaMeTER.—The
pitch diameter tolerances for gages for classes 2G
and 2C external and internal threads are given
in table XII.13, column 2, and for gages for
classes 3G, 3C, 4G, 4C, 5C, and 6C external and
internal threads in table XII.13, column 3.

10

2. ToLErANCES oN Major aNDp Minor Diam-
ETERS.—Tlic major and minor diameter tolerances
for Acme thiread gages are given in table XII.13,
column 4.

3. ToLEraANCES ON LEaD.—The variation in
lead of all Aeme thread gages for classes 3, 4, 5,
and 6 product shall not exceed 0.0002 inch between
any two threads not farther apart than one inch.
However, the cumulative error in lead shall not
exceed 0.0003 in. for gages with a length over 1
to 3 in., inclusive; or 0.0004 in. for gages with a
length over 3 to 5 in., inclusive; or 0.0006 in. for
[I::ages with a length over 5 to 10 in., inclusive.

or gages for class 2 product, 0.0001 in. shall be
added to the above values. For multiple threads,
the cumulative tolerance for pitch and lead shall
be multiplied by 1.5.

4, ToLERANCES ON ANGLE oF THREAD.—The
tolerances on angle of thread, as specified in table
XII.13, column 5, for the varions pitches are
tolerances on one-half the included angle. This
insures that the bisector of the included angle
will be perpendicular to the axis of the thread
within proper limits. The equivalent deviation
from the true thread form caused by such irregu-
larities as convex or concave sides of thread, or
slight projections on the thread form, should not
exceed the tolerances permitted on angle of thread.

(b) GAGES FOR EXTERNAL THREADS

1. “Go” Tureap Ring orR THREAD Snap
Gace.—(a) Major diameter—The major diameter
of the “go’ thread ring or thread snap gage shall
clear a diameter greater by 0.01 in. than the maxi-
mum major diameter of the external thread.

(b) Pitck diameter—The piteh diameter shall
fit the maximum-mectal limit thread sctting plug

age.

%c) Minor diameter.—For general purpose ex-
ternal threads, the minor diameter of the “go”
thread ring gage shall be the same as the maximum
minor diameter of the external thread plus 0.005
in. for pitches finer than 10 tpi, and plus 0.010 in.
for 10 tpi and coarser, to allow for possible devi-
ations in concentricity of the pitch and minor
diameters of the product. The tolerance shall be
applied minus,

For centralizing external threads, the minor
dinmeter of the “go” thread ring gage shall be
less than the minlinum minor diameter of the
internal thread by the amount of the allowance
on pitch diameter, table XII.5, columns 3 to 5.
The tolerance (table XII.13, col. 4) shall be applied
minus.

(d) Length—The length of the “go” thread
ring or thread snap gage should approximate the
length of engagement (see footnote to table
XII.14) but should not exceed the length spccified
in table XII.14, col. 3.

2. MaxiMmum-MEeTAL Limit THREAD SETTING
PLug For “Go” THreEAD RiNG OR SxaP GAGES.—
(a) Major diameter.—The major diameter of the
basic-crest maximum-metal limit thread setting
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INTERNAL THREAD (NUT)
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EXTERNAL THREAD (SCREW)

Ficvre XIL.3.—Illustration of allowances, tolerances, and crest clearances,
general purpose Acme threads, classes 2G, 3G, and 4G.

NoTtaTioN

)’::Riu‘h.

asic thread helght.
Heavy llaes show hasle slze,

plug gage shall be the same as the maximum
major diameter of the external thread. The gage
tolerance (table XI1.13, col. 4) shall be applied plus.
The major diameter of the truncated maximum-
metal limit thread setting plug gage shall be
smaller by one-third of the basic thread depth
(=p/6) than the maximum major diameter of
the external thread. The gage tolerance (table
XI1.13, col. 4) shall be applied minus.

(b) Pitch diameter.—The pitch diameter of the
maximum-metal limit thread setting plug for all
external threads shall be the same as the maximum
pitch diameter of the external thread. However,
if the product length of engagement exceeds the
length of the ring gage, talﬁz XII1.14, column 3,
the pitch diameter of the maximum-metal limit
thread setting plug shall be less than the maximum
pitch diameter of the external thread by the
amount stated in table XII.14, column 5. The
gage tolerance (table XJI.13, col. 2 and 3) shall be

12

applied minus.

(¢c) Minor diameter.—The minor diameter shall
be cleared below the minimum minor diameter
of the “go’’ thread ring gage.

(d) Length.—The length of the maximum-metal
limit thread setting plug gage should approximate
the length of the “go” thread ring or thread snap

age.

8 % “Go” Prain Rinc or Snap GAGE For
Major DiaMETER.—The diameter of the “go”
plain ring gage, or gaging dimension of the “go”
plain snap gage, shall be the samc as the maxi-
mum major diameter of the external thread.
The elass Z tolerances given in footnote of table
XII.13 shall be applicable to gages for centralizing
threads. Tolerances given in table XII.13,
eolumn 4, shall be applicable to gages for general
purpose threads. The tolerances shall be applied
minus,

4, “Notr Go"” Tureap Rine oRrR THREAD
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MAJOR DIAMETER ALLOWANCE ON INTERNAL THREAD

1
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MAJOR DIAMETER OF EXTERNAL THREAD

MAJOR OIAMETER OF INTERNAL THREAD
NOMINAL (BASIC) MAJOR DIAMETER (D)

roaTa AT
Aty

L

SRR Y \_F
/O.!p MAX RADIUS

—pETal GF
OPTIONAL FILLET

PITCH DIAMETER OF EXTERNAL THREAD

EXTERNAL THREAD (SCREW)

Ficure XII.4,—Illustration of allowances, tolerances, and cresi clearances, centralizing
Acme threads, classes 2C, 3C, aad 4C.

-

Snar Gage.—(a) Major diameter—The
diameter of the ‘“not go” thread ring or
snap gage shall clear a diameter
in. than the maximum major diameter
external thread. The clearance cut may have
0.435p maximum width between intersections pitch diameter of the external thread.
(d) Length—The length of the ‘“not go”

(b) Pitch diameter—The pitch diameter shall  thread ring or thread snap gage should
fit the minimum-metal limit thread setting plug  mate 3 pitches (see footnote to table
When a multiple thread is involved, the ‘“not go”
thread ring or snap gage shall be of such length
basic minor diameter of the internal asto ’Frovide at least 1 full turn of thread.
thread plus p/4, with the tolerance (table XII.13, 5.

with the flanks of the thread.

e.
(¢) Minor diameter.—The minor diameter shall

eater by 0.C1

NoratioN
itch
asic thread height.
Heavy lines show basic size.

major  col. 4) applied plus. If the value for minimum
thread  minor diameter determined by the formula is
greater than the minimum pitch diameter of
of the the external thread, the minimum minor diameter
of the gage shall be specified as the minimum

HREAD SerTING PLuc rFor “Nor Go”
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EXTERNAL THREAD (SCREW)

Ficure X11.5.—Iliustration of allowances, tolerances, and crest clearances, centralizing Acme
threads, classes 5C and 6C.
NoraTiON

K- rnch
=busic thread height
Heavy lines show basle form.

Tureap Rine orR THrEAD SNaP Gace.—(a)
Major diameter —The major diameter of the basic-
crest minimum-netal linit thread setting plug
gage shall be the same as the maximum major
diameter of the external thread. The gage toler-
ance (table XII.13, col. 4) shall be applied plus.
The major diameter of the truncated minimum-
metal himit thread setting plug gage shall be
truncated one-third basic thread depth (=p/6)
smaller than the maximum major diameter of the

16

external thread. The gage tolerance (table
XII.13, col. 4) shall be applied minus.

(b) Pitch diameter—The pitch diamecter shall
be the same as the minimum pitch diameter of
tllle external thread, with thc tolerance applied

us.

(¢) Minor diameter—The minor diamecter shall
be cleared below the minimumn minor diameter
of the “not go” thread ring gage.

(d) Length—Thec length shall be at lcast equal
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to the length of the “not go” thread ring or thread
snap gage.

6. “Nor Go” Puaiy Sxap Gace For MaJor
DiamereEr—The gaging dimension of the “not
go” plain snap gage shall be the same as the
minimum major dicmeter of the external thrend.
Class Z tolerances given in footnote of table XI1.13
shall be applicable to gages for eentralizing threads.
Tolerances given in table XII.13, column 4, shall
be applicable to gages for general purpose threads.
The gage tolerance shall be applied plus.

(c) GAGES FOR INTERNAL THREADS

1. “Go” Tureap Pruc Gacg, GENERAL Pur-
rose THREADS.—(a) Major diameter.—~The major
diameter of the “go” thread plug gage for general
purpose threads shall be equal to the minimum
major diameter of the internal thread minus
0.005 in. for pitehes finer than 10 tpi, and minus
0.010 in. for 10 tpi and comrser, to allow for
possible deviations in coneentriecity of the pitch
and major diameters of the produet. The gage
t(l)lora,noe (table XII.13, col. 4) shall be applied
plus.

TasLe XII.13.—Tolerances for ‘‘go’’ and “‘not go’’ thread
and plain gages, Acme threads

’ Tolerance on pitch b
diameter
Tolerance ¢| Tolerance
on major on haif
Threads per inch s Classes [ and minor | angle of
Classes 3G, 3C, | diameters thread
2G and 40, 4C,
2C 5C, and
6C
1 2 3 4 5
deg min
in. in. in =+
0.0006 0. 0005 0.00t 0 10
. 0006 L0005 001 0 10
0006 . 0008 001 { 10
0007 . 0006 002 [4] 10
0008 0007 002 0 8
0009 . 0007 002 0 8
0010 . 0008 . 002 0 8
001t . 0008 .002 0 8
L0013 L0008 002 0 6
L0014 . 0009 . 002 0 6
L0015 .0010 002 0 )
0018 L0019 002 0 5
L0018 . 0010 002 ] 1
L0021 .oto . 002 0 5

h‘ lmgl.'medlnte pitehes take the tolerances of the next coarser piteh iisted in
the tabie.

b These piteh diameter toieranees for thread gages are not cumulative; that
is, they do not inelude tolerances on 1zad and on half angle. Lead toieranees
are given in par. 7(a) 3, p. 10.

¢ These tolerances are applicahie to ali gages except the “go” and **not go’’
thread piug gages for major diameter of aii eiasses of eentralizing internal
threads, and for “go” and *'not go"}pluin ringor snu? gages for major diameter
of centraiizing external threads. For these gages the tolerances are elass Z,

as follows:
Size range
Class Z
tolerance
Above To and
including
in. in. in.

0.029 0. 825 0. 00010
0.825 1.510 . 00012
1. 510 2.510 . 00016
2.510 4.510 . 00020
4.510 6. 510 . 00025

(b) Pitch diameter.—The pitch diameter shall
be equal to thie miniinum (basic) pitch diameter
of tlie internal thread with the tolerance (table
XI11.1s, col. 2 and 3) applied plus.

(¢) Minor diameter—The minor diameter shall
clear o dinimetor less by g1 in. thuein the minism
minor digmmeter of the internal thread.

() Length.—The length of the “go” thread
plug gage should approximate the length of
engageineint (see footnote to table XII.14) but
shall not exeeed twice the nominal major diamneter
unless speeificully requested.

2. “Go” Turrap PLua Gaar, CENTRALIZING
Turkaps.—{(a) Major diameter.—The major di-
ameter of the “go” tiread plug guge for eentmiliz-
ing threads shall be the same as the minimum

Taste XI1.14.—Pitch diancler compensation for adjusted
lengths of “‘go” ring gages foi jeneral purpose and central-
izing threads

Nominal major diameter of Maximum
axternal thread Maximum aniount pitch
—_ amount 2 diameter of
Lengti of diameters “go” ring
“po” ring length of shali he icss
gage engagement than maxi-
Above To and exceeds fength mum piteh
ineiuding of gage diaometer of
externai
thread
1 2 3 4 5
in in, in.
1 2 diame- 0 ]
Hg 4 0.0012
14 19 L0012
114 3 L0015
1'% 1 L0015
134 2in....... 1% L0015
2 2in_. ... 2 L0018
214 219 0In. ... 2 L0019
2'4 29 in.. .. 214 .0019
234 3 .0019
3 3 . 0019
4 5 L0027
5 7 . 0039
)

NOTE.—Tiie above eomjpwnsation is hased on a ieugth of engagement
not exceeding two diameters and a iead deviation in the produet not
exceeding the foliowing vaines (in ineh):

0.0003 in length of 14 in. or iess.
0004 in jength over 14 to 12 in.
L0005 In length over 134 to 3 in.
D07 in jength over 3 to 6 in.
{0010 in iength over 6 to 10 in.

The prineipies have been estahiished in the foregoing requirements that
“go” gages should approximate the length of engagement, and ““not go”
guges should be three pltehes long.  For rensons of eeonomy or iimitations
in gage manufaeture or use, it may be desirahie to modify these prineiples
to: (1) Tuke advantage of the eeonomies of nsing standard hianks, as fisted
in the iatest issue of C S8, Gage Binnks, wherever ther’ may be utiilzed success-
fuiiy. (2) Avoid too enmbersome ring gages as weil as excessiveiy expensive
gages by iimiting the iength of *’go” tiwrcad ring gages to maximunt lengths

iven in eol. 3 ahove. (3) Avoid excessiveiy eumbersome thread plug gages

y limiting maximum iength to two dismeters wherever possihle. (4) Take
fuli advantage of modern equipment for produeing and eheeking asecurate
leads, particoiariy where iong engagements are involved, thus permitting
the use of standard or moderate iength thread piug, thread ring, or thread
snap gages. Alternativeiy, of course, instruments might be used for
ehecking diameters and angies independently.

Shonld a *‘go” gage shorter thun the length of engagement be chosen,
independent means shouid be used to measure lead deviation in produet.
The maximum metal eondition must be reduced to assure free assemhly
of provuet, if the lead deviation in the iength of engagement, 3p, so
determined, cxceeds 0.259G, where @ is the produet piteh dianeter
aliowance. The required amonnt of ehange in pitehr dismeter, AF, of
the produet (minus on external thread, pius on internal thread) aecordingly

is: AE:‘!.SO’[(I-— ;——') 3p, where L, isthe icngth of the gage and L, isthe length

°f engagement. When instruments are used for eheeking diameter it is a
impie matter to make this allowance. When thread plug and ring gages
. ¢ used, the aliowance is sometimes inereased a fixed amount, as outiined
is 'he above table. This arbitrarily reduces the toierance on diameter.
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major diameter of the internal thread with a
lus tolerance (class Z, footnote of table XII.13).
%oth ecorners at the crest shall be chandered
equally at an angle of 45° leaving a width of
flat at erest of 0.28p, 40.00, —0.02p.

(0) Pitch diameter, minor diameter, and length.—
The piteh diameter, minor diameter, and length
of gage shall be the same as those given in 1(b),
1(e), and 1(d) above.

3. “Nor Go” Tureap Pruc GAGE ror Pircu
DiameTER oF ALl INTERNAL Tnhnnun.—(u)
Major diameter.—The major diameter of the
“not go” thread plug yage shall be equal to the
maximum (basic) major diameter of the external
thread minus p/4, with the tolerance (table
XII.13, col. 4) applied minus.

(0) Pitch diameter—The pitch diameter shall
be the same as the maximum pitch diameter of
the internal thread, with the toleranee (table
XII1.13, col. 2 and 3) applied minus.

(¢) Minor diameter—The minor diameter shall
elear a diameter less by 0.01 in. than the minirum
minor diameter of the internal thread. The
elearance cut may have 0.435p maximum width
between interseetions with the flanks of the thread.

(d) Length.—The length of the “not go’’ thread
plug gage should approximate 3 pitches (see foot-
note to table XII.14). When a multiple thread is
involved, the “not go” thread plug gage shall be of
such length as to provide at least 1 full turn of the
thread.

4, “Not Go” THreap Prua Gace ror Majsor
Di1AMETER OF CENTRALIZING INTERNAL THREAD.—
The major diameter shall be equal to the maximum
major diameter of the intcinal thread. The toler-
ance shall be class Z (footnote of table XII.13),
applied minus. The included angle of the thread
shall be 29°. The pitch diameter shall be the
maximum pitch diameter of the elass 4C central-
izing erternal thread (for eentralizing internal
threads, elasses 2C, 3C, and 4C) or the maximum
pitch diameter of the class 6C centralizing external
thread (for eentralizing internal threads, classes 5C
and 6C), with a minus tolerance of twiee that
given in table XII.13, column 3. The erest
corners shall be ehamfered 45° equally to leave
a central crest flat not more than 0.247 wide.
The approximate depth of enamfer is 0.07p. The
winor diameter shall clear a diameter less by 0.01
in. than the minimum minor diameter of the in-
ternal thread. The length should approximate
3p (sce footnote to table XII.14). When a
multiple thread is involved, the “not go” gage
shall be of such length as to provide at least 1 full
turn of thread.

5. “Go” Prainy Prua Gaae For MiNor Dian-
ETER OF INTERNAL THREAD.—The diameter of
the “go” plain plug gage shall be the same as the
minimuin minor diameter of the internal thread.
The gage tolerance shall be class Z (footnote of
table XII.13), applied plus. The gage length shall
be in accordance with the latest revision of
Commercial Standard CS8, Gage Blanks.
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6. “Nort Go” PrLaix Prra ror Mixor Diam-
ETER OF INTERNAL Tureap.—The diameter of
the “not go” plain plug gage shail be the same as
the maxinmn minor diameter of the internal
thread. The gage toleranee shall be elass Z
(footnote of table XII.13), applied minus. The
gage lengtl shiell be in accordance with the latest
revision of CS3.

(d) CONCENTRICITY

Methods of securing concentricity between
major and pitch diameters of external or internal
threods must he determined foe each individoal
application.

SECTION XIII. STUB ACME THREADS*
1. GENERAL AND HISTORICAL

When formulated prior to 1895, regular Aeme
threads were intended to replace square threads
and a variety of threads of other forms used
chiefly for the purpose of produeing traversing
motions on machines, tools, etc. Acme threads
rre now extensively used for a variety of purposes.

Seetion XII, p. 1, provides inforination and
data pertaining to the use of the regular stand-
ard Aeme thread form. The Stub Aeme thread
came into being early in the 190¢'s. Its use has
been generally econfined to those unusual applica-
tions where a coarse-pitch thread of shallow gepth
is rq(iuire(.l due to mechanical or metallurgical
considerntions,

While threads for valve operation may be made
to this standard, this applieation is higb{ special-
ized and these data should not be usmeithout
consultation with the valve mnanufacturer.

2. SPECIFICATIONS FOR THE STUB ACME FORM
OF THREAD

1. AxGLE oF THREAD.—The angle between the
flanks of the thread measured in an axial plane
shall be 29°. The line bisceting this 29° angle
shall be perpendicular to the axis of the thread.

2. Pirci o¥ Tunreap.—The piteh of a thread
is the distanee, mensured parallel to its axis,
between eorresponding points on adjacent thread
forms.

3. Heigur oF THREAD.—The basic height of
Stub Acme threads shall be as follows:

Standard Stub Aeme 0.3p,
Modified Form 1 Stub Aeme 0.375p,
Modified Form 2 Stub Aeme 0.25p.

4. Tuickxgss oF Tureap.—The basie thickness
of the thread at a diameter sialler by the basic
heiglit of thread (for which see previous paragraph)
than the basic major dinmeter, shall be 0.5p.

5. Arrowancke (MixiMmusm CLEARANCE) AT Ma-
Jor AxD Mixor Diasmerers. A minimum dia-
wmetrical elearance is provided at the minor diam-
cter of all Stub Aeme thread asseiablies by

4 This section is in substantial agreement with American Standards Asso-
clation puhlcation ASA BL.y, *Stub Acine Screw Threads,” which s puh-

lished by the ASMFE, 20 W. 39th §t., New York I8, N.Y_ The latest
revision should be consulted when referring to this ASA document.
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estabiishing the maximum minor diameter of
external threads 0.020 in. below the basic minor
diameter on 10 tpi and coarser, and 0.010 in.
below the basic minor diameter for finer pitches,

A minimum diametrical clearance at the major
diameter is obtained by establishing tlie minimum
major diameter of the internal thread 0.020 in.
above the basic major diameter for 10 tpi and
coarser, and 0.010 in. above the basic major
diameter for finer pitches.

6. Basic Tureap Form Dimexsions.—The
basic dimensions of the standard Stub Acme
thread form for the most generally used pitches
are given in table XIII.1. gl‘he basie thread form
is symmetrical and is illustrated in figure XIIL.1.

TaBLe XIII.1.—Standard Stub Acme thread form, basic

dimensions
! . [ Wilihof flat ar-
Total
lleight | lieight of | Thread | Crestof | Root of
Threads | Pitch, p |of thread | thread, | thickness| internal | internal
perinch, n (basic), | A=A+ | (basic), | thread thread,
A=03p | rallow.| ¢=p/2 (basic), Foam
ance * Fea= N.4224p—
0.4224p | 0.239%al-
lowance s
|
1 2 l 3 ! 4 5 [ 7
| |
. imn. t. i, i m, in.
16._.... 0.06250 | 0.01875 0.0238 | .03125 | 0. 0264 0. 0238
4. .| .07143 . 02143 . 0264 . 03571 L0302 L0206
. 08,33 . 02500 L0300 1 167 L0352 L0326
. 10000 . 03000 L0400 | L 0NN} S22 . 0370
JHIH .31 | it SotAsR | L BT
. 12500 . 03750 0475 . OR270 0528 L0476
. 14286 04285 0529 .07143 003 L0531
L5667 | 05000 L0600 | LOR333 0TI L0652
. 20000 . 0R00N 070 L looan | . (845 L0743
4 . 25000 L 07500 . URS) . 1250 I 1 L1004
3. ... L2871 [ L 08571 LOUGT | L1428 I 7 L1158
3. . 33333 . 10600 . 1100 10667 | L4048 135
2% .. . 40000 . 12000 . 1300 . 20000 . 1640 i L1638
2 ...l . 50000 . 15000 L1600 25000 L2M2 . 2000
1% .| .66667 | 20000 2100 | 33333 | L2816 | L2t
1ky 75000 2250 7350 KT AR 216
| U 1.00000 | . 30000 3 oo | 4224 172

s Allowance Is shown in table X111.3, «ol. 3.

(@) Special requirements, .. riations fron. nominal
diameter.—Apphications requiring special machin-
ing processes resulting in a basie_diameter less
than the nominal shown in table XII1.2, column
1, shall have allowances and tolerances in aceord-
ance with footnote b, table XII1.3: table XII1.4;
and tabulated tolerances, table X115,

{b) Special diameters.—Special diameters not
shown in table X112 and not divisible by 1/16
shall show the actual basic major diameter in
decimals on drawings, specifications, and tools.

3. STANDARD STUB ACME THREAD SERIES

There has been selected a series of dinmneters
and associated pitches of standard Stub Acme
threads listed in table XIII.2, which is recom-

mended as preferred. These diameters and
pitches have been carefully selected to meet the
present needs with the fewest number of items,
in order to reduce to a minimum the inventory
of both tools and gages.

4. CLASSIFICATION AND TOLERANCES, STAND-
ARD STUB ACME THREADS

There is established hercin only one elass of
thread for general usage. This class corresponds
to the class 2G (General Purpose) of seetion XII.
If a fit laving less backlash is required, the
tolerances and allowances for general purpose
threads shown in tables XI1.3, XII.4, XII.5,
XIi.6, and XII.8, pp. 4 to 9, may he used to
determine the linits of size for mating threads.

1. Basic DiaMerers.—The maximum major
dizmeter of the external thiread is the basic
(nominal) major diameter. The minimum pitch
diameter of the internal thread is basic and equal
to the basic major diameter minus the basie
height of thread. The basic minor diameter is
the minimum minor diamneter of the internal
thread and is equal to the basic major diameter
minus twice the basic iliread height.

2. LExeétH oF ExcaGEMzNT.—The tolerances
specified herein are applicable to lengths of engage-
ment not exceeding twice the nominal major
dinmeter.

3. ToLeEraNcEs.—The tolerances specified are
such as to assure interchangeability and maintain
a high grade of product.

The toleranees on diameters of internal threads
shall be applied plus from the minimum sizes to
above the minimum sizes.

The tolerances on diameters of external threads
shall be applied minus from the maximum sizes
to below the maximum sizes.

The pitch-diameter (or thread-thickness) toler-
anees for an external or an internal thread are
the same. Pitch diameter tolerances are the
same as those given in table XIL6, p. 7.

The piteh-diameter (or thread-thickness) toler-
ances for the product include lead and angle
deviations.

The tolerances on the major and minor diameters
of external and internal threads for use with
special threads are lsted in table XIIL3 and are
based on the following formulas:

Major dlameter tolerinee Minor dlamneter tolerance

Faternal threwd | Internal thressd | External thread | Diternal thread

L plteh 005 p. (Minm=
diasmeter 0.005 jn.).»
tolerance b

W03 p. (M =095 [ 10X plteh
i dinmneter
tolerance.®

» To avold a complicated formila anel stlil provide an adequate tolerance,
the plteh facter s used as a base, with the minlmum tolerance value set at
0005 In.

b For use only where the major diameter of the Internal thread and the
minor Jlineter of the external thread mist he controlledd, stich as on thin-
walled components,  Piteh-dinineter tolermees for varions practlcable com-
Hnatlons of diametcr aml pitch are given in table X11.6, p. 7.
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Fraure XII1.1.—Standard Stub Acme form of thread.

NOTATION

2a=29°
a=14°30
p=pitch
n=number of threads per inch
N=number of turns per inch
h=0.3p=hasic height of thrcad

Fen=0.424p=Dbasic widtli of flat v. crest of internal thread
Fee=0.4224p=Dhasic width of flat of crest of external thread
Fra=0.4724p=0.250 X (major diameter ailowance on internal thread)
Fre=0.4224p=0.259 X (minor diameter allowanco on external thread)

4. Arrowances (MiNiMuM CLEARANCES).—AIl-
lowances applied to the pitch diameter of the
external thread are based on the major diameter
and are given in table XIII 4.

When the product has a length of engagement
greater than the standard length of thread rin

age a8 shown in table X1I.14, col. 3, p. 17, an
ead deviations not exceeding values shown in the
footnote to that table, and when “go” thread ring
gages of these lengths are to be use<E the maximum
pitch diameter of the external thread shall be
decreased b% the amount shown in table XII.14,
col. 5. If the lead deviations in the product are
greater than indicated, the allowance for the ring
gage stated in col. 5 should be increased propor-
tionately. However, if methods of gaging the
external thread are to be used that waiﬁl setect

20

angle deviation and cumulative lead deviation,
the pitch diameter of the thread shall be below
the tabular maximuin pitch diameter by an amount
sufficient to compensate for the mcasured devia-
tlons.

An increase of 10 percent in the allowance is
recommended for each inch, or fraction thercof,
that the lengtk of engagement exceeds two
diameters.

S. LIMITS OF SIZE, STANDARD STUB ACME
THREADS

Limits of size for Stub Acine threads of the
referred serics of diameters and pitches are given
in table A111.5. The application of these hmits
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is illustrated in figure XIII.2. The values in
table XIII.5 are based on the following formulas:

External Threads (Screws)

(Basic) »ax major diam=Nominal size or
diameter, D.

Min major diam=Ext max major
diam minus tolerance from table
XII1.3, col 6.

Max pitch diam=Int min pitch
diam minus allowance froin table
X1I11.4, col 3.

Min pitch diam=Ext max pitch
diain minus tolerance from table
XIL6, p.

Max minor diam=Int min minor

Max pitch diam=Int min pitch
diam plus tolerance from table
XI11.6, p. 7.

Min minor diam=Ext max major
diawn inus 2 times basic height
of thread from table X1I1.2, col 8.

Max minor diam=1Int min minor

diam plus tolerance from table
XII1.3, col 5.

6. THREAD DESIGNATIONS

Standard Stub Acme threads shall be designated
as shown below on drawings and in specifications,
and on tools and gages:

Right-hand thread:
14—20 STUB ACME
[ —]

(Basic)

%iairll :;r’ug)lis‘li-lllc watice from table l—Right hand
Min minor diam=Ext max minor (since desig-
diam minus tolerance from table hation
XII1.3, col 7. LH is not
Internal Threads (Nuts) specified)

Thread series
—Number of threads per inch
Nominal size in inches
Left-hand thread:
4—20 STUB ACME—LH

T |__Left hand
Thread series

Min major diam=Ext nmiax major
diam plus allowance from table
XTIL3, col 3.

Max major dinm=Int min major

diam plus tolerance from tuble
XI11.3, col 7.

(Basic) Min pitch diam=Ext max major
diam minus basic height of thread Number of threads per inch
fror table XTIII.2, col 8. ——Norminal size in inches
TasLe X111.2.—Standard Stub Acme thread series, tasic diameters and thread dala
Basic diameters Thread data
Nominal sizes Threads per . 3
ineh, n Mafor di- Pitea di- Minor dij- Thread thick-] Basic height | Basic width | Lead angle
ameter, D ameter, ameter, Pitch,p | nessat pitch | of thread, of flat, at hasie pitch
c=D-h K=D-2h Uine, t=p/2 h=0.3p F=0.4224p | diameter, A
1 2 3 4 5 6 7 8 9 10
in. in. i in. in, in. in. deg min
16 0. 0.2312 0.2125 0. 06250 0. 03125 0.01875 0. 0264 4 54
“ L8128 L2001 . 2006 07143 . 03572 .02143 .0302 4 28
12 . 3750 .39 . 3250 . 08333 . 04187 . 02500 . 0352 4 20
12 . 4375 L4125 . 3875 . 08333 . 04167 . 02500 . 0352 3 41
10 L . 4700 . 4400 . 10000 . 05000 . 03000 L0422 3 52
8 . 625> . 5875 . 5500 . 12500 . 06250 . 03750 . 0528 3 52
6 . 7500 . 7000 . 8500 . 16667 . 08333 . 05000 L0704 4 20
6 . 8750 . 8250 . 77150 . 16667 . 08333 . 05000 L0704 3 41
5 1. 0000 . 9400 . 8800 . 20000 . 10000 . 06000 . 0845 3 52
5 1,125 1. 0650 1. 0050 . 20000 . 10000 . 06000 . 0845 3 25
5 1. 2500 1. 1900 1. 1300 . 20000 . 10000 . 06000 . 0845 3 4
4 1.375%0 1. 3000 1. 2250 . 25000 . 12500 . 07500 . 1056 3 30
4 1. 5000 1. 4250 1. 3500 . 25000 . 12500 07300 1056 3 12
4 1. 7500 1. 6750 1. 6000 . 25000 . 12500 07500 . 1056 2 43
4 2. 0000 1. 9250 1. 8500 . 25000 . 12500 . 07500 . 1056 2 22
3 2. 2500 2. 1500 2. 0500 . 33333 . 10667 . 10000 . 1408 2 50
3 2, 5000 2. 4000 2. 3000 . 33333 . 16667 . 10000 . 1408 2 32
3 2.7500 2. 6500 2. 5500 . 33333 . 16667 . 10000 . 1408 2 18
2 3. 0000 2. 8500 2. 7000 . 50000 . 25000 . 15000 212 3 12
2 3. 5000 3. 3500 3. 2000 . 30000 . 25000 . 15000 L2112 2 43
2 4. 0000 3.8500 3. 7000 . 50000 . 25000 . 15000 2112 2 22
2 4. 5000 4. 3500 4. 2000 . 50000 . 25000 . 15000 212 2 6
2 5. 0000 4. 8500 4. 7000 . 30000 . 25000 . 15000 2012 1 53
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7. ALTERNATIVE STUB ACME THREADS

Recognizing the fact that the standard Stub
Acme thread form may not provide a generally
acce{)table thread system to meet the requirements
of all applications, basic data for two of the other
commonly used forms are tabulated in tables
XIII.6 and XIIL.7. These threads are identified
as Modified Form 1 Stub Acme Thread (shown on
fig. XII1.3) and Modified Forin 2 Stub Acme
Thread (shown on fig. XIII.4). Wherever

racticable, however, the standard Stub Acme
hread form should be used.

In applying the foregoing data to special designs,
the allowances and tolerances can be taken directly
from tables XIII1.3, XII1.4, and XIL.6, p. 7 for
standard Stub Acme threads. Therefore the
major diameter and basic thread thickness at
pitch line for both external and internal threads
will be the same as for the standard form as shown

TaBLE XII1.3.—Tolerances and allowances for major and
minor diameters, Stub Acme threads *

in tables XTI1.2 and XIII.5. The pitch diameter
and minor diameter will vary from the data shown
in tables XTII.2 and XIII.5; for modified form 1,
the pitch and minor diameters will be smaller
than similar values for the standard form, and for
modified form 2 the pitch and minor diameters will
be larger than those dimensions for the standard
forms.

These threads shall be designated as shown
below on drawings and in specifications, and on
tools and gages:

Right-hand thread:
Modified Form 1

14—20 STUB ACME M1
%—20 STUB ACME M2

|*—Modiﬁod Form 2

Left-hand thread:

14—20 STUB ACME M1—LH
}—20 STUB ACME M2—LH

Tolerance on t
Aliowances from
basie major and mr::'!;)r ‘“i-uﬂ
minor diameters| Tolerance *| Toicrance e} B0 lrrx'tln"n {
on minor | on major threndq'e.l i
Threads| diameter, | diameter, | (AFeRCS :]°
Sizeb | per |Majore|Minord|all internat | ali external m"‘;mn"f 0
inch, | diam, | diam, | threads, [ threads, |/} r(;:‘i(n:;.:w:-
all in- | ali ex- pius minus alt external
ternai | ternai| 0.05p 0.05p i ('in - :
thrends{threads -10%ED TasLE XIII.4.—Pii-h diameter allowances for Stub Acme
plus | minus el threads
3 % 3 4 b 6 @ Nominal size range » Pitch diameter b
atlowances on ex-
in. | in. in. in. in, ternal threads,
16 ] 0.010 | 0.010 0.0050 0. 0050 0.0105 Above To and including 0.0084/D
14 .010 . 010 . 0050 . 0050 L0114
12 .010 .010 . 0050 . 0050 L0123
12 .010 .0lo . 0050 . 0050 L0126 1 2 3
10 .020 .00 0050 . 0050 L0137
8 . 020 . 020 . 0062 . 0062 L0154 ; ;
(] . 020 . 020 . 0083 . 0083 L0174 in. in. in.
6 .00 020 L0083 . 0083 LTy 0. Ha 0. 0024
5 020 .020 . 0100 L0100 L0194 e - ] . 0040
5 .00 . 020 L0100 . 0100 L0148 Ma - mmeiemnn Tie .49
Tie - e . e L 0S7
5 .020 . 020 L0100 . 0100 .01 e .. e . 0063
4 020 L0220 L0125 L0125 L0220
4 .020| .02 L0125 L0125 0223 1Ma 1 n . 006
4 020 020 0125 L0124 L0229 1344 Vign D075
4 020 020 0125 0125 . 0235 L 14a R
14a oeien 144 . DORS
3 .020 .020 L0167 L0167 . 0263 1M 1%4n . ORG
3 020 .020 L0167 L0167 LONR
3 .020] .02 L0167 L0167 03 T [ RS SRRt e S 1%, L 004
2 020 .02 L0250 . 0250 L0016 A, . 114 . s
|18 5= 174 L0105
2 A2 .020 L0250 L0250 . 0324 174 o S —— - 24 L0H3
2 .020 O L0250 L0250 0332
2 .020 02 L0250 L0250 . 0339 AW s e iy 2 .M
b 2| .02 02 L0250 L0250 . 0346 o T . . iy N2
2% . PR S5 2% 0133
|1 O v 3, U140
s Pitch-diameter toferances for various practicabie combinations of diameter
and pitch are given in tabie X116, p. 7. B oo s st z LAl . 0150
b For an intermediate size, the tolerances and deviations for the next farper »n, L B IS e e e i N
slze'Fiven In this tahie shali appty. 4 . e LI 070
¢ The minimum ciearance at the major diameter between the Internai and [ LT T —— . 5k L0181
external threads is equai to coiumn 3.

¢ The minimumn ciearance at the minor diameter between the internai and
external threads is equai to coiumn 4.
¢ To avoid a complicated formula and stiil provide an adequate tolerance,
(")h&) 5pit.ch factor is used as a base, with the minjmum toierance vaiue set at
.008 in.
1 For use oniy where the majur diameter of the internal thread and the minor
diameter of the external thread must be controlied, such as on thin-walied
componants.

22

» The vaiucsin colunin 3 are to be used for any nominal size *within the range
shown in cols 1 and 2. These values are ealculated from the mean of tho
range.

1t is recommended that the nominai sizes given in table X111.2 be used
whenever possibie.

b An increase of 10 ﬁercem. in the aliowance is recommended for each inch,
or fraction thercof, that the iength of engagement excecds two diameters.
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TaBLE XII1.6.—Modified Form 1 Stub Acme thread form,
basic dimensions

Width of
flat at
Threads 1leight of Total Thread crest of
per Piltch, thread height of | thickness internal
inch, (basic), thread, (basic), thread
(hasic),
n P h=0.375p ho=h+Y t=pf2 F.n=0.4030p
aflowances
1 2 3 4 5 [
in. in. in. in. in.
0. 06250 0.02344 0.0284 0. 03125 0. 0252
. 07143 02672 . 0318 . 03532 . 0288
. 08333 . 03125 . 0363 L 04167 . 0336
. 10000 . 03750 475 L 05000 . 0403
L1111 . 04167 L0517 . 05556 L0448
. 12500 . 04688 . 0569 . 06250 . 0504
. 14286 L8387 . 0636 L0713 L0576
16667 - 06250 0725 . 04333 | L0672
+ 20000 L 07500 . O8H0 . 10000 . 0806
25000 . 08375 L1038 12500 108
28571 10714 LAUT 14286 1151
12500 L1350 16667 1343
. 40000 15000 . 1600 . 20000 I L1612
o 50000 18750 L1975 . 25000 .25
. 60667 . 25000 | . 2600 . 33333 . 2687
. THAN =12 2013 . 3750 X2
1.omx\o| 37.5m| .3&50‘ - 50000 30

s Allowance 1s shown in tabfe X111.3, column 4,

TasLe XII1.7.—Modified Form 2 Stub Acme thread form,
basic dimensions

Width of
flat at

Threads 1lelght of Total Thread crest of

per Piltch, thread height of | thickness internai

incb, (bosic), thread, (baslc), thread

(hasle),
n p h=0.250p | hemh43e| t=p/2 | F..=0.4353p

aliowance2
1 2 3 4 5 8
in. in. in. in, tn.

16 .o 0. 06250 0. 01563 0. 0208 0.03125 0.0272
R .07143 . 01786 . 0229 . 03571 . 0311
. 08333 . 02083 . 0258 . 04167 . 0363
. 10000 . 02500 . 035 . 05000 . 0435
L1111 .02778 .0378 . 05556 . 0484
. 12500 . 03125 . 0413 . 06250 . 0544
. 14286 . 03571 . 0457 .07143 . 0622
16667 . 04167 0517 08333 0726
. 20000 . 05000 o . 10000 . 0871
. 25000 . 08250 L0725 . 12500 . 1088
. 28571 07143 . 0814 . 14288 L1244
. 33333 . 08333 . 0833 . 16667 . 1451
. 40000 . 10000 . 1100 . 20000 L1741
. 50000 12500 . 1350 . 25000 L2077
. 66667 . 18667 . 1767 . 33333 . 2002
. 75000 . 18750 . 1975 . 37500 . 3245
1. 00000 . 25000 . 2600 . 50000 4353

s Allowance s shown In table X111.3, column 4,

8. GAGES FOR STUB ACME THREADS

Gages representing both product limits, or ade-
quate gaging instruments for thread elements, are
necessary for the proper inspection of Stub Acme
threads. The dimensions of “‘go” and ‘not go”
gages should be in accordance with the principi)s:

(2) that the maximum-metnl limit, or ‘“‘go,” gage
should check simultuneously s many elements as
possible, and thnt 2 minimum-metal limit or “not
go’’ thread gage can effectively check but one ele-
ment; and (b) that permissible varintions in the
gages be kept within the extreme producet limits.

(s) GAGE TOLERANCES

Tolerances for the thrend elements of “go’ and
‘not go” thrend gnges for Stub Acme thrends nre
as specified below.,

1. ToLerances oN Pirca Diamerer.—The
pitcll dinmeter tolerances for gnges for external
nnl(l internnl thrends are given in table XIIL.8,
col. 2.

2. ToLEraNCEs ON Major aNp Minor Di-
AMETERS. — The ninjor and minor diameter toler-
ances for Stub Aeme thread gages are given in
table XII1.8, col. 3.

3. ToLErances oN Leap.—The variation in
lead of all Stub Acme thread gages shall not exceed
0.0003 in. between any 2 threads not farther apart
thian 1 im. However, the cumulative deviation in
lead shall not exceed 0.0004 in. for gages with a
length over 1 to 3 in., inclusive; or 0.0005 in., for
gages with a length over 3 to 5 in., inclusive; or
0.0007 in., for gages with a length over 5 to 10 in.,
inclusive. For wultiple threads the cumulative
tolerance for any length of gage shall be obtained
by multiplying by 1.5 the above tolerance appli-
cable to that length.

INTERNAL
THREAD
NUT)

——0.5p —-’

S he0.375p W " R
3 g N
; N
—— F20.4030D — w— \\\
! N
S L N
EXTERNAL N
THREAD 3 s N
(SCREW) AR RS RN

Ficvre XIIL.3.—Modified Form 1 Stub Acme thread with
basic height of 0.375 pilch.

L L INTERNAL
/ < THREAD
’ [ (NUT)
’ .‘i [
/ 0.5+ -'m 0.5p s
: i
P he0.250p w—

‘- Fr0.4353p  w—

yoo

- _..-\‘. o : t\

EXTERNAL N\ IN
THREAD N RO \§
(SCREW) EURUERUIREN RN

Fiaure XI1I1.4.—Modified Form 2 Stub Acme thread with
basic height of 0.25 pilch.
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TasLE XIIL.8.—Tolerances for “go’’ and “nol go” thread
gages, Stub Acme threads

Tolerances on Tolerance on Tolerance on
Threads per Inch » | pltch diameter® | major and minor| half angle of
diameters thread
1 2 3 4
in. in minutes
0.0006 0.001

. 0006 .001 10
. 0006 .001 10
. 0007 . 002 10
. 0008 .002 10
0008 . 002 8
0000 . 002 8
. 0009 .002 8
.0010 . 002 8

0011 002 8

0013 002 8

0013 002 6
0014 002 6
. 0015 002 6
.0018 002 ]
. 0018 o2 5
0021 002 5

I -ullrinorl;lledinte pltches take the toierances of the next coarser pitch listed
n this table.

b These pltch diameter tolerances for thread gages are not eumulative, that
Is, they do not Include tolerances on lead and on haif angie.

4. ToLERANCES ON ANGLE oF TuRrEADS.—The
tolerances on angle of thiread, as specified in table
XI11.8, eol. 4 for the various pitches, are toler-
ances on one-half the included angle. This in-
sures that the bisector of the ineluded angle will
be perpendicular to the axis of the thread within
proper limits. The equivalent deviation from the
true thread form caused by such irregularities as
convex or coneave sides of the thread, or slight
projections on the thread form, should not exceed
the tolerances permitted on angle of thread.

(b) GAGES FOR EXTERNAL THREADS

1. “GO” Tureap RiNne or THREAD Sxap
Gace.—(a) Major diameter—The major diam-
eter of the “go” thread ring or snap gage shall
elear a dianeter greater by 0.01 in. than the
maximuin major diameter of the external thread.

(b) Pitch diameicr.—The pitch diameter shall
fit the maximum-metal limit thread setting plug

age.
(¢) Minor diameter.—The minor diameter shall
be the same as the maximum minor diameter of
the external thread plus 0.005 in. for pitehes finer
than 10 tpi and plus 0.010 in. for 10 tpi and
coarser. 'The tolerance shall be applied minus.

(d) Length.—The length shall approximate the
length of engagement but shall not cxeeed the
length speeified in table X11.14, eol. 3, p. 17.

2. Maximum-MErAL Limit THREAD SETTING
PLuG For “GO’” THREAD RING ok SNaP GAGES.—
(a) Major diameter.—The major diameter of the
maximum-inetal linit thread setting plug shall be
the same as the maximum major diameter of the
external thread. The gage toleranee shall be
applied plus.

(&) Puch diameter—The pitch diameter shall
be the same as the inaximum piteh diameter of the
external thread, except when modified in aeeord-

26

ance with table XII.14, p. 17,

(¢) Minor diameter—The minor diameter shall
be eleared below the minuimum minor diameter of
the “go” thread ring or snap gage.

(d) Length.—The length shall approximate the
length of the *“‘go” thread ring or snap gage.

3. “GO” PraiN Ring or Snap GAGE FOR
Masor DiamereEr.—The diameter of the ‘‘go”’
plain ring gage, or the gaging dimension of the
“go0” plain snap gage, slmﬁ be the same as the
maximum major diameter of the external thread.
Tolerances are shown in table XII1.9, col. 4, and
shall be applied minus.

4. “NOT GO” Tureap RiNG or THREAD SNap
GaGe.—(a) Major diameter.—The 1najor diameter
of the “not go” thread ring or thread snap gage
shall clenr a diameter greater by 0.010 in. than the
maXximum major diameter of the external thread.

(b) Pitch diameter.—The pitch diameter shall
fit the minimum-metal limit thread setting plug
guge.

(¢) Minor diameter.—The minor diameter shall
be the basic minor diameter of the internal thread
plus 0.15p, with the tolerance applied plus.

TaBLE XIIL9.—Tolerances for plain gages, Stub Acme

threads
Size range Tolerances for
'll‘<l>lcmlnces for pialn ring and
pialn plug gages snap gages
Above Toand inciuding K
1 2 3 4
in. in. in. in.
0. 500 0.525 0.00010 0. 00020
.825 1. 510 .00012 . 00024
1.510 2.510 .00016 . 00032
2. 510 4.510 . 00020 . 00040
4.510 5. 000 . 00025 . 00050

(d) Length.—The length shall approximate three
Fitehes exeept that, for nuultiple threads, the
ength shall provide at least one full turn of thread.

5. MinmmuM-Merar, TeHrEaAD SETTING PLUG
FoR “NOT GO” THrEAD RING oR SNaP GAGE.—
(a) Major diameter.—The major diameter of the
minimum-metal limit thread setting plug shall be
the same as the maximum major diameter of the
externnl thread. The gage toleranee shall be
applied plus.

(b) Pitch diameter.—The pitch diameter shall
be the same as the minimuin pitch diameter of the
external thread, with the tolerance npplied plus.

(¢) Minor diameter.—The minor dinmeter shall
be cleared below the minimum minor diameter of
the “not go” thread gnge.

(d) Length.—The length shall be at least equal
to the length of the “rot go”’ thread ring or snap
ragre,

6. “NOT GO” Prain Sxap GAGE For MaJor
DiameTER. —The gaging dimension of the “not
go”’ plain snap gage shall be the same as the mini-
mum major dinmeter of the external thread.
Tolernnees are shown in table XII1.9, eol. 4, and
shall be applied plus.
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(¢) GAGES FOR INTERNAL THREADS

1. “GO” Tareap Prue Gace.—(a) Major
diameter.—The major diameter of the “go” thread
plug gage shall be equal to the minimum major
diameter of the internal thread minus 0.005 in.
for pitches finer than 10 tpi, and minus 0.010 in.
for 10 tpi and coarser. The tolerance (table
X1I1.8, col. 3) shall be applied plus.

(b) Pitch diameter.—The pitch dianeter shall
be equal to the minimum (basic) pitch diameter of
the internal thread, with the tolerance (table
X1I1.8, col. 2) applied plus.

(¢) Minor diameter.—The minor diameter shall
clear a diameter smaller by 0.010 in. than the
minimum minor diameter of the internal thread.

(@) Length.—The length shall approxinate the
length of engagement (see footnote to table X11.14,
p. 17) but shall not exceed twice the nominal
major diameter, unless otherwise specified.

2. “NOT GO” Turesp Prug GaGe ror Prrcu
DiaMETER oF INTERNAL THREAD.—(a) Major
diameter.—The major diameter of the ‘“not go”
thread plug gage shall be equal to the maximum
(basic) major diameter of the external thread
minus 0.15p with the tolerance (table XIII.8,
col. 3) applied minus.

(b) Pitch diameter.—The pitch diameter shall
be the sane as the maximum pitch diameter of
the internal thread, with the tolerance (table
XIIL8, col. 2) applied minus.

{¢) Minor diameter.—The minor diameter shall
clear a diameter less by 0.01 in. than the minimum
minor diaineter of the internal thread.

(d) Length.—The length shall aﬁproximate three
pitches, except that for multiple threads the length
shall provide at least one full turn of thread.

3. “GO” Pran Prug GAGE For MiNoR DiaME-
TER OF INTERNAL THREAD, —The diameter of the
“go” plain plug gage shall be the same as the
minimum mnor diameter of the internal thread.
The gage tolerance shall be applied plus. (See table
XIII.9, col. 3.) The gage length shall be in
accordance with the latest revision of Commercial
Standard CS8, Gage Blanks.

4. “NOT GO” PraiNn PLug GaGE For MINoR
DiaMETER oF INTERNAL THREAD. —The diameter
of the ‘“not go” plain plug gage shall be the samne
as the maximum minor diameter of the internal
thread. The gage tolerance shall be applied minus,
(See table XﬁI.Q, col. 3.) The gage length shall
be in accordance with the latest revision of CSS,
Gage Blanks.

(d) CONCENTRICITY

When a special check of the concentricity be-
tween the major, pitch, and minor diameters of
an external or internal thread is required, the
method of checking this concentricity must be
devised for each individual application.

(¢) GAGE DIMENSIONS

It is recommended that wherever possible the
general dimensions of the gages be in accordance
with the latest revision of CS8, Gage Blanks.

550170°—60——3

SECTION XIV. NATIONAL BUTTRESS
THREADS®

1. HISTORICAL

Although the Buttress thread was described as
early as March, 1888 in the Journal of The Frank-
lin Institute, it was so little used thet its national
standardization was not undertaken until after
the Combined Conservation Committee in early
1942 reviewed the standardization status of items
needed in the war effort. Formerly each applica-
tion of the Buttress thread was treated individu-
ally and the form it took depended on the experi-
ence of the designer and the manufacturing
equipment available.

At the American-British-Canadian conference
in New York, called by the Combined Conserva-
tion Committee in November, 1943, Buttress
threads were discussed and it was agreed that a
basic profile should be established for this thread,
that the Interdepartmental Screw Thread Com-
mittee (ISTC) of the War, Navy, and Commerce
Departments should collect data on current prac-
tice of American producers, and that the American
Standards Association should distribute the data
for comment from industries using Buttress
threads. As the Military Departments needed
Buttress and other special types of threads, the
War Production Board in February, 1944, ar-
ranged with the ASA to establish a General War
Comuunittee on Screw Threads.

In Apnil 1944, F. E. Richardson, then with the
Aeronautical Board and a member of the ASA
War Committee on Screw Threads, collected
information on Buttress threads and presented it
at a joint meeting of the Bl Sectional Committee
on the Standardization and Unification of Screw
Threads, the Interdepartmental Screw Thread
Committee, and the General ASA War Committee
on Screw Threads. The data disclosed that the
pressure flank angle, measured in an axial plane,
ranged from 0 to more than 15° trom the normal to
the axis, and the clearance flank angle ranged
from 30 to 55°. The ISTC decided to develop a

roposed Buttress thread form having a pressure

nnil)( angle of 7°, which closely approaches the
static angle of friction for we l-lu%ricnted steel
sux;faces in contact, and a clearance flank angle of
45°,

At the American-British-Canadian conference
in London, August and September, 1944, sponsored
by the Combined Froduction and Resources Board,
the British proposed a Buttress thread of 7.5°
pressure flank angle and a 45° clearance flank
angle. The United States’ proposal was the
ISTC’s recommendation of a 7° by 45° thread

rofile. The British agreed to prepare and circu-
ate a draft specification for a Buttress thread
having a 7° pressure flank angle, a 45° clearance

8 This section is in substantial agreement with A merican Standards Asso-
ciation pubiication ASA B).9, Buttress 8crew Threads, which is puhlished
by the ASME, 20 W, 39th Street, New York 18, N.Y. The latest revision
should be consulted when referring to this ASA document.
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flank angl-, and a basic depth of thread engage-
ment 25 0.4p. 1t was also agreed that the specifica-
tivn should inchude recommended relationship of
vitch to diameter and appropriate tables of clear-
ances and tolerances for such relationships.

The 1944 eaition of Handbook H28 published
the ISTC’s rccommendation of a basic Buttress
thread form which had a crest flat in the internal
thread (nut) twice that of the external thread
(screw), and a thread engagement depth of approx-
imately 0.56p. In November, 1944, the ASA War
Subcommittee on Buttress Threads was estab-
lished and after reviewing the British draft of
Afpril, 1945, this committee felt that becanse
of the distortion tendency of thin wall tubing, a
greater basic depth of thread engagement than
0.4p was desirable, especially since the minimum
depth of thread engagement is necessarily less than
0.4p by one-half the sum of the allowance and the
tolerances on minor diameter of internal thread
and major diameter of external thread. There-
fore, the July, 1945 draft of the War Standerd
wfas based on a basic depth of thread engagement
of 0.5p.

Another American-British-Canadian conference
sponsored by the Combined Production and Re-
sources Board was held in Ottawa, Canada, Sep-
tember and October, 1945. Here the British
proposal of April, 1945, with an alternate design
of 0° pressure flank angle and a clearance flank
angle of 52°, was reviewed and compared with the
American proposal of July, 1945. Learning that
the British had had considerable favorable expe-
ricnce on thin wall tubing with Buttress threads
having 0.4p basic depth of thread engagement, it
was decided that the American standard might
adopt this basis. Accord was also reached .~
preferred diameters and pitches, thread dimension
tolerances and allowances, and on having each
standard include in its appendix an alternate
thread of 0° pressure flank angle. Further, each
country agreed to publish the standard in conform-
ance with their respective formats.

In April, 1946, buttress threads were assigned to
Subcommittee No. 3 of the Sectional Committee
on the Standardization and Unification of Screw
Threads, B1, and the committee membership was
enlarged. This committee prepared and circu-
lated in 1948 to members of the Bl committee, a
draft of a proposcd standard based on the British
proposal with a basic thread depth of 0.4p. The
comments included so many objections to the
shallow depth of thread that in 1949 the committee
decided to basc the next draft on a thread having
0.6p engagement depth. The committee also
voted not to include in the appendix of the Ameri-
can standard, data for a buttress thread having
0° pressure flank angle as it was evident that this
was ouly one of several modifications that might
be necded for speciul applications.

The next American-British-Canadiun conference
was called at the reqnest of the Director of Defeuise
Mobilization and held in New York in Jiune, 1952,
The British Standard 1657; 1950 for Buttress
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Threads which is based on a thread engagement
depth of 0.4p and the Amecrican draft of Septem-
ber, 1951, based on thread engagement depth of
0.6p were reviewed. It was concluded that the
applications for buttress threads are so varied that
threads with either engagement depth (0.4p or
0.6p) might be preferreﬁ or particular design re-
qnircments. It was recommended that the next
printing of the British standard and the forth-
coming American standard include the essential
details of the other country’s standards in appen-
dixes. ASA BL.9-1953, Buttress Screw Thrends,
was issued in conformance with this recommenda-
tion.

2. CENERAL

The Buttress form of thread has certain ad-
vantages in applications involving exceptionally
high stresses in one direction only, along the
thread axis. As the thrust side of the thread is
mnade very nearly perpendicular to the thread
axis, the radial component of the thrust is reduced
to a minimum. On account of the small radial
thrust, this form of thread is particularly applic-
able where tubular inembers are screwed together.
Examples of actual applications are the breech
gle}clmnisms of large guns and airplane propeller

ubs.

As the usc of buttress threads applies nainly
to specially designed comnpouents, 1t has been
considered that no useiul purpose would be served
by introducing a recommended diameter-pitch
series.

In selecting the form of thread recommended
as standard, manufacture by the thread milling
or grindi‘l){[rzhproccsses has been taken into consider-
ation, erever possible it is recomnmended
that the forin of thread and tolerances contained
in this section be used.

3. SPECIFICATIONS

1. Score.—This section relates to threads of
buttress form and provides:

(@) a standard form of thread,

(b) tables of preferred diameters and preferred
pitches,

(¢) a formula for calculating pitch diameter
tolerances,

(d) tolcrances for major and minor diameters,

(¢) a system of allowances between mating
parts, and

(f) recommended methods of gaging.

2. DeriNiTioNs.—The pressure flank is that
which takes the thrust or load in an assembly.
The clearance flank is that which does not take
the thrust or load in an asscemnbly.

3. Basic Form oF Turgap.—The basic form
of the buttress thread is shown in figure XIV.1,
and has the following characteristics:

(@) a pressnre flank angle, measured in an
axial plane, of 7° from the normal to the axis;

(6) n clearance flank angle, mecasured in an
axial plane, of 45°;
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(¢) equal truncations at the crests of the in-
ternal and external threads such that the basic
depth of engagement (assuming no allowance)
is equal to 0.6p;

(d) equal radii at the roots of the internal and
external threads tangential to the pressure flank
and the clearance flank.

4. PreFERRED DIAMETER SER1ES.—It is recoi-
mended that the nominal major diameters of
buttress threads be selected wherever possible
from the following geometric (20) series:

IncHES
1 1% 2% 514 12
%o 1% 2% 6 14
8 1% 3 7 16
e 14 3% 8 18
Yy 1% 4 9 20
% 2 44 10 22
1 24 5 11 24

5. PreFERRED PiTcH SERIES.—It is recommend-
ed that the pitches of buttress threads be selected
from the following geometric (10) series:

Threads per inek

20 6 2

16 5 1%

12 4 14

10 3 1
8 2%

The following suggestions are made regarding
suitable associations of diameters and pitehes:

Dlameter range Assoelated pitehes

in. tpi
Frome 34 to!Ye.._.
Over 'Yatol.

Over 110 135 .| 16,12,10,8,6

Over 134 to 215 .| 16,12.10.8,6, 5,4

Over 20404 oo oooeennenaneee .. 16,12,10,8,6,5,4

Over4to6. ... --{12,10,8,8,5,4,3

Over 6tol0....... .. 10.8,6,5,4,3,214,2
Over10to 16 ... | 10,8, 8,5 4, 3, 235, 2, 134, 1%
OVEr 1680 24 oeevmnemeennennennnnnn. 8,6, 5, 4, 3, 216, 2, 134, 134, 1

Basic dimensions for each of the foregoing
pitches are given in table XIV.1.

6. ToLErRaANCEs.—Tolerances on external
threads shall be minus, and on internal threads
shall be plus.

(a) Tolerances on pitch diameter—The following
formula is used for determining pitch diameter
tolerances:

Class 2 (medium) pitch diameter:

PD tolerance=0.0023/D+0.00278yL,+0.00854yp

where
D=major diameter of thread,

L.=length of engagement,
p=pitch of thre~d.

It is to be borne in mind that this formula re-
lates specifically to class 2 (medium) tolerances.
Class 3 (close) tolerances are % of class 2 (medium)
tolerances, and class 1 (free) tolerances are 114
times class 2 (medium) tolerances.

If the length of engagement is taken as 10p,
the forinula can be further simplified to:

PD tolerance=0.0023/D+0.0173yp.

Using this formula, pitch diameter tolerances for
various combinations of pitch and diamecter are
given in tables XIV.2, XIV.3, and XIV 4.

(b) Tolerances on majer diameter of external
thread and minor diameter of internal thread —As
each of these diameters may be used as a datum

INTERNAL THREAD (NUT)
i [

e : P -—
=y 1"
1 i el g K
i-“ ek
bt ‘
H s 3
| g " [ m
|['1 ; [~ SR, ‘r (oPTIONAY
' A ".‘.'2“31.3\ l B m‘\f
5 = ru“.\'.;' Eg;gsslf'\‘:‘ll
HiHk
glesfyy
“PE:‘:EE
El IR
i831%
2333
=
$ily
EXTERNAL THREAD (SCREW)

Fiaure XIV.1.—Form of Bultress thread having 7° pressure
flank and 45° clearance flank.

Norarion

Maz material (basic) Min materigl

Nominal major dlameter D

Height of sharp-V thread  #/=0.80064p (see footnote)

Basie height of thread h=0.6p

Root radius r=0,07141p Min r=0.0357p

Root truncation =0 ,0826ip Min s=Max #/2=0.0413p

Allowanee [¢]

Depth of engagement h,=h-Gf2 Min A,=Max &,—[3 tol.
on major diam external
thread (serew)+ 14 tol.
on minor diam {nternal
thread (nut).}

Crest truncatlon =(.14532p

Crest width "=(.16316p

Major diameter of interna]l  Da= D+40.12542p Max Dn=Max pitch diam

thread (nut) of internsl thread (nut)

-+0.80203p.

Min K,=Min piteh diam
of external thread
(screw) —0.80803p.

Minor diameter of external K,= D—1.32542p
thread (screw) -0

leight of thread of inter- h.=0.66271p
nal thread (nut)

1leight of thread of exter- 4,=0.66271p
nal thread (screw)

NotE: The formulas for “Min material” glven abovo appiy when an ade-
quate wall thickness is provided hbeyond the roots of the threads. For But-
tress threads on relatively thin-wailed tubing the root truncation s=0.08261p
may be taken as the minimum truncation and the maximum truneatiou rec-
ommended is (.0826ip+G/2. This will give max D.=max piteh diam of
Internal thread (nut)+0.72542p and min K,=mnin pitch diam of external
thread (screw)—0.72542p. In order to avoid contact between tho erest
cornersof “go’ thread gages and the maximum root radius, the crest corners
on the pressuro flank of “go” thread gages should be bevelled a radial
distance approximately equal to G/2.
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----------------- eer v

Basic height | Hcight of Crest Height of Root Width of
Piteh, of thread, sharp V truncation, thread, truncation, | Root radius, | flat at crest,
Threads per inch thread,
P h=0.6p H=0.80064p | f=0.14532p R, orhp= 8=0.08261p | r=0.07141p | F=0.16316p
0.66271p
1 2 3 4 1 6 7 8 9
in. in. in. in. in, in. in. in.

0. 0500 0. 0300 0. 0445 0.0073 0. 0331 0. 0041 0. 0036 0. 0082

. 0825 . 0375 . 0557 . 0091 L0414 . 0052 . 0045 . 0102

. 0833 . 0600 L0742 L0121 . 0552 . 0069 . 0059 . 0136

. 1000 . 0600 . 0801 L0145 . 0663 . 0083 . 0071 . 01683

. 1250 . 0750 L1113 . 0182 . 0823 . 0108 . 0089 . 0204

. 1667 . 1000 . 1484 . 0242 . 1105 .0138 .0119 L0271

. 2000 .1200 . 1781 . 0291 . 1325 . 0185 . 0143 . 0326

. 2500 . 1500 L2227 . 0363 . 1857 . 0207 L0179 . 0408

. 3333 . 2000 . 2069 0484 . 2208 L0275 . 0238 . 0543

. 4000 . 2400 . 3563 . 0581 . 2851 . 0330 . (0286 . 0653

s ey c! . 5000 . 3000 . 4453 0T . 3314 . 0413 . 0357 . 0818
lﬁ.... ......... . 6667 . 4000 . 5038 . 0069 . 4418 . 0551 . 0476 . 1088
14... .- . 8000 . 4800 .T128 .1163 . 5302 . 0661 . 0572 . 1306
Locyy .~ R  —— 1. 0000 . 6000 . 8906 . 1453 . 6827 . 0826 L0714 . 1632

» Symbols are shown on figure XIV.1.

TaBLE XIV.2.—Tolerances on Butlress threads, class 3 (close)

Threads per inch Toi on
ma}or dia
| ofext
Major dfameter | Preferred diameters thread
20 16 12 10 8 6 5 4 3 214 2 15 14 1 and
minor
diaofint
Toierance on pitch diamoter, external and internai threads thread
in. in. in. in. in.
3 to 1 14, 96, 86, 146 o.... 0. 0037 (0. 0040 0. 0044 0.0030
1 R 7% R co]-ioe--| 0042 | . 0046 . 0030
1to | 156,184, 136, 134 --] [0043 | 0048 . 0040
14 S 134, 2,2, 2% . | <-ee--] . 0046 | . 0050 . 0050
234 | 234,3,8%8, 4. _______|...__._| .0049 | .0053 0050
4 4%, 5, 54,6 ... ceeemecfenaaa-.]| L0056 | 0059 | . 0084 | .0070 | .0074 | .0080 [0.00R9 (.____.. e R | (S| NS, . 0060
[ ] - - .0074 | .0078 | . 0084 | .0003 10.010¢ [0.0108 |.______f..___..|-.--... . 0060
10 .0078 | .0083 | . 0089 | .0098 | .0104 | .0113 [0.0126 [0.0135 |....... . 0070
16 .0083 [ .0088 | .0094 | .0103 | .0109 | .0118 | .0130 | . 0139 |0.0152 . 0080
TasLe XIV.3.—Tolerances on Bui'ress threads, class & (medium)
Diam- Threads per inch Tol on
major dia
h'i“"' ol ext
Major cre- Preferred thread
diameter !ggg;. diameters 20 | 16| 12| 10 8 s 5 4 3 2w | 2 ||y 1 aind
3 minor
D dia of int
Toferance on pitch diameter, externai and internal threads thread
in. in, in. in, in. in, in. in. in. in. in, in. in,
14 t0o 14e...| 0.00168 JRORIPION FONIPRIPIY FPIRN SOOI PP RO, IR IO S . 0. 0040
1gtol....| .00189 2 B . 0040
1to1%.....1 .00218 0.0083 10.0092 §._.....}.-..... . . 0050
1% to234...| .00252 . 0086 | . 0096 i0.0103 (0.0112 |. . 0050
WMto4.....] .00200 .0091 | .0100 | .0107 | .0118 . 0050
4to6 ... . 00342 L0095 | . 0105 | .0112 | .0121 .- . 0070
6tol0.._.. . 00400 L0101 | .0111 | .0117 | .0127 | . o A | S . 0080
10to16._._. . 00470 L0108 | .0118 | . 0124 | . 0134 | . 0147 | . 0156 | .(169 (0.0188 [0.0202 |..___.. . 0090
16to34_ ___.| .00543 L0115 | . 0125 | . 0132 | . 0141 | .0154 | . 0164 | . 0177 | . 0196 | . 0209 |0. 0227 0100
Pitch increment 0.0173 -\’n_ - . 00387] . 00432 . 00499] . 00547| . 00612] . 00706 . 00774| . 0083S5| . 00999 . 01004 . 01223] . 01413{ . 01547] . 01730
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TaBLE XIV.4.—Tolerances on Buttress threads, class 1 (free)

Threads per ineh Tol on
major dia

of ext

Major diameter | Preferred diameters

10 8

thread
and
minor

(] 5 4 3 2% 2 15

Tolerance on pitch diameter,

diaof int

external and internai threads thread

in.
14 to 1} 14, %6, 58, Mo ..
1 BT P
1 S] 186,134,134, 1%4
1 -1 134,2,24, 25,
2 234,3,3%%,4 ...
4 41,5, 506,68, ...
[ .17,8,0,10....
10 .- 10,12,14,18_
16 .118,20,22,24___

in.

for measurement of thread angles and pitch they
should be held to close limits; see tables XIV.2,
X1V.3, and XIV 4.

(¢) Tolerances on minor diameter of external
thread and major diameter of internal thread —It
will be sufficient in most instances to state only
the maximum minor diameter of the external
thread and the minimum major diameter of the
internal thread without any tolerance. However,
the root truncation from & sharp V should not be
reater than 0.0826p or less than 0.0413p.

7. MiNimuM CLEARANCEs FoR Easy Assewm-
aLY.—An allowance (clearance) should be pro-
vided on all buttress external threads in order to
secure easy assembly of parts. The amount of
the allowance shouldy be deducted from the nomi-
nal major, pitch, and minor diameters of the
extemaf member in order to determine the maxi-
mum metal condition.

8 The minimum internal thread diameters will be
asic.

The recommended allowance is the same for all
three classes of thread and is equal to the class 3
(close) pitch diameter tolerance as calculated
under par. 6(a), p. 29. The allowances for various
combinations of pitch and diameter are given in
table XIV.5.

The disposition of allowances and tolerances is
indicated in figure XIV.2.

INTERNAL THREAD (NUT)
N\\\
| T
|
A b T
i :
- S
j , 9 iﬂg . gg E
- B NN
*—s MAX iz g } ,‘ R
g OB sMN- 2.8 P
T &
u -
13 sisd 13
§ed g 184
§°i
LXTERNAL THREAD (SCREW)
Figure XIV.2.—Illustration gf tolerances, allowances, and
rool truncations, Bullress threads.

-G,"--!-pltch diameter allowance on externai thread
g=root truncation

TasLE XIV.5.—Allowances on external Bullress threads, all classes

Threads per inch

Major diameter Preferred diameters

10

8 (] 5 4 3 213 2 134 1% 1

Allowance on major, minor, and pitch dismeters

0093 10.0100 [0.0108 |.. .. |.. ... ]-eccu-.
L0008 | .0104 | .0113 [0.0126 10.0135 | __...
.0103 | .0109 | .0118 | . 0130 | .0139 | 0.0152
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Erample:
2.080—4 class 2 Buttress thread (2.080 dia.,
4 tpi)
h=Basic thread height=0.1500 (table X1V.1)
h,=h,=Height of thread in internal thread
(nut) and external thread (screw)=
0.66271p=0.1657 (table XIV.1)
G=Pitch diameter allowance=0.0074 (table
XIV.5)
Tolerance on pitch diameter of both external
and internal thread=0.0112 (table XIV.3)
Tolerance on major diameter of cxternal and
minor diameter of internal thrcad=0.005
(table XIV.3)
Internal Thread (nut or tapped hole)
Basic major diameter=1D=2.0800
Min pitch diameter=D—A=1.9300
Max pitch diameter=D—h+PD tol.=
1.9412
Min minor diameter=D—2k=1.7800
Max minor diameter=D—2k+4minor di-
ameter tol.=1.7850
Min major diameter=D—2h+2h,=2.1114
External Thread (screw)
Max major diameter=D—G=2.0726
Min major diameter=D—G@—major diam-
eter t0ol.=2.0676
Max pitch diameter=D—h—G=1.9226
Min pitch diameter=D—h—G—PD tol.-=
1.9114
Max minor diameter=D-—G—2h,=1.7412
8. IpENT1FICATION OF LEADING FLANK.—In
specifying or ordering product, threading tools, or
gages with Buttress threads, it is important to
clearly indicate whether the pressure flank (7°)
or the clearance flank (45°) is the leading flank.
The leading flank is the one which, when the thread
is about to be assembled with a mating thread,
faces the mating thread. If a Buttress screw is
designed to push, the pressure flank will be the
leading flank on both screw and nut, and if de-
signed to pull, the clearance flank will be the
lcading flank.

4. THREAD DESIGNATIONS

The following abbreviations and symbols are
recommended for use on drawings, tools, gages,
and in specifications:

N Butt=National Buttress form of thread
specified in this section;

(« indicates that internal member
(screw) is to push; pressure flank of
thread the leading flank;

—( indicates that internal member
(screw) is to pull; clearance fls .k of
thread the leading flank;

LH indicates a left-hand thread; no
symbol is used to indicate a right-
hand thread;

% =npitch;

=lead.

The complete symbol for indicating a particular

size of buttress thread shall consist of the nominal
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diameter (basic major diameter of the internal
thread), number of threads per inch, the symbol
indicating whether serew is to push or pull, the
abbreviation N BUTT, and finally the class
number.

If the thread is multiple start, both the lead
and pitch should be shown instead of the number
of threads per inch.

Examples:

%--20 (<~ N BUTT -1 I__
— Right-hand
(since desig-
nation LH
isnotspecified)

Class 1(free) thread

L National Buttress form of
thread

L Internal member or screw to push

L Threads per inch

—Basic major diameter in inches

4—8 (N BUTT—2 LH
I—Left—hand

—-—Class 2 (inedinm)
thread

National Buttress form of
thread

L Internal member or screw to pull

—Tlireads per inch

——Basic major diameter in inches

—

0—0.1p-0.2L (« N BUTT—1

|——Right—
hand
Class 1

(free)
thread

— National Buttress
form of thread

Llutemal member or screw
to push

L 0.2-in. lead (double thread)

L—— . 1-in. pitch

——Basic major diameter in inches




5. GAGING

1. GENErRAL.—Buttress threads are employed
for thrust purposes and it is essential to obtain as
large a contact area as practicable between the
pressure flanks of the threads of mating compo-
nents. Therefore differences in the angle of the
pressure flanks and of lead in the length of engage-
ment of mating components should be kept as
small as possible. The clearance flank at 45°
will normally clear, and differences in the angles
of the clearance flanks of the product is of lesser
importance. However, measuring the pitch di-
ameter of Buttress thread gages presents some
diffieulty because of the wide difference between
the angle of the pressure flank and the angle of the
clearance flank. The clearance flank at 45° has
a greater effect on the pitch diameter measure-
ments than the 7° pressure flank, therefore the
clearanee flank angle on thread gages must be
held to a tolerance at least as close as the tolerance
on the pressure flanks and best size wires should be
used. Products that are a snug fit in or on “‘go”’
thread gages described below will interchange.
If there is any difference in the thread angles or
lead of the product and the mated ‘“‘go’” gages used,
the diametrical clearance space between the as-
sembled product threads wii)l be greater than the
minimum clearance (allowanee) specified in table
XIV.5. If excessive clearance (looseness) is ob-
jectionable, then the angle of the clearance flank
as well as the pressure flank must be held to ¢lose
limits.

If the quantities required are small and best size
wires are used to determine the pitch diameter of
taps and screws in lien of thread gages, then the
angle of the clearance flank as well as the pressure
flank must be held within close limits to sccure
interchangeable product.

2. REcoMMENDED GaGiNg Practice.~ (a) For
external threads:

(1) “go” and “not go’’ snap or plain ring gages
for major diameter;

(2) “go” thread ring gage having pitch diam-
eter equal to maximum pitch diameter of externnl
thread, major diameter greater than maximum
major diameter of external thread, and minor
diameter equal to minimum minor diameter of
internal thread;

(3) “not go” thread ring or thread snap gage
having pitch diameter equal to minimum pitch
diameter of external thread, major diameter
greater than maximum major diameter of external
thread, and minor diameter 0.35p less than mini-
mum pitch diameter of external thread;

(4) measurement of pitch by an accepted
method, reading at intervals and over the whole
length of engagement;

(5) measurement of the angles of both flanks
either by direct optical projection, or by means
of suitable templates.

(b) For internal threads:

(1) “go” thread plug gage having pitch diam-
eter equal to minimum pitch diameter of internal
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uirvau, ur wameter equal to maximum major
diaineter of' external thread, and minor diameter
less than minimum minor diammeter of internal
thread;

(2) “not go” thread plug gage having pitch
diameter equal to maximum pitch diameter of
internal thread, major diameter 0.35p greater
than maximum pitch diameter of internal thread,
and minor diameter less than minimum minor
diameter of internal thread;

(3) measurement of pitch
threads;

(4) measurement of the angles of hoth flanks
by optical projection from casts of the thread;

(5) “go” a~d ‘“not go” plain plug gages for
minor diameter.

(¢) Width of root relief:

A width of relief at root of p/6 is recommended
for “go” plugs and rings and pf4 for “not go”
plugs and rings. This relief should be located
so that the shoulders formed at intersection of
relief and thread flanks will be appreximately
eqnidistant from the pitch line.

3. Prrce DiaMeTER EqQuivALENTS FOR PrrcH
AND ANGLE DEviaTioNs.—(a) Pitch aeviations.—
A deviation in the pitch of a Buttress thread
virtually increases the pitch diameter of an external
thread and decreases the pitch diameter of an
internal thread.

If &p represents the maximum deviation in the
axial displacement (pitch deviation) between an
two points on a Buttress thread within the length
of engagement, the corresponding virtual increase
in the pitch diameter of the external thread (or
decrease for the internal thread) is given by the
expression:

Virtual change in pitch diameter equals

as for external

25p

AIL”=GT| 45°4-tan 7°

1.781 ¢p

(0) Flank angle deviations.—A deviation in one
or both of the flank angles virtually increases the
pitch diaineter of an external lhremfaud decreases
the pitch diameter of an internal thread.

If 5y and 3, (in degrees) represent the deviations
present in the two flanks (45° and 7°, respectively)
of a Buttress thread, the corresponding virtual
change in pitch diameter is given by the following
formula:

+ tan (7° 4 6c) F tan 7°
tan (7° 4 ;)4 tan 45°

, £tan (45° +8m) Ftan 45°:]
T tan (45° £éaqy)+tan 7°

AE.=0.61)|:

The values of AE, obtained by the above forinula,
do not differ greatly for plus and minns values
for dy and day, when 8oy and éa, are one degree
or less, and the following formula, in which the
signs are disregarded, gives values closely approx-
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AABLE N1

imating the values obtained by tne avove 1onnuia:
AE,=7p [0.009 $a;+0.019 5]

where da; and da; are in degrees or fractions of a
degree.

6. BRITISH STANDARD BUTTRESS THREAD

The Buttress thread covered in British Standard
1657:1950 Buttress Threads, published by the
British Standards Institution, Eas a basic depth
of thread of 0.4p, instead of the 0.6p depth, which
is the basis of the thread covered by this scction.
However, the two standards are in agreement as
to the preferred pitch series and the preferred
diameter series, except that this section includes
diameters from )4 to % in. not included in the
British Standard. Both standards use the same
forruulas for the pitch diameter tolerances and
allowances for the three classes common to both
standards. In the British Standard, the tolerance
on major and minor diameters is the same as the
pitch diameter tolerance (for the same class), but
provision is made for smaller tolerances where the
crest surfaces of screw or nut are used as datum
surfaces, or the resulting reduction in depth of
engagement has to be limited.

he American Committee does not consider it
advisable to encourage for regular use certain
combinations of the larger diameters with fine
pitches covered in the British Standard. How-
ever, pitch diameter tolerances for such combina-
tions when required can be determined by use of
the diameter and pitch increments given in table
XIV.3. With these exceptions, the tables for
pitch diameter tolerances and allowances for sizes
over one in. are in agreement with tables XIV.2,
X1V.3, XIV.4, and XIV.5 in this section. The
form of thread recommended in the British
Standard is shown in figure XIV.3 and the
numerical data for the British form in table XIV.6.

g—— PITCH, P
)
f
¥
; F—fr~
T T ol 78] lo 4% il
g h } P }
*»._—_-
3 H hy 3
§ 8 r E
3 4 g
H
TiweURE XIV.3.—British Standard form of Butiress thread.
(Heavy line indicates basic form.)
NoOTATION
H:lﬂlt of sha.rr V thread.._ H=0.80064p  Height of
B helgnt of thread ._.... A=Q.4p dedendum. ... Aa=0.30586p
Helght of extornal thread ootradius. . __..__. r=(.12055p
(screw). e . =0.50586p Root truncstion. ... s=0.13046p
Height of addendum. . .... Ae=mhf2=02p  Crest width. .._.__ F=0.2754p
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v.0.—Numerical data for British Standard form
Buttress thread

(Basic depth of thread =0.4p. See fig. XIV.3)

Threads|Piteh,| & | 21 | f | b [ o | o | ¢ | ¥
per inch| p I

1 2 3 4 5 6 H R 9 10

in in. in in. in in in. in in
20 __. _{0.0500 [0. 0200 i0. 0445 {0. 0123 ;0. 0253 ;0. 0306 [0, 0070 [0, 0060 |0.0138
16 .. .. 1.0625 |.0250 | .0557 | .0153 | . 0316 | .0382 | . 0087 | . 0075 | .0172
12 . 0833 | .0333 1.0742 | . 0204 | .0421 | . 0510 | . 0116 | . 0100 | . 0230
10...... 1000 | . 0400 | . 0891 | . 0245 | . 0506 | . 0612 | . 0140 | . 0121 | . 0275
8 1250 | . 0500 | . 1113 | . 0307 | .0632 | .0765 | .0174 | . 0151 | . 0344
6. __.._.|.1667 | .0667 | . 1484 | .0400 | . 0843 | . 1020 | .0233 | .0201 | . 0459
5 _....|.2000 |.0800 | . 1781 | .0491 | . 1012 | . 1223 | . 0279 | . 0241 | . 0551
4 ... |.2500).1000 |.2227 | .0613 | .1265 | .1529 | . 0349 | . 0301 | . 0689
3. ......|.3333(.1333 | .2060 | .0818 | . 1686 [ .2039 | .0465 | .0402 | . 0918
2%, ... .4000 | .1600 | .3563 | . 0081 | . 2023 | .2447 | . 0558 { . 0482 | . 1102
2 ... L5000 | 2000 | . 4453 | . 1227 | . 2529 | . 3059 { .0697 | . 0603 | . 1377
138, ... 8667 | . 2667 | . 5938 | . 1635 | . 3372 | .4078 | . 0930 | . 0804 { . 1836
134 8000 [ .3200 | .7125 | . 1963 | .4047 | . 4804 | . 1116 2204
1.0000 | . 4000 | . 8906 | .2453 | . 5059 | .6117 | .1395 | . 120G | . 2754

SECTION XV. AMERICAN STANDARD
ROLLED THREADS FOR SCREW SHELLS
OF ELECTRIC LAMP HOLDERS AND
SCREW SHELLS OF UNASSEMBLED
LAMP BASES®

The specifications given herein for American
Standard rolled threads for screw shells of electric
lamp holders and for screw shells of unassembled
lamp bases, with the exception of the more recently
adopted intermediate size, were originally pub-
lished in 1915 in Bulletin No. 1474 of The Ameri-
can Society of Mechanical Engineers entitled
“Rolled TKreads for Screw Sheclls of Electric
Sockets and Lamp Bases,”” which was a report of
the ASME Committee on Standardization of
Special Threads for Fixtures and Fittings.

1. FORM OF THREAD

The thread form is composed of two circular
segments tangent to each other and of equal
radii, as shown in figure XV.1.

2 THREAD SERIES

The sizes for which standard dimensions and
tolerances have been adopted are designated as
follows: “miniature, candelabra, intermediate,
medium, and mogul.”

The thread designations. threads per inch, radii
of thread form, and diameter limits of size for
these sizes of lamp base screw shells, which are
used ou lamp bases, fuse plugs, attachment plugs,
and similar devices, are given in table XV.1.

The corresponding designations, dimensions,
and limits of size for lamp holder screw shells,
which are used in electric sockets, receptacles,
and similar devices, are given in table XV.2.

* This standard, in substantially the same form, has been adopted hy the
American Standards Association. 1t is published as ASA C8l.1, “Rolied
Threads for Screw 8hells of Electric Lamp Holders and for Screw Shells of
Unassembled Lamp Bases,” hy the ASME, 20 West 30th St., New York
18, N.Y. The fatest revision should be consulted when referring to this
ABA document,
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3. GAGES

Gages are necessary to control dimensions in
manufacture and to insure interchangeability
and proper assembly.

(@) GaciNg oF Lamp Base Screw SHELLs.—
(1) Working gages—For each size of lamp base
screw shell there should be provided for control
in manufacture, ‘“‘go” and ‘not go’’ threaded
ring es to govern the minor diameter and
thread form, and ‘“go” and “not go” plain ring
gages to govern major diameter.

(2) Inspection gages.—For purposes of inspec-
tion in the final acceptance of the product, a “go”
thread ring gage governing minor diameter and
thread form and a “not go”’ plain ring gage govern-
ing major diameter are sufficient.

() Gacing oF LamMp HoLDER SCREW SHELLS.—
(1) Working gages.—For each size of lamp holder
screw shell there should be provided, for control
in manufacture, ‘“go’” and ‘“not go” thread plu

ages to govern the major diameter and threa
%orm, and “go” and “not go’’ plain plug gages to
govern minor diameter.

(2) Inspection gages.—For the final acceptance
of the product, a “go” thread plug gage govern-
ing the major diameter and thread form, and a
“not go” plain plug gage governing minor diameter
are sufficient.

(¢) TOLERANCES ON GAGEs.——ManufacturiEﬁ
tolerances on inspection or working gages sh
be as follows:

LAMP BASE SCREW SHELL
“Go” thread ring gage, meximum thread size

to minus 0.0003 in.
“Not go” thread ring gage, minimum thread

INTERNAL THREAD
LAMP HOLDER SCREW SHELL

MAX — g | !

AT

N

0,50 ——m—

MAX

MIN
MAX
MIN

MINOR (XA OF EXTERNAL THREAD

|———— PITCH, P

—
MAJOR DIA OF EXTERNAL THREAD™M™ [
MAJOR DIA OF INTERNAL THREAD™Y pl

MINOR DIA OF INTERNAL THREAD

EXTERNAL THREAD
BASE SCREW SHELL
Fioure XV.1.—Illustration of thread form, allowance, and

tolerances, American Standard rolled threads for screw
shells of electric lamp holders and lamp bases.

size to plus 0.0003 in.

“Go” plain ring gage, maximum major diameter
to minus 0.0002 in.

“Not go” plain ring gage, minimum major diam-
eter to plus 0.0002 in.

LAMP HOLDER SCREW SHELL

“Go” thread plug gage, minimum thread size
to plus 0.0003 in.

TasLe XV.1.—American Standard rolled threads for lamp base screw shells before assembly

Major diameter Minor diameter
Thread designation Threeds Pitch Heightof | Radius
per inch thread

Maximum | Mirimum | Maximum | Minimum

1 2 3 4 5 8 7 8 9

in, n. in. in, in. n. in.
Ministure lamp bese thd . 14 0.07143 0.020 0. 0210 0.375 0.370 0. 335 0. 330
Candelsbralamp base thd.. . ...coooooooooaooia . 10 . 10000 .025 . 0312 . 465 . 400 418 . 410
Intermediate 'amp base thd .. .....ooonmeeoomoiaaaoot 9 11 .07 .0353 . 851 648 597 591
Mediv= g.ln):se thd.__... 7 . 14288 .033 . 0470 1.037 1.031 .97 . 968
Mogul lamp thd - 4 . 25000 . 050 . 0906 1.558 1.545 1. 455 1. 45

TaBLE XV.2.—American Standard rolled threads for lamp holder screw shells
Major diameter Minor dlameter
Thread designation Threads Pitch Helght of | Radius
per inch thread

Minimum | Maximum | Minimum { Maximum

1 2 3 4 5 (] 7 8 9
Miniature lamp holder thd 14 0"5'1143 "% 020 ‘5"0210 ‘"'am 0 asss T "%, aazs

p bolder thd. . . . 0. 0. 0.3375 0.
Candelabra lamp hoider thd 10 . 10000 025 . 0312 470 .476 . 420 426
Intermediate lamp bolderthd . ... ... ... 9 11111 .07 . 0353 . 657 . 664 . 603 . 610
Medium lamp holder thd 3 7 . 14288 .033 .0470 1.045 1.053 979 . 087
Mogullamp holderthd. ... ... ..oo........ [ . 25000 .060 . 0906 1,565 1577 1.465 1.477
£550170°—60——4 35
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“Not go” thread plug gage, maximum thread
size to minus 0.0003 iu.

“Go” plain plug gage, minimum minor diameter
to plus 0.0002 in.

“Not go” plain plug gage, maximum minor
diameter to minus 0.0002 1n.

CHECK GAGES FOR LAMP BASE SCREW SHELL GAGES

Thread check plug for “go” thread ring gage,
maximum thread size to minus 0.0003 in.

Thread check plug for “not go” thread ring
gage, minimum thread size to plus 0.0003 in.

SECTION XVI. MICROSCOPE OBJECTIVE
AND NOSEPIECE THREADS, 0.800—
36AMO’

1. GENERAL AND HISTORICAL

The standardization of the microscope objective
and nosepiece threads is one of the projects toward
unification of screw thread standards among inch-
using countries. In Great Britain, the Royal
Microscopical Society had established standards
for microscope objective threads in 1858, based on
the Whitworth screw thread system, which were
subsequently used throughout the world. The
history of tKis standard is in the Transactions of
the Society: 1858, p. 39; 1859, p. 92; 1896, pp.
389, 487; 1911, p. 175; 1915, p. 230; 1924, p. 266;
and 1936, p. 377.

In practice, American manufacturers of this
thread have always employed modifications of the
Whitworth form because of their preference for
flat crests, such modified threads being completely
interchangeable with the RMS threads. At the
Conference on Unification of Engineering Stand-
ards held in Ottawa in 1945, the American
Delegation presented ASA Paper B1/57 and A.O.
Drawing ED-95 giving limits of size for a trun-
cated itworth thread. Since a thread form
v.ith rounded crest is preferred in Great Britain
10r optical instruments, it was recommended that
the title of this document be amended to read,
“Proposed Permitted Truncation and Tolerances
for RMS Thread.”

On the basis of this proposal a draft of a pro-
posed American Standard, dated April, 1948, was
circulated to the B1 Sectional Committee member-
ship for comment. In conformity with comments
received, a revised draft, dated October, 1954,
was approved by Subcommittee No. 4 on Instru-
ment Screw Threads and subsequently submitted
to the Sectional Committee for approval. Final
approval as an American Standard was given on
January 7, 1958, by ASA.

This section covers the thread used for mountin
the microscope objective to the nosepiece.
typical arrangement is shown in figure XVIL.1.

T This section is in substantiai agreement with American Standards Associ-
ation gubllcatlon ASA BL.11, “Microscope Objective Threads,” which is
pubiished by the ASME, 20 W. 39th 8t., New York 18, N.Y. 'The latest
revision should be consulted when referring to this ASA document.
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NOSEPIECE

/—P’LOT

L DNONNINNNNN,

OBUECTIVE

Ficure XVI.1.—Typical arrangement of microscope objec-
live and nosepiece.

This thread is recommended also for other optical
assemblies of microscopes and associated appara-
tus, such as photomicrographic equipment. The
thread is based on, and intended to be interchange-
able with, the thread introduced and adopted
many years ago by the Royal Microscopical
Society of Great Britain and generally known as
the “RMS thread.”” This thread has become
almost universally accepted as the basic standard
for microscope objective and nosepiece threads.
Formal recognition, however, has been extremely
limited.

Experience has established that the principal
attributes of a good fit for microscope objective
and nosepiece threads are:

(a) Adequate clearance to afford protection
against binding due to the presence of foreign
particles or small thread crest damage.

(0) Sufficient depth of thread engagement to
assure security in the short lengths of engagement
commonly encountered.

(¢) Allowances for limited eccentricities so that
centralization and squareness of the objective are
not influenced by such deviations in manufacture.

The need for the above characteristics stems
principally from the inherent longevity of optical
equipment and the repeated uses to which objectives
and nosepiece thireads are subjected.

2. SPECIFICATIONS

1. Form oF TurEAD.—This section covers only
one nominal size of thread which has a basic major
diameter of 0.800 in. and 36 tpi. Because of its
British origin, the basic thread possesses the
British Standard Whitworth form, having an
included angle of 55° and rounded crests and roots.
The thread is of the single-start type. Symbols,
formulas, and basic and design dimensions for the
threads are given in table XVI.1,

2. ALLowances.—Positive allowances (mini-
mum clearances) are provided on the pitch, major,
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TaBLE XVI.1.—Symbols, formulas, and basic and design
dimensions, 0.800—36AMO

since the forms at the root and crest of the
truncated internal (nosepiece) thread provide

tlie desired elearanees. In such cases, either both
Rpeitolly  (ESomoks Rigepge limits or only the maximum limit of the major
T and minor diameters may be increased by the
amount of the allowance. Benefits are derived
Half angle of thread... ... e ] Zro3y principally from ehanges in the major diameter
e e e e S where increasing both limits improves the depth
e e || R of thread ?pgx‘a,tgemeng amd1 increasing ?nlgf the
i ' i : aximum limi ants a larger manufaeturin
MEamiminy| C | R B e 5" .
basic thread (1ot used). How;fver, unlesl? sueh deviations are speciﬁcaltl)y
eovered in purchase negotiations, it is to be
Design thread form assumed that the threads will be supplied in

accordanee with the tables in this seetion.
gt Wil | & | s Spmelly 10915 3. ToLerances.—In accordance with standard
Smol A s ot 11 17 02800n ottt practice, toleraneces on the internal (nosepieee)
Basic truncation of crest from | U 073017p 100205 n, thread shall be applied plus from the basie
basic Whitwortb form. (design) sizflal 8!(11(1 lt,(ﬁetl;ancesl 0(;1 the gxternal
(objective) thread shall be applied minus from its

— des:lm — desg n (maximum material) size.

Major diameter, nominal and | D oo 0.800 I, The piteh diameter tolerances for the external
MopE: dawies of Herisl| De B [ and internal thread are the same and include

(noseplece) thread, . ) both lead and angle deviations. They are derived

e e, el D BS2ESE Sn. from the RMS standard of 1924 and are the same
Bt dipeset el el & S S as for the eurrent British RMS thread.

(nosepiece) thread, The tolerance on the major diameter of the
el Srvoadsy scraell | KB B-A%z6 i external thread and the tolerance on the minor
omn dimmetr, bill - itt| K e oo diameter of the internal thread are the minimum
yoseplece) thread. | Jp— "625 1n values whiech experience has demonstrated to

(objective) thread.s ’ A be practicable. Adequate depth of thread
Allowance at pitch diameter a® | @ [ .._.......... 0018 in. eng ement 1s t,hereby assured.

All

s An allowance equal to that on the pitch diameter is also provided on the
major and minor diameters of the external (objective) thread for additionai
clearance and centralizing.

b Allowance (minimum clearance) on pltch diameter is the same as on
British RMS thread.

and minor diameters of the external (objective)
thread. The allowanee on the piteh diameter is
0.0018 in., the value established by the British
Royal Mieroscopieal Society in 1924 and now
widely regarded as a basie requirement. The
same allowanee is also applied on both the major
and minor diameters.

Where interchangeability with product having
full-form Whitworth threads is not required the
allowanees on the major and minor diameters
of the external (objeetive) thread are not necessary,

tolerances are given in table XVI.2.

4. LEnGgTHS oF ENGAGEMENT.—The toleranees
specified herein are applieable to lengths of ei:gage-
ment ranging from % to % in. (approximately
15 to 50 pereent of the basic diameter). Lengths
of engagement exceeding these limits are seldom
employed and, eonsequently, are not provided for
in this seetion.

For nicroscope objeetive and nosepicee assem-
blies, the length of engagement most generally
employed is % in.

5. Pior ox OnJective THrEAD.—A pilot
(plain portion) shall be provided at the leading
end of the objective thread for ease of assembly
with the nosepicce thread. The diameter of the
pilot shall not execed 0.7626 in. (See fig. XVI.1.)

TaBLE XVI.2.—Limils of size and lolerances, 0. 80—36AMO

External (objective) thread Internai (nosepiece) thread
Diameter L
Maximum Minimum Toferance Minimum Maximum Tolerance
1 2 | 3 4 5 6 7 8 9 10 1

in. mm in. mm in. in. mm in.
0.7641 20.170 0.7911 20. 094 0.0030 0. 8000 20. 320 b 0, 8092

. T804 19. 822 L7774 16. 746 .0030 L7822 19. 868 . 7852

. 7620 19. 370 s, 7552 219182 | ... . 7685 19. 520 L7715

» Extreme minimum minor diameter produced bir a new threading tool having a minimum flat of p/12 (=0.0023 in.). This minimum dismeter is not con-

trolied by gages but by the form of the threading tool.

b Extreme maximum major diameter produced hf' a new threading tool baving a minimum flat of p/20 (=0.0014 in.).
tool.

This maximum diameter is not con-
trolled by gages but by the form of the threading

37




Downlo;aded from http://www.everyspec.com
——k

INTERNAL THREAD,
NUT
(NOSEPIECE)

Max ————
N

BASIC MAJOR DIA

mmarnrmrwm:: .
T

MAJOR (A OF EXTERNAL THREAD

33%
ik
y &

N

A
¢ T 8 g
I3 ¢
88§
T [ 4 -
i
EXTERNAL THREAD, §i
SCREW il
(0BJECTIVE) {8

—— 4 MAJOR DIA ALLOWANCE ON
EXTERNAL THREAD

~ § MAJOR DIA TOLERANCE ON
EXTERNAL THREAD

F———} PITCH DIA TOLERANCE ON

L i , INTERNAL THREAD

~F PITCH DiA ALLOWANCE
(EXTERNAL TMREAD ONLY)

# PITCH DIA TOLERANCE ON
EXTERMAL THREAD
A

" iy ]
Cossopnporii s de/d, -3 MINOR DIA TOL=
oL el % erance ow iN-
L ity ,% TERNAL THREAD
% A,

I

# MINGR DIA ALLOWANCE

TR U H
il )

g |
; ,{% ;
E ¥
: fa
8 T o 3L
FROM NEW TOOL ;E g
LY

Ficure XVI.2.—Disposition of lolerances, allowances, and crest clearances for
0.800—386AMO thread.

See table X V1.1 for interpretation of symbols,

6. Limits or Si1ze.—The limits of size for both
the external and internal thread are given ‘in
table XVI.2. Their application is illustrated in
figure XVI.2.

7. THrEAD DEsioNaTioN.—This thread is to
be designated on eugineering drawings, in specifi-
cations, and on tools and gages by the symbol
“AMO” preceded by the basic major diameter
in inches and the number of threads per inch, as

given below:
0.800—36AMO.
3. GAGE DIMENSIONS

Recommended gage dimensions are listed in
table XVI.3.

38

4. BRITISH STANDARD FOR MICROSCOPE
OBJECTIVE AND NOSEPIECE THREADS

The British and American threads are the same
with the following exceptions:

The British thread has a basic and design thread
form as shown in figure XVI.3 whereas the Amer-
ican thread has truncated crests and roots as
shown in figure XV1.2. The limits of size of the
British thread are given in table XVI.4.

The length of thread on the British objective
is 0.125 in. (3.175 mm.) whereas the lengths of
engagement for the American thread may range
from ¥ to ¥ in. However, the length of engage-
ment most generally employed for the American
thread is ¥ in.




TaBLE XVI.3.— Recommended gagE%Wrﬂ?rﬁqggafs%T %%’W %‘1352‘.;83 Gna n nosepiece thread, 0. 800—36A MO

Dimension symboi Description Formula Dimension

EXTERNAL (OBJECTIVE) TIHIREAD

“Qo' SETTING TIIREAD PLUQG GAGE (A—-QOQ)

in.
Major diameter, maximum D, Max_ ... ..o ceccecceccccaeaa- 0.7941
Major diameter, minimum D¢ Max —0.0004 . 7937
Piteh diameter, maximum  E,Max._. . _____. . 7804
.| Piteh diameter, minimum FeMax —0.0002. . .. ecieccemaee—aan . 7802
“NOT GO0"” SETTING THREAD PLUG GAGE (A—NOT Q0)
Major diameter, minimum L7941
Major diameter, maximum . 7945
Pitch diameter, minimum LT
Pitch diameter, maximum 7776

“Q0"” TIHHREAD RING GAGE
Piteh diameter, maximum E,Max“Go’ A Piug.. .. . 7804

Piteh diameter, minimum  F, Min “(3o'’ A Piug . 7802
Minor diameter, maximum D Min—2h, ._. L7644
Minor diameter, minimum Ay Max —0.0004 _ . iecccecccnmecccaonnn . 7640
“NOT GQO” TIIREAD RING GAGE
E,; Min &4 Piteh di ter, minimum E, Min “Not Go” A Piug-.... et T
Pitch diameter, maximum  FE; Max “Not Go” A Plug..... L7776
Minor diameter, minimum  F, Min—p/3. .. .. . 7681
Minor diameter, maximum K, Min+0.0004_ . iameee- . 7685
INTERNAL (NOSEPIECE) TUREAD
“Q0"” THREAD PLUG GAQGE
Major diameter, minimum Dy Min 0. 8000
Major diameter, maximum 1), Min4-0.0004 . 8004
Piteh diameter, minimum  E. Min . 7822
Pitch diameter, maximum  E, Min +0 0002 - . 7824

“NOT QO™ TIIREAD PLUG GAGE
Major diameter, maximum  E. Max+p/3 ..____._ . . 7045

Major diameter, minimum D, Max —0.0004__ L7941

Pitch dlametcr, maximam  Es.Max_.________ . . 7852

Pitch d ter, minimum EeMax—0.0002. ... ..o cececmcamaemaa . 7850
Tolerance O Jead. . . eceieeeceecccceaesceceeceeicceseeeeeemseencnnsesnetanasenaeenncnnnaean .- +0,0002 in.
Toierance on half-angle of thread... . ... oo oot iccccmcmmmcmcncmcmmnccccccssossmmmnnna e —eaasane 0 deg 20 min

H
]
o \J
TaBLe XVI0.4.—Limits of size for the Brilish microscope
! 1 objective and nosepiece thread
L}
H h External (objective) thread | Internai (nosepiece) tiread
° ° Diameter .
Z?Ju_._.. 273 Maximum | Minimum | Minimum | Maximum
I r -
55% 1 2 3 4 5 6 7 8 9
"E‘ r—/ in. | mm | in. | mm | in. | mm | in. | mm
Major___._..._ 0. TOR2 120,274 |0. 7952 [20. 198 10.8000 [20.320 |....._.} ...
Sintpie effec-
\ tive_.......- L7804 {19,822 | L7774 (19.746 | . 7822 119.868 0.7852 | 19.944
Minor_......_| . 7626 [19.370 | ... |....... L7644 |19.416 | 674 | 19.492

————— PITCH, p ————— i

Fioure XVI1.3.—Basic form of Whilworth thread.

H=0.960401p H{6=0.160082p
A=2/3H=0.640327p r=0.137320p
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SECTION XVII. SURVE YT 1o m oMy 4 v P S taounrd practice the thread designation is:

MOUNTING THREADS®

1. GENERAL AND HISTORICAL

In 1927 a manufacturers’ subcommittee working
with the Division of Simplified Practice of the
National Bureau of Standards prepared a specifi-
cation for a tripod thread having a 60° thread
angle and a nominal diameter of 3} inclies, 8
threads per inch. This thread was considered
suitable for use with transits having horizontal
limbs 4% inches or more in diameter at the edge
of graduation, and also for all engineers’ levels. %t
was considered for adoption as a commercial
standard, but as all the makers of surveying in-
struments did not agree to its adoption, it does not
have this official status at the present time.
However, on March 6, 1958 Subcommittee No. 4
on Miniature, Microscope Objective, and Sur-
veying Instrument Threads of ASA Sectional
Committee B1, passed a resolution recommending
that this thread be adopted as an American
Standard. The dimensions of this thread were
first circulated in 1927 as NBS Drawing B-1180.

1. Score.—This section covers the nominal
dimensions and lumits of size of the threaded
portions of the base plate and the tripod head
used for securing a surveying instrument to its
tripod or other base of support.

2. DeFiNiTIONS.—(a) Surceying instrument.—
The term ‘“‘surveying instrument” shall be deemed
to apply to transits, levels, and similar types of
apparatus most commonly used when mounted
on a tripod.

() Tripod head.—The tripod head is that
portion of the tripod or other means of support
to which the surveying instrument is affixed when
in use. (See fig. XVIIL.1.)

(¢) Base plate—The base plate is that por-
tion of the surveying instrument which contains
the thread used for fastening it to the tripod head.
(See fig. XVIIL.1.)

2. SPECIFICATIONS

1. Form oF THREAD.—The form of thread
profile shall be the American National form as
shown in appendix 1 of Part I of Handbook H28.

2. Dimensions.—The thread shall have a basic
major diameter of 3}4 in. and 8 threads per inch.
The thread dimensions zre shown in table XVII.1.

The tripod head and base plate shall be in ac-
cordance with the dimensions shown on figure
XVIL.1.

3. DEesigNATION.—As the limits of size and
tolerances do not correspond to a standard Unified
or American National thread class, in accordance

* This section i3 in substantial agreement with the March 1948 proposed
draft of the American 8{andards Assoclation bearing the same title. This
threed is specified in Federal Specification GG-T-621, Transits one-minute;
and transit tripods,
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¢31,—8 SPECIAL FORM, 60° thread’ followed
by all limits of size.

3. GAGE DiMENSIONS

Recommended gage dimensions are listed in
table XVIIL.2,

INTERNAL THREAD
(BASE (PLATE)

8_!? MIN

T ¥
.............................. 4 —
. .
L - I [
4
"

4F MIN TO SHIFTING PLATE —

i-1%
4.0000 DIA MIN — o] s
]-4—3.3293 DIA MAX ——— ] =

I“—‘—‘- 3.3298 DIA MAX ———— =

EXTERNAL THREAD
(TRIPOD HEAD)

INTERNAL
THREAD
EXTERNAL ™
THREAD

ALTERNATE DESIGN WITH
CHAMFERED THREADS

Li MAX

Fioure XVIL1.—Surveying instrument tripod head and
base plate.

8ee tabin X VIL.1 for thread dimenstons.

TaABLE XVIL.1.—Limits of size, tolerances, and allowances,
surveying instrument mouniing threads

Tripod head (external) thread Base plate (Internal)
thread
Dismeter
Maxi- | Mint- | Toler- | Atlow-| Mint- | Maxi- | Toler-
mum | mum | ance | ance [ mum | mum | ance
1 2 3 4 5 6 7 8
in. in, in. in. in. in. in.
Major......_...| 3.4966 | 3.4804 | 0.0162 | 0.0034 | 3.5000 |..... . |-.......
Pitch......... 3.4154 | 3.4110 | .0044 | .0034 | 3.4183 | 3.4232 | 0.0044
Minor. . ... 3.3432 [ 3.3208 | .0134 | .0215 | 3.3047 | 3.3792 0145
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TasLe XVII.2.—Recommended gage dimeicowns Jui survey=
ing instrument mounting threads

TRIPOD IEAD (EXTERNAL) T{IREAD

“(o” setting “Not go”
thread plug | setting thread
gage plug gage
in. in.
Major diameter, max._._.................. 3. 4066 3.4811
Major diameter, min.. =3 3. 4059 3. 4804
Pitch diameter, max... .- 3. 41M 3.4114
Pitch diameter, min._.__. oo 3. 4150 3.4110
*(Jo”* thread “Not go”
ring guge thread ring
gage
in in
Pitch diameter, max.______.............. 3. 4154 34114
Pitch dlameter, min. 3. 4150 3.4110
Minor diameter, max 3. 3647 3.3010
Minor diameter, min__ . 3.3840 3.3917
BASE PLATE (INTERNAL) THREAD
“Go” thread “Not go’’
plug gage thread piug
gage
in.
Malor dlameter, MAX. .o oo oees i canann 3. 5007 3.4736
Major diameter, min._. -3 3. 5000 3.4729
Pitch dlameter, max... ] 3.4192 3. 4232
Pitch dismeter, min._..._.._....__....... 3.4188 3.4228

Tolerance on lead: =0.0004 in.
Toierance on haif-angie of thread: 4-0° 5 min,

s It will be noted that the “not go” thread plug gage is truncated on the
ma{:r diameter beiow the corresponding dimension of tho ‘‘go” plug gage.
This {s to insure noninterference of the “not go” gage at the major diameter.

SECTION XVIII. PHOTOGRAPHIC EQUIP-
MENT THREADS®

1. TRIPOD CONNECTIONS FOR AMERICAN CAM-
ERAS; 14—20 UNC—1A/1B THREADS (PH3.6)?

1. Scope.—This subsection describes the screw
commonly used on American photographic tripods,
and the corresponding threaded socket in cameras,
in sufficient detail to promote the interchange-
ability of cameras on tripods. It is not intended
to prescribe design except for the dimensions
affecting interchangeability. For this reason, the
screw and socket specified Lcrein indicate two of
many possible general designs.

2. Trirop Screw.—The tripod screw shall be
in accordance with figure XVIII.1. The screw
shall have 1,—20 UNC—I1A threads in accordance
with part I, section III.

) The materiai inefuded in this section is in substantiai agreement with the
following American 8tandards Association publications:
PH3.6 Tlélpod bg:onnectlona for American Cameras }4-inch-20 thread,
ee above,
PH3.?7 Trl Connections for Heavy-Duty or Euro’Fesn Cameras
inch-16 Thread with Adapter for ¥-inch-20 Tripod S8crews.

ee p. 42.
PH3.10 Threads for Attaching Mounted Lenses to Photographie
Equipment. B8ee p, 42,
PII3.12 Attachment Threads for Lens Accessories. See p. 42.
PH3.23 Shutter Cable Rejease Tip and Socket With Taper (European)
Thread. Bee l{).is.
PH3.24 Shutter Cabie Releass Tip and Bocket With Straight (Amer-
ican) Thread. See p. 45.
These standards are published hy the American Standards Association,
Inc., 10 E, 40th 8t., New York 16, N.Y. The latest revisions shouid be
consulted when referring to these ASA documents.

0.175 MAX, RECOMMENDATION
FOR LIGHTWEIGHT CAMERAS

a.050 max

0.340 MAX, RECOMMENDATION
FOR HEAVY CAMERAS

0.560

0.031R —,
MAX

2.060 MIN—

Figure XVIIL1.—Tripod screw, 1/4—20 UNC—I1A.

The undereut in the tripod top around the hase of the screw provides elear.
ance for the flange found around the tripod socket in some cameras. The
dimensions, ineiuding thread dimensions, include all piating or other finish,

The thread dimensions are:

Maz Min
Major diameter__________.___ 0.2489in. 0. 2367 in.
Piteh diameter. .. ... ____..... . 2164 . 2108
Minor diameter. .. ... _o.o.. L1876 oo...

3. Trirop Socker IN CAMERA.—The tripod
socket in the camera shall be in accordance with
figure XVIII.2. The socket shall have ¥%—20
UNC—1B threads in accordance with part I,
section III.

0.0350 MAX OEPTH IF COUNTERBORED
CR COUNTERSUNK

——0.197 MIN SOCKET OEPTH RECOMMENOED
FOR LIGHTWEIGHT CAMERAS

0.375 MIN SOCKET OEPTH RECOMMENOEO
FOR HEAVY CAMERAS

| wax o T—o.:. 45 MAX FLANGE THICKNESS
" FLANGEO
Ficure XVIII.Z.—-Tr;;";od .s;zlcgkd in camera, 1/4—20

It is recommended that 8 cloar area, free from obstructions, at {east 2 in.
in diameter, surround the socket in the camers. The dimensions, inciuding
thread dimensions, include ali plating or other finish.

The thread dimensions are:

Min Maz
Major diameter. ____._._____. 0.2500in. .___..
Pitch diameter....._ .. ...... . 2175 0. 2248 in.
Minor diameter. . ____________ . 196 . 207

4. Spr.cEr—On tripods having a screw 0.340
in. long, it is recommended that a spacer be sup-
Ii-lied for use with cameras having shallow sockets.

lie spacer shall be in accordance with figure
XVIII.3. The threads shall be as specified in the
preceding paragraph for the tripod socket.

5. Heavy-Dury AppricatioNs.—For heavy-
duty applications, it is recommended that the
tripod connections shown in the following sub-
section be used.

11t is recognized that some nonstandard tripod screws (prohshiy as a
resuit of plating buiid-up over threads machineC to standar? tolerances)
have heen made oversize,. Where sccommodation of such a nonstandard
scvew has been considered important, 1%6.-in. sockets have been pr(}duced

to the following dimensions: Min Maz
Majordiatneter... ... o iieaaos 0.266In. __.__.
Pitch diameter. _.. .233 0.237 in,
Minordiameter. . ccconooicecicnccmcccmeaee W11 207




¢.560
0.060 MIN
r £0.00 ] f 4
| LTI
L

T—0.165 10.005

Fioure XVIII.3.—Spacer jor use on trgwd with 0.340-in.
length acrew, 1/4—20 UNC—1B.

The outside diameter of the spacer shall conform to that of the tripod head.

2. TRIPOD CONNECTIONS FOR FUROPEAN CAM-
ERAS (HEAVY-DUTY APPLICATIONS); 3/8—16
UNC—1A/1B THREADS (PH3.7)

1. ScorE.—This subsection describes the screw
used on some European photographic tripods, the
corresponding threaded socket in cameras, and
the bushing to adapt American tripods to Euro-

ean cameras, in sufficient detail to promote the
interchangeability of cameras on tripods. It is
not intended to prescribe design except for the
dimensions effecting interchangeability. For this
reason, the screw and socket specified herein
indicate two of many possible general designs.

2. Trirop Screw.—The tripod screw shall be
in accordance with figure XVIII.4. The screw
shall have %—16 UNC—I1A threads in accordance
with part I, Section III. The thread dimensions
are:

Maz Min
Major diameter. - --. 0.3737 in. 0. 3595 in.
Pitch diameter.__ --- .3331 . 3266
Minor diameter. .. .coo_ooo.. 2970 aeo..
+0.000
0.050 MAX— —0-295_05,010
0.560

0.060 MIN—

Fiaure XVII1.4.—Tripod screw, 8/8—18 UNC—1A

The undercut in the tripod top around the base of the screw provides
clearance for the fiange found around the tripod socket in some camcras
Enh’:hdlmenslons, including thread dimensions, include all plating or other

3. Trirop Socrer 1IN Camera.—The tripod
socket in the camera shall be in accordance with
fIiIgure XVIIL.5. The socket shall have 3%—16

NC—1B threads in accordance with part I,
section III. The thread dimensions are:

Min Maz
Major diameter. ... ..._.... 0.3750in.  __....
Pitch diameter. _______.______ . 3344 0. 3429 in
Minor diameter___.__________ . 307 . 321

4. Apaprir—To adapt a tripod having a screw
with a %—20 UNC—1A thread as specified in
subsection 1, above, to a camera having a tripod
socket with a ¥—16 UNC—1B thread, a threaded
bushing as shown in figure XVIIL.6 is recom-
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‘Downloaded from http://www.ev%/(%e‘c.com".‘lle bushing shall have a %—16

U 1A external thread as specified in paragraph
2 of this subsection and a 4—20 UNC—1B internal
thread as specified in paragraph 3 of subsection 1,
page 41.

5. For the dimensions of the %—20 tripod
screws and sockets used on American cameras, see
subsection 1 on page 41.

OR COUNTERSUNK

@ § | e
NS £ ANESN

0.530 L
0.045 MAX FLANGE THICKNESS
}&”‘" a8 IF FLANGEO

/70.050 MAX DEPTH IF COUNTERBOREO

—0.212 MIN

I

F1GURE XVIII.5.—Trip¢£;i socket in camera, 3 18—16

NC—1B.

1t is recommended that a clear area, free from ohstructions, rt least 2 in.

in diameter, surround the socket in the camera, The dimensions, including
thread dimensions, include all plating or other finish.
0.197
+0.005
Figure XVII1.6.—Adapter; 3/8—18 UNC—I1A external
thread, 1/4—20 UNC—1B internal thread.

The dimensions, including tbread dimensions, include all plating or other

3. THREADS FOR ATTACHING MOUNTED LENSES
TO PHOTOGRAPHIC EQUIPMENT (PH3.10%

1. Scope.—This subsection consists of the spec-
ifications for the threads used for attaching
mounted lenses to photographic equipment, for
example, for attaching lens barrels to lens boards
as in the case where flanges are employed.

2. Tarrap ForMm.~—The Unified form of thread
prggle as specified in section III, part I, shall be
used.

3. LiMirs or Size, TOLERANCES, AND LENGTHS
or THrEADs.—The linits of size, tolerances, and
lengths of the threads in common usage for attach-
ing mounted lenses to photographic equipment
are listed in table XVIII.1. For sizes larger than
shown in table XVIII.1, see footnote a to the table.
The dimensions given in this table are not intended
to preclude the use of threads specified by the
Royal Microscopical Society.

4, ATTACHMENT THREADS FOR LENS
ATCESSORIES (PH3.12%)

1. ScoreE.—This subsection consists of the spec-
ifications for tha attachment threads for lens
accessories. The lens accessories have an external
thread which mates with an internal thread in the
lens mount.
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TasLe XVIII.1.—Limits of size, lolerances,
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ana tengins of ithreadas jor threads Jor a

equipment, classes 3A/3B, UNS »

ttaching mourted lenses to pholographic

—» A
External thread, 3Ab Internal thread, 3B b
Maximuem
Nominal size length from
and threads Major diameter Pitch diameter Minor Minor diameter Pitch diameter Major | shoulder to
per inch diameter diameter | end of ex-
ternal thread,
A (Scesketch)
Max Min Max Min |Tolerance] Max Min Max Min Max |Tolerance] Min
1 2 3 4 5 i 7 8 9 10 1 12 13 14
in. in. in. in. in. in. in. in. in, in. in. i, in.
0. 5000 0.4955 0. 4865 0. 4843 0. 0022 0.4744 0.4774 0. 4795 0. 4865 0. 4804 0. 0029 0. 5000 0.156
. 6250 . 8150 . 8047 . 60 0027 . 5867 . 5910 . 5069 . 6047 . 6082 . 0035 . 6250 115
. 7500 . 7440 7297 L7270 . 0027 .7 .7160 L7219 L7297 . 7333 . 0036 L7500 . 156
. 8750 8690 . 8547 8520 . 0027 . 8367 . 8410 . 8469 8547 . 8583 . 0038 . 8750 .156
1. 0000 . 9940 L9797 . 9769 . 0028 L9617 . 9660 L9719 . 9797 . 9834 . 0037 1. 0000 . 160
1.1250 1.1190 047 1.1019 .0028 1. 0867 1. 0812 1.0841 1. 1047 1,1084 . 0037 1,1250 .187
1. 2500 1. 2440 1.2297 1.2268 . 0029 1217 1. 2162 1.2191 1. 2297 1.2335 . 0038 1. 2500 .187
1,375 1.3600 1.3547 1.3518 . 0029 1. 3367 1. 3412 1. 3441 1.3547 1. 3585 . 0038 1, 3750 187
1. 5000 1.4940 1.4797 1.4767 . 0030 1.4617 1.4662 1. 4691 1.4797 1.4836 . 0039 1. 5000 187
1. 7500 1. 7440 1.7287 1.7268 . 0031 1.7117 1.7162 1. 7191 1. 7297 1.7337 . 0040 1. 7500 .218
2.0000 1. 9928 1.9728 1. 5694 . 0035 1. 9489 1.9549 1. 95 1.9729 1, 9774 . 0045 2.0000 . 218
2, 2500 2. 428 2.2229 2. 29 . 0035 2.1989 2. 2049 2. 2084 2.2229 2.2274 . 0045 2, 2500 .28
2. 5000 2.4028 2.4728 2.4693 . 0036 2. 4489 2.4549 2. 4584 2.4729 2.4775 . 0046 2. 5000 .25
2. 7500 2.7428 2.7220 2.7193 . 0036 2. 6989 2. 7049 2.7084 2.7228 2.7275 . 0046 2, 7500 . 250
3. 0000 2, 0928 2.9729 2. 9692 . 0037 2. 9489 2.9549 2. 9584 2.9729 2.9777 . 0048 3.0000 . 250
3. 5000 3.4928 3.4729 3. 4692 . 0037 3. 4489 3. 4549 3. 4584 3.4729 3.4778 qvy i) 3. .375

s Larger sizes than she wn in the table may be specified by increments of 34 in., such larger sizes to have 24 threads

g}m larger sizes are to te calculated in accerdance with table 1V.13 of part I (class 3A/3

threads).

r ineh. Limits of size and tolerances for

‘The limits of size are to include piating, lacquer, or other

b Values shown are based on table IV.13 of part I. The limits of sizo are to inelude piating, lacquer, or other finish.
 These are standard sizes of the Unified 32-thread series as given in tables 1 and 2.1 of ASA B1.1-1960. The standard designation for these is *“ UN.”
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thread form as specified in appendix 1, part I,
shall be used. An example of the thread desig-
nation is as follows: 0.5906-36 NS-2.

3. Prrca.—All threads covered by this subsec-
tion shall have a pitch of 0.705555 mm (0.027778
in.). This is equivalent to 36 tpi.

4. Tureap Size.—The basic major diameters
for these threads are shown in tables XVIII.2
and XVIIL3

5. LEngTE oF THrEADS.—See figure XVIIL.7
for the length of the threaded portion of the lens
accessory, the lzagth of the pilot, and the undercut
of the thread.

TasLe XVII1.2.—Basic major diamelers of threads *

Preferred standard Secondary standard
mm in. mm in.
15.0 0. 5906 12.0 0.4724
18.0 . 7087 13.5 . 8315
19.5 L7677 16.5 . 6496
22.0 . 8661 20.5 . 8071
23.5 L9252 25.0 . 9843
26.5 1.0433 28.0 1.1024
30.0 1.1811 L0 1.2205
34.5 1.3583 2.5 1.2795
39.5 1.5551 33.5 1.3189

36. 6 1. 4370
38. . 1. 4961
42.5 1,6732
45.5 1.7913
48.5 1. 9094
51.5 2.0276
5.5 2. 1457
57.0 2. 2441

» Larger sizes (62.0 mm, 67.0 mm, etc.) are to be
by increments of 50 mm (0.1969 in.).

——A(SEE NOTE)
h-— PILOT, 1.25MM

’ (0.0492 IN.) MAX

UNOERCUT, 1.30 MM
(0.0312 IN.) MAX

Ficure XVIIL7.—Length, pilot, and undercu. of attachment
threads for lens accessories.

The length of the threaded portion of the lens aecessory, dimension A,
shail be 4.25 £0.10 mm (0.1673 +0.004 in.) for all sizes up to and including
l45.5 mr{lz (1.7913 in.) in diameter, and 4.75 +0.10 mm (0.1870 20.004 in.) for
arger sizes.

TaBLe XVIIL.3.—Basic major diameters ¢f threads for
relaining rings for series designalion of fillers ®

Serizs Major
designation diameter
mm in.

v 23.5 0.9252
v 33.346 1.3128
Vi 44.346 1. 7459
Vi 54.346 2.1396
vIII 66. 846 2. 8317
1X 87.0 3. 4252

= Series is that specified hy Amerlean
Standard specification PH3.17, Photo-
graphic Filter Sizes.
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S. SHUTTER CABLE RELEASE TIP AND SOCKET
WITH TAPER (EUROPEAN) THREAD (PH3.23%)

1. ScopE—This subsection consists of the
thread specifications for the shutter cable release
tip and socket with taper (European) thread.

2. THREAD.—The American National thread
form as specified in part I of Handbook H28 shall
be used. The thread shall be 50 tpi and shall be
adapted for taper tolerances that are the same as
for a class 2. The thread dimensions are shown
on figures XVIII.8 and XVIIL.9.

3. SuurTrER CABLE RELEASE Tip AND SockEer
Wit StrRAIGHT (AMERICAN) THREAD.—For the
thread specifications of the shutter cable release
tip and socket with straight (American) thread,
see subsection 6 immediately following.

0.025—+ 0.
20.002 | jto0.002

)
e =*rﬁ\m\wf 3
2 7. a7 — 4}—
b--n --...f-...“j;:.. n ;

\0. 0I5 MAX CHAMFER

Frgure XVII1.8.—Shutter cable release tip with taper
(Buropean) thread (50 tpi).

7}

o 0./48
28° 40,004

i

Fravae XVII1.9.—Thread delails for shutler cable release
tip and socket with taper (European) thread (50 tpi).

NNEEN

6. SHUTTER CABLE RELEASE TIP AND SOCKET
WITH STRAIGHT (AMERICAN) THREAD
(PH3.24%)

1. Score.—This subsection consists of the
thread specifications for the shutter cable release
tip and socket with straight (American) thread.

2. THREAD.—The thread shall be No. 5(.125)—
44 NF-2 in accordance with part I of Handbook
H28. The thread dimensions are shown in figures
XVIIL10 and XVIIL11.

3. SHUTTER CABLE RELEASE TiP AND SoCkET
Wite Tarer (EurorEaN) THreaD.—For the
thread specifications of the shutter cable release
tip and socket with taper (European) thread, see
subsection 5 immediately preceding this sub-
section.

— 0.050 £ 0.003
——0.068 £+ 0.002

=

0.0!5 MAX CHAMFER

Figure XVIIL.10.—Shutter cable release tip with straight
(American) thread.

—4 0.055
MIN

Fiaure XVIIL.11.—Open type shutter cable socket with
straight (American) thread.

SECTION XIX. MISCELLANEOUS
THREADS

1. 60° STUB THREADS

The angle between the flanks of the thread is
60°. The threads are truncated top and bottom,
have a basic height of 0.433p, a basic thickness
of 0.50p, and are symmetrical about a line perpen-
dicular to the axis of the screw. Basic dimensions
of the 60° stub thread are given in table XIX.1.
In accordance with standard practice this thread
is designated as follows, for example: “1%—9
SPECIAL FORM, 60° thread,” followed by all
limits of size.

2. MODIFIED SQUARE THREADS

The angle between the flanks of the thread is
10°. The threads are truncated top and bottom,
have & basic height of 0.50p, a basic thread thick-
ness of 0.50p, and are symmetrical about a line

erpendicular to the axis of the external thread.
}E‘he angle of 10° results in a thread which is the
equivalent of a “square thread” in so far as all
practical considerations are concerned, and yet is
capable of economical production. This thread
form is illustrated in figure XIX.1. In accordance
with standard practice this thread is designated
as follows, for example: “1%—6 SPECIAL
FORM, 10° thread,” followed by all limits of
size.

Multiple thread milling cutters and ground
thread taps should not be specified for modified
square threads of steep lead angle without con-
sulting the cutting tool manufacturer.
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3. THREADS FOR DAIRY SANITARY FITTINGS

Drawings showing threaded ‘“3A” standard
sanitary fittings for dairy applications are avail-
able from the Dairy Industries Supply Association,
1145 19th St., N.%., Washington 6, D.C. These
are Acme threads, 8 tpi.

4. GLASS BOTTLE AND JAR THREADS

Industry standard glass finishes, including
standard thread profiles and pitches, for bottles
and jars are presented on diawings available
from the Glass Container Manufacturers Institute,
Inc., 1625 K St., N.W., Washington 6, D.C.

TasLE XIX.1.—Basic dimensions of 60° stub threads

INTERNAL THREAD (NUT)

—0.2165p

-_Liﬁrrcn oA

ALLOWANCE

La.wp

EXTERNAL THREAD (SCREW)
__—__-_._.-_____________/
Width of flat at
Height | Totai s | Thread
of thread | height of { thick-
Threads | Pltch, p | (basie), | thread, ness Crest of | Root of
per Inch h=0433p| (A4 (basie), | screw scTew
0.02p) t=0.5p | (basie), Fe=
F=0.25p( 0.227p
1 2 3 4 5 6 7
in. in. in. in. in. in.
. 06250 0.0271 0.0283 0.0313 0.0156 0.0142
.07143 . 0309 . 0324 . 0357 .0178 .0162
. 08333 . 0361 . 0378 . 0417 0208 .018¢
. 10000 . 0433 . 0453 . 0500 . 0250 0227
L1 . 0481 . 0503 . 0556 .0278 . 0252
. 12500 . 0541 . 0566 . 0825 . 0313 0284
. 14286 L0819 . 0647 L0714 0357 . 0324
. 16667 L0722 L0755 . 0833 0417 .0378
. 20000 . 0866 . 0908 . 1000 . 0500 L0434
. 25000 . 1083 . 1133 . 1250 . 0625 . 0567

s A clearance of at least 0.02p fs added to b to produce extra height, thus
avolding interference with threads of mating part at n*-sr or major diameters.

/INTERNAL THREAD (NUT)

CLEARANCE
[‘ (SEE NOTE)

|
3 |
T
!

0.25p - -1
! 1

0.25p ALLOWANCE
r—20. 5P —

fe [CLEARANCE
(SEE NOTE)

THREAD

EXTERNAL (SCREW)

Figure XIX.1.—Modified square thread (10° included
angle), basic proportions.

=pitch in inches

(basic height of thread) =0.5p
H (total height of thread)=0.5p+clearance
¢ (thickness of thread) =0.5p
F, (flat at root of thread) =0.4563p-0.17 X clearance

F (hasie width of flat at crest of thread) =0.4563p )

NOTE.—A elearance should be added to A to produce extra helght, tirus
avolding Inlerference with threads of mating parts at minor or major diam-
eters. The amount of this clesrance must be determined from the application
of the thread assemhly,
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TasLE 10.1.—Standard wrench openings

Nuts Bolts and screws Nuts
Allow. Finished Finished
Nominal size of wrench,| ance Wrench openings bex, | Regular | Heavy and
also baslc or maximom'| between bex-jam, uare, uare, | reguiar | Heavy
width across fiats of |boit heads| hex- X, ex, bolts, | bolts,
bolt and screw heads | or nuts slotted, | hexjam, | hex-jam, uare, hex, Lag Set
and nuts and jaws bex-thlck. semi-fin, | semi-fin. semi-fin. bolts, screws, | Machine screw
of wrench, hex-thick{ hex, hex, semi-fin. hex, and | square | square
slotted, [ hex-Jam, { hex-Jam, | bex, finished
and hex. | and hex-. | and hex- | hex head hex
1 castle | slotted | slotted cap
Min. Tol Max, screws
1 2 3 4 ] ] 7 8 9 10 1 12 13
in, in, died in. in. in, in,
842 0.1562 3.960 | 0.002 0.158 0. 005 No.0and No. 1
. L1878 4.762 . 002 .190 . 005 No. 2and No.3
43 2187 5.556 .002 .22 . 0056
6350 | .002 252 . 008 No. 4
43 812 714 .002 . 283 . 008
Mo L8125 7.9371 .003 .316 . 006 No. sand No. 6
3 L3438 871 | .003 . 347 . 008 No. 8
; L3750 9.525 .008 .38 . 008 No. 10
e L4375 1.112| .008 . 440 . 008 No. 12and ¥
a .5000 12700 { .004 . 504 . 006 E
] . 5625 14,287 . 004 . bes .007 .873 e
54 .6250 18.878 . 004 620 .007 . 638 L]
1{e¢  .0875 17.462| .004 .02 .007 . 009
bi) . 7600 19,050 . 006 . 7868 . 008 .763
20 L8125 20.637 . 006 .816 . 008 .828
) 8750 22.225| .006 . 880 . 008 .888
154 L9378 23.812 . 008 .94 . 000 .953
1 1,0000 25. 400 . 006 1.006 . 009 1.018
14s 1.0625 26. 988 . 008 1. 068 .000 1.077
1 1.1250 28.578 .007 1.132 .010 1142
1 1.2500 31.750 . 007 1.257 .010 1 267
1344 » 3125 33.338 .008 1.320 .011 1.331
1,750 34.925 . 008 1.383 .011 134
1%s 1.4575 36.5812 . 008 1. 440 .011 1.487
1 1, 5000 38. 100 .008 1. 508 .012 1.520
15¢ 16250 41.273 . 009 1.634 012 1.648
114s 16878 42862 .009 1. 606 012 1. 708
114 1.8125 46.038 .010 1.822 .013 1.835
1 1.8750 47.625 .010 1.885 .013 1.898
3 20000 50.800 | .011 2011 .0l4 2025
24 20625 52 388 .011 2074 .014 2.088
2M¢ 2 1875 B5. 562 .012 2 200 .018 2215
2 2.2500 57.150 .012 2.262 L0158 2.2i7
2 2.3750 60.325 .013 2 388 . 016 2 404
2% 24375 €1.912 013 2450 . 018 2 466
2% 2 5625 65.088 .0l4 2.576 017 2 503
254 26250 66.678 .014 2.639 .017 2.656
234 2.7500 68.850 .014 2768 .017 2783
213¢ 28125 71.438 .018 2 827 .018 2.845
218 29375 74.613 .016 2954 .0l9 2.973
3 3.000 76.200 .016 3.018 .019 3.035
N 3.125 79.378 .017 3.142 .020 3.162
336 3.378 85,725 .018 3.3 .021 3.414
3% 3.500 88 900 .019 3.818 022 3.540
3 3.750 98.250 .020 3.770 .03 3793
3¢ 3.875 08.425| .02 3.805 .023
[t 4,125 104.78 .023 4.147 .02 4.172
4% 4.250 107,98 .023 4,312 025 4297
4% 4.500 114.20 .024 4.54 028 4. 560
45¢ 4.625 117.48 N 4.649 07 4.676
4% 4.875 123.83 .028 4.900 .028 4.928
] 5.000 127.00 . 028 5.026 .02 3,053
8% 5.250 133.38 0% 8.2 . 030 .
834 5.375 136.52 .08 5. 403 .031
53¢ 5.625 142.88 .02 5.654 .032
834 5.750 146.08 .030 8. 780 .033
[ 6.000 152 40 .031 6.031 .04
(313 6.125 135.08 .032 6.157 . 038

» Regular square only.

Wrenches shall be marked with the ‘*Nominal size of wrench’’ which is equal to the basic or maximum width across flats of the corresponding bolt bead
or nut.

Allowance (minimum clearsnce) between mazimum width across flats of nut or belt head and jaws of wrench equals (1.005 W40.001). Tolerancs on wrench
opanlnf.-plul (0006W+0001rmm minimum). (W equals nominal size of wrench.)

This standard is in general agreement with Wx 1 of American Btandard ASA B18.2, “Square anvi Hexsgon Bolts and Nuts,” publkbed by The
American Soclety of Mochanical Engineers, 20 W. 30th 5t., New York 18, N.Y. The latest revision shoull be consulted when referring to such standards.
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FIT THREADS, TRIAL AMERICAN
STANDARD

1. INTRODUCTION

Interference-fit threads are threads in which the exter-
nally threaded member is larger than the internally
threaded member when both members are in a free state
and which, when assembled, become the same size and
develop a high resistance to any applied unscrewing torque
through elastic compression, plastic movement of material,
or both. By custom, these threads are designated class 5.

The standards previously published in this handbook
were helpful in stabilizing design; however, in spite of
restrictive tolerance, loosening or breakage of externally
threaded members has been all too frequent. They also
established minimum and maximum torque values, the
validity of which has been generally accepted in service
for the past 20 years.

This trial standard! is based on 10 years of research,
testing, and field study, and represents the first attempt
to establish an American standard for interference fit
threads. It is predicated on the following couclusions
which have been drawn from the research and field
experience:

(1) Maierials of the external and internal interference
fit threads compress elastically during assembly and when
assembled.

(2) During driving, plastic flow of materials occurs,
resulting in either an increase of the external thread major
diameter, or a decrease in the internal thread minor
diameter, or both.

(3) Relieving the external thread major diameter and
the internal thread minor diameter to make allowance for
plastic flow eliminates the main causes of seizing, galling,
and abnormally high and erratic driving torques.

(4) Such reliefs require an increase in the pitch diame-
ter interference in order to obtain driving torques within
the range previously established. (In driving studs, it
was found that the minimum driving torque should be
about 50 percent of the torque required to break loose a
properly tightened nut.)

(5) Lubricating only the internal thread results in more
uniform torques than lubricating only the external thread
and is almost as bencficial as lubricating both external
and internal threads.

(6) For threads having truncated profile, torques in-
crease directly as the pitch diameter interference for low
interferences, but torques soon become practically con-
stant and increase little, if at all, with inereases of inter-
ference. Obviously, for uniformity of driving torques, it
is desirable to work with greater interferences.

(7) Comparatively large pitch diameter interferences
can be tolerated provided that the external tliread major
diameter and internal thread minor diameter are ade-
quately relieved, and proper lubrication is used during
assembly.

(8 Drivin&‘torque increases directly with turns of en-
gagement. (For thin wall applications, it may be desir-
able to use longer engagement rather than large pitch
diameter interference to obtain desired driving torque.)

(9) Studs should be driven to a predetermincd depth.
“Bottoming’’ or “shouldering’ should be avoided. “Bot-
toming,”” which is engagement of the threads of the stud
with the incomplete threads at the bottom of a shallow
drilled and tapped hole causes the stud to stop suddenly,
thus inviting failure in torsional shear. ‘‘Shouldering,”
which is the practiee of driving the stud until the thread
runout engages with the top threads of the hole, creates
radial compressive stresses and upward bulging of the
material at the top of the hole. This results in erratic
variations in free stud length after driving.

As application experience is gained by users of this

1 This trial standard is identlcal in all technica) features with the current
draft standard developed by Bubcommittee No. 10 of ABA Bectional Com-
mittee Bl on tbe Standardizatlon and Unification of Screw Threads.
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to the Industrial Fasteners Institute, 1517 Terminal Tower,
Cleveland, Ohio, with copy to Standards Department, The
American Society of Mechanical Engineers, 20 West 39th
Street, New York 18, N.Y. Future adjustments to the
standard will be based largely on such field reports.

2. SCOPE

This trial standard! provides dimensional tables for
external and internal interference fit (class 5) threads of
modified Unified form in the coarse thread serics, sizes 14
to 1% in. [t is intended that designs conforming with
this standard will provide adequate torque conditions
which fall within the limits shown in tabie 11.3. These
torque limits are the same as those in H28(1944) and the
1950 Supplement. The minimum torques are intended
to be sufficient to ensure that externally threaded mem-
bers will not loosen in service; the maximumn torques
establish a limit below which seizing, galling or torsional
failure of the externally threaded components is unlikely.
Sec figure 11.1 for conditions of fit.

3. DESIGN AND APPLICATION DATA

Following are conditions of usage and inspection on
which satisfactory application of products made to dimen-
sions in tables 11.1, 11.2, and 11.3 are predicated.

1. Tureap DEesicNaTIONs.—(a) The following thread
designations provide a means of distinguishing the Trial
American Standard class 5 threads of this standard from
the tentative class 5 and alternate class 5 threads specified
previously in Handbook H28. It also distinguishes be-
tween external and internal Trial American Standard
class 5 threads.

(b) Trial class 5 external threads arc designated as
follows:

NC5 HF —For driving in hard ferrous material of
hardness over 160 BHN.

NC5 CSF —For driving in copper alloy and soft fer-
rous material of 160 BHN or less.

NC5 ONF—For driving in other nonferrous material
(nonferrous materials other than copper
alloys), any hardness.

(¢) Trial class 5 internal threads are dcsignated as
follows:

NC5 IF —Entire ferrous material range.

NC5 INF—Entire nonferrous material range.

2. Stupbs.—(e) Inspection.—Since angle and lead de-
viations are not as critical factors as in free fitting screw
threads, the controlling element for class 5 threaded pro-
ducts is pitch diameter. This element can be satisfactorily
checked by an optical comparator, a thread micrometer, or
thread snap gages having anvils that are not affected by
lead or angle. For rapid and convenient control in mass
production, the use of “go” and “not go”’ snap gages is
recommended. Ring gages may be used, but their use is
not primarily recommended. The “not go’”’ ring gage shall
stop at 1% turns or less engagemnent in order to maintain
minimum pitch diamecter interference. W thread setting
plugs shall be used for all gages, and tolerances shall be
applied within the product limits. The maximum major
diameter of the truneated portion of the truncated setting
plu%1 should be equal to the minimum major diameter
of the stud thread. If the threads are zinc, cadmium, or
copg)er I;)lated, limits are applicable before plating.

(b) Points.—Points of externally threaded eomponents
should be chamfered or otherwise reduced to a diameter
below the minimum minor diameter of the thread.

(¢) Workmanship.—Studs should be free from excessive
nicks, burrs, chips, grit, or other extraneous material before

driving.

3. Sg'wb MareriaLs.—The length of engagement, depth
of thread engagement, and pitch diameter limits in tables
11.1, 11.2, and 11.3 are designed to produce adequate
torque conditions when heat-treated niedium-carbon steel
studs, ASTM A-325 (SAE grade 5) or better, are used.
In many applications, case-carburized studs and unheat-
treated medium-carbon steel studs, SAE grade 4, are sat-
isfactory. SAE grades 1, 2, and 8 may be desirable under
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TABLE 11.1.—Limils of size, external threads, class 5*

Major diameter

NCs5 HF for driving in

NCs CS8F for driving

NC5 ONF for driving

Pitch diameter, design
form

Minor

ferrous material with in brass and ferrous In nonferrous except diameter
Bizes and threads per inch hardness greater than | materiai with hardness | brass (any hardness),
160 Bhn, L,=1}%; dia equal to or less tban L.=2}4dia
160 Bhn, L,=1}{ dia
Max Min Max Min Max Min Max Min Max
1 2 3 4 5 [ 7 8 9 10

in. in. in. in. in. in. in. in.

0. 2408 0. 2470 0. 2408 0. 2470 0. 2408 0.2230 G. 2204 0. 1932
. 3626 .3710 . 3646 .8710 . 3646 L3414 . 3382 . 3053
. 4233 . 4330 . 4258 . 4330 . 4258 .3mM . 3955 . 3579
. 4846 . 4950 . 4876 . 4950 . 4876 . 4584 4547 . 4140
. 5460 . 5580 . 5495 . 5580 . 5495 . 5176 . 5138 . 4605
. 8056 . 6195 .61 . 8195 .6111 . 5758 . 5718 . 5238
L7270 . 7440 . 7350 L7440 . 7350 . 6855 . 6910 . 6378
. 8502 . 8885 . 8587 . Bess . 8587 . 8144 . 8095 L7503
9727 . 9935 . 9827 . 9035 . 9827 . 8316 . 9262 . 8504

1.0052 1.1180 1. 1062 1.1180 1.1062 1. 0485 1. 0408 . 9640

1.220 1.2430 1. 2312 1. 2430 1.2312 1.1715 1.1656 1, 0890

1.341 1. 3680 1. 3538 1. 3680 1.3538 1.2839 1.2768 1.1877

1. 467 1. 4930 1.4788 1, 4930 1.4788 1. 4089 1. 4018 1.3127

& This table is based on externally threaded members being steef ASTM A-326 (BAE grade 5) or better. It is for rolied, cut, or ground threads,

TaBLx 11.2.—Limils of size,

internal threads, class 5@

NC5 IF Ferrous material NCS5 INF Nonferrous material
Pltcb diameter Major
diameter
Bizes and threads per inch Minor diameter Minor diameter
Tap drill Tap drill
Min Max Min Mazx Min Marx Min

1 2 3 4 5 6 7 8 9 10

in. in. in. in. in. in, in.

0.196 0. 206 1344 in 0.196 0. 206 1344 in. 0.2175 0.2201 0.
.252 .285 . 252 . 265 G L2784 .21 .3125
. 307 .321 0 . 307 .321 [0} L3344 . 3376 . 3750
.34 . 381 3% . 360 .372 U L3011 . 3047 . 4375
.431 o [f MLImEN a7 .420 2764 . 4500 . 4537 . 5000
.488 . 497 12, 5mm 472 485 336e . 5084 .5124 . 5625
54 . 554 64 . 827 .50 1743 . 5660 . 5702 . 6250
. 661 .678 4364 . 842 . 655 16. 5mm . 6850 . 6895 . 7500
LT77 . 789 2343 .755 770 496e . 8028 . 8077 . 8750
. 800 3 3764 . 865 . 880 % . 9188 . 9242 1.0000
1. 000 1.015 1 .970 L9981 6364 1.0322 1.0381 1.1250
1.125 1. 140 11$ 1. 005 1115 1764 1.1572 1.1631 1. 2500
1.229 1. 247 11864 1.195 1.213 11364 1. 2667 1.2738 1.3750
1.354 1.372 12364 1.320 1.338 12364 1.3917 1. 3088 1. 5000

s This table is based on externally threaded members being steei ASTM A-325 (SAE grade 5) or better.

Tt is for relled, cut, or ground threads.
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bronze, brass or similar raterials. Where such mat,erlals
are used, the dimensions listed herein will probably require
ad]ustment based on pilet experimental work with the
combination of materials involved.

4. HoLes.—(a) Inspection.—Gages in accordance with
Part I, section VI, shall be used. “Go" plain plug and

“go’ thread plug gages should be inserted to full depth in
order to detect the effect of excesswe drill or taP wear at
the bottom of the hole. “Not go’ thread p ugh ges
should not enter more than 1% tgreads Holes s zgll be
clean from grit, chips, oil, or other extraneous material
prior to gagirg.

(b) Countersinks.—Holes shall be countersunk to a
dieineter greater than the major diameter in order to
facilitate starting of the studs and to prevent raising a lip
around the hole after the stud is driven.

(¢) Cleanliness.—Holes shall be free from chips, grit, or
other foreign material before driving studs.

5. LEap AND ANGLE DEviaTions.—This trial standard
does not provide control for lead and angle deviations.
Angle and lead deviations are not normally objectionable,
since they contribute to interference and this is the purpose
of the class 5 thrend. Experience may dictate the need for
imposing some limits under certain conditions.

6. LusricaTioN.—(a) For driving in ferrous material,
a good lubricant sealer should be used, particularly in the
hole. A noncarbonizing type of lubricant, (such as a
rubber-in-water dispersion) is suggested. The lubricant
shall be apglied to the hole and it may also be applied to
the stud. In applying it to the hole, care must be taken so
that an excess amount of lubricant will not cause the stud
to be impeded by hydraulic pressure in a blind hole.

British research recommends the use of medium gear oil
for driving in aluminum. In American research it has
been observed that the minor diameter of lubricated tapped
holes in nonferrous materials may tend to close in, that is
be reduced in driving; whereas with an unlubricated hole
the ininor diameter may tend to open up in some cases.

(¢) Where sealing is involved, a lubricant should be
selected which is insoluble in the medium being sealed.

7. Drivine Speep.—This trial standard makes no
recommendation for driving speed. Some opinion has
been advanced that careful selection and control of driving
speed is desirable to obtain optimum results with various
combinations of surface hardness and roughness. Field
experience with threads made to this standard may
indicate what limitations should be placed on driving
speeds.

8. RELaTION oF Drivine TorQUE To LENGTH oF
EnaacEMENT.—Torques increase directly as the length
of engagcment. American research indicates that this
increase is proportionately more rapid as size increases.

9. BREAKLOOSE TORQUES AFTER REAPPLICATION.—
This trial standard does not establish recommended re-
application breakloose torques in cascs where repeated
usage is involved. Field experience with a large variety
of Isizes and materials will be needed to establish adequate
values.

10. AsseMBLY TorquEs rorR REapPpLiCATION.—This
trial standard does not establish assembly torques for
reapplication. Field experience with a large variety of
sizes and materials will be necessary to determine the
torques which will insure the same performance where
repeated usage is involved.

TABLE 11.3.— Interferences, lengths of engagement, and lorques, class 5+

Approx. torque at “ufl
Engagement lengths, external thread lengths and tapped hole depths engagenient of 14D
Interferences on piteh in ferrous muterial
diameter
Sizes and threads per ineh
In brass and ferrous In nounferrous except brass
Max Min
Max Min L,b Tye Tamind L,b T,e Tamind
1 2 3 4 ] 6 7 8 9 10 11
in. in. in. in. in. in. in. in. i Jtib
U2, 0.0055 0. 0003 5{e 3 +. 125 3 5¢ 1y +- 125 13e 12
-, 000 f—. 000
800=18. e e . 0065 . 0005 256e| %’+ 139 1542 2842 556 ‘+. 139 5364 19
2 0 [ . 0070 . 0006 1542 % oi—. (lxﬁg %o 194e| H?t: 156 1142 35 10
. 0080 . 0008 3564 7-,,,i': &7)3 242 1342 l‘%(i': 179 11364 45 15
. 0084 0010 9 %-f-. 192 34 1% 1%1—. 192 136 75 2
a5 0L 23 1 P 35 30
. 0092 . 0012 S ,%zi-: % V42 11342 l"‘hi’: 208 13564 90
£ 30 ) S, . 0098 0014 2342 ‘5h+ 227 154a 1%4s l’%r-f:% 12342 120 37
b 250 () P 0105 .0015 1546 l%+ 13 174 214 +.250 2V 190 60
—.000 S—.000 "
¢ 3 oo ooo-cooconoooroooood 0116 . 0018 1342 134 ot: &7)3 1546 Mo | o 3 ’4;-:(%3 21342 250 90
b E . J (Db . 0020 ) §71 %-f- .312 1% 2 23,+.3l2 234 400 125
- 000
)17 o 0143 . 0025 11342| l'!l=+ 357 1134 2134 3,,_“+.357 3342 470 155
D3 o S 0143 . 0025 1946 %1-3&7) 1% k171 3,“1-:357 37%4s 580 210
1466 e eeeeee 0172 . 0030 12342 a1at <. 417 2% s 3,%2+. 417 37342 705 250
. 000 —. 000
148, e 0172 . 0030 1% 2% (4. 417 24 3% “‘+.4l7 434 840 325
—. 000 ~-. 000
s This table s based on externally threaded members being ASTM A-325 (SAE grade §) or better. It I3 for rofied, eut, or ground threads.
b L ,=Length of engagemem.
o T,=External thread length.
¢ T ,=Depth of full form thread in hols,
550170 —60——5 51
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INTERFERENCES

Tables 11.1 and 11.2 of the standard are based on engage-
ment lengths, external thread lengths, and tapping hole
depths specified in table 11.3 and in compliance with the
above design and application data.

Table 11.1 contains the limits of size for external threads.

(a) For each size, it contains one set of pitch diameter
limits regardless of material involved. The minimum
pitch diameter is larger than the basic pitch diameter of
comparable UNC series threads.

(b) For driving into brass and into ferrous materials
havin%hardness under 160 Bhn, the length of engagement
is 1% D. For driving into other nonferrous materials, the
length of engagement is 2% D. In both cases, the minimum
major diameter is approximately that of the minimum
major diameter for class 2A.

(¢) For driving into ferrous material of 160 Bhn and
harder, the length of engagement, is 1% D; however, the
maximum and minimum major diameter limits are reduced
to permit plastic flow and to reduce and stabilize driving
torque,

Table 11.2 contains the limits of size for internal threads.

(a) One set of pitch diameter limits is maintained for
each size regardless of material.

(b) The hole minor diameter limits are the same as those
of class 3 for all sizes in nonferrous materials and for sizes
up to and including ¥ in. in ferrous materials.

For %e in. and larger sizes in ferrous materials, the
minor diameters have been enlarged slightly in order to
reduce driving torques, and tolerances have been adjusted.

Table 11.3 gives interferences and engagement lengths.
For lengths of engagement of 14D, the external thread
length and depth of full form threads in tapped holes are
set at 1%D with a tolerance of plus 2%p, minus 0. For
lengths of engagement of 2%D, the length of external
thread and depth of full form thread in the tapped hole
are set at 234D witl. a tolerance of plus 2% pitches, minus 0.

5. EXTENSION OF THE STANDARD

1. SmaLL Sizes (UNDER ¥ IN.).—By using the new
principles upon which this standard is based, stud sizes
may be extended downward. However, adequate data
are not now (1958) available to permit setting a standard.
American research indicates that on smaller sizes the main
reliance for producing adequate breakloose torques should
be placed on pitch diameter interference and not on in-
creasing the length of engagement.
standard is being investigated further.

2. Larce Si1zes (OvER 1% IN.).—Although there is
some current usage of interference fits on large size threads,
adequate data is not now (1958) available to permit
setting a standard on larger sizes.

3. FinE Tureap Series.— Use of the coarse thread series
is urged unless requirements for strength of the stud make
a finer pitch necessary. No research data are available
now (1958) to enable the setting of a trial standard for
fine thread studs having reduced major diameters. Indica-
tions are, however, that the product of the ratio:

Class 2A UNF PD tolerance
Class 2A UNC PD tolerance

Extension of the

and ]:he following coarse thread characteristics will probably
work:

(a) stud major diameter tolerance,

éb) stud pitch diameter tolerance,

¢) minimum interference.
Similarly, the above prin “ioles observed in setting the pitch
and major diameter limits .1 the fine series class § external
thread may be followed in deriving the t{)itch and minor
diameters of the internal thread for the fine series.

4. 8-THREAD SERIES. The 8-thread series is now (1958)
being investigated.
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THREADED FASTENERS TO PROPER
TENSION

The effectiveness of a threaded fastener usually depends
on the degree to which it is initially tightened, and in some
applications the amount of }prestressing within a narrow
range of tension is critical. For example, sufficient tension
must be produced in pipe flange bolts to exceed the longi-
tudinal forces caused by the pressure in the piping, so that
the flanged connection does not leak. The same problem
is faced in tightening the nuts on the cylinder head of an
engine block, so that the studs are all stressed equally and
to a tension that precludes leakage. In statically loaded
structures in which there is a clearance between the bolt
and the members held together the clamping tension is
important where rigidity of joints is desired to prevent
relative motion of such members. In structures subjected
to varving or alternating stresses, the range of the dynamic
stress in the members varies with the bolt tension, and
consequently the fatigue stre:gth varies with the bolt
tension.

Factors affecting the maintenence of bolt tension are the
proportion of seating area to thread cross-section, elastic
properties of the seating materinl, stretch of the bolt,
or creep of the bolt under load. The use of washers or
other springy members in a fastener assembly tends to
reduce the amount, of external load that can be applied to
a prestressed fastener before the Joad becomes additive to
the initial bolt tension.

In the design of bolted connections, enough experience
is generally available to determine the amount of the
required tension. To assure that such tension is actually
induced in the bolt, screw, or stud when the joint is
assembled requires a method that either directly or
indirectly measures or determines the amount of tension.

In the laboratory the tension induced in a holt by
tightening the nut can be accurately determined in a
tensile testing machine. In the practical application of
fasteners there are five ger.erally used methods for setting
bolt tension, as follows:

1.Micrometer method, in which both ends of the bolt
must be accessible to measure the change in the overall
length of the bolt.

2, “Feel” method, applicable only when the desired
tensile stress is just beyond the yield point of the bolt
material.

3. Torque measurement methods, which require that
the torque-tension relationship be established for the
specific conditions of assembly.

4. Angular turn-of-the-nut method.

5. Use of special devices for controlling tension.

1. MICROMETER METHOD

When a bolt is tightened, it elongates as the tension in
the belt is increased. Since the modulus of elasticity is
practically constant at 29,500,000 psi for all steels at room
temperature, the following formula applies:

Desired stress in bolt in P81 elongation in inches per inch
29,500,000 § effecti)\‘e length, L, (see
g. 12.1,

Example: For a length L, of 5 in. and a desired stress of
45,000 psi,

Elongation=

45,000 . .
29,500’000)(.)——0.0076 in.

To apply this method, the length of the bolt is measured
by a micrometer before tightening. The bolt is then
tightened until it has elongated the required amount.
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Fioure 12.1.—Effective length applicable in elongation
Sformula.

Tl.e micrometer method is applicable for bolts thatare
threaded their entire length or for bolts that are so designed
that the elongation will be uniform throughout the length.
This method is not practical for general use but may be
used for spot checking, It may also be applicable in es-
tablishing torque-tension relationships when a tensile
testing machine is not available.

2. “FEEL” METHOD

Authorities agree that when an assembly has been pror
erly designed, the yield point of the bolt may be slightly
exceeded without harmful results. When a skilled work-
man i8 tightening a nut, he cun “feel’”’ a very slight yield
in the bolt when the yield point has been reached, and he
stops tightening when he feels this yield.

3. TORQUE MEASUREMENT METHOD

In most applications of threadsd fasteners, it is not
practicable to measure directly the tension produced in
each fastener during assembly. Fortunately, for many
applications the tension may be controlled within satis-
factory limits by applying known torques in tightening
the nuts on the bolts or studs. Tests in numerous labora-
tories have shown that satisfactory torque-tension rela-
tionships may be established for a given set of conditions,
but that the change of any one variable may alter the
relationship markedly. Because of the fact that most of
the applied torque is absorbed in indeterminate friction, a
change in the surface roughness of the bearing surfaces or
of the threads, or a change in lubrication will drastically
affect the friction and thus the torque-tension relationship.
Thus, it must be recognized that a given torque will not
always produce a definite stress in the bolt but will prob-
ably induce a stress that lies in a stress vange that is
satisfactory.

The torque-tension relationship for a given set of con-
ditions may be established by means of a torque-wrench
in combination with a tensile testing machine or by the
micrometer method described above. When both ends of
a fastener are not accessible for measurcment, if the diam-
eter of the bolt or stud is sufficiently large an axial hole
may be drilled in it, see figure 12.2. By applying a mi-
crometer depth gage to determine the change in depth of
the hole during tightening of the fastener the tension can
be determined.

2

R

Fi1GuRre 12.2.—Drilling for elongation determination when
one end is not accessible.
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A procedure that is consistently being used in the in-
stallation of high strength bolts in structures is based on
the turn-of-the-nut method. The nut is first tightened
to seat the contacting surfaces firmly. It is then locsened
sufficiently, if deemed necessary, to just release the bolt
tension. This nut is then tightened through a specified
fraction of a turn to produce the required bolt tension.
The angle through which the nut should be turned will be
different for each bolt size, length, material, threads per
inch, and will also vary with the elastic properties of the
abutting material.

5. USE OF SPECIAL DEVICES FOR CONTROLLING
TENSION

There are some specialized proprietary devices avail-
alle whose function is accurately to control the tension
induced in the bolt. These devices are operative even
when both ends of the fastener are not available for meas-
urement. They are known as preload indicating washers,
load sensitive screws, and tru-load bolts.

(a) Preload indicating washer.—This device consists of
two concentric steel rings sandwiched hetween two close-
tolerance, hardened steel washers. The inner ring is
smaller in diameter and higher than the outer by a pre-
determined amount. A known preload in the bolt is
indicated when the inner ring is compressed to the point
where the outer ring can no longer be moved freely by
means of a pin inserted into one of the peripheral holes.

(b) Load sensitive screw.—A screw is made load sensitive
by having a special resistance-type strain gage potted
axially at its center. The change in resistance of the strain
gage 18 read on a calibrated potentiometer as actual bolt
tension.

(¢) Tru-load bolt.—The ‘*‘tru-load” bolt provides a
positive means for indicating the actual tensile loading
on & bolt by the amount of elengation. It consists of
almost any kind of bolt modified to contain a pin inserted
along the axis of the bolt. The pin is in contact with the
bolt only at the inner end. The pin usually is made to
be flush with the bolt hcad surface before loading. As
the bolt is loaded, the elongation produced in the bolt
causes the pin surface to move below the reference surface.
This change in distance is converted directly into unit
stress by gaging with a calibrated dial gage.

For some applicati ns, it may be desirable to have the
indicating pin extem: above the top of the bolt before
tightening. When tl e load is applied, the pin withdraws
into the bolt. The le 1gth of the pin is such that when the
full load has been apy lied, the pin will be drawn in until it
is flush with the top (f the belt. A dial depth gage reading
of zero then indicates full preload.
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APPENDIX 13. THREE-WIRE METHOD OF
MEASUREMENT OF PITCH DIAMETER
OF 29° ACME, 29° STUB ACME, AND
BUTTRESS THREADS ?

The computed value for the pitch diaineter of a screw
thread gage obtained from rcadings over wires will depend
upon the accuracy of the measuring instrument used,
the contact load, and the value of the diameter of the
wires used in the computations. In order to measure
the pitch diameter of a screw-thread gage to an accuracy
of 0.0001 inch by means of wires, it is necessary to know
the wire diameters to 0.00002 in. Accordingly, it is
necessary to use a measuring instrument which rcads
accurately to 0.00001 in,

Variations in diameter around the wire should be deter-
mined by rotating the wire between a measuring contact
and an anvil having the form of a V-groove cut on a
cylinder and having the same flank angles, 14°30’, as the
thread to be measured. As thus measured the limit on
roundness deviation shall be 0.00005 in.

To avoid a permanent deformation of the magerial of
the wires and gager it is necessary to limit the contact
load, and for consistent results a standard practice as to
contact load in making wire measurements of hardened
screw thread gages is necessary.

In the case of Acme threads the wire presses against
the sides of the thread with a pressure of approximatcly
twice that of the measuring instrument. This would
indicate that the diameter of the wires should be measured
agiinst a hardened cylinder having a radius equal to the
radis of curvature of the helical surfuce of the thread
at the point of contact, using approximately twice the
load to be used in making pitch diameter readings. As
with 60° {hreads it is not practical to use such a varicty
of sizcs, and it is recominended that the measurements of
wire diameter be made between a flat contact and a
0.750-in. hardened and accurately finished steel cylinder.
To limit the tendency of the wires to wedge in and deform
the sides of an Acine thread, it is recommended that pitch
diameter measurements on 8 tpi and finer be made at
11b. For coarser ({;itches and larger wires the deformation
of wires and threads is less than for finer pitches. Further-
more, the coarser pitchcs are used on larger and heavicr
product, on which the pitch diameter tolcrance is greater
and a larger measuring load may be required to make
satisfactory measurements. It is, therefore, recommended
that for tpi coarser than 8, the pitch diameter be
measured at 2% Ib.

The standard specification for wires and standard
gractice in thec measurement of wircs stated in 128 (1957)

art I, Appendix 4, p. 196, are applicable to wires for
Acme, Stub Acme, and Buttress threads, with the above-
stated exceptions as to angle of V-groove and limit on
roundness.

I apleueis, vy

t Ses Appendix 4, Part I, parts of which are applicable to this appendix.
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The combination of small flank angle and large lead
angle that is characteristic of Acme threads results in
a relatively large lead-angle correction to be applied in
wire measuremcnts of pitch diameter of such threads. In
the case of multiple-start threads the geometry is such
that it is no longer feasible to make the usual simplifying
assumptions as to the positions of contact of the wire in
the thread. Accordingly, in this appendix measurements
of single-start threads (with lcad angles gcnerally less
than 5°) are treated as they were in the 1950 Supplement
to 1128 (1944), whereas for thrcads having lcad angles
greater than 5° the necessary refinements in the calculations
are presented.

(a) SINGLE-START EXTERNAL THREADS
The general formula 3 is:

E= M,,+-°-‘§%‘—w(1+cosec ') (1)

in which

E=pitch diameter,

M, =mnicasuremnent over wires,
a=half-angle of thread,
n=threads per inch=1/pitch,
w=wire dinmeter,
a’=tan"! (tan a cos \)

A=lead angle at pitch diameter.

For a half-angle of 14°30’, formula (1) takes the form

1.933 357

E=M.4 = —w(1+cosec o’) (2)

The diameter, w, of the wircs used should be as close as
practicable to the size that will oontact the flanks of the
thread at the pitch line, to minimize errors caused by
deviations of the flank angle from nominal value. The
best-size wirc, to be applied only where the lead angle does
not exceed approximately 5°, may be taken as

R T @

for which values are tabulated in table 13.1.

TaBLE 13.1.—Wire sizes and constants, single-start Acme
and Stub-Acme threads (29°)

Pitch, Wire sizes »
Threads per inch =l
n Best, Maximum, { Minimum,
0.516450p 0.650013p 0.487263p
1 2 3 4 5
in. in. in. in.
0. 00250 0.03228 0. 04063 0.03045
.07143 . 03689 . 04643 . 03480
3 . 04304 . 05417 . 04061
10000 05164 . 06500 04873
L1 .05738 .07222 . 05414
12500 . 08456 . 08125 . 06091
. 14286 07378 . 0U288 . 06961
. 16687 . 08608 . 10834 . 08121
L e CO OO + 20000 . 10320 . 13000 . 00745
4 L . 25000 L12911 . 16250 . 12182
3 . . 28571 . 1475 . 18572 . 13922
< . 33333 17215 . 21667 . 16242
2% . . 40000 . 20858 . 26001 . 19401
2 . . - 50000 . 25822 32501 . 24363
1% .. . 86687 . 34430 . 43334 . 32484
135 .. - « 75000 . 38734 . 48751 . 36545
1. 00000 . 51648 . 65001 .48726

& Based on rero lead angle.

§ Equation (2), 1128 (1957) Part I, p. 197,
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Stub Acme threads, and if the best-sizDownloaded from http://www.everyspec.com |g of other than standard diameter-pitch

computations are simplified by the use of tables 13.2 or
13.3, thus
E=M,—col. 7, 4)

or, if E differs appreciably from the basic value given in
column 3,

E=M,—col. 7—100 (col. 3-E,) col. 8, (5)

where E,=M,—col. 7.

If the measured wire diameter, w’, differs slightly (not
more than 0.0003 in.) from the best size, w, shown in
column 4

E=M,—col. 7T—5 (w' —w)—100 (col. 3—E)) col. 8. (6)
However, the correction derived from column 8 is seldom

significant in amount for standard diameter-pitch com-
binations.

combinations are to be measured. Values for inter-
mediate lead angles may be determined by interpolation.

The three-wire measurement of Stub Acme threads
corresponds to that of 29° Acme threads. However,
because of the shallower root on the Stub Acme threads,
no smaller wire than the best-size wire given in table 13.3
shall be used. There can be instances when the best-size
wire will touch the thread root. Hence, a check should
always be made to ensure that the wires do not touch the
thread root.

(b) MULTIPLE-START EXTERNAL THREADS

Multiple-start threads commonly have lead angles
greater than §° In thosc exceptional cases that have
smaller lcad angles the procedures described above may
be applied. For larger lead angles there are two pro-
cedures available that give almost identical results; that
is the discrepency between the values obtained for the

TABLE 13.2.—Values for wire measurements of single-start standard Acme threads (29°)

Change in
cofs. 6 and 7
Slzes Threads Basie pitch | Best wire size, cot 14°30 w(l+4coseca’) | Col. 6 minus per 0.01 in,
per Inch diameter 0.516450 “on col. 5 change in
L pitch diame-
ter (col. 3)
1 2 3 4 5 6 7 8
Afl general purpose and elasses 2C, 3C, and 4C centraiizing

in, in. in. in. in,
18 0. 2188 0.03228 0. 120835 0. 161704 0. 040860 0. 000049
14 . 2768 . 03689 138097 . 184692 . 046595 . 000036
12 L3333 . 04304 161113 L 215448 . 054335 . 0XK032
12 . 3958 . 04304 161113 . 215300 . 054187 . 000019
10 . 4500 . 05164 . 193336 . 258370 . 085034 . 000022
8 . 5625 . 06456 . 241670 . 323013 . 081343 . 000022
6 . 66687 . 08608 . 322226 . 430898 . 108672 . 000030
(] .017 . 08608 322226 430601 . 108375 000022
5 . 9000 . 10329 . 386671 . 516761 . 130120 . 000019
5 1. 0250 . 10329 . 386671 . 516567 . 120896 . 000014
] 1. 1500 . 10329 . 386671 . 516412 . 129741 . 000011
4 1. 2500 .12311 . 433339 645744 . 162405 . 000014
4 1.375¢ 12811 . 483339 . 645575 . 162236 . 000014
4 1. 6250 .12011 . 483339 . 645346 . 162007 . 000006
4 1. 8750 . 12011 . 483339 . 645202 . 161863 . 000005
3 2. 0833 17215 . 644452 . 860541 . 216089 . 000007
3 2.3333 17215 . 644452 . 860368 . 215916 . 000005
3 2. 5833 17215 . 644452 . 860247 . 215795 . 000003
2 2. 7500 25822 . 966678 1. 291149 324471 . 000010
2 3. 2500 . 25822 . D678 1. 200694 . 324016 . 000008
2 3. 7500 . 25822 . BBT8 1. 200403 . o43725 . 000004
2 4. 2500 25822 . 9H6AT8 1. 290210 . 323532 . 000004
2 4. 7500 25822 . 966678 1. 200075 . 323395 . 000003

Classes 5C and 6C centralizing
10 L4523 . 05164 . 193430 . 263410 . 065074 . 000022
8 L5427 . 06456 . 241670 . 323057 . 081387 . 000022
] . 6451 . 08608 . 322226 . 430964 . 108738 . 000030
[ . 7683 . 08608 . 322226 . 430653 . 108427 . 000022
5 . 8750 . 1032 . 386671 . 516846 . 130175 . 000019
5 . D985 . 10329 5 71 . 516006 . 120935 . 000015
5 11220 . 10329 . 386671 . 516443 . 129772 . 000011
4 1.2207 . 12011 . 483339 645774 . 162435 . 000014
4 1.3444 .12011 . 483339 . 645618 . 162279 . 000014
4 1. 5919 . 12011 . 483339 . 645366 . 162027 . 000008
4 1. 8308 . 12011 . 483339 . 645221 . 161882 . 000005
3 2.0458 17215 . 644452 . 88057 . 216118 . 000007
3 2.2038 . 17215 . 644452 . 860389 . 215637 . 000005
3 2. 5418 . 17215 . 644452 . 860260 . 215808 . 000003
2 2. 7067 . 25822 . ORBGTR 1.201198 . 324520 . 000010
2 3. 2032 . 25822 . 966678 1. 200733 . 324055 . 000008
2 3. 7000 . 25822 . 966678 1. 200422 . 323744 00004
2 4.1970 . 25822 . 966878 1. 200229 . 323351
2 4. 6041 . 25822 . 966678 1. 290003 323415 000003
» Glven to slx decimal piaces for purposes of computation. After subtracting from Af, the final resuit should be rounded to four places.
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Change In
cols. 6 and 7
Sizes Threads Basle pitch | Best wire slze, cot 14°30/ w(l4coseca’) | Col. 6 minus per 0.01 1n,
per Inch diameter 0.516450 T col, 5 » change In
“n pitch diame-
ter (col. 3,
1 2 3 4 5 6 7 8
in. in. in. in. in,
16 0. 212 0.03228 0. 120835 0.161422 0.040587 0. 000044
14 L2911 . 03688 . 138097 . 184647 . 046550 . 00003?
12 . 3500 . 04304 . 161113 . 215407 . 054204 . 000025
12 .4125 04304 161113 . 215477 . 054364 . 000018
10 L4700 05164 193336 258329 . 064993 . 000021
8 . 5875 . 06456 . 41670 322061 . 081291 . 000021
6 . 7000 . 08608 . 322226 . 430800 108574 . 000030
6 . 8250 . 08608 . 322226 . 430542 . 108316 . 000018
5 . 9400 . 10320 . 386671 . 516707 . 130036 . 000021
5 1.0650 . 10329 . 386671 . 516620 . 120048 . 000014
5 1. 1900 . 10329 . 386671 . 516350 . 120685 .000014
4 1. 3000 12011 483339 . 645669 . 162330 . 000014
4 1. 4250 . 12011 . 483339 . 645518 . 162178 . 000012
4 1. 6750 . 12011 . 483139 . 645310 . 161871 . 000007
4 1. 8250 12011 . 483339 . 645178 . 161838 . 000005
3 2. 1500 17215 644452 . 860533 . 216081 . 000004
3 2. 4000 17215 644452 860332 215880 . 000005
3 2. 6500 17215 644452 860218 215766 . 000004
2 2. 8500 . 25822 . 966678 1,291035 324357 . 000011
2 3. 3500 . 25822 . 966678 1. 280620 323842 . 000007
2 3.8500 . 25822 . 966678 1. 20356 323678 . 000604
2 4.3500 . 25822 . 960678 1, 200176 323498 . 000003
2 4. 8500 . 28822 . 966678 1. 290048 323371 . 000003

s G1ven to six declmal places for purposes of computation. After subtracting from M, the final result should he rounded to four places.

lead angle correction, ¢, is well within the possible observa-
tional error in making the measurement of pitch diameter.
The methods are those of Marriner and Wood [26),* based
on the analytical approach of Gary [22] and of Vogel [21].

It is necessary to determine the best-wire size for the
individual thread, as this size is dependent on the lead
angle of the thread. This determination is simplified by
extracting from table 13.5 the wire diameter (interpolating
if necessary) for a 1-in. axial pitch screw and dividing by
the threads per inch [15). Thus,

w=w/n )
The pitch diameter is given by formulas, as follows:
E=M,—(C+e) 8
where E=pitch diameter
M, =measurement over wires
C=w(1+cosec a)— (cot a)/2n 9
=4.993 929w —1.933 357/n
¢=2(0P—00) of figure 13.1 (10)

Tabular values for (C+c¢); for a 1-in. axial pitch screw are
also given in table 13.5 and references [15) and [21)], which
should be divided by the threads per inch for a given case.

In figure 13.1 the actusl points of contact of the wire
with the thread flanks are at A and B. Under certain
eonditions a wire may contact one flank at two points, in
which case it is advisable to use a ball, equal in diameter
to the wire. The value of ¢ is the same for a ball as for
e wire. The conditions determining single or double
eontact are dealt with below.

4 See refcrences listed In the blbliograpby at the end of this appendix.
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TaBLE 13.4—Values of

(14cosec a') for a=14°30" and
lead angles from 0 to 6°

Lead 1-+cosec a’ | Dlfference lead 14-cosec o’ | Difference
angle, A angle, A
1 2 3 1 2 3
deg min den min
0 4.99303 0 2 3 4.99748 2
5 393 1 35 772 25
10 304 9 40 797 26
15 300 3 45 823 27
4 28
3 0 905 2
30 407 5 5 934 30
35 412 it 10 964 31
40 418 7 15 995 31
45 425 U 20 | 5.0002 32
50 432 8 25 058 33
55 440 e
30 061 34
35 125 35
1 ¢ 449 10 40 160 35
5 459 1 45 185 36
10 470 1 50 231 3
15 481 12 55 268 3%
20 493 13
25 56 14 4 0 306 39
5 345 38
10 384 0
30 520 15 15 424 41
335 535 1'5 20 465 2
40 550 16 25 07 et
A 59 17 % 550
5 18 v 43
55 601 19 35 593 44
40 637 45
45 682 4;‘
20 620 i 50 7 7
5 639 20 55 775 “»
13 o 21 5 0 823
22 48
20 702 23 5 871 49
28 723 zn 10 920




To evaluate ¢

mi ] .
E(ﬂ sin 8+ v sine cos B

OP=+~ ¢cos acos B+ (11)

T\¢

NN

‘\/7 +(21r)
0Q=R+3cosec a (12)
y=distance from contact point 4 to a point L on
the thread axis, measured parallel to an element
%f Athe thread flank, in the axial plane containing
6=(de§ignated the “key angle’” by Vogel) angle in

a plane perpendicular to the thread axis between
lines connecting the point O on the thread axis,
to the axis of the wire (or center of the ball) and
to the point of contact of the wire and thread
flank, respectively.

Downloaded from http://iwww.everyspec.com and 4 are detecrmined by the following

equations: :
w cos B o
{ 37—————tan asin ﬂ)
din B=2 2%y cOos (13)
)
2r
(1—0 vy cot a)
_ R + 2 L, 18 (14)
cos a

TN\t 2rxsina
V()

These are simultaneous equations in 8 and y which canaot

be solved directly but can be solved by iteration. Letting
p=0, the first approximation for v is
Yo=R sec a+% cot « (15)

TABLE 13.5.—Best wire diameters and constants for large lead angles, 1-in. azial pitch Acme and Stub Acre threads (29°)

1-start threads 2-start threads 2-start threads 3-start threads
Lead Lead
angle, A angle, A
0y (C+ech w0 (C+en wy (C+eh w (C+en
1 2 3 4 5 1 4 5 [] 7
deg in. in. in. in. deg in, in. in. in.
5.0 0.51450 0, 64311 0. 51443 0. 64260 10.0 0. 50864 0.63518 0. 50847 0.63463
5.1 51442 . 64301 .51435 . 64278 10.1 . 50849 . 63498 . 50831 . 683442
5.2 . 51435 . 64201 . 51427 . 64268 10.2 . 50834 . 63478 50815 . 63420
5.3 51427 . 64282 .51418 10.3 . 50818 . 63457 50800 3
5.4 51419 . 64272 . 51410 64245 10.4 . 50802 . 63436 5 .84 .63378
5.5 .51411 . 64261 . 51401 . 64233 10.5 . 50786 . 63416 . 50768 . 63356
5.6 . 51403 . 64251 . 51393 . 64221 10.6 50771 . 63395 . 50761 . 63333
5.7 . 51385 . 64240 .51384 . 64200 10.7 . 50755 . 83375 . 50735 , 63311
5.8 .51 b .51375 . 64196 10.8 50739 . 63354 .50718 . 63288
5.9 . 51377 64218 . 51366 . 64184 10.9 50723 . 63333 . 50701 . 63265
6.0 51368 . 64207 . 51356 . 64171 11.0 50707 .63313 5084 . 63242
6.1 . 51359 64185 51346 64157 11.1 . 50681 . 63202 50667 . 63219
6.2 51350 . 64184 51336 64144 11.2 . 50674 63271 . 50649 . 63185
6.3 . 51340 64172 51327 . 64131 11.3 . 50658 . 63250 50632 .63172
6.4 . 51330 . 64160 . 51317 64117 11.4 . 50641 . 50615 . 63148
6.5 . 51320 . 64147 . 51306 .64103 11.5 50623 . 63206 . 50597 . 63126
6.6 . 51310 . 64134 . 51206 . 64088 11.8 50606 .063184 . 50579 . 63102
6.7 51300 .64122 . 51285 . 64078 11.7 50586 . 63162 . 50561 . 63078
6.8 . 51260 . 64110 .51275 . 64061 11.8 50571 83140 . 50544 . 63055
6.9 . 51280 . 64087 . 51264 . 64046 1.9 50553 .63117 . 50526 . 63031
7.0 . 51270 . 64085 . 51254 . 64032 12.0 50535 . 63085 50507 63006
7.1 . 51259 . 64072 51243 . 64017 12.1 50517 . 63072 50488 62981
7.2 . 51249 . 64060 51232 . 64002 12.2 50500 . 63050 50470 62056
7.3 . 51238 . 64047 51221 63987 12.3 50482 . 63027 50451 62931
7.4 . 51227 64034 51208 83672 12.4 50464 . 83004 50432 62006
7.5 .51217 . 64021 51198 . 63057 12.5 50445 . 62981 . 50413 . 62881
7.6 . 51206 . 64008 . 51186 . 83941 12.6 50427 . 62058 . 50304 . 62858
7.7 51106 . 63006 .51174 . 6305 12.7 50408 . 62634 . 50375 . 62830
7.8 . 51186 . 83983 . 51162 . 63909 12.8 50389 62011 . 50356 . 62805
7.9 51175 63670 . 51150 . 63892 12.9 50371 . 62888 . 50336 . 62779
8.0 . 51164 . 83057 .51138 . 63876 13.0 50352 . 62865 . 50316 62752
81 51153 . 63944 51125 . 63858 13.1 50333 . 62841 . 50295 62725
8.2 . 51142 . 63930 .51113 . 63843 13.2 50313 62817 . 50278 62699
83 51130 . 63016 . 51101 . 63827 13.3 50293 . 62792 . 50255 62672
8.4 51118 . 83902 . 51088 . 63810 13.4 50274 . 52768 . 50235 42646
8.5 51105 . R3887 .51075 83703 13.5 50254 .62743 . 50214 . 62618
8.6 51003 . 63873 . 51062 83775 13.6 . 502 .62718 50194 . 62592
8.7 51081 . 63859 . 51049 63758 13.7 .50215 . 62694 50173 . 62504
8.8 51069 .63845 . 51035 . 63740 13.8 50195 . 62670 50152 . 62537
8.9 51057 . 63831 . 51022 83722 13.9 . 50175 62645 . 50131 . 62509
9.0 51044 . 63817 . 51008 . 63704 14.0 . 50155 2621 .50110 . 62481
9.1 51032 . (3802 . 50093 . 63685 14.1 50135 62548 . 50089 . 62453
9.2 51018 . 63788 5 . 63667 14.2 .50115 62571 . 50068 . 62425
9.3 51006 83774 . 50465 . 63649 14.3 . . (2546 . 50046 . 62397
9.4 50993 63759 . 50051 . 63630 14.4 50073 . 62520 . 50024 . 62368
9.5 80081 63744 50937 . 63612 14.5 . 50051 . 62404 . 50003 . 62340
9.6 50068 63730 50922 . 63593 14.6 . 50030 . 2468 . 49u81 . 62312
9.7 . 50058 .63715 50908 . 63574 14.7 . 50009 . 62442 . 49950 . 62283
9.8 . 50041 . 63700 50863 . 63558 14.8 . 49088 62417 . 49036 . 62253
9.9 . 50927 . 63685 50879 . 63537 14.9 . 49968 . 62391 . 49014 . 62224
10.0 50013 63670 . 50864 . 63518 15.0 49045 . 62365 49891 . 62195
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This approximate value of v is enfssyniGaded from http/Avww.everyspec.com 9:209,
side of eq (13) to obtain a new value or p==p;. ‘Lnen Px'ns ysp A=13.951927°,

new value of 8 is entered in the right-hand side of eq (14), w=0.10020 (from table 13.5, p. 57, [15, 21],
together with the first approximation of 4 to obtain a new a=14.5°,

value of y==,., Then v, and B, are entered in eq (13) to sin a«==0.25038 00041,
obtain a new B=4g,;. This process is repeated until the cos a= .96814 76404,
values of 8 and vy repeat themselves to the required degree tan = .25861 75844,
of accuracy. Their final values are then entered in eq cot a=3.86671 30949,
(11) and (12) to obtain the lead angle correction given by sec a=1.03290 03122,
eq (10). cosec a=23.99392 91629,
The following calculation e<emplifies the process, and 1/x= .31830 98862,
the result may be compared with that obtained for the R= 31916 43455,
same example by the Vogel method [21] or the Van Keuren I[2r=.12732 30545,
method utilizing tables {15, 21]. (/2x)2= .01621 13939,
1/(2rsin @) = .50852 28550,
134’' -5, 4 start 29° Acme screw thread 1/(2rcos a) = .13151 29523,
E=1.025, nominal, R/cos a= .32966 49520,
1=0.800, Yo= .27393 42429,

TABLE 13.5.— Best wire diameters and constants for large lead angles, 1-in. azial pitch Acme and Stub Acme threads (29°)—Con,

3-start threads 4start threads 3-start threads 4-start threads
Lead Lead
angle, A angle, A
iy {C+en i (C+eh n (C4eh w (C+en
1 6 7 8 9 1 6 7 8 9
deg in. in. in. in. deg in. in. in. in.
13.0 0.50316 0.62752 0. 50297 0. 62694 18.0 0. 49154 0.61250 0. 49109 0.61109
13.1 . 50205 62725 50277 . 62667 18.1 . 49127 .61216 . 40082 . 61073
13.2 . 50275 . 62699 . 50256 . 62630 12 . 49101 61182 . 49054 . 61037
13.3 . 50255 . 62672 . 50235 . 62611 13 . 49074 .61148 . 40027 . 61001
13.4 . 50235 . 62646 . 50215 . 62583 1804 . 40047 .61114 . 48999 . 60964
13.5 . 50214 .62619 . 50194 . 62555 18.5 . 49020 . 61080 . 48071 . 60928
13.8 . 50194 . 62592 . 50173 . 62526 18.6 . 489492 . 61045 . 48043 . 60891
13.7 . 50173 . 62564 . 50152 . 62498 18.7 . 48965 61011 . 48915 . 60854
13.8 . 50152 .62537 .50131 . 62469 18.8 . 48038 60976 48887 . 60817
13.9 . 50131 . 62509 . 50109 . 62440 18.9 . 48910 . 60941 . 48359 . 60780
14.0 50110 . 62481 . 50087 S 001 19.0 . 48882 . 60906 . 48830 .60742
141 . 50089 62453 . 50065 . A2381 19.1 . 48854 L GOKTL . 48800 60704
14.2 . 50068 . 62425 50043 . 62351 19.2 L 48R25 . 60835 48771 . 60666
14.3 50046 . 62397 50021 . 62321 19.3 LARTHT7 N .48742 . 60628
14.4 . 50024 . 62368 49009 . 62291 19.4 48769 . 60764 .48713 . 60590
14.5 50003 . 62340 49077 . 62262 19.5 L4874 .60720 . 48684 . 60552
14.6 . 49981 . 62312 . 49955 62232 19.¢ . 48712 . 60693 . 48655 . 60514
14.7 49959 62283 . 49032 . 62202 19.7 . 48083 . 60657 48625 . 60475
14.8 49936 62253 49910 .62172 19.8 . 48055 . 60621 . 48596 60437
14.9 49914 62224 . 49887 . 62141 19.9 . 48620 . 60585 . 48566 . 60398
15.0 49801 . 62195 . 40864 .62110 20.0 . 48536 . 60359
15.1 49869 . 62168 . 49842 . 62080 20.1 48510 . 60320
15.2 . 49846 62137 . 49819 62049 2.2 . 48476 . 60281
15.3 49824 .62108 49795 .62017 20.3 . 48445 . 60241
15.4 49801 . 62078 49771 61985 2.4 . 48415 . 60202
15.5 49778 .62048 40747 . 61953 2.5 . 48384 .60162
15.6 49754 62017 . 49723 61921 20.6 .48354 . 60123
15.7 . 49731 61987 . 49659 61889 2.7 . 48323 . 60083
15.8 49707 619056 . 49675 . 61857 2.8 48292 . 60042
15.9 . 49683 . 61926 . 49651 61825 20.9 . 48261 . 60002
16.0 . 40059 . 61805 . 49627 61793 21.0 . 48230 . 59061
16.1 . 40635 61864 . 49602 61760 1.1 48198 . 59920
16.2 . 49611 61833 . 40577 61727 21.2 48166 . 50879
16.3 49586 . 81801 . 40552 . 61694 21.3 48134 . 50838
16.4 . 49562 61770 . 49527 61661 21.4 .48103 .59797
16.5 . 49537 61738 . 49502 . 61628 2.5 . 48071 . 59756
16.6 49512 . 61706 . 49476 . 61504 21.6 . 45040 . 59715
16.7 49488 61675 . 49451 . 61560 21.7 . 43008 . 50674
16.8 49463 61643 . 40425 . 61526 21.8 .47975 . 59632
16.9 . 49438 61611 . 49400 . 61492 21.9 47943 . 59590
17.0 L49414 . 61580 . 40375 .61458 2.0 47910 . 50548
17.1 . 49389 . 681548 . 48349 .61424 2.1 . 47878 . 50507
17.2 . 49363 61515 . 40322 . 61389 2.2 L 47845 . 59465
17.3 . 40337 61482 . 49208 .61354 2.3 L47812 . 50422
17.4 48311 .61449 . 49200 .61319 22.4 . 47778 . 59379
17.5 . 49285 .61416 . 49243 .61284 2.5 LA47745 . 59336
17.6 . 49230 .61383 L4217 . 61250 22.6 . 47711 . 50203
17.7 . 49233 . 61350 .49191 .B121F 22.7 . 47677 . 50250
17.8 . 40206 .61318 . 40164 . 81180 22.8 47643 59207
17.9 . 49180 . 61283 . 49137 .61144 22.9 47610 59104
............................................................................ 23.0 47577 . 59121

Note.~This table courtesy of tbe Van Keuren Co,
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IRE POSITION P

WITH NO LEAD

\wms POSITION

WITH LEAD

EXTERNAL
THREAD
AXIS OF
l THREAD
4

yz-plane
y=LA (with lead)

zy-plane with lead
y=LA’ (with no lead)

(with no lead, 8=0)
Fioure 13.1.—Basis of lead angle correction for external

thread.
‘/ e+ (2_’)’ sing 8 (radians) cos 8 ¥
w
0. 53865 168 0.02337 088 0.02337 301 | 0.90972 686 0. 52978 325
54486 850 | .02206 331 | .02226 515 | .09075214 | 52934 621
. 54444 357 . 02232 647 . 02232 833 . 99975 073 . 52936 984
54446 655 | .02232 208 | .02232 483 | .09075 081 | .52936 853
54446 526 | .02232 317 | .02232 502 | .09975 081 | .52036 860
.54446 5336 | .02232 3160 | .02232 5012 | .90975 0807 | .52036 8508
OP=0.52483 3062
0Q=0.51926 0166
¢=0.01114 8

2 0P=1.04966 79=nominal measurement between centers of wires
Me=2 OP+w=1.140 868 in.=nominal measuremernt over wires
M, =1.149 868=actual measurement over wires

E=1.149 868—(C+-c), (see equations 8 and 9)

C=4.993 929X0.100 20~1.933 357/5=0.113 720
C-¢=0.113 7204-0.011 148=0.124 868

E=1.149 868~0.124 868=1.025 000 (as measured)

If instead of the Marriner and Wood equations those of
Vogel are applied we have
cot? A\

== tan o (16)

where

=53

2N,
N,=number of starts
A=lead angle at pitch line
a=half angle of thread in axial plane.

This equation may likewise be solved for g by itcration,
but various short cuts are presented in reference [21],
including a short, highly accurate, and nontranscendent
formula for 8. The value of 8in the above example which
satisfies this equation is 0.02232 480 radian, as comparced
with 0.02232 501 obtained with the Marriner and Wood
formulas. The measurement to the center of the wires is
given by the Vogel formula

2 OP=E tan? A(c — B) cosec §=1.0496 522 in.,

which is 0.0000 157 smaller than the value (1.0496 679)
obtained by the Marriner and Wood formulas. As this
discrepancy is small compared with the possible error in
measurement of M,, either set of formulas is applicable.
Also, the discrepancy between the value of (C+c¢) by the
Marriner and Wood formulas and that extracted from
table 13.5 is only 0.000 018 in.

(¢) LIMITATIONS ON THREE-WIRE MEASUREMENT OF EX.
TERNAL THREADS

When the lead angle and diameter of a thread arc such
that double contact of the measuring wires occurs, it will
be necessary to check the pitch diameter by means of balls
rather than wires.

For accurate measurement with wires single contact on
each flank muet occur. Measuring wires can be used if the
following formula [26] is satisfied for a specific thread:

. S 2
. DownLoaded from http'”WWW'everXEBeacﬁ(:—R/l/(R+g 08 a cot a) —4/Dt,  (17)

in which

a=half anglc of thread in an axial plane
l=lead
R=dist¢;nce from thread axis to sharp root (see fig.
13.1
w=diameter of measuring wires
D=major diameter of thread

If best-size wires are used, so that contact is near the pitch
line, the condition for single contact simplifies to:

2l /1 1
=L (LR 18
tan a> "\ (18)
On account of the approximate nature of the above for-
mulas, double contact docs not necessarily occur when
these formulas sre not satisfied. If not satisfied the follow-
ing formula can be used for a morc precise determination:

% tan a—v4 sin a+-2-l; (BA—ﬂP)+(n sin e sin 84

—EI; cos BA)Xsec Bp sin (B4—B8p)>0 (19)
in which,

va=final value for ¥ in the correction calculation
(0.52936 8598 would be the v, for sample calcu-~
lation, the results of which are shown above.

B4=final value for 8 in the correction calculation.

Bp=Ccos~1 (2v4 cos a cos B./D) and is a negative angle,

If the formula is satisfied, double contact does not occur.

2. BUTTRESS THREADS

Two optional tprocedures are used in determining the
pitch diameter of external threads from the reading over
the wires, M,. The comparator reading M, over the
wires is checked using a gage block or combination as a
master. Then, using the average diameter of the wires,
w, the pitch diameter, E, is computcd using the formula

=M, ——P
E= Mw tan o) tan oy

— a;+a; al—aﬂ)_
w (1 +cosec B cos 5 c.

(20)
When «;=45° and a;="7°, this formula reduces to

E=M,+0.89064p—3.15689 w—c.

In the optional method, a reading My, is taken over the
wires placed on either side of a plain cylindrical plug guge
of known diameter D. Then, the distance 7 between the
wires as seated in the threads of the thread plug is com-
puted by formula

T=D—Mp+ M,
and the formula for pitch diameter E becomes
—py—P ato oa—a )
E'——’I‘~{-mn e e w(cosec ) cos ) 1) ¢
(21)
or

E=T+40.89064p—1.15689w—c.

D should be slightly smaller than the major diamcter of
the thread plug gage to be measured.

In both formulas 20 and 21, ¢ is a correction depending
on the angle the wires make with a Flnne perpendicuiar to
the axis of the thread plug gage. For all possible single-
start combinations of diameters and pitches listed in tables
XIV.2, XIV.3, and XIV4, ¢ is less than 0.0004 in. As
Buttress thrcads are designed to avoid metal-to-metal
fits in all cases, it is not essential that the absolute value
of the pitch diameter be accurately determined by applying

59




the correction ¢. Accordingly, it is rocammondad tha
the wire angle correction be neglectl?:g\"@:o%ﬂ%a{?rg\mmm
tions and all other single-start buttress thread plug gages.

However, if it is desired to take the lead-angle correction
into account, the following formula to determinc pitch
diameter derived in reference [3] may be applied where the
lead angle does not exceed 5°:

. P_COS a; CO8 &
E=M+ (o +ay)

_cosay sin ag Y 3 i
o T [V +tan? ») cot? a;+

—+v(1+tan? z) cot? a,+1]} 2

w { 1+v(1+tan? X) cot? g+ 1

where
ay=flank angle of pressure flank,
ay=flank angle of trailing flank,
A=lead angle at pitch line.

For the 7°, 45° Buttress thread this formula becomes

E=M,+0.890643p—w{1++66.330378 (1 +-tan? ») + 1

—0.890643(v/66.330378(1+ tan?\) + 1—+tan™s +( g; })

For larger lead angles formulas may be applied that are
derived in reference [22).

1. Wire Sizes.—In order to eliminate the effect of
deviations of the thread form on the calculated pitch
diameter, the “best size’’ wires, for symmetrical threads,
should contact the flanks of the thread at the pitch line.
Because of the wide difference in the flank angles of a
buttress thread it is impossible for the thread measuring
wires to contact both flanks simultancously at the pitch
line.

A deviation in the angle o of the trailing flank has ap-
roximately twice the effect on the pitch diameter calcu-
ated from readings over wires than the same angle devi-

ation on the pressure flank angle, 3. For this reason it
was decided that the diameter of the ‘best size” wire
snould be such that it will contact the pressure flank at a
point twice the distance above the pitch line that the con-
tact point on the trailing flank is below the pitch line.
This wire diameter for flank angles 7°, 45° is given by

wy=0.54147p. (24)

As shown in figure 13.2, the ‘‘best’ size wire will contact
the pressure flank of a thrcad of basic form 0.1944p
below the thread crest, and the wire will project ahove
the crest 0.1094p. If this wire fails to project above the
crest of the thread in an actual case, a larger wire must
be used. For such a case the maximum wire, having a
diameter of 0.61433p, which contacts the trailing flank
at the pitch line should be used. The relation of the
‘“best” and “max’’ size wires to the flanks and erests of
the 7°, 45° Buttress thread is shown in figure 13.2. The
diameters of “best’” and ‘“max” wires and the projection
above the crest of the thread are shown in table 13.6.

Because of the small pressure flank angle of 7° therc
may be double contact of the wire on this flank if the lead
angle is more than a few degrees. Such double contact
will introduce on error into the measurement of pitch
diameter. Double contact is less likely with the “max”
wire than with the ‘“best’’ wire, as the former contacts this
flank nearer the thread crest. Thercfore, it is desirable
in such cases to check the pitch diameter measurement
obtained with “best” wires by mecasurement with “max”
wires also. With large lead angles a further check should
be made using balls instead of wires. Inconsistencies in
results may indicate donble contact of wires. If double
contact occurs with max wircs it will be necessary to make
pitch diameter ineasurements by means of balls,

An alternative method for determining whether or not
single contuct occurs is to apply the Marriner and Wood
[26) formula 19, p. 59, for the exact condition for single
contact.
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" 70.61433p

BEST WIRE DIA
*0.54147D

Ficure 13.2.—Diameters ;}/ “best”’ and “mazimum” thread
wires for Bullress threads.

TABLE 13.6.—Wire sizes and conslants, single-start Bullress
threads (7°, 45°)

Threads “Best’ ' wire “Max"’ wire
lg(‘c;: Pitch, diameter, | Projection, | diameter, | Projection,
Fil w=0.54147p | a=0.1004p | w=0.61433p | a'=0.2244p
in. in. in. in.

0. 02707 0. 0055 0. 03072 0.0112
. (3384 . 0N68 . 03840 . 0140
. 04512 L0001 . 05119 0187
. 05415 .0100 . 08143 L0224
. 06768 L0137 .07679 0280
. 09024 0182 . 10239 0374
. 10829 0219 12287 0449
13537 0274 . 15358 0561
. 18049 0364 . 20478 0747
2% oenns 40000 . 21659 0438 24573 0898
2 e . 50000 27074 0547 30718 122
1M .. . 66667 . 36008 1496
14........ . 80000 . 43318 0875 49146 1795
) U 1. 00000 54147 1 61433 24
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APPENDIX 14. METRIC SCREW THREAD
STANDARDS

Metric-thread systems have been used in European
Continental countries since 1848, particularly in France,
Germany, and Switzerland. Efforts toward international
unification of these systems led in 1898 to a conference in
Zurich, Switzerland, which was attended by representatives
from engineering societies and other technical organiza-
tions in France, Germany, Italy, the Netherlands, and
Switzerland. Organizations in other countries such as
the United States and Great Britain, were also invited
but did not send delegates.

The Zurich Conference of 1898 adopted a systemn of
metric threads which was practically the same as that
previously developed in France by the Société d'Encour-

P NiIE] syswemn
becume Kknown as the ‘‘International Systemn” and is
usually designated as the “SI S+stem” (from the French
name, “Syctéme Internationale”). This systemm was
recommendecd for ado(s)tion by all countries where metric
threads were used and covered a range of nominal diam-
eters from 6 to 80 mm, inclusive, with associated (coarse)
pitches. The threads were intended for use us fastening
threads in machine construction and hence for application
to the general types of screws, bolts, and nuts.

The need for metric coarse threads in sizes smaller than
6 mm and larger than 80 nim, and of nietric fine threads,
led a number of Continental European eountries to extend
the original SI series. However, these additional series
showed differences in respect to nominal diameters,
pitches, and diameter-pitch combinations. National
standardizing bodies, organized in Europe during and
after the first World War, made an effort to bring some
order in these additional series. In 1926 the Interr.ational
Standards Association (ISA) was founded and one of its
first technical committees dealt with metric threads.

At a conference held in Copenhagen in 1931, this com-
mittee succeeded in getting agreement in principle on
five recommended series of metric threads, designated by
the letters A to E. It took several more years to put the
final touches on this unification plan, and ISA Bulletin
26, in which the recommended ISA series are listed, was
not ?ublished until September, 1940. The original series
of SI coarse threads was extended to diameters as large
as 600 mm (about 24 in.), the pitch being 6 mm for all
sizes above 80 nm. Therefore, the term ‘“‘coarse’” threads
was avuided and the original SI series, with its upward
and downward extensions, was designated as “ISA Series
A.”” However, ISA Bulletin 26 and the national stand-
ards set up in accordance with it, explicitly refer to the
ISA Series B to E, inclusive, as “fine threads.”

The ISA became inactive in 1942 as a result of the second
world war. Following the war the International Organi-
zation for Standardization (ISO) was cstablished, and
ISO/TC1, Screw Threads, held its first meeting at Paris
in 1949. This technical committee subsequently devel-
oped recommendations for basic and design thread profiles,
and standard series for mctric and inch screw threads.

1. ISO THREAD PROFILES

The ISO basic profile for screw threads is shown on
fig. 14.1. The ISO design profiles of external and internal

1 AXIS OF SCREW [MREAD

Ficvre 14,1.—180 basic praofile for inch and metric screw

threads.
H =0 .86603p
1 =0,21651p The Basic Profile is the profile to whica the allowances and
i tolerances, which define the 1imils ¢ toe external and fnler-
§ =0.10825p nal threads, are app'fed,
ill =0.54127p
8
61
——




WLLIGAUD), Wil GUU WILNUVUL B MIUWALILE, are snowil Ul

figures 14.2 and 14.3. These 180Downioaded from n http://www. ove syspec “com

files apply to inch as well as metric threads.

2, STANDARD SERIES FOR ISO METRIC
THREADS

Shown in tables 14.1 and 14.2 are the standard series
for ISO metric threads. Table 14.1 covers metric screw
threads for general use. Table 14.2 covers mctric screw
threads for screws, bolts, and nuts.

— PITCH (EFFECTIVE)
j DIAMETERS

11UND I'UK 1DV MEIKIUC INRKEALD

ISO metric thrcads are designated by a letter followed
by the size and the pitch as shown below. Where there
is no indication of pitch, the coarse pitch is implied. For
coarse threads with diameters up to and including 5 mm,
the letter is S. For all other threads shown in the tables,
the letter is M.

Exainples:

M6X 1 (indicates 6-mm diameter, 1-mm pitch)
$0.8 (indicates 0.8 diamcter, coarse pitchg).

IN PRACTICE THE RDOT IS ROUNDED
AND CLEARED ABOVE DIAMETER D

§ MIN. CLEARANCE——
(§ ALLOWANCE)

NUT DIAMETERS

AXi, OF SCREW THREAD

/DNINTERNAL THREAD

(NUT)

d'(Dg)

/ dplEg)

dy iy}

~

BOLT OR SCREW
[ g‘ - DIAMETERS
IN PRACTICE THE ROOT IS ROUNDED,
AND CLEARED BELOW DIAMETER dj

FiGuRre 14.2—1S0 design profile of external and internal threads with an
allowance for inch and metric screw threads.

(180 Basic Profiie shown by a thick line.)

——PITCH (EFFECTIVE)

~IN PRACTICE THE RDOT IS ROUNDED

| DIAMETER N AND CLEARED ABDVE DIAMETER D
| AN\
- 2N
/ | g § 7/ INTERNAL THREAD
= } L\ wuT)
_l.!_ _,9 AN .

D(0,) ] /
(€ "'
O |,,, X &

NUT DIAMETERS

AXIS DF SCREW THREAD

XTERNAL THREAD
(BOLT OR SCREW)

_ d(Dy)

d,(e,J

d,rx,)

—
BDLT DR SCREW
DIAMETERS
{— 4 PRACTICE THE RDDT IS RDUNDED
AND CLEARED BELDW DIAMETER d;

FiouRre 14.3.—ISO0 design profile of external and inlernal threads without an
allowance for inch and metric screw threads.

(180 Basic Profile shown by a thick Jine )
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Bize (basic major diameter) Pitch

Basic
major Fine
Primary {Secondary| Tertiary | diameter | Coarse
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TasLe 14.1.—180 ‘mD.o\)\/nloaded'from'htfp://WWW.éverysﬁeE..cémﬂoo mm diameler —Continued

Size (basic major diameter) Pitch
Basic
major Fine
Primary |Secondary| Tertiary | di Coarse
[ 4 3 2 1.5 1.25 1 0.76 0.5 0.35 0.25 0.2
mm mm mm mm mm
[} 4 3 2
100 [} 4 3 2
6 4 3 2
110 6 4 3 2
6 4 3 2
[ 4 3 2
125 6 4 3 2
(3 4 3 2
[ 4 3 2
140 6 4 3 2
6 4 3 2
[] 4 3 2
6 4 3
160 6 4 3
[ 4 3
6 4 3
f 4 3
180 6 4 3
3 4 3
[ 4 3
195 7.68 6 4 3
1. I PO R 7.87 6 4 3
205 8.07 6 4 3
20 |- 8.27 [ 4 3
215 8.46 6 4 3
b2 R VO I 8.66 [ 4
225 8. 86 (3 4
230 9. 06 6 4
235 9.25 6 4
240 ... 9. 45 6 4
245 9. 65 (1] 4
b1 S PR B, 9.84 6 4
255 10. 04 6 4
200 oo 10. 24 [] 4
285 10. 43 (1] 4
270 10.63 [ 4
275 10.83 [} 4
280 oo hooboEgh 11.02 (3 4
285 11,22 ] 4
290 11. 42 ] 4
295 11.61 [] 4
300 oo 1 21 [ 4

= Pitch 1.25 of size 14 to be used only for spark plugs.
b Pitches in parentheses not to be used unless necessary.
¢ 8ize 35 to be used for ball bearing lock nuts.

Bizes 0.3 through 1.4 mm with coarse pitches shown are covere: by Section V, Unified miniature screw threads of 11andbook 1128 (1957), Part 1.




Tasue 1D0Wnloaded from http://www.everyspec.com, s gnd
nuls, 0.25 to 39 mm diameler

Bize (basic major Coarse Flne
lameter)
Basle
major
diameter Threads Threads
Primary | 8econdary Pitch |perinch,| Pitch |perinch,
approxi- approxi-
mate mate
mm mm in. mm
0.25 |ooocceeooos 0. 0098 0.075 339
I T VOO L0118 .08 318
0.35 .0138 .09 282
L S O, . 0157 .1 254
45 0177 .1 254
1 T PO, L0197 .125 203
55 L0217 125 203
P T O, . 0236 .15 169
.7 L0276 175 145
- I AN 0315 .2 127
9 0354 .225 113
D R O 0394 .25 102
1.1 0433 25 102
152 |-a-oao_mmmes 0472 25 102
1.4 .0551 3 85
1.6 063u 35 7
0709 35 73
2 L0787 4 64
. 0866 .45 56
2.5 . 0084 45 56
3 1181 .5 51
. 1378 .6 42
4 1575 9 36
L1772 .75 34
5 . 1969 .8 32
(] . 238 1.0 25
.218 1.0 25
8 .315 1.25 20 .
10 .394 L5 17 1.25
) & PO, 472 .75 15 1.25 20
14 . 551 2.0 13 1.5 17
16 |- . 630 2.0 13 1.5 17
18 . 709 2.5 10 1.5 17
- | T I, JIRT 2.5 10 1.5 17
2 . 866 2.5 10 L5 17
E-. S PO, 945 3.0 8 2.0 13
7 1.06 3.0 8 2.0 13
k<1 I R 118 3.5 7 2.0 13
33 1.30 3.5 7 2.0 13
s T 1.42 4.0 (] 3.0 8
39 1.54 4.0 6 3.0 8

Bizes 0.3 through 1.4 mm are covered by Bection V, Unified minlature
screw threads of Handbook H28 (1957), Part I.
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THE NATIONAL BUREAU OF STANDARDS

The scope of activities of the National Bureau of Standards at its major laboratories, in Washington,
D.C., and Boulder, Colo., is suggested in the following listing of the divisions and sections engaged
in technical work. In general, each section carries out specialized research, development, and engi-
neering in the field indicated by its title. A brief description of the activities, and of the resultant
publications, appears on the inside front cover.

WASHINGTON, D.C.

Electricity and Electronics. Resistance and Reactance. Electron Devices. Electrical Instru-
ments. Magnetic Measurements. Dielectrice. Engineering Electronics. Electronic Instru-
mentation. Electrochemistry.

Optics and Metrology. Photometry and Colorimetry. Optical Instruments. Photographic
Technology. Length. Engineering Metrology.

Heat. Temperature Physics. Thermodynamics. Cryogenic Physics. Rheology. Molecular
Kinetics. Free Radicals Research.

Atomic Physics. Spectroscopy. Radiometry. Mass Spectrometry. Solid State Physics.
Electron Physics. Atomic Physics.

Radiation Physics. Neutron Physics. Radiation Theory. Radioactivity. X-ray. High
Energy Radiation. Nucleonic Instrumentation. Radiological Equipment.

Chemistry. Organic Coatings. Surface Chemistry. Organic Chemistry. Analytical Chemistry.
Inorganic Chemistry. Electrodeposition. Molecular Structure and Properties of Gases.
Physical Chemistry. Thermochemistry. Spectrochemistry. Pure Substances.

Mechanics. Sound. Mechanical Instruments. Fluid Mechanics. Engineering Mechanics. Mass
and Scale. Capacity, Density, and Fluid Meters. Combustion Controls.

Organic and Fibrous Materials. Rubber. Textiles. Paper. Leather. Testing and Speci-
fications. Polymer Structure. Plastics. Dental Research.

Metallurgy. Thermal Metallurgy. Chemical Metallurgy. Mechanical Metallurgy. Corrosion.
Metal Physics.

Mineral Products. Engineering Ceramics. Glass. Refractories. Enameled Metals. Consti-
tution and Microstructure.

Building Technology. Structural Engineering. Fire Protection. Air Conditioning, Heating,
and Refrigeration. Floor, Roof, and Wall Coverings. Codes and Safety Standards. Heat
Transfer. Concreting Materials,

Applied Mathematics. Numerical Analysis. Computation. Statistical Engineering. Mathe-
matical Physics.

Data Processing Systems. SEAC Engineering Group. Components and Techniques. Digital
Circuitry. Digital Systems. Analog Systems. Applications Engineering.

¢ Office of Basic Instrumentation. » Office of Weights and Measures.

BOULDER, COLORADO

Cryogenic Engineering. Cryogenic Equipment. Cryogenic Processes. Properties of Materials.
Gas Liquefaction.

Radio Propagation Physics. Upper Atmosphere Research. Ionosphere Research. Regular
Prediction Services. Sun-Earth Relationships. VHF Research. Radio Warning Services.
Airglow and Aurora. Radio Astronomy and Arctic Propagation.

Radio Propagation Engineering. Data Reduction Instrumentation. Radio Noise. Tropo-
spheric Measurements. Tropospheric Analysis. Propagation-Terrain Effects. Radio-Mete-
orology. Lower Atmosphere Physics.

Radio Standards. High-Frequency Electrical Standards. Radio Broadcast Service. Radio and
Microwave Materials. Atomic Frequency and Time Standards. Electronic Calibration
Center. Microwave Circuit Standards.

Radio Communication and Systems. Low Frequency and Very Low Frequency Research.
High Frequency and Very High Frequency Research. Modulation Systems. Antenna Re-
search. Navigation Systems. Systems Analysis Field Operations.




