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HALF-SIZE, ROUND, COPPER WIRE
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CURVE F-3

From E.I. Pollard "Load Losses In Salient-Pole

. Synchroncus Machines"
1935 . PP 1332-1340

AIEE Trans. Vol. 54
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CURIE POINTS OF THE MAGNETIC MATERIALS

USED IN GENERATORS, MOTORS AND INDUCTORS

Material

Curie Point °C

Iron

Cobalt

Nickel

50 Co 3 Mn 47 Fe (Permendur)

49 Co 2 V 49 Fe (2 V Permendur)
35Co5Cr 6 Mn .7 Ni 63 Fe
27Co5Cr 6 Mn .7 Ni 71 Fe
Silicon-Iron 2 Si

Silicon-Iron 8 Si

Silicon-Iron 11 Si

65 Permalloy 65 Ni - Iron

79 Ni Permalloy

7-70 Perminvar 70 Ni 7 Co - Fe
Perminvar 45 Ni 25 Co - Fe
Perminvar 45 Ni 25 Co 7.5 Mo - Fe
78 Ni 4 Mo - Fe (P-Alloy)

79 Ni 5 Mo - Fe (Supermalloy)

47 Ni 3 Mo - Fe (Nonimax)

43 Ni 3. 25 8i - Fe (S8inimax)

76 Ni 1.5 Cr 4 Cu - Fe (Mu-Metal)

770
1130
358
9€0
280
960
840
756
720
890
620
580
650
729
535
460
400
510
510
450




CUPIE POINTS OF THE MAGNETIC MATERIALS

USED IN GENERATORS, MOTGRS AND INDUCTORS

{Continued)

Material

Curie Point °C

36 Ni - Fe (Invar)

42 Ni - Fe

50 Ni - Fe (Deltamax)

15 AL 3.3 Mo - Fe (Thermengcl)

Alnico 5 - 24 Co 14 Ni 8 AL 3 Cu

Alnico 6 - 24 Co 15 Ni 8 AL 3 Cu 1.25 Ti
Chrome Steel .9C .3 Mn 3.5 Cr

3% Cobalt Steel 1.0 C 3 Co 4Cr .4 Mo
17% Cobalt Steel .6 C 17 Co 25Cr 8 W

36% Cobalt Steel .7TC 36Co4Cr5W

F-35

275
400
510
400
88C
880
745
804
240

890




MAGNWETIC PROPERTIES OF Cr NiSTEELS

Magnetic Permeability Tensile
AISI % % % Cold H =50 H = 200 Strength
Type No. Cr Ni Reduction Oersteds OQersteds  Lb/Sq. In.
Special 15.2 8.4 Y 1.0042 1.0048 89, 100
8.3 1.128 1.136 129, 400
16.7 5.70 6.23 138, 200
217.8 13.6 14.1 156, 000
48.0 49.0 33.4 202, 000
301 17.6 7.8 0 1.0027 1.0028 95,000
19.5 1.148 1.257 140, 600
55.0 14.8 19.0 222, 400
302 18.4 9.0 0 1.0025 1.0035 95, 300
20.0 1.0076 1.011 130, 200
44.0 1.050 1.120 171,000
68.0 1.59 2.70 214,000
84.0 2.15 6.65 236,000
304 19.0 10.7 0 1.0037 1.0040 81,000
13.8 1.0048 1.0060 101, 100
32.0 1.0371 1,062 145, 900
65.0 1.540 2.12 180, 400
84.5 2.20 4.715 202, 800
308 17.9 11.7 0 1.0032 1.0044 88, 200
18.5 1.0040 1.0054 129, 100
34.5 1.017 1.020 154, 700
52.5 1.049 1.063 175, 900
84.0 1.093 1.142 197, 800
310 24.3 20.7 0 1.0018 1.0035 107, 800
14.7 1.00616 1.06041 128, 100
26.8 1.0018 1.0043 155, 000
64.2 1.0019 1.0041 192, 600
316
2.4%MO. 17.5 13.4 0 1.0030 1.0040 83, 600
20.8 1.0030 1.0043 117, 800
45.0 1.0040 1.0065 159, 900
€0.8 1.0065 1.0072 178,000
81 1.0070 1.0100 194, 100

G e e



MAGNETIC PROPERTIES OF Cr Ni STEELS (Cont)

Magnetic Permeabilily Tensile

AISI % % % Cold H = 50 H = 200 Strengtn
Type Ng. Cr N  Reduction Oersteds Oersteds Lb/Sq. In.
321
0.68% Ti 18.3 10.3 C 1.0033 1.0035 87 800
16.5 1.018 1.023 123, 200
41.5 1.40 1.61 162, 2J0
53.5 2.44 3.34 174, 400
70.5 6.76 9.40 201, 300

347

0.95% Cb. 18.4 10.7 0 1.0037 1.0044 94, 800
13.5 1,0074 1.0085 118, 200
40.0 1.062 1.088 166, 100
60.0 1.245 1.445 179, 300
90,0 1.97 4.12 216, 500

Rei: Heat treatment and physical properties of the Austenitic Chromium -
Ni Steels - International Nickel Co. Bulletin

NON-MAGNETIC STEELS

The Chrome-Nickel steels of the 300 series are used as non-magnet.. spacers
and support members in rotor weldments, braces and other structural loca-

tions where it is desirab.e to use a material with a permeability of one (1).

Some of the 300 series steels are non-magnetic in the "soft' condition but
when they are work hardened part of the steel changes phase and becomes
magnetic. The 18-3 steel (see 301 on chart) becomes useless for non-mag-
netic needs when cold reduced 25% to 50%.




INPUT AUXILIARY DATA SHEET

Auxillary information taken from the design manuals to be used in conjunction with input sheets for

convenience.

A. Al dimensions for lengths, widths, and diameters are to be given in inches.

B. Resistivity inputs, Items (141) and (151) are to be given in micro-ohm-inches.

The following items along with an explanation of each are {(abulated here for convenience. For complete

explanation of each item number, refer to design manuals,

Rem No,

Explanation

9)

Ja)
(10)
(14)
(1%)
(18)

(19)
(20

1)

(22)

Power factor to be given in per unit. For example for 90% P.F., insert .90,
Adjustment Factor - For P,F. £ .95 insert 1.0
For P.F. > .95 insert 1.05

Optiona: Load Point -- Where load data output 1s required at a point other than those given
as standard on the lnput sheet. Example: For load data output at 155% load, insert 1.55.
Number of radial ducts in ctator.
Width of radial ducts used in Rem (14).
Magnetization curve of material used to be submitted as defined in Item (18).
Watts/1b, to be taken from a core loss curve at the density given in Rem (20) (Stator).
Density in kilolines/in2, This value must correspond to density used to pick item (18)
usually uge 77,4 KL/lZ.
Type of slot - For open slot Type A, insert 1.0.

For partially open slot Type B with constant slot width, insert 2.0.

For partially open slot Type C with constant tooth width, insert 3.0.

For round slot Type D, insert 4.0.

For additional information, refer to figure adjacent to input sheet which

shows a picture of each slot.
For stator slot dimension - for dimensions that do not apply to the slot insert 0.0,

Use Table below as guide for Input,

Slot Type

Symbol Bem 1 2 3 4
b, (22) 0.0 * * *
b1 0.0 0.0 * 0.0
by 0.0 0.0 * 0.0
b3 0.0 0.0 * 0.0
bg * * 2 »
hy 0.0 * * *
hy * * * 0.0
hg * 0.0 0.0 0.0
ng * * 0.0 0.0
hg * * * *
h 0,0 * * 0.0
hy 0.0 * . 0.0

*

» insert actual value.
by 4+ by
Pubga T



Item No.

Explanation

(28)

(29)

(30)
(33)
(34)
(34a)
(35)

(37
(38)
(39)

(40)

(42a)

(48)
(87)

(137)

(138)
(140)
(148)
(149)
(187)

(11)
(72)
(13)
T4
(19)

Type cf winding - for wye connected winding insert 1.0,
for delta connected winding insert 0.0.

Type of coil - for formed wound (rect. wire), insert 1,0.

for random wound (rourd wire) insert 0,0,

Slots spanned -~ Example - for slot span of 1-10, insert 9,0.

For round wire insert diameter. For rectangular wire insert -wire width,
Strands per conductor in depth only.
Total strands per conductor in depth and width,

Diameter of coil head forming pin. Insert ,25 for stator 0.D, <8 inches; _ __

Isert .50 for stator O.D, »8 in. .5111_13 Pin

Use vertical height of strand for round wire, insert 0,0.
h'
Distance between centerline of strands in depth. Insulation :@:: st

Stator strand thickness ~- use narrowest dimension of the two.dimensions given for a
rectangular wire. For round wire insert 0.0.
Stator slot skew in inches.
Phase belt angle - for 60° phase belt, insert 600,
for 120° phase belt, irsert 1200,
See explanation o* items (71), (72), (73), (74) and (75). Same applies here,
When no load saturation output data is required at various voltages, insert 1.0,
When no Joad saturation information is not required, insert 0.0.
Damper bar thickness -- use damper bar slot height for rectangular bar. For round
bar insert 0.0.
Number of damper bars per pole.
Damper bar pitch in inches,
For round wire ingert diameter, For rectangular wire insert wire width,
For rectangular wire insert wire thickness, For round wire insert 0.0.
Pole face loss factor., For rotor lamination thickness .028 in, or less, insert .- .
For rotor lamination thickness .029 in. to .063 in. insert 1,75,
For rotor lamination thickness ,064 in. to .125 insert 3,5,
For solid rotor insert 7.0,
K the values of these constants are available, insert the actuai number, ¥ they are
not avallable, inserti 0.0 and the computer will calculate the values and record them on

the oufput,




SALIENT POLE COMPUTER DESIGN (INPUT)

G-01

MODEL EvO DESIGN NO(1)
@) {kva |GENERATOR KVA FUND/MAX OF FIELD FLUX o Jeq
n |e  Jume voLrs WINDING CONSTANT 7 |S 2
() Eoh  |PMASE YOL TS POLE CONST, (13) |Cp .5_
gfs) [m [emses END EXTENSION ONE TURN w le |32
wise |+ [rrecuency DEMAGNZITIZATION FACTOR 09 |c. |0
; © [o [roLEs CROSS MAGNETIZING FACTOR o) [cq
-3 () RPM |RPM POLE HEAD WIDTH (7) |by,
“lm [0 [Prase curreny POLE BODY WIDTH a6 |b,
®) |PF [POWER PACTOK POLE HEAD HEIGHT 06) [hy
(%) | X, JADJ FPACTOR POLE BODY HEIGHT (76) |hy x
(10) JorrionaL Loap PoiNT POLE BODY LENGTH a0 1 Ke |
o | STATOR L.D. POLE HEAD LENGTH 76) |Rn ;
|00 [0 [stavoroo. POLE EMBRACE on | |5
Llon | L |cross core LENGTH ROTOR DIAMETER Me) |4, ®
E [0e [s, [no. oF DUCTS STACKING FACTOR (ROYTOR) ne) [x;
elas) [s, [wiomH oF oucT ~ [weicHT oF RoTOR 1RON 0sn)_[e) |
,3 (W) |Ki  [STACKING FACTOR (STATOR) LE PACE LOSS FACTOR 87 fxy
(9 |k [wATTs/LB. WIDTH OF SLOT OPENING 035) feo
] 8___|oEwsiTy HEIGHT OF SLOT OPENING (135) [hse
@1 |nn OF SLOT DAMPER BAR DIA. OR WIDTH e ¢ 3
If? by |;_\.o'r OPENING RECTANG! BAR YRICKN h 5
(22) SLOT WIDTH TOP RECTANGULAR SLOT WIDTH (135) |bpi s
) |w NO. OF DAMPER BARS (138) |my Y
%)_ (o3 DAMPER BAR LENGTH 39) (£ 3
Elen s, LOT WIDTH DAMPER BAR PITCH (40) 17y
"-E)_ ho RESISTIVITY OF DAMP. BAR @ 200 |(147)
! ) by DAMPER BAR TEMP ©C a2 [x,ec
‘3%:’ ]no. oF FiELD TuRNS (Mée) |
) Ing MEAN LENGTH OF FLD, TURN oan {Ry |
) |, lsLov bEPTH FLD, COND. DIA. OR WIDTH (148) 2
K22) by FLD. COND. THICKNESS L149) 4
) |hy, |FLD. TEMP IN® C (150) 1X¢° ¢
) Ja  [no. or sLoTs RESISTIVITY OF FIELD COND ¢ 20° tl,m i)
k) TYPE OF WDG. NO LOAD SAT. 87)
) TYPE OF COIL [rRICTION & WiNDAGE ] —
k) |n. |compucTors/stor [roTOR LAM. MTR'L (18) &
jm) |y  [sLovs spanneD lsnroa LAM, MTR'L (CURVE) [(18) i
B2 Jc  raraLLeL cireuiTs
) ISTRAND DIA. OR WIDTH
;tl) [Nt JsTRANDS/COMDUCTOR
Epe Nor _|STRANDS/CONDUCTOR
5= [svaTom sTRAND ToKNS
9% liv o or P
3 Hz JcoiL gxT. STR. PORT STATOR SLOT POLE
Ve joomts. sTRD. HT. DAMPER SLOT REMARKS
o) M bisT.aTwn.cL OF sTO.
= | PPriase seLT/ANGLE
@ . vaTor sLoT sxev
joo) [x,oc kvavor Tamr e
Jsv [y [res’Tvy sTa. cOMD. 0200 C
3 MMV AIR GAP
O K39,) fomex MAXHIUM AIR GAP P— DATE

REV. A



{4} Oocen Slots (b) Constont Slat Wigih

e
I hg
: 2 UF % )
(| P
| i | |
TYPE 1 Hj . l " TYPE 2
(Type 5 is an open l J
slot with 1 conductor
per slot) ° b=t k=t

(d)Round Slots

AT

t— s TYPE ¢4

TYPE 3

bg for type 2 is

bs = b2+ b3
- 2

[
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SUMMARY OF DESIGN CALCULATIONS .- SALIENT POLE (OUTPUT)

MODEL £wO DESIGN NO.
7 L) [s0L10 CORE LENGTH CARTER CCGEFFICIENT (67) (X4 )
(24) (he) DEPTH BELOW SLOT AIR GAP AREA (68) (- )} ja
(26) ( Ts) |SLOT PITCH AIR GAP PERM (70l Aq) &
an (T, V) |sLoT PITCH 1/3 DIST. UP EFFECTIVE AIR GAP (69) (9 o)
(42} (K, )  |[SKEW FACTOR FUND/MAX OF FLD. FLUX (1) (€y)
“3) (Kg) DIST. FACTOR WINDING CONST. 712) (€, ¢ |2
(44) (Kp) PITCH FACTOR FOLE CCNST. (73) (Cp ) :
{45) () €FF. CONDUC TORS END. EXT. ONE TURN “8) we) )%
g (46) (ac) COND. AREA 1 ) DEMAGNF TIZ iM% FACTOR (4 €4y | 2
: (47} (Ss) CURRENTY DENSITY (STA.) CROSS ﬁﬁ(}lf.‘"i.mﬁ FACTOR {(75) (Cq )
'-; {49) (" ) 1/2 MEAN TURN 1 ENGTH AMP CID/iN {128)(A)
(53) (Rph) | COLD STA. RES. - 200 C REACTANCE FACTOR 129)(x)
(54) (Rph) HOT STA. RE¢ -~ X°C LEAKAGE REA/CTANCE (IJO)(X“)
(55) (EFyp) [EDDY FACTOR TOP F SACTANCE 11 (13IN(X ad)
(56) (EFiq,) | EDDY FACTOR BOT ARMATURE REACTION M2 Xy |
(62) (xib STATOR COND. >ERM. SYN REACT DIRECT AXIS (133) (X4)
(64) (M) END PERM. _ SYN REACT QUAD AXIS (134) (Xq) u
(65) ( W(. OF STA COPPER FIELD LEAKAGE REACY (160)(X () z
(68) ( ) WT. OF STA IRON FIELD SELF INDUCTANCE (161){Ls ) ]
“n (%) POLE PITCH DAMPER (163 (xpd) | &
(79) (op) | POLE AREA LE4AKAGE REACT (185) (Xpg) |
(82b)(Acq) | “OLE END LEAK PERM. UNSAT. TRANS. REACT (186) (Xdy) |
(Olb)(ﬁcg) FOLE TIP LEAK PERM. SAT. TRANS. REACT (187) (X'd)
«|(808) As2) | POLE SIDE LEAK PERM. SUB.TRANS.REACT DIRECT AX.|(168) (X"d)
g (153) (o CF) FLD. COND. AREA SUB.TRANS.REACY O_l;AD AX. 1(189) (x"“)_.J
&|(154) (RF) | “OLD FLD RES w200 C NEG SEQUENCE REACT (170) (X2 3 ]
(155) (RF) | HOT FLDRES X C ZERO SEQUENCE REACT {172) (X¢)
(156) ( ) | wT OF FLD COPPER TOT AL FLUX (88) (/)
(5 () }wT OF ROTOR IRON FLUX PER POLE (92) (/p)
(1457 (Vr ) PERIPHERAL SPEED GAP DENSITY (95) (Bg) g
(176, {Tdo) |OPEN CIR. TIME CONST. TOOTH DENSITY (9) (8y) :‘
:z? 77) (Ta)  |ARM TIME CONST. CORE DENSITY o4 (8) =
;J: {178) (T'4) TRANS TIME CONST. _ L ~ e _JL:.'OOTH AMPE RE TURNS (97) (Fy ) g
.':; (179) (T*'q) SUB TRANS TIME CONST, o . CORE AMPERE TURNS (98) (F¢) ;
Slosoy (F.c) [sHoRT CIR Wi R GA? AMPERE TURNS (963 (Fg)
1(81) {sCR) _1s+ORT &R RATIO - . .
PERCENT LOAD 0 100 150 i 200 __QPTIRNAL
“¢/y) {100s) LEAK FLUX i14.3 (1970) b .
#/54) (1026) POLE FLUX v \Sa | 1 .
(8,) (104a) POLE DEnsSITY N S R
“(Fp) (104a) POLE NI THFp1) (213¢) L
(Fal) (127) YOTAL Mt o wre) (2 L.
(lni ) (1270) FIELD AMPS _kne) (@37) _ L 4
(S#) (127¢) CUR.DENS.(FLD) e ) 239) _
o {Er) (17.) FIELD VOLTS iK1 7 (248 ) __ .
3 (1ZR,) (182) ROTCR LOSS (Pi-,)i?_‘_!_)* o ¢
o _(Few) (113) Faw LOsS Fae) (123 ) | o :
2 (%mi) (184) STA TOOTHLOSS | o Wi {GeI) R
X (We) (185) STA CORE LOSS ) (s i R
¥ pni ) (106) POLE FAZE LOSS Jwwo@ey! | R -
A%nt) (193) DAMPER LOSS Jovan) (200 ) - e
(12R,) (1M) STATOR CU LOSS f028) (245 o
(~) (%) eoovieoss (=) _(24¢) o _
(=) (1% TOTAL LOSSES -) (247) .
(=) (=) RATING (kW) N-) (us)
{=) (=) RATING & LOSSES k=) e)
(=) (=) PERCENTY LOSSES -) (250)
(=) (<) PERCENT EFF, -) (B7)
REMARKS G-08 DESIGNER pEV 4
e T—— M



NO LOAD SATURATION OUTPUT SHEET

3) (B)
YOLTS

(98) (F ) on @) (97) (F )
AIR GAP .7, TOOTH DENSITY TOOTH AT,

00 @ )
CORE DENSITY

o8) (F )

(%8a) (F,)
STATOR A.T.

(100a) (@ ) (10%a) {chpe) (asa) &)
LEAYAGE FLUX |TOTAL FLUX/POLE | POLE DENSITY

—

(1040} (F P)
POLE A.T.

azn (F )
JOT Ay A, T. (NoL,)

110%

120%

130%

140%

150%

160%

G-04
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SALIENT POLE COMPUTER DESIGN MANUAL

1)
@)

(5)
(%a)
(6)
(M

(8)

(9a)

(10)

KVA

=

PH

P.Y.

- -

DESIGN NUMBER - To be used for filing purposes

GENERATOR KVA

LINE VOLTS

PHASE VOLTS - For 3 phase, wye connected generaior

_ (Line Volts) ¢
PH V3 3

For 3 phase, delta connected generator

E

EPH = (Line Volts) = (3)

PEASES - Number of

FREQUENCY - In cycles per second
POLES - Number of

SPEED - In revolutions per minute

PHASE CURRENT - In amperes at rated load

POWER FACTOR - Given in per unit

ADJUSTMENT FACTOR - When P.F. = 0. to .95 set Kc =1.;
v..nP.F. =.95to 1, set Kc =1.05

LOAD POINTS - The computer program has standard out-
puts for 0, 100%, 150%, 200% load points plus

one optional load point that can be any value

between 0 and 2 p.u. X no optional calculation

is desired. insert 0.0 for item (i) on the input
sheet.

»]
L
-]

[ o gy - -



(11) d STATOR PUNCHING 1.D. - The inside diameter of the stator

punching in inches

(11a)| d ROTOR PUNCHING O.D. - The outside diameter of the rotor

punching in inches

(12) | D PUNCHING O.D. - The outside diameter of the stator punching
in inchces

(13) | / GROSS CORE LENGTH - In inches

(14) n, RADIAL DUCTS - Number of )

(15) bv RADIAL DUCT WIDTH - In inches

(16) | K. STACKING FACTOR - This factor allows for the coating (core
plating) on the punchings, the burrs due tc slotting,
aua the deviations in flatness. Approximaie values

of Ki are given below.

THICKNESS-BF
LAMINATIONS
(INCHES) GAGE Ki
.014 29 0.92
.018 26 0.93
.025 24 0.95
- 928 23 0.97
- 063 -- 0.23
. 125 -- 0.99




(17)

(18)

Ls

SOLID CORE LENGTH - The solid length is the gross length
times ‘he stacking factor. If ventilating ducts are

user,, their length must be subtracted from the gross
lengtiralso.

— — -
/s = {Ki)E) -6, ©,) | = (1) (13) - (19 (lsj

LAMINATICN MATERIAL - This input is used in selecting the

proper mnagnetization curves for the stator and
rotor material, Where curves are avesilable on
card decks, use the proper identifying code.
Where card decks are not available submit data

in the following manner:

The magnetization curve must be available on semi-
log paper. Typical curves are shown in 8ecuon F
on CurveF15, Draw straight line segments
through the curve starting with zero density. Re-

cord the cocrdinates of the points where the

straight_ line segments intersect. Submit these
coordinates as input data for the magnetization
curve. The maximum density point must be sub-
mitted first.

G-3




(19)

(20)

60

50

40

30

20

Density of Kilolines

10

Refer to Figure below for complete sample

! Max.
Pomt\ Sample
Input Data
Density NI
Straight Line
Segment 1) 55 Max.
= 2 0 0
3) 10 1.5
4) 27 1.9
. ‘Intzrsection of g 2% ‘2;3
.Straight Line 7) 48 9.0
i Segments 8) 55 2.0
Straight Line
Segment
! 3 S i56 8 2b

Ampere Turns Per Inch

WATTS/LB - Core loss per lb of stator lamination material.

Must be given at the frequency specified. Curve F-11a provides

losses at 400 cps and 77. 4 kilolines/in2.

DENSITY - This value must correspond io the density used

in ltem (19) to pick the watts/lb. The density that

is usually used is 77.4 xilolines/in2.

<R
1



@1 |1 TYPE OF STATOR SILOT - Designate the type of slot from the
following figure .
For (a) slot use 1. as an input

For (b) slot use 2. as an input

o W W N

For (c) slot use 3. as an input
For (d) slot use 4. as an input
Type 5. is not a slot but instead a particular situ-

ation for an open slot where the winding has only

one conductor per slot.

{q,) Open Slots (b) Corstont Slot width

%
Note: For slot

type C,

b= (by) + (b3)

—bs —| 2

(c) Constant Tooth Width (d)Round Slots

G-5




(22)

(23)

(24)

(25)

(26)

J

s.‘:I" (_’_.'J‘ m:' w::" t\‘F H:“ o:!‘ mC' “U' NC" HU‘ oU"

)
N\

=2
[g]

ALL SLOT DIMENSIONS - Given in inches per item(21).
Where the dimension does not apply to the slot being

used, insert 0. on input sheat.

For slot type C

bg - (P1+ (b3) (22) + (22)
2 2

STATOR SLOTS - Number of

DEPTH BELOW SLOTS - The depth of the stator core below the
slots. (in inches)

Due to mechanical strength reasons, h_ should never
be less than 70% of h.

L o) - [@ « 209)] = a2) - [a1) + 2(22)
— 9 2

Cc

SLOTS PER POLE PER PHASE

. Q@ _ @)
1P - ©®6

STATOR SLOT PITCH, inches

_T(d) _ m(11)
TB'T'%ST

G=-6




(27)

{28)

(29)

(30)

(31)

Ts1/3

STATOR SLOT PITCH - 1/3 distance up from narrowest section
For slot (a), (b), (c), and (€) --(in inches)

7@+ e Tﬂrﬁ—&m’?ﬁ@ﬁ
3T T @

For slot (d)

T|@ + 2@ + m..szaa;j
Q)

-W‘EM) +2(22) + 1.32(2_2)]7

h (23)

Ts 1/3=

TYPE OF WINDING - Record whether the connection is ""wye'

or "delta'". For 'wye' conn use 1. for input. For

""delta' use 0. for input

TYPE OF COIL - Record whether random wound or formed

coils are used. For random wound coils use 0. for

input. For formed coils use 1. {or input.

CONDUCTORS PER SLOT - The actual number of conductors

per slot. For random wound coils use a space tacior

of 75% to 80%. Where space factor is the percent of
the total slot area that is available for insulated con-
ductors after all other insulation areas have been

subtracted out.

THROW - Number of slots spanned. For example, with a coil
side in slot 1 and the other coil side in slot 10, the
throw is 9.




(31a)

(32) | C
(33) | --
(34) | NsT

L Ag—

PER UNIT OF POLE PITCH SPANNED - Ratio of the number

of slots spanned to the number of siots in a pole

pitch. This value must be between 1.0 and 8.5 to

satisfy the limits of this program.

N 0 R ¢ )
m) (@) ~ (5) (25)

PARALLEL PATHS, No. of - Number of parallel circuits

per phase.

STRAND DIA. OR WIDTH - In inches.

For round wire, use
strand diameter. For rectangular wire, use strand
width. This must be the largest of the two dimen-

sions given for a rectangular wire.

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH -

Applies to rectangular wire. To reduce eddy
current loss a stranded conductor is often used.
For example, when the space available for one

conductor is . 250 width x . 250 depth, the actual
conductor can be made up of 2 or 3 strands in

depth as shown. For round wire insert 1.0

Lone conductor
one strand { J




(34a)] Ngr NUMBER OF STRANDS PER CONDUCTGR - This number

applies to the strands in depth and/or width and
is used in calculating the conductor area. Item
(34) is different in that it deals with strands in

depth only and is used in calculating eddy factors.

(35) | dp DIAMETER OF BENDER PIN - in inches - This pin is used

in forming coils. Use .25 inch for stator 0.D.< 8
inches use .50 inches for stator O.D.> 8 inches.

(36) | Lo | COIL EXTENSION BEYOND CORE in Inches - Straight por-

tion of coil that extends beyond stator core.

(37) | hsT HEIGHT OF UNINSULATED STRAND in Inches - This

value is the vertical height of the strand and is
used in eddy factor calculations. Set this value =

0 for round wire.

(38) ] hsr DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH

in inches.

(39) - STATOR COIL STRAND THICKNESS in inches - For rec-

tangular conductors only. For round wire insert
C. on input sheet. This must be the narrowes:
dimension of the two dimensions given for a
rectangular wire.

40) | Tsk | SKEW - Stator slot skew In inches at stator I.D.

G-9




©(41)

(42)

(42a)

(43)

POLE PITCH in inches.

w(d) = ')
Tp: P) (8)

SKEW FACTOR ~ The skew factor is the ratio of the volt-

age induced in the coils to the voltage that would
be induced if there were ro skew.

When TSK =0, Kgg =1

PHASE BELT ANGLE - Input

For phase belt angle = 60° insert 60 on input

sheet.

I

For phase belt angle = 120° insert 12C on input

sheet.

DISTRIBUTION FACTCR - The distribution factor is the

ratio of the voltage induced in the coils to the

voltage that would be induced if the windings

were concentrated in a single slot. See Table F-2
for compilation of distribution factors for the

various harmonics.

G-10




(44)

PITCH FACTOR - The ratio of the voltage induced in the ccil to
the voltage that would be induced in a full pitched
coil. See Table F-1 for compilation of the pitch

factors for the various harmonics.

(Y) | | @3y |
. { N U [ (o]
l{P = Sln' WD x 90 l = sm! mm x 90 ’

TOTAL EFFECTIVE CONDUCTQCRS - The actual numier of ef -

fective series conductors in the stator winding taking

into account the pitch and skew factors but not allow-

ing for the distritvion factor.

Q0 JER s (23)30)a4)42)
e C) ) 32)

CONDUCTOR AREA OF STATOR WINDING in (inches)® -

The actual area of the conductor taking into account

the corner radius on square and rectangular wire.
See the following table fov typical values of covner

radii

I (39) - O thena_ = 257(Dia)" = . 25T(33)

If (39) # O then a; = (N'gT) {:(strand width) (strand
-
depth) - (.858 c2)] = (34a) [(33) (39) - (.858 r,2)]

where .858 r,2 is obtained from Table  below.
(39) | (33) .188 | .189 (33) .75 | (33) .751
.050 | .000124 . 000124 . 000124
072 | . 000210 . 000124 . 000124
1125 | 090210 . 00084 . 000124
1865 | .000840 . 00084 . 003350
. 325 . 001890 . 00189 . 603350
.438 -- . 00333 . 007540
688 - . 00754 . 01340
-- -- . 03020 . 03020
G-11




For 509 phase belt angle aiid g = integer when

(42a) = 60 ard (25! = integer.

Sin 507 - Sin 30°
(a) 5in{30/(a)]  (25)Sin{30/(25]]

Kd =

For 6{° phase Lelt angle and (q) # integer = N/B

reduced to lowest terms.
When (43a) =60 and (25) # integer = N/B reduced
to lowest terms

_ Sin 309  _ Sin 30
(N) Sin{30/(N)]  (43) Sin [30/(43)]

Kq

For 120° phase belt angle and (q) = integer

When (43a) = 120 and (25) = integer

K = Sin 60° - Sin 80° P
2(q) Sin130/(a)]  2(25) Sin |20/(25)]

For 120° phase belt angic and q £ inieger
When (43a) = 120 and (25) # integer = N/B re-
duced to lowest terms

Kq = Sin 600 = ____Sin 600
2(N) Sin [30/(N)] (43} 5+ [30/(43))




(47)

(48)

(49)

(50)

L

¢,

CURRENT DENSITY - Amperes per square inch of stator con-

ductor
s - e _ @
s T ©R) T 32)(486)

C’

END EXTENSION LENGTHE in inches - Can be an input or output.
For LE to be output, insert 0. on input sheet.

For LE to be input, calculate per followiag:

When (29) = 0 then:

i"wh:)

5+KT1Ty

-

Vis 8

R 2
=2x (3‘5) + W,’Llez—) + (35)4, + (31) (26)

—

26)2 - (22)

1/2 MEAN TURN - The average length of one conductor in inches
= @)+ (L) = (13) + (48)

STATOR TEMP °cC. - Input temp at which F. L. losses will be
calculated. No load losses and cold resistance will
be calculated at 20°C.

G-13




(51)

(52)

(53)

(54)

(55)

B

(bot)

RESISTIVITY OF STATOR WINDING - In micro ohm-inches @
20°C. If tables are available using units other than -
that given above, use factors below fcr conversion to

onm-inches.

/,g; . ohng-cir
ohm-cm ohm-in mil/ft
1ohm-cm = | 1.000 0.3937 6.015 x 10°
lohm-in = | 2.540 1. 000 1.528 x 107
1 ohm-cir mil/ft = |1.662 x 10°7 | 6.545 x 10”8 1. 000

{

|
Rgpp|
(C\)ld){

o |

EF
(top)

" EDDY FACTOR TOP -~ The eddy factor of the top coil.

Conversion Factors for Electrical Resistivity

RESISTIVITY OF STATOR WINDING - Hot at X SOC in micro ohm-
inches

x °c) + 234.5 50) 4 3345
Ps(hOt) = (,é)[ 7513 7} (51)E“22§l?5—’

STATOR RESISTANCE/PHASE - Cold @ 20°C in ohms
RspH - (B)ns)QMe) 4 106 = (51)(30)(23)(49) « 10-6
(cold) (M, )(C)2 (5)(46)(32)2 - 10
STATOR RESISTANCE/PHASE - Calculated @ X°C in ohms
RSPH(hOt) = (,SO hot)(ns)(‘Q)wt) X 10-6 '52)(30)(23)(49);{ 107
(m)(2,)(C)2 (5)(46)(32)2

Cal-
culate this value at the expected operating tem-
perature of the machine. For round wire

EFyop = 1




(56)

EF
(bot)

btm

1 ' =2
s~ 1 hs 1) -3
EFy,, = 1+{.584 + 3.35x 10
stt

(b ) )0a, )]
L(bs)( PSLot

-2
2
-1 +(584 . %ﬁ%{,{%}s.as x 1073

2
E37)(30)(5a) (46)
(22)(52)

EDDY FACTOR BOTTOM - The eddy factor of the bottom

coil at the expected operating temperature of the

machine. For round wire EF(bot) =1

(h_)(n_)(f)(a )-)2
EF, .. =(EF, -16717| 228" 10
t t
(bot) (top) ’:(bs)('oshot) _J

= (55) - 1.677 E"’)(__EQ)_(:”E)X‘%?E] 103
(22)(52)

STATOR TOOTH WIDTH 1/2 way down tooth in inches -

For slots type (a), (b), (d) and (e), item (21).

i) + () 11) + (22
btm = —-@Y_j - (bs) =¢Q’§)—:ﬂ - (22)
‘ G—l.5

-3




(57a)

(58)

(59)

(59¢]

bt1/3

€max

For slot type (c), item (21).

() +2(h) | ol 3
btm = S 8 I_ (b3) - 11)+2(22) (22)

STATOR TOOTH WIDTH 1/3 distance up from narrowest section

For slots type (a), (b) and {e)

by 173 = (T 173) - (0g) = @7) - (22)
For slot type ()

by 1/3 = Py = B0

For slot type (d)
b 173 = (T1/3) - r(b ) = (27) - .54(22)

TOOTH WIDTH AT STATOR I.D. in inches -

For partially closed slot
7r(d 1
b ( ) Q)O) 7(11) - (22)

For open slot

7(d 11

MINITMUM AIR GAP in inches - For concentric pole face

min
Enin = 2P at the center of the pole.

= . For non concentric face
€max n n ic pole

MAXIMUM AIR GAP in inches

6-16




REACTANCE FACTOR - Used in calculating conductor prrmeance

and is dependent on the pitch and distributicn facior.

This factor can be obtained from Curve F-5 with an
assumed Ky of . 955 or calculated as shown
(Ky) (61)

C., = - =
Xk k) 49 @)

(61) Kx Factor to account for difference in phase current in coil

sides in same slot.

For 60° phase belt winding, i€ when (42a) = 60
-

Kx = 1/4;-[__.%__3( )+ 1| where 2/3 = (y)/(mM)q) 10
(m)(q) a

Ky = 1/4L(5_35((§2_15)T + 1 where 2/3 = (3la) = 1.0

or

Ky = /4] -89 - 1] where 1/2 < (312) £ 2/3
@) |

Ky = 1/4&%1% - 1 |where /2 £ (31a) £ 2/3

For 120° phase belt winding, ie when (42a) = 120

Kx = .75 when 2/3 2 (y)/(m)(q)

Kx = .75 when 2/3 < (31)

or
- o524 4] s @) ¢

Kx = .os[m T IJ where 1/2 2 (’xﬂ%ﬂ' = 2/3
- .05/ 24(3) _ | < $

Kx Osl}wm -IJ where 1/2 = (3la) s 2/3

G-17




(62) )‘i CONDUCTOR PERMEANCE - The specific permeance for the

portion of the stator current that is embedded in the
iron. This permeance depends upon the configuration

of the slot. (flux lines per ampere turn, per inch of

stator stack).

‘2 Czen S15ts (a) For open slots

1 20 [B) @) o) .35(th1

) M me by 3B IE{"'s)(gvm('rsj;

g

AN ’

LI -] _ 20 (@2 @) (8%  .35(58)
o 2™ 00wy |22 * 5@ * e ()

w! smetact stt Ao (b)) For partially closed slots with constant slot width

SO N 20 |B) 20) k) () (b)2 .35(@»’_)'".
Pl N A= Cy) : e |
P @»v”} 27 Cx) )| ®,) (b\*(b;} B T BEE geal
; Eij“‘s 60) 20 (@2) 202 @2 @ 8’ . .35(58 8) |
T M Ol [ MR o RO R R L)
pe—bg |

¢) Constnt Tootn wath  €)  For partially clescd slots (apered sides)

w)  2m) 2k () )2 35m) )

47~ O i@ B B0 Cneg 3(5) @ )

i = CO Eymsy | En * B 0 e 30D ¢

2
20 |(22) 222) 222)  (22) = (58) .35(58)
( 16(28)(59) © ~(26) ]

r'Y)



(d)Round Slots

(63) | Kg

(64) ' A\g

Aj = (CX) @& .62 + mJ

-
A, = (60) zsrz(gsy {— 62 + (22)

20 | () <h1) @ (9
-(CX)'(—WL-(P—*) +.6-0‘2-(7,8-5-4»zzéjmJ
Z

_ 20 |(22) (22 (58)  (26)
717 ©0) myeesy| o+ sz -© * 2y * 30

(d) For round slots

20 (h, )|

L. -J

(e) For open slots with a winding of one conductor per slot

LEAKAGE REACTIVE FACTOR for end turn

Calculated value (L )
KE Value (L ) from Cu1 Ve F_ﬂFor machines where (11)> 8")

where LE = (48) and abscisa of Graph 1 = (X)(’[;) = (31)(26)

alcuiated value of (LE) (For machines where (11)<8")

KE Y Value (LE) irom Curve F-1

END WINDING PERMEANCE - The specific permeance for thLe

end extension portion of the stator winding*

. 628(& ¢ E 6. 28(63[_QE Lg
e )t (13)(43) n

The term —%—E is obtained from Curve F-1

The symbols used in this (term) do not apply to those
of this design manual. Reference inforiaation for the
symbol origin is included on Curve F-1.

* See (62) for units G-19




(e5) | -- WEIGHT OF COPPER - The weight of stator copper in ‘'us.
#s copper = .321(ng)(@)ac)({) = .321(30)(23)(46)(49)

NOTE: This answer is given in lbs. based on the dorsity
of copper. If any other material is usec, ihe
answer on output sheet can be converted by the

designer by multiplying by the ratio of densities. -

(e6) | -- WEIGET OF STATOR IRON - in lbs.

s tron = 283 (B N4y + TID) - )] 0L}

283 657)(23)(17)(22) 47 (02) - (29)] (24)(17)}
67) | CARTER COEFFICIENT

(e e)]
B = e P
(1) 5@ + ©)) ] - &)

mn

(For open slots)

K - (200[5(59)+ (22) ]
® @6)[569) + (22)] - (22)°

LT E.44(g)+ .75(bOZl
® 7 (4 44() + .75(b°}:|- ()

) (For partially closed slots)

| c - (20)[4.44(59) + .75(22) ]
| ® (26)[4.44(59) + .7522]] - (22)°

G-20




(68) A AIR GAP AREA - The area ol the gap suriace at the stator bore

Gap Area = T1(d)({) = T{11)(13) (in square inches)

{63) ge EFFECTIVE AIR GAP (in square inches)

g, = (K,)(@) = (67)(59)

1 (0¢) )a | AIR GAP PERMEANCE - The specific permeance of the air gap
(See (62) for units)

_6.38(d) _ 6.38(11)

7a = P)g,) ~ YY)
(71) | ¢; | THE RATIO OF MAXIMUM FUNDAMENTAL of the field form

to the actual maximum of the field form - This term
can be an input or euiput. For C1 to be outpui insert

J. on inpui sheet and the computer program will
calculate it. For Cj to be input, determine Cq

as follows:

For pole heads with only one radius, C1 is nbtained

from curve F-4. The abscisa is "'pole enibrace' (cc)
= (77). The graphical flux plotting me‘nod of deter-

mining C1 is explained in the section titled "Deriva-
tions" in the Appendix

(72) | C WINDING CONSTANT - The ratio of the RMS line voltage for a
full pitched winding to that wiich would be induced

in all the phase conductors in series if the density were
uniform and equal to the maximum value. This value

— —— . ey



(73)

(74)

can he an input or output. To have the program cal-
culate Cyy, insert 0. on input sheet. For Cyy to be
an input, calculate as follows:

(E)(C 1)(Kd) _ {3)(11)(43)

Cy = — =
Y2 Eppm) V2 @)

Assuming Kd = .955, then CW = ,225 C1 for three

phase delta machines and CW = .390 C1 1or three
phase star machines.

POLE CONSTANT - The ratio of the average tv the maximum

vaiue of the field form. This ra‘io can be an input or
output. To have the program calculate Cp, insert

0. on input sheet. For Cp to be an input, deter-
mine as follows:

For pole heads with more than one radius CP is cal-
culated from the same field form that was used to
determine Cl’ and this method is described in the
section titled "Derivations' in the Appeacix

For pole heads with only

one radius, Cp is obtained from curve F-4. Note
the correction factor at the top of the curve.

DEMAGNETIZING FACTOR - direct axis -~ This factor can be
an input or output. For CM to be an cutput, insert
0. on input sheet. For CM to be an input, deterimine

as follows:

G-22




(75)

(76)

(77)

(cc) 1+ sin[ (@) 7] (77)7+ sin [(TT)77 ]
Mo 4 sin[ (a) 2] ) 4 sin [(77) 2]

Cc

CM can also be obtained from curve F-9

CROSS MAGNETIZING FACTOR - quadrature axis - This factor

can be an input or output. ¥or C_to be an output  in-
q

sert 0. ~.n inpu. sheet. For Cq to be an input, deter-

mine a: follows:

concentric

1/2 cos[(ac) 2]+ ()T - sin[ (cc)T ] \ valid for

4 4 sin [(oc) 7772] ‘ poles

)

1/2 cos[ (17) W2+ (17)T - sin[ (1)1 ]
4 sin[ (77) /2]

Cq can also be obtained from curve F-9

POLE DIMENSIONS LOCATIONS

Where:

bh = width of pole head

b o " width of pole hody

hh = height of pole hzad at center
hf = height of pole body

[p = length of pole body

b4 = length of pole head

all dimensions in inches

POLE EMBRACE

b
aﬁz—ng(rz%
T'b d

G-25




(80b)

81b)

(82h)

(87)

Mek

POLE AREA - The effective cross sectional area of the pole.

ap = (hp)(lp)(Ki) = (76)(76)(16) (square inches)

POLE SIDE LEAKAGE PERMEANCE - See (62) for units

(hy)
N sg "‘{w(P)[(dp “20,) - 5B (‘)p)}

- (76)
'@/(6)[(113) = 2(78) - - 5(16) |- (76)
POLf TIP LEAKAGE PERMEANCE - See (62) for units

2[(n) + (@) - (7 )/18 ]

e ” () - ®y)
) {ige) + (59) - (41)/18_
- (41) - (76)

POLE END LEAKAGE PERMEANCE - See {62) for units

Pet Z)

_ }2[@e) - (13)]+ (16) + .25(76)
-[fmo-nfgfm s |

2Eﬂh) - (z):|+ (h) +.25(b ) 7}

NO LOAD SATURATION CALCULATIONS - The equations,

items 88) to (127) are used to calculate points for
the no-load saturation curve. Insert 1. on input
sheet tor "No Load Sat.'" The computer will cal-




(88)

(91)

(92)

(94)

(95)

2

culate the no load saturation points at 80, 90, 100,
110, 120, 130, 140, 150 and 160% of rated volts.
If the complete saturation data is not necessary,
insert 0. on input sheet and the computer will

calculate only the 100% volt data.

TOTAL FLUX IN KILO LINES

G, = 6@ 6@’
O1 = T, )EPM) ~ )@

TOOTH DENSITY in Kilo Lines/in2 - The flux deusity in the

stator tooth at 1/3 of the distance from the minimum

section.

¢T (88)

BT TG, ) - RN

FLUX PER POLE in Kilo Lines

o @) g8y 73
) e (9]

CORE DENSITY in Kilo Lines/im2 - The flux density in the

stator core

B - @p) )
¢ ™ 20 L) - 2024)(17)

GAP DENSITY in Kilo Lines/in® - The maximum flux density

in the 2ir gap
g @)  7Ans)
G-25




(96,

(97)

(98)

(98a)

(100a)

By

AIR GAP AMPERE TURNS - The field ampere turns per pole
required to force flux across the air gap when

operating at no load with rated voltage.

) x10°
_ (Bglee) x 107 _ (95)(69) x 103
g 3.19 3.19

STATOR TOOTH AMPERE TURNS

Fp=h [Nl/in at density Bt]

= (22) ["Look-up on stator magnetization curve given in
(18) @ density (91)

STATOR CORE AMPERE TURNS

_ .
= E‘%ﬂ(—-c—]] [Nl/in @ density of(Bcﬂ

P _
o 112) - (24)] Look-up on stator magnetization curve
— l__given in (18) @ density (94

&
J

-

STATOR AMPERE TURNS, total

FS = (FT) + (Fc) = (97) + (98)

LEAKAGE FLUX - at no load
By = -00638[ (A ) + (R ) + () [(F) + (Fgh |(4p)

. .00638'180b)+(82b)+(81bz] [(96) + (98a) :](76)

G-26
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(103a)

(104a)

(127)

(102a)

NL

TOTAL FLUX PER POLE - at no load

¢PT = ¢P + ¢£ = (92) + (100a)

POLE DENSITY - The flux density at the base of the pole.

Note that no provision is made in this manual for

calculating the density in the spider section. It

is, therefore, important to remember not to re-

strict ' e flux area through this section.

(¢PT) _ (102a)

Pp = &y T

POLE AMPERE TURNS - at 1o lvad. The ampere turns per pole

required to fcrce the flux through the pole and spider

at no lezd rated voliage. In general the spider density
is Lept fairly low and its ampere turns can be neg-
lected. The no load pole ampere turns per pole are
calculated as the product of Ehf) + (hh)] times the NI
per inch at the density (BP). Use magnetization curve

submiited per item (18) for rotor.

%]
|

- [(hf) + (hh):_] E\H/in @ density (BP):]

[:(76) + (76)] [Look—up on rotor magnetization ]
curve given in (18) @ density(103a)

TOTAL AMPERE TURNS - at no load. The totai ampere turns

per pole required to produce rated voltage at no load.

Fp = [(Fg) + (Fg) + (Fp)|=[(96) + (982) +(104a)




(127a)

(127b)

(127¢)

(128)

(129)

FNL

%)
*e

FIELD CURRENT - at no load

Ipny = (Fyp)/ Op) = (127)/ (1462)

FIELD VOLTS - at no load. This calculation is made with cold

field resistance at 20°C for no load condition.

EF = (IFNL)(Rfcold) = (127a)(154)

CURRENT DENGJITY - at no load. Amperes per square inch of

field conductor.

Sp = Upyp)/ agg) = (1272)(153)

AMPERE CONDUCTORS per inch - The effective ampere con-

ductors per inch of stator periphery. This factor
indicates the "specific loading' of the machine. Its
value will increase with the rating and size of the
machine and also will increase with ’éhe number of
poles. It will decrease with increases in voltage or
frequency. A is generally higher in single phase
machines than in polyphase ones.

A - Upp) () Kp)  (8)(30)(44)
O T e

REACTANCE FACTOR - The reactance factor is the quantity by

which the specific permeance must be multiplied to
give percent reactance. Specific permeance is de-

fined as the average flux per pole per inch of core

length produced by unit ampere turns per pole.

&«

o« P

Al

M S . “h - [ T S A ‘“'



(130)

(131)

(132)

ad

aq

100(A)(K d)

X g = =00 (128)(43)

V3 (71) (95) x 105

i wfz‘(cl)(Bg) x 10

LEAKAGE REACTANCE - The leakage reactance of the stator
for steady state conditions. When (5) = 3, calculate

as follows:
Xy = XL + (hg) ] = (129)(62) + (64) | percent

In the case of two phase mnachines a component due

to belt leakage must be included in the stator leakage.
reactance. This component is due to the harmonics
caused by the concentration of the MMF into a small
number of phase belts per pole and is negligible for
three phase machines. When (5) = 2, calculate as

follows:
73 Voo . "3(31)'_] o‘}
‘ 90 0
_0.1{d) L)) ‘]_ 0.1(11) - LZESZZSS ’
’B~ e, ®p) | ©)69) c2

Xy = X[()\i) + ()‘E) + ()«B)] where rg = 0 for 3 phase machines.

Xy = (79)[(62) + ©4) +(130ﬂ percent

REACTANCE - direct axis ~ This is the fictitious reactance due

to armature reaction in the direct axis. (in percent)

X, = BIACCy) = (129)(70¢)(711)(74)

REACTANCE - quadrature axis - This is the fictitious reactance

due to armature reaction in the quad axis. (percent)

Xaq = ®UCH(,) = (129)(75)(70c)
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(134)

(135)

(136)

(137)

(138)
(139)
(140)

(141)

SYNCHRONOUS REACTANCE - direct axis - The s.cady state

short circuit reactance in the direct axis. (percent)

Xy = Kp)+ (X, = (130)+ (131)

SYNCHRONOUS REACTANCE - quadrature axis - The steady

state short circuit reactance in the quadrature axis.

Xq = <XI,) + (Xaq) = (130)+ (132) (percent)

DAMPER SLOT DIMENSIONS

b, - Width of slot opening //

hbo - height of slot opening

hb - diameter of round slot

hbl - height of bar section of slot
bbl - width of rect~..gular slot

All di isions in inc =35

DAMPER BAR DL\ OE ‘WIWTr *ches

DAMPER BAR THICKNESS in inches - Damper har thichness
considered equal to damper bar slot height per

item (135). Set this item = 0 for round bay.

NUMBER OF DAMPER BARS PER POLE

DAMPER BAR LENGTH in inches

DAMPER BAR PITCH in inches

RESISTIVITY of damper bar @209C in micro ohm-inches -

Refer to table given in item (51) for conversion

factors.
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(142)

(143)

(144)

(145)

(143a)

(147)

(148)

(149)

cd

DAMPER BAR TEMP °C - Input temp at which damper losses

are to be calculated.

RESISTIVITY of damper bar @ XDOC

(X, C) + 234.5 142)s
(/’)E LT ] 141[ 234 5

CONDUCTOR AREA OF DAMPER BAR - Calculate same as
stator conductor area

L D(hot) ~

K (137)=0

a4 = .257 (de.mper bar dia)2 * .2571’(136)2

If (137# 0
a4 = (hbl) (damper bar width) = (137)(136)

PERIPHERAL SPEED - The velocity of the rotor surface in feot

per minute

VI‘

_TYIEPM) 1))
=TT 13

NUMBER OF FIELD TURNS PER POLE

MEAN LENGTE OF FIELD TURN, inches

FIELD CONDUCTOR DIA OR WIDTH in inches

FIELD CONDUCTOR THICKNESS in inches - Set this item = 0.
for round conductor
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(150)

(151)

(152)

(153)

(154)

(155)

(156)

(hot)

cf

(cold)

FIELD TiEMP IN OC - Input temp at which full load field loss is
to be calculated.

RESISTIVITY of rotor field conductor @ 200C in micro ohm-

inches. Refer to table given in item (51) for conver-

RESISTIVITY of rotor field conductor at xf°c

Exf C) +234.5 - (t51) |(50) + 234.5

(hot 254.5 254 5

CONDUCTOR AREA OF ROTOR FIELD WDG - Calculate same
as stator conductor area  (46) except substitute

(149) for (39)
L(148) for (33)

COLD FIELD RESISTANCE @ 20°C

(Np)P)(£, ) x 107° 146)(6)(147) x 10~ 6
R (cold) = U?f) (@) - = (151) o )515‘"3 -

HOT FIELD RESISTANCE - Calculated at xfoc (103)

(N.D)(P)(I )x 10-6

-6
- (152) (146a)((1)(513¢§7) x 10

WEIGHT OF ROTCR FIELD COPPER in lbs

The answe: is given in lbs. based on the density of
copper. If any other material is used, the answer
on the output sheet can be converted by the designer

by multiplying by the ratio of densities.
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(157)

(158)

Ao

#'s of copper = . 321(NP)(P)(,ltr)(acf,
= .321(146)(€)(147)(153)

WEIGHT OF ROTOR IRON - Because of the ..1ge number of

different pole shapes, one standard formula cannot

be used for calculating rotor iron weight. Therefore
the computer will not calculate rotor iron weight.

The space is allowed on the input sheet tfor record
purposes only. By inserting 0. in the space alowed
for rotor iron weight, the computer will show "0. "
on the output sheet. If the rotor iron weight is avail-
able and inserted on input sheet, then the cutput sheet

will show this same weight on the output sheet.

PERMEANCE OF CAMPER BAR - The permeance of that porticn

of the damper bar that is embedded in pcie iron.
(See (62) for umts)

For round slot

35)

For rectangular slot

(hyg) () (135) (135)
=6 38[m+3@+ 5‘] 638E35) 3£5) .5

PERMEANCE OF END PORTION OF DAMPER BARS




e e

(160)

(161)

(161f)

(162)

Dd

FIELD LEAKAGE REACTANCE in percent

F= %9 | -3 I ()

[cp/cy)]
mx)

=(131) E - Lﬁl)—/—(%flﬁ‘ff)\]
)

'L 2(713) + =7

FIELD SELF INDUCTANCE, henries

L, = (2@ [(CpR) § + A ] x 107

= (1462)2(6)(76) (73)(70¢) — - (1611) x 108

ROTOR LEAKAGE PERMEANCE (See (52) ‘or units)

Mg = 4.25 [(Asl) + 1.5(~ c)] + 6. 38(7\

= 4.25 Esmm 1. 5(81bj + 6.38(82b)

PERMEANCE OF DAMPER BAR - in direct axis

: cosﬁnb) 1}(7;,»1{{(»\)” it (%)}

2(7p) Mot Aptt M
58)- 1¥(140) 58) + (159)}(161f
{;0’ LL {&( 58 'Lé's (71'6'1%}
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(163)

(164)

(165)

(166)

(167)

Dq

du

DAMPER LEAKAGE REACTANCE - in direoct ax‘s (percent)

S kaDd)= (120)(162)

PERMEANCE IN QUADRATURE AXIS See (62) for units

For round slot

rp DD 9]

q= (TPT Zhboj+ .62+ .5+ ﬁ—l;;

—
_ 20(140) (135) (59)
= @I (m)+.62+.5+(1~40)vJ

For rectanguiar slot
20Ty () @]
o) * [T (bbp*swbp*'s*ﬁp_,

_ 20(140] (135) (135) (59)
= m—'_m‘f 5(155)+ .5 +("1-‘E~)

DAMPER LEAKAGE REACTANCE - in quadrature axis (percent)

xDq = X(?.})q) = (129)(164)

UNSATURATED TRANSIENT REACTANCE \percent)

X gq = 02) + (%) = (130)+ (160)

SATURATED TRANSIENT REACTANCE (percent)

4

4= -88(X, ) = .88(166)
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l

L (68) | X,
169) | x
(169) q
17

(170) X,
{172) XO

—r— o ————y——t T e

SUBTRANSIENT REACTANCZ in direct axis (percent)

When damper bars exist, i.e. when(138)# 0
Z;= X7)+ (XDd) =(130)+ (163)
When uo damper bars exist, i.e. when(i38)= v

X, = (%g) = (167

SUBTRANSIENT REACTANCE in quadratuce axis (percent)

When damper bar exists, i.e. when(138)# 0
X, = (Xg) + (xDq) = (130)+ (165)
When no damper bars exist, i.e. when{(138)= 0

T

X =X =(134
q = Xg =139

NEGATIVE SEQUENCE REACTANCE - The reactance due to the

field whicu rotates at synchronocus speed in a direction

opposite to that of the rotor. (percent)

Xy =5y + X = .5 [(168) + (169]]

ZERO SEQUENCE HEACTANCE - The reactance drop across

any one phase (star connected) for unit current in each
of the phases. The machine must be star counected
fcr otherwise no zero sequence current can flow and

the term then has no significance. (in percent)
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(173)

(174)

(175)

K
X0

x1

If (28) = 0

U (28) £ 0

X, x{(—7 [/»)+(7~ )]

=(129>(E173

ThenX =0
o}

Then

1.

667 [(h ) +2 (L, )]
=+ .2(~

(m) @K K ) o)

[‘62)  (175) q 1.667 [(22)+2(zz)

( - (5)(25)(44) (43) (22)
If 30)=1  ThenK _ =1
(3041 Thenk —(3—(%—)- 2
331
“B)Y@5)
(30)=1  ThenK =1
30) £ 1 Then
- _ -
3(y) 3(:
SN n(l) )q- . J:LT‘%%%T v 3| 1@ =667
sy 11 [ 36y 1)
K, ‘Rﬁgcﬁ - ﬂ:’—m(ﬂz%' é If (31a) < .667
If (92) = Then
Bo (E‘R; E07(} )] = (1_732)_[ 07(70c]
(Kp) (44)
(K,) (¥ o)
A(K_xp( by * (;(;)g Eo7(7ta):|
(138)# 0 Thenk, = &) &)
X0 } X0
{U‘xl’ | D“)} (<) E""%’]}

Y O

e b Y e e <= e

:
)



(176)

(177)

a ARMATURE TIME CONSTANT - Time constant of ti D.C

_ T(i%) (164) + %% [.ov(mﬂ
f )|
IR

(773) {i73)
e (164)§{W' .
If (Kxo) = 0,(Apo) = 0
(173) = 0, (175) = 0

do OPEN CIRCUIT TIME CONSTANT - The time constant of the

field winding with the stator open circuited and with
negligible external resistance and inductance in the
field circuit. Field resistunce at room temperature

(ZQOC) is used in this calculation. (seconds)

T - OF _ (161
do Rp T (159)

See appendix fo explanation of itime constants

LY TIPS

component. In this calculation stator res.stance at

room temperature (2000) is used. (seconds)

X
T - 2 (170)
a mﬂr_a)' 2007 (52)(177)

2
wherer_ = .(_nj)aPH) (RSng cold) - (5)(3)2(53)
*  (Rated Kva)x 103 @) x 103

TRANSIENT TIME CONSTANT - The time constant of the

transieat reactance component of the alternating
wave. (secords)

Ty (T,,) =%W (176)
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(180)

(181)

SC

SCR

e . e e i St s e

(L]

I Lt L

SUBTRANSIENT TIME CONSTANT - The time constant of the

subtransient component of the alterrnating wave.
This value has been determined empirically from
tests on large machines. Use following values.

1]

d

t

T . 035 second at 60 cycle

1t

Ty

. 005 second at 400 cycle

SHORT CIRCUIT AMPERE TURNS - The field ampere turns

required to circulate rated stator curreant when the

stator is short circuited.

Fgo = (X (F) = (133)(29)

SHORT CIRCUIT RATIO - The ratio of the field current to pro -

cuce rated voltage on open circuit to the field current

required to produce rated current on short circuat.

Since the voltage regulaticn depends on the leakage
reactance and the armature reaction, it is closely
related to the current which the machine produces
under short ¢ rcuit conditions, and therefore is

directly related to the SCR.

F

. NL _ (127)
SCR = Fgo  (180)
G-39
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(182)

(183)

I'R

F&W

2
ROTOR I'R - at no load. The copper loss in the field winding

is calculated with cold field resistaice at 20°C for
no load condition. (watts)

2 \2

Rotor I"R = (IFNL’ (Rfcold) = (127a)% (154)

FRICTION & WINDAGE LOSS (Watts) - Note: Write 0 on input
sheet when computer is to calculate F & W. In-

sert actual value when known.

To ratio from test data, assume that F & W loss
varies as the 5/2 ;. ver of the rotor diameter

and as the 3/2 power of the RPM,

The formula below gives an approximate answer
wken test data is not available. For a more

rigorous treatment use the information given in
the rotor friction analysis appended to the thermal
analysis section (Section C, Vol. 1)

F&W=252x10° (dr)?“ 5 (4,) ®PM)*-°

2.52 x 1078 (112)%-% (76) (1)1- 3

For gases or fluids other than standard air, the
fiuid density and viscosity must be considered.
The formula given in the manual can be modified

by the factors

.8 .2
f u
.0765 .0435
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(184) WTNU

(185)| W

where

Y - density - Lbs FT3
4K - viscosity LBS FT"1 HR™!
.0765 - density std. air

. 0435

viscosity std. air

STATOR TEETH LOSS - at no load. The no load loss (WTNL)

consists of eddy current and hysteresis losses in the

iron. For a given frequency the no load tooth loss
will vary as the square of the flux density. (watts)

Wonp = 4530, 1 /g)@(£)(h)KY)

= .453(57a)(23)(17)(22)(184)

Where X__ = (k) (B) (19 (91)
ere Xg = ®)| @y | = (9| oy

STATOR CORE LOSS - The stator core losses are due to eddy

currents and hysteresis and do not change uader load

conditions. For a given frequency the core loss will

vary as the square of the flux density (Bc). (wa'ts)

We

1.42] (D) - (hy) | ()UK

1}

1.42 [(12\ - (24):] (24)(17) (185)

| [ (B,) ]
Wher?2 K(Q = (k) _‘(BT (19 26)

Gt




(186) | Wy oo | POLE FACE LOSS - i no load. The pole surface losses are

due to slot ripple caused hy the stator slots. They
depend upon the width of tue stator slot opening, the
air gap, and the siator slot ripple frequency. The no

load pole face loss (W ) can be obtained from

ENL

Curve F-2. Curve ¥-2 is plotted on the bases of open

slots. In order to apply this curve to partially open

slots, substilute bo for b_. For a betcer uaderstand-
w

ing of Curve F-2, use the foilowing sample.

K1 as given or Curve F-2 is derived empirically and
depends on lamination material and thickness. Those
values given on Curve F-2 have been used with succes:
K, is an input and must be specified. Sce item (187)
for values of Kl'

K2 is shown as being plotted as a functlion of (BG)Z' 5.

Also note that upper scale is to be used. Another
note in the lower right hand corner of graph indi-

cates that for a solid line ( ), the factor is read

from the ieft scale, and for a broken sr dashed line
(— ~ — -, the right scale should be read. For
example, find K2 when Bg = 30 kilo lines. First lo-
cate 30 on upper scale. Read down to the intersection
of solid line plot of K, = fn(BG)Z‘ 5. At thus intersectio
tion read the left scale for K . KZ = ,2%8. Also refar

to item (188) for K2 calculations.

K3 is shown as a solid line plot as a function of
(FSLT)I' 65. The note on this plot indicates that the

upper scale X 10 should be used. Note F = slot

SLT
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frequency. For an example, find K3 when rSLl‘ =
1000. Use upper scale X 10 to locate 1000. Read
down to intersection of solid line plot of K3 =
f(FSLT)l' 65. At this intersection read the left scale
for K3 K_3 = 1.35. Also refer to item (189) for K3
calculations.

For K4 use same procedure as outlined above except
use lower scale. Do not confuse the dashed line in
this plot with the note to use the right scale. The
note does not apply in this case. Read left scale.
Also refer to item (190) for K 4 calculations.

For K5 use bottom scale and substitute b o for bs when
using partially closed slot. Read left scale when using
solid plot. Use right scale when using dashed plot.

Also refer to item (191) for K5 calculations.

For K6

from left scale. Also refer to item (192) for Ke

use the scale attached for C‘1 and read K6

calculations.

The above factors (KZ)’ (K,), (K4), (K5), (KG) can
also be cz'culated as shown in (188), (139), (190),
(191), (192), respectivrly.
Wonr = TEENE,) KK ) K (K)

= 7 {(1I(13){187)(188)(189)(190)(19°){152)




(187)

(188)

(189)

(190)

K1 is derived empirically and depends on lamination material
and thickness. The values uszd success “ully for K1

are shown on Curve F-2. They are:

= 1. 17 for . 028 lam thickness, low carbon steel
= 1.75 for . 063 lam thickness, low carbon steel
= 3.5 for .125 lam ihickness, low carbon steei
= 7.0 for solid core

K1 is an input and must be specified on input sheet.

K, an be obtained from Curve F-2 (see item (186) for explanation)

or it can be calculated as follows:

K2=ﬁ(BG) = 6.1x 10

= 6.1x 1070 (95)

5

2.5

K3 can be obtained from Curve F-2 (see item (186) for explanation)
or it can be calculated as follows:

Kfﬁ(F SLT

1.5147x 1077 (p.,_ )15

SLT)

1.5147 x 1072 (189)1-6°

Where FSLT -(R—-G'?O-M—) Q)

= (7)
55 @3

K, can be obtained from Curve F-2 (see item (186) for explanation)
or it can be calculated as follows:

For7—;§.9

\ 1.285
K;ﬁ( g 87

« .81(26)} 285

G =it




(191)

- - 1. 145
Xy : in( ) = .79(7'8)

= .79(26)1- 1%
19

K4- fn( S) = .92(7;)
= .92(26)" "9

K5 can be obtained from Curve F-2 (see item (13¢ for

explanation) or it can be calculated as follows:
For (bs)/(g)é 1.7

Ky=fmloe/e) =3[0/ @ %

2.31

.3 Bzz) / (59)
NOTE: For partially open slots substitute bo for bS

in equations shown.

For 1.7<(bs)/ (g)£3

Ky = b))/ (@

n

.35[ )/ @]
- .35[(22)/ (59)]®

For 3<(b)/ &) £5
Ky o) (0 -625[ /@]
- 62522/ 59)|

[1-8
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{19

(19

2) | K

[$2]

3) | WpNL

For (b,)/ (g)>5

N

. 965

1.38[ (b)) / (@) |

y . 965
1.38 l_(22) / (59)_]

K can be nbtained from Curve F-2 (see item (186) for

(‘D
SD
-
=
[}
N

or it can be calculated as follows:

K, 7(1((: )

i

10[. 9323(C,) - 1. 60596]

. E9323(71; -1 60596]

DAMPER LOSS - at no load at 20°C. This loss is produced by
slot ripple in the damper winding. At no load this

loss is calculated from curves F-7 and F-4.

2
1.246(P)(n, )(4}) (A)
w ) MK )
DNL T T [QRIERISSEE
— 2
(6, )| ey W |
f1 WJTFV{R@U
(Kgyo)
+ (Ke)| —
200) +[ (A )/<x¢2>]
1.246(6)(138)(139)(141)
\'' g =
DNL (4 x 1of 5)(95)(193) (193)_]

[

(193) (193) 1 r (193)
20T93)+[T 43)/1193) J *+( 93)&6@{69‘ 3)/9%)




(Cont.}

1
Where K_, = 1 -
Pl I, /2@
=1-. 1
Vi+[@2) /269

NOTE: Substitu.e oo for b _when partially opened
[~
stator slot is used.

Kp1 can also pe obtained from curve F-7 where abscissa

is (b.)/ (g) or (b ))/ (g) = (22)/(59)

Vhere Kg (Ks) = {(67)

1
Where g (Kg)(g) = (193){59)
Where Kfl & Kfz are obtained from curve -7

Where the abscissa is S, o1 S

197 Sy
(faq) -
S1 . f133)
= R4 - = ——— 1
8, =.32 1/ AR ) R
2 (/ODS b 1V an)
“ihere £, = 2qmf = 2(25)(5)(52)
- \
fgy = 2{g;)

Wiere K’W‘i and sz are obtained from curve -8
where the abscissa is (b )/ (7;) for open slots or
o)/ {’7;) for semi-enclosed slots (bs)’/ (Ts) =
(22)/ (26)

T - — . T S A~ G~ v et o —— et v



(194)

(195)

(196)

(Cont.)

IR

Where M is obtained from curve F-7

e Sty - (135)
Where the abscissa is (bho) /(g) = (193)
When (91)= 0 or when (90) = (91)
)\C = li:% = (137%— For round or square slots

When (137) = 0 and when (136) # (137)
x. - hyy) sy
C = 3 )&y - 3A35)(199)

Where g = oo + () + )
0
=%§+ (193) + (193)

L00) _ 140)

Where }g (g,) 93

Where K¢1 and K¢2 are obtained from curve F-8

Where the abscissa is (7{)) / ('rs ) =7140)/ (26)

STATOR IZR - at no load. This item = 0. Refer to item (245)

for 100% load stator IZR. (in watts)

EDDY LOSS - at no load. This item = 0. Refer to item (246)

for 100% load eddy loss. (in watts)

TOTAL LOSSES - at no load. Sum of all losses. (in watts)

Total losses = (Rotor 12R) + (F & W) + (Stator Teeth Loss)

+ (Stator Core Loss) + (Pole Face Lossg)
+ (Damper Loss)

= (182) + (183) + (184) + (185) + (186) + (193)
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(197a)

(198)

(198a)

Bos

NOTE: The output sheet shows the next items to be:

(Rating), (Rating + Losses), (% Losses), (%

ficiency).

These items do not apply to the no load calculation

since the rating ie zero. Refer to items (248), (249)

(177), (178) for these calculations under load.

Item (100) through (127¢)have been calculated for 0%
load or no load. They should all he repeated now for

100% load.

LEAKAGE FLUX PER POLE at 100% load

(e(my) +[1+ cos(®) | (F ) + () |

01y = B4 F)+ T+ (F

c’

{
J

- (100a) 198) (96) + [1+ cos(1982)] (97) + (98)

(96) + (97) + (98)

Where e

d cos€+%8.) sin ¥

cos (198a) +%—g§—)sin (193a)

Where 8 = cos™! [(Power Factor)J
= cos”} [(9)]
[ x )/ (100)
Where { = tan”! | 8in (8) :os (g.’ ]
-1 sin (160b) + (134) / (100
= tan o cos?198a)

Where € = ¥/ - 0 = (198a) - (198a)
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(213)

(213a)

(213k)

(213c)

(236)

(237)

PL

PTL

PL

PL

FL

FFL

FLUX PER POLE at 100% load, Kilolines
FCR PF.O TO -95

93X ) W
Bop = @) ey - —»~1———~ sin (w)

.93 (131) ;

(92) r( 98) - ——T(()T——/ in (198a)‘l
For PF. .95 TO (0 Dp =@eXke) - _ (92)(92)
TOTAL FLUX PER POLE at 100% load, Kilolines

Q)PTL = ¢PL + ¢Zl = (212) + {197a)

FLUX DENSITY AT BASE OF POLE at 100% load, Kl/in2

_ ¢PTL _ (213a)

Bpy, = a, ~ (79)

AMPERE TURNS PER POLE at 100% load

FPL - [(hf) N (hh):] [NI/'m @ density (BPL):]

[(76) + (76)] Look-up ampere turns/inch on rotor
magnetization curve given in (i8) at
density (213h)

TOTAL AMPERE TURNS PER POLE at 100% load - The total
ampere turns per pole required to produce rated load.

Fpp = EQF) +[1+cos @] (Fp) + (F) + (Fpp)
= (198) (96) +[1 " cos(198a)](2'7) + (98) + (213c)

FIELD CURRENT at 100% load, amperes

— (Fep)/ (,NP) = (236)/ (146a)
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(?33) . Lo

L ) R TS Pt BT ST T I A
c1 s o vaoer red temaperature at 10074 load.
Field Vol (o VR {2375(155)
U R WP
(239) SF‘L CURPENT DENSHT vt b fun o amperes per square inch
Maiver t Tynssaoise T y /, VoL fgqey /re o
Lurre OISRy \_I.FF_L,, "J'Lil (dot)/ (103)

| .2 L 2 o
-j (241) i 1 RR I ROTOR IZR ai 1007 ioad - The copper loss in the freld wi din.

is calculated warh hou f1e1d resistance at expecicd

temperature for 1007 load condition. (watis)

| Roios 1°R - (zFFL)‘m ) = 237)2155)

t not!

(242) w. STAT:? TEETH LOSS at 100, lead - oo siafor 1ooth i08s

ander load incire .. oo over vhat of ne load Lecause of
the pairasitic flux. -~ caused by the ripple due to the

rotor damper bar slot openings. (watts)

—

1.8
W = 3¢ -27 (X3) (% Load
TFL T Ooa) + 1/ (Wpnp)
. ( “ 1.8 ~
.27 (183) Load)
= 00 100 | + 1 p (189)
(243), wPFL POLE FACE LOSS at 100% load (watts)
(Ksc)(IPH) @_}‘gg d)(ns)
w = + 1N (W )
PFL (C)(Fg) PNL
2 3
(243)(8)9(13 C10] I (186)

) (Ksc) is obtained from Curve F-3

G-51



(245)

(246)

(247)

I R

DAMPER LOSS w 1007 load  (watts)

/— 7 Loart) 9 ,
\ 7 9] 21" ry \ ' .
'EIE )(IPH) 10

I
\.V =%
OFL )

— e o ' K e '
O OF) J IR e 3
- & : ;
,/- - “’/
ﬁ N
_11(244)(8) 1 (30)1 A
"Zi BE I e A AL
| i
(o —

(ch) is obtained from Curve F-3

STATOR 12_}@_ at 100% load - The copper loss bas ¢ oo e

resistance of the windig, Calcwoie . the oo

expected operating temperature. (watts)

2

2, _ . \( ‘Load)
I"'Re= \m)(IPH) (R

SPHhot! "T100
ol
= (5)(8)" (54) 1.

EDDY LOSS - Stator IZR loss due to skin effect (watts)

EEW Ry

Eddy Loss = 5 - 1 ; Stawr 12:"‘.

-—)

=[:(55)-g(56) _ 1 | 2as)

TOTAL LOSSES at 100% load - sum of all losses at (U3 nad

(Rotor IZR) + (F & W) + (Stator Teeth Lgcss)
(Stator Core Loss) + (Pole Face Loss)
(Damper Loss) + (Stator IzR) + (Eddy Loss)

Total Losses

<+

+

= (241) + (183) + (242) + (185) + (243) + (244) + (245) + (246)

= watts

G=52



(240)

(250)

(251)

"RATING IN KILOWATTS at 100% load

Rating = 3(Ep )p,)  (P.F.) L"{ml*gi“:l

3(0(@)  (9)1.)

RATING & J LOSSES = (248) + (247) x 1073

% LOSSES =|:Z Losses /(Rating + = Losses)] 100

- [(247) x 1073 / (249) ] 100

% EFFICIENCY = 100% - % Losses

]

100% - (250)

Item(197a) through (251) are 100% load calcuations.
These items can be recalculated for any load condicivii
by simply inserting the values that correspond to the

. (% Load)
% load being calculated. The factor 00—
of (IPH) as it changes with load.

takes care

Note that values for F & W (183) and Wo (Stator Core
Loss) (185) do not change with load, therefore they
can be calculated only once.

G=53
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INPUT AUXILIARY DATA SHEET

Auxilfary information taken from the design manuals to be used in conjunction with inpt sheets for

cunvenience.

A. Al dimensiona for lengths, widths, and dlameters are to be given in inches,

B, Reatstivity inputs, Ieris (141) and (151) are to he given in micro-ohm-inches.

The following items along with an explanation of exch are tabulated here for convenience. For complete

explanation of each item number, refer to desiga manus’s,

BRem No,

9)

(9a)
(10)
(14
(15)
(18)

(19)
(20

(21)

(22)

F.planation
Power factor to be given in per unit. For .xample for 90% P.F., insert ,90.
Adjustment Factor - For P.F. < .95 ingert 1.0
For P,F, > .95 ingert 1.05
Optional load Point -- Wheie load data output 18 required at a point other than those given
as standard on the Input sheet, Example: For load dita output at 155% load, insert 1,55,
Number of radial ducts in stator,
Width of radial ducts used in Htem (14).
Magnetization curve of material used to be submitted as cefined in Rem (18).
Watts/Lb, to Le taken irom a core loss curve at the density given in Rem (20) (Stator),
Density in kilolines/in?, This value must correspond to density used to pick Hem (19)
usually use 77.4 KL/tn®,
Type of slot - For opern slot Type A, insert 1.0.
For partially open slot Type B with constant sict width, insert 2.0.
For partially open slot Type C with constant tootr vidth, insert 3,0,
For rownd slot Type D, insert 4,0,
For additionial information, refer to figure adjacent to input sheet which
shows a picture of each slot,
For stator slot dimension - for dimensions that do not apply to the slot insert 0.0,
Use Table below as guide for input,

Slot Type

Symbol Bem 1 2 3 4
b, (22) 0.0 . . .
by 0.0 0.0 * 0.0
by 0.0 0.0 * 0.0
b3 0.0 0.0 * 0.0
bg * . » »
'b 0.0 * » *
M . * * 0.0
n . 0.0 0.0 0.0
hy b . 0.v 0.0
h' » * ] L
g 0.0 . . 0.0
hy ’ 0.0 . * 0.0
* o ingert ectual value,

by + by
Pobga—T



Item No.,

Explanation

(28)

(29)

(30)
(33)
(34)
(34a)
(35)

L))
(38)
(39)

(40)
(42a)

(48)
(87)

(137)

(138)
(140)
(148)
(149)
(187)

m)
(1)
(13)
(14)

Type of wind'ng - for wyz connected winding insert 1.0,
for delta connected winding insert 0.0.

Type of coll - for formed wound (rect. wire), insert 1.0.

for random wound (round wire) insert 0,0,
Slots spanned - Example - for slot span of 1-10, insert 9.0,
For rouvnd wire insert diameter., For rectangular wire insert wire width,
Strands per conductor in depth only.
Total strands per conductor in depth and width.

Diameter of coil head forming pin. Mhsert .25 for stator O.D. <8 inches; _

Teert .50 for stator 0.D, 8 In, Colt Pin
Use vertizal height of strand for round wire, insert 0,0,
h
Distance between centerline of strands in depth. Insulation @: st

Stator strand thickness -- use narrowest dimension of the two dimensions given for a
rectangular wire, For round wire insert 0,0.
Stator slot skew in inches,
Phase belt angle - for 60° phase belt, insert 600,
for 120° phase belt, insert 1200,
See explanation of items (71), (72), (73), (74) and (75). Same applies here,
When no load saturation output data is required at various voltages, insert 1.0.
When no load saturation inform .aon is not required, insert 0.0.
Damper bar thickness -- use damper bar siot height for rectangular bar. For round
bar insert 0.0.
Number of damper bars per pole.
Damper bar pitch in inches.
For round wire insert diameter, For rectangular wire insert wire width,
For rectangular wire insert wire thickness, For round wire insert 0.0.
Pole face loss factor. For rotor lamination thickness .028 in, or less, insert 1,17,
For rotor lamination thickness ,029 in, to .06 in. insert 1,75,
For rotor lamination thickness .064 in. to .125 insert 3,5,
For solid rotor insert 7,0,
K the values of these constants are available, insert the actual number. K they are
not available, insert 0.0 and the computer will calculate the values and record them on

the output,
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NON-SALIENT-POLE DESIGN (INPUT)

Vitroe _ 2

MODEL EWO ______ DESIGNNO.(N BY
(2) [KVA |GENERATOR KVA ' FUND/MAX OF FIELD FLUX a {ar
@ e LINE VOLTS WINDING CONSTANT () [cu |z
10 [ Eph |PHASE vOLTS POLE CONST. (1) {Cp §
21y |m PHASES END EXTENSION ONE TURN “8) |Leg |S
witse) |t FREQUENC™ DEMAGNETIZATION FACTOR (74) {Cm
3 ® | POLES TYPE ROTOR |, 2 3
aln |rem |RrPM SLOTS PUNCHED 300) [Q',
) f1gh | PHASE CURRENT SLOTS WOUND @30 fu,
(9) {PF | POWER FACTOR SLOTS IN POLE CENTER (3020)| N,
(10) OPTIONAL LOAD POINT [ WIDTH GF SLOT OPENING (303 | b,
an |4 STATOR L.D. T HEIGKT OF 51 )T OPENING (303) |h -
a2 |o STATOR .D. SLOT LEPTH ELOW WEDGE @03 {h, |
. § (13) z GROSS CORE LENGTH SLOT WIDTH (303) b, o
; Slae {a,  |no.oF bucts SLOT DEPTH (303) |n, ’g
) § (1) |», |wIDTH OF DUCT SLOT PITCH oy 1¢,, 1%
. - e ik $TACKING FACTOR (STATOR) ROTOR STACK LENGTH @os | f,
1’ oo WATTS/LB, ROTOR STACKING FACTOR 06 |«,
(200 |8 DENSITY ROTOR DIAMETER Mo d,
. (21 TYPE OF SLOT ROTOR I.D. (PCHGS.) (314a)fd
t (22) b, SLOT OPENING HEIGHT VENT HOLES (314b} by
' (222 !ny  ysLOT wipTH TOP WEIGHT CF RCTOR IRON (157) | ()
(22) (k2 POLE FACE LOSS FAC TOR (187) [ (K1)
22) {e3 NO. OF FIELD TURNS/POLE (146a)] Ny
§ 22 lu,  [sSLOTwiDTH MEAN LENGTH OF . . 0, TURN aay | £,
210 fhe FLD. COND, DIA, OR WIDTH (i48) e
S 122) |ny FLD. COND. THICKNESS (149) N
El22) (ko FLD. TEMP IN C (150) | x; 0 C
(22) |h3 RESISTIVITY OF FIELD COND -20° [(151) | P
() Ih, [sLOv DEPTH NO LOAD SAT, (87)
@2 |n, FRIC' [ON & WINDAGE (183) [(F&W)
‘ 22) |h, ROTOR LAM MTR'L (18) 2
; 23 [a NO. OF SLOTS STATOR LAM. MTR'L (CURVE) [ (18) =
i (28) TYPE OF WDG.
(29) TYPE OF COIL
i 30) In, CONDUCTORS/SLOT
GO |y SLOTS SPANNED
32) |e PARALLEL CIRCUITS
| 33) STRAND DIA. OR WIDTH
‘ 2160 [N, |STRANDS/CONDUCTOR STATOR SLOY ROTOR SLOT
S{34a) [N's |STRANDS/CONDUCTOR
! z 39 STATOR STRAND T'KNS . SLOTTED POLE-CENTER 2
! g (35) |db  |DIA. OF PIN SOLID POLE-CENTER !
=6) | e2 JCOIL EXT. STR. PORT REMARKS
1 37  |hgy [UNINS. STRD, HT.
’ (38) |n's [DIST. BTWN. Cy OF STD.
‘ (42a) PHASE BELT/ANGLE
40) |74 |STATOR SLOT SKEW
I 500 |[xq °C|STATOR TEMP °C
(51) TP, |RES'TVY STA. COND, « 20° C
(59 |g MINIMUM AIR GAP H-01 REV. A




TYPE 1

(Type 5 is an open
slot with 1 conductor
per slot)

(

TYPE 3

bg for type 3 is

b =C’2"’ b3 }
S

&) Open Slots (b) Constant Slot Width

= Do

-

¢) Constent Tooth Width

'—b' .

»l

R
]

H-02




SUMMARY OF DESIGN CALCULATIONS ~ NON-SALIENT - POLE (OUTPUT)

., MODEL EwO DESIGN NO,

(7) (X o) ]SOLID CORE LENGTH CARTER COEF FICIENT (67) (K)

(24) (he ) |{DEPTH BELOV SLOT AIR GAP AREA 68) (~) o
|26 (7~.) [sLov PiTeH AIR GAP PERM e () o) |5
1@n (ya12)sLOT PITCH 1/3 DIST, UP EFFECTIVE AIR GAP 69) (g¢) .

(42) (Ksk) |SKEW FACTOR FUND/MAX OF FLD, FLUX () (€1) |w
'143) (K4) |DIST. FACTOR WINDING CONST. 72 (Cw) |E

{¢4) (K o) | PITCH FACTOR POLE CONST, (73) (Cp) E

{45) (e} |EFF. CONDUCTORS END. EXT. ONE TURN “8) (ig) |X

%[(46) (ac) |COND. AREA DEMAGNETIZING FACTOR (760 (cu) |Y
:1(47) (S4) |CURRENT DENSITY (STA.) AMP COND/IN (128) (A)

o w9 (L+i |1/2 MEAN TURN LENGTH REACTANCE FACTOR 129) (X)

! {53) (Rph) |COLD STA, FES. 920° C LEAKAGE REACTANCE (130) (Xq )
J(34) (Rph ) [HOT €. RES. € X °C REACTANCE OF (131) (Xod)
'1(55) (EF 1o0)] EDDY FACTOR TOP ARMATURZ REACTION w

{56) 'EFpbor)| EDDY £4CTOR BOT, - SYN REACT DIRECT AXIS (33 (xg) [Z

{62) AN 1) |STATOR COMD. PETM. FTELD LEAKAGE REACT (60 (£ () |5

(84) ()\ g) | €MD PERM. FIELD SELF INDUCTANCE (16h (g 13

[(65) * ' |wT.OF 5TA CO®PER UMSAT. TRANS.REACT (166) (x'q) | ™

— L®8 () |¥T.oF STAIRON SAT. TRANS, REACY (167) (X*4)

| [B12bMA ) [ROTOR 5LOT LEAX PIR SUR, TRANS . REACT Y

{ (153) (s cp) | FLD. COND. ARFA T i NEG SECUENCE REACT ___ |(170) (X2)

lf -3 (154) (Rg) |COLD FI.D RESS 200C ZERO S5EQUENCE REACT 172 (X,

i %[(155) (RF) |MOT FLD RES, #X° C TOTAL SLUX €8y (<)
t1(156) () [WT OF FLD COFPER FLUX PER POLE (92) {5:p)
-(tis7) ) [T OF ROTOR IRON GAP DERSITY (95 (Bg) |z

1145) \V , ) | PERIPHERAL SPEED TOOTH DENSITY BN By &

TTTTIT76) (T4,) |OPEN CiR. TIME CONST, CORE DENSITY (94) (6. ) |%
3 {71777 (Tq ) |ARM TIME CONST. TOOTH AMPERE TURNS on ) &

gé (178) (T'¢) | TRANS TIME CONST, CORE AMPERE TURNS < Jom (ke ) §
#2[(179) (T"4) [SUB TRANS TIME CONST. GAP AMPERE TURNS (98) (F.) |3
1. {(180) (F 4] [ SHORT CIR Ni
-{ [{181) (SCR) | SHORT CIR RATIO
PERCENT LOAD 0 100 150 200 QP TIONAL.....
o) (312 JLEAK FLUX 1) (3126)
fre) @13) FLUX INFP.C. Grel) (318)
(Bp4) (314) POLE DENSITY (Bet) (19) _
{B,c) (315) ROTOR CORE DENS'TY Bye) (:31)
Fal) (127) TOTAL 1 Fi) @236
) (1270)FIELD AMPS (g1 ) (239)
(SF)  (127¢)CUR.DENS.(FLD) (S (239)
2 f) (2RIFIELD VOLTS (K ) (238)
S 2Rr,) (182) ROTOR LOSS (1IR,) (241)
w (F&W)_ (183) FAW LOSS (Faw) (183)
@ (Wan1) (184) STATOOTHLOSS (Wini ) (242)
5 ) (185)STA CORE LOSS o) (188)
> \_"‘mL) (186) POLE FACE LOSS (1p1) 243)
(14 Ry) (194)STATOR CU LOS’ (1€ Ry ) (245)
<) (195) EDDY LOSS (=) (248
=) (196) TOTAL LOSSES (=) @n _—
(=) (=) RATING (KW) (=7 (49
(=)  (=)RATINGSLOSSES (=) (49
©) (=~ )PERCENT LOSSES {-) (250)
. <) ___ (- )PERCENT EFF, (S INE)
; DESIGNER
DATE
H-03 REV. A




NO LOAD SATURATION OUTPUT SHEET
NON-SALIENT POLE, WOUND-POLE

\ ® (B) T8 (F) o) (8 ) m () o0 @) o8 (F )
i VOLTS AIR GAP A.Y, TOOTH DENSITY 100 | _cORE DENSITY
(v8e) (F) G12) vg 313) Dy G Boc  (318) k) am ¢ )
voLTs STATOR A.T. LEAKAGE FLUX |TOTAL FLUX/POLE ; POLE DENSITY POLE AT, L JOTAL A:T, (ML

o
9o
100%
110%
120%
130%
140%
1508
160%

H-04
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R e B A

g ot e e oA A= S 0 o (it

NON-SALIENT POLE, WOUND-POLE A, C. GENERATOR
DESIGN COMPUTER MANUAL

1)
(2)
(3)
(4)
(5)
(5a)
(6)
(7
(8)
(9)
(9a)
(10)
(11)
(11a)
(12)
(13)
(14)
(15)
(16)
(17
(18)

A Y

DESIGN NUMBER

GENERATOR KVA
LINE VOLTS
PHASE VOLTS

PHASES
FREQUENCY
POLES
SPEED

PHASE CURRENT
POWER FACTOR

ADJUSTMENT FACTOR
LOAD POINTS

STATOR PUNCHING LD,
ROTOR 0.D.

PUNCHING O.D.

GROSS STATOR CORE LENGTH
RADIAL DUCTS

RADIAL DUCT WIDTH
STACKING FACTOR

SOLID CORE LENGTE
MATERIAL

H-1



CEE

(19)
(20)
(21)
(22)
(23)
(249
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(31a)
(32)
(33)
(34)
(34a)
(35)
(36)
(37)
(38)

WATTS ‘LB

DENSITY

TYPE OF STATOR S5LOT

ALL SLOT DIMENSIONS

STATOR SLOTS

DEPTH BELOW SLOTS

SLOTS PER POLE PER PHASE
STATOR SLOT PITCH

STATOR SLOCT PITCH

TYPE OF WINDING

TYPE OF COIL

CONDUCTORS PER SLOT

THROW

PER UNIT OF PO1_: PITCH SPANNED
PARALLEL PATHS

STRAND DIA, OR WIDTH

NUMBER OF STRANDS FER CONDUCTOR
NUMBER OF STRANDS PER CONDUCTOR
DIAMETER OF BENDER PIN

COIL EXTENSION BEYOND CORE
HEIGHT OF UNINSULATED STRAND

DISTANCE BETWEEN CTENTERLINES OF STRANDS IN DEPTH

v« EPTH



39| -- STATOR COIl, STRAND THICKNESS
(11 | Tp POLE PVICH

(42) | Kgg | SKEW FACTOR

(42a) PHASE BELT ANGLE

43) | K4 | DISTRIBUTION FACTOR

(49 | % PITCH FACTOR

(45) | ng TOTAL EFFECTIVE CONDUCTORS

(46) | a. CONDUCTOR AREA OF STATOR WINDING

47) | Sg CURRENT DENSITY

48) | Lg | END EXTENSION LENGTH

49) | £, | 1/2 MEAN TURN

(50) | X,°C | STATOR TT .2 0C

61 | s RESISTIVITY OF STATOR WINDING

(52) )is ) RESISTIVITY OF STATOR WINDING
0

(53) | Rgpy | STATOR RESISTANCE/PHASE
(cold)

(54) | Rgpy | STATOR RESISTANCE/PHASE
(hot) -

(55) | EF EDDY FACTOR TOP
(top)

(58 EF EDCT FACTOR BOTTOM
{bot)

H-3
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RO S

(57)
(57a)
(58)
(59)
(60)
(61)
(62)
(63)
(54
(65)
(66)
(67)
(68)

(69)

STATOR TOOTH WIDTH

STATOR TOOTH WIDTH

TOOTH WIDTH AT STATOR 1.D, IN INCHES
MAIN AIR GAP IN INCHES

REDUCTION FACTOR used in calculating (62)
Factor used in calculating (60)

SLOT LEAKAGE PERMEANCE

LEAKAGE REACTIVE FACTOR

END WINDING FLUX LEAKAGE PERMEANCE
WEIGHT OF COPPER

WEIGHT OF STATOR IRON

CARTER COEFFICIENT

MAIN AIR GAP AREA

EFFECTIVE GAP - The effective single air gap.

ge = KgK,.g (for rotors with slotted pole centers) = (67)(308)(:

ge = Kgg (for rotors with solid pole centers) = (67)(59)



e

[

(70c)

(71)

(72)

AIR GAP PERMEANCE

— ¢ o

THE RATIO OF MAXIMUM FUNDAMENTAL of the field

form to the actual maximum of the field form.

FOR A ROTOR WITH SOLID CENTER SECTION

—_
. _4 c (1' oc> Ky - 1' g CEC_X%
1~ = cos Kr—] szroc sin\

i \ 2

4 (302 [(o8) -1], 8 77 (302)
C1= 7500873 o8y _|* 22@os)E0n T 2

FOR A ROTOR WITH SLOTTED CENTER SECTION - When

the center is slotted instead of solid the K,. applies
to the ccmplete rotor. Therefore, by making k.
equal to unity in the above equation we will get an
answer that is independent of the effect of rotor

slots and

1 o ool i o o frg00)

When using this value of Cq, it is necessary to in-

clude K, in g, and

ge = K Kgg = (69) = (67)(308)(59)

WINDING CONSTANT

H-5



N o,

(73)

(74)

(87)
(88)
(01)
(92)
(94)
(95)

S S o

mﬂi

PCILE CONSTANT - Thec ratio of the average to the maximum

value of the field form.

BASED ON A RCTOR WITH A SOLID CENTER SECTION

- o _ (302)
Cp' 1’&"'2‘?1‘—“ 1‘(302)1‘2308

BASED ON A ROTOR WITH SLOTTED CENTER SECTION

When the center is slotted instead of solid K is
included in the effective gap and K. becomes

unity in the Cp equation.

~ [« o . 302)
Cp-l-(!:‘{’z-l-—f-l- 3

DEM4GNETIZING FACTOR

—2 72

- 1 ac - (302)

‘M® T Ghgx T 8 SmLG0D)
= 2

kef: Quarterly report v:z..- 80 (Appendix).

N LOAD SATURATION NO1E

TOTAL FLUX IN KILOLIN}S

TOOTH DENSITY IN KILGH /178/in2

FLUX PER POLE IN KI1LOLINES

CORE DENSITY IN KILOLINES/in?

GAP DENSITY IN KILOLINES/in2

-6



WEERES s e -

(96)
(97)
(98)
(98a)

(104a)

(127)

(127a)
(127n;

(127¢)

(128)
(129)

(130)
(1)

(133)

(145)

I T
1SN

&g

AIR-GAP AMPERE- TURNS

STATOR TOOTH AMPERE TURNS

STATOR CORE AMPERE-TURNS

STATOR AMPERE TUPNS

ROTOR AMPRE TURNS OR POLE AMPERE T URNS

at no-load. The arapere turns per pole required to
force the flux through the pole center and rotor core
at no-load, rated voltage. Tue core density sheuld
be low enough at no-load to ignore.

FR= FPC+ F . = (316) +(317)

THE TOTAL NO- LOAD AMPEPE TURNS PER POLE RE-
QUIRED TO PRODUCE RATEU VOLTAGE AT NO- LOAD

FNL = Fg+ FS+FR = (95) T (988.) + (1048.)

FIE LC CURRENT AT NO- LOAD

FELL VOLTS AT NO- LOAD

CURRENT DENSITY AT NO- LOAD AMPS/ IN? IN FIELD
CONDUCTOR

AMPERE CONDUCTORS PER INCH

REACTANCE T"ACTOR

LEAKAGE REACTANCE

REACTANCE DIRECT AXIS REACTANCE OF ARMATURE

REACTION
SYNCHRONOUS REACTANCE

Xq=* Xp+ X5q = (130) + ‘131)

PERIPHERA L SPEED OF ROTOR

Ha?



Wb g e

it

{146a)

(147)

(143)

(149)

(150)

{151)

Np

Lex

£°C

TURNS PER POLE - The total number of field turns per

pole.

0 Qr  (306)(301)
Np= "2p * 306

MEAN TURN - The mean length of rotor turn. This value

must be calculated from a layout of the rotor
winding.

FIELD CONDUCTOR DIAMETER OR WIDTH (INCHES)

FIELD CONDUCTOR THICKNESS (INCHES)

Set = 0 for round

FIELD TEMP, IN OC

RESISTIVITY OF ROTOR WINDING AT 20°C OHM
INCHES x 10-6

Refer to item (51) for conversion factors.

H-8
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(152)

(153)

(154)

(155)

(158)

- (197)

(cold)

Rf
{(hot)

RESISTIVITY OF ROTOR WINDING AT X¢0C

AREA OF CONDUCTOR - The actual area of the conductor

taking into account the corner radius.

COLD FIELD RESISTANCE AT 200C

HOT FIELD RESISTANCE AT XO0C

WEIGHT OF COPPER - The weight in lbs. of the field

winding.
Lbs. =.321 N, P4, a,, = .321 (1462)(6)(147)(153)
WEIGHT OF IRON - The weight in 1bs. of the rotor iron.
4= .ZBSET,'(dr - hy) - Qp bﬂ Fes b +

+ .283 W(ds+ hvrc) hpc er

= 283 E‘fiala) . (303ﬂ - (3011303)?(305:1)(303) +

(g

2837 (—:;14a)+(33@ (330)(3052)

For slotted pole centers Qp = Q.

(300) = (301)

H=9
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i o A

(160) | X

(161) } Ly

(163) | Xpq

— - - e— . FvS——— S —

FIEID LEAKAGE REACTANCE - The leakage reactance

of the field winding.

Xp= X2 CF2AF, =(120) 2 (742 (332)
” i

FIELD SELF INDUCTANCE - The total self inductance of

the field winding.

NZ pfr
Ly = _PIOTplf_ [F (3.19 ——) /\J (Henries)

1462)(6)(305) | . 41) N
¢ al)((,s) L31)3 19 %535"' (3321!,

DAMPER LEAKAGE REACTANCE - The leakage reactance

of the effective damper and eddy current circuits.

/\Dd- 3.19p &+ !d‘f’hrz)

where } a" depth of penetration factor

e

4 - 0.4 ?0

— 3.19(6
)\ Dd ‘—('1‘(1)1 (59) -+ (168) -- (303)

h-10
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(168)

(167) .

(168)

L (170)

1

u

UNSATURATED TRANSIENT REACTANCE - The transient

reactance due to the field winding)assuming un-

saturated conditions.

: X |
X' gy = X0+ xF(__a‘q -
~ Xpt+Xad,

. (131)

SATURATED TRANSIENT REACTANCE - The transient

reactance due to the field winding assuming

normally saturated conditions.

SUBTRANSIENT RFACTANCE - The subtransient reactance

i
i

due to the eddy current circuits.

X'q = X+ Xpe = (130) 4 (163)

NEGATIVE SEQUENCE REACTANCE - The reactance due

to the field which rotates at synchronous speed

in a direction opposite to that of the rotor.

Xo =X g = J65)

Hel1



(172)

(173)

(174)

ZERO SEQUENCE REACTANCE - The reactance drop across

any one phase (star connected) for unit zero sequence
current in each of the phases. The machine must
be star connected for otherwise no zero sequence

current can flow and the term has no significance.

X, = X L—% (M Ay + 220t 2hg) o.z)\El

12qu% KgbS

= (129 %%% !:(62)+ (’163)]*‘[—2—1—:)(1'667 22)+2(23) |, -2(64%

5)(25)(44)"(43)“(22)

If 30 = =
(30)=1 ThenKxo 1

If (30) # 1 ThenKxo=é%_2

3@

(9)(25) 2

If (30)=1 Then Ke1° 1
If (30)# 1 Then:

~3Y)+1:l[331)+1* " ‘
= = (31a) >.667
K1 _zziwm 1 mg'(m 1] !

K * | sy - i]-l:]%% - é_ 1t (31a) <. 667

H-12
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| (176)

(177)
(178)
(179)
(180)
(181)

(182)

| (183)

F&W

OPEN CIRCUIT TIME CONSTANT

ARMATURE TIME CONSTANT

TRANSIENT TIME CONSTANT

SUBTRANSIENT TIME CONSTANT

SHORT CIRCUIT AMPERE TURNS

SHORT CIRCUIT RATIO

ROTOR I°R AT NO LOAD

FRICTION & WINDAGE LOSS

H-13
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(184)
(185)
(186)
(196)

{198)

(198a) |@

WINL

WnpL

€d

STATOR TEETH LOSS AT NO LOAD

STATOR CORE LOSS

POLE FACE LOSS AT NO LOAD

TOTAL LOSSES AT NO LOAD

Rotor 2R 4 F & W+4 Stator Teeth Losses +
Stator Core loss 4 Pole Face Loss
= (182) + (133) + (184) + (185) + (186)

¥

. The voltage that would be generated at no load and no satura-

tion -~ the air gap voltage behind the synchronous

reactance.

eq = Ccos(g) + %82 sin (¢)

cos(198) « %303% sin(198)

p— —

-1
Where (P: tan |sin © +0¥&1
COos

[ -

(133)
- tap-1 | 8in(198) + i00
|__ cos(198a)

POWER FACTOR ANGLE

—

= cos"l [CPF)]
cos'l[ (9)]
Where £ = (¢) - (@) = (198) - (198a)

-1k



U ot U

(236)

(237)

(238)

IrrL

EprL

TOTAL AMPERE TURNS PER POLE REQUIRED @100% LOAD

FFL = Fg +|Q‘1‘°°S ) FT"ch‘f' FpcrLt TreL

= (198)(96) + (97)E -+ cos(iQBaﬂ + (98) + (320) + (322)

FIELD CURRENT @100% LOAD

F _ (236)
I = “FL = .
FFL —N—; (146a)

FIELD VOLTS @100% LOAD

H=19



A N oo

P e

(239)
(241)
(242)
(243)
(244)
(245)
(246)

(247)

-~ (248)

(249)
(250)

(251)

PRy

WrFL
WprL

Wb FL

PR

CURRENT DENSITY IN FIELD CONDUCTORS AT 100% LOAD

ROTOR IR AT 100% LOAD

STATOR TEETH LOSS AT 100% LOAD

POLE FACE LOSS AT 100% LOAD

DAMPER LOSS AT 100% LOAD

STATOR IR AT 100% LOAD

EDDY LOSS AT 100% LOAD

TOTAL LOSSES AT 100% LOAD

RATING IN WATTS AT 100% LOAD

KW RATING PLUS LOSSES

% LOSSES

EFFICIENCY

H-16
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UV —

[

(300)

(301)
(302)

' (302a)

(303)

(304)

(305)
(305a)

(306)

Qr

rc

SLOTS PUNCHED - The total number of slots punched
in the rotor. If the rotor is built with a solid
pole center section Q'r is the number of siot
pitches on the rotor circumference.

SLOTS WOUND - The total number of slots that are wound.

RATIO OF SLOTS WOUND TO SLOTS PUNCHED

L% (e

) Q'r - (Bc o)

NO. OF SLOTS IN POLE CENTER

K

SIZE SLOTS - The width of the rotor slot

(by) and the depth of the rotor

slot (hy).

TCOTH PITCH - The rotor slot pitch at the rotor diameter.

A= I SRR UK (1)
rs - Q.. (3ce)

CORE LENGTH - The overall length of the rotor core.

SOLID LENGTH OF ROT{R CORE

s 1{14 = (16)(305)

CONDUCTORS PER SLOT - The number of rotor conductors

per slot.

H=17



(307) | Xy POTIER REACTANCE - The reactance deiermined by the

Potier triange.

T F _ (104a) (307) \
X, = X/.-f-l:fs;—-—l}n] Xp, = (130 +[(98a)+m_4g,_

P e
[ (312a) ] (133)
=1 2All) 4 (312b
@)t
(308) | K, CARTER'S COEFFICIENT ROTOR - The Carter coefficient

for the rotor slots.

For open slots -

_ s (Gg+bd) 0 (309) [5-(59)4.(303)]
trg (58 + by) =by? 304 |5'(59)+(303§J - 1303)2

For partially closed slots -

to.g (4. 44g +0.75 by,)
rs ro -
K. - =

2

(304) \_;. 44 (59).4-0.75 (303)_]
(304) E. 44(59) + 0. 75 (303{‘ — (3032

h-18
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(311) ¢gp FLUX IN POLE CENTER - The portion of the total flux in

each prle center.

4 -
G = [ -2-4p| 1
BT o7 o

| (3v0) - (301) +(6) | (88)
3 (300) _J ()

(312)| @ 0 fs LEAKAGE FLUX - The rotor slot leakage flux in Kilolines

in each pole center.

_ (Fg+Fg) JiA+
9L 10560 —= -

- -3
E%) +(98a) , (305) (312p) 1O

-

(312a ¢Z( s| SLOT LEAXAGE ILUX IN EACH POLE CENTER AT
100% LOAD

4 N 9 |(Fp) + (FQ)
ws=¢1,s§‘edwfb o O )

(Fg + (FD) + (FC

- L 198a) | (97) + (98)
= (2 2) {(198)(96) +;1 :cos( L(gz;:)]




3120 A,

(319) [ @,

The rotor 3lot leakare permeance per inch of stator length.

For either open or semi-cicsea slots

i‘btr;’! ~___* rb:°
T
du@ls)

b—Dr k=D

12,76P 2. 2

I‘O+ ~Mr

4 .35 @5 - bro) + ‘T%‘J

4—

303 + (303

4 35r304-3os +2‘§§%W

''TOTAL FLUX IN THE POLE CENTER

)\ e ® 12 76(3) [303 42 303) +

Bre = Ggp+ BYs

Bre = (311)+ (312)

H-20
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(314)

(314a)

Bpc

CENTER SECTION DENSITY - The flux

density of the center section
of the rotor at a section half
way down the rotor tooth. @ No Load

B, = _%rc _ (313
P¢ op frs ~ (314) (3052)

- ' -
i1y - hr)] ‘Qr -Qp -p|~=br
D ]; L o (solid centers)

where bp =

fi(11a) - (303) (300) - (301) - (6)
by =[—T)_—e (300) — (303)

- _(dr - hr)} [6'1- -Qr - I;I
bp - 1 T - (n - l)b
’j P L Qr _,l (slo{t%d cen{ers)

bfﬁﬂ(%)@__%)-l l (300) - (301) - (8) | [(_302a) - 1(303)

[ W—

S

(301)

INNER D’AMETER OF ROTOR PUNCHINGS, inches ———

7

r ROTOR(‘Y-Wv\%i;YATOR

N

H-21




(314b)
(315)

(316)

brh
Bre

HEIGHT OF VENTILATING HOLES IN ROTCGR CORE AREA

CORE DENSITY - The flux density in the rotor core @ No Load

Bpe = Bre —_ (313)
Shre frs 2 (315) (3052)
where 2h,, = dp - 2h, -dg- 2byy

= (11a) - 2(303) - (314a) - 2(314b)

AMPERE TURN DROP IN THE POLE CENTER AT NO LOAD

Fpc = hrE\I-I/in. @ chl
J— |

=(303) Lpok up rotor magnetization curve
given in (18) at density (314).

—

H-22




(317)

(318)

(319)

(320)

rc

d’PCL

Bpcr

FpeL

AMPERE TURN DROP IN THE ROTOR CORE

ma———

Frc :‘Tf(ds-f hrc) [;I/in. @ density Brc‘]
4p —

= 1(31?{5 (315) Look up rotor punching magnetization
I__ curve given in (18) at density (315).

FLUX IN THE POLE CENTER AT FULL LOAD

dpcr - B+ Pfs = (311) 4 (312a)

DENSITY IN THE POLE CENTER AT FULL LOAD

Bpop PpcL  _ 3(318)
Y Aes (314) (305a)

AMPERE TURN DROP IN POLE CENTER AT FULL LOAD

FPCL = hy @/ln. @ BPCI]

= (303) |Look up rotor punching magnetization
curve given in (18) at ¢ usity (319).

H=23




(321) B..1, | THE FLUX DENSITY IN THE ROTOR CORE AT 100% LOAD

¢PCL (318)

Brer® T, f | XI5) (305a)

(322) F..1. | AMPERE TURNS DROP PER POLE IN THE ROTOR CORE

AT 100% LOAD
—~ (d - hr )
7} S C.
FreL ® 4P NI @BrcL
FrcL= l(314a) +(315)| Look up rotor magnetization
4 () l curve given in (18) at density
- — [(321). |
|
‘ ' dy - 2hy - d - -

(330) | hyp (330) = h'pg = LT 5 . (112) - 2(303) - (314a)

(331) Cg RATZ) OF FIELD INTERLINKAGE WITH ITS OWN FLUX TO
THE MAXIMUM INTERLINKAGE OF A CONCENTRATED
FIELD WINDING

BASED ON A ROTOR WITH SOLID CENTER SECTION

Cp* 1-oc+39§r_ . 1- (302)+3((§g§2))_

BASED ON A ROTOR WITH SLOTTED CENTER SECTION

When the center is slotted instead of solid Ky is
included in the effective yap and K, becomes unity
in the C; equation.

Cprl-x-F

4
"
|'~
"’|8
1]
lN
(]
4

H-24
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—

(332)

(333)

Me

ArE

LEAKAGE PERMEANCE OF THE FIELD WINDING
A F* /\ rst >\FE

= (312 +(333)

LEAKAGE PERMEANCE OF 'HE ROTOR WINDING END

EXTENSION

. 6.28 Oplg| 628 |9l
)\ FE Ivzn (305)[ 2“:]

P le

55 1S taken from the 50% pitch curve of Graph #1
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INPUT AUXILIARY DATA SHEET

Auxiliary information taken from the design manuals to be used in conjunction with injnit sheeta for

convenience,

A. All dimensions for lengths, widths, and aiametors are to be given in inches,

B. Resistivity inputs, Rems (141) and (151) are to be given in micro-ohm-inches.

The following items along with an explanation of each are tabulated here for convenjern-e¢. For complete

explanation of each item number, refer to design manuals,

Rem No. Explanation
9 Power factor to be given In per unit. For example for 90% P.F., insert , 90.
Adjustment Factor - For P.F. < .95 insert 1.0
o= For P.F. > ,95 insert 1.05
(10) Optiong] Load Point -- Where load data output is required at a point other than those given
as standard on the Input sheet. Example: For load data output at 155% load, insert 1,55,
(14) Number of radial ducts in stator.
(15) Width of radial ducts used in Kem (14).
) (i8) Magnetization curve of material used to be submitted as defined in fem (18).
(19) Watts/Ib. to be taken from a core loss curve at the density given in Bem (20) (Stator).
(20) Density in kilolines/in2, This value must correspond to density used to pick Rem (19)
usually use 77.4 KL/in2,
(21) Type rf slot - For open slot Type A, insert 1.0,
For partially open slot Type B with constant slot width, insert 2.0.
For partiully open slot Type C with constant tooth width, ingert 3.0.
For round slot Type D, insert 4,0,
For additional information, refer to figure adjacent to input sheet which
shows a picture of each slot,
(22) For stator slot dimension - for dimensions that do not apply to the slot insert 0,0,
Use Table below as guide for input,
Slot Type
Symbol Bem 1 2 3 4
b, (22) 0.0 . * *
by 0.0 0.0 * 0.0
b 0.0 0.0 * 0.0
by 0.0 0.0 * 0.0
bg * * # »
hy 0.0 . . *
hy * * * 0.0
hy * 0.0 0.0 0.0
hs * * 0.0 0.0
he . * * *
hy 0.0 * * 0.0
by 0.0 * * 0.0
* o insert actual valve,
Pubga b—l;—bl
——— -



Item No. Explanation

(28) Type of winding - for wye connected winding insert 1,0,
for delta connected winding insert 0.0.
(29) Type of coil - for formed wound (rect. wire), insert 1,0,

for random wound (round wire) insert 0.0,

(30) Slots spanned - Example - for slot span of 1-10, insert 9.0.
(33) For round wire insert diameter. For rectangular wire insert wire width,
(34) Strands per conductor in depth only,
(34a) Total strands per conductor in depth and width,
(35) Diameter of coil head forming pin. Ihsert .25 for stator 0.D, €8 inches:
Insert .50 for stator O,D. »8 in. Colt Pin
(37) Use vertical height of strand for round wire, insert 0.0.
(38) Distance between cenisrline of strands in depth. Insulation @:: Met
(39) Stator strand thiclmess -- use narrowest dimension of the two dimensions given for a
rectangular wire. For round wire insert 0.0,
(40) Stator slot skew in inches.
{42a) Phase Lelt angle - for 80° phase belt, insert 60°,
for 120° phase belt, insert 1200,
(48) See explanation of items (71), (72), (73), (74) and (7S). Sume apples here,
(87) When no load saturation output data is required at various voltagec, insert 1.0,
When 2 loza saturation informtion is not required, insert 0.0.
(137) Damper bar thickness -- use damper bar slot height for rectangular bar. For round
bar insert 0,0,
(138) Number of damper bars per pcle,
(140) Damper bar pitch in inches,
(148) For rovnd wire insert diameter, For rectangular wire insert wire width,
(149) For rectangular wire insert wire thickness, For round wire ins-rt 7,0,
(187) Pole face loss factor, For rotor lamination thiciness .028 in, °c less, Insert 1.17,
For rotor lamination thickness .029 in, to ,063 in. insert 1,75,
For rotor lamination thickness .064 in. to .125 insert 3.5,
For solid rotor insert 7,0,
(11) X the values of these constants are available, insert the actual number, N they are
(12) not available, insert 0.0 and the computer will calculate the values and record tnem on
(73) the output.
)
(18)
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ROTATING COIL LUNDELL
COMPUTER DESIGN ~ - - - = « — (INPUT)

MODEL EWO DESIGN NO(1)
2) | KVA |GENERATOR KVA FUND/MAX OF FLD FLUX m [cy
@ & JuNe vuuTs WINDING CONSTANT 172 |Cw
(1) | Eph |PHASE VOLTS POLE CONSTANT ) |c [
ol ) |m  [PHASES END EXTENSION ONE TURN u®) e é
Wl se) | ¢ FREQUENCY DEMAGNETIZATION FACTOR (1) |c z
; ® |» POLES CROSS MAGNETIZING FACTOR s leq Y
| (7| rPM [RPM POLE EMBRACE o | o
&8 |t |PHASE CURRENT WIDTH OF POLE (NARROW END) (76) lbpy
9 |Pr |rower FacTOR WIDTH OF POLE (WIDE END) (76) |op2
(9a) |k [ADJ. FaCTOR POLE THICKNESS (NARROW END) I
(10) OPTIONAL LOAD POINT POLE THICKNESS (WIDE END) 7o) Jwa |5
any |d STATOR 1.5, POLE LENGTH a6 [Re |X
o0 o [stator 0.0, ROTOR DIAmETER (Ma) | 4 2
Ylan |2  |eRruss CoRE LzNGTH WEIGHT OF ROTNR IRON asn [i-) g
Blae Ja, |[ne.oFpucts PC_E FACE LOSS FACTOR osnl) |
§ (15 | b, [wiiin OF OUCT FLUX PLATE THICKNESS a8 [()
<[ &) [« JsTackinG FACTOR (sTATOR) FLUX PLATE DIAMETER a8) |ds,)
“Tag [« WATTS/LB. SHAFT 0.D.(FLUX CARRYING PORT.) | (78) ltig) |
L 20 {8 [censiTy SHAFT LENGTH(FLUX CARRYING PORT] (78) [(Z,,) S
(21) TYPE OF SLOT PERM OF LEAKAGE PATH 1 20y | Py
: [(22) (b | SLOT OPENING PERM OF LEAKAGE PATH 2 (81 | P2 w
i 22 [;r  ]stoT wioTH TOF PERM OF LEAKAGE PATH 3 ®2) [pP3 i
@ |& PERM OF LEAKAGE PATH 4 ®3) |Pe 3
22) v PERM OF LEAKAGE PATH 5 (84) |Ps §
&l [b, |sLot wioTH PERM OF LEAKAG. PATH 7 (86) |»7
ol In OUTSIDE DIAMETER OF FLD COIL (78) |dec
ol [m LENGTH OF FIELD COIL 76 1 ¥oc
claa [w NO. OF FIEL D TURNS/COIL (146) v
(22) |n3 MEAN LENGTH OF FLD. TUN 147) a
(22 fhs _ |sLOT DEPTH FLD. COND. DIA. OR WIDTH v | u
(22) |y FLD. COND. THICKNESS L 199) *
@) [|hw FLD. TEMP IN®C V50 {XFOC
. @ |a NO. GF SLOTS RESISTIVITY OF FIELD COND ¢ 20¢ | (1sy) | )P4
E (28) TYPE OF WDG. NO LOAD SAT, (07} =
: (29) TYPE OF COIL FRICTION & WINDAGE (1R) | iFaw)
) (30) n, | CONDUCTORS/SLOT SPEC:AL PERKEANCE bval A2
! an |y SLOTS SPANNED STA1OR LAM MATERIAL (18) 3
! (30 |e PARALLEL CIRCUITS POLE MATERIAL (s &
. (33) STRAND DIA, OR WIDTH SHAFT MATERIAL {19) 5
i $1G0 [Ny | STRANDS/CONDUCTOR IN DEPTH
! 8] (340) | %, | sTRaNDs/cONDUCTOR i
H a9 STATOR STRAND T'KNS.
% § @3) |db | DA OF PN
- Eloe [fo [caL exy. sTe. port
(37) [hge | UNINS, STRD, HT. STATOR SLOT POLE
38) [w, [oisr. mrwn. ¢ oF sy, DAMPENR SLOT REMARKS
(42¢) PHASE BEL T ANGLE
40 |7 |sTATOR SLOT SKEW
(80) | X *C[STATOR TemP *c
) |y, |RES'TVY STA. COND. 4 0°C
NEORD MAIN GAP
© J=01 DESIGNER DATE
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SUMMARY OF DESIGN CALCULATIONS

ROTATING COIL LUNDELL

- = - - (OUTPUT)

MODEL NO EWO DESIGN NO.
) (X,) [SOLID CORE LENGTH CARTER COEFFICIENT 6D Kg) |
(24) (he) |DEPTH BELOW $I.0T EFFECTIVE AIR GAP €9 (gg) 1
(26) (Ps) ISLOT PITCH FUND/MAX OF FLD FLUX (m  (€1)
an (F'/3 [sLOT PITCH 1/3 DIST. UP WINDING CONST. 7 (€W |2
“2) (Kyk) [SKEY FACTOR POLE CONST, (W) (Cp) 3
43 (Kg) [DIST. FACTOR END. EXT. ONE TURN 48 @Le) |2
{44) (Kg) ]PITCH FACTOR DEMAGNETIZING FACTOR (74) _(Cu) | é
(45) (n ) |EFF. CONDUCTORS CROSS MAGNE TIZING FACTCR [ (75) (€ 4)
E 46) (s o) |COND.AREA AMP COND/IN (128) (A)
<l (S¢) ICURRENT CENSITY (STA.) REACTANCE FACTOR (129) (x)
DU (f4) 172 MEAK TURN LENGTH LEAKAGE REACTANCE (130) (xg)
($3) (R, |COLD SEA. RES.0 200 C REACTANCES OF LO3D) (Xgd)
(84) (Rph) |MOT STA. RES. @ X°C ARMATURE REACTION (132) (Xag) |uw
(38) (EF,,.) [EDDY PACTOR TOP SYN REACT DIRECT AXIS (133) g) |z
(86) (EPF,,) | EDDY FACTOR BOT SYN REACT QUAD AXIS (134) (Xq ) b
42) Al) |STATOR COND. PERM. FIELD LEAKAGE REACT (160) (x's) |
(6) (An) leEND PERY FIELD SELF INDUCTANCE (61) (L) 1%
(65) (-~ ) |wT.OFSTA COPPER LASAT. TRANS. REACTY (166) (X'dy
(68) (=) |wT.OF STA.IRON SAT. TRANS. REACT 1167) (X'4)
@1} (T,) |POLE PITCH NEG SEQUENCE REACTY (170) (X2)
187) (~ ) |wT. OF ROTORIRON ZERO SEQUENCE REACT (172) (xg)
143) (v,) |PERIPHERAL SPEED OPEN CIR. TIME CONST. (176) (Tdod |
133) (scf) |TLD COND. AREA ARM TIME CONST. (177) (Tq) g;
2 (184) (Ry) [coLp FLO RES. e 20°C TRANS. TOME CONST. am (g |
={i155) (Ry) |HOT FLD RES.0 Xo% SUB TRAN TIME CONST. (179) (T"d)
(156) (-) |WT. OF PLD COPPER TOTAL FLUX (88) (bg)
(80} (P)) |PERM OF LEAKAGE PATH 1 FLUX PER POLE (92) (Pp)
“!‘ (01) (P2) |PERM OF LEAKAGE PATH 2 GAP DENSITY (MAIN) (95) (Bg) §
<(02) (Py) |PERM OF LEAKAGE PATH 3 TOOTH DENSITY 91 (By) 5
3 (83) (P4) |PERM OF LEAKAGE PATH 4 CORE DENSITY (M) (Bc) |
$led) (Ps) |PERM OF LEAKAGE PATH S TOOTH AMPERE TURNS 97) (Fv) %
(85) (P7) PERM OF LEAKAGE PATH 7 CORE AMPERE TURNS (98) (F¢) §
180) (Fgc) [SHORT CIR NI GAP AMPERE TURNS (MAIN) |(96) (Fg) | =
J¢181) (5 cu) |SHORT AIR RATIO
PERCEMT LOAD 0 100 150 200 OPTIONA
tpg) (100e) LEAKAGE FLUX {Pgg) (197a)
¢/#7T) (102e) TOTAL FLUX/POLE @PP4d) (2130)
8y ) (103a) POLE DENSITY (Bpl) (213b)
(Bg) (113) SHAST OENSITY (B,pi) (232)
(Py ) (127) TOTAL NI (Fpy (256)
(] } (1276) PIELD AMPERES () (237)
(3¢)  (127¢) CUR. DEN, FLD, (Se0)  (39)
(€tal) (1279) PIELO VOLTS (Ba) (238)
(Wg) (183) $TA CORK LOSS We) (188)
(W) (1M4) STA TOOTH LOZS (Wot ) (242)
(2 Ry) (194) STATOR CU LOSS (12 R, ) (U3)
( =) (1%) EDOY LOSS (=) Q&)
(pnl ) (104) POLE PACE LOSS Wa) (243)
mne WL LOSS (12 Ryg) (241)
(Paw) ( Fow LOSS 3)
{ « ) (196) TOTAL LOSSES ( =) (U470
(=) ( ~) PERGENT EFF. (=) (81
J=02
REV. A




ROTATING COIL LUNDELL
NO LOAD SATURATION OUTPUT SHEET

l\ (3) (B) (91) B, o7 F, (94) B, (98) F. (96) Fg
I TEMS VOLTS STA. TOOTH DENSITY| STATOR TOOTH N.I. | STA, CORE DENSITY STA. CORE N.I. GAP N.I.
% (100) @g (1020) ¢ py (1030) B, (1040) F, (113) By (127)  Fal
| voLTs LEAKAGE FLUX | TOTAL FLUX/POLE POLE DENSITY POLE H.l. SHAFT DENSITY TOTAL N.l.
|
80%
‘ 0%
I 100%
' 1%
I 120%
" 130%
. r—
140%
I - -
| 150%
' 160%
J-03 REV. A




(&, Cpen Slots (b) Constont Slot Wisth

1o
o 1 o
L Y SN
==
|
Je I
n, h
Type 1\ TIT|Y ) " TYPE 2
. 3 |
(Type 5 is an open L—l J
slot with 1 conductor
per slot) b b=t —
{C) Constant Tooth Width {d)Round Stots

-
| {l —r",
TYPE 3 K

bg for type 3 is

oefiy) L2




INSIDE-COIL ROTATING-COIL LUNDELL GENERATOR

—
[
~

KVA

E

Epy -

BT

Ls

DESIGN MUMOGER
GENERATOR KVA
LINE VCLTS
PHASE VOLTS
PHASES
FREQUENCY
POLES

SPEED

PHASE CURRENT
POWER FACTOR

ADJUSTMENT FACTOR

LOAD POINTS

STATOR PUNCHING LD,
ROTOR 0O.D,

PUNCHING O.D,

GROSS STATOR CORE LENGTH
RADIAL DUCTS

RADIAL DUCT WIDTH
STACKING FACTOR

SOLID CORE LENGTH




(18)

MATERIAL - This input is used in selecting the proper mag-

netization curves for stator,
yoke, pole,. and shaft; when dif-

ferent materials are used. Separate spaces are
provided on the input sheet for each section men-
tioned above. Where curves are available on card
decks, used the proper identifying code. Where
card decks are not available submit data in the

following manner:

The magnetization curve must be available on semi-
log paper. Typical curves are shown in this manual
on Curves F-15 & 16. Draw straight line segments
through the curve starting with zero density. Re-
cord the coordinates of the pcints where the

straight line segments intersect. Submit these
coordinates as input data for the magnetization
curve. The maximum density point must be sub-

mitted first.

Refer to Figure below for complete sample
60 L M{ix.
Point Sample
Input Data
] De. sit NI
@ 50 Straight Line =
b= Segment 12) 5 h
= L { Y 9
= 4) 27 1.9
s 30 } Int>rsection of g 23 ig
= Straight Line 7) 48 9.0
= egments .
% 2 | g 8) 55 12.0
Q
i0 traight Line
Segment
0 4y - 3 1
1 2 3 4568 10 20

Ampere Turns Per Inch

J-2
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WA TS TR

DENSTY

TYPE OF STATCR SLOT

ALL SLOT DIMENSIONS

STATOR SLOTS

DEPTH BELOW SIOTS

SLOTS PER POLE PER PHASE
STATCR SLOT PITCH

STATOR SLOT PITCH

TYPE OF WINDING

TYPE OF COIL

CONDUCTORS PER SLOT

THROW

PER UNIT OF PCLE PITCH SPANNED
PARALULEL PATHS

STRAND DIA, OR WIDTH

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH
NUMBER OF STRANDS PER CONDUCTOR
DIAMETER OF BENDER PIN

COIL EXTENSION BEYOND CORE
HEIGHT OF UNINSULATED STRAND

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH

J-3
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STA'I Oh COLL 8TlAaND THICKINLESS
SKEW

POLE PTTCH

SKEW FACTOR

PHASE BELT ANGLE
DISTRIBUTION FACTOR

PITCH FACTOR

TOTAL EFFECTIVE CONL; JCTORS

CONDUCTOR 'REA OF STATOR WINDING

CURRENT T - -NSITY

END EXTt ION I."NGTH

1/2 MEAN TURN

STATOR TEMP °C

RESISTIVITY OF STATOR WINDING

RESISTIVITY OF STATOR WINDING

STATOR RESISTANCE/PHASE

STATOR RESISTANCE/PHASE

EDDY FACTOR TOP

EDDY FACTOR BOTTOM

J=4




T e

(57) | btm STATOR TOOTH WIDTH
(572)| b 1i/3| STATOR TOOTH WIDTH
!
(58) | by : TOOTH WIDTH AT STATOR 1.D. IN INCHES
. 4
| (59) | ¢ (i MAIN AIR GAP IN INCHES
(60) | Cx  REDUCTION FACTOR
i i
(61) | Ky FACTOR TO ACCOUNT FOR DIFFERENCE in phase cuarrent
' in coil sid_es in same slot.
L (62) | Ay CONDUCTOR PERMEANCE
i (63) | Kg LEAKAGE REACTIVE FACTOR
| 64) AL END WINDING PERMEANCE

(64a) /’? 2 SPECIAL LEAKAGE PERMEANCE - For machines having a

gection of the pole that is approximately a full pole
pitch wide, an additional leakage permeance must
te added to the slot and end-turn leakage permeances,

This perrmeance is that of the leakage path froni one

pole into a tooth top and from tooth top back into the
adjacent pole. The leakage is similar to Zig Zag
leakage and by increasing the stator leakage re-
actance, can reduce the gutput of the generator

significantly., This same leakage can be used to

J-5




purposely limit the output of the generator and make
it curcent limited. The presence of this additional
leakage can be good or bad depending upon what is
wanted from the generator. The important thing

is for the designer to be aware that it is there.

J~5a
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S o
-
S~

- Z'f‘ztEP
~ ¢ =
—
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"
Ef
\\\

aroa of pole over toasth when woth is 1 cent vhne
c rj(j_ﬁﬁwﬂmgkii,uﬂﬁWW_«~ﬂ.m I
= ) “,(f",c T
. (?" 3y 1)
be (T, - by 2 e Pl

gz (CX) m@ R _,____,i Z ge_ - _,.uwv_.h_t__~.

This calculation is not programmed and the value Az mist be
given as an input on the input sheet. ¥ the polc embrace at
tiie base of the pole is appreciably less than one, the input for
/\ 2 is zero. If the pole embrace is near unity, the designer
may be forced tc =stimate the value )z instead of using the

calculation given above.

J-5b




(65)
(66)
{67)
(68)
(69)
(70c)

(71)

WEIGHT OF COPPER

WEIGHT OF STATOR IRON

CARTER COEFFICIENT

MAIN AIR GAP AREA

EFFECTIVE AIR GAP

AIR GAP PERMEANCE

THE RATIO OF MAXIMUM FUNDAWMENTAL of the field form

to the actual maximum of the iield form

J=5¢
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(72)
(73)
(74)
(75)

(76)

WINLING CONSTANT

POLE CONSTANT

DEMAGNETIZING FACTOR

CROSS MAGNETIZING FACTOR

POLE DIMENSIONS -

bp2 = width of pole at edge of stator stack
bpl = width of pol= at end
tp2 = thickness of pole at cdge of stator stack
tpl = thickness of pole at end
Leo = lengih of coil
fp = length of pole
A
SR S
! / {
. N STATOR

STACK

\_ﬁf




[ A

(17)

(717a)

POLE EMBRACE -

- (bp1) + (bpg) . (76) + (76)
27D 2(41)

Items immediately following deal with the calculation of

rotor . and stator leakage permeances.

Illustrations are included to help identify the

permeance areas and to locate the flux leakage

paths. The computer program will handle the
calculation of permeances Py, Py, P3 and Py
either of two ways:

1. Py through P4 can be calculated by the
computer. For this case, insert 0.0 on
the input sheetl for Py through Py.

2. Pjp through P4 can be calculated by the de-
signer. For this case, insert the actual
calculated value on the input sheet for Py
through Py4.

Permecance Pg and P7 rmust be calculated by the

designer and the calculated value must be inserted

on the input sheet. The computer will not calculate
these twd permeance values because of the various

possible field coii locations.




[

(78)

(79)

(80)

ROTOR, COIL AND SHAFT DIMENSIONS - These dimensions

are inputs and are required in the calculations that

follow :

fsh = length of shaft
(ﬂu); carrying pox
: » tion
‘\\ 1
m - dfp = diameter of flux
—r—v-— <~~~ —{ | plate
doc Cor= f’"_C/f,o le‘ d. = outside dia. of

rotor (also identi

_&_ e - % fied in item (lla)

Jﬁ doc = outside diameter
of coil
. Cou L
B N ds = outside dia. of
B - shaft (flux carry-

\l Jy ing portion)
e | tfp = thickness of flux

plate

FOLE AREA - The effective cross-sectional area of the pole.

ap = (bya)tyg) = (16)(76)

POLE HEAD END LEAKAGE - This input can be either 0.0

or the actual value if available. Refer to Item (774)
for explanation. See Figure J-4 for location.

p - 8:280)  r  _ 6.28(16) ; (80b)
7~ r Vs (80a)

»

J-8




Py POLE HEAD LEAKAGE

‘/‘
[ 7=

N> v
\\J X
P - &_Q_aﬂlﬂ ™~ f#’ ‘
[¢] I'L g
r, - _dg_i'_d_fg ry = rp =tp]
(5.19) r
P; = 2 W—Pﬂl [n o

™

|
|
L" bb?_"‘l Fig. J-b

. . “ P L N MW 8 “nfber W
Aad  YHAY - - oy B o0 AR R A ]



80a) | s ro = (dr) - (dfp) _ (11a) - (78)
2 2

(80b) | r ' r] = (rg) + (t;}) = (80a) 4 (76)

(81) Py POLE HEAD SIDE LEAKAGE - This input can be. either 0.0
or the actual value if available. Refer to Item (77a)
for explanation. See Figure J-5 for location.

3.107(f, ) {tp2)ttt 1{” .19{76 E76)+(76:|

Py = &Pﬁp*zp— - 3191016 |TOPLTS)
81
[2 (81a)

(s1a) | /o LENGTH OF PERMEANCE PATH 2
Ny = Tp - lprl) + (bp?.)] = (41) -[(76) + (76)]

L2 2

(82) | P3 YULE BODY END LEAKAGE - This input can be either 0.0
or the actual value if available. Refer to Item (77a)
for explanation. See Figure J-6 for location.

3(bp1)+(bpz)| {
6.28 2 §r3§ 6.28 3(76%1(76) (82a)
P3= In r4) = D)
T~ sl
(82a)( -- rg = (ry) +‘_/ép) = (80b)+\7_26)
(82b) | -- r4 = (r1) = (80b)
J=10




Py POLE HEAD SIDE LEAKAGE

——— Py = A
/60‘-1% A - 2}21—41

ATFL] e
[T

bp, bpz " fﬁpz)-f(tp)
7% __[i 2‘3 [[‘l‘f'bp2 lg

‘L‘pl

fco = length of coil

)
|
|
=

Fiso J-S

J=11




Py

POLE BODY END LEAKAGE

=

' 3

J-12
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(83)

(84)

Ps5

POLE BODY SIDE LEAKAGE - This input can be either 0.0
or the actual value if available. -Refer to Item (77a)

for explanation. See Figure J-7, J-8 for location.

When (6) > 4
A )
4 2 (B)
- 2809 g, 1 091 00)
Where (%)= T [bpl) * (bpz:l (41) - [76) ¥ (76)]
When (6) ¢ 4

7 2 2 (2)

L300 3, [, o s (bpz>:|

_ 3. 19(76) 3( [‘ (73) ;3(76_‘]

FIELD COIL LEAKAGE PERMEANCE, ROTOR - This input

can be either 0.0 or the actual value if available.
Refer to Item (77a) for explanation. See Figure J-9

for location.

J=-13
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he

doc

ds

Baginn F%; S

E/c;*-

Fig, J-9
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i —
pg = 3197 |(d? - (ds)? | 2
(fco) L4 4 J3
= 3.197|(78)2 - (78)2 | 2
(76) | 4 4 13
(86) | Pq STATOR TO COIL YOKE LEAKAGE - This input can be ¢ithe

0.0 or the actual value if available. Refer to Item

(77a) for exy anation. See Figure J-10 for location.

2.5(D + dgp)(D-d)

Fq = D-dg,
= 2.5 [12)+ (18)] [a2)-a1)d
12)-(78
(87) Equations immediately following, deal with the

saturation at no-load. When n4-load saturation
data is desired for different veltages, insert 1.
on the input sheet for "no-load saturation'”. Tho
computer will then calculate ne-licad saturation
points at 80, 90, 100, 110, 120, 130, 140. 150,
and ; '0% of rated volts, If only the saturation
data at 100% load is necded, insert 0. on the

input sheet.

J-17
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Fp Fg Fr Fc Fr Fg Fp

¢ a— P
F5P§

MW— | —W\—

F:*»/2 Fs/z
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F—'a, Fr Fc Fr Fg
Wy ’W\-r\’v\l’\/\/\ Wy
@i234 e
Fp p Y P
7 — @
Fer Ps Fee
AMA— 1| —AW
Fs/z Fs/z
Fig. 12
J=20



(88)
(91)
(92)
(94)
(95)
(96)
(O7)
(98)

(98a)

(99)

4\

=

TOTAL FLUX in Kilolines

TCOTH DENSITY in Kilolines/in2

FLUX PER POLE in Kilolines

CORE DENSITY in Kilolines/in?

GAP DENSITY in Kilolines/in2

AIR GAP AMPERE TURNS

STATOR TOOTH AMPERE TURNS

STATOR CORE AMPERE TURNS

STATOR AMPERE TURNS, total

LEAKAGE FLUX FROM THE STATOR TO THE FLUX PLATE
AT THE END OF THE ROTOR - The same flux leaks from
the rotor to the stator on one side & leaks out from

the sta‘or to the rotor on the other side. This flux
does not pass through the air gap but does pass
through the rotor shaft and flux plates.

(P7)|§“P) + (Fg) + (Fr) + (F;j] x 1073

(86)|(1042)+ (96) + (97) + (93—_)] x 10~3

%

J-21
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2T

(1 OOa)‘

(102a)

(103a)

(104a)

LEAKAGE FLUX - at no load

G = (Pe) [2(Fp) + 2Fp + F,] x1073

(160a) [2_(96 ) + 2(97) + (98)] x 103

TOTAL FLUX PER POLE - at no load

2(3g) 2(100
dpr = Op + - (02) + 20508)

POLE DENSITY ~ The apparent flux density at the base of the

pole.

_ (@pT) _ (1022)
i (ap) (79)

POLE AMPERE TURNS - at no load. The ampere turns per

pole required to force the flux through the pole and
flux plate at no load rated voltage. In general the
fiux plate density is kepé fairly low and its ampere
turns can be neglected. The no load pole ampere
turns per pole are calculated as the product of (/p)
times the NI per inch at the density (Bp). Use mag-

netization curve submitted per Item (18) for rotor.

Fp = (fp) :Nl/in @ density (Bpﬂ

= (76) Look up on rotor magnetization curve
 given in (18) @ density (108a)

Je22



(1m)

(113)

(114)

(118)

Bsy

FsH

FLUX¥ IN SHAFT AND END PLATES - at no load.

@su

@pT) f?ﬂ + @+ @5

(162a) ig_)_ v (99) + (118)

NOTE: No provision is made for calculating the
density in the end flux plates. Make the
plates thick enough that the periphery of the
pole at its' base times the thickness of the
plate is equal to the cross-sectional area

of the pole at its junction with the plate.

FLUX DENSITY OF SHAFT - at no load.

- (@sg) . (1)
BsH Gs) (W)

Where ag = 7/'(d2)2 = 71'(748)2

AMPERE TURNS DROP IN SHAFT AT Bg

Fsu = fsH E‘H/in @ density (Bsgzl

= (78) |Look up on shaft magnetization curve
given in (18) at density (113)

LEAKAGE FLUX ACROSS COIL AT NO LOAD (Kilolines)
Gy 2Py [2(Fg + Z(F‘T)o (Fc)+ ﬂ?‘p)] x 10~3

= (89) [2(96) + 2(97) + (98) + 2(104a)] x 1073

J=23



(127)

(127a)

(127b)

(127c)

(128)

(129)

(130)

FNL

IFrNL

' EFpNL

TOTAL AMPERE TURNS - at no load. The total ampere turas

per pole required to produce rated voltage at no load.

FNL =E(Fg)+2(Fs)+2(Fp)+(FSH:)] - @6%(98a)+(104a)¢'(114£

NO 1LOAD FIELD CURRENT

_FNL o (127)
FNL = . " (1%)

NO LOAD FIEID VOLTS PER COIL
EpNL = CrND) RE(cold)

= (127a)(154)
CURRENT DENSITY IN FIELD CONDUCTOR. - At 10 load

AMPERE CONDUCTORS per inch

REACTANCE FACTOR

LEAKAGE REACTANCE of the stator

x/q = (X) EA1)+ (/\e) + (Azﬂ
= (129) [(62)+ (64) +(64aﬂ

A , is explained under item (64a) and should be

zero in most designs.

J-24
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(131)
(132)
(133)
(134)
(145)
(146)

(147)

Xad

#

REACTANCE - direct axis

REACTANCE - quadrature axis

SYNCHRONOUS REACTANCE

SYNCHRONOUS REACTANCE - quadrature axis

PERIPHERAL SPEED

NUMBER OF FIELD TURNS

MEAN LENGTH OF FIELD TURN

J=2ka
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(148)

(149)

(150)

(151)

(152)

(153)

(154)

(155)

(156)

(157)

(160)

X¢°C
Pt

(hot)

Acf

Rt
(cold)

R
(hot)

FIELD CONDUCTOR DIA OR WIDTH in inches

FIELD CONDUCTOR THICKNESS in inches - Set this item = 0.

for rouna conductor.

FIELD TEMP IN °C

RESISTIVITY of field conductor @ 20°C in micro ohm-inches.

RESISTIVITY of field conductor at X{°C

CONDUCTOR AREA OF FIELD WINDING

COLD FIELD RESISTANCE @ 20°C

= ONp) Uyg) x10°° 5y (143){147)x10*6
Rt (cold) = (Pp) (acs = (151) 6

HOT FIELD RESISTANCE - Calculated at Xg°C (103)

Rf (hot) = (Pt not) ) W)= 1078 150y (146)(147) x 106
(act) (133)

WEIGHT OF FIELD COIL in 1bs.
. 3210N0)(ie)(acg)

#s of copper

. 321(146) (147)(158)
Also refer to note given in item (65).

WEIGHT OF ROTOR IRON

FIELD LEAKAGE REACTANCE

J=25



(160a){ Pe ROTOR LEAKAGE PERMEANCE

Pe = P E>1+P2+P3+P4]
= (6) [(:30) ¥ (81) + (82) * (ssﬂ
(161)] Ly FISLD SELF INDUCTANCE

L =(N? (£) () Ecp) A% + (%f)“lx 10-8
= (99)%:3) '(e)Ezs)(70c)'§«+ (161{)} x 1078

(161f) I\ ROTOR LEAKAGE PERMEANCE per inch of stator stack

‘= _P_Q__= (1608)
D6 G

(166) | X qu UNSATURATED TRANSIENT REACTANCE

187) |X4 SATURATED TRANSIENT REACTANCE

(168) | X 4 SUBTRANSIENT REACTANCE in direct axis

X"q = (X 4q) = (167)

(169) | X

SUBTRANSIENT REACTANCE in quadrature axis
X'q = (Xg) = (139)

(170) | Xa NEGATIVE SEQUENCE REACTANCE

(172) Xo ZERO SEQUENCE REACTANCE
(173)} Kxo

&) -
a15) N g Mo ® ;P? Lm(}‘)j -

73
- [-070700) ]

J-26
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(176)

(177)

(178)

179

(180)

(181)

(182)

(183)

(184)

(185)
(186)
(187)
(188)
(189)
(190)
(191)

(192)

Fsc
SCR
IZRF

F&wW

OPEN CIRCUIT TIME CONSTANT

ARMATURE TYME CONSTANT

TRANSIENT TIME CONSTANT

SUBTRANSIENT TIME CONSTANT

¥ - ’ . "
SHORT CIRCUIT AMPERE TURNS _\xd) @g}s (133) 2 (26)

SHORT CIRCUIT RATIO

FIELD I°R

FRICTION & WINDAGE LOSS

STATOR TEETH LOSS

STATOR CORE LOSS

POLE FACE LOSS

J=-27
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(194)
{195)

(196)

(196a)

(198)

(193a)

(207)

(@19)

(213a)

(213p)

2R

7L

%pL
opTL

Bpy,

STATOR I°R - at no load.

EDDY LOSS - at no load.

TOTAL LOSSES ~ at no load. Sum of all 1 :ses.

Total losses = (Field I2R) + (F&W) + (Stator Teeth Loss)
+ (Stator Core Loss) + (Pole Face Loss)

= (182) + (183) + (184) + (185) + (186)

" LEAKAGE FLUX PER POLE at 100% load

STATOR TO ROTCR FLUX LEAKAGE at full load.

@rL

(P7) Eed)(Fg) + (Fpy) +

(F1) [1 + (cos oj + (FQ x 1073

(86) @98)(96) + (213¢) +
(97) [1‘+ (9] + (983:{10‘3

FLUX PER POLE at 160% load

TOTAL FLUX PER POLE at 100% load

dpTL = GPL ”3%-‘“‘-)- = (213) ..2,§‘19Ga2

FLUX DENSITY AT BASE OF POLE at 100% load

J=28



(213c)

(226)

(231a)

(232)

(233)

P51,

OsHL

BSHL

FsHL

\\\\

AMPERE TURNS PER POLE at 100% load

Fpq, =ﬂp [Nl/in @ density (BPLE]

= (76) |Look up ampere turns/inch on rotor
magnetization curve given in (18) at

density (213b)

LEAKAGE FLUX ACROSS COIL AT FULL LOAD (Kilolines)

@51, = Ps [Zed Fg + 2Fpy, + 2Fy (1 + cos 0) +
F, | 103
= @4 [20198)96) + 2(213-) + 209) (1 + 9)) «
| (98£l x 1073

= @pTL g-’h (@71) + (B51) = (213a) (—gl + (207) ~ (226)

SHAFT FLUX DENSITY at full load.

_ @sEL) _ (2312)
L = T C Tmy

AMPERE TURN DROP IN SHAFT at full load

FsHL =/sg [NI/in on shaft magnetization curve at]
| density (Bsgy) i

= (78) rI.Jook up on shaft magnetization curve]
| given in (18) at density (232)

-

J=29



(236)

(237)

(238)
(239)
(241)
(242)
(243)

(245)

(246)

(247)

(a0

IrrL

TOTAL AMPERE TURNS PER POLE at 100% load - The tot
ampere turns per pole required to produce rated Ic

FrL = 2[(cakFgh(l + s BHFTHFH(FPL) +(FoHL)

2 |(198)(98)+(1 + (93(97)—!-(98)+(213c] +(233) .

FIELD CURRENT at 100% load

IrFL = (FFL)/(Ny) = (236)/(146)

FIELD VOLTS at 100% load

CURRENT DENSITY at 100% load -

FIELD I2R at 100% load

STATOR TEETH LOSS at 100% load

POLE FACE LOSS at 100% load

STATOR I%R at 100% load

EDDY LOSS

TOTAL LOSSES at 100% load - sum of all losses at 100% Ic
Total Losses = (Field I2R) + {F&W) + (Stator Teeth Loss)
+ (Stator Core Loss) + (Pole Face Loss) .
+ (Stator I2R) + (Eddy Loss)
= (241) + (183) +.(242) + (185) + (243) + (245) + (248)

RATING IN KILOWATTS at 100% load

J-30
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(249)
(250)

(251)

RATING AND LOSSES

% LOSSES

% EFFICIENCY

These items can be recalculated for any load condition
by simply inserting the values that correspond to the %

load being calculated.

Valu:s for F&W (183) and W (Stator Core Loss) (185)

do not change with load.

J-31
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INPUi AUXILIARY DATA SHEET

Auxiliary information taken from the design manuals to be used in conjunction with input sheeta for

convenience.

A. Al dimensions for lengths, widths, and dlameters are to be given in inches.

B. Resistivity inputs, Rems (141) and (151) are to be given in micro-ohm-inches.

The following items along with an explanation of each are tabulated here for convenience. For complete

explenation of each item number, refer to design manuals.

Bem No.

Explanation

®

(9a)
(1c
(14)
19)
(18)

(19)
(20)

(1)

(22)

Pawer factor to be given in per unit. For example for 80% P.F., nsert ,90,
Adjustment Factor - For P.F. £,95 insert 1,0
For P.F. > .95 insert 1,05

Optional Ioad Point -- Where load data output {8 required at a point other than those given
as standard on the Input sheet. Example: For load data output at 155% load, insert 1,55,
Number of radial ducts in stator,
Width of radial ducts used in Rem (14).
Magnetization curve of material used to be submitted as defined in Rem (18),
Watts/Lb, to be taken from a cove loss curve at the density given in Bem (20) (Stator).
Density in kilolines/in?, This value must correspond to density used to pick Hem (19)
usually use 77.4 Ku'a2,
Type of slot ~ For open slot Type A, insert 1,0,

For partially open slot Type B with constant slot width, insert 2,0.

For partially open slot Type C with constant tooth width, insert 3.0,

For round slot Type D, insert 4,0.

For additional information, refer to figure adjacent to input sheet which

shows a picture of each slot.
For stator slot dimersion - for dimensions that do not apply to the slot insert 0.0,
Use Table below as guide for input,

Slot Type
Symbol Bem 1 2 3 4
b, (22) 0.0 * * )
b 0.0 0.0 *
b 0.0 0.0 * 0.
by 0.0 0.0 * O.v
bs * » # *
' hy 0,0 » » .
hy * . * 0.0
hy * 0.0 0.0 0.0
hs * . 0.0 0.0
he . * * »
h 0.0 * . 0.0
hy 0.0 b . 0.0

« insert actual value,
by 4 by



[ —

4

Item No. Explanation
(28) Type of winding - for wyve connected winding insert' 1.0,
for delta connected winding ingert 0.0.
(29) Type of coil - for formed wound (rect. wire), insert 1.0.
for random wound (round wire) insert 0.0,
(30) Slots spanmned ~ Example - for slot span of 1-10, insert 9,0,
(33) For round wire insert diameter, For rectangular wire insert wire width.
(34) Strands per conductor in depth only.
(34a) Total strands per conductor in depth and width,
(35) Diameter of coil head forming pin. Ihsert .25 for stator O.D. <8 inches;
- Teert .50 for stator 0D, »8 in, Coll Pin
37 Use vertical height of strand for round wire, insert 0.0.
(38) Distance between centerline of strands in depth. Tnsulation E—: Met
(39) Stator strand thickness -- use narrowest dimension of the two dimensions given for a
rectargular wire. For round wire insert 0.0.
(40) Stator slot skew in inches,
{42a) Phase belt angle - for 60° phase belt, insert €00,
for 120° phase belt, insert 1200,
(48) See explanation of items (71), (72), (73), (74) and (75). Same applies here.
(87) When no load saturation output data is required.at various voltages, insert 1.0.
When no load saturation information is not required, insert 0,0.
(137) Damper bar thickness -- use damper bar slot height for rectangular bar, For round
bar insert 0.0,
(138) Number of damper bars per pole.
(140) Damper bar pitch in inches,
(148) For round wire insert diameter. For rectangular wire insert wire width,
(149) For rectangular wire insert wire thickness, For round wire insert 0,0,
(187) Pole face loss factor. For rotor lamination thickness ,028 in, or less, insert 1.17.
For rotor lamination thickness ,029 in, to .063 in., insert 1,73,
For rotor lamination thickness .064 in, to .125 insert 3,5.
For solid rotor insert 7.0.
(11) \ ¥ the values of these constants are available, insert the actual number. N they are
(12) not available, insert 0.0 and the computer will calcalate the values and record them on
(13) the output,
(14)
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INSIDE-COIL, STATIONARY-COIL LUNDELL GENERATOR
COMPUTER DESIGN ~ - - - - ~ = {INPUT)

MODE L EWO DESIGH NO (1)
) ¥VA |GENERATOR KVA RATIO MAX TO MIN OF FUND a1 [c
(3) E LINE VOLTS WINDING CONSTANT ) jew |
(@) [ ph |PHASE VOLTS POLE CONSTANT (73 [Cp s
. m m PHASES END EXTENSION ONE TURN (48) |Lg ___‘»3
[: 4
wf(se) |9 “REQUENCY DEMAGNETIZATION FACTOR (1) |Cm &
; (6) P POLES CROSS MAGNETIZING FACTOR  [(75) lcg v
« 7 RPM |[RPM POLE EMBRACE (77 |oc
o 18 Ioh |PHASE CURRENT WIDTH OF POLE (NARROW END) [(76) |b pj
9 PF POWER FACTOR WIOTH OF POLE (WIDE END) (76) |bpa x
(9a) |xc ADJ, FACTOR POLE THICKNESS (NARRO¥ END) |(76) [tp1 |5
(10) OPTIONAL LOAD POINT POLE THICKNESS (WIDE END) (76) |+p2 :
an STATOR 1.D, POLE LENGTH 76 | Lo |u
x|t |o STATOR 0.D, ROTOR DIAMETER (11a) |4y °
<103 GROSS CORE LENGTH WEIGTH OF ROTOR IRON asn J(-)
= 0@ Ta,  Two. OF DucTs POLE FACE LOSS FACTOR asn [k
2lasy Tb, WIDTH OF DUCT SHAFT 0.0{FLUX CARRYING PART|(78) |d, g
5 |18 K/ [STACKING FACTOR(STATOR) I " Ll
9|« WATTS/LS. PERM OF LEAKAGE PATH 1 (80) |m
20 8 DENSITY PERM OF LEAKAGE PATH 2 81 |P2
21) TYPE OF SLOT PERM OF LEAKAGE A (H 3 82 {r3 w
22) b, SLOT OPENING PERM OF LEAKAGE P/ 4 (83) P4 z
@ __lby SLOT WIDTH TOP TERM OF LEAKAGE PATH § (84) lPs H
(22) |ba PERM OF LEAKAGE PATH 7 (86) [Py o
- 122y ib3 LENGTH OF PERM PATH | (80a) | &y a
3 22) |bs SLOT WIOTH LENGTH OF PERM PATH 2 8la) 122
e l2n r, LENGTH OF PERM PATH 3 (82a) | 13
T — I —————— e
i@ I OUTSIDE DIA. OF FIELD COIL (78) |deo
Sl@) T LENG TH OF FIELD COIL 76 | Reo
(22)  |h3 NO. OF FIELD TURNS/COIL (146) [Ng
(22)  |h, SLOT DEPTH MEAN LENGTH OF FLU. TURN o [ X |9
w
(22) _ |h, FLD, COND. DIA. ORWIDTH (148) z
(29 Ibw LD, COND, THICKNESS (149
(23) |a NO. OF SLOTS ., FLD. TEMP IN oC (150) [Xg° C
e ca———
(28) T¥PE OF WDG. RESISTIVITY OF FLD, COND e 2¢° | (151) | P ¢
29) TYPE OF COIL NO LOAD SAT. (87)
(30) ln, COMDUCTORS/SLOT FRICTION & WINDAGE (183) | (Faw)
ey 1y SLOTS SPANNED SPECIAL PERMEANCE o4a [ A=
32) e PARALLEL CIRCUITS STATOR LAM MATERIAL (e =
o [(33) STRAND DIA. OR WIDTH POLE MATERIAL 1 18) &
2 (34) |Ngst |STRANDS/CONDUCTOR INDEPTH SHAFT MATERIAL (18) 3
Z |(340) |N'gy |STRANDS/CONDUCTOR
> . Yo
29 STATOR STRAND T'KNS.
§ (38) _ [db DIA, OF PIN )
=106 1f.2 [coit ExT. STR.PORT
“137) They |UNINS, STRD, HT.
’
e LN
{J
— — DAMPER $LOT REMARKS
40) 174 [STATOR SLOT SKEW
(50) _[xoC [sTATOR TEMP oC
D RES'TVYSTA, COND. @ 200 C .
08)_ 1L a3 [ AXIAL LENGTH OF GAP (33)
ﬂ!”! dal | DIAMETER AT GAP (g3) .
o8 g2 DIAMETER AT GAP (g2)
o k39) MAIN AIR GAP
(59a) g2 AUXILIARY GAP (92) JoEsioner DATE
59) Jo3 AUXILIARY GAP (g3) . B

K-01
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(&) open Slots

(b) Constont Slot Width

"1'%{'
}

T
2

i

>
L

TYPE 1

(Type 5 is an open
slot with 1 conductor

per slot) bt
(c) Constont Tooth Width
b
; *1% j
b |
) < __,$ C
TYPE 3 "lo \'
_L i -

by for type 3 is

! o -J
oefiy) ]

K-02

1 I TYPE 2

b

(d)Round Slots
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INSIDE~COIL, STATIONARY~-COIL LUNDELL GENERATOR
SUMMARY OF DESIGN CALCULATIONS = = = = =« — ~ (OUTPUT)
MODEL NO. EWO DESIGN NO.
{17 (_ﬂ.) SOLID CORE LENGTH CARTER COEFFICIENT (67). (Xa)
(24) he ) DEPTH BELOW SLOT EFFECTIVE AIR GAP (89)  (go !
(26) (T,) [sLoOT PITCH FUND/MAX OF FLD, FLUX (1) (1)
- [@n_ (7,173 sLoT PiTcH 173 DisT. uP WINDING CONST. 72) (Cw) IP
, [42) (Kak) [SKEW FACTOR POLE CONST. ) €p) %
©1(43) (K4} DIST. FACTOR END. EXT. ONE TURN (48) (LE) g
48) (Kp) PITCH FACTOR DFEMAGNETIZING FACTOR (7) (Cw) O
j (45) (no) |EFF. CONDUCTORS CROSS LAGNETIZING FACTOR 1(78) _(C4)
%<7 (e ) | COND. AREA R ¢ (128) (A N
% a7 (S4) | CURRENT DENSITY(STA.) REACTANCE FACTOR (129) (x)
% ]u9 ()  [1/2 MEAN TURN LENGTH LEAKAGE REACTANCE (170) (xg)
' [(53) (Rpw) | cOLD STA. RES. €20°C REACTANCE OF {31 (xeg)
{54) (Ryp) |HOT STA.RES. #X°C ARVATURE REACTION (132) (Xoq) |
. |(38)_(EFiop )| EDDY FACTOR TOP SYNREACT DIRECT AXIS (133) (xq) |w
{ [(56) (EFye) [ EDDY FACTOR 80T SYNREACT QUAD AXIS (134) (X o) %
1 [(62) (A}) |STATOR COND, PERM. FIELD LEAKAGE REACT (160)_ (x4 ) X
(63) (Ag) | END PERM. #1ELD SELF INDUCTANCE (61 (s ) |
1169 ¢ ) [wT. oF sTA copPER UNSAT. TRANS, REACT (168) (x4 1
i {(66) ¢ ) [wT.OF STA, IRON SAT. TRANS.REACT 06N (x'g)
— [@n (7, | POLE PiTch SUB.TRANS, REACT DIRECT A, | (168) (X" g)
(15N (~) |WT.OF ROTOR IRON SUB. TRANS REACT QUAD AX, | (169) (X"
, [C45){v,) | PERIPHERAL SPEED NEG SEQUENCE REAC™ (705 iX2 )
= 7](153) (acp) | FLD. COND. AREA ZERO SEQUENCE REACT (172) (Xq)
° e ————
S|0s (Rg) [COLD FLD. RES, ¢ 2u° C OPEN CIR, TIME CONST. 076) (Tgo) | .
“ (55 R gy [HOT FLD. RES, ¢ X° C ARM TIME CONST, 01 (1g) U%
— 036 (-) WY OF FLD. COPPER TRANS T'4E CONST, (178) (r'4) .’.U
y (80) (P1) |PERM OF LEAKAGE PATH 1 SUB TRAN TIME CONST. 79 (T"4)
‘ w181} (P2) |PERM OF LEAKAGE PATH 2 _|TOTAL *LUX .90) )
:1(62) (P3) |PERM OF LEAKAGE PATH 3 FLUY, PER POLE ) _(@p)le
' 4[(83) (P4) |PERM OF LEAKAGE PATH 4 GAP DENSITY (MAIN) (95) (Bg) S
’ E (84) (Ps) | PERM OF LEAKAGE PATH S TOOTH DENSITY (o) _(8r) | '
___ _](86) (P7) |PERM OF LEAKAGE PATH 7 CORE DENSITY (94 (8g) f-
, (160) (FSC) | SHORT CIR NI TOOTH AMPERF TURNS on (k) |2
{181) (SCR) |SHORT CIR RATIO - CORE AMPERE TURNS on__(Fe) |3
GAP AMPERE TURNS (MAIN) (96) (Fq)
; PERCENT LOAD M 100 50 200 OF TIONAL
" &g (100s) LEAKAGE FLUX Y (197a) —
{@Ppe) (1020} TOTAL FLUX/POLE T T e @130
18,) (103a) POLE DENSITY (B,1) 2136) _
‘82 ) (122) AUX GAP{52) DENSITY Kiy211) (224) o
(Bg3) (199) AUX GAP3) DENSITY . ian)(_ﬁi -
‘Bgh) _(113) SHAPT DENSITY (Bght) (208) B _
(Fal) (127) TOTAL NI MRELL)] |
{4ni ) (1270) FI"2 D AMPERES Kigr1) (237
& (81) (127¢) CUR. DEN. FLD, () (@39
. [Etnl) (1278) FIELD VOLTS WEmoae —
3 (W .} (185) STA CORE LOS® (W ) (185) -
Wal) (184) STA TOOTH LOSS (o) ) (242)
3 128, ) (104) STATOR CU LOSS [0 % R gx248)
=) _(193) EDLY LOSS o G
(Wan) )(186) POLE PACE LOSS [yq ) (243)
VTR CNLLOR &
Faw) (183) F&V i.0SS Faw) (183) .
- ) (19%6) TOTAL LOSSES [ -) (47)
(=) (=) PERCENT EPP, [ ~-) (237) -
’ DEsIGNER N
REY. A
i K-03
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INSIDE-COIL, STATIONARY~COIL LUNDELL
NO LOAD SATURATION OUTPUT SHEET

iTens @ © (95) (B) maiN 02 (s, M9 (8 y) o0 () on »;
VOLTS GAF DENSITY DENSITY (g2) DENSITY (g3) STA CORE GENSITY |STA TOOTK DE
% (100e) &> ) ) (103) (8)) a3 e azn
VOL TS LEAKAGE FLUX | TOTAL FLUX/POLE| POLE DENSITY SHAFT DENSITY TOTAL N. 1.
oox
o
o
L]
1208
o
o
15on
o
K-0b
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INSIDE- COIL, STATIONARY-COIIL, LUNDELL, A.C. GENERATOR

1)
)
®3)
4
(5)
(5a)
(6)
Q)
(8)

F o pon

sF

Ls

DESIGN NUMBER
GENERATOR KVA
LINE VOLTS
PHASE VOLTS

PHASES
FREQUENCY
POLES

SPEED

PHASE CURRENT
POWER FACTOR

ADJUSTMENT FACTOR

LOAD POINTS

STATOR PUNCHING LD,
ROTOR O.D.

PUNCHING 0O.D.

GROSS STATOR CORE LENGTH
RANIAL DUCTS

RADIAL DUCT WIDTH
STACKING FACTOR

SOLID CORE LENGTH

K-l




(18)

MATERIAL - This input is used in selecting the proper mag-
netization curves for stator, pole j shaft; when dif-
ferent materials are used. Separate spaces are’
provided on the input sheet for each section men-
tioned above. Where curves are available on card
decks, used the proper identifying code. Where
card decks are not available submit data in the
following manner:

The magnetization curve must be available on semi-

log paper. Typical curves are shown in this manual

on CurvesFl5 aanl& Draw straight line segments
through the curve starting with zero density. Re-
cord the coordinates of the points wheré the
straight line segments intersect. Submit these
coordinates as input data for the magnetization
curve. The maximum density point must be sub-
mitted first.

Refer to Figure below for complete sample

60 1L Max.
Point Sample
Input Data
Density NI
g 50 - Straight Line
£ Segment 9 5(5) Mg. X
4) 27 1.9
s 30 | Intsrsection of  of 32 35
e Straight Line 7) 48 9.0
§ 20 | Segments 8) 55 12.0
10 traight Line
Segment
0 . . L .
1 ¢ 3 456810 20

Ampere Turns Per Inch

K-2
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(19)
(20)
1)
(22)
(23)
(24)
(29)
(26)
@7
(28)
(29)
(30)
(31)
(31a)
(32)
(33)
(34)
(34a)
(35)
(36)
(37
(38)

NsT

Ngr

292

WATTS LB

DENSITY

TYPE OF STATOR SLOT

ALL SLOT DIMENSIONS

STATOR SLOTS

DEPTH BELOW SLOTS

SLOTS PER POLE PER PHASE

STATOR SLOT PITCH

STATOR SLOT PITCH

TYPE OF WINDING

TYPE OF COIL

CONDUCTORS PER SLOT

THROW

PER UNIT OF POLE PITCH SPANNED

PARALLEL PATHS

STRAND DIA,. OR WIDTH

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH
NUMBER OF STRANDS PER CONDUCTOR
DIAMETER OF BENDER. PIN

COIL EXTENSION BEYOND CORE

HEIGHT OF UNINSULATED STRAND )
DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH

K-3
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(39)
(40)
(41)

“(42)

(42a)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)
(51)
(52)

(53)

(54)

(55)

(56)

(cold)

(hot)

EF
(top)

EF
(bot)

STATOR COIL STRAND THICKNESS
SKEW

POLE PITCH

SKEW FACTOR

PHASE BELT ANGLE
DISTRIBUTION FACTOR

PITCH FACTOR

TOTAL EFFECTIVE CONDUCTORS
CONDUCTOR AREA OF STATOR WINDING
CURRENT DENSITY

END EXTENSION LENGTH

1/2 MEAN TURN

STATOR TEMP 0C

RESISTIVITY OF STATOR WINDING
RESISTIVITY OF STATOR WiNDING

STATOR RESISTANCE/PHASE
STATOR RESISTANCE/PHASE

EDDY FACTOR TOP

EDDY FACTOR BOTTOM

K4



[—

§ oo

(57).

(57a)
(58)

(59)
(59a)
(59b)
(60)

(61)

(62)

(63)

(64)

(64a)

btm

bt 1/3

STATOR TOOTH WIDTH

STATOR TOOTH WIDTH

TOOTH WIDTH AT STATOR I.D.

MAIN AIR GAP in inches

AUXILIARY GAP, INNER - in inches

AUXILIARY GAP, OUTER - in inches

REDUCTION FACTOR

FACTOR TO ACCOUNT FOR DIFFERENCE in phase current

in coil sides in same slot.

CONDUCTOR PERMEANCE

LEAKAGE REACTIVE FACTOR for end turn

END WINDING PERMEANCE

SPECIAL LEAKAGE PERMEANCE - For machines

having a section of the pole that is approxi-

mately a full pole-pitch wide, an additional

leakage permeance must be added to the

slot and end-turn leakage permeances.

This permeance is that of the leakage path

from one pole into a tooth top and from tooth

top back into the adjacent pole.

K-5

The leakage
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(64a)

Cont'd.

is similar to Zig Zag 1eakage and by in-
creasing the stator leakage reactance, can

reduce the output of the generator significantly.

This same leakage can be used to purposely
limit the output of the generator and make it
current limited, The presence of this ad-
ditional leakage can be good or bad depending
upon what is wanted from the generator. The
important thing is for the designer to be aware
that it is there.

Ih many cases, the designer should estimate
the specific permeances )‘z since the pole base
will be more or less than a full pole pitch wide
and the following formula will not suffice.

K~-5a
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(64a) Cont. ; l , | !
[

4
]
MY

1 - - —_—

e —

P !

area of pole over tooth when tooth is on centerline

= 20 between poles
= (C I
22" Cx) o L i
by (T, - by (£+2 tgp) %= bo1)
) 20 P p P 7
A O 27 g ‘
(65) - WEIGHT OF COPPER
(66) - WEIGHT OF STATOR IRON - in lbs.
(67) Ks CARTER COEFFICIENT

68) | Ag MAIN AIR GAP AREA

159) ge EFFECTIVE AIR GAP

K-5b
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(70)

(70a)

(M

(72)
(13)
(14)

(75)

(76)

Aga

AREA OF AUXILIARY AIR GAP

' 2
Agg = —T Wg2”. M g)?
AREA OF OUTER AUXILIARY AIR GAP

Agy = W(dg3) (1 g3’ = (87) (87)

THE RATIO OF MAXIMUM FUNDAMENTAL of the field

form to the actual maximum of the field ivrm -

WINDING CONSTANT

POLE CONSTANT

DEMAGNETIZING FACTOR - direct axis

CROSS MAGNETIZING FACTOR - quadrature axis

POLE DIMENSION LOCATIONS

bpz - width of pole at edge of stator stack (wide end).
by - width of pole at end (narrow end).

tp2 - thickness of pole at edge of stator stack.
tpl - thickness of pole at end.

9 co - length of coil.
Qp - length of pole.

K-6



g [
[\ \g /]
[\ N\ T

K/l

EDGE ©F
STATOR STAC

Ty

(- -

C+—Us ‘—*—"J':P

l-—,(co —*ﬂ\]

Pig o Ke2

K-?7

d



(™

(77a)

POLE EMBRACE

o = o)+ Qo) - () 4 (76)
2 (T 2 (4]

Items immediately following, deal with the calculation
of rotor and stator leakage permeances. Illustiations
are included to help identify the permeance areas and
paths of the leakage fluxes. The computer program will

handle the permeance calculations either of twc wavs:

1) Pj through P7 can be calculated by the computer.
For this case, insert 0.0 on the input sheet.

2) Pj through Pq can be calculated by the designer.
For this case, insert the actual calculated value
on the input sheet.

.Permeance calculations P; through P7 are all based
on the equations

p = u (area)
Where u = 3.19

Area = cross-gsectional area perpendicular to £
£ = length of permeance leakage path

Many of the equations used in this section are taken
from Roter's "Electromagnetic Devices”. Refer to
the appendix for an explanation of each condition.



(78)

ROTOR AND STATOR DIMENSIONS

N\

] g3 " axial length of air gap (g%)

dg3 - diameter at air gap (g3)

dgg - diameter of the circle containing flux in gap (g2)

dg - diameter of shaft (equal tn coil inside diameter)
# gy - length of shaft (flux carrying portio: )

tfp - thickness of flux plate
doc - outside diameter of coil

{.; - length of coil (axial length)

STATOR

AN

NN

~ N

s |

ri‘o K3

£-9
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(79)

(80)

(80a)

(81)

(8la)

POLE AREA - The effective cross sectional area of the pole.

ay = (pg) (tyy) = (76) (76)

POLE HEAD END LEAKAGE - This input can be either 0.0

or the actual value if available. Refer to item 86
for explanation. See Figure K4 for location.

Pl = 3.19 (bpl) (tpl) = 3.19 (76) (76)
2 (802)

LENGTH OF PERMEANCE PATH P; - ! is the length of

permeance path P; and must be 'obtained from design
layout. Note this vawe ( 91) must appear as a
input when Py 7.0

POLE HEAD SIDE LEAKAGE -~ This input can be either 0.0

or the actual value if available. Refer to item 86

for explanation. See Figure Kafor location.

Py =3.19 [(cpl) + (tpz)] (%)
2 (lz)

- 3.19 ((16) + (18)) (16)
2 (81a)

LENGTH OF PERMEANCE PATH Py - 9 2 is the length of

permeance path Py and must be obtained from design
layout. Note: This value (9 ) must appear as an
input when Pg = 0.0

K-10
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82) |(P3

(82a) 93

(83) | P4

POLE UNDERSIDE TO FLUX PLATE LEAKAGE PERMEANCE -

This . input can be either 0.0 or the actual value #f
available. Refer to item 86 for explanation. See

Figure K& for location.

Py = 3.1 3 (oyy) (bp.,)] (1)
X 8 (f3)

- 3.19)5(16) + (76)]%76)
g 8 82a

LENGTH OF PERMEANCE PATH P3 - {3 is the length of

permeance path P3 and must be obtained from design
layout. Note: This value (93) must appear as an

input when Pg = 0.0

POLE UNDERSIDE TO POLE UNDERSIDE LEAKAGE
PERMEANCE

This input can be either 0.0 or the actual value if
available. Refer to item 77a for explanation. See
Figure ' for location.

For 6 poles or more i.e. when (6) Z 6 calculate

as follows:
*Pg =3.19 (fp) In E+ (bp1) + (bp?.))
r (&
- 3.19(16) In |1+ (78) + (76 _
K-15
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Py,
e S TETER,

[ O,

84

(86)

where Z = 7;, - ((bpl)-l- (bpz)-] = (41) - Eﬁ) + (76)t|
2 2

For 4 poles i.e. when (6) = 4 calculate as follows:
*P4=3.19(4,) 3 In |14 (by; + (by2)
P31+ tut Oy

= .11;’576)% mE+ (16) + g'zgl]

FIELD COIL LEAKAGE PERMEANCE - This input can be

either 0.0 or the actual value if available. Reier

to item 77a for explanation, See Figure F-7 for

location.

Ps=3.1 7 [(doc)2 (ds)z]

@eo) @

3

STATOR TO ROTOR LEAKAGE PERMEANCE - This input

= 3. 19 ks [(78)2 — (18)2] 2

can be either 0.0 or the actual value if available.

Refer to item 86 for explanation. See Figure F-7

for location,

P7 = 2,5 (D+d-r)

= 2,5 EZ)-}- (lla-):]

K-16
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The next set of calculations deals with the no load

saturation. When the no load saturation
data is required at various voltages, insert
1, on the input sheet for "No Load Sat. ",
The computer will then calculate the
complete no load saturation curve at 80, 90,
100, 110, 120, 130, 140, '50, and 160% of
rated volts. When complete saturation data
is not necessary, insert 0. on the input

sheet and the computer will calculate 100%
volt data.

K-17




(88) | ¢p | TOTAL FLUX IN KILO LINES

o) | B TOOTH DENSITY in Kilo Lines/in

©2) | op FLUX PER POLE in Kilo Lines

94) | B, CORE DENSITY in Kilo Lines/in?

95) | B GAP DENSITY in Kilo Lines/in2

(96) Fg AIR GAP AMPERE TURNS

(97) Fr STATOR TOOTH AMPERE TURNS

(98) Fe STATOR CORE AMPERE TURNS

(98a) F STATOR AMPERE TURNS, total

(99) (v 73 STATOR TO SHAFT AND FLUX PLATE LEAKAGE FLUX -

The leakage flux from the stator to the yoke

v ey o e

: and rotor, all of which crosses the auxiliary

air gaps (gg) and (g3)
@7 = (FRIHEI+(FDI+(FY] (P) x 1073

= [(1042)+ 98 +(97) +(98)} 86) x 10-3

The items to follow are to be
calculated for variuble loals. The first set

K-18

H
:
M

i

P




(100a)

(102a)

(103a)

dpt

of calculations are at no load, These cal-
culations will then be repeated for 100%
load. Any variation in load
would be a repeat of the 100% load calcula-

tions with the proper percent load inserted.

ROTOR LEAKAGE FLUX - at no load

9, = 027 + 2(Pp) + (7))
[y v+ g+ @] x10°%

2 (6) [2(96) +2(07) + (98)_}

[(_80) + (81) + (82) + (ssﬂ x10

TOTAL FLUX PER POLE - at no load

dpr = ¢p1-_2_(g2_) = (92) “_'_2!1003)

POLE DENSITY in Kilolines per square inch.
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(104a) | Fp POLE AMPERE TURNS - at no load. The ampere turns

per pole required to force the flux through

the pole at no-load rated voltage. The no
load pole ampere turns per pole are calculated
as the product of (Qp) times the NI per inch

! at the density (Bp). Use magnetization curve

submitted per Item (18) for rotor.

Fp - (Qp) { NI/in @ density (BP)J

= (76) | Look up on rotor magnetization curve]
given in (18) @ denrity (103

(108) Ggg FLUX CROSSING THE AUXILIARY AIR GAP - Kilolines

Qg2 = (@pT) (-? + ()
- (ma)(-gl + (95)

(111) | ggg | FLUX IN SHAFT

. JsH = (Gg2) + (T5) = (108) + (118 )

(112) | Ag AREA OF SHAFT in inches? - cross-sectional to flux

Where Ag « XL ()% - JT (18)2
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(113)

{114)

(114)

(120)

Bgl,

143]

Psn

g3

FLV¥ DENSITY IV SHATY

B . (%) (1y

o —_——

T (Aq) (112

AMPER i TURY DROP IN SHAFT

-~

Fop = UshJ( NIinch at density (Bsh):l

- (78) Look up on shaft magnetization ~urve

given in {15) at density (113)

COIL, LEAKAGE FLUX

05 ¢ P) | (Faa)t UFy + 2(F) # 2(Fp) + (F) + (ng)J %1073 -

- (3 [(123) + 296" + 2(104a) » 2(97) + (98) + (12@ x 10-3

AUXTLIARY AIR SAP_(%@_ DENSITY - Note the [lux

crossing air gop (2y) is equal the flux cross-

ing air gap (gy)

. {108)

P * t70a)

:ij
(¢}
(-] N]

23

- AUXILIARY AIR GAP (gq) AMPEXE TURNS

| Fga = g §2(430)% (10 (soui0®
|

|

!

l

!

!

|
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(122)

-a

YOKE - No provision is made in this manual for calculat-
ing the flux densities in the section designated
yq and yp in Fig. K-7, page K-14_ Make

sure that the underside periphery of the pole

base times the thickness of the flux plate yq
is equal to the cross-section of the pole base;
or that the flux plate is equal to the pole
thickness.

The pole areas are assumed to be

equal,

AUXILIARY GAP (gg) DENSITY

B., - 922 . (108)
S v ()

AUXILIARY AIR GAP (go) AMPERE TURNS

F _(B 2)

(122) 3
g2 * 398 A kb (593) x 10

3
10Y -
(82) x 3.19

TOTAL AMPEﬁE TURNS -~ at no load. The total ampere

turns per pole required to produce rated
voltage at no load.
FNL ™ 2(Fg) + Z(FT) + (Fc) + (Fsh) +

(Fga) ¢ (Fgo)4Q(Fy)

= 2(96) + 2(97) + (98) + (114) +
(120) + (123) ¢2(104a)

K-22
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(127a)

(127b)
(127c)
(128)
(129)

(130)

(131)

FIELD CURRENT - at no load.

Ieny = (Fyp)/(NF) = (127)/(146)

FIELD VOLTS - at no load.

CURRENT DENSITY - at no load.

AMPERE CONDUCTORS per inch

REACTANCE FACTOR

LEAKAGE REACTANCE
xgrx A Ao )‘:_}

= (129) Esz)+(64)+(6;ﬂ
)\ z is explained under item (64a) and

should be zero in most cases.
REACTANCE - direct axis - This is the fictitious
reactance due to armature reaction in the

direct axis.,

x s +9We)Ipy) (CM)(Kg) X 100 _  9(45)(8)(74)(43) x 100
(B) [2Fg)+(Fga) +(Fgg)] (6) [2(98) + (123) +(120)]

K-23




s e peatrs

o

L owlAfegth BEY

T ema

(132)

(133)
(134)

(145)

&

REACTANCE - quadrature axis - This is the fictitious

reactance due to armature reaction in the

quadrature axis,

= (Cp) Kag) . (r1)(131)
. (Cw)(C1)  (74) (75)

SYNCHRONOUS REACTANCE - direct axis

SYNCHRONOUS REACTANCE

PERIPHERAL SPEED

K=23a
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(146)

(147)

(148)

(149)

(150)

(151)

(152)

(153)

(154)

(155)

(hot)

acf

(cold)

Rg
(hot)

NUMBER OF FIELD TURNS TOTAL

MEAN LENGTH OF FIELD TURN

FIELD CONDUCTOR DIA OR WIDTH in inches

FIELD CONDUCTOR THICKNESS in inches - Set this

item = 0 for round conductor

FIELD TEMP IN °C - Input temp at which full load field

loss is to be calculated.

RESISTIVITY of field conductor @ 20°C in micro ohm-
inches. Refer to table given in Item (51)

for conversion factors.

RESISTIVITY of field conductor at X;°C

CONDUCTOR AREA OF FIELD WINDING

COLD FIELD RESISTANCE @ 20°C

-6 6
Rt (cold) = (f;) (Nigz%x 10" | (151) (146)(%14%7( 10

HOT FIELD RESISTANCE - Calculated at X;°C (103)

-0 )
(o) NDRy) x20°° (146)(147) x 10-8
Rt (hot) = (Tf hot) e (152) a5




(156)

(157)

(160)

WEIGHT OF FIELD COPPER in lbs

#'s of copper = .321(Nf)(ﬂ t)(acq)
= . 321(14_6)(147)(153)
MOTE: Also refer to note given in item (65).

J' WEIGHT OF ROTOR IRON

THE EFFECTIVE FIELD LEAKAGE REACTANCE (Xy)

The reactance which added to the stator leak-

age reactance gives the transient reactance
t

xdu'
C1 —i
Cm
Xpr¥aa | 1° 0@ AT
pf”T Aa
(71)

. (D]
Xp = (31) |1 - 7 (160
2(73)“" ,‘—T' {i‘gﬁ%

/\ = 6.38d 2 6.38%11)
a Pge' 8
A= Pe - (160)
F —— -
L
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(160a)

(160Db)

(161)

(166)
(167)

(168)

(169)

"

Where g'¢ = (ge)[z(F )*(f 2)HF 3;) . (69) [gss);(mmmoz]
g
FIELD LEAKAGE PERMEANCE
Pe = (P)l_Pl-i— P, + P3+ P4]+ P,

= (6) | (80) + (81)+ (82) + (83ﬂ +(84)

ROTOR LEAKAGE PERMEANCE

Pr= DE’1+P2+P31—1§

6) Bao) +(81) + (82) + (as]

"

FIELD SELF-INDUCTANCE

L; = (Np)2 x Pg x 1078 = (146)2 (160a) x 1078

UNSATURATED TRANSIENT REACTANCE

SATURATED TRANSIENT REACTANCE

SUBTRANSIENT REACTANCE in direct axis

1"

X'g = (X'g) = (167)

SUBTRANSIENT REACTANCE in quadrature axis

X'q = Xq = (134)

K26
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(170)
(172)

(173)
(174)

_(175)

(176)

(1)
(178)

(179)

(180)

1"

T do

Fsc

NEGATIVE SEQUENCE REACTANCE

ZERO SEQUENCE REACTANCE

Mg, = (Kxo) (oA, ] (173) [ 07(175)]
(Kp)

where N . 6.38(d) _ 6.38(11)
2 (P:‘(gei 6(69) .

OPEN CIF-“IT TIME CONSTANT

ARMATL. . TIM* CONSTANT

TRANSIENT TIME CONSTANT

SUBTRANSIENT TIME CONSTANT

SHORT CIRCUIT AMPERE TURNS - The field ampere turns

required to circulate rated stator current when the

stator is short circuit »d.

Fsc = ol EF ) + (Fg) + <Fg:;z]

(133)
A58 | 2(96) + (129) + (12.01!

K27
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(181)

(182)

SCR

IzRF

SHORT CIRCUIT RATIO

FIELD R - at no load The copper loss in the field

winding is calculated with cold field resistance

at 20°C for no load conditior.

Field I2R - (Ipn1)? Ry cord) = (1272)2 (154)

K-27a -




(183)

F&W

FRICTION & WINDAGE LOSS (KW) - Note: Write 0 on input

sheet when computer is to calculate F & W. In-

sert actual value when known.

To ratio from test data, assume that F & W loss

varies as the 5/2 power of the rotor diameter

and as the 3/2 power of the RPM.

The formula below gives an approximate answer
when test data is not available, For a more
rigorous treatment use the information given in
the rotor friction analysis appended to the therma

analysis section (Section C, Vol. 1).

F&W - 2.52 x 1078 (a)2-5 mpMm)!-514,)
= 2.52 x 1078 (11225 ()15 (7¢)
For gases or fluids other than standard air, the
fluid density and viscosity must be considered.

The formula given in the manual can be modified

by the factors
.8 .2
ot u
.0765 . 0435
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(184)

(185)

(186)

(187

(188)
(189)

(190)
(191)
(192)
(194)

(195)

Kg

%R

= density - Ths FT-3

©

where

viscosity LBS FT-1 Hi-1

X

.0765
. 0435

density std. air

11

viscosity std. air

STATOR TEETH LOSS - at no load.

STATOR CORE_LOSS

POLE FACE LOSS - at no lad

STATOR IZR_ - at no load.

EDDY LOSS - at no load.
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(196) | --

(196a) | Gipg

(198) | eg

T T

TOTAL LOSSES - at no load. Sum of all losgses.

Total Losses - (Field IZR) + (F&W) + (Stator Teeth Loss)
+(Stator Core Loss) 4+ (Pole Face Loss)
= (182) + (183) + (184) + (185) +-(186)

NOTE: The vutput sheet shows the next items
to be: (Rating), (Rating 4 Losses), (%
Losses), (% Efficiency). These items
do not apply to the nc lc .d calculation

since the rating is zero.

LEAKAGE FLUX PER POLE at 100% load

(ed)(Fg) +[ 1 + cos(0)} (Fp) + (Fo)
W - “!{ﬁmﬁr%ﬁzr— }

198)(96) + L1 + cos(198a)] (97) + (98)
= (100a) ¥ T

Where eq = cos € +g—;‘50?-sin“r

= cos(198a) + q-gg-L sin (198b)

K-30




(198a)

(207)

(213)

(213a)

(213b)

(213c)

JpL

dpTL

BpL

FpL

Where 0 = cos-1 EPower Factor)]
cos! [(9)]

Where Y - tan-! [sin (0 + (xg)/uom]
) cos (0)

-1 |sin(198a) 4+ (124) /(100)
tan cos(198a) ]

Where € - ‘¥ - 0 - (198a) - (198a)

FLUX LEAKAGE FROM STATOR TO ROTOR

Oy = (Pp) [(.ed)(Fg) + (Fpp) + (Fp) E +cos(0€l, T (Fcil x 10-3

= (86) Bma) (96) 4 (213¢) + (97) E + cos(198)] + (981-] x10°3

FLUX PER POLE at 100% load

TOTAL FLUX PER POLE at 100% load

@prL = OpL + _zgt)g’_ = (213) + 2_(%3?593_)

FLUX DENSITY AT BASE OF POLE at 100% load

AMPERE TURNS PER POLE at 100% load

(8p) [ N/in @ density (Bpy))

Fpr,

(76) 1 s0k up ampere turns/inch on rotor

magnetization curve given in (18) at
density (313b)

K=31
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( 221)

(224)

(225)

(226)

(230)

agzL

BgaL

FoaL

A5y,

l3'33L

TOTAL FLUX IN AUXILIARY AIR GAP under load

Gg2L = (@prL) (21) + @70
= (2132) .(6) . (207)
2

FLUX DENSITY IN AUXILIARY AIR GAP under load

dzaL _ (221)
B - ~BeL _ 144l)
B3l % (ag) (1)

AUXILIARY AIR GAP AMPERE TURN DROP under load

Foor = (Byor) (62) x 103 - (224) (592) x 103

COIL LEAKAGE FLUX UNDER LOAD

439 ‘(Ps)[z(ed)(F g * 2(Fpp) + (Fgayp) + (Fo) + (Fgzp) ¥

2(Fp) [ 1+ cos(eﬂ x 1073

= (84) [2(198)(96) + 2(213c) + (225) + (98) + (231) +

2(97) [-_1 + COS (1983.:)1' x 1072

AUXILIARY GAP (gg) FLUX DENSITY - note the flux in

air gap (gg) is equal to flux in gap (gg)

K=32
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(231)

(231a)

(232

(233)

(236)

(237)

(239)

Fg3l,

OsHL

BsHL

IFFL

AUXILIARY GAP (g3) AMPERE TURN DROP under load

Fg3p, = @%Un_fg_?) x 103 - (230?(5910) X 103

SHAFT FLUX

OsHL = (Fgap) + (F51) = (221) + (226)

SHAFT DENSITY

(JsHL). (2312)
1Ay - T1?)

BguL

SHAFT AMPERE TURN DROP |
FSHL =(9s11) L’ NI/inch @ (BSHL)]

- (78) Look upon shaft magnetization curve @]

density (232)

TOTAL AMPERE TURNS under load

FFL: (FSHL) + Z(FPL) + (FgZI) + (Fg3l.) + (Fc) +

2Fg)leg) + 2(Fp) [1+ cos(9)]

= (233) + 2(213c) + (225) « (231) « (98) «

2(96)(198) + 2(97) [14 cos (198a))

FIELD AMPERES under load

IFFL = Y—Ef—(I;IF ) - -(21%%

CURRENT DENSITY at 100% load

K~2I3




(238)
(241)
(24?)
(243)
(245)

(246)

(247)

(248)
(249)

(250)

ErFL
PRy,
WrrL

WprL

FIELD VOLTS at 100% load

FIELD IR at 100% load

STATOR TEETH LOSS at 100% load

POLE FACE LOSS at 100% load

STATOR I%R at 100% load
EDDY LOSS

TOTAL LOSSES at 100% load - sum of all losses at 100%

load.
Total Losses = (FIELD IzR) + (F&W) + (Stator Teeth Loss)
¥ (Stator Core Loss) + (Pole Face Loss)
+(:stator I2R) + (Eddy Loss)

= (241) +(183) +(242) + (185) +(243) ¥(245) + (246)

RATING IN KW

RATING &  LOSSES

% 1.0SSES

K-3




(251)

% EFFICIENCY

Item (196a) through (251) are 100% load calculations.
These items can be recalculated for any load condition
by simply inserting the values that correspond to the

% load being calculated. The factor @—i'—goi@ takes care

of (Ipy) as it changes with load.

Note that values for F&W (183) and W (Stator Core
Loss) (185) do not change with load, therefore, they can

be calculated only once.

K-35
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INPUT AUXILIARY DATA SHEET

Auxiliary information taken from the desigs manuals to be used In conjunction with input sheets for

convenience.

A. All dimensions for lengths, widths, and diameters are to be given in inches.

B. Resistivity inputs, Items (141) and (151) are to be given in micro-ohm-inches.

The following items along with an explanation of each are tabulated here for convenience. For complete

explanation of each item number, refer to design manuals.

Rem No,

Explanation

(0)

(9a)
(10)
(14)
(15)
(18)

(t9)
(20)

(21)

(22)

Power factor to be given in per unit. For example for 90% P.F., insert ,90,
Adjustment Factor - For P.F. < ,95 insert 1.0
For P.F. > .95 ingert 1.05

Opticnal Load Point -- Where load data output is required at a point other than those given
as standard on the Input sheet, Example: For load data output at 155% load, insert 1,55,
Number of radial ducts in stator.
Width of radial ducts used in Item (14),
Magnetization curve of material used to be submitted as defined in Rem (18).
Watts/1b, to be taken from a core loss curve at the density given in Rem (20) (Stator).
Density in kilolines/in2, This value must correspord to density used to pick Item (18)
usually use 77.4 KL/in2,
Type of glot - For open slot Type A, insert 1,0,

For partially open slot Type B with constant slot width, insert 2,0.

For partially open slot Type C with constant tooth width, insert 3.0.

For round slot Type D, insert 4.0.

For additional informatlon, refer to figure adjacent to input sheet which

chows a picture of each slot,
For stator slot dimension - for dimensions that do not apply to the slot insert 0,0,
Use Table below as guide for input.

Siot Type

Symbol Bew 1 2 3 4
by (22) 0.0 * * *
b 0.0 0.0 « 0.0
by 0.0 0.0 * 0.0
by 0.0 0.0 * 0.0
bg * * 2 *
ho 0.0 * » *
hy . . . 0.0
hg * 0.0 00 0.0
hg * * 0.0 0.0
hg * * * *
bt 0.0 . * 0.0
g J 0.0 . . 0.0
* o insert actual value,

b1 + b3
Pabge 7
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Item No.

(28)

(20}

(30)
(33)
(34)
(34a)
(35)

@37
(38)
(39)

(40)
(422a)

(48)
(87)

(137)

(138)
(140)
(148)
(149)
(187)

(1)
(72)
(73)
(14)
(18)

Explanation

Type of winding - for wye connected winding insert 1.0,

———

for delta connected winding insert 0.0,

Type of coil - for formed wound (rect. wire), insert 1,0,
for random wound (round wire) insert 0,0,
Slots spanned - Example - for slot span of 1-10, insert 9,0.
For round wire insert diameter. For rectangular wire insert wire width,
Strands per conductor in depth only.
Total stranas per conductor in depth and width,

Diameter of coi! head forming pin. Insert .25 for stator O0.D, <8 inches; o

C
Insert .50 for stator O.D. >8 in, otl ) Pin
Use vertical height ~f strand for round wire, insert 0,0.

hl
Distance between centerlne of strands in depth, Insulation @: st

Stator strand thickness -- use narrowes! dimension of the two dimensions given for a
rectangular wire, For round wire insert 0.0.
Stator slot skew in inches.
Phase belt angle - for 60° phase belt, insert 600,
for 1200 phase belt, insert 1209,
See explanation of items (71), (72), (73), (74) and (75). Same applies here,
When no load saturation output data is required at various voltages, insert 1,0,
When no load saturation information is not required, insert 0.0,
Damper bar thickness -- use damper bar slot height for rectangular bar, For round
bar insert 0,0.
Number of damper bars per pole.
Damper bar pitch in inches,
For round wire insert diameter. For rectangular wire insert wire width,
For rectangular wire insert wire thickness. For round wire insert 0,0.
Pole iace loss factor. For rotor lamination thickness .028 in, or less, insert 1,17,
For rotor lamination thickness .029 in. to .063 in, insert 1,75,
For rotor lamination thickness .064 in, to .125 insert 3.5,
For solid rotor insert 7.0.
K the values of these constants are available, insert the actual number. K they are

not available, insert 0.0 and the computer will calculate the values and record them on

the output.
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TWO-COIL LUNDELL (BECKY~ROBINSON TYPE)

COMPUTER DESIGN « - = — = — = {INPUT)

L-01

MODEL Ewo DESIGN NO(1)

(2) | KVA |GENERATUR 7.VA ! FUND/MAX OF FIELD FLUX (7 [ ¢

(3 | E |LINE vOLTS WINDING CONSTANT 7 |en |
(3)_| Egh_|PHASE voLTS POLE CONSTANT m | iz

w|6) [m [PHases END EXTENSION ONE TURN “48) | L E

Wl(sa) | ¥ [FREQUENCY DEMAGNETIZATION FACTOR 79 |cn |&

; ® |ep |POLES CROSS MAGNETIZING FACTOR__ |(75) | Cq |

%[ |reu [reu POLE EMBRACE ()

o [@ 1, |PHASE currENT WIDTH OF NORTH POLE (END)  |(76) [hpfend)
® |pPe |POWER FACTOR WIDTH OF SOUTH POLE (END) (76) plend
(%} [ K. |ADJ. "ACTAR WIDTh GF NORTH POLE (MID)  |(76) Tﬁﬂ
(10) OPTIONAL LOAD POINT WIDTH OF SOUTH POLE MiD) _ |(76) B riif
(1) |4 [sTATOR D, LENGTH OF NORTH POLE a0 |2, |3

|02 [0 [sTAToR 0.D. LENGTH OF SOUTH FOLE e | Xp |*

g (13) | § [cROSS CORE LENGTH ROTOR DIAMETE R (o) | dy

w04 Tr, [wo. oF pucts HEIGHT OF NOR 'H POLE (1) | hpp |

[ o, [wioTH oF buct __LPOLE FACE LO3S FACTOR gen | y)

106 1 ki |STACKING FACTOR (sTaTOR) WIDTH OF SLOT OPENING 038) | by |

“la9) [« [watTs/ie. HEIGHT OF SLOT OPENING (135) | hpg
200 |8 Toensity UAMPER BARDIA. ORWIDTH (136} | ( )
@n TYPE OF SLOT RECTANGULAR BAR YHICKNESS [(137) [ hy |
22) [b, [sLoOT OPENING RECTANGULAR SLOT WIDTH (3s) | by |
(22) | b1 |SLOT wiDTH TOP NO. OF DAMPER BARS/POLE 038) | mp_|&
(2) |b2 DAMPER BAR LENGTH (amw (f, |

22 Tb3 DAMPER BAR PITCH (140) [T» 3

alea [t [stovwoTk RISISTIVITY OF DAMP.BAR®20® [(u1) [ Pp

g2 |b, DAMPER BAR TEMP °C (142) | xoc

A CEN X OAMPER BAR END RINGMEANDIA. | (170) | dg, |

S22 |h2 DAMPER BAR END RIN a
22) |h3 NO. OF FIELD TURNS/COIL (146) | Ng
lz22 _[hs [sLOT DEPTH MEAN LENGTH OF FLD. TURN  [(147) [K1F
22) |y 7LD. COND. DIA. OR WIDTH (148) 3
22) |hw FLD. COND. THICKNESS (149) T
23) 1@ |No. OF SLOTS FLD. TEMP IN°C (150 |x,°cC
(28) TYPE OF WDG. RESISTIVITY OF FIELD COND# 20° [(151) +f §

(29) TYPE OF COR NO LOAD SAT. (87)

30) |n, |CONDUCTORS/SLOT FRICTION & WINDAGE (183) {(Faw)
a1 SLOTS SPANNED

32 |« PARALLEL CIRCUITS

) STRAND DIA. OR WIDTH

%30 [nsr [stRanps/conpucToRINDEPTH

§ 1040 [Ny [STRANDS/CONDUCTOR

g 39 STATOR STRAND T'KNS.

w[@s) [e [oa or pin STATOR SLOT POLE

2189 | R,2 |coL EXT. STR. PORT DAMPER SLOT REMARKS

n_[Me Juwins. sTRO. HT.
38) [Wer [OIST. BYWN.C OF STD,
26) PHASE DELT ANGLE
) [ Tek |STATOR $(.OT SKEW
50) |X °C |STATOR TEMP *C
V) |2, [RESISTIVITY STA.COND.¢20 °C

. OW TYPE OF GAP o3 DESIGNER ___ -

Sk [s  [mam AIR GAP

Ko Jog [aux car

9 _Jo3 g Jerrscnive 93 PG.10F2
REV. A




TWO-COIL LUND.Li. (BECKY-ROBINSON TYPE)

COMPUTER DESIUN -~ = -~ = = = = (INPUT)
MODEL Ewo DESIGN NO(1)
80) | Py | PERM OF LEAKAGE PATH |
181) | P2 | PERMOF LEAKAGE PATH 2
82) | P3 | PERM OF LEAKAGE PATH3
wl (83) | P4 | PERM OF LEAKAGE PATH 4
‘5‘ %) | Ps | PERM OF LEAKAGE PATH S
2/859 | Py | PERM OF LEAK/GE PATH 6
G[@e) [P, [PERM OF LEAKAGE PATH?
180a) { K1 | LENGTH OF LEAKAGE PATH 1
8la) | £2 | LENGTH OF LEAKAGE PATH 2
85) | R | LENGTH OF LEAKAGE PATH 6
@) | e | LencTH OF LEAKAGE ACROSS COB.
| (73 | 4ir | INSIDE D14 OF ROTOR TUBE
wl (787 | dq | INSIDE DIA OF HOLLOW SHAFT
&l 78 | v, |nereuT oF coiL Yoxe
2/ w |, [LENGTH OF COIL YOKE
2l e [ 8,4 |LENGTH OF ROTOR SKIRT
&l 78) | R,4 | EFFECTIVE LENGTH OF SHAFT
'é (78) | Ro2 | HORIZONTAL LENGTH OF GaP g2
(78 | Top | THICKNESS OF SOUTH POLE
78) |1 THICKNESS OF ROTOR SKIRT
(78) | d | TAPERED GAP DIMENSIONS
(78) | dy
(78) | dg)
e | 4 .
& m | 0,3 [rsveppeD AP DIMENSIONS
§ %) | deg
3loe | os
al e | % ||
E o | L ]
as) | §,3 [5TEPPED GAP HORIZONTALLENGTHS]
o8) | R |
a9 [ y
Hm__gn EFFECTIVE SHAFT 0.0,
Wiy POLE FACE HARMONIC LOSS
f_gﬁ_ Wpyg | DAMPER BAR HARMONIC LOSS
(157 WEISHT OF ROTOR IRON
ae STATOR LAM. MTH'L
g (18) SOUTH POLE, TUBE & SKIRT N
=1 ae) NORTH POLE, SPIDER & SHAFT
5 ) COIL YOKE
p
1-02 PGioOPF~
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A . L,

1 han | p— s |

(&, Osen Stots

(b} Constont Slot Width

1 Do =
LN Ny .
N T
Lt L
TYPE 1 hs "
h
(Type 5 is an open " l 4
slot with 1 conductor J
F—bs —1

per slot)

(c) Constant Touth W.dth

L
yAos

TYPE 3 he

1
[
|

bg for type 3 is

PEON=—
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TWO-COIL LUNDELL (BECKY-ROBINSON TYPE)
SUMMARY CF DESIGN CALCULATIONS = - = - - ~ — (OUTPUT)

MODEL EWO DESIGN NO.
(17) (f,) ]SOLID CORE LENGTH CAKTER COEFFICIENT 67) (Kg )
(24) (he) DEPTH BELOW SLOT EFFECYIVE AIR GAP (69) (ge )
(2) (T3) SLOT PITCH FUND/MAX OF FIELD FLUX Ty (<))
(27) (7 1/3){SLOT PITCH 1/3 DIST. UP WINDING CONST, (72) (Cw)
(42) (Ksk) | SKEW FACTOR POLE CONST. a3 (©p) |,
43) (Kq) DIST. FACTCR END. EXT. ONE TURN (48) (Lg) .
(44) (Xo) PITCH FACTOR DEMAGNETIZING FACTOR (74) (Cn) '
(45) (ne) EFF. CONDUCTORS CROSS MAGNEVIZING FACTOR | (75) (Cq)
E|46) (o) |COND. AREA AMP CONDAN (128) (A)
E 47) (S.) CURRENTY DENSITY (STA.) REACTANCE FACTOR (129 (x)
vl () 1/2 MEAN TURN LFAGTH LEAKAGE REACTANCE (130) (Xg)
(53) (M COLD STA. RES, @ 200C REACTANCE OF (131) (X59)
(54) (Rph) HOT STA. RES. ARMATURE REACTION l (132) X _,)
(5%) (EF,,P) EDDY FACTOR_TOF SYN REACT DIRECT AXIS (133) (x:'}_
(56) (EFbod | EDDY FACTOR BOT SYN REACT QUAD AXIS (134) (Xq) 1,
2 (A) LTATOR COnD. PERM, FIELD LE AKAGE REACT (160) (x"{) ‘,‘
(64) (Ae) |END PERM. FIELD SELF INDUCTANCE (161} (L¢ )} f-—
(65) ( ) |WT.OF STA. COPPER DAMPER (163) (xpa) |;
68 ( ) WTY. OF STA. IRONR LEAKAGE REACTANCES (165) (X Dq) |~
1) (Tp) POLE PITCH UNSAT. TRANS, REACT (166) (X'dy)
(157) (- ) WT, OF ROTOR IRON SAT. TRANS, REACT (187) (X'q)
(145) (Y ) PERIPHERAL SPEED SUB. TRANSREACT DIRECT AX. | (168) (X"d4)
{153) (act) |FLD COND. AREA SUB. TRANSREACT QUAD AX. | (169) (x"g)
L] (134) Ry ) |COLD FLD RES, ¢202C NEG. SEQUENCE REACT (170) (x2)
E {185) \R¢) HOT FLD RES, ZERO SEQUENCE REACT (172) (X5 )
(156) (~ ) |WT.OF FLD. COPPER TOTAL FLUX (90) (P+)
_[(178) (Tdd | OPEN CIR. TIME CONST. FLUX PER POLE (93) (¢p)
g':. (177) (Ta) ARM TIME CONST, GAP DENSITY (MAIN) (95) (B'g)
.:g (178) (T'9 | TRANS TIME CONST, TOOTH DENSITY (91 (8y)f3
[(179) (T "a) | SUB TRANS TIME CONST, CORE DENSITY (94) (B'c) i
(80) (P ) PERM OF LEAKAGE PATH ! TOOTH AMPERE TURNS (97) (F'y) f
w e (P2) PERM OF LEAKAGE PATH 2 CORE AMPERE TURNS (98) (F'e) :
‘3’ (82) (P3) |PERM OF LEAKAGE PATH 3 GAP AMPERE TURNS (MAIN) _1(96) (F'g) 8
g (83) (P4 ) PERM OF LEAKAGE PATH 4 SHORT CIR N) (180) (rsc) | )
@ |84} (Ps ) |PERM OF LEAKAGE PATH S SHORT £IR RATIO (181) (scr)
e ¢) |PERM OF LEAKAGE PATH 6
86) (Py) |PERM OF LEAKAGE PATH 7
PERCENT LOAD 0 100 ) QPTI
T ITET KeP. DERGITY L A2 A% S
{Bsp) (105) S.P. DENSITY (BspA) (215)
{By2) (125) COIL YOKE DENSITY (By2h 1(226)
(By4) (113) SHAFT DENSITY (Byat) )(232)
(Y T AU CAFIENEITY V3
(8g2) (122) AUX. GAP(s2IDENSITY q ) (224)
{(Fal) (127) TOTAL NI Jra ) (236)
ot UaZeIFIELD AMPERES F.m' ) ain
($¢, (127¢)CUR, DEN. FLD. sa) (2%
o (Eg)) (20)FIELD VOLTS =38)
4 (Mg) (183) STA CORE LOSS j
< (Wymt) (184) STA TOOTH LOSS
3(3:_‘_,.) (193) DAMPER LOSS Wan)_44)
(12R) (1) STATOR CU LOSS Jo2 v ) (248)
(=)__(195) EODY | 038 -) %g)
(Wpp)) (186) POLE FACE LOSS #V,,, ) @d)
02R)(122) FIELD COIL LOSS 102 ry) (241)
(raw) (183) Paw LOSS J(raw) (183) -
(=) (19%) YOTAL LOSSES () (47
(=) (=) PERCENT EFP. l'ﬁ) 351
I
L-04 DESIGNER DATE REV. A




LTSI

TWO-COIL LUNDELL (BECKY-ROBINSON TYPE)

NO LOAD SATURATION QUTPUT SHEET

TEMS

YOLTS

(3) (B
VOLTS

(95) a" DENSITY
MAIN GA.’

(122) 592
DENSITY g2

|

(119) B’J
DENSITY g3

(94) B, DENSITY
STATOR CORE

(91) B'T DENSITY
STATOR TOOTH

|

(125) 8 y2
CNL YOKE

1105 85p
DENSITY s. P,

(116) 8 NP
DENSITY N. P.

(113) By‘
SHAFT DENSITY

¢y
FLUX PER POLE

127) F NL
TOTAL NI

80%

100%

110%

130%

140%

150%

160%

L-05
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TWO-COIL LUNDELL (BECKEY-ROBINSON TYPE)
COMPUTER DESIGN MANUAL

a | -- DESIGN NUMBER
2) | KVA | GENERATOR KVA
@) | E LINE VOLTS

4) | Epyg | PHASE VOLTS

) | m PHASES
(52) | f FREQUENCY
6) | P POLES

(7) | RPM | SPEED

(8) Ipy PHASE CURRENT
(9) P.F. POWER FACTOR

(9a) | K, ADJUSTMENT FACTOR
o) | -- LOAD POINTS

ay | d STATOR PUNCHING 1D,
(11a)| d, ROTOR O.D.

(12) PUNCHING O.D,

> U

(13) GROSS STATOR CORE LENGTH

(14) | ny RADIAL DUCTS
: (15) | by RADIAL DUCT WIDTH
t
: (1e) | K STACKING FACTOR

an | £ | SCLID CORE LENGTH

Gllirr st o

i
\

L-1
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(18)

MATERIAL - This input is used in selecting the proper mag-

60

50

40

30

20

Density of Kilolines

10

netization curves for stator; tube, south pole and
skirt; yoke; north pole,spider and shaft; when dif-
icrent materials are used. Separate spaces are’
provided on the input sheet for each section men-
tioned above. Where curves are available on card
decks, used the proper identifying cnde. Where
card decks are not available submit data in the

following manner:

The magnetization curve must be available on semi-
log paper. Typical curves aie shown in this manual
on Curvesfl5 andFl6. Draw straight line segments
through the curve starting with zero density. Re-
cord the coordinates of the points where the

straight line segments intersect. Submit these
coordinates as input da*2 for the magnetization
curve. The maximum density point must be sub-

mitted first.

Refer to Figure below for complete sample

. Max.
Point Sample
Input Data
Densit NI
- Straight Line et
Segment ) 55 Max.
i A 2 0 0
3) 10 1.5
4) 27 1,9
5 Intarsection of g 2(2) Eg
-Straight Line 7) 48 g:o
I Segments 8) 55 12.0
traight Line
Segment
1 2§ §5e¢8 P11

Ampere Turns Per Inch

L-2



RN .

(19)
(20)
(21)
(22)
(23)
(29
(25)
(26)
(27)
(28)
(29)
(39)
(31)
(31a)
(32)
(33)
(34)
(34a)
(35)
(36)
(37)
(38)

o

WATTS/LB

DENSITY

TYPE OF STATOR SLOT
ALL SLOT DIMENSIONS
STATOR SLOTS

DEPTH BELOW SLOTS
SLOTS PER POLE FER PHASE
STATOR SLOT PITCH
STATOR SLOT PITCH
TYPE OF WINDING
TYPE OF COIL
CONDUCTORS PER SLOT

THROW

PER UNIT OF POLE PITCH SPANNED

PARALLEL PATHS
STRAND DIA,. OR WIDTH

NUMBER OF STRANDS PER CONDUCTOR

DIAMETER OF BENDER PIN
COIL EXTENSION BEYOND CORE
HEIGHT OF UNINSULATED STRAND

' NUMBER OF STRANDS PER CONDUCTOR IN DEPTH

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH

L-3
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i
asws v

(39)
(40)
(41)
(42)
(42a)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)
(51}
(52)

(53)

(54)

(55)

(56)

S’I‘A'l"OR COIL STRAND THICKNESS
SKEW

POLE PITCH

SKEW FACTOR

PHASE BELT ANGLE
DISTRIBUTION FACTOR

PITCH FACTOR

TOTAL EFFECTIVE CONDUCTORS
CONDUCTOR AREA OF STATOR WINDING
CURRENT DENSITY

END EXTENSION LENGTH

1/2 MEAN TURN

STATOR TEMP 0C

RESISTIVITY OF STATOR WINDING

RESISTIVITY OF STATOR WINDING

STATOR RESISTANCE/PHASE
STATOR RESISTANCE/PHASE

EDDY FACTOR TOP

EDDY FACTOR BOTTOM

L-b
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(57)
(57a)
(58)
(58)
(59a)
(59b)ﬁ

(59c¢)

(59d)
(59e)
(59f)

(60)

(61)

(62)
(63)
(64)

Btm
bt1/3

g2

€3

€3-1
83-2

€3¢

STATOR TOOTH WIDTH

STATOR TOOTH WIDTH

TOOTH WIDTH AT STATOR I.D. IN INCHES

MAIN AR GAP IN INCHES

AUXILIARY AIR GAP in inches. Refer to Figure 3

TYPE OF GAP g3. Refer to Figure 4
For stepped gap use 1. on input sheet.
For tapered gap use 2. on input sheet.

ATR GAP (gg) in inches. Refer to Figure 4
When (59b) = 2. then(g3) =(g3,)
(59¢) = (59f)
When (59b) = 1. go on to (59d)
AIR GAP gg_; in inches. Refer to Figure 4
AIR GAP gg_, in inches. Refer to Figure 4

EFFECTIVE AIR GAP LENGTH TO BE SPECIFIED ON
INPUT SHEET

When (59b) = 2. then 830 = 83 or (59f) = (59¢)
When (59d) = (59¢), then ggp = (59d)
When (59d) # (59¢), then 83 = w

REDUCTION FACTOR

FACTOR TO ACCOUNT FOR DIFFERENCE in phase current
in coil sides in same slot.

CONDUCTOR PERMEANCE

LEAKAGE REACTIVE FACTOR
END WINDING PERMEANCE

L-5




[

(65)
(66)
(67)
(68)
(69)
(70)

(70a)

g

WEIGHT OF COPPER

WEIGHT OF STATOR IRON

CARTER COEFFICIENT

MAIN AIR GAP AREA

EFFECTIVE AIR GAP

AUXILIARY AIR GAP (g,) AREA
=nfdy + @) (G
=7 (18) + (5%) (18)

AUXILIARY AIR GAP (g3) AREA

When (59b) = 1. 0 calculate as follsws:
Ag3 = ”{dsl) (gl)"'(‘isz) ([52)"' (dss)(fs3)“'(ds4)(gs4)"’(ds5)(£s5}*'

o) - fagy)?
Tr{ —

= All dimensions Joc :ted at item (78)

NOTE: Number of steps limited to 5 in this program.,

When (59b) = 2.0 calculate as foilows:

Ags = %7- Edto)"’ (dtl)J J‘iwyﬂz* Edto) - (duji

Agg = IZE (78) + (78)] { 4(18)% + [(78) - (78)] 2

L-6
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(11)

(72)

(73)

(74)

(75)

(75a)

THE RATIO OF MAXIMUM FUNDAMENTAL of the field

form to the actual maximum of the field form.

WINDING CONSTANT

POLE CONSTANT

DEMAGNETIZING FACTOR

CROSS MAGNETIZING FACTOR

TYPE OF POLE - This computer program is presently

set up to handle two types of pole shapes:
1) A rectangular or square type of pole.
2) A hexagonal type.

Refer to Figure 12

L=7




Type 1 (Rectangular or Square Pole)

: !
OKIRT ————- = -~ ‘ !
NORTH FOLE — 5
] ,_\{ ;SF :
S0UTH POLE — | —-a= 0 2 |
, =z 4 '
LENGTH OF -——k. }‘:' e ‘
PERMEANCE ,[ Ny LR !
PATH 2 | ~ L |
X

////\\/ a[ 'g

. 300° - : S

R A

~ / ! 0

\’\_ L %’ o _D‘
LENGTH OF | ‘
PERMEAN CE — N R
Q i

PATH 1§ b (_:{; - J
—— ‘__.\—/‘ —— N

NORTH POLEA

e

SOUTH POLE- 3\
LENGTHR OF z 2
PERMEANCE ' ‘5‘
PATH 2 2

/a' - -

\Qie-p—' odm

LENGTH OF
PERMEANCE

PATH |

The above sections represent a view into the north and
south pole from main air gap. This program is pre-
sently set up to handle onll two types of pole shapes:
1) Rectangular or square, 2) Hexagonzal.

Figure L-2

L-8
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(76)

(17)

(772)

POLE DIMENSION LOCATIONS per Figure .2

All dimensions given in inches.

bgp(end) - Width of south pole at end of stator stack.
bgp(mid) - Width of scuth pole at middle of south pole.
bnp(end) - Width of north pole at end of north pole.
bnp(mid) - Width of north pole a2t middle of north pole.
2 sp - Length of south pole.

/4 np - Length of north pole.

POLE EMBRACE - This value must be recorded on the
input sheer.
When bnp(end) = bnp(mid)

X = [ byplena)] = (76)
(Tp) (@)

When bpplend) # byp(mid)

= (Xg) + (%) = (17) + (17)
-4 el + \™m a

Where «e___i:bnp(end)] = (76)

(T (@
o = (npmid)] - (rg)
(@

The next eleven (11) items deal with the caleulation of rotor
and stator leakage perraeance. A number of illus-
trations are inciuded to help identify and locate the

L-9
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(78)

actual path.

handle the permeance calculations two ways:

1) P) through P7 can be calculated by computer.

this program insert 0. on input sheet.

2) P; through P7 can be calculated by cesigner.

This computer program is set up to

this case insert actual calculated value on input

sheet.

For

For

Permeance calculations Pj througlt P7 are all based

on the equation

|

= 4 (area)

£

Where Y = 3.19

Area £

= length of path
ROTOR DIMENSION L.OCATIONS per &igure g-wow

cross sectional area perpendicular to

T - -
T e Tor [— L. % T
3 —
doL e o
‘—1 éﬁ €™ hﬁ? Qiﬁ?
2

L

33_‘&&; df STEPPED | (-‘L?‘I) '
31 ez | 222 gAP ——r” “——L_,
3.L__’—r FZ.+ ; h |
TEoad] | 4 Ly
[ L
2/5_, _752 tdg._- a_"t_;.— 4
L | _ iz

“~CENTERULINE OF SHAFT

Figure L-3

L-10



|
|

T e
3~/ A3 3
1 L b L dos

——

/ dsi ds o dto .j T—i
2 Lot iy ~ dtr
| i i 5 ¥ i

"R SHAFT CENTERUNE —"
STEPPED GAP TAPERED GAP

Figure L-4
(78) dg1

ds2
ds3 Diameters of steps in stepped gap g3. Computer
ds4 } program is set up to handle a maximum of 5 s.2ps.
dss Where the dimensions do not apply, insert 0.0 on
dos j input sheet.

A sl)

lsz Horizontal length of stepped gap g3. Computer

153 r program is set up to handle a maximum of 5 steps.

lssj

L=11
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L

(78?

(cont'p)

(19)

anp

S
=
n

NORTH

inside diameter of tube.

inside diameter of hollow shaft.

For tapered gap only. Insart 0.0 on input sheet
when stepped gap is used.

Height of north pole.

Height of yoke.

Length of yoke.

Effective length of shaft - the portion carrying flux.
Horizontal length of gy.

Length of rotor skirt.

'I'hickﬂess of south pole.
Thickness of rotor skirt.

All dimensions given in inches.

All dimensions lisied above that apply should be
fiiled out on input sheet. Where the dimensions do
not apply, insert 0.0 on input sheet.

POLE AREA - The effective cross-sectional area

of the north pole.

When bnp(end) = bnp(mid)
sup = (o) [pplena)]
= (76) (76)

When bpp(end) # bpp(mid)

- 5_729[(76) + (18))

When radially tapered poles are used, use the dimen-
sions at the base of the pole to calcplate the area.

L~12



(79a)

(79p)

asp

gk

SOUTH POLE AREA - The effective cross-sectional
area of south pole. Cross=-sectional to the path
of flux at the point in line with edge of stator
stack.

agp = @sp(end» (Tsp)
= (76) (78)

AREA OF SKIRT - At entry edge of auxiliary air gap gg
in inches2.

ask = 1 [(dr) - (Tsi)] (Tek)

= Ella) - (-za)] (7%) -

D Y e
e { STATOR CORE

J——H —

_ﬁ{ STCEE;ED-E

o, O

Figure L-°

Le13
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(80)

(80a)

(81)

'
o

4

POLE HEAD END LEAKAGE PERMEANCE - This input
can be either 0.0 or the actual value if available.

Refer to Item (77a) for explanation. See Figure LR
for location.

Py = 3.19 Ltouptench) + (£ 2)][(Tsp) ®)
(£1)

= 3.19 ((76) + @10 l78) (6)]
(30a)

Where fl = length of leakage path P] and must be specified
on input sheet. Refer to Figure LLA for location.

POLE HEAD SIDE LEAKAGE PERMEANCE - Refer to

Figure L2

This input can be either 0.0 or the actual value if
available. Refer to Item (77a) for expianation.

When bpp(end) = bpp(mid)

py = 3.10(Lap) + 2] (Tape)
(22)

py = 3.190(76) + (802) (78) (8)
(81a)

When bpp(end) # bpp(mid)
Py = 6. 28&@@""“”“%“”“;&2 + Bnp)? +§'l'](T8p)(P)
(X3)

6.28 &@6) - (76)]2 + (76)3 + Qz@}(m(e)

(81a)

L-14



(81a)

(82)

(82a)

(83)

o

Py

LENGTH OF LEAKAGE PATH Pj and must be specified on

input sheet. Refer to Figure i& for location.

POLE BODY END LEAKAGE PERMEANCE - Refer to

Figure L5

This input can be either 0.0 or the actual value if
available. Refer to Item (77a) for explanation.

3.19 [(bnp(end)] Ehnp) - (Tsp)] (P)
L3

3.19 [(76)][(78) - 18)) (8)

(82)

P3

LENGTH OF >?ERMEANCE PATH P3

=[@r) - on) [T - (Tp)
[m) - e8] F - e

POLE BODY SIDE LEAKAGE PERMEANCE - This input
can be either 0.0 or the actual value if available.
Refer to Item (77a) for explanation. This calcula-
tion varies with the number of poles. The four -

pole calculation differs from the # i~ ~ole calcula-
tion but the 6, 8, 10 and 12 pole «. it1 sations are
the same. Refer to Figures L1, 9

L-15
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When (6) = 4 and bnp(end) = khp(mid)

) gdnp) + dy] @)

P4 = 3.19[—(‘%1i - (Tsp

L4
{\la
= 3.19‘;—_2_-) - (78)-] [(76) p (80&] (6)
(83)
Where £, =(d_r)_2;(___dos) - (Tsp)

= (a) ; (718) - (78)

When (6) = 4 and bpp(end) # byp(mid)
%) - 9
Py - 3. o - Tl (inpmta)-Conpena)] 2+ hypi2s &)ace

(£4)
[leﬂ - (:zsﬂ g_j (e - (76)]2 + (76)2 + %91) 2(6)
= 3.19 (83)

When (6) 2 6 and bpp(end) = bnp(mid)
ooy
P4 = 3_19[11:1_2_29_92 - (Tsp)] [_(ﬂnp) + (’1)] ®)

(£4a)
. a0 (22592 - o)) (10 + w0 (o
(83)

Where 4 =[(_d2r_) - (Tsp)] sin 2_(;_1‘)_ ;- (: )] i (bnp;en_cl)_
[82) - co] o 271 - @) - ao

L-16
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Figure L-6
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FOUR (4) POLE ALTERNATOR

¥[-5)

17 g
.,‘Hqﬂ
-

> 1’4 |

-

!
{
|
I
!

43 ) -

{l-

EIGHT (8) POLE ALTERNATOR
L-19

"_r;_v,a)

Figure 1-8



TWELVE (12) POLE ALTERNATOR

d
2(F - o) 3P [1- 8} Y

Fiqure 1-9
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(84)

(85)

Pg

When (6) = 6 and bpp(end) # byp(mid)

6. 286%.'-(T8p)] (;fi Jﬁbnp(mid)'(bnp(end)-] 2+([np)2 + (%lﬂ(p)

e

6.28 % {a) "(78)][ [(75)-('762]2 + (76)2 +(§29_ (6)
(83)

s
N
n

COIL LEAKAGE PERMEANCE TO A NORTH POLE - This
input can be either 0.0 or the actual valve if

available. Refer to Item (77a) for explanation.
See Figure V0 for location.

P5 = 3.19 (bpp end)( 3) (®)
we)

- 3.10 16X85) % (8)
(84)

Where{ ; = length of leakage path Pg and must be
specified on the input sheet. Refer to Figure L 1O

for location.

NOTE: This covers the leakage for both ends of

rotor.

COIL LEAKAGE PEPMEANCF TO SOUTH POLE - This input
can be either 0.0 or the actual value if available.
Refer to Item (77a) for explanation. See Figure L |

for location.

L=21
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| _I_/‘
4

/ ,\

2,
=3.19bP (ls)g(P)

Re

A A——IM— AW
; g2 Fsx Fsp Fe Fr
F
JOIL —\ % ¢
4AMF — o LEAKAGE
— 5
FLUX
Fia
A AMA— AW AW—
Fig Fos Foo Fyp F, Fr
Figure L-10
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‘L_ﬁg———n
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Leakage Fluxes ¢5 and ¢6
(Leakage across the field coil ¢°,

- and through the field coil ¢5)

%P N.P. | ~_/‘£We/%:l

ds ™ dismeter of outer shaft

Ayz = area of yoke at smallest section

Ay '(dosxx’i)"'

The leahgefhlx¢5and¢°addtotheﬂnin
theyokememberyabutdthotwoleahge
fluxes, onlyﬂsad(htotbonnxcronmgaﬁ'
8aPp gy-

Figure 1-12
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(86)

Py

Pg =

390k, ) ) (dr)-z('rgp)] e
(Zs)

3-0(84)(77)&113)-2(“)]@?_ (8)

(85)

Where fs = Length of leakage path Pg and must
be specified on the input sheet. Refer to Figure L. i|

for location.

NOTE: This covers the leakage for both ends of
the rotor.

STATOR CORE TO ROTOR SKIRT FLUX LEAKAGE -

Permeance path. This input can be either 0.0 or
the actual value if available. Refer to Item (77a)
for explanation. See Figure L i3 for location.

3,19 1= [ 1tnc)+ i) [+ g1l

Pq =
@)
P7 = 3.19 '42 (lla)+(24)+(22)] [(z4)+(zz)+(7s)]
o (86)

Where { 7 ="&BL);Ml =1 [(24)"'(22)‘

The leakage is from 1/2 the stator end surface cal-
culated on each side of the stator, making the total
leakage surface calculated as follows:
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(87)

Area =7Tﬁdr) + (he) + (hs)][w‘]

However, 1/2 of the leakage is useful and generates
voltage in the stator conductors. So for tooth
density, pole density and air-gap flux calculations,

the leakage flux area is:

Area = 3 W[dr) + (hg) + (hs [(hc) k)]

= gEdr) + (he) + (hs)]@lc) + (hg) + (Isk)]
= _477_— (1) + (24) + (222“124) + (22) + (7sﬂ

NO LOAD SATURATION CALCULATIONS - The next set of
calculations deals with the no load saturation.

When the no load saturation data is re-
quired at various voltages, insert 1. on input sheet
for '""No Load Sat." The computesr will then cal-
culate no load saturation @' 80, 90,
100, 10, 120, 130, 140, 150 and 160% of rated volts.
When the complete saturation data is not necessary,
insert 0. on input sheet and the computer will cal-
culate the 100% volt data.
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(88)

(89)

(90)

(91)

(92)

gt

TOTAL FLUX IN KILOLINES

0= _6(EN0S 6(3)106
T (Cw)NXRPM)  (72)(45)( 7)

ESTIMATED VALUE OF LEAKAGE FLUX @y
@7 =.0 (@p)

= .01 (88)

Complete the next set of calculations Item (90) through

Item (99) using ¢'7, the estimated value. If the calculated
value (@ 7) Item (99) agrees within +10% of the estimated
value (@' 7), Item (89),use all of the items, (90) through
(99) as final and proceed on with calculations. If the cal-
culated value @7,Item (99),does not agree within +10% of the
estimated value (¢’7) then recalculate items (89) through
(99) using Gy item (99) as the estimated value for @ .

ESTIMATED TOTAL FLUX - including estimated value of @7

d1=0p+@ o)
= (88) + (89)

ESTIMATED STATOR TOOTH DENSITY

Brp = g7 =__{90)
(Q)(2g )bt 1/3) (28)(17)(57a)

FLUX PER POLE

gp - @TNCR)  (B8)T3)
(P) (8)
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93) | 9p

(94) | B,

(95) | B g

96) | F

©7) | F'p

(98) | F

ESTIMATED FLUX PER POLE including leakage flux @

. (@T)CP)  (90)(73)
%p="®) = (o

ESTIMATED STATOR CORE DENSITY

(¢]

: @'p) (93)
Be = 2holls) - 2O

ESTIMATED MAIN GAP DENSITY

c ¢ T - (90)
S W@y  ~ w)is)

ESTIMATED MAIN GAP AMPERE TURNS

(B'p)(ge) (95)(69)
v _ Y giee 3 - 3
Fg' 310 x 10 _:_3_.T9__x10

ESTIMATED STATOR TOOTH AMPERE TURNS

' (hs ) [-EQI / inch at denSitY (B'T 2]

Fr
(22)[look up on stator magnetization curve]

given in (18) at density (91)

ESTIMATED STATOR CORE AMPERE TURNS
13 D - \
Fe {15[(—)——(13—)]} (M/inch at density (B cﬂ

4(F)

o n (12)-(24] .
Fg-= Look up on stator magne ization:)
curve at density (94)
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(99)

(100)

(101)

(102)

CALCULATED VALUE OF LEAKAGE FLUX through path Q7.

See Figure L13. Leakage from stator back iron tc

rotor skirt. (In kilolines).
¢ =(P7)ﬁF'g) + (Fp + (F'C)J x 1073
- (36)[(.96) + (1) + (98)] x 1073

Next compare the estimated value of ¢'7, Item (89)
with the calculated value of @7, Item (99).

If 1.10 (@ 7) £ (¢"7) Z .90 (@ 7) then use @ 7 and
continue  with calculations. If @ 7 does not fall
within the limits given above, then recalculate Item
(89 ) through (99) using ¢ 7, Item (99) as estimated
value of @' 1.

POLE HEAD END LEAKAGE FLUX. (In kilolines)

7, =(PL[2(F'g) + 2(F' ) + 2(F'C)J x 1073

- (80)[2(96) + 2(97) + 2(98)] x 103

POLE HEAD SIDE LEAKAGE. (In kilolines)

¢ 2= Q’g)[Z(F'g) + 2F'T) + 2F )] x 103

- (a)[2096) + 2(97) + 2(98) ] x 10-3

POLE BODY END LEAKAGE. (In kilolines)

¢ 3 =(Pd-_-2(F'g) + 2(F'T) + 2(F'c)]x 103
= (82)[2(96) + 2(97) + 2(98)] x 10-3

L-30

o p—



(103)

(104)

(105)

(108)

@ 4

np

POLE BODY SIDE LEAKACE. (In kilolines)

0 4 =20’y + 2F 1) + 2F'¢)] x 1073
= (83)@(96)+ 2(97) + 2(98)] x 10-3

NORTH POLE FLUX DENSITY - First calculation. This
item will be recalculated in Step (116 )including flux

@ s.
. @1)+ @)+ (@F3)+(Bag)+ @)
Bnp = ¢p + = 1 (P)
(anp)
(100) + (101) + (102) + (103) + (99)
= (92) + (6)

(19)

SOUTH POLE FLUX DENSITY

@)+ @)+ (@3)+ (@ g+ @)

Bgp = (&p) + —®Y
2(agp)
{100) + (101 (102) + (103) + (99
= (92) + L+ (6) )
2(79a)

NORTH POLE AMPERE TURN DROP - First calculation.
This item will be recalculated in Item(117) including
Flux ¢ s.

Fup = () [N'I/inch at density (B'np)]

= (78) | Look up on north pole magnetization] '
curve given in (18) at density (104).
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(107)

(108)

(109)

(110)

g2

SOUTH POLE AMPERE TURN DROP
When bpplend) = bnp(mid)

2 . .

Fgp = (“sp) [Nl/mch at density (Bg }

p= S p)

Fsp = (_736_) FLook up on south pole or tube magneti~ _l
Lzation curve given in (18, at density (105) J

When byp(end) # bpp(mid)

Fsp = g;g) [Nl/inch at density (Bsp)]

= (776_) Look up on south pole or tube magneti-
zation curve given in (18) at density (105)

AUXILIARY AIR GAP g2 FLUX

le)e)]+ @0+ @2+ @3+ @ g+ @)
¢g2 = 4

_u92)(6)] + (100) + (101) + (102) + (103) + (99)
4

FLUX DENSITY IN AUXILIARY GAP - First calculation.

v (¢&2) _ (108)
Be2 = (ag) = [0)

AMPERE TURN DROP ACROSS AUXILIARY AIR GAP -
First calculation.

B'“ ) 109X 52a

L-32



(112) Ay4
(i13) | Byq
(114) | Fyq

AREA OF SHAFT - in inches? - cross-sectional to flux

in shaft.

Ayg - [Tf(d:s)zjl _l:vr(cig)z J

w(18)2 _ i (18)2
4 4

[}

NOTE: When a solid shaft is used, the second

term will drop out because dg = 0.

FLUX DENSITY OF SHAFT

@p)P) + (B 1) + (@ 2)+ (@ 3)+ (P 4g)+ (B,
By4 = 4 (Ay4) T

_ 192)(6) + (100) + (101} + (102) + (103) + (99)
4 (12)

SHAFT AMPRRE TURN DROP

Fy4 =(Qy [N'I/inch at density (By4)]

= (78)\ Look up on shaft magnetization curve
given in (18) at density (113)

NOTE: This magnetization curve for shaft and spider
can be synthesized into one curve when the
effective cross-sectional area of the shaft
is made up of two separate materials. This
does not affect the present computer program.

Only the magnetization curve that is submitted

must be corrected.
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ms) | ¢
(116) | Bpp
W7) | Fnp

LEAKAGE FLUX FROM NOTH POLE (SPIDER POLE)

THROUGH THE FIELD COIL - First calculation.

Items (116) through (118) will be calculated using this value
of @ 5. A new value for @ 5 will then be calculated in
Item (118). This new value must be within +10% of Item (115)
or calculation (115) through (118) must be repeated using the

new value of (Fpp)ltem (117)in (115).

0 5 - Ps5|(Fgar(Fsphia(F ha(E o 2(F'c)+(F'npﬂx 10-3

1}

(84) (ll°)+(107)+2(96)+2(97)+2(98)+(106):]x 10-3

NORTH POLE FLUX DENSITY - This value will supersede

the value calculated in (104).

, G110 9O 3@ (0 G 5)

Bpp = P (P)
(3np)
(100)+(101)+(102)+(103)+(99) +(115)
= (92) + (6)
(79)

NORTH POLE AMPERE TURN DROP - This value will

supersede the value calculated in (106).

Fnp = hpp L.NI/ inch at density (Bnp)]

= (78)| Look up on north pole magnetizatioxq

_curve given in (18) at density (116). _J
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(118)

(1i9)

(120)

(121)

e

LEAKAGE FI.UX FROM NCRTH POLE (spider pole)

through the field coil. Second Calculation.
/ ' ' '
@5 = P5EFg2)+(Fsp)‘}'2(F g12(F 7)+2(F c)’“(FnP?] x 10-3
- (89) {woy07)2(96)+2(07)+2(98) (7)] x 1073

This item, @ 5, must be within +10% of the first calcula-
tior ¢ 5, Item (115), or must recalculate Items (115) through
(118) using (Fpp), Item (117), in the second calculation of (115).

FLUX DENSITY IN AIR GAP g3

(Bp)P)+@ B 2)+(@ 3)+(F 4@ 7)+(@ 5)
Bgs = 4(Ag3)

= (92)(6)+(100)+(101)+(102)+(103)+(99)+(i18)
4(70a)

AMPERE TURN DROP ACROSS GAP g3

When (59b) = 2.0 calculate as follows:

_ Bg3 3 _(u9) ) x 103
Fg3 = 53_ (g3) x 10 = 319 (59¢) x 1

When (59b) = 1.0,calculate as follows:

_ Bg3 3 _@9) 3
Fg3 ?3.-51_9 (83e) x 10 319 (\If) x 10

LEAKAGE FLUX ACROSS FIELD COIL FROM INNER YOKE
TO SOUTH POLE TUBE in kilolines.
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A = (.PG)EFSP)+2(F'9;)+2(F'T)+2(F'c)+(an)+(Fy4)+(Fg3ﬂ x 1073

= (85)[(107)+2(96)+2(97)+2(98)+ (117)+(114)+(120)] x 1073

(122) BgZ FINAL FLUX DENSITY IN AUXILIARY GAP g9

= (G)P)+HE VP 2)+(@ 3+ )HB 7)}+(B ¢)
4(Ag2)

= (92)(d)+(100)+(101)+(102)+(103)+(99)+(121)
4(69a)

' - (Bg2)ga) , 103 - (122)(59a) 3
(123) | Fgy FINAL Fgp = 12,82/ x 1 S g x 10

(124) Ay CROSS-SECTIONAL AREA OF YOKE location per Figure Li2

7T(dos)(gy)
7r(718)(78)

(125) By2 DENSITY OF COIL YOKE

@p)(P) + (B DHE 2+ 3)HB (@B 7S 5)
4(Ay2)

Byz =

(92)(6)+{100)+(101)+(102)+(103)+(99)+(118
4(124)

(126) Fya AMPERE TURN DRCP IN COIL YOKE

Fya = (hTYZ [NI/inch at density (Byz)]

= (78) {Look up on yoke magnetizatio.. curve
3
given in (18) at a density (125)
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(127)

(127a)

(127b)

(127¢)

(128}

(129)

(130)

(131)

FNL

IrNL _

EFNL

Sy

Xad

TOTAL AMPERE TUPNS AT NO LOAD PER CIRCUIT

FNL = 2(F gh2(F pH2(F o J{(Fpp(Fop)+(Fgalt(F o H(Fga)(Fyq)

p— —

q(_96)+(97)+(98 (107)+(107 +(123)+(126)+(120)+(114)

NO LOAD FIELD CURRENT PER COIL

- FNL . (127)
I = D=
¥NL N )

NO LOAD FIELD VOLTS PER COIL

EFNL = IFNLXRF(cold)
= (127a)(154)

CURRENT DENSITY IN FIELD CONDUCTOR - At no load

AMPERE CONDUCTORS per inch

REACTANCE FACTOR -

LEAKAGE REACTANCE -

REACTANCE - direct axis - This is the fictitious reactance

due to armature reaction in the direct axis.

Xag = -g(n'e)(lph)(cm)(Kd) « 100
Pla(e’ hir o (Fga)

. 9(45)(8)(74)(43)
Xad = 6[2(96)+(123)+(120)]

100
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(132)

(133)
(134)
(135)
(136)
(137)
(138)
(139)
(140)

(141)

(142)

(143)

Va4
(hot)

REACTANCE - Quadrature axis - This is the fictitious

reactance due to armature reaction in the quadrature

axas.
(Cq)Xaq)
Xaq = G YC)
_ (75)(131)
- Xaq = “mam)

SYNCHRONOUS REACTANCE - direct axis =

SYNCHRONOUS REACTANCE - quadrature axis - The steady

DAMPER SLOT DIMENSIONS

DAMPER BAR DIA OR WIDTH in inches

DAMPER BAR THICKNESS in inches -

NUMBER OF DAMPER BARS PER POLE

DAMPER BAR LENGTH in inches

DAMPER BAR PITCH in inches

RESISTIVITY of damper bar @ 20°C in micro ohm-inches -

DAMPER BAR TEMP °C -

RESISTIVITY of damper bar @ Xp°C
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(144) | acqg | CONDUCTOR AREA OF DAMPER BAR -

(145} | vy PERIPHERAL SPEED -

(146) | Ny NUMBER OF FIELD TURNS PER COIL

a47) | l4r | MEAN LENGTH OF FIELD TURN

(148) | -- FIELD CONDUCTOR DIA OP. WIDTH in inches

(149) | -- FIELD CONDUCTOR THICKNESS in inches -

(150) | X°C| FIELD TEMP IN °C -

as1) | A RESISTIVITY of field conductor @ 20°C in micro ohm-inches.

(152) RESISTIVITY of field conductor at X;°C

(hot)

(153)| agg CONDUCTOR AREA OF FIELD WINDING -

(154) COLD FIELD RESISTANCE @ 20°C per coil

Rf
(cold)
-6

\ (NF)(!“)N: (151) (146)(147) x j0-6
(153)

old) = W
Old) ( } (acf)

v
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(155)

(156)

(157)

(158)

(159)

R
(ho)

7‘pt

HOT FIELD RESISTANCE - Calculated at XfOC (103) - (Per coil)

M) x 106 Gag)am) x 10°¢
@of) (153)

Rf(hot) = (/ihot)

WEIGHT OF FIELD COIL in lbs. - per coil

The answer is given in lbs. based on the density of
copper. If any other material is used, the answer
on the output sheet can be converted by the designer

by multiplying by the ratio of densities.

#'s of copper = .321 (Np(Wy)(acs)
= . 321 (146)(147)(153)
WEIGHT OF ROTOR IRON - '

PERMEANCE OF DAMPER BAR -

PERMEANCE OF END PORTION OF DAMPER BARS

Tpt = 6. 38{(-bnp(end) - ) [(nb) ) 1]_}

3(ge)
. (76) - (140) [(138) ~ 1}
= 6. 38{- T,
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(160)| X THE EFFECTIVE FIELD LEAKAGE REACTANCE - The

reactance which added to the stator leakage reactance

gives the transient reactance X' du’

When unit fundamental armature ampere turns are
suddenly applied on the direct axis, an initia! field
current (If) will be induced. The value of this
initial field current will be just enotgh to make the
net flux interlinking the field because of the field
current and the armature current zero. The field

ampere turns will equal the armature ampere turns.

(71)
Xp=(131) 1- @)

4 (16la)
2(73) 4 = %1_@

/\. - 6.38d = 6.38(11)
T Pge  (B)(160)

Nhere:

e - (eo) [2<F'g> + ) + (Fgy)
2(F g)

- (69) fg(gg) Zég” + (120)
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(161)

{161a)

(162)

(163)

(160a) | P

LF

NDd

XDd

P. = g@z @ NL
(L)) @ NL

= (108)

(127a)(146)

FIELD INDUCTANCE

Lf

1

a(Ng)? Pe 1078

2(146)2 (160a)x 1078

SPECIFIC PERMEANCE OF FIELD

_P1+Pg +P3+Pgqg+Pr+P6
;\F - 7

= (80) + (81) + (82) + (83) + (84) + (85)

('3)

PERMEANCE OF DAMPER BAR - in direct axis

o] 2,8 m@ ) + Og} 0
Mpa = {cos 2(1rp) Mot rptt A
i {ccs [:{ilsezé :3 (14oﬂ} {(158) +(159) 1613.)

DAMPER LEAKAGE REACTANCE - in direct axis

Xpq = XQpa) (20)162)
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(164)

(165)

(166)
(16%)
(168)

(169)

(170)

PERMEANCE IN QUADRATURE AXIS

DAMPER LEAKAGE REACTANCE - in quadratuc axis

UNSATURATED TRANSIENT REACTANCE

SATURATED TRANSIENT REACTANCE

SUBTRANSIENT REACTANCE in direct axis

SUBTRANSIENT KEACTANCE in quadrature axis

NEGATIVE SEQUENCE REACTANCE - The reactance due

to thé field which rotates at synchroncus speed

in a direction opposite to that of the rotor

Xm[4(8) + 4(2)2 + (n)"']+
X2= 12,4 [1+(5)°

X2

(170) [4(1'70) + 4(170)2 + (170@ + (130)
1702 + 4 [1 + (1715]2

Where . Xp) . (70
2 Xm)  (170)
Where Xo = 22 |2(F'g) + (Fga) + (Fgd)

{C1(Cm) (FNL)
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66

= (131) &@6) + (123) + (120)-‘]
) 127) _I

For Round Slotis:

xp = 200 [La2 + (bo) |+ (%)
(np) | (bbo) 8(ny,)2

. 20029) [ o, . (135)] , 50170)
(138) | 135)| 6(138)2

For Rectangular Slots:

¥p = 200%) Pnbl) + (hbo)| , 5(Xm)
Nb— [3(bb1) (bbo)| = 6(Np)2

20029) [ (135) , 38) ] , 5070)
(138) | 3(135) (135) ) 6(138)2

Rp (170)
Where n = Y =
e X, " 70)

Where Rp = Damper bar resistance

100)P)Nhot) | £ +.637(cay)
= (0 Us) (npiacgXP) (Ed—rﬂ?-_ﬂl

_ 100(129)(6)(143) (139)  +.637079) |
(5a) (17) (138)(144)(6) (170X8) a

Where d4r = mean diameter of damper end ring. Must be
given on input sheet.

Where a4y = cross-sectional area of damper end ring.
Must be given on input shest.
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(171)

(172)

(173)

(174)

(175)

(178)

p)

X0

NEGATIVE SEQUENCE IMPEDANCE - approximate calcula-

tion.

Bp =Ry +j X3 ={R2 + X2

2y = (171) + j(170) = {712 + (170)2
Where: Ry 2(Rp) + Rg (hot)

T@E s+ (ZF

= 2(170) + (54)

702 + 4 [L+ (70)]

ZERO SEQUENCE REACTANCE -

OPEN CIRCUIT TiVME CONSTANT - The time constant of the

field winding with the stator open circuited and with
negligible external resistance and inductance in the
field circuit. Field resistance at room temperature

(20°C) is used in this calculation.

'_[‘do = LF = (161
2(Rp) 2(154)
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(178)

(179)

(180)

(181)

(182)

SCR

IzRR

+BM: "URE TIME CONSTANT -

TRANSIENT TIME CONSTANT -

SUBTRANSIENT TIME CONSTANT -

SHORT CIRCUIT AMPERE TURNS - The field ampere turns

required to circulate rated stator current when the
stator is short circuited.
Fsc = XD [aF )4 Fon) + (Fon)

SC = 100 g g2 g3

- _(133)
= ~He- 2(96) + (123) + (12@

SHORT CIRCUIT RATIO -

FIELD COIL IR - at no load. 'The copper loss in the
field winding is calculated with cold field resistance

at 20°C for no load condition. (Loss for 2 coils.)

Rotor I2R =2(IFNL)® (Ri colg) = 2(127a)2 (154)
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(183)

F&W

FRICTION & WINDAGE LOSS - Note: 'Write 0 on input

sheet when computer is to calculate F & W. In-

sert actual value when known.

To ratio from test data, assume that F & W loss
varies as the 5/2 power of the rctor diameter

and as the 3/2 power of the RPM.

The formula below gives an approximate answer

when test data is not available. For a more

rigorous treatment use the information given in
the rotor friction analysis appended to the thermal

analysis section (Section C, Vol. 1).

F&W = 2.52 x 1078 ()25 (ynp+f] + g9) (RPM)L-5

= 2.52 x 106 (11a)2.5 [(76)+(80a)+(788 (7)L-5

For gases or fluids other than standard air, the
fluid density and viscosity must be considered.
The formula given in the manual can be modified

by the factors.
P ) .8 .2
(1 .
.0765 . 0435

W0 - density - Lbs FT"°

4 - viscusity LBS Fr-! HR1
.0765
.0435

where

density std. air

viscosity std. air
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[EEN

i
LY S N
NTrL

STATOR TEET( LOSS -

(185) | We STATOR CORE LOSS -
(186) | Wypy| POLE FACE LOSS -
(187) | Ki
(188) | Ko
(189) | K3
(190) | Ky
a91) | s
192) | kg
(193) |wpnL| DAMPER Loss -
| (194) |12R | STATOR I°R -
L-48
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(:35)]  ~- EDDY LOSS -

(196){ -- TOTAL LOSSES - at no load.

NOTE: The output sheet shows the next items to
be: (Rating), (Rating + Losses), (% Losses),
(% E:ificiency). These items do not apply to
the no load calevlation since the rating is
zero. Refer to Items (248), (249), (250),

(251) tor these calculations under Joad.

wi?)  Enp LOAD CALCULATIONS - Run through sample at 100% load.

ENL = (EpH) + (IpH)(RPH)
= (4) + (8)(54)

(198) {eq

(198a) | © POWER FACTOR ANGLE
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B

(201)

(202)

(200) | FT11

P11

AIR GAP AMPERE TURNS UNDER LOAD - If there were

no change in stator leakage flux from stator core

to rotor skirt from the no load condition calculated

in Item (96).
Fgry = (eg)(F g) = (198)(96)

STATOR TEETH AMPERE TURN DROP AT FULL LOAD

First approximation.

(F'T)[i_+ (P.F._)]

o1 + )

FrLi

STATOR CORE AMPERE TURN DROP -

The first approximation for the stator core density at
no-load is used for the full-load calculation. The
change in core density due to the change in ¢7 is not

regarded as signifigant.

F' C
(98)

FcL

LEAKAGE FLUX FROM STATOR BACK-IRON TO ROTOR

SKIRT - First approximation - in kilolines.

@711 (P'?)[(Fng) + (Frpy) + (FCI:_)] x 1073

(86) @99) + (200) + (201)] x 107




' TOTAL AIR GAP AMPERE TURNS AT FULL LOAD

' 3
Fop = Fgpy + @711)ge) x 10°  _ (199) , (202)(69) x 103
(Ag) 3.19 (68) 3.19
(204){ @11 THEORETICAL FLUX AT FULL LOAD - first approximation.
grL1 = @Ny) + @111
(Cp)
= (204) + (202)
(204) 3)
(ENL)
Wh =
ere ONL = (@) LEPH)

= (8% Llw )>

AT FULL LOAD ABOVE NORTH

(205)] BrL| STATOR TOOTH : «NSIT,
POLE
By (OTL)) (204)
L™ QW) 130~ E3UNGIa)
(206)] FTL| STATOR TOOTH AMPERE TURNS AT FULL LOAD

FrL = (hg) [ NI/inch at density (BrL)] L+ @.r))

(22) | Look up on stator magnetization curve [ )
1+ 9]
given in (18) at density (205)
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(207)

(208)

(208a)

(209)

(210)

(211)

7L

1L

@21

@3L

LEAKAGE FLUX FROM STATOR BACK-IRON TO ROTOR

SKIRT - second application.

&L = (P7)EF'gL1) + (Fpp) + (FCLE} xi6>

= (86) Ezos) + (206) + (201—_)_|x.o"

THEORETICAL FLUX AT F.L. - second approximation.

_ (@71.)
orL = (@NL) + Tl
i} (207)
= (204) + 3)
P (B7L)(ge) 103
F F e
L= Vel T (Ag)
- (203) + (207)(69) 103

3.19 (68)

The next four items cover the flux leakages from pole to

pole in the rotor. (In kilolinez)
1L = (P1) | 2(FgL) + 2(FTL) + 2(FCL):| x 1073
= (80) E(zoea) + 2(206) + 2(201)_-] x 1073

P21 = (P2)| 2(Fgr) + 2(FTL) + Z(FCI.L;J x 1073

= (81) [2(208a} + 2(206) + 2¢201)] x 1073

@3L = (P3) [2(1'«‘gL) + 2(FTL) + 2(FCL_—)_| x 1073

= (82) [2(208a) + 2(206) + 2(201)] x 107
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(212)

(213)

(214)

(215)

@41,

gprL

@sPFL

BSpPFL

@41, = (Pg) E(FgL) + 2(FTL) + Z(Fclﬂ x 1073
= (83) E(ZOBa) + 2(206) + 2(201_2[ x 1073

FLUX PER POLE AT FULL LOAD

For P.F¥. = 0.0 to .95

-
.93(X
@pL = OpNL Ed)' fogd) sin (l@l

] _.93031) .
= (213) '£198) oo - sin (193_)J

- @rL)Cp)
Wh = W
ere GpNL ®)

= 1208)(73)
(6)

For P.F. .95 to 1.0
@pL = (K NOPNL)
= (9a)(213)

SOUTH POLE FLUX AT FULL LOAD

a— ___(¢2PL) + (L) + (@2L) + (B3L) + (B41)

2(P)
_ (213) | (209) + (210) + (211) + (212)
2 2(8)

FLUX DENSITY IN SOUTH POLE AT FULL LOAD

- ©5pFL). (214)
FSPFL lzsp) (79a)




(216)

(217)

(218)

(219)

FSpF1, |[SOUTH POLE AMPERE TURNS

When byy(end) = bpp(mid)

\
FSp-FL = (1531” EN"I/inch at density (BSPFIE

(76) | Look up on tube magnetization curve
3
given in (18) at density (215)

When bpy(end) # bpp(mid)

. . —
Lep [NI/inch at density BSpFIL,

_(%Q Look up on tube magnetization curve
given in (18) at density (215)

OnprFL {NORTH POLE FLUX - First approximation without leakage

@51
_ @1L) + (Pa1) + (P5L) + (P41)
ONPFL = (@pL) + ®)
(209) + (210) + (211) + (212)
(213) + ®)

B NppL NORTH POLE DENSITY AT FULL LOAD - first approximation.

(@NPFL)_ (217)
(anp) (79)

L
B NPFL =

F'NPFL NORTH POLE AMPERE TURN DROP - first approximation.
F'NpFL = (p) [NVinch at density (B'NPF@
(78) Eook up on N/P magnetization curve

given in (18) at density (218)
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(220)

(221)

(222)

(223)

@61

OSKFL

BskrL

FSKFL

LEAKAGE ACROSS FIELD COIL - from rotor shaft outer

diameter to the inner surface of the rotor skirt.

¢6L (Pg) [(FSPFL)+(F'NPFL)+2(FgL)+2(FTL)'I'Z(FC@ X 10'3

(85) EI_G)+(219)+2(2093)+2(206)+2(2(£| x 1073

FLUX AT THE SKIRT ENTRY EDGE OF AUXILIARY AIR
GAP (g2) - at full load.

@SKFL = (@SPFL) (5—)+ (———-——¢gL)

= (214) (6)_ . (220)
= (414) —2—— + —2—

DENSITY AT THE SKIRT ENTRY EDGE OF AUXILIARY AIR
GAP (gg) - at full load.

@sKFL_ (22.)
agk  (79b)

BSKFL =

ROTOR SKIRT AMPERE TURN DROP -

FSKFL = (KK) [NI/inch at density BSKH]

(78) Look up on skirt magnetization curve
@ven in (18) at density (222)

This value of ampere turns should be insignificant.
The calculation of Fggpy, is in this program only for
a check on a possible bottleneck.

1




e

(224)

(225)

(226)

(227)

(228)

BgoFL

FgorL

L5

@y2FL

ByaFL

FLUX DENSITY IN AUXILIARY AIR GAP - at full load.

_(FskrL) _ (221)
Pe2FL a5y - (79)

AMPERE TURN DROP IN AUXILIARY GAP

(Bi.f-f_l‘l"al‘_) (g2) x 103

W,

FgoFL

(izfg (59a) x 103

"

LEAKAGE FLUX THROUGH FIELD COIL FROM NORTH
POLE TO YOKE (y3)

G5 = (P5)[(F'NpFL)+2(FgL)+2(FTL)+2(Fc)+(FspFL)+(Fg2FI]x 1073
= (84) lf_zlgm(208a)+2(206)+2(201)+(216)+(22§_)—_| x 1073

FLUX IN COIL YOKE - At yg the smallest cross-section
of yoke.

@yaFL = (BskFL) + (¢12*5)

= (221) + ‘22_2_6_)

FLUX DENSITY IN COIL YOKE - At yg the smallest cross-

section of yoke.

2FL = (@y2rL)= (227)
o Ay)  129)

=56




(229)

(230)

(231)

FyarL

Bg3FL

Yg3FL

AMPERE TURN DROP IN THE YOKE SFCTION vo. Tais

value should be insignificant and the calculation is
here to call attention to 2 possible saturation point.
If the yoke section is made straight, of .uiform
thickness, all of the ampere turn drop will be in
the lower half of the yoke.

FyovrL = ,13_(hy') Bl/inch at density (BYZFLD
1 ‘ .
= -3-(78) [NI/mch at density (22§_)_I

DENSITY OF AIR GAP g3 - at full load.

_(@yrL) _ (227)

AMPERE TURN DROP ACROSS AIR GAP (g3) - at full load.

For stepped air gap i.e. when (59b) = 1.0 calculate

as follows:

3.19

) (230)59f)

= 3.19 X 103

For tapered air gap i.e. when (59b) = 2 calculate

as follows:

F - BgdFL (g3) , 193 - (230)(59¢) 4 103
g3FL 3.19 3.19
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(232)

(233)

(234)

(235)

(236)

(237)

—

By4rL

Fy4rL

BNPFL

FNPFL

FrL,

IFFL

FLUX DENSITY IN SHAFT AT ENTRY TO NORTH POLE

B. - @yarL) - (227)
AL Ty WD)

AMPERE TURN DROP IN SHAFT

Fy4rL = (*_?211_) NI/inch at density (By4FL£l

2 L

- (18)
-z

[Look up on shaft magnetization curve
giver. in (i8) at density (232)

FLUX DENSITY IN NORTH POLE AT BASE

= 2(PyarL) = 2(227)
BNPFL mi@__ 79—

NORTH POLE AMPERLE TURN DROP

FNPFL = (hNp) [NI/inch at density (BNPFLﬂ

(78) Look up on north pole magnetizatioj

curve given in (18) at density (234)

FU..L TOAD AMPERE TURNS

FFL = 2(Fg}+2(F 7} 2(F  H(FSP)HFNP H(FSK #(Fg2)+(Fya + (EgaF 1)
+(Fy4)

2(2089+2(206)+2(201)+(216)+(235)+(223)+(225)+(229)+(231)+(233)

FIELD CURRENT - at 100% load per coil

U G

L-5%8




(238) | EpFL| FIELD VOLTS - at 100% load per coit. This calculation

is made with hot field resistance at tue expected

temperature at 100% load.
EFFL = rrL)RF hot)
= (237)(155)

(239) | Sg¢ CURRENT DENSITY OF FIELD CONDUCTOR - at 100% load.

Current Density = UFFL)-= (237)
acg)  (153)

(240) | -- Items (197) through (239) cover full load saturation calcula-
tions at 100% load. In order to calculate for any

load other than 100% load, use the following procedure:

Recalculate Item (197) as follows:

ENL = Epg + IpH (Per Unit Load) Rpy

(4) + (8) (Per Unit Load) (54)

Recalculate Item (198) as follows:

tan~l

n

?in o+ (Xg)(Per Unit Loa(ﬂ

cos O _

— -
-1 |sin(161) + (134)(Per Unit Lo=ad)
cos(198)

= {an

b

eq = cos{&) + (X3)(Per Unit Load) sin ((/J)

cos(€) + (133)(Per Unit Load) sin (240)

bl En g by ey vondh e Pn por,



(241)

(242)

I°RR

WTFL

Recalcuvlate Item (213)

For P.F. = 0.0 to .95

@pL = ¥pNL | (eg) _.93 (‘ad)(P.U.tmos)m (¢]

{eaQ

- (@13) [(240) - 2P0 (240

0) |
With the changes made as shown in Item (240), re-

calculate Items (197) through (239) at the % load

required using per unit load = P 1oad1(‘;)ging used |

FIELD COIL IR at 100% load - The copper loss in the

field windings calculated with hot field resistance
at expecied temperature for 100% load condition.

(for two coils).
Rotor I2R =2 (ppL2(RF pnot) = 2(237)2 (155)

STATOR TEETH LOSS at 100% load - The stator tooth loss

under load increases over that of 1.. load because
of the parasitic fluzes caused by the ripple due to

the rotor damper bhar slot ovenings.
—fex)
WTFL ={ 2 |.4(Xq) + 1Y WTNL

(207)
- [z [4(133 ¥ % (184)

Where (eg)= 1.8 if [4(Xd)]<1.0
| 100,

_ - 133
(ex) = 2.0 if E4(_1__(iﬁ_?]>1.0

L=

L-60
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(243)

WPFrL

POLE FACE LOSS at 100% load

(% Load). | 2
WpFL, = (KscNIpH) -Omo—— (ng) +1 (WpNL)+(WPHR)

() (Fgr)

y
-

= {(243) (8) 1 ”’ﬂ 2, 1} (186) + (243)
i

| (32) (208a)

(Kge) is obtained from Craph 3

Where Wpyp = pole face hai. onic loss
The pole face harmonic loss calculation is not
included in this design manual; however, a
space has been provided on the input sheet
for the pole face harmonic loss if the designer
calcuiates it by some other means. This
calculated loss will be added to the normal
pole face harmonic loss and the output will
include both. When the calculated value of
pole face harmonic loss is not available
insert 0.0 cn the inpui sheet. When the
calculated value of pole face harmonic loss
is available, insert the actual value on the

input sheet in watts.
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(244)

WDFL

DAMPER LOSS at 100% load

WDFL =

B @ Load) , |2
(KSC)(IPH) "o"'r(())g"_ (ng) + 1y (WpNL) x ()OD hO_t_)_W 1
)

(C)Fgr) B (D cola)

7

—

~12 ,
(244) (8) 1 {30) 1 (193) 143) |, -
(32)(166) F 1y 099) \(141) +(244)

L.

(Ksc) is obtained from Graph 3

Where Wpyp = Damper bar harmonic loss

The damper bar harmonic loss calculation is not
included in this design manual; hoviever, a space
has been provided on the input sheet for the damper
bar harmonic luss if the designer calculates it by
some other means. This calculated loss will be
added to the normal damper harmonic lo.. and
tne output will include both. When the calculated
value of the damper bar harmonic loss is not
available, insert 0.0 on the input sheet. When
the calculated value of damper harmonic loss
is available, insert the actual value on the input

sheet in watts.
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(245)

(246)

(247)

(248)

(249)

(250)

(251)

STATOR I°R at 100% load -

EDDY LOSS -

TOTAL LOSSES at 100% load - sum of all losses at 100% load.

Total Losses = (Few I2R) + (F&W) + (Stator Teeth Loss)
+ (Stator Core Loss) + (Pole Face Loss)
+ (Damper Loss) + (Stator I2R) + (Eddy Loss)
= (241)+(183)+(242)+(185)+(243)+(244)+(245)+(246)

RATING IN KILOWATTS at 100% load

RATING & & LOSSES

% LOSSES

% EFFICIENCY
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INPUT AUXILIARY DATA SHEET

Auxillary information taken from the design manuals to be used in conjunciion with input sheets for
convenience.
A. All dimensions for lengths, widths, and diameters are to be given in inches.

B. Resistivity inputs, I‘ems (141) and (151) are to be given in micro-ohm-inches.

The following items along with an explanation of each are tabulated here for convenience., For complete
explanation of each item number, refer to design manuals,

Rem No. Explanation

9) Power factor to be given in per unit. For example for 90% P.F., insert ,90,
Adjustment Factor - For P.F, <.95 insert 1,0
®2) For P.F. > .95 insert 1,05
(10) Optional Load Point - Where load data output is required at a point other than those givex
as standard on the Input sheet. Example: For load data output at 155% load, insert 1,55,
(14) Nutnber of radial ducts in stator,
(15) Width of radial ducts used in Item (14).
(18) Magnetization curve of material used to be submitted as defined in Item (18),
(19} Watts/Lb. to be tzken from 2 core loss curve at the density given in Rem (20) (Stator).
(20) Density in kilolines/in2, This value must correspond to density used to pick I'em (19)
usually use 77.4 KL/InZ,
(21) Type of slot - For open slot Type A, insert 1.0.
For partally open slot Type B with constant slot width, insert 2,0.
For parHally open slot Type C with constant tooth width, insert 3.0.
For round slot Type D, insert 4.0,
For additional information, refer to figure adjacent to input sheet which
shows a picture oi each slot,
(22) For stator slot dimension - for dimensions that do not apply to the slot insert 0,0,

Use Table below as guide for input.

Slot Type

Symbol Bem 1 2 3

b, (22) 0.0 * * *
by 0.9 0.0 * 0.6
by 0.0 0.0 * 0.0
by 0.0 0.0 * 0.0
bg * * » *
hy 0.0 * * *
N * * * 0.0
hy * 0.0 0.0 0.0
h3 * * 0.0 0.0
hg * * * *
hg 0.0 * * 0.0
by 0.0 * * 0.0

* » insert actual value.
b + b3
9 = bs LI T




Item No.

Explanation

(28)

(29)

(30)
(33)
(34)
(34a)
(35)

(37)
(38)
(39)

(40)
(42a)

(48)

(87)

(137)

(138)
(140)
(148)
(149)
(187)

(1)
(12)
(13)
(19
{75)

Type of winding - for wye ccnaected winding jasert 1,0,
for delta connected winding insert 0,0.

Tvpe of coil - for formed wound (rect. wire), insert 1,0,

for random wound (round wire) insert 0,0,

Slots spanned - Example - for slot span of 1-10, insert 9.0,
For round wire insert diameter. For rectangular wire insert wire width,
Strands per conductor in depth only.
Total strands per conductor in depth and width,
Diameter of coil head forming pin. Insert .25 for stator 0.D. <8 inches;
Insert .50 for stator O.D. D8 in. D Pin

Use vertical heignt of strand for round wire, insert 0.0.
Distance between centerline of strands in depth. Ihsulation :@:: Mat
Stator strand thickness ~- use narrowest aimension of the two dimensiras given for a
rectangul ar wire. For round wire insert 0,0.
Stator slot skew in inches.
Phase belt angle - for 60° phase belt, insert 600,

for 120° phase belt, insert 1200,
See explanation of items (71), (72), {713}, (74) and (75). Sar.e applies here.
When no load saturation output data is required at various vecltages, insert 1.0,
When no load saturation information is not required, insert 0,0.
Damper bar thickness -- use damper bar slot height for rectangular bar., For round
bar insert 0.0.
Number ot damper bars per pole.
Damper bar piteh in inches.
For round wire insert diameter. For rectangular wire insert wire width.
For rectangular wire insert wire thi-'mess. For round wire insert 0.0.
Pole face loss factor. For rotor lamination thickness .028 in, or less, Insert 1.17,
For rotor lamination thickness .028 in. *o .063 in. insert 1,75,
For rotor lamination thickness .064 in. to .125 insert 3.5,
For solid rotor insert 7.0,
K the values of these ccnstants are available, insert the actual number. ¥ they are
not available, Insert 0.0 and the computer will calculate the values and record ttem on

the output,




TWO OR

SINGLE COILOUTSIDE COIL LUNDELL

MODEL EWO —— — DESIGN NO!1)
@ | kva |GENERATOR KVA FUND/MAX OF FLD FLUX m g,
® e JunevoLts WINDING CONSTANT o) Jco |
“) [ Epn |PHASE vOLTS POLE CONSTANT LN
Ao Tn [Puases END EXTENSION ONE TURN O T
§ Ba) |4 FREQUENCY DEMAGNETIZATION FACTOR o0 |ca |&
g ® | [roLEs C20SS MAGNETIZING FACTOR ) Y
&lm | weu |aru POLE EMBRACE 7 x
&l® |1pn [PHASE CURRENT WIDTH OF POLEMNARROW END) 76) gy
» |er [Power FacTOR WIDTH OF POLE(WIDTH END) [ T
) [K. |ADJ FACTOR POLE THICKNESS NARROW END)  |06)  |*py
(19 OPTIONAL LOAD POINT PCLE THICKNESS (WIDE END) 70 |y |w
() |4 [sTAToR I.D. i POLE LENGTH v X, | 2
L[12 |0 IsTATOR 0. ) ROTOR DIAMETER e [4,
Ll |GROSS CORE LENGTH WEIGHT OF ROTOR IROM asn T
(W) |n, |NO.OF DUCTS POLE FACE LOSS FACTOR | N |y)
§ (15) |b  |WDTH OF DUZT FLRM OF LXAKAGE PATH | °0)  py
E e |k STACKING FACTOR STATOR PERM OF LEAKAGE PATH 2 (s1) ) "
(19 ik WATTS/LS. PERM OF LEAKAGE PA'i: 3 (82) ry z
20) |8 DENSITY PERM OF LEAKAGE PATH 4 0) X E
v TYPE OF SLOT PERM OF LEAKAGE PAT (84) ’, §
2y |s, SLOT OPENING — PERM Gr LEAKAGE PATH 7 (26} Py
@2) |by SLOT WIDTH TOP PERM OF LEAKAGE PATH 862) P8
(22) b2 DIA. OF END-BELL AT SMALLEST SEC T}(78) dy2
Q2) [by THICKNESS OF END BELLe ' * |(78) ty2
§ @ [», [sLorwiom THICKNESS OF HOUSING SECTION | (78) "
“la [», LENGTH OF HOUSING SECTION 78 1y
g 22 [», LENGTH OF PERM PATH | I EES
i@ tha NO. OF FIELD COILS (146b)  [Req
@) |h3 NO. OF FIELD TURNS/COIL (1480 Inp
22) |h, |SLOT DEPTH MEAN LENGTH OF FLD. TURN v Qe 1
@2 |h, FLD. COND. DIA. OR WID TH (148) o
@2 |k, FLD, COND. THICKNESS (149) *
(23) |Q NO. OF SLOTS FLD. TLAP IK °C asey  |X¢ V€
) TYPE OF WDG. RESISTIVITY OF FLD.COND. €20° | (151) ¢
(29) TYPE OF COIL NO LOAD SAT. 87)
(30) [n, CONDUC TORS/SLOT ] FRICTION & WINDAGE (183)  |[(raw)
(L b LOTS SPANNED SPECIAL PERNIIANCE 7Y
2 |« PARALLEL CIRCU! TS STATOR LAM %ATERIAL (13) -
a3 STRAND DIA. OR WIDTH POLE MATERIAL (s) ] g
gl [N, [sTRANDS/cONDUCTORIN DEPTH YOKE MATERIAL (FLUX PLATE) (18) =
Sl(34a) [N’y |STRANDS/CONDUCTOR
Tla9) STATOR STRAND T'KNS.
§ (35) [dy  |DIA. OF PIN
) <2 |COIL EXT. STR. PORT
(37)  [h,, |UNINS, STRD. HT. : STATOR SLOT POLE
(3¢) [r°, IDIST. BTWY. C| OF STD. OAMPER SLOT REMARKS
(420) PHASE BELT ANGLE
' (e0) e [STATOR SLOT SKEW [
30) |X®C [|STATOR TEMP °C
(sH . |RES'TVY STA, COND. 020 O
(1) Q.2 [LENGTHOF GAP (52) l
3[o0 13,2 [oIAMETER AT GAP (12)
(59 |o MAIN AIR GAP DESIGNER DATE
f59a) 122 |AUXILIARY AIR GAP 1 -0l REV. B




{4) Open Slots

.

\b) Constont Slot Width

T

Th ’? T L,"z_
o #;
[
h h, h
TYPE 1 1] s [‘ " TYPE 2
(Type 5 is an open L } f J
slot with 1 conductor o
per slot) k=t k=

(c) Constant Tooth Width

1~
N

TYPE 3 h-D "
=S|

b for type 3 is

0y

M-02

(d)Rourd Slots




TWO OR

COIL OUTSIDE COIL LUNDELL

SINGLE
SUMMARY OF DESIGN CALCULATIONS = « = — = — « (OUTPUT)
MODEL NO. EWO —DESIGN NO,
(7 (F,) [SOLID CCRE LENGTH _ CARTER COEFFICIENT 6N («x,)
(24) (h,) |DEPTH BELOW SLOT EFFECTIVE AIR GAP 69 (g,)
(26) (7%,) |SLOT PITCH FUND/MAX OF FLC. FLUX (YAD I (-2
(27) (T2 /3| SLOT PiTCH 1/3 DIST. UP WINDING CONST. (1) (Cy) |i°
(42) (Kgy) |SKEW FACTOR POLE CONST, IB) (Cp) E
(43) (X4) |DIST. FACTOR ENRD. EXT. OMF TURN 48) (LE) |y
(44) (K, ) [PITC. FACTOR DEMAGNZTIZING FACYOR () «» |8
(45) (~,) |EFF. CONDUCTORS CROSS MAGNETIZING FACTOR [{78) (Cq)
¢1148) (ac) |COND. ARFA AMP COND/IN (128) (A)
;147 (S4) [CURRENT DENSITY (STA.) REACTANCE FACTOR (129) (X)
(@) (f:) [1/2 KEAN TURN LENGTH - LEAKAGE REACTANCE (130) (%)
(53} (Rph) [COLD CTA. RES. #200 C REACTANCE DIRECT AXIS (131) (Xog) |
{(54) (R,,) |HOT STA.RES. e X° C REACTANCE QUAD. AXIS (132) (Xgq)
(55) (EFiop )|EDPY FACTOR TOP SYN REACT DIRECT AXIS (133) x4q) w
(56) (EFbor) [EDDY FACTOR BOT SYN REACT QUAD AXIS 30 xg) 1z
(62) (A1) [STATOR COND. PER2, FIELD LEAKAGE REACT (160) (xs) |5
(63) (A,) |END PERM. FIELD SELF INDUCTANCE el ) |3
(65 () |WT. OF STA COPPER UNSAT. TRANS. REACT (68) (x'dau|™
— _|68) () _IWT.OF STA IRON SAT. TRANS, REACT {167) (X'4)
(4) (T, [POLE PITCH SUB. TRANS REACT DIRECT AX. [(168) (X "4)
(157) (-~ ) |wT. OF ROTOR IRON SUB. TRANS REACT QUADAX.  [(169) (x "
(145) (V, ) | PERIPHERAL SPEED NEG SEQUENCE REACT (170) (x2)
S (153) (oci) |F'.D COND. AREA ZERO SEQUENCE REACT (172) (X o)
2[(154) (R4 ) |COLD FLD RES €200 C OPEN CIR. TIME CONST. (176) (T'do) -
T 1(155)(Ry ) [HOT FLD RES # X0 C ARM TIME CONST. ar7) (Ta) g;
—_— - “OPPER TRANS TIME CONST. (178) (¥’q) (=9
(80) (P1) |[PERM OF LEAKAGE PATH i SUB. TRANS TIME CONST. 79 (T"g)
u (81) (P2) PERM OF LEAKAGE PATH 2 TOTAL FLUX (88) (C)
Z[(82) (P3) [PERM OF LEAKAGE PATH 3 FLUX PER POLE 92) ) 1%
Wk#3) (P4) |PERM OF LEAKAGE PATH 4 GAP DENSITY (MAIN) @) 8y) |F
LE484) (Ps) |PERM OF LEAKAGE PATHS TOOTH DENSITY (91) (B,) §
*Kes6) (P7) |PERM OF LEAKAGE PATH 7 CORE DENSITY (94) (B.) |
860) (Pg) |PERM OF LEAKAGE PATH 8 TOOTH AMPERE TURNS on F,) 1%
T T80) (FSC) |SHORY CIR NI CORE AMPERE TURNS (98) (F.) |3
(181) (SCR) | SHORT CIR. RATIO GAP AMPERE TURNS (MAIN) (96) (Fg)
PERCENT LOAD 0 100 150 200 OPTIONAL
'g) (100c) LEAKAGE FLUX Gg) (197a)
p1)  (1020) TOTAL FLUX/POLE prl) (213a)
(By)  (1030) POLE DENSITY (Bpi) (213b)
(Bg2) (122) AUX, GAP DENSITY (Boa) (224)
42) (125) END SELL DENSITY (By2y ) (228)
-y} (1260) HOUSING DENSITY (Byl } (22%)
(Fnl) (127) TOTAL NIACIL KFa ) (236)
‘i )_(127a) FIELD AMP./COIL (T ) @30 |
7) " (127¢) CUR. DENSITY FIELD (S ) (239)
(Ejni ) (127b) FIELD VOLTS/COIL KE;)  (238)
W)  (185) STA CORE LOSS (we)  (185)
tql)_(184) STA TOOTH LOSS Wen ¥ @42
u=Ry) (194) STATOR CU LOSS (2R ) (45)
( - ) (195) EDDY LOSS (=) (246)
?;F.Ln (186) POLE FACE LOSS (Wofi) (243)
IR §) (182) FIELD COIL LOSS (B2Rg) (241
(FAW) (183) Faw L.OSS (F&W) (183)
(=)  (196) TOTAL LOSSZS (~) (U7
=) (- ) PERCENT EFF. (-) (251
. DESIGNER [ 7Y { S —
i M-03 REV, A



TWO OR
SINGL

NO LOAD SATURATION OUTPUT SHEET

g COIL OUTSIDE COIL LUNDELL

— - N '

ITERE ™ ® o B, on F, o4 B, o5 F_ 08 £,

voLTS STA. |COTHDENSITY|  STA. TOGTHNI | STA. CORE DENSITY|  S”A. CORE N1 | MAIN GAP DEN

1 « (1000) g (1020) GPT (1030) 8, ) e, (126a) 8, a2 E

voLTs LEAKAGE FLUX | TOTAL FLUX/POLE | POLE DENSITY | END BELL DENSITY | MOUSING DENSITY TOTAL NI
~R
o
100%
s

120% !
130%
1o
150%
160%
M-04
REYV.



e drs g Amn s fm oo

e L amm mme mowsen .

TWO-COIL OUTSIDE-COIL LUNDELL

DESIGN COMPUTER MANUAL

1)
@)
(3)
(4)
(5)
(5a)
(6)
()
(8)
(9)
(9a)
(10)
(11)
(11a)
12)
(13)
(14
(15)
(16)
amn

DESIGN NUMBER
GENERATOR KVA
ILINE VOLTS
PHASE VOLTS

PHASES
FREQUENCY
POLES
SPEED

PHASE CURRFNT
POWER FACTOR

ADJUSTMENT FACTOR

LOAD POINTS

STATOR PUNCHING I1.D.
ROTOR O.D.

PUNCHING O.D.

GROSS STATOR CORE LENGTH
RADIAL DUCTS

RADIAL DUCT WIDTH
STACKING FACTOR

SOLID CORE LENGTH




(18)

MATERIAL - This input is uged in selecting fht_a_gx:oper mag-
netization curves for stator, Yoke. pole, when dif-
ferent materials are used. Separate spaces are’
provided on the input sheet for each section men-
tioned above. Where curves are available on card
decks, used the proper identifying code. Where
card decks are not available submit data in the
following manner:

The magnetization curve must be av.ilable on semij-

log paper. Typical curves are shown in this manual on
Curves F15 & F16., Draw straight line segments
through the curve starting with zero density. Re-

cord the coordinates of the i)Oints whe:-é the

straight line segments intersect. Submit these
coordinates as input data for the magnetization
curve. The maximum density point must be sub-
mitted first.

Refer to Figure below for complete sample

60 1L Max.
Poi.nt Sample
Input Data
A Densitx NI
g 90 Straight Line —
:5 Segment 1) 55 Max.
Q 40 b 2 0 0
g 3) 10 1.5
4z i
T 30 Intersection of ’
B Straight Line 5} 49 &9
Segments 8 55 12.0
20
10 traight Line
Segment
0 . e .
1 2 3 456 8 10 20

Ampere Turns Per Inch




TR EIASRET el WET L MATE wIS wIEr e

WATTS/ LB

DENSITY

TYPE OF STATOR SLOT

ALL SLOT DIMENSIONS

STATOR SLOTS

DEPTH BELOW SLOTS

SLOTS PER POLE PER PHASE

STATOR SLOT PITCH

STATOR SLOT PITCH

TYPE OF WINDING

TYPE OF COIL

CONDUCTORS PER SLOT

THROW

PER UNIT OF POLE PITCH SPANNED
PA’ ALLEL PATHS

STRAND DIA, OR WIDTH

NUMBEL OF STRANDS PER CONDUCTOR IN DEPTH
NUMBER OF STRANDS PER COND{/CTOR
DIAMETER OF BENDER PIN

COIL EXTENSION BEYOND CORE
HEIGHT OF UNINSULATED STRAND
DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH



(39)
(40)
(41)
(42)
(42a)
(43)
(49

(46)
(47)
(43)
(49)
(50)
51)
(52)

(53)
(59)
(55)

(56)

STATOR COIL STRAND THICKNESS
SKEW

POLE PITCH

SKEW FACTOR

PHASE BELT ANGLE

DISTRIBUTION FACTOR

PITCH FACTOR

TOTAL EFFECTIVE CONDUCTORS
CONDUCTOR AREA OF STATOR WINDING
CURRENT DENSITY |
END EXTENSION LENGTH

1/2 MEAN TURN

STATOR TEMP 0C

RESISTIVITY OF STATOR WINDING
RESISTIVITY OF STATOR WINDING

STATOR RESISTANCE/PHASE
STATOR RESISTANCE/PHASE

EDDY FACTOR TOP

EDDY FACTOR BOTTOM



e 4

(57)
(57a)
(58)
(59)
(59a)
(60)

(61)

(62)
(83)
(64)

(64a)

STATOR TOOTH WIDTH

STATCR TOOTH WIDTH
TOOTH WIDTH AT STATOR LD, IN INCHES

MAIN AIR GAP IN INCHES
AUXILIARY AIR GAP in inches
REDUCTION FACTOR

FACTOR TO ACCOUNT FOR DIFFERENCE in phase

current in coil sides in same slot.

CONDUCTOR PERMEANCEF
LEAKAGE REACTIVE FACTOR

END WINDING PERMEANCE

SPECIAL LEAKAGE PERMEANCE - For machines
having 2 s-ction of the pole that is approxi-
mately a full pole-pitch wide, an additional
leakage permeance must be added to the
slot and end-turn leakage permeances.

This permeance is that of the leakage path
from one pole into a tooth top and irom tooth

top back into the adjacent pole. The leakage

M-5



(64a)

Cont'd,

is similar to Zig Zag leakage and by in-
creasing the stator leakage reactance, can

reduce the output of the generator significantly.

This same leakage can be used to purposely
limit the output uf the generator and make it
current limited, 'The presence of this ad-
ditional leakage can be good or bad depending
upon what is wanted from the generator. The
important thing is for the designer to be aware

that it is there.

In many cases, the designer should estimate
the specific permeance /\ z since the pole base
will be more or less than a full pole pitch wide

and the following formula will not suffice.

M-5a




(G4a) Cont'd.

area of pole over tooth when teo?:. is on centerlin
between poles

- 20
AL (Cx) () 1

2
£ #
\_J -
-
ceg 2o { T e (e tgy) D
)EE X IEQTEY. 27 g ¢
|
(65) | -- WEIGHT OF COPPER
(66) | -- WEIGHT OF STATOR IRON
(67) | Kg CARTER COEFFICIENT
(08) Ag MAIN AIR GAP AREA
(69 | ge EFFECTIVE AIR GAP
(70) Agz AREA OF AUXILIARY AIR GAP
Aga = T (dga)( fg2) = T (78)(78)

M-5b




(11)

(72)
(13)
(19
(75)

(76)

(")

THE RATIO OF MAXIMUM FUNDAMENTAL of the field

form ¢o the actual maximum of the field form.
WINDING CONSTANT

POLE CONSTANT
DEMAGNETIZING FACTOR
CROSS MAGNETIZING FACTOR

POLE DIMENSION LOCATIONS

9 = width of pole L B
’ at edge of bPz
Qv
N ” "

stator stack \\

by1 = pole width at —
terminus

tp2 = thickness of
pole at edge TN e
of stator SR j ———ad

ti;l = ihick' &8s of - ?
pole at ter- (— th -ﬁ-’-
minus \\ | -

fp = length of pole LL [

[—

POLE EMBRACE

o = Byt - (19,4 (10)

M-6



(77a)

Items immediately following deal with the calculation of
rotor and stator leakage permeances.
Nlustrations are included to help identify the
permeance arcas and to locate the flux leakage
paths. The computer program will handle the
calculation of permeances Py, Py, P3 and Py
eith~r of two ways:

1. P; through P4 can be calcu ated by the
computer. For this case, insert 0.0 on
the input sheet for P; through Py4.

2. Py through P4 can be calculated by the de-
signer. For this case, insert the actual
calculated value on the input sheet for Py

through P4.

Permeance Ps and Py must be calculated by the
designer and the calculated value must be inserted
on the input sheet. The coinputer will not calculate
these two permeance values because of the various

possible field coil locations.

Permeance calculations Py through Py are all

based on the equation P = . (area)



Where AL = 3.19

Area s cross-sectional area perpendicular
to the leakage flux.
/Z = length of flux leakage path

Many of the equations used in this section are
taken from Roter's "Electromagnetic Devices".

Refer to the Appendix for the Roter's formulae.



(78) -- ROTOR AND STATOR DIMENSIONS

{y2

dy2 = diameter of yoke (end bell section) at narrowest

axial length of gap (g2)

gection

rotor diameter at auxiliary air gap

L]

dg2
f(y = half of the effective length of yoke

tyo = thickness of end bell section of yoke
ty = thickness of housing section of yoke
dy = rotor diameter at main air gap

Figure M-3



/
(79) ay POLE AREA - The effective cross-sectional area of the
pole.

a, = (bpo)ltya) = (76)(76)

(80) Py POLE HEAD END LEAKAGE - This can be either 0.0

or the actual value if available. Refer to
Item (72s) fcr explanation., See Figure M-4

for location.

py - 319 (bp1)(tp1) _ 3.19 (76)(76)

(21) (80a)

(80a) 11 Ql = length of permeance path Py and must be obtained

from design layout. Must be given on input

sheet when Pl = 0.0.

(81) Py POLE HEAD SIDE LEAKAGE - This input can be either

0.0 or the actual value if available. Refer
to Item (7)) for explanation, See Figure -5

for location.

py: & 19{&99)@22%“@} _3. 19{(76) [C@_%’_("_ﬁﬂ

(’2) (81a)

812) | 1, | LENGTH OF PERMEANCE PATH P; IN INCHES

4= (%) [(b"‘){ (b"z’] = (41) - ‘(762+ g7e)]

M-10
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(82)

@82b)

{82c)

(83)

T4

r3

POLE BODY END LEAKAGE - This inpwi—can be either

0.0 or the actual value if available. Refer to
Item (86) for explanation. See Figure M for

location,

pa . 628 [3 (by)) + (bp2) | ¢ (r3)
Py = — L : fn S

6.28 [3 (19) +(7s):( Q. (82b)
T 4 {82¢c)

rg = Fl = (80a) = length of permeance path Pj

ry =(g1)+(27) = (80a) +(173)

POLE BODY SIDE LEAKAGE - This input can be either 0.0

or the actual value if available. Refer to Item
(77a) for explanation. Seé Figure M7 for

location.

When (6) > 4

3.2 (Ry) ¢ {1, (bp1)  (bp2)
P4-—7T O—Inl-lf' 21; 2-]
3. 19(76) (76) + ('76)
200 ¢, [1 4 (0]
Where 2z ={\Tp). [gm)+(ggz)]=(4l)_[;(_76)+(7e)]

M-11




(84)

(86)

Waen (6 € 4

_3.19 (p) 3 p (7, (bp1) + (bp2)
p4__ﬁ_&_2_fn_1+l’2ﬁ_l’9__

3.19 (76) 3 2 . (76) + (76)
LE00 1+

COIL LEAKAGE PERMEANCE PER COIL - This permeance

must be calculated by the designer and the cal-
culated value must be inserted on the input
sheet. Refer to Fig. M-8 & M-9, which show
the lccation of the coil., This value is to be
given on a per coil basis. Refer to the

appendix for permeance formulae.

STATOR TO FRAME AND ROTOR LEAKAGE PERMEANCE -

Refer to Fig. M-8 & M-9 for location, This per-
meance is actually broken down * . ‘*hree parts:
P71 leakage to yoke; P72 leakage ©  shaft; Pq3
leakage to rotor pole. In this desig:a manual,
the three permeances are added and treated as
a single leakage. The same condition applies
to P7 and Ps. The designer must caléulate
P7 and insert the calculated value on the input

sheet. Refer to the appendix for formulae.
T Mel2



(86a) Pg FLUX PLATE TO FLUX PLATE LEAKAGE PERMEANCE

This permeance must be calculated by the

designer and the value must be inserted on

the input sheet. Location per Figure M-8,

t Ly
P2 L"_,,—”" ﬂﬁ“"--\\

N n

bP\ ~—

.__EFz_ﬁ

LEAKAGE PERMEANCE Py

Figure M-4

M-13



P9 POLE HEAD SIDE LEAKAGE

fLux PLATE

Figure M-5

M-14



P; POLE BODY END LEAKAGE

Figure M-6

M-15



Py POLE BODY LE/ .

Fignre M-7?

M-16



FLUX CIRCUIT FOR THE TWO-COIL,
OUTSIDE-COIL LUNDELL

e — - T - ““"“"]i
I e =
|
| | -
Fe ~ sl
f , :
| P P P'_’3 ; ‘A‘P.(l ,>< '
A - I R -
, B ) )
‘~—‘\ ' ~ ‘/”’jry \\\ Z
= L
Fqa\ Fr_——— >\ I / i
S - . /
— - . /
N _ o \l o
\8 { j
T B /”//_:f,yl /
|
L
-

Figure M-8
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P5 = Coul lLeakage Permeance

Fi M-
Pq = Stator Leakage Permeances igure B-9

Design A

Design C
, —
(con. o[ -
PTl ¥\ -
(=< ~-" 7 ‘
Pas- P72 B : i
|

“N
,_,/
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(94)

(87

(88)

(91)

(92)

(95)

(96)

(@7

(98)

The next set of calculations deals with the no load satura-
tion. The equations in this section can be psed
to calculate the no load saturation for any volt-
age. When the no load saturation data is re-~
quired at various voltages insert 1. on the
input sheet for "No Load Sat,". The computer
will then calculate the no load saturation curve
at 80, 90, 100, 110, 120, 130, 140, 150, and
160% of rated volts. When the complete
saturation data is not necessary, insert 0.
on the input sheet and the computer will
calculate the 100% volt data.

TOTAL FLUX IN KILOLINES

TOOTH DENSITY

FLUX PER POLE

CORE DENSITY

GAP DENSITY

AIR GAP AMPERE TURNS

STATOR TOOTH AMPERE TURNS

STATOR CORE AMPERE TURNS

M-19



(98a) Fg STATOR AMPERE TURNS

(99) Oy STATOR TO YOKE LEAKAGE FLUX - The

leakage flux from the .stator to the yoke.

61« [P0 + () + (59 + (79| () 13

- Bss) + (97 + (96) + (104§(8£)/6'3—-

The items to follow are to be calculated for
variable loads, These calculaticns will then
be repeated for 100% load.

(100a) | @y | ROTOR LEAKAGE FLUX - at no load
% = (P) 2(Fg) + 2(Fy) + (F‘CD
[®)+ @2 + By 4 @ [ x 103
= (6) E’.(QG) + 2(97) + (98ﬂ
| an) + (81) 4 \82) 4 (83B x 10-3

(102a)

Q
N

TOTAL FLUX PER POLE - at no load

opr = @p)1 Z0) . @ - 2000)

M=-20



These surfaces are &t

tne same magnetic potential,

/—_-u__.-——\

f 3
¢ ; ZA’ A"

‘Hk;

oS

Figure M-10

The sketch above shows the leakage flux ¢7 leaking from the stator

to the rotor. In a 2-pole generator of this configuration, the leakage

flux, ¢7 can cause a rotating couple on the rotor.

M-21
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. A

' IV\'\A’ 7 /\/\/VV— i
Fo o\ Fe
Fya g / § \ 2 = Fya
- /& \ -
L | |
I AT
: - . / : QS A
ng ? /¢7 ‘:f Fg g\‘ Fg \¢‘7 12- 2
L2 L
FP ] Fp
l

Schematic representation of the flux circuit
of a two, outsiue-ccil Lundell, a-c generator.
The mmf dr.sps in the circuit are showr Dy

solid lines. The flux leak~ge paths are shown
by dashed iines.

Figure M-11
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R 7

(103a)

(103b)

(104a)

(108)

Jg

ng

-

POLE DENSITY - The apparent flux density at the base

of the pole. Note that no provision is made
in this manual for calculating the density in
the flux piate. It is, therefore, important
to remember not to restrict the flux area

through this section,

_(@p7) _ (102 : 2
Bp = Gp) - (-('ET) Kilolines/in

FLUX PLATE TO FLUX PLATE LEAKAGE FLUX (KILOLINES)

@g = (PB)[z(Fg) + 2(Ep) (F@ x 1073
= (86a) ‘:2(96) + 2(97) +_(98ﬂ x 10-3

POLE AMPERE TURNS - at no load. The ampere turns

per pole required to force th: flux through the
pole and spider at no load rated voltage. The
nc load pole ampere turns per pole are cal-
culated as the product of (ﬁﬂ times the NI per
inch at the density (Bp). Use magnetization

curve submitted per item (18) for rotor.
Fp = (lp) l_ NI/in @ density (Bp)-)

= (76) | Look up on rotor magnetization

curve given in (18) @ density (103a)

AUXILIARY GAP (g2) flux in kilolines.

dg2 = Op1 £+ (@) + (B0)
(102a) Sgl + (99) + (103b)

M-22




(118) s COIL LEAKAGE FLUX PER COIL (Kilolines)

@5 = (Ps) ff'ng) + Fy + (Fp) t(Fg) +(Fp) HFC)] x10-3
G5 = (84)1(123) + (126b) + (1042 (96) + (97) -!-(98)] x 1073

(122) By AUXILIARY GAP (g?2 FLUX DENSITY

_(Gg2) _ (108)
Bgz '(—g')—Agz = )

AUXILIARY AIR GAP AMPERE TURNS

(123) Fg2

Fga = (_;_3512_9), (g2) x 103 = %&12% (59a) x 108

(124) Ay2 AREA OF END BELL SECTINON OF YOKE AT SMALLEST

SECTION
Ayz = T (ey2)ltye) = T7(18)(78)

(124a) | Ay AREA OF HOUSING PORTION OF YOKE

Ay = (@ + ) |
. ﬂB12)+(78)](78)

(125) Bya FLUX DENSITY IN END BELL SECTION OF YOKE @ N, L.

at narrowest part

B .= Pg2tB5 _ (108)+ (118)
2 Ay (124)




AMPERE TURN DROP IN END RELL SECTION OF YOKE

(126a) By

(1260) | Fy

(127 FNL

' (127a) | IpNL

Fyz

@ N. L.

_ _
Ln -(d ] [NI/inch @ (Byz)]

= .(12)-_%(.?_8)- Look up on yoke magnetization curve @:)

l' density (125)

DENSITY IN HOUSING SECTION OF YOKE @ N.L.

By z (dgz) = (108)
Ay (124a)

AMPERE TURN DROP IN HOUSING SECTION OF YOKE

using 1/2 total length of housing

Fy = (£y) [: NI/inch at density (By)]

- (78) ULook up on yoke magnetization curve @ densitﬂ
(126a) '

TOTAL AMPERE TURN DROP @N. L.

FNL = 2(Fy)+ (Fy2h+ (Fia) +Fp) (R HPD HED |

2 [(1260)+ (126) +(123) (1042} (96) +(97) +(g£)_]

FIELD CURRENT - at no load
. (Fyp . (27)

1 =
FNL WpRcg (146)(146a)




(127) | Ep FIELD VOLTS - at no load. This calculation is made

with cold field resistance at 200 C for no load

condition.

Eg = (Ipnp)/ (Rt cod) NCo) = 127:./1 54)(146a)

/
(127c) | Sp CURRENT DENSITY - at no load.
(128) A AMPERE CONDUCTORS per inch
(129) | X REACTANCE FACTOR

(130) | X ¢ LEAKAGE REACTANCE - in per cent,

x£=x|zi+ /\g+,{z]
= (129) Esz)+(s4)+ (64a)]

/\ » is explained under item (64a) and

should be zero in most cases.

(131) X REACTANCE - direct axis - This is the fictitious
reactance due to armature reaction in the

direct axis (in per cent).

o - 2me)Ip(Crm)(Kg) X 100 9(45)(8)(74)(43) x 100

2(P) (Fg+Fgp) 2(6) [(96) + (123} ]

M-25



(132 Xaq REACTANCE - quadrature axis - This is the fictiiiocus
reactance due to armature reaction in the

quadrature axis (in per cent).

X ° (C)Xad) . @5)131)
(Cp)(C1)  (14)(11)

(133) | X4 SYNCHRONOUS REACTANCE - direct axis - (%)

M-252a



1 (134)

(145)

(146)
(146a)

(147)
{148)

(149)

(150)

(151)
(152)

(153)

154)

SYNCHRONOUS REACTANCE - quadrature axis (%)

PERIPHERAL SPEED

NUMBER OF FIELD TURNS per coil

NUMBER OF FIELD COQILS - One basic computer program

is used for the single-ccil and two-coil Lundell
generators. This item is used in the computer
program ar a code for distinguishing one from
the other. Coile are connected in series.

MEAN LENGTH OF FIELD TURN - inches

FIELD CONDUCTOR DIA OR WIDTH in inches

FIELD CONDUCTOR THICKNESS in inches - Set this

item = 0, for round conductor.

FIELD TEMP IN °C

RESISTIVITY of field conductor

RESISTIVITY of field conductor

CONDUCTOR AREA OF FIELD WDG

CCLD FIELD RESISTANCE @ 20°C per coil

Rt (cold) = (7 (I‘g)cf()‘tf)x i0-6 . (151) (146) (147) x 10-8

M-26



(155)

(156)

(157)

(hot)

HOT FIELD RESISTANCE - Calculated at X;°C (103)

per coil.

R¢ (hot) = ( 70f hot) (Nf) (‘etf)x 10-6 = (152) (146) (147) x 10-6

() (a53)

WEIGHT OF FIELD COIL in lbs - pe. coil

#'s of copper - .321(Nf)(ltf){acf)

. 321(147)(147)(152)

NOTE: This answer is given in lbs. based on
density of copper. If an, other raaterial
is used, the answer on oulput sheet can
be converted by the designer by multi-
plyirg by the ratio of densities.

WEIGHT OF ROTOR IRON - Because of the large number

of different pole shapes, one standard formula
cannot be used for calculating rotor iron weight.
Therefore the computer will not calculate rotor
iron weight. The space is allowed on the input
sheet for record purposes only., By insertirg
0. in the space aliowed for rotor iron weight,
the computer will show '"0" on the output

sheet, If the rotor iron weight ic available

and inserted on input sheet, thcn the output

sheet will show this same weight on the output

sheet.



(160)

THE EFFECTIVE FIELD LEAKAGE REACTANCE - The

reactance which added to the stator leakage

reactance gives the transient reactance X'du.

When unit fundamental armature ampere turns
are suddenly applied on the direct axis, an
initial field current (I) will be induced. The
value of this initial field current will be just
enough to make the net flux interlinking the
field because of the field current and the arma-

ture current zero. The field ampere turns

C1
i Cm
el e
Pt
(71)
Xp= @) [1- & —\.

80
L 209t 5_2_7)

- 6.380) = 6.38(11
a @j@ (BT'(TEU)L

m--28
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(170)

(160a)

(161)

(186)
(167)
(i%8)

(169)

(172)

(173)

(174)

(175)

FIELD LEAKAGE PERMEANCE

P - PEI-C-PZ +P3+P£, + P5 +Pg
= (C‘EBO) + (81) + (82) + (83)-, + (84) + (86a)

FIELD SELF-INDUCTANCE

-8
L = (Np)? (2,) (Ngg) 1O

-8
(146)2 (160a) (1462)x {O

UWSATURATED TRANSIENT REACTANCE

SATURATED TRANSIENT REACTANCE

SUBTRANSIENT REACTANCE in direct axis

SUBTRANSIENT REACTANCE in quadrature axis

NEGATIVE SEQUENCE REACTANCE

ZERO SEQUENCE REACTANCE
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(176)

(177

(178)

(180)

(181)

(o]

SCR

OPEN CIRCUIT TIME CONSTANT - The time constant of the

field winding with the stator open circuited and with
negligible external resistance and inductance in the
field ciccuit. Field resistance at room temperature

{20°C) is used in this calculation.

T 4o = P . e
(®F) Nog) - (154)(146a)

ARMATURE TIME CONSTANT

TRANSIENT TIME CONSTANT

SHORT-CIRCUIT AMPERE-TURNS--The field

ampere-turns required to circulate rated line
amperes in a three-phase short circuit at the

machine terminals.
100
_(133) 2 [@6}4—(123)
100

SHORT CIRCUIT RATIO




5(182)

2Ry

FIELD I’R - at no load. The copper loss in the field

winding is calculated with cold field resistance

at 20°C for no load condition.

Field IR = (pnp)? (Bt co10) Neo)

= (1272)2 (154)(1462)
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(183)

F&W

FRICTION & WINDAGE LOSS - The best results are ob-

tained by using existing data. For ratioing
purposes, the loss can be assumed to vary
approximately as the 5/2 power of the rotor
diameter and as the 3/2 power of the RPM.
When no existing data is available, the follow-
ing calculation can be used for an approximate
answer. Insert 0. when computer is to cal-
culate F&W. Insert actual F&W when avail-

able, Use same value for all load conditions.

F&W = 2.52 x 1075 (a)®5 (% ) REM)L-

2,52 x 10-¢ (112)% 5 (76) ()1-°

For gases or fluids other than standard air, the
fluid density and viscosity must be considered.
The formula given in the manual can be modified
by the factors

where \P = density - Lbs Fr-3
4 = viscosity LBS Fr-! HR"!
.0765 = density std. air
.0435 = viscosity std. air
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(184) | WpNL | STATOR TEETH LOSS - at no load.

(185) W, STATOR CORE LOSS

(186) | WypL, | POLE FACE LOSS - at no load.

187 |k,
(188) | Ky
(189) | Kg
(190) | K4
(191) | Ks
(192) | Kgq

(194) | 1%R STATOR IR - at no load.
(195) - EDDY LOSS - at no load.

(196) -- TOTAL LOSSES - at no load. Sum of all losses

Total losses = (Field I°R) + (F&W) + (Stator Teeth Loss)
+ (Stator Core Loss) + (Pcle Face Loss)
= (182) + (183) + (184) + (185) +(186)

The N. L. calculations should all be repeated now for
100% load.
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(197a) ¢£ﬁ LEAKAGE FLUX PER POLE at 100% load

deq = ¢1{(ed)(FgH- El + cos (O%L(FT) + (FC)}

(Fg) + (Fp) + (FQ)

) (198)(96) + |1 + cos (198a) ] (97) + (98)
-(1°°a){' O + (07 + (98)

(198) | eq4 Where eq = cos€ + -%%)—sin‘?

133
= cos (198a) + ~1gg  sin (198a)

(198a) | @ Where 0 - cos-1 BPower Factor)]
= COS"]' [(9)]
-1 | sin (0) +(xq) /(100) |.
Where V' = tan [ 50570)
- tan-1 [ sin (198a) + (134) / (1003
cos (198a)

Whnere€ = Y - 0 - (198a) - (1982)

(198Db) Jg1, LEAKAGE FLUX BETWEEN FLUX PLATES @ F.L. (Kilolines)

Bg1, (@) %%)— = (103b) {(lgga)

a




(207)

(213)

(213a)

(213b)

oL

OprL

BpL

FLUX LEAKAGE FROM STATOR TO YOKE UNDER LOAD

(one side of stator only)

-3
7L = (p7) &‘p]_)+(ed)(Fg)+(FT) [1 + cos(O)] + (F@X 10

=y =3
= (86) @131:)&198)(96)1»(97) [1+cos(198a) + (9ﬁ“0

-

FLUX PER POLE at 100% load

For P.F. .0 to .95
@prL = (@p) [(ed) - '—s’—:"(i%gi sin (*1’):)

.93(131)
50—

= (92) El%) - sin (198aﬂ

For P.F. .95 to 1.0
OpL = (Fp)Ko) = (92)(9a)

TOTAL FLUX PER POLE at 100% load

2(Bpo ) .
v} - 127 = (213) + 2(197a)
PTL = PpLt ® (213) =5

FLUX DENSITY AT BASE OF POLE at 100% load

Bpy, = 9PTL - (213a)
ap




{213c)

(221)

(224)

{225)

(226)

FpL

PgaL,

BgoL,

Feal,

951,

AMPERE TURNS PER POLE at 100% load
() {NI/in @ density (BPL)]

FpL

(76) | Look up ainpere turns/inch un rotor mag- |

netization curve given in (18} at density (213 ‘l

FLUX CROSSING THE AUXILIARY AJR GAP under load

Gg2L WpTL)% + (B71) + (Bg1,)

(213a)(8) . (207) + (198L)
Z

FLUX DENSITY IN AUY'LIARY GAP' (g9) under load

Boor = (Fg2L) . (221
v vy R ()

AUXILIARY AIR GAP AMPERE TURN DROP under load

FgaL = (_];"E%QI:)_(gz) x 108 - %2?214_9)_(5%) x 103

COIL LEAKAGE FLUX under load

ds51, = (P5) [(Fyl) + (Fpp) + (Fga1) + (eg)(Fg) +

Fp [1 ’ cos(O;-‘ + Fc] x 10-3

i = (84) [(229c) ¢+ (213c) + (225) + (198) (96) +

©N\ 1+ cos (198a9 ’ (98)] x 10~3




(227

(228)

(229)

(229Db)

GyaL

FyZL

FLUX IN END-BELL SECTION OF THE YOKE under load

GyaL = (FgaL) + G571,
= (221) + (226)

DENSITY IN END-BELL SECTION OF YOKE AT THE

SMALLEST AREA SECTION under load

- GyaL . (227
ByaL, Ay (123)

AMPERE TURN DROP IN END-BLLL SECTION OF YOKE

under load.
FyoL ___[(D)‘(dzz)] {Nl/inch @ density (ByzLE}
[(12)-(732'}

= 6

Lock up on yoke magnetization curve

given in (18) at density (228)

FLUX DENSITY IN THE HOUSING SECTION OF THE YOKE

under load.
_(@g21)  (21)
LRy )
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(229¢)

(236)

(237)

(239)

(238

IFFL

ErrL

AMPERE TURN DROP THROUGH THE HOUSING SECTION

OF THE YOKE under load, using 1/2 total length of housing.

Fy = Ky [Nl/inch @ density (Byl_)]

= ('718) Look up on yoke magnetization curve given
in (18) @ density (229D)

TOTAL AMPERE TURN DROP at full load

=2[(FS")’¢' yLHFy2 ) {FpLH (eg)(Fg)H Fy) E + 008(0-)] + _E_n]x 10-3
= ZEZ 2sh{229c)+(229)+{213c)+{198)(96)H97) &f cos(1. ‘33,)] +(%8)] x10°

FIELD CURRENT under load

IrrL = (FFL)/(NF) (Nco) = (236) / (146)(146a)

CURRENT DENSITY at 100% load

Current Density = (Ippp)/(ac) = (237)/(153)

FIELD VOLTS at 160% load - This calculation is made with

hot field resistance at expected temperature at
100% load.

Field Volts = (ppp)Ry pot) (Nco ) = (237)(155)(146a)
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(241)

(242)

(243)

IZRFL

WrFrL

[FIELD I%R at 100% load - The copper loss in the field

winding is calculated with hot field resistance

Field IR = (I, pD)3RE pot) (Neo) - (237)2(155)(146a)

STATOR TEETH LOSS at 100% load - The stator tocth

loss under load increases over that of no

load because of the parasitic fluxes caused by
the ripple due to the rotor damper bar slot

openings.

- {z[zv‘—li%%’-} ' +1} (184)

POLE FACE LOS3 at 100% load

o

(Kge) is obtained from Curve F-3

N-38 ‘

at expected temperature for 100% load condition.



(246)

(247)

(248)

STATOR T1°R at 100% load - The copper loss based on the

D.C. resistance of the winding. Cazlculate at

the maximum expected operating temperature.

R - (m)(Ipy)? (RgpH hot)

(5)(8)2 (54)

EDDY LOSS - Stator I2R loss due to skin effect

Eddy Loss - L(EF top) ¥ (EF pot) _ 1] (Stator I%R)

2

- [(_55%59_) - 1} (245)

TOTAL LOSSES at 100% load - sum of all losses at

100% load
Total Losses = (Field IzR)+ (F&W) + (Stator Teeth Loss)+
(Stator Core Loss) + (Pole Face Loss) +
(Stater I2R) + (Eddy Loss)
= (241) + (183) + (242) + (185) + (243) + (245) + (246)

RATING IN KILOWATTS at 100% load

Rating : 3(Epy)(fpy) (P. F.) x 10-3

[ 1

3(4)(8) (9) x 10-3 i

oo
e
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(249)

(250)

(251)

RATING PLUS LOSSES = (248) +(247) x 1073

LOSSES = Losses x (100)
% LOSSES Rating Plus Losses

. (247 x1073 x 102
(249)

% EFFICIENCY = 100% - % Losses

= 100% - (250)

hese items can be recalculated for any load condition
by simply inserting the values that correspond to the %

load being calculated.

Values for F&W (183) and W (Stator Core Loss) (185)

do not change with load.
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SINGLE-COIL, OUTSIDE-COIL LUNDELL
DESIGN, COMPUTER MANUAL

1y | -- DESIGN NUMBER
(2) | KVA | GENERATOR KVA
@ | E LINE VOLTS

(4) | Epy | PHASE VOLTS

5) m PHASES
(5a) | f FREQUENCY
(6) P POLES

() | RPM| SPEED

8) | Ipgy | PHASE CURRENT
(9) | P.F.| POWER FACTOR

92) | K, ADJUSTMENT FACTOR
o) | -- LOAD POINTS

| d STATOR PUNCHING LD,
(11a)| d, ROTOR 0.D,

(12) PUNCHING 0.D.

S O

(13) GROSS STATOR CORE LENGTH

(14) | ny RADIAL DUCTS
(15) | by RADIAL DUCT WIDTH
ae) | K STACKING FACTOR

an | £ SOLID CORE LENGTH
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(18) MATERIAL - This input i used in selecting the proper mag-
netization curves for stator, yoke % pole .
. 1 ——

Separate spaces are’
provided on the input sheet for each section men-
tioned above. Where curves are available on card
deck-=. used the proper identifying code. Where
card decks are not available submit data in the
following manner:

The magnetization curve must be available on semi-

log paper. Typical curves are shown in this manual on
Curves F15 & F16. Draw straight line segments
through the curve starting with zero density. Re-

cord the coordinates of the points wheré the

straight line segments intersect. Submit these
coordinates as input data for the magnetization

curve. The maximum density point must be sub-

mitted first.

Refer to Figure below for complete sample

60 L Max.
Point Sample
Input Data
] Density NI
@ 50 Straight Line
g Segment ;) 5(5) ng'
% 4 F 3) 10 1.5
g 4) 27 1.9
B 30 Intarsection of 2 2% Eg
z Straight Line 7} 48 9.0
% 20 | Segments 8) 55 12.0
A
10 k traight Line
Segment
0 . . . .
1 2 3 456810 20

Ampere Turns Per Inch

M=42
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(19) ¥

(2v) B
(21)

(22)

(23) | Q
(24) © he 1
@ a
(26) } Ts
@7 Ts1/3
(28) | --
(29)% -
(30) | ng (’
@y Y |
(312)

32 c
(63) -
(34)f NsT
(342) Ngp ‘
(35 dy
36)  fez
(37 | hgr
(38) | hsp

W{\TTS LB

DENSITY

TYPE OF STATOR SLOT

ALL SLOT DPIMENSIONS

STATOR SLOT>

DEPTH BELOW SLOTS

SLOTS PER POLE PER PHASE
STATOR SLOT PITCH

STATOR SLOT PITCH

TYPE OF WINDING

TYPE OF COIL

CONDUCTORS PER SLOT

THROW

PER UNIT OF POLE PITCH SPANNED
PARALLEL PATHS

STRAND DIA, OR WIDTH

NUMBER OF STRANDS PER CONDUCTOR IN DEPTH
NUMBER OF STRANDS PER CONDUCTOR
DIAMETER OF BENDER PIN

COIL EXTENSION BEYOND CORE
HEIGHT OF UNINSULATED STRAND

DISTANCE BETWEEN CENTERLINES OF STRANDS IN DEPTH

M=43




!

39) | --

(40) | Tsk
41) | Tp
(42) | Kgg
(42a)
(43) | Ky
(49 Ky
| (45) | ne
(46) | a
| sg
W |
- (49) t 8
50 X,°C
61) | ¥
(52) )(Ohsot)
(53) ' Rgpy
. (cold)
(5490 RgpH
(hot)
| (55) EF
(top)
| (56) | (E{)I(;‘t)

STATOR COIL STRAND THICKNESS
SKEW
POLE PITCH

SKEW FACTOR

| PHASE BELT ANGLE

DISTRIBUTION FACTOR

PITCH FACTOR

TOTAL EFFECTIVE CONDUCTORS
CONDUCTOR AREA OF STATOR WIND'NG
CURRENT DENSITY

END EXTENSION LENGTH

1/2 MEAN TURN

STATOR TEMP OC

RESISTIVITY OF STATOR WINDING

RESISTIVITY OF STATOR WINDING

 STATOR RESISTANCE/PHASE

' STATOR RESISTANCE/PHASE

EDDY FACTOR TOP

EDDY FACTOR BOTTOM

M-L4




(57) | btm

(57a) | iy 1/3§
(58) | b
(59) £ :
: |
(592) gy |
(60) Cx
61) ' Ky
62) A
(63) ‘ Kg
649 Ag

(64a) /\ 2

STATOR TOOTH WIDTH

STATOR TOOTH WIDTH

TOOTH WIDTH AT STATOR L D. in inches

MAIN AIR GAP in inches

AUXILIARY AIR GAP in inches

REDUCTION FACTOR

FACTOR TO ACCOUNT' FOR DIFFERENCE in phase current in
coil sides .1 same slot

CONDUCTOR PEkA ANCE

LEAKAGE REACTIVE FACTOR

END WINDING PERMEANCE

SPECIAL LEAKAGE PERMEANCE - For machines
having a section of the pole that is approxi-
mately a full pole-pitch wide, an additional
leakage permeance must be added to the
slot and end-turn leakage permeances,
This permeance is that of the leakage path

from one pole into a tooth top and from tooth

Ma45

t s 'R A L



(64a)

Cont'd,

top back into the adjacent pole. The leakage
is similar to Zig Zag leakage and by in-

creasing the stator leakage reactance, can

reduce the output of the generator significantly.

This same leakage can be used to purposely
limit the output of the generator and make it
current limited. The presence of this ad-
ditional leakage can be good or bad depending
upon what is wanted from the generator. The
important thing is for the designer to be aware

that it is there.

In many cases, the designer should estimate
the specific permeance A z since the pole base
will be more or less than a full pole pitch wide

and the following formula will not suffice.

M-45a
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(64a) Cont'd.

(65)

(66)

(67)

(68)

(69)

= 20 between poles
As (CX)I_Rajm [ P
0 ) PG - o) (U2 gy %o ’7
)\Z"' (Cx) (m){q) 27 ¢ ’ ')

WEIGHT OF COPPER

WEIGHT OF STATOR IRON

CARTER COEFFICIENT

MAIN AIR GAP AREA

EFFECTIVE AIR GAP

M-45b

[area of pole over tooth when tooth is on centerline
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(70)

(T)

(72)
(73)
(19)
(75)

(16"

AREA OF AUXILIARY AIR GAP
Agy = 1 (dg2)lg2) = T (78)(78)

THE RATIO OF MAXIMUM FUNDAMENTAL of the field

form to the actwal maximum of the field form

WINDING CONSTANT-

POLE CONSTANT

DEMAGNETIZING FACTOR

CROSS MAGNETIZING FACTOR

POLE DIMENSION LOCATIONS

- bpg = width of pole’ b
at edge of P2 STATOR
stator stack \ QTAC. K

1 = pole width at
terminus

tp2 = thickness of

pole at edge
of stator Q.,___ j _._m._._..._/?
=

tpl = thickness of ‘
p pole at ter- ( {P tf’—}
minus N k: ¢

f p = length of pole

=
o

=4




(1M

(77a)

POLEZ EMBRACE

_P.1 t+bpa _ (76) +(7€)
L= gy TN

Items immediately following deal with the calculation of

rotor and stator leakage permeances.

Ilustrations are inchided to help identify the

permeance areas and to locate the flux leakage

paths. The computer program will handle the
calculation of permeances P;, Py, P3 and P4
either of two ways:

1. Py through P4 can be calculated by the
computer. For this case, insert 3.0 on
the izput sheet for Py through P4.

2. Pj through P4 can be calculated by the de-
signer. For this case, insert the actual
calculated value on the input sheet for P;
through P4.

Permeance P5 and P; must be calculated by the

designer and the calculated value must be inserted

on the input sheet. The computer will not calculate
these two permeance values because of the various

possible field coil locations.

M_oLD

s L8
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Permeance calculations P1 through Pq are all

based on the equation P = # (area)

£

Where 4= 3.19

Area = cross-sectional area perpendicular
to the leakage flux.
/g = length of flux leakage path

Many of the equations used in this section arc
taken from Roter's "Electromagnetic Devices''.

Refer to the Appendix for the Roter's formulae.
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(78) -- ROTOR AND STATOR DIMENSICNS

|

axial length of gap (g2)

g2

dy2 = diameter of yoke (end bell section) at narrowest
section

dg2 = rotor diameter at auxiliary air gap

ﬁy - effective length of yoke —=— 2

thickness of end bell section of yoke

-
~
[\
1]

thickness of housing section of yoke

dr = rotor diameter at main air gap

|
-4 ‘ -
ty
FIELD
COoVh, ~

A
~

M-49
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P, POLE HEA)

r/"

-

Ps

SIDE LEAKAGE -

¥

P; POLE BODY LEAKAGE

Y

—

Figure M-12
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P4 IN A 4 POLE GENERATOR

Figure M-13

Page M-49 b




(79)

(80)

(80a)

(81)

(81a)

Py

2

(s

POLE AREA - The effective cross sectional area of the

pole
ap = (bp2)(tp2) = (76)(76)

POLE HEAD END LEAKAGE - This can be either 0.0 or

the actual value if available. Refer to Item (77a)

for explanation. See Figure M-4.

py - 319 (p)tp) _ 3.19 (76)(76)
£1 (80a)

[ 1 = length of permecance path P; and must be obtained

from design layout. Must be given on input

sheet whea Py = 0.

POLE HEAD SIDE LEAKAGE - This input can be either 0.0

or the actual value if available. Refer to Item

(86) for explanation. Sece Figure M-12.

(tpz) - (to1) | (76) + (76)
>, - 3, 19£(1p) L_&_z___z_]} 3D {(76) ___T__]}
(£2) T (8la)

LENGTH OF PERMEANCE PATH P3 in inches

f2-T,- [t -lz-(prﬂ @ - [_zs) : (7(i):{

M-50




(82)

(82b)

(82c)

(83)

r3

r4

POLE BODY END LEAKAGE - This input can be either

0.0 or the actual value if available. Refer to

Item (86) for explanation. See Figure N]-{Z

location.

P3

4

_6.28 E'. (bp1) +(52{{& ((}%
r

w

6. 28 E, (76) + (76% 9., (820)
v 4 ] (820)

rg = 01 « (80a) = length of permeance path P

rq = (fp) 1—%)_ = (80a) +(_§”)

Where

or the actual value if available. Refer to Item

(77a) for explanation. See Figure [f}~13for

location.

When (6) > 4

P4l

z

L1 tky) g E {_@219)4 ¢ (t_agz)]

3. 18('76) (76) + (76)
B o [1 -

[ (op) + (bp2) | _ 41 _[(76) + (78)
Tp- | Lokt ua) | g L__T___]

M-51
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Figure M-14
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Col\w

) v

EXCYTING
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Figure M-15
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Fp F} F-T Fc. FT F'g_ F'p
Figtrre M-16
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(84)

(86)

When (6) <y

p, . 319 (Vp) 3 3 g l_ (bpg(;)(bpz)]

3.19 (76) 3 T (76) + (76
210 )_2_gn!_1+(2)8( )]

COIL LEAKAGE PERMEANCE - This permeance must be

calculated by the designer and the calculated
value must be inserted on the input sheet.
Refer to Figure M-14 which shows the location

of the cnil,

STATOR TO FRAME AND ROTOR LEAKAGE PERMEANCH

Refer to Figure M-14 for location. This per-
meance is actually broken down into three parts:
P71 leakage to yoke; P72 leakage to shaft; Pq3
leakage to rotor pole. In this design manuul,
the three permeances are added and treated as |
a single leakage. The same condition applies |
to P7 and Ps. The designer must calcula :‘l
P7 and insert the calculated value on the input~
sheet,

M-55




\36a)

(87)

{'18)

(91)

(92)

(94)

FIUX PLATE TO FLUX PLATE LEAKAGE PERMEANCE

This permeance must be calculated by the designer

and the value must be inserted on the input sheet.

Location per Figure M-5

The next set of calculations deals with the no load satura-
tion. When the no load saturation data is
required at various voltages, insert 1, on
the input sheet for "no load sat'". The
computer will then calculate the complete
v load saturation curve at 80, 90, 100, 110,
120, 130, 140, 150 and 160% of rated volts.
When the complete saturation data is not
necessary, insert 0. on the input sheet and
the computer will calculate the 100% volts

data.

TOTAL FLUX IN KILOLINES

TOOTH DENSITY

FLUX PER POLE

CORE DENSITY

M-56
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(95)

(96)

(97)

(28)
(98a)

(99)

T — it — =

[ .

GAP DENSITY

AR GAP AMPERE TURNS

STATOR TOOTH AMPERE TURNS

STATOR CORE AMPERE TURNS

STATOR AMPERE TUFNS

STATOR TO YOKE LEAKAGE FLUX - T e

leakage flux from the.stator to the yoke.

I ) -3
A - L(Fc) + (FT) + (Fg) t (FD)J (P7) x 10

. [(98) +(97) + (96) + <1o4a)___,‘ (86) x 107°

Tne items that follow will be calculated
for variable loads. The first set of
calculations are at no load. The calculations
will th 1 be repeated for 100% load.
For other values of load, the same
calculations are repeated with the

proper percent load insected.

M-57
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l (100a)

(102a)

(103a)

(103b) |

ROTOR LEAXAGE FLUX - at no load

= (P) | 2(Fy)+ 2(Fp)+ (Fy)

X

(@0 + 2 + (Bg) + (Bg)] 107

(6) E(9(>‘+ 2(97) (98)_] X

[(80) + (81) + (82) + (33)] x 10-3

TOTAL FLUX PER POLE - at no load

_ 2(g,) 2(100a)
@pr - (¢p)+—(l—,§‘- (92) 4 200

POLE DENSITY - The apparent flux density at the base

of the pole. Note that no provision s made
in this manual for calculating the density in
the flux plate. It is, therefore, important
to rermember not to restrict the flux area

through this section.

Bp - (@PT) _ (1023)
" {ap) 7y

FLUX PLATE TO FLUX PLATE
@ = Pg [E(Fg)-o- 2(Fp) + Fc_l x 10°3

= (86a) [ 2(68'+ 2(97)+ (98)__l x 103
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(104a) | Fp FOLE AMPERE TURNS - at no load. The ampere turns

per pole required to force the flux through the
pole and spider at no load rated voltage. The
no load pole ampere turns per pole are cal-
culated as the product of (Vp) times the NI per
inch at the density (Bp). Use magnetization

curve submitted per item (18) for rotor.
{ N .
Fp = (Xp) L NI/in @ density (Bp)]

= (76) Look up on rotor magnetization

curve given in (18) @ density (1032)

(108) | Gy | AUXILIARY GAP (gg) flux in kilolines.

¢g2 = @pr (—12)24— @ + Bg = (102) (_62‘_ +(99) + (103b)

(118) | @5 COIL LEAKAGE FLUX
W -3
@5 = 2Ps5)|(Fg2) + (Fyg) + (Fp) +(Fg) +{(Fy) HFC)] XIOo
g - 289 [(129) + (126) + (L0sa)*+ (96) + (97) +(s8) [XIO

(122) B2 AUXILIARY GAP (gg) FLUX DENSITY

. (@e2) _ (108)
P62z * 1)
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(123) Fg2 AUXILIARY AIR GAP AMPERE TURNS

Fga = '(-?'gi% (g2) x 103 = (_3131_2_.) (59a) x 103

O

(124) Ay2 AREA OF END BELL SECTION OF YOKE AT SMALLEST

SECTION

Ayp = Tr y)lty2) = T7(78)(78)

(124a) | Ay AREA OF HOUSING PORTION OF YOKE

Ay = (D) + (&) ] ty)

- an) + (18] (18) |

(125) Bya FLUX DENSITY IN END BELL SECTION OF YOKE @ N, L.
NOTE: The flux in the yoke is equal to the flux crossing

the auxiliary gap (g).
_ (@e2 _ (i08)
B Ay ® ()

(176) Fy2 AMPERE TURN DROP IN END BELL SECTION OF YOKE

@ No L-

Fyp - (D -(d ] [ Nl/inch @ (B,,z)]

= %122:6'(18)_ Look up on yoke magnetization curve @:) i

density {125)

M-60




(126a)

(126b)

(127)

(127a)

(127b)

(127c¢)

IFpNL

DENSITY IN HOUSING SECTION DF YOKE @ N. L.

. (Be2) + (@5) _ (108)10.8)
By : __&__Ay = iy

AMPERE TURN DROP IN HOUSING SECTION OF JOKE

using 1/2 total length of housing

Fy = (i’y) [: NI/inch at density (By)]

= (18) mLook up on yoke magnetization curve @ densit

(126a)

TOTAL AMPERE TURN DROP AROUND CIRCUIT @ N.

FNL = 2|(Fy)+ (Fy2)+(Fga) H(Fp) + (Fg)+(Fr) +(Fg) |
Z

= 2 Elzsb)ir(125)+(123)+—(104n}+(96)+(97) +(2ﬂ-]
2

FIELD CURRENT - at no load

IFNL = (FNL)/(Np) = (127)/(146)

FIELD VOLTS - at no load. This caiculaticn is made
with cold field resistance at 20°C for no load
condition,

Er = (IFNL)(Rf cold) = (127a)(154)

CURRENT DENSITY
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(128)
(129)

(130)

(131)

(132)

(133)

(i34)

AMPERE CONDUCTORS per inch

REACTANCE FACTOR

LEAKAGE REACTANCE in per cent

XZ: XI_/_\'1+ Ae +>‘Z_|
= (129) Ezw (64 +<64aﬂ
/\ z is explained under item (64a) and

should be zero in most designs.

REACTANCE - direct axis - This is the fictitious

reactance due to armature reaction in

the direct axis. (in per cent)

X, = -9 (Ne)(Ipp)(Cm)(Kq) x 100 9(45)(8)(74)(43) x 100

2P Epg)+(Fg2)_'_] 2(6) E96)1—(123D

REACTANCE - quadrature axis - This is the fictitious

reactance due to armature reaction in the

quadrature axis (in per cent),

X = (Cy)Xad) _ (75)(131)
aq - (Cm)(CD) (T4

SYNCHRONOUS REACTANCE - %

SYNCHRONOUS REACTANCE - quadrature axis - %
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{145) Vy PERIPHERAL SPEED

(146) Ng NUMBER OF FIELD TURNS

(146a) | Ngq NUMBER OF FIELD COILS - One basic computer
program is used for the single-coil and
two-coil Lundell generators. This item
is used in the computer program as a code
for distinguishing one from the cther.

M-62a
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(147)

148)

(149)

(150)

(151)

(152)

(153)

(154)

(155)

(156)

acf

R¢
(cold)

Ry
(hot)

MEAN LENGTH OF FIELD TURN  icuse

FIELD CONDUCTOR DIA OR WIDTH

FIELD CONDUCTOR THICKNESS in

= 0. for round conductor

FIELD TEMP IN °C

| RESISTIVITY of field conductor

RESISTIVITY of field conductor

in inches

inches - Set this item

CONDUCTOR AREA OF FI:LD WDG

COLD FIELD RESISTANCE @ 20°C

-6
Rf (cold) = (}0f) (E(I;_')c_(f.zrti)_x 107

HOT FIELD RESISTANCE - Calcvlat

\ 1 -6
Rp (hot) = ()of hot) _._._(gi;;ytf) x 0

WEIGHT OF FIELD COIL in lbs.

#'s of copper = .321 (NF)(th)(acf)

. 321(146){6)(147)(153)

Also refer to-note in item (65)
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146)(147) x 10-6
(151) (_(T)s‘sy—) X

ed at X{°C(103)
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(157)

(160)

-- WEIGHT OF ROTOR IRON - Because of the large number

of different pcle shapes, one standard formul:
cannot »e used jor calculating rotor iron weight.
Therefore, the computer will not calculate rctor
iron weight, The space is allowed on the input
sheet for recorc purposes only. By inserting
0. in the space allowed for rotor iron weight,
the computer will show '“O,j" on the output
sheet, If the rotor iron weight is available

and inserted on input sheet, then the output

sheet will show this same weight on the output

sheet.

Xp THE EFFECTIVE FIELD LEAKAGE RFACTANCE - The

reactance which added to the stator leakage

. . '
reactance gives the transient reactance X du

Wher unit fundamental armature ampere turns
are suddenly applied on the direct axis, an

initial field current (If) will be induced, Tae
value of this initial field current will be just

enough to make the net flux interlinking the

s

field because of the field curreunt and the arma-

ture current zero. The field ampere turns wiil

R

equal the armature ampere turns.
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(160a) I Pe

(161) | Ly

—l
L~~~
d

X = (131) | 1 74
F L 2(13) ¢+ 4 (160)
'r (160)

/\a_._ 6.38d = 6.38(11)
Pge'  (© (160)

ge[ Fg{{ (69) Em)- (123)

F‘w-e— - (160a)

;o

FIELD LEAKAGE PERMEANCE (flux lines/ampere turn

o
I

L= D ‘_P!+ P+ P+ P;J + P,

(6) E80)+(81)+(82)+(8313 + (84)

FIELD SELF-INDUCTANCE (henry)

L

¢
Np2 (Po)xIC

(146)2 (160a) x (6%

M-6%
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(169)

(167)
(168)

(169)
(170)
(172)
(173)

(174)

(175)

(176)

(171

(178)

UNSATURATED TRANSIENT REACTANCE

SATURATED TRANSIENT REACTANCE

SUBTRANSIENT REACTANCE in direct axis

SUBTRANSIENT REACTANCE in quadrature axis

NEGATIVE SEQUENCE REACTANCE

ZERQO SEQUENCE REACTANCE

OPEN CIRCUIT TIME CONSTANT - The time constant of

_ the field winding with the stator open circuiied
and with negligible external resistance and in-
ductance in the field circuit. Field resistance
at room temperature (20°C) is used in this cal-

culation.

T' - _I'_‘_F = (161) .“.
do = Rp - (159)

4
e

> v

ARMATURE TIME CONSTANT

TRANSIENT TIME CONSTANT
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(180) | Fsc |SHORT CIRCUIT AMPERE TURNS

'SHORT-CIRCUIT AMPERE-TURNS--The fieid

ampere-turns required to circulate rated line

ampereg in a threc-phase short circuit at the

N,
machine terminals.

FSC ;(Xd22 E“g 4 ngj]

- (133) 2[_(96) ' (123))
100
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(181)

(182)

(183)

SCR

F&w

SHORT CIRCUIT RATIO

FIELD I%k - at no load. The copper loss in the field
winding is calculated with cold field resistance

at 209C for no load condition.
Field I°R = (IpNL)2(Rs corg) = (1272)2 (154)

FRICTION & WINDAGE LOSS - The best results are ob-

tained by using existing data. For ratioing
purposes, the loss can be assumed to vary
approximately as the 5/2 power of the rotor
diameter and as the 3/2 power of the RPM.,
When no existing data is available, the follow-
ing calculation can be used for an approximaie
answer. Insert 0. when computer is te cal-
culate F&W. Insert actual F&W when available.

Use same value for all load conditions.

F&W = 2.52 x 1076 (a)% 5 mpm)!-5 (4,)

H

2.52 x 10-% (112)2 % (1% (72¢)
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(184)
(185)
(186)

(187)

(188)

(189)
(190)

(191)

For gases or fluids other than standard zir, the
fluid density and viscosity must be considered.
The formula given in the manual can be modified

by the factors

e .8 J 2

. 0765 . 0435

where 6 = density - Lbs FT-3

viscosity LBS FT-1 HR-1

A

.0765

density std. air

. 0435 viscosity Std air

STATOR TEETH LOSS

STATOR CORE LOSS

POLE FACE LOSS - at no load.
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(192)

(194)

(195)

(196)

(196a)

(198)

(198a)

47

€d

STATOR I?R - at no load.

EDDY LOSS - at no load.

TOTAL LOSSES - at no load.

The N. L. calculations should all be repeated

now for 100% load.

LEAKAGE FLUX PER POLE at 100% load

% - 0 ({(ed)(Fg){— [ 1 +cos (8) J(Fp) + (FC)}

(Fg) + (Fp) + (Fg

- (100) 4 (198)(96) + [1 + cos (1982) ] (97 + (98)
) (96) + (37) +(99)

Vihere eq = cos€ +%‘% sin Y

cos (198a) + % sin (198b)

Where 0 - cos~1 EPower Factor)]
- cos~1 [(9)-_]
-1 (s X 0
Where Y = tan 1 [:sm (9) to::g; /(100)
= tan-1 [ sin (198a) + (134) / (1ooi]
cos (198a)

{
Where€ = Y - 0 = (198a) - (198a)
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(198b) | Pgy, LEAKAGE FLUX BETWEEN FLUX PLATES AT F.L. (Kilolines)

(@)
A MR

(207) oL FLUX LEAKAGE FROM STATCR TO YOKE UNDER LOAD

(one side of stator only)
N 3
01, - (P7)[ (FpL)*+(eg)(Fg)+(F1) [1+cos(0)]+(Fo)_))“°
- (6) [(213c)+(198)(96)+(97) [1 + cos(1982)] + (98] i

(213) | @pr, | FLUX PER POLE at 100% load

For P.F. .0 to .95

gpL = (Op) [(ed) - :93Xad) gp ( ‘l’)]

100

.93(131)

= (92) EIQS) - sin (198a€}

For P.F. .95 to 1.0

| OpL = (Fp)Kc) = (92)(9a)

(2132) | GprL | TOTAL FLUX PER POLE at 100% load

(¢LQ)

2 196a)

gpTL = PpL+ = (213) 4

(213b) | Bpy, FLUX DENSITY AT BASE OF POLE at 100% load

Bpy = ¢PTL g(%:;g)
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(213¢)

(221)

(224)

(225)

(226)

Fpr,

¢g2L

BgZL

FeoL

51,

AMPERE TURNS PER POLE at 100% load
(§) | Na/in @ density (BPL)J

Fpy,

(76) | Look up ampere turns/inch on rotor mag- '_]

netization curve given in (18) at density (213@_

FLUX CROSSING THE AUXILIARY AIR GAP under load

Fgar. = @prr) ELt 6oy + (g )
= (2132) & + 207) + (198b)
FLUX DENSITY IN AUXILIARY GAP (gg) under load
Byar, = (PgaL) . (221)
B2l ° Ty (m0)

AUXILIARY AIR GAP AMPERE TURN DROP under load

. (Bga1) 103 . (224) (592) x 103
Feal = Sfifg(ed) x 107 = S5y (593) x

COIL LEAKAGE FLUX under load
ds1. - 2<Ps>@-ym+<r‘gu;~<r~pm+<ed><r~g) +

(Fp) Et-cos(OE]{-(F% x 10-3 ;

2(9'7){(229)4+(225)+(164)4(198)(98) -+

» T om

(97) E-kcos(lssa;]f(ea} % 10-3 .
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(227

{228)

(229)

(229b)

¢y2L

FyZL

FLUX IN END-BZLL SECTION OF THE YOKE under load

¢y2L = (¢g2L)
= (221)

DENSITY IN END-BELL SECTION OF YOKE AT THE

SMALLEST AREA SECTION under load

- OvaL . (227)
Py2L %2 (124)

AMPERE TURN DROP IN END-BELL SECTION OF YOKE

under load.

Fy-2L =[(D)-(dz?)] {Nl/inch @ density (ByzLi)

=l:(—1?);£€)_—2 Look up on yoke magnetization curve

- | given in (18) at density (228)

FLUX DENSITY IN THE ROUSING SECTION OF THE YOKE

under load.

(Bpap)+ @51)  (221)+(226)
L= A, 7T (1249
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(229¢)

(236)

(237)

(239)

(238)

IpFL

EFrL

AMPERE TURN DRCP THROUGH THE HOUSING SECTION

OF THE YOKE under load using 1/2 total length of housing.

F;y = (ly) [Nl/inch @ density (Byl.)]

= (78) Look up on yoke magnetization curve given
in (18) @ density (229Db)

TOTAL AMPERE TURN DROP at full load
=2{(Fyahy DFy o) HFp D e (Fp) +

(Fr) E+ cos(oﬂ + FJ x 1073
- z@zs)*(zzgcigzvz—é);(_z—i3c)+(198)(96) +

(97) E+cos(198a) +(98Z’ x 1073

FIELD CURRENT under load

| IrFL = (FFL)/(NF) = (236)/(146)

CURRENT DENSITY at 100% load

Current Density = (Ippr)/(acs) = (237)/(153)

FIELD VOLTS at 100% load - This calculation is niade with

hot field resistance at expected temperature at
100% load.

Field Volts = (Ippp)(Ry pot) = (337)(155)
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(241)

(242)

(243)

WrFL

WprL

|FIELD I°R at 100% load - The copper loss in the field

winding is calculated with hot field resistance

at expected temperature for 100% load condition,
. 2 2 2i1er
Field IR = (IFFL) (RF hot) = (237)%(155)

STATOR TEETH LOSS at 100% load - The stator tooth

loss under load increases over that of no
load because of the parasitic fluxes caused by

the ripple due to the rotor damper bar slot

openings.

WrFL = {2 -27(xd) (%1{;‘6’“‘” 1.8 4 1}(WTNL)

(133) 1.8
{ [27 o5 1 +\} (184)

POLE FACE LOSS at 100% load

(%_Load)
)| ¥edllpr) “gp— (o )]-1-1 (WpNL)

©)Fy

[(243)(8) 1 (30)] 2
[E_,,gg(gwu] ; 1}186)

(Kge) is obtained from Curve F-3

Wpr

M7k



(245)

(246)

(247)

(248)

IzRL

STATOR T?R at 100% load - The copper loss based on the

D. C. resistance of the winding. Calculate at

the maximum expected operating temperature.

I’R - (m)(lpn)2 (RgpH hot)

= (5)(8)2 (54)

EDDY LOSS - Stator IR loss due to skin effect

(EF top) ¥ (EF pot)  _ 1] (Stator I2R)
2 ’

o

Eddy Loss

-

@L{M - ](245)

»

TOTAL LOSSES at 100% load - sum of all losses at

100% load
Total Losses = (Field I2R)+ (F&W) + (Stator Teeth Loss)+
(Stator Core Loss) + (Pole Face Loss) +
(Stator I2R) + (Eddy Loss)
= (241) + (183) + (242) + (185) + (243) + (245) + (246)

RATING IN KILOWATTS at 100% load

Rating = (Epp)lpy) (P.F.) x 1073

(48 (9 x10°3

M-75




(249) | -- RATING PLUS LOSSES = (248) + (247) x 1073

- = Losses x (100)
(250) M'S*E—S' Rating Plus Losses

. (247 x 1073 x 102
(249)

(251) | -- % EFFICIENCY = 100% - % Losses

100% - (250)

These items can be recalculated for any load cor.-lition
by simply inserting the values that correspond to the %

load being calculated.

Vahes for F&W (183) and W (Stator Core Loss) (185)

do not change with load.
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