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NOTICE

This report was prepared as an account of Government sponsored

work. Neither the United States, nor the Natiorm[ _ronautics

and Space Administration (NASA), nor any person acting on
behalf of NASA:

A.) Makes any warranty or representation, expressed or

implied, with respect to the accuracy, completeness,
or usefulness of the information contoi_ in this

report, or that the use of any informatioeb_at_paratus,

method, or process disclosed in this report may not
infringe privately owned rights; or

B.) Assumes any liabilities with respect to the use of,

or for damages resulting from the use of any infor-
mation, apparatus, method or process disclosed in

thi s report.

As used above, "person acting on behalf of NASA" includes

any employee or contractor of NASA, or employee of such con-
tractor, to the extent that such employee or contractor of NASA,

or employee of such contractor prepares, disseminates, or

provides access to, any information pursuant to his employment
or contract with NASA, or his employment with such contractor.

Requests for copies of this report

should be referred to:
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National Aeronautics and Space A_mi_i_-t_ion
Office of Scientific and Technic_i _ion

Washington, D.C. 20546 _ !
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PART I PNO183

DIMENSION R( I00), A(44,4-4), X (44) ,Q (I00)

C 0r41401,IAI,X,R,'Q

READ Ip SIpS2pS3pS4,SS,S6

READ I, ST,S_,S.g

READ I9 AKSHIAKGAS,AKRpAKRP,AKI-

READ It AKSTI.,'AKINS,'AKSTARpAKCOP pAKROP

READ I_ FAREApHEND,'IIGAP,HOUT,HSINK,HSH

READ I,, U,'V,'W,AL.,'ALE,'B,KS

READ I_ D,'TII',IS,'TP,'RSIIAFT,'RBRG

C I=6./(3o 141 59*AKSH)

C2=S 2*_2-S I**2

R( I)=(CI/C2)*B+RSHAFT

C3=36o/3,. 14159

R(2)=C3WTP/(AKGASWB*S2)/12o0

R(3)=R(2)

R(2)=R(2)+(CI/B)*LOGF(S2/SI )

R(3)=R(3)+RBRG

R(4):(2°*CI/C2)*(B/2.+D/3.)

R (5)=(3. O*C3) / (S2*D*HSH)

R(5):R(5)+(I.5*CI*LOGF(S2/SI ))/D

R (6) =D_C IIC2

R(7)=2.WR(5)

R(8)=R(6) 13.

R(8)--R (8)+(2.O*AL) I(3.1415 9*AKRP *C2 )

C4=C I*AKSH IAKR

R (9) =(3.*C4/AL)*LOGF ($2/S I)

R (IO)= (C3 /(S3*HGAP*AL))'6.

R( 10)=R( 10)+(3 .'kC4/AL)"kL OGF ($3/$2)

PARr 1 PAGE
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PART

C 5=S3 *Y_2-S 2**2

RRR RR= AL* ( C4/C 5)*AKR/AKROP

R (II)=RP,RP,R

R (12) =RRRP, P*C 5/C2"2./3 .*(AKROP/AKRP)

R(13)=R(9)

R (14.) =P, (12)

R(15)=R(11)

R(16)=R(13)

R(17)=R(8).

R(18)=R(7)

R(I 9) =P,(6)

R(20)=R(5)

R(21)=R(4)

R(22)=R(2)

R(23)=R(1)

R (24)"-R (3)

R (26) =R ( I O)

R (25)'-'R (Ic))

R (27) ==6.*C31 (S4*AL*HGAP )

C6==C4*AKR/AKL

R (2 7) ==R(2 7) +(3 .*C6/AL) *LOGF ((S8+$4) / (2. *$4) )

R(28)=R(27)

R(29)=R(27)

R(3 0)=18.*($9-$4)

R (3 O) ==R(3 O) / (AKL*AL_/)

AKS=KS

R (3 O) =R(3 O)/AKS

R(31 )=R (3 O)

R(32)==R(30)

CA-2

1 PAGE



C7=(18./AKL)*(S5-SS)

R (33) =C7/(AL*W*AKS)

R(35)=R(33)

R (37)=P,(33)

C8= 18 o / (AKS*U*AL)

R(34)=V/AKSTAR+2.*T I NS/AKI NS

R(34)=CS*R (34)

cc=2.*s8/(sS+S4)

CCC:I8./AKL*AL*3. 14159

R(34)=R(34)+CCC*LOGF (CC)

R(36)=R(34)

R (38)=P,(34)

cc:(s 5+s 9) I (2 .*sg)

R (43) =V/AKST AR+2 ._T INS/AK INS

R (43) =CS*R (43)

R (43 ):R (43 )+C CCWL OG F (CC )

R(44)=P,(_3)

R(45):P,(43)

R (40) =4. *AL/( AKC OP*U*V*AKS*F AREA)

R(41 )=R(40)

C 9= (S7"'2-S6"* 2 )"3 •1415 _F ARE A*AKC O P

R (3 9)=3. *ALE/C 9+O. 5*R (40)

R (42):R(39)

R(46)=144./(3. 1415_S6*ALE*HEND)

R (47)=R(46)

R(55)=R(46)

R(56):R(46)

R(53)=(S6/ST)*R(46)

R(54):R(53)

CA-3
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- 1 PAGE 4R(61 ) =P, ( 53 ) PART

R (62)=f',(53)

R (50) =6 o*AIE/C.9

R (76 )=P,(5 O)

C 1 0=1 o+0,5-S 7/$6

Cl 1=12o/(3° 1415_AKSTAR*ALE)

R(48)=C11*LOGF(CIO)

R (49)=P, (48)

R (57)=R(48)

R (58)=R(48)

CI 2=2o*S7/(S7+S6)

R(51)=C11*LOGF (C12)

R(52)=R(51)

R(S9)=R(51)

R(60)=R(51)

C13=(2._S5)/(S5+$9)

C 14= 18 °/ (3.1415 !_AKL*AL)

R (6 3 ) "-C 14.*L OGF ( C 13 )

R(64)=R(63)

R(65)=R(63)

R (66 )=216 o/ (3.14159_S 5*AL*HOUT )

R (67)=R(66)

R(68)=R(66)

R (6 9) =fl(66)*( I .+HOUTIHS I NK)

R(70)=R(69)

R(71)--R(69)

R ( 72 ) =4 ° WAL / ( AKST L_lwV*AKS )

R(73)=R(72)

R(74)=4.O*AL/(AKSTL*AKS*(S5-S9))

CA-4
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20

!

2

R (74)=R (74)/(U+W)

R(75)=R(74)

C 15= 18. / (V*AL*AKS )

R (77) =lJ/AKSTAR+T !NS/AK INS+O o5*W/AKST L

R(77)=CI 5"R(77)

R(78)=R(77)

R(79)=R(77)

IF (SENSE SWITCH I) IO.20

PUNCH 2, (R(I), I=1,79)

STOP

FORMAT(6E10.3,15)

FORMAT (6E 10°3 )

E ND

PART 1 PAGE
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- PARr 2A PAGE IC PART 2A CALCULATION UP TO A(17,18)

DIMENSION R (I 00), A(_4,44), B (44, I), Q (I 00)

COMMON A,BpRpQ

COMMON I,IR,NQmBRpBL,BC,TSTAR

COMMON TI N,TS2,T53,TS4,TS5

COMMON T64,,T65,,T66,,WI ,W2,C

COMMON BBR, BBL,,BBC

READ 100,. NRpNQsBR,BLpBC,TSTAR

READ 101, (O.(1),I=I,NQ)

READ I01j TIN,,T52pT53,T54sT55

READ 101, TG4,,T65,,T&6

READ 101,, WIgW2,,C

IF (SENSE SWITCH I ) 40,,4'5

40 READ I01, (R(1),I=I,r,IR)

45 N=44

DO 2 I=IpI',i

I DO 2 J=I,N

2 A(I ,J)=O.O

DO 3 J=I,N

3 B(J,I)=O.O

C CALCULATION OF A(I,,J),, COEFFICIENTS WHICH

C ARE NON ZERO

BBR=I .-BR*TSTAR

BBL=I .-BI_*TSTAR

BBC= 1 .-BC*TSTAR

A( I,,I),=I./R (2) +I ./R(3 )

A(1,2)=.-1./R(2)

B ( 1,1 )=Q( 1 )+T53/R (3)

A(2,, 1)'=A(1,2)

CA-6
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)+l./P,(2)+l./R(4)

4)

1)

)=l.O/R(4)+1.0/R(5)+l.O/R(6)

)=-1 ./R(6)

A(2,2)=lo/R(1

A(2,3)=-1 ./R(

B(2, I)=TS2/R (

A(3,2)=A(2,3)

A(3,3

A(3,4

A(3,43)=-I .O/R(5)

B(3, _)=q(4)

A(4,3)=A(3,4)

A(4,4)=1./R (6)+1./R(7)+l./R(8)

A(4,5)=-1./R(8)

A(4p44)=-1.O/R(7)

B(4, I)=O(6)

A(5p4)=A(4p 5)

A(5,S)=l./R(8)+l./R(9)+1./R(12)

A(S,6)=-1./R(9)

A(5,7)=-I ./R(12)

B(5,1)= Q(7)

A(6,5)=A(5,6)

A(6,6)=I .O/R(9)+I./R(I 0)+I ./R(I I)-BR*Q(8)

IF (A(6,6)) 99,99,6

A(6,8)=-I./R(11)

A(6,15)=-I. IR(10)

S (6,1)=BBRWQ(8)

A(7,5)=--I./R(12)

A(7,7)=I./R(12)+I.0/R(13)+I ./R(14)

A(7,8)=-I ./R(13)

A(7m |0)=-1 ./R(14)

B(7,,1) = q(9)

CA-7
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PAGE

8

A(8,6)=-lo/P,(11) PART 2A

A(8,7)=A(7,8)

A(8,8)=1 ./R(11)+1 ./R(13)+l./R(15)+l./R(26)_BR,Q(1 O)

IF (A(8,8)) 98,98,8

A(8,9)=-1./R(15)

A(8, 16)=-1./R(26)

B (8, I)=BBR*Q (I0)

A(9,8)=-l./R(15)

A(9, 9)=I.IR(25)+1.IR(1.5)+1.IR(IG)-BRWQ(1 I)

IF (A(9,9)) 97,97,9

A(9, 10)=-1 ./R(16)

A(9, 17)=-1./R(25)

B (9, I)=BBR_Q (II)

A(1097)=-1 °/R(14)

A( I0, 9) =A(9, I0)

A(I 0, I0)=I ./R(14.)+1./R(16)+1./R(17)

A(IO, 1 1)=-1./R(17)

B(I0, I) = Q(12)

A(I I, I0)=A(10, 11)

A(11,11)=1./R(17)+1 ./R(18)+I.0/R(19)

A(I I, 12)=-I./R(19)

A(11,41)=-.1./R(18)

B(1 1,1)=Q(14)

A(12, 11)=-1./R(19)

A(12, 12)=1.0/R(19)+1./R(20)+1./R(21)

A(12,13)=-1./R(21)

A(12,42)=-l./R(20)

B(12, 1)=Q(16)

A(13,12)=A(12, 13)

CA-8



99

98

A(13• 13)=I .IR(21 )+I.1R(22)+I .IR(23)

A(13,14)=-I .IR(22)

B(13• 1)=T541R(23)

A(14, 13)=A(13• 14)

A(14• 14)=1.IR(22)+1./R(24)

B (14p I)=Q (18) +T 551R (24)

A(15•6)=A(6• 15)

A( 15• 15)=WI*C÷I. IR (27)÷I. IR (IO)

A( 15• 20)='1./R(27)

A( 15 •44) =-W I*C

B(15• I)=q(19)

A(16,8)=A(8• 16)

A(16,15)=A(15,44)

A(16• 16)=WI*C+I ./R(28)+I./R(26)

A(16, I_)=-I./R(28)

B (16

A(17

A(17

A(17

A(17

B(17

STOP

PR INT I000

LERR=6

PUNCH 1001m

GO TO 998

PRINT 1000

LERR=8

PUNCII 1001•

,1),=O(2 O)

,9)=A(9, 17)

,16)=A(16,15)

•17)=WI*C+I .OIR (2 9) +I. IR (25)

• 18)=-1./R(29)

,I)=q(21)

A(6•6) ,R(9) •R(10),R(11),BR,Q(8)

PART

A(8•8)•R(11),R(13),R(15)•R(26),BR,Q(lO)

CA-9
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GO TO 99t3

97 PR INT 1OOO

LERR=9

PUNCH 1OO1, A(9,9),R(25),R(I5),R(16),BR,Q(11)

GO TO 998

998 PUNCH 1OO2, I.ERR

STOP

1OO FORHAT(21 5,4E10.3)

101 FORMAT (6E I0.3)

I000 FORMAT (19H

1001 FORMAT(SE10,3)

1002 FORMAT (IOHO

E I,ID

UNSTABLE PROBLEM)

ir_DEX=13)

PART 2A PAGE 5

CA-IO
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21

PART 2B CALCULATION UP TO A(28,43)

D I HENS I O1,I R(IO0) ,A(44,44) ,B (44, I) ,Q( I 00)

C0MMO l_

C0MMO N

COMMO 11

COMMO N

COMMON

A

A

A

A

B

A

A(I

A(I

A(I

B(I

A(2

A(2

A(2

A(2

B(2

A(2

A(2

IF

A(2

A(2

A(2

e(2

A,B,RpQ

NRpNQpBRpBL,BCsTSTAR

T IN,T52,T53,T54,T55

T64,T65,T66,WI ,W2,C

BBR,BBL,BBC

(18, 17)=A(17, 18)

( 18p 18)=I./R (29)+I./R(3 0)+I./R(34)

(18,23)=-I./R(30)

(18,24)=-I./R(34)

(18, I)=Q(22)

(I 9, 16)=A(16,19)

9, 1 9)=I. IR(28) +I ./R(31 )+I. IR (36)

9,22)=--I.1R(3 I)

9,25)=-I .IR(36)

9, I )=Q(23)

0,15)=-I.1R(27)

0,20)=I. IR(27)+I. IR (32)+I. IR(38)

0,21)=-I.1R(32)

0,26)=...I .1R(38)

O, I )=Q(24)

1,20)=A(20,21)

1,21)=I.1R(32)+I. IR(37)+1.IR(73)-BL*Q(25)+1. IR(79)

(A(21,21)) 96,96,21

1,22)=-I.1R(73)

1,26) = -I./R(79)

1,33)=-I.1R(37)

I, I)=BBL*Q(25)

CA-II
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A(22,Ig)=A(19,22) PART 2B PAGE 2

A(22,21 ) =A(21,22)

A(22,22)=1. IF', (31 )+1./R (3 5) +1./R (72)+1./R(73)-BL*Q(26) +1 o/R (78)

IF (A(22,22)) 95,95,22

A(22,23)=-I./R(72)

A(22,25) = -1./R(78)

A(22p32)=-1 ./R(35)

B(22,1)=BBLWQ(26)

A(23,18)=A(18,23)

A(23,22)=A(22,23)

A(23,23)=I./R(72)+I./R(33)+I./R(30)-BL*Q(27) +I./R (77)

A(23,24) = -I./R(77)

A(23,3 I)=-I ./R(33)

27)

24)

40)+I./R(45)+I./R(39)+I./R(34)_BC,Q(28)+I ./R(77)

B(23,1)=I3BI*Q(

A(24, 18)=A(18,

A(24,24)=l./R(

A(24,23) = -1./R(77)

IF (A(24,24)) 94,94,24

24 A(24,25)=-I./R(I_O)

A(24,30)=--I./R(39)

A(24,31)=-1./R(45)

B(24, I)=BBC*q(28)

A(25, 19)=A(19,25)

A(25,22) = -I./R(78)

A(25,24.) =A(24,25)

A(25,25)=I./R(36)

IF (A(25=25)) 93,

25 A(25s 26)=-I./R(4|)

A(25,32)=-I./R (b,4)

+1./R (40)+1./R(41 )+1./R(/_)-BC*Q (2 9) + 1./R (78)

93,25

CA-12



B(25,1)=BBC*Q(29) PART 2B PAGE 3

A(26,20)=A(20, 26)

A(26,21) = -I./R(79)

A(26,25)=A(25,26)

A(26,26)=I./R(38)+1./R(41)+1./R(42)+I./R(43)-BC*Q(30)+I./R(79)

IF (A(26,26)) 92,92,26

26 A(26,27)=-I./R(42)

A(26,33)=-I ./R(43)

B (26, I)=BBC*Q(30)

A(27,26)=A(26,27)

A(27,27)=1./R(50)+1./R(42)-BC*Q(33)

Z=R(51)+R(53)

ZZ=R (46)+R (48)

A(27,27) =A(27,27)+1./Z+I./ZZ

IF (A(27,27)) 91,91,27

27 A(27,28)=--1./R(50)

A(27,38)=-l./Z

A(27,1_)==-1 ./ZZ

B (27, 1)=BBC*Q (33)

A(28,27) =A(27,28)

Z=R(52)+R(54)

ZZ=R(47)+R (49)

A(28,28)=1./R(50)+I./Z+1./ZZ-BC*Q(34)

IF (A(28,28)) 90,90,28

28 A(28,37)=-l./Z

A(28,43)=-.1 ./ZZ

B (28, 1 )=BBc*q(34)

STOP

96 PRINT IOOO
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LERR=21

PUNCHI001,

GO TO '.)!)8

95 PRINT I000

LERR=22

PUNCH1001,

GO TO 998

94 PRINT I000

LERR=24

PUNCH11)01,

GO TO 998

93 PRINT IO00

LERR:25

PUNCH1001,

GO TO 998

92 PRINT IO00

LERR=26

PUNCH 1OO1,

GO TO 998

91 PRI NT IOOO

LERR=27

PUNCH 1001p

GO TO .998

90 PRINT I000

LERR=28

PUNCH 1OO1,

GO TO 998

998 PUNCH 1002,

STOP

PART

A(21,21),R(32),R(37),R(73),BL,Q(25)

2B

A(22,22),R(31),R(72),R(73),BL,Q(26)

A(24,24) ,R(40),R(45) ,R(.3 9) ,R (.34),BC,Q(28)

A(25,25),R(36),R(40),R(41),R(44),BC,Q(29)

A(26,26),R(38),R(41),R(42),R(43),BC,Q(30)

A(27,27),Z,ZZ,R(50),R(42),BC,Q(33)

A(28,28),Z,ZZ,R(50),BC,Q(34)

LEP, R

CA-14
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1OO0 FORMAT(49H UI,ISTABLE PROBLEI,I

I001 FORMAT(SE10.3)

1002 FORMAT (IOHO INI)EX =I.3)

E ND

PART 2B PAGE 5

CA-15



C

29

3O

C 0 MHON

c oMt'lOt,i

C0 Mt.lO1,1

C0 Ht401,1

N:44

PART 2C CALCULATION UP TO A(44.,44)

D IP4ENS IOI,I R( IOO), A(44,44), B (44, I),Q(100)

COHt,101,1AIBIR,O -

NR, NQpBRiBI..iBCpTSTAR

T INiT52,T53,T54,T55

TtS4,T65,T66,WI ,W2,C

BBRpBBLpBBC

Z=R (55)+R(57)

ZZ=R(59)+R(61)

A(29,29)=I./R(76)+I./Z+I./ZZ-BC*Q(39)

IF (A(29,29)) 8!),89,29

A(29,,30)=-I./R(76)

A(29,42)=-I ./Z

A(29,39)=-I ./ZZ

B(29, 1)=BBC*Q(39)

A(3 O,24)=A(24,3 O)

A(3 0,29)=A(29,30)

Z=R (60)+R(62)

ZZ=R (56)+R(58)

A (3 O, 3 O) = I./R (3 9) +I./R (76 )+I./Z+1./ZZ-BC*Q (4 O)

IF (A(30,30)) 88,88,30

A(3

A(3

B(3

A(3

A(3

Z=R

A(3

PART

o,41)=-I ./ZZ

0,40)=-I ./Z

O, I)=BBC*O_ (40)

1,23)=A(23,31)

1,24)=A(24,3 I)

(63)+R(66)

1_ 3 1)=I./R (33)+1./R (45) +1./R (74)+I./Z-BL*Q (43)

CA-16
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31

32

33

PART 2C PAGE 2

IF (A(31,31)) 87,87_31

A(31,32)=-I./R(74)

A(31,34)=-I./Z

B (31 _I)=BBL*O (43)

A(32.22)=A(22,32)

A(32,25)=A(25_32)

A(32.3 I)=A(31,32)

Z=R(64)+R(67)

A(32_32)=I./R(35)+I./R(44)+I./R(74)+I./R(75)+I./Z-BL*Q(44)

IF (A(32.32)) 86.86.32

A(32,33)=-I o/R(75)

A(32.35)=-1 °/Z

B(32, I)=BBL*Q(44)

A(33,21)=A(21,33)

A(33•26)--A(26,33)

A(33,32)=A(32,33)

Z=R (65)+R(68)

A(33,33)=I./R(75)+I ./R(43)+I./R(37)+Io/Z-BL*Q(45)

IF (A(33,33)) 85.85,33

A(33w36)=-I./Z

B (33• I)=BBL*Q(45)

A(34,33)=A(33,36)

A(34• 36)--W2"C+I./Z+I o/R(71 )

A(34,38)=-W2*C

B(34, |)=T66/R(71)

A(35,32)-A(32,35)

A(35,35)-W2_C+1 ./R(70)-A(32,35)

A (35,36 )--W2_C

B (35, |)--T65/R (70)

CA-17



A(36

A(36

A(36

B(36

A(37,27)

A(37,37)

A(37,38)

A(38,28)

A(38,37)

,3 | )=A(31,34)

,34) =W2"C+I./R (6 9)-A (31,34)

,35)=-W2"C

,1)=T64/R(69)

=A(27,38)

=-W2*C

=W2*C-A(27,38)

=A(28,37)

=W2*C-A(28,37)

B(38, I)=W2*C*TIN

A(39,30)=A(30,40)

A(3 9,34) =-W2*C

A(3 9_i_0) =-A(3 9_3 4)-A(3 9,3 O)

A(40,29)=A(29_39)

A (40,4 0) =A(3 9,34)

A(40, 3 9) =-A (4 O, 40)-A (4 O, 2.9)

A(41,11)=A(11,41)

A(41 D17)=-WI*C

A(41,30)=A(30,41)

A(41 •41)=-A(41,1 I)-A(41 •17)-A(41,30)

A(42• 12)=A(12,42)

A(42•29)=A(29,42)

A(42•41 )=A(41,17)

A(42,42)=-A(42,41)-A(42,29)-A(42, 12)

A(43,3)=A(3,43)

A(43•28)=A(28•43)

A(43 •43 )=-A (43,3)-A( 28 p43 )+WI *C

B(43,1)=Wi*C*TIN

A(44_4)=A(4,44)

CA-18
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C

A(44,27)=A(27,44)

A(44,43)=-WI*C

A(44,44)---A(44,43 )-A(44,27)-A(44,4)

GO TO .999

89 PRINT 1000

LERR=29

PUNCH 1001, A(29.29),Z,ZZ,R(76),BC,Q(39)

GO TO 998

88 PRI NT IO00

LERR=3 0

PUNCH 1OO1. A(30,30),Z,ZZ,R(39),R(76),BC,Q(40)

GO TO 998

87 PRINT IOOO

LERR=31

PUNCH 1OO1, A(31,31),Z,R(33),R(45),R(74),BL,Q(43)

GO TO 998

86 PRINT IO00

L ERR=32

PUNCH 1 OO1, A(32,32) ,Z,R(35) ,R(44) ,R(74) ,R(75) ,BL,Q(44-)

GO TO 998

85 PRINT IOOO

LERR=33

PUNCH 1001, A(33,33)pZpR(75),R(43),R(37),BL,Q(45)

998 PUNCH 1002, LERR

STOP

SET UP DATA FOR MAT INVERSE

999 IF(SENSE SWITCH I) 801,800

801 DO 802 I=IpN

802 PUNCH 101, (A( I,J) ,J---I,N)

PART 2C PAGE 4
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PUNCH 101, (B(J,1),J--1,1_I)

800 STOP

101 FORMAT(6E10o3)

1OO0 FORMAT(49H UNSTABLE PROBLEM

1001 FORMAT(BE10,3)

1OO2 FORMAT (IOHO II4DEX =13)

END

PA_.T 2C PAGE 5
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C

C

C

C

C

C

C

C

SUBROUTII,IE MATINV (A,I',I,BjMpDETER) PART 3 PAGE 1

THIS VERSION SOLVES SYSTEM OF EQUATIONS WITHOUT

GETTING INVERSE OF A MATRIX

DIMENSION A(44,44),B(44),IPIVO (44),PIVOT(44)

DETER =1.0

DO 20 J--1,N

20 IPIVO(J)=O

DO 550 I=IpN

SEARCH FOR PIVOT ELEMENT

AMAX= O. 0

DO 105 J=I,N

IF (IPIVO(J)-|) 60,105,60

60 DO 100 K=I,N

IF (IPIVO(K) -I) 80, 100, 600

80 IF (ABSF(AMAX)-ABSF(A(J,K))) 85,100,100

85 IROW=J

ICOLU =K

AMAX=A(J, K)

I00 CONTI NUE

105 CONTI NUE

IPI VO(I COLU):IPIVO( ICOLU)+I

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW-I COLU)

140 DETER :.-DETER

DO 200 L=IpN

140, 260, 140

CA-21
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PART 3 PAGE 2AMAX=A( IROW,L)

A(I ROW,L)--A( ICOI.U,L)

200 A(ICOLU,L)=AMAX

AMAX=B (IROW)

B(I ROW)=B(ICOLU)

B(I COLU)=AMAX

260 PIVOT(1)=A(ICOLU, ICOLU)

DETER =DETER*PIVOT(1)

DIVIDE PIVOT ROW BY PIVOT ELEI4ENT

A(ICOLU, ICOLU)=IoO

DO 350 L:I,N

350 A(ICOLU,L)=A(ICOLU,L)/PIVOT(1)

B(ICOLU):B(ICOLU)IPIVOT(1)

REDUCE NON-PIVOT ROWS

380 DO 550 LI=I,N

IF(LI-ICOLU) 400, 550, 400

400 AMAX=A(LI.ICOLU)

A(LI,ICOLU) =0°0

DO 450 L=IpN

450 A(LI,L)=A(LI,L)-A(ICOLU,L)*AMAX

B(LI)=B(LI)-B(ICOLU)*AHAX

550 CONTI NUE

600 RETURN

END

CA-22
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PART 1 I1

DIHENS!ON A(I_I_ ,l#a), B (hh)

COHHON ApB,R,Q

NED=I

READ IO0_N

TF(SEIISE S_J!TCII 1) 5,20

5 DO 10 1=1,14

10 READ 1,30, (A(,,J),,J=l,t4)

READ 130, (B(),'=I,i4)

20 CALL t4AT! t4V (A,I,!,B,NED,DET)

DO 30 1=1,14

30 PUNCI4 17o, I,B(1)

STOP

IOO FORHAT(15)

130 FORHAT(6E1 O.3)

17o FORI'-IAT ( 18ii

END

PART 3 PAGE 3

X( 12,2H)=EI 1.3)

CA-23



SECTION GA

|

!

I

!

!

!
SALIENT- POLE, WOUND- POLE
SYNCHRONOUS A-C GENERATOR

COMPUTER PROGRAM AND TEST DATA

!

!

!

i

!

!

I

i

!

|
SECTION GA

!



|

w

|

|

!
i
i

|

|

|

|

|



(2)

-- (3)

(4)

v, (S)
n..

-- _. (So)
uJ

t (+)
m 17)
4(
o.

_ (8)

(9)

(9o)

_ (10)

(!1)

(12)

U
_ 4((13)

,_ (14)
JIf
o (15)
t--
.<
t- (16)

(19)

(20)

(21)

(22)

(22)

(:2)

-- (_2)
t-
O !(22)
-i

v_ _2)

-- '(Je2)

L22)

-- !t:_ '+

(2:)

(2_

(Mg_

_-

2',3_

, 11-_°'

.+ ("+6)

-- tilt:

m:,,,)

-- (50)

(s1)

a. (sg)
4(

-- _ (59ol

MODEL

KVA GENERATOR KVA

E LINE VOLTS

Eph PHASE VOLTS

m PHASES

f FREQUENCY

p POLES

RPM RPM

Iph- PHASE CURRENT

PF POWER FACTOR

Kc ,ADJ. FACTOR

'OPTIONAL LOAD POINT

d STATOR I.D.

D STATOR O.D.

._ GROSS CORE LENGTH

nv NO. OF DUCTS
I

b v !WIDTH OF DUCT

Ki !STACKING FACTOR (STATOR)

k WATTS/LB.

B DENSITY

!TYPE OF SLOT

bo SLOT OPENING

bl SLOT WIDTH TOP

b3

b s SLOT WIDTH

ho

hi

h2

h3

h s !SLOT DEPTH

ht

hw

Q NO. OF SLOTS

TYPE OF WDG.

!TYPE OF COIL

:CON DUCT OR S/SLOT

SLOTS SPANNED

nI

Y

c PARALLEL CIRCUITS

STRAND DIA. OR WIDTH

SALIENT POLE COMPUTER CESIGN (INPUT)

E*O ........... dESIGNNo<l) /:_C'_C'_ e'" C'; ....

Nst STRANDS/CONDUCTOR

Nlst STRANDS/CONDUCTOR

!STATOR STRAND T_KNS

d b DIA. OF PIN

_e2 COIL EXT. STR. PORT

h st JNINS. STRD. HT.

hst DIST. BTWN. CL OF STO.

PHASE BELT/ANGLE

_sk STATOR SLOT SKEW

Xs°C STATOR TEMPO C

_O RES_rVY SI:A. COND. • 20 ° C

MINIMUM AIR GAP
groin

gh_ax dAXIMUM AIR GAP

",'S:_ L', C_

_:,_, _
; 2_C,C_

_-7:. O
._" (.')

/,_

Z_ _z

, / "2-_
• C_

,3"/_

• ! r

_o 3 0
qL,.o

l.O

i_. (.)

"/,'t_

1,/';

./c;_
",6"_._

.0

GA-1

(_r C_

C';• 0

1.q'7.'_

.,_"_.
_:/"7_
._,0

r_" /:)

,7/
7, /X
• _/._

/, _'7
+C+t f:"

¢+. _.+
CO,C
0.0

tn.¢
@-0
C',- (+
_.O
©._

/0,/_

_,#

±_,
FUND/MAX OF FIELD FLUX

WINDING CONSTANT

POLE CONST.

END EXTENSION ONE TURN

DEMA GN ET IZATION FAC TOR

CROSS MAGNETIZING FACTOR

POLE HEAD WIDTH

POLE BODY WIDTH

POLE HEAD HEIGHT

POLE BODY HEIGHT

POLE BODY LENGTH

POLE HEAD LENGTH

POLE EMBRACE

ROTOR DIAMETER

STACKING FACTOR (ROTOR)

WEIGHT OF ROTOR IRON

POLE FACE LOSS FACTOR

WIDTH OF SLOT OPENING

HEIGHT OF SLOT OPENING

DAMPER BAR DIA. OR WIDTH

RECTANGULAR BAR THICKNESS

RECTANGULAR SLOT WIDTH

NO. OF DAMPER BARS

DAMPER BAR LENGTH

DAMPER BAR PITCH

RESISTIVITY OF DAMP. BAR ,_ 20o

DAMPER BAR TEMPo C

NO. OF FIELD TURNS

MEAN LENGTH OF FLD. TURN

FLD. CDND. DIA, OR WIDTH

FLD. COND.THICKNES_

FLD. TEMP IN o C

RESISTIVITY OF FIELD COND _ 20 °

NO LOAD SAT.

(71)

(72)

(73)

(48)

(74)

(7S)

(76)

(76 )

(76)

(76)

(76)

(76)

(77)

(11o)

(16)

(157)

(187)

(_35)

(13s)

(I36)

(137)

(135)

(138)

(139)

(140)

(14_)

(142)

(146o)

(147)

(148)

(149)

(ISO)

Iis1_
187)

IVq--36

_-_;_

FRICTION & WINDAGE

ROTOR LAM. MTR'L

STATOR LAM. MTR'L (CURVE)

i1!83)
(18)

'(18)

STATOR SLOT

DAMPER SLOT

POL E

REMARKS

c 1

C w

Cp

LE

Cm

Cq

bp

hh

hf

X,
i,x,0

K|

(-)

,(KI)

h_

l )

h hi

b bl

nb

'fb

¢l,
Xo° C

Np

Xfoc

(F&W)

Z
<
I--

U

4(
k-

0

4(

4(

..J

DESIGNER DATE

tC::X,r



SII_._M;_,<<Y .IF [_LM,,H CALCULATIONS - S;_i iFt_._ :-L;l E (OUTPUT)

,.! i, . ,

(26) _ 'I', )

(27) IT, 1 ]_

(42) (K,k)

(43) (_1)

(44| (Kp)

(.ts) 1_1

i)t i, fH t [ Ow _L

SLOT PIICH

SLOT PITCH 1 3 DIST. UI'

SKIw FACTOR

DIST. FACTOR

PITCH FACION ] _ ?

ErF. COnDUCtORS _ "" -- _"11>:. [',' :!; _:

c_ (46) ((:el COND. AREA
O ............. =--. --
l-

2

162) {_,l SlATOR COND. P_M.

164/_______L.... t NL,_y(.,?- .....
(6_) { ) w|_ Ill 3lA COPPER

(66) ( ) wI. )i _IA IRON

(41) (_l,) I'DI I l'IlLl

---_(19)(,,j,I Pql I ,a.l_t A

(H2hJ(_,. 9 ) i'OI I I ND LI AK PEtCM.

(Hlb)(_) l'q)l I III" I | AK P| I_M.

c_ (80t,) _._i POlL MDE. LEAK PERM.

O ...............
F (15_) (oCF) FI D. ChNI). ARI A

O --

(154) (RE) COLD FLD RE'-, 21) _ (

(ISS) qRF) HOT FLD RES .. X C

(156) ( ) WT OF rl D COPPt R

(ISTi ( } WE or Rotor Iron

"(-1,t',) (Vr-) "_RI-PI!( i_fA[ SPE[D

](116! (]_do) OPE._IR. TmE cONsT.
_ab|/'l_l(T(lz )- ARM TIME CONSI.

uJ _ ]tl .tR} IT',l) TRANS TIME CONST.

7"'l(lt_)(t"/_ ,I, nlran_TImecoN:,t.

SHORT _R RATIO

•"--k_7 .• 1% " i . 1._

ill

tat IS,) CURRENT ()_nSllY l',IA., 7"' !; .. i}[)'

(49) (_t 1 2MEAN TURN I IN(-,ttt 7. ']"}

(s ] ) ]_['I_ - __ c 9_L D s t _" I " E s . 2 ' ) `) c . ' " ] ' .

(b4) (Rl, l,I HOI STA. I_! S. X°C "_-/

(ss) IEF,o,,-T- -t--DDYi-ACtOR tOP I - 1 ( ; "

156) (EFI,,,_) EDDY FACTOR HOT ] t: . "

PERCENT LOAD

(,") (100o) LEAK FLUX

(, pt) (102o) POLE Fl HX

_£_Z_j_!!_!,,?Pgl u nI
(Fnl) (127} TOTAL NI

(IMI) (127o) FIELD AMPS

'.o ;- ] .

_.--1_.
-I_.. _7 _ :
? .r:z'7:
-,_ :C7t

,. K

....._ 07¢. ,' _
1-:....7"'

i-o 7 .< '_:
I- _,hl:!''_ "
J o I l, ? _ j

. q 0! ) :'_ ....
'h)" '). _.;i;_,O

. i') .:;]
--(-k- / n '

,_ _[17 ! ,

7i)7 o: -.,) [I};-:

(SF) (1271) CUR.DENS.IF LD). __ _._' "_(_L)(_2, C}]. uJ

(E F ) (127b) FIELD VOLTS

(12 r, ) (182) ROtOr I OSS
o

J (F&W)(183) F&W LOSS

___w_ _ss_ STA C(,r_LO_S

>_I_w_._L_)(d_kp_gu__ACF.L.OSS

.di..

I Cq "Z_:

A!_ GAP AREA

AIR GAP PERM

6bj (• t

(/0c)( A o )

f FFECTIVE AIR GAP (69) (m • I

FUND MAX OF FLD. FLUX (71) (C I )

w,NU,NO CONSt. (;2i--(C-.. 1

.. _6-(E Cd_T.--- - (n) (co
] END. EXT. ONE TURN (48) (LE i

• , ]
| ,

)) L! :

. t? , •"

7 -' _7:;• /

..... _ -; 7- Z-77

I .- ]

I i5,, " -'-
......... . 1? ' ".'_

DEMAGNETIZING FACTOR (74) (C_} _

CROSS MAGNETIZING FACTOR i (25) (C R )

AMP COND "In (128)(A)

_'EAC TAnCE FAC TOt LI?9__Lx2

LEAKAGE REACTANCE J I_]0)(X___

REACTANCE OF [ (131)()'udl
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(6?)

(i3)

(i?)

(36)

(48)

ELECTRICAL

SYMBOL

IFFL

I2_

I2RT.

I2R

K, k

KVA

K
C

Ki

k

Ksk

Kd

Kp

KE

Ks

1

is

le2

GA-18

FORTRA N

SYMBOL

FI

PR

PS

PS

VA

CK

RK

WL

FS

DF

CF

FF

EK

CC

L

SS

CE

EL



CALCULATION

NUMBER
ELECTF_ICAL

SYMBOL

FORTRAN

SYMBOL

(49)

(76)

(_39)

HM

PL

SB

SI

(5) m PN

(3o)

(34)

(3_a)

(45)

(_38)

(ll_6a)

n
v

ns

Nst

N'st

ne

%

HV

SC

SN

SNI

EC

BN

PT

(6)

(9)

P

PF

PX

PF

GA-19



CALCULATION
NUMBER

(23)

(25)

(7)

(53)

(54)

(154)

(155)

(127c)

(181)

(239)

(176)

(177)

(178)

(179)

ELECTRICAL

SYMBOL

Q

q

Rj r

R
pm

RSPH

RSpH (Hot)

Rf (Cold)

Rf (Hot)

Sj 8

SF

SCR

SFL

T,t

T 'do

Ta

T'd

T"
d

GA-20

FORTRAN

SYMBOL

QQ

QN

RPM

RG

RP

FK

FR

CONL

SCR

CD

TC

TA

T5

T4



CALCULATION
NUMBER

(_5)

(_8_)

(_85)

(186)

(_93)

(2_2)

(243)

(_)

(_29)

(_3o)

(_32)

(_33)

(15o)

ELECTRICAL

SYMBOL

v_5_L

V r

Wj W

WTNL

We

WDNL

W_L

WpFL

WDFL

X,x

Xs°C

X

_d

Xaq

X
q
O

_c

X o
CO

GA-21

FORTRAN
SYMBOL

VR

ST

WQ

WN

WE)

ST

PP

DL

TI

XR

XL

XD

XQ

XA

XB

T3

T2



CALCULATION
NUMBER

(].60)

(163)

0-55)

(166)

0.6?)

(1.68)

(z69)

(l?o)

0.?2)

(31)

(26)

(2?)

(_o)

(_o)

_'62)

ELECTRICAL

SYMBOL

xF

XDd

XDq

X'D u

X' d

X"d

X"q

X2

Xo

Y, Y

Y

L'U

_S

%k

)[i

GA-22

FORTRAN

SYMBOL

XF

X1

X2

XU

XS

XX

XY

XN

XO

YY

TS

TT

SK

TP

TB

PC



CALCULATION

NUMBER

(_)

(7Oc)

(8Oh)

(8_b)

(82b)

ELECTRICAL

S_OL

_E

Aa

_sL

IltL

FORTRAN

SYMBOL

EW

AG

SL

TL

ES

(88)

(92)

(looa)

(lo2a)

(197a)

(213a) _PTL

TG

FQ

UX

TF

GZ

GL

(51)

(151)

RS

RE

RR

(77) PE
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CALCULATION
NUMBER

(198a)

(_87)

(_88)

(_89)

(19o)

(192)

ELECTRICAL

SYMBOL

@-

K

KI

K
2

K
3

K5

K6

GA-_

FORTRAN

SYMBOL

AN

DI

I)2

D3

D4

D5

D6



C PASS I SALIENT POLl: (;[!NEF_ATOF',

D'MENSI()N DA(B),DX(O),DY(8),OZ(8)

I FORHAT (El 1.5,EI1.5,EII.5,E11.5,EII.5,E11.5)

2 FORMAT(F7.O, F7.O,F7.O,F7.0, F7.(), F7.0,F 7.O, F7.O,F7.0,F7.0)

33 READ2,VA,EE,I-P,PN,F,PX,F',PMpPI ,PIpCK

READ2,POL,D I •DU•CL,HV, BV,SF,WL,BK•ZZ

READ2,BO,[_I pB2,B3,[IS,HO,FIX,HY,IIZ_HS

READ2,FIT,HW,QQ,W,P,I',SC,YY,C,DW,SN

READ2,SNI ,DWI,DB,CE,SH,SD,PBA,SK,T I ,RS

READ2,GC,GP,C I • CW,CP, EL• CII•CQ, I]11, BP

READ2,FIHpHFjSQ, PL, PE,DP,_RK,WR,DI ,WO

READ2,HD,DD, H, B, BN, SR,TB,RE,T3,PT

READ2,FE,PD,RT,T2jF',R,SNL,WF

SS,=SF*(CL-HV*BV)

HC=(DU-DI-2.O*HS)*O.5

I F (HC-. 7*HS) 33,5, 5

5 QN=QQ/(PX*PN)

TS=3.142"D I/OO

IF (ZZ-4.0) 29,3 O, 29

29 TT..(O.667*HS+DI )'3. 142/QQ

GO TO 31

30 TT--3. 1416*(DI+2.*HO+I.32*BS)/QQ

31 1F(ZZ-1.O)6,6,7

6 BO..BS

CC..(5. O*CiC+B S )*T S/( (5. O*GC+BS )*T S-BS*BS )

GO TO 8

70C- (4.44"GC+0.75*BO)*T S

CC,,QC/(QC-BO*BO)

8 CS-YY/(PN*QN)

_-25



32

TP=3. 142_DI/PX

IF(SK)32,32,92

FS=I .O

GO TO 31_

FS=SI N(I .571*SK/TP)*TP/(I .571"SK)

IF (PBA-60.) 9, 9, IO

95

92

34

9 0=1.0

GO TO

I 0 D=2.0

95 I=QN

U=I

IF (QN-U)36,36,35

3 5 U=PX*PN

XX=U

N=U

DO 11 K=I,N

Z=UlXX

I=Z

ZI-I

IF (Z-Zl) 12, 12,11

12 ZY=QQ/XX

I =ZY

Zl=l

I F (ZY-Z 1 )37,37, 11

11 XX=XX-I.

36 ZY=ON

37 DF=SlN(1.S71*D/PN)/(ZY*D*SlN(I.S71/(PN*ZY)))

CF=SIN(YY*l.S71/(PN*ON))

EC=QQ*SC*CF*FS/C
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13

14

DT=DW I

IF(DT) 13,13,14

AC= O. 785*DW*DW*S N 1

GO TO 24

ZY=O.O

DA(1)-O.05

DA(2)=0.072

DA(3)=O. 125

DA(4)=O. 165

DA(5)=0.225

DA(6)=0.438

DA(7)=Oo688

DA(8)=I .5

DX(I)=0.000124

DX(2)=0.00021

DX(3)=O.O0021

DX(4)=0.00084

DX(5)=0.00189

DX(6)=0.00189

DY(I)-0.000124

DY(2)=0.000124

DY (3) =0.00084

DY (4) =0.00084.

DY(5)=0.00189

DY (6)-0.00335

DY(7)=0.00754

DY(8)=O.03 020

DZ ( I )=0.000124

DZ (2)=0.000124
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DZ(3)=0.000124

DZ(4)=0.00335

DZ(5),=0.00335

DZ(6)=0.00754

DZ(7)=0.0134

DZ(8)=,0o 0302

"93 IF(DT-.OS)gh.,94, 15

15 JA=O

JB=O

JC=O

JD=O

16 JA=JA+I

JB=JB+I

JC=JC+I

JD=JD+I

I F(DT-DA(JA)) 17,17, 16

94 D=O

I F (ZY)23,23_,27

17 ! F(DW-O. 188) 18, 18, 19

18 CY=DX(Jtl-1)

CZ=DX(JB)

GO TO 22

19 I F (DW-0.75)20,20,21

20 CY=DY(JC-I)

CZ=DY(JC)

GO TO 22

21 CY=DZ (JD-I)

22 D=CY+(CZ-CY)*(DT-DA(JA-|))/(DA(JA)-DA(JA-I))

0_-28



23

24

25

26

27

28

I F (ZY)23,23,27

AC=(DT*DW-D)*SN1

IF(RT)25,25,26

AS=O.785*ftD*RD

GO TO 28

ZY=I.O

DT=RT

DW-RD

GO TO 93

AS-RT*RD-D

S=P I/ (C*AC)

PUNCHI,VA, EE,EP,PNjFpPX

PUNCHI,RPM,PI,PF,CK,POLsDI

PUNCHI,DU,CL,SS,HC,SF,QN

PUNCHI,WL,BK,ZZ,BO,BI,B2

PUNCHI,B3pBS,HO_HX,HY,HZ

PUNCHI,HS,HTpHW,QQ,W,RF

PUNCHIpSC,YY,C,TS,SN,DB

PUNCHI,CE,SH,SD,TT,SK, TI

PUNCHI,RS,GC,GP,CI,CW,CP

PUNCHIjEL,CM,CQ, BH,BP,HH

PUNCHIpHFpSQmPLpPE,DR,RK

PUNCHIpCCjWRpDIsWOpHDpDD

PUNCHIpHpB,BN,SBjTBpRE

PUNCHImT3pPT_FE,RDsRTjT2

PUNCHI,RRpSNLpWFjCSpAS,FS

PUNCHIpTPpDFmCF,ECpACjS

PUNCHI_PBA

PAUSE
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END
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C

!

3

43

44

45

46

PASS 2 S

FORMAT(El

FOR_AT (9X

READI,

READI,

READI,

READIp

READI,

READIp

READIj

READI_

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

ALIENT POLE GENERATOR

1oS,E11.5,EII.5,E11.S,EII.5,E11.5)

FI2.S_2X F12.5)

VA,EEpEP_PN,F_PX

RPM,PI,PFjCK,POL,DI

DUpCL_SSpHCjSFpQN

WL,BK,ZZ,BO,BI,B2

B3,BS,HO,HX,HY,HZ

HS,HT,HW,QQ,W,RF

SC,YY,C,TS,SN,DB

CE,SH,SD,TT,SK,TI

RS,GC,GP,CI,CW,CP

EL,CM,CQ,BH,BP,HH

HF,SQ,PL,PE,DR,RK

CC,WR,DI,WO,HD,DD

H,B,BN,SB,TB,RE

T3,PT,FE,RD,RT,T2

RR,SNL,WF,CS,AS,FS

TP,DF,CF,EC,AC,S

READ I, PBA

GA=3. 142wDI*CL

AG=6 o38"D I/ (PX*GC*CC )

GE=CC_GC

IF(CI) 44,43,44

C I=(0o64_rLOG(PE)+1.359)*((GC/GP)**0.352)

IF (CW) 45,45, IK_

CW=O. 707*E E*C I*DF /(EP*PN)

TG==6 0OO 0OO. O*E E/ (C_*E C*RPM )

BG=TG/GA

C_-31



I F(CP) 47,47,48

47 CP=(GC/GP)**Ool_I *PE*(LOG (GC/TP)*.0378+I. 191 )

48 FQ=TG*CP/PX

IF ( ZZ-3. O)49, 5O,51

49 SM=TT-BS

GO TO 53

50 SM-(3. 141(_*(DI+2.*tlS)/QQ)-B3

GO TO 53

51 IF(ZZ-4.0) 50,52,49

52 SM=TT-.94*BS

53 TE=TG/(QO*SS*SH)

BX_O. 5*FOI (HC*SS)

IF(EL) 54, 54,62

54 IF(RF) 55,55,61

55 IF(PX-2.0) 56,_6,57

56 U=Io3

GO TO (_0

57 IF(PX-4.0) 58,58,59

58 Uml.5

GO TO (_l)

59 U,_I .7

60 EL_-3. 142*U*YY*(DI+HS)/00+O°5

GO TO 62

61 EL=2 oO*CE+(3.142*(0.5*HX+DB) )+(YY*TS*TS / (SQRT (TS*TS-BS*BS)) )

62 HM.-CL+EL

RY=SC*QO*Htl/(P N*AC*C*C)

RX-RS*O.OOOOOI

RB=(T I+234.5)*O. 003 !)4*RX

RG,,RX*RY

r-._-32



38

40

64

RP:RB*RY

IF(SH)37,38,40

ET=I

EB=I _'

GO TO 39

AA:O, 584+( S N*SN- I.O) *O. 06 25* (SD*CL/(SH*HM) )*2.0

AB:(SH*SC*F*AC/(BS*RB*IO00000.O))**2.0

ET=AA*AB*O.OO335+1.O

EB=ET-O. OO 168"AB

IF(CM)63_63,64

AA=SI N(3. 142"PE)

AB=SIN(I.571*PE)*4.O

CM=-(3.142*PE+AA)/AB

A=PI*SC*CF/(C*TS)

PRINT3,SSpCC,HC,GA_TSjAG,TT,GE,FS,CI_DF,CW._F,CP,EC,EL_AC_CM

PUNCHIpVA, EEpEPpPNpF_PX

PUNCHIpRP_,PI,PF,CK_POL,DI

PUNCHIpDUpCL,SS,HC,SF,QN

PUNCHIjWL_BK_ZZ_BOpBIsB2

PUNCHIpB3pBSpHOpHX_HYIHZ

PUNCHI,HSjHTpHW,QQ,W,GE

PUNCHI_SCjYYjCjTS_BG,TG

PUNCHIpFQpTEpBXpTTwHMpSM

PUNCHI,RG_GCjRP,CIpCWsCP

PUNCHI_EL,CMpCQ,BHpBPpHH

PUNCHI,HFpS0,PLpPE,DR_RK

PUNCHIpCCjWRpDIpWOjHD,DD

PUNCHI,H,BpBNjSB,TBpRE

PUNCHI,T3pPTpFEpRDpRT_T2
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PUNCHI,RR,SNL,WF,CS,AS,ET

PUNCHI_TPpDFpCFpEBpACpS

PUNCHIjAGpApSMpPBA

PAUSE

END

oa_



C

69

7O

351

35O

PASS 3 SALIENT POLE GENERATOR

FORMAT(El Io5,EI 1.5_EI I.5,EI 1.5,EI I.5,EI 1.5)

FORHAT(gX FI2.5,2X F12.5)

VA, EE,EP, PN,F,PX

RPFI, PI ,PF,CK,POLpDI

DU,CL,SSpHC,SF,QN

WL,BK,ZZ,BO,BI ,B2

B3 ,BS,HO,HX,HY,HZ

FIS, FIT ,Hl,VpQQ,W,GE

SCpYY,C,TS,BG,TG

FQ,TEjBX,TT,HPIpSH

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

READI,

RGpGC,RP,CI,CWpCP

ELpCH,CQ, BHpBP,HH

HFwS0pPL,PE,DR,RK

CC,WR,DI,WO,HD,DD

H,B,BN,SB,TB,RE

T3,PT,FE,RD,RT,T2

RR,SNL,WF,CS,AS,ET

TP,DF,CF,EB,AC,S

READI,AG,A,SM,PBA

t'F(CQ)69,69,70

AA=I.571*PE

AB=3.1416*PE

CQ=(O.5*COS(AA)+AB-SIN(AB))/(4.O*SIN(AA))

XR=.O7OT*A*DF/(CI*BG)

IF(ZZ-5.)350,351,350

FF=I .O

GO TO 75

IF(PBA-60.)352,353,352
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353

355

354

352

357

3 56

_4

75

76

I F (CS-.667)3 54,3 55,355

D=.75

_=.25

GO TO 74

D,,I.5

Z=-.25

GO TO 74

I F (CS-ot,67)3 56,3 57,3 57

FF=o75

GOTO 75

D-I .2

Z--.05

FFmD*C S+Z

CX,4t"F / (C F*C F*DF*DF )

Z--CX*20. Ol (PN*ON)

BT=3.142"D I/OO-BO

ZA=BT*BT / (16 °O*T S*GC)

ZB=O.35*BT/TS

ZC=HO/BO

ZD-HX*O.333/BS

ZE,,HY/BS

I F (ZZ-2.0) 76,77,78

PC-Z* (ZE+ZD+ZA+ZB)

GO TO 82

77 PC_* (ZC+(Z.O*HT /(BO+BS) )+(HW/BS) +ZD+ZA+Z B)

GO TO 82

78 IF(ZZ-4.O) 7.9,80,81

79 PC=Z*(ZC+(2. O*HT/(BO+B I) )+(2.0*HWI(BI+B2)) +(HX*O.333/B2)+ZA+ZB)

GO TO 82

Car.36



80 PC-Z*(ZC+0.62)

GO TO 82

81 PC=Z*(ZE+ZD+(O. 5*GC ITS) +(0.25*TSlGC) +0.6)

82 EK.=EL/( I0.0"*(0. 103*YY*TS+O.402) )

IF (DI-8.O) 83,83,84

83 EK=SQRT (EK)

84 ZF=.612*LOG(IO.O*CS)

EW=.6.28*EK*ZF* (T P** (0.62- (0.228Y(L OG (ZF ))))/ (CL*DF*DF )

IF(PN-3.0)BS,B6,86

85 ZC=O. I*DI*SI N(3.0*YY/(PN*QN) )'I. 57/(PX*GE*CF)

GO TO 87

86 ZC-O.O

87 XL-(PC+EW+ZC)*XR

XD-XR*AG*C I*CM

XQ-XR*CO*AG

WC- O. 321 *S C*QO*AC*HM

PRI NT3 _SpCO_HMpApRGj XRpRP_XLp ET9 XD_ EB_ XO_

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

pVA_EEpEPpPN_FgPX

pRPMjPIpPF,CK,POLjDI

pDUICLpSS,HC,PCjON

jWLBBKjZZpBO,XD,XQ

pXRsBSpXLpHXpHY_HZ

pHS_WCpAC,QQpWjGE

jSCpYYpC,TS,BGITG

pFOpTE,BX,TT,EW,AG

pRG_GCpRP,CImTPpCP

pDFICtlpCFpBII,BPpHH

pHFBSQpPL,EB_DRpRK

,CCjWRpDIpWO_HDpDD

0_-37



PUNCHIpH,B,BN,SB,TB,RE

PUNCHI,T3,PT,FE,RD,RT,T2

PUNCHI,RR,SNL,WF,CSpAS,ET

PUNCHI,S_I

PAUSE

END
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C PASS 4 SALIENT POLE GENERATOR

FORMAT(El 1.5,EI !.5,El 1.5,E1 I .5,E1 ! .5,E11 .5)

FORHAT(gX FI2._,2X F12.5)

READI, VApEEpEP,PN,FpPX

RPH,P I ,PF,CK,POL,DI

DUpCLpSS,HCpPC,QN

WL,BK,ZZ,BOpXD,XQ

3

READ1,

READI,

READI_

READ!,

READI,

READ!,

READ!,

READ1,

READ1,

READ1,

READ1,

READ1,

READ1,

READ1,

XR,BS

HS,WC

SC,YY

F0,TE

,XL,HX,HY,HZ

,AC,QO,W,GE

,CpTS,BG,TG

,BX,TTpEW,AG

RGpGCpRPpCIpTP,CP

DF,CHpCF,BHpBP,HH

HF,SO,PL,EBpDR,RK

CCpWRpDI,WO,fID,DD

HpBpBN,SB,TB,RE

T3,PT,FEpRDpRT,T2

RR,SNL,WF,CS,ASpET

READI,SH

ZA:3.I416_(DI+HS)/QQ

IF(ZZ-3.0) 88,89,88

88 TM=ZA-BS

GO TO 90

89 TM=(3.I41(,*(DI+2.*HS)/QQ)-B3

90 WI=(TH*()Q*SS*HS+(DU-HC)*3.142*HC*SS)*O.283

AN=O.O

1OO AN=AN+O.OO5

AL=COS (AN)

IF(PF-AL) I00,100, I01
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3O6

307

lO2

3 08

I01 VR=O.262*DR*RPt_

AP=BP*SO*RK

S L=HF I ((DR-2. O*HH-O. 5*HF )*3 •14-21P X-B P )

ES=( (PL-CL) *2. O+HF+O. 25*BP)/CL

T L= (HH+GC-T P / 18. O) *2.0/ (T P-BH)

FH=BG*GE/O.OO319

ZG=PT*PX*FE*O. OOOOO I/AS

FK=RR*ZG

FR= (T2+234.5)*FK*O. OO3 94

RC=0.32 IwPT*PX*FEWAS

R L= ( I. 5*T L+SL )"4.25+(,. 38*E S

XF=( I.O-C I/((I .273*RL/AG+2.0*CP)*CM) )*XD

S I= (I. q7 I*CP*AG+RL) *PT*PT*PX*SQ*O. 00000OO I

IF (BN)307_3 06,307

XI=O

P2=O

X2=O

GO TO 308

IF(DD) 103,103,102

ZG=O.62

_O TO 104

|03 ZG=O.333YrH/B

104 BD=(HD/WO+ZG+O. 5)*(,.38

BE=(BH-(BN-I .O)*TB)*2. 127/GE

P I=(BD+BE)*RL*COS ((BN-I .O)*TB*I. 572/TP)/(BD+BE+RL)

X I=XR*P I

P2= (HD/WO+ZG+O. 5+GC/T8)-20. O*T B/T P

X2-XR*P2

XA=XL.h)(D

_O



105

I06

107

IO8

109

110

111

112

XB=XL+XQ

XU=XL+XF

XS=O.88*XU

IF(BN) 105,105, IO6

XX=XS

XY==XB

GO TO lO7

XX-XL+X I

XY=XL+X2

XN- (XX+XY) *O. 5

TC=SI/FK

RA-P N*P I*PI *RP*O. OO I/VA

TA-XN/(b28.4*F*RA)

TS=XS*TC/XA

IF (F-60.O) 108,108, 109

T4-0.035

GO TO 110

T4-O.OO5

IF(WF) I 11,11 I, 112

WF".DR*'k2.5" (RP_I** I. ¢;)*PL*O. 00000252

WQ- (D U-HC) *I. 42"HC*S S* (BX/BK) **2. O*WL

WT..-(SM) *QQ*S S*HS*O. 4.53* (TE/BK) **2. O*WL

PRI NT3jPC,XApEW,XB,WC,XF,WI ,SI ,TP,,XI,AP,X2,ES,XU,TL,XS,SLpXXpAS,XY

PR INT3 pFK, XN

PUNCHIpVApEEsEP,PNpF_PX

PUNCHI pRPM, PI ,PFpCKF POLpD I

PUNCHIjDUpCLpSSsHC,PCpQN

PUNCHIpWL,BK,ZZjBOjXD,XQ

PUNCHI,,XR,BS,TLpHX,HY,HZ
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PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH|

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PAUSE

END

,HS,ESpAC,QQ,W,GE

pSCpYY_CpTS_BGjTG

_FQ_TE_BX_TTpEW,AG

pRGpGCpRPpCIpAP_P2

pDF_SL_CFpFH_BPpHH

pHFpSQpPLpEBpDRpRK

pCCpWRpDI,WOjTCjDD

pHpBpBN,SB,TB,RE

pT3pPTpVR,RDpRT_WT

,WQ_SNL,WFpCS,ASpET

pFK, FR_XA,XB,TSpT4

pANjALpRCpTApHD

o._2



304

3O3

113

114

115

PASS 5 SALIENT POLE GENERATOR

FORMAT(El 1.5,EI 1.5,EI I.5,EI I.5,EI I.5,EI I. 5)

FORMAT(gX FI2.5,2X F12.5)

READIp VApEEpEP,PNpF,PX

READIp RPtI_PI,PF,CK,POL,DI

READI, DU_CLjSS,HC,PCpQN

READIp WL, BKpZZ jBOp XDpXO

READI, XR,BS_TL,HX,FIY,HZ

READI, FIS,ES,.ACpOQ,W,GE

READI j SCpYY,C,TS,BG,TG

READI p FO,TE, BX,TT,EW, AG

READI 9 RGpGCjRP,CI,APpP2

READI, DF,SL_,CF,FH,BP,HH

READI, HFpSOpPL, EB,DR,RK

READI, CC,',VRpDI,WO,TC,DD

READI, H,B,BN,SB,TB,RE

READI, T3,PT,VR,RD,RT,WT

READI 9 WO.,SNL,WF, CS, AS, ET

READI, FK, FR,XA,XB,TS,T4"

READIp ANj,AL,RC, TA,,HD

GT=BO/GC

IF (GT-I .0)304,304,303

AA--2.6

GO TO 115

IF(GT-3.75) 113,114p 114

AA:I O. O:v_O. 178/( (GT-I. O) *_O.334)

GO TO 115

AA=IO.O**O. 1I/((GT-I .O)**O. 174)

GF.,AA*P I_SC / (C_FH)



305 1F(SC-IoO) 121,121,122

120 A5=OoO

GO TO 129

121 AX=IoO

AY=I .0

GO TO 125

122 AX=3. O*YY/(PN*ON)-2.0

IF(CS-O.667) 123,124,124

123 AY=1oS*YY/(PN*ON)-O.25

GO TO 125

124 AY=o75*YY/(PN*ON)+O.25

125 A3=AX*P2/AY

A4=O° OT*AX*AG / (CF*CF)

IF(AX) 120,120,126

126 IF(BN) 127,127,128

127 A_=A4

GO TO 129

128 AS--(A4+A3) / (A3*A4)

129 IF(W) 130,130, 131

130 XO=OoO

GO TO 132

13 1 AA- (3. O*HZ+HX) * I.667 /(PN*QN*CF*CF*DF*DF*B S )

XO= ( (PC+AS)*AX/AY+AA+O. 2*EW)*XR

132 D2=BG**2.5*O.OOO061

D3=(Oo O 167*QO*RPtl)** 1.65"O.OOOO15147

IF (TS-O. O) 133m 133,134

133 D4=TS**I. 285"O.81

GO TO 137

134 IF(TS-2.O) 135,135m136



135 D4_TS**I. 145"0.79

GO TO 137

136 D4,=TS**O. 79_0.92

137 D7-BO/GC

IF(D7-1.7) 138,138,139

138 DS,,D7**2.31*0.3

GO TO 144

139 IF(DT-3.0) 140p140,141

140 DS=.D7**2.0*0.35

GO TO 144

141 IF(D7-5.0) 142,142,143

142 DS_DT**1.4*0.625

GO TO 144

143 DS--D7**O. %5*1.38

144 D6=,I 0.0"*(0.932"CI-I .606)

BA,,3.142"D I*CL

WN=D I*D 2"D3 *D4*D 5*D6*B A

UY='(SL+E S+T L)*SQ*O. 00638

AA=WO / (GC*C C )

VT,.O

IF(AA) 148,147,148

148 IF(AA-.65) 145,145, II_6

145 VT=LOG(10.O*AA)*(-0.242)+0.59

GO TO 147

146 VT.=O.327-(AA*O. 266)

147 UZ--(DU-HC)*O. 7850/P X

EZ--(ET+EB)*O. 5-I .0

AA,,P N*P I*P I

pU--AA_RG



PV=AA*RP

VV=EP*PI*PF*.OO3

FSC-XA*FH*O.OI

PRINT3,FRsXO,RC,TG,WR,FQ,VR,BG,TC,TE,TA,BX

PUNCHIpVA, EEpEP,PNpF,PX

PUNCH|pRPII, PIpPF,CK, POL,TB

PUNCHI,BO,GC,HH,HF,SQ,DR

PUNCHI,SB,REpT3pPT,TS,T4

PUNCHIpWO,DDjH_BN,GF,VT

PUNCHIpSNL,TS,CC,BG,FKpAP

PUNCHI,FQ,TE,BX,FR,XD_FH

PUNCHI,WQ,WT,AN,AL,XA,WF

PUNCH|,AS,HS,B,GE,BP,XB

PUNCHI,WN, UY,UZ,EZ,PU,VV

PUNCHI,FSC,PV,HD,ON

PAUSE

END

r_6



320

310

330

PASS 5A SALIENT POLE GENERATOR

DIMENSION GX(4),YA(4) ,ED(4)

FORMAT(Eli .5,EI I.5,EI I.5,EI I.5,EI I.5,EI I.5)

READI ,VApEE, EP,PNpF,PX

READI ,RPMpPI ,PFpCK,POLpTB

READI ,BO,GC,HHpHF ,SQ,DR

READI ,SBpREpT3 ,PT,TS,T4

READI ,WO,DDpHpBN,GFpVT

READI,SNL,TS,CC,BGpFKjAP

READIpFQpTE,BXjFR,XDpFH

READI ,WQ,WT,AN,AL, XA,WF

READI ,AS,HS,B,GE,BP,XB

READI,WN,UY,UZ,EZ,PU,VV

READI,FSC,PV,HD,QN

YA(1)=I 00.

YA(2)=66.66667

YA(3)=50.

IF(POL)310,320,310

ED(4)=O

GX( ):O

JA=3

GO TO 330

YA(4)=I O0./POL

JA==4

DO 99 K=I,JA

AA=AT AN((XB/YA(K) +S I N (AN) )/AL )

BB=AA-AN

ED (K)=XA*S I N(AA)/YA(K) +COS (BB)

IF (PF-. 95)213,213,212



212

213

99

820

821

822

GX (K)=FQ*CK

GO TO 99

G X (K) = (ED (K)- (. 93*XD*S IN (AA)/YA (K)) )*FQ

CONT INUE

IF(POL)820,821,820

AJ--4

GO T0822

AJ=3

PUNCHI,GX(1),GX(2),GX(3),GX(4),AJ

PUNCFII ,ED(I ),ED(2),ED(3) ,ED(4)

PUNCHIpVA, EEjEP,PN,F,PX

PUNCHI ,RPM, P I,PF, POLpTB

PUNCH1 ,BOjGCpHHpFIFpSQ,DR

PUNCHI ,SB,RE,T3pPTpT5pT4

PUNCHIpWO,DD,HpBN,GF,VT

PUNCHI,SNL,TS,CC,BG,FK, AP

PUNCHI,FQpTE,BX,FR,XDpFH

PUNCH I,WQ ,WT, AN, XA,WF

PUNCHI ,AS,HSpB,GE,BP,XB

PUNCHI,WN,UY,UZ,EZ,PU,VV

PUNCHI,FSC,PV,HD,ON

PAUSE

END

0_8



1

888

3

PASS 6 SALIENT POLE GENERATOR

DIMENSION GX(4),GZ(4),GL(4),FD(4),FX(4),FB(4),ED(4)

DIMENSION FI(5),EF(II),CD(4),AI(60)

4 FORMAT (F11.3,SX FII.3,FII.3,FI1.3,F11.3)

FORMAT(El 1.5,EII.5,EII .5,EII .5,EII.5,EI 1.5)

FORMAT(F IO.O_F IO.OpF I O.O,F I O.OsF I O.O_F I O.0)

FORMAT(gX F12.5,2X F12.5)

K-I

823 READB88,AI (K),AI (K+I),AI (K+2),AI (K+3),AI (K+4),AI (K+5)

K=K+6

I F (K-59) 823,199, 199

199 READI ,GX( I ) ,GX(2) ,GX(3) ,GX(4) ,AJ

READI,ED(1),,ED(2),ED(3), ED(4)

READIjVAjEEpEPpPNsFsPX

READI,RPF_jPI_PFsPOL_TB

READIp BOpGCpHH,HF_SOpDR

READI m SB_REpT3pPT,TSpT4

READI_ WOpDD_H_BNpGFpVT

READI, SNLpTSpCCpBGpFK,AP

READIp FQpTE,BXpFRjXD,FFI

READI_WQsWTpANpXA_WF

READ |,

READ | s

READ 1

LA= 1

DO 950

GZ(K)-O

GL(K)=O

FD(K)=O

ASpHS,B,GEpBP,XB

WN_UYpUZpEZpPUsVV

FSC_PV,HD,QN

ox_9



95O

8O3

8O4

8O5

FX(K)=O

FB(K)=O

F I (K)"-O

CD(K),=O

EF(K):O

FI(s):o

LOAD:I.

NA=I

K=I

X=BX

GO TO 802

AT=UZ*Y

NA=I

K=2

X=TE

GO TO 8O2

FT=HS*Y

SA=FT+AT

UX= (SA+FH)*UY

TF=FQ+UX

PD=TF/AP

NA=3 l

K=3

X=PD

GO TO 802

FA= (HF+HH) *Y

FN-SA+FA+FH

SCR=FN/FSC

PRI NT3 mT5pFTpT4pAT mFSC pFH

OA-50



221

8O6 FX

FB

FI

FORMAT (gX F12.51)

PRI NT221,SCR

JA: AJ

LA=2

DO 840 ti=1,JA

GZ(M)=((I.0+PF)*FT+AT+(FH*ED(M)))*UX/(FH+SA)

GL (M)=GX(M)+GZ (M)

FD (M) =GL (It)/AP

K=4

NA=31

X=FD (H)

GO TO 802

(H) :(HF+HH)*Y

(M) = ( I. O+PF) *FT+AT+F X (M) +ED (tl)*FH

(M+I)=FB(H)/PT

EF(M)..FI (H+I)*FR

CD (M)=.F I(r'N-1)/AS

840 CONTINUE

F I(1)=FNIPT

CDNL=FI (I)/AS

EFNL=F I(1)*FK

Z:FQ+UX

PRI NT4,UX,GZ(1),GZ(2),GZ(3),GZ(4)

PRI NT4.,Z,GL(1),GL(2),GL(3),GL(4)

PRI NT4,PD,FD(1),FD(2),FD(3),FD(4)

PRI NT4,FA,FX(1),FX(2),FX(3),FX(4)

PRI NT4,FN,FB(1),FB(2),FB(3),FB(4)

PRI NT4,FI (1),FI (2),FI (3),FI (4),FI (5)

PRI NT4,CDNL,CD(I) ,CD(2),CD(3) ,CD(4)

oA,.51



802

83 1

835

833

834

838

83 9

830

836

850

PRI NT4-,EFNL,EF(1),EF(2),EF(3) ,EF(4)

PUNCH1,FI(1)pFI (2),FI(3),FI(4),FI(5)

PUNCH1 pEP, PNpF,PX,WOpWT

PUNCH1 ,BOjGC,HH,HF,POL,TB

PUNCH1 ,SB,RE,T3pHS,FK,FR

PUNCH1 pWO,DD,HjBN,GF,VT

PUNCH1,SNL,TSmCC,BG,AP,B

PUNCH1 pFQ,TE,BXpFH, XA,WF

PUNCH1 pWN,UY,UZ, EZ,PU,VV

PUNCHI,PV,HD,QN

PAUSE

I F(AI (NA)-X)830,831,831

NA=NA+3

IF(AI (NA)-X)833,834,834

NA=NA+2

GO TO 835

AA=AI (NA)

BBI=AI (NA-2)

DC=AI (NA+I)

D=AI (NA-1)

XX=(AA-BB1)/(.4343_(LOG(DC)-LOG(D+.OOOI)) )

Y=AA-XX *. 43/43*LOG (DC)

Y=EXP (2.3 06* (X-Y)/XX)

GO TO

GO TO

GO TO

GO TO

PR INTS50

FORMAT (17HHACH INE

(838,83 9), LOAD

(803,804,805,806), K

(236,237,238),K

(836,840) ,LA

SATURATED)

_-52



PAUSE

END
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C

I

4

3O9

311

150

151

152

153

160

PASS 7 SALIENT POLE GENERATOR

DIMENSION PR(S),FI(5),PS(5),G(S),DL(5),PP(S),EX(5),ST(5),VA(5)

DIMENSION P(5), E(5) ,PH(5), SP (5)

FORPIAT(EI 1.5,E 11.SpEl I .5,EI 1.5pE11.5pEI I.5)

FORMAT (FII.3,SX F11.3,FII.3_F11.3,F11.3)

READ1 _ FI (I) pFI (2),FI (3) pFI (4),FI (5)

READIp EPpPNpF_PX_WO,WT

READI_ BO,'GCpHHjHFpPOLpTB

READ I_ SBpREpT3,'HS_FK,FR

READIp WOpDDsH,BNpGFpVT

READ I_ SNL,TSpCCpBG_AP_ B

READ I_ FQ_TE_BX_FH,'XApWF

READI, WN,'UY,'UZpEZpPLJpVV

READ I,' PVjHD,ON

IF(RE)3Og,3Og,'3 II

WD.=O. O

WU=O.O

GO TO 178

FS I=2. O*Q N*P N*F

FS2=2.0*FS 1

M=O

IF (M--I) 151,152,178

RM-,RE

GO TO 153

RM=RE*(T3+234.5)/254.5

AA- (F S I/RM) **0.5*DD*O. 32

AB- (FS2/RM)**O. 5*DD*O.32

I F (AA-2.5) 160,,160,161

V I - 1. O-O. 15*AA+O. 3 WAA* AA

GA-_



161

162

163

167

168

169

GO TO 162

V I"AA

IF (AB-2.5) 163,163,164

V2=I .O-O. 15*AB+O.3*AB*AB

GO TO 165

164 V2.,AB

165 IF(H-B) 167p106p167

166 VC=Oo75/V I

GO TO 169

IF(DD) 166,168,166

VC'H/(3. O*B*V I)

V S=HD/WO+VT+VC

VG:TB/(CC*GC)

170

171

172

174

175

Q1=1 oO-(1.0/(((BO*O.5/GC)**2.O+l.O)**O.5))

QZ=BO/TS

02.,I .05"S IN(OZ*2.844)

I F(QZ-0.37) 170, 170,171

Q3,,o.4&

GO TO 172

q3,,O. 23-S I N ( I O. 4_)*QZ-2. I )+0.23

Q4=SI N(b.283*TB/TS-I.571)+I.O

05:.S IN( 12. 566*TB/TS- I. 571 )+I .o

IF(H) 173,173p 174

173 AB=O. 785*DD*DD

GO TO 175

AB=H*DD

W2=P X*BIi*SB*RM* I. 246 / (AB* 1000. )

W3= (Q2 / (2. O*VS+(VG/q4) ) )*'2. O*V I

W5- (Q3 / (2. O*VS+(VG/Q5) ))*'2. O'V2

0_-55



176

177

178

198

181

184

WD=(TS*BG*Q I*CC)*'2. O*W2*(W3+W5)

H=M+ I

IF(M-I) 17_, 176,177

WU =WD

GO TO 15o

G(1)=O

G(2)..I

G(3)=I .S

G(4)=2.

G(5)=POL

PW=PU

FW=FK

WW=WU

DO 183 M==I.5

UA=G (l't)

PR(I't)=F I (H)*F I (M)*FW

IF(F= (H))198,197,198

PS (H) =PW*UA*UA

X=WF+WO

GM =(GF*UA)**2.O+I.O

ST (M) =(2.0"(0. OO27*XA*UA)**I .8+1. O)*WT

VA (M) =VV*UA

DE (M)=GM "A'VAV

PP(M)=Gtl *WN

EX(M)=EZ*PS (H)

Sp (M) =PP (H)+DL (H) +PR(H)+PS (M) +EX(M) +ST (M)+X

P (M)= (SP (M)/I OOO. )+VA(M)

IF (GM) 185. 184,185

PM(fl)=O

OA-56



185

186

183

190

191

197

E(M).=O

GO TO 186

PM (M)=(SP (_)/P (M)) _. I

E (M)=IOO.O-PM(rl)

FW.,FR

WW=WD

PW=PV

PR INT4, PR( I)

PRINT4p WFmWF

PRINT4, ST(1)

PRINT4_ WQ_WQ

PRINT/+, PP(1)

PRINT4, DL(1)

PRI NT4, PS(1)

PRI NT4, EX(1)

PRINT4, SP(1)

PRINT4, VA(1)

PRINT4, P(1)

PRI NT4, Pt,t( 1 )

,PR(2),PR(3),PR(4),PR(5)

jWFpWFpWF

,ST(2),ST(3),ST(4),ST(5)

,WQ,WO,WQ

,PP(2),PP(3),PP(4),PP(5)

,DL(2)

,PS(2)

,EX(2)

,SP(2)

,VA(2)

,DL(3),DL(4),DL(5)

,PS(3),PS(4),PS(5)

,EX(3),EX(4),EX(5)

,SP(3),SP(4),SP(5)

,VA(3),VA(4),VA(5)

PRINT4, E(1)

IF(SNL)191,191,190

PUNCHlpFHpTEpBXpUZjUYjFQ

PUNCHI_APBHFpHH_HSpEP

PAUSE

PS(M)=O

GM,=O

ST(M)=O

X-O

VA(M)=O

,P(2),P(3),P(4),P(5)

,P_I(2),PM(3),PM(4),PM(5)

,E(2),E(3),E(4),E(5)

GA-_7



GO TO 181

END

OA-,58



C PASS 8 SALIENT POLE GENERATOR

DIMENSION AI(6{))

I FORMAT(E11.S,E11.5,E11.5,EI 1.5,EII.S,EI 1.5)

888 FORHAT(F IO.O,F IO.O,FIO.O,F IO.O,F IO.O,F I0.0)

K=I

823 READBB8,AI (K),AI (K+I),AI (K+2),AI (K+3),AI (K-+_-),AI (K+5)

K=K+O

! F (K-5.9)823,234,234

23/+ READ1p FHpTEpBXpUZ,UYpFQ

READlp AP,HFpHHpHS_,EP

LOAD=2.

LA=I

UB=O.7

235 UB=UB+O. 1

V=I. 732*EP*IJB

FG=FH*I..IB

TD=TE*UB

BC=BX*UB

K=I

NA= 1

X=BC

GO TO 802

AT=UZ*Y

K=2

NA=I

X=TD

GO TO 8O2

FT=Y*HS

SA=FT+AT

236

237

GA-59



238

246

2z_7

245

802

831

835

833

834

838

UX= (FG+SA) *tJY

TF=F0*UB+tJX

PD=TF/AP

K=3

NA=31

X=PD

GO TO 802

FA=(HF+HH) _Y

F N=S A+F A+FG

FORMAT(FI2.SpFI2.5,FI2.5,F 12.5,FI2.SpFI2.5//)

FORMAT (F 12.5,F 12.5,F 12.5,F 12.5,F 12.5,F 12.5)

PRI NT247=V, FG,TD, FT, BC, AT

PRI NT246, SApUXpTF, PDpFA,FN

IF(UB-I .6) 235,245,245

PAUSE

IF (AI (NA)-X)830,83 1,83 1

NA=NA+3

IF (AI (NA)-X)833,834,834

NA=NA+2

GO TO 835

AA=Al (r A)

BBI=AI (NA-2)

DC=AI (NA+I)

D=AI (NA-1)

XX-(AA-BB1)/(.4343_(LOG(DC)-LOG(D+.O001)))

Y..AA-X X*. 43 43*LOG (DC )

Y=EXP (2.3 06*(X-Y)/XX)

GO TO (838,83.9) ,LOAD

GO TO (803_804,805,806),K

0_-60



839 GO TO (236,237,238),K

830 GO TO (836,240) ,LA

836 PR! NT850

850 FORHAT(17HHACHI NE

PAUSE

SATURATED)

END

O.._1
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imm_mmm_m.m.,_

NON-SALIENT-POLE DESIGN (INPUT)

.ODEL
(2) KVA GENERATOR KVA

(3) E LINE VOLTS

v_ ' (4) EFh PHASE VOLTS

(S) m PHASES

(Sa) f !FREQUENCY
I

< (6) p POLES/v

0. (7) RPM RPM

(8) Iph PHASE CURRENT

(9) PF POWER FACTOR

(10) OPTIONAL LOAD POINT

(i1) d STATOR I.D.

(12) D STATOR O.O.

(13) ,_ GROSS CORE LENGTH
I-

(14) n v NO. OF DUCTS

O (15) b v WIDTH OF DUCTF- ,.
<
I- (16) K I STACKING FACTOR (STATOR)

(19) k WATTS/LB.

(20) B DENSITY

(21) TYPE OF SLOT

(22) b9 SLOT OPENING

(22) b 1 SLOT WIDTH TOP

(22) b2

(22I b 3
I-
O (22) b, SLOT WIDTH
.J

_' (22) h o
n_

o (22) h 1

(22) h2

(22) h3

(22) h • SLOT DEPTH

(22) h t

(22) h w

(23) q NO. OF SLOTS

(28) TYPE OF WDG.

(29) TYPE OF COIL

(30) n • CONDUCTORS/SLOT

(31) y SLOTS SPANNED

432) c PARALLEL CIRCUITS

(33) STRAND DIA. OR WIDTH

(34) N•t STRANDS/CONDUCTOR

(34a) N °it STRANDS/CONDUCTOR

(39) STATOR STRAND T'KNS
et

o (35) db DIA. OF PIN
<

I- (36) _ • 2 COIL EXT. STR. PORTvt

(37) hst UNINS. STRD, HT.

(38) h',t DIST. BTWN. CL OF STD.

(42o) PHASE BELT/ANGLE

(40) _" Ik STATOR SLOT SKEW

(50) Xm o C STATOR TEMP ec

(51) _'_ RES'TVY STA. COND. • 20 ° C
!

459) i mlq _tlNIMUM AIR GAP

/ E CC /k_-_/_,,_ r)ESIGN NO.(I) BY

/_. FUND/MAX OF FIELD FLUX (71) C1

O WINDING CONSTANT (72) Cw _-z

F-
Q POLE CONST. (73) 'Cp

0 END EXTENSION ONE TURN (48) L E O

Q DEMAGNETIZATION FACTOR (74) C n.

// TYPE ROTOR 1, 2

_c_ SLOTSPUNCHED (300) _,,

h'/_ SLOTS WOUND (301) Q*r

_) SLOTS IN POLE CENTER 4302a) Nrc

,_y WIDTH OF SLOT OPENING (303 br c

,/_-) HEIGHT OF SLOT OPENING (303) hr: _

_, _:_z/ SLOT DEPTH BELOW WEDGE 4303) hrl

,,,_(_ ? SLOT WIDTH (303) b r

oSLOT DEPTH (303) h I-# , O

,/__(_ SLOT PITCH (304) '- r, r_

_" _"7 ROTOR STACK LENGTH (305) (f

,?.__ ROTOR STACKING FACTOR (16) KI

_-,_ ROTOR DIAMETER 1 la) d r

_-_-" ROTOR I.D. (PCHGS.) (314o d•

HEIGHT VENT HOLES (314b b_h

C_ WEIGHT OF ROTOR IRON (157) -)

/, _ POLE FACE LOSS FACTOR (107) '(K I)

_- NO. OF FIELD TURNS/POLE (146_) Np

._,_ MEAN LENGTH OF FED. TURN (147) _ tr

,_/_q FLD. COND. DIA. OR WIDTH (148)
.J

,OSL_ FLD. COND. THICKNESS (149) --
u.

e_OC_ FLD. TEMP IN C (IS0) X| o C

¢_f_ RESISTIVITYOF FIELDCOND _20 o (151) _'_t

/ NO LOAD SAT. (87)

_) FRICTION & WINDAGE 418.3) (F&W)

M --/,5" ROTOR LAM. MTR'L (18) "J

(18) "
/_ --/ _" STATOR LAM. MTR'L (CURVE) _"

;E

•

STATOR SLOT ROTOR SLOT
, !

-# SLOTTED POLE-CENTE_ 2

SOLID POLE-CENTER !

REMARKS

HA-1

REV. A



125.

7.13

O.

.05

.15

O.

.100

0.

208.

9.72

0.

54.

.25

0.

.834

1.2

INPUT PARAHETERS FOR NON-SALIENT POLE DESIGN

120. 3, 400. 4. 12000. 347. .8 1.75

6.09 O. O. .92 12. 77.4 2. .06

O, .225 .O5 .333 O. O. .462 O.

I. I. 2. 10. 2. .17 I. I.

.25 .15 .165 60. .415 200. .694 .065

O. O. O. I. 48. 40. O. .209

.209 .934 .459 6,47 .93 7. 3.235 O.

55. 22.4 .159 ,056 200. .694 I. O.

SATURATION CURVE ( STATOR MATERIAL )

128. 34. I. 50. 2. 60.

3, I 70. 5.2 76. 8. 86.

20. 96. 7 o. 104. 15 o. 128.

870.

SATURATION CURVE ( ROTOR MATERIAL )

128. 34. 1. 50. 2. 60.

3. I 7o. 5.2 76. 8. 86.

20. 96. 70. 104. 150. 128.

870.

HA-Ia



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

(14) (he)
(16) ( "Z"s )

(17) (_', 1,3)

(43)

.(44)

(45)
zv
o (46)
k- -
< (47)

'_ (49)

(53)
(54)

'(55)

SOLID CORE LENGTH

DEPTH BELOW SLOT

SLOT PITCH

SLOT PITCH I/3 DIST. UP

(42) (Ksk) SKEW FACTOR

(Kd) DIST. FACTOR

PITCH FACTOR(Kp)

( _) EFF. CONDUCTORS

(ac) COND. AREA

(Ss) CURRENT DENSITY (STA.)

(_t) I/2 MEAN TURN LENGTH

(Rph) COLD STA. RES. _. 20 ° C

(Rp|,) HOT STA. RES. _X °C

(EFt?#) EDDY FACTOR TOP

($6) (EFbot)

(62) (,_;_)

(_64)(/_e)
(65) ( )

-- (66) ( )

(212o)( r,, )

(I 5_

-- _ (IS4) (RF)

(_ ;(ISS) (RF)

r,,, (156) ( )

(157) (
(145) (V r

76) (Trio)

(177) (T a )

u:Z

___ (178) (T'a)
(179) (T" d )

EDDY FACTOR BOT.

STATOR COND. PERM.

END PERM.

WT. OF STA COPPER

WT. OF STA IRON

ROTOR SLOT LEAK PER

FLD. COND. AREA

COLD FLD RES- 20oC

HOT FLD RES.. X ° C

IWT OF FLD COPPER

WT OF ROTOR IRON

PERIPHERAL SPEED

OPEN CIR. TIME CONST.

ARM TIME CONS r.

TRANS TIME CONST.

EWO

G-6028o

.833 00

.41486

.43279

.99774

.954  

.91827
4 9.47400

,02489
6 968. 90000

12.83600
.00322
.o0551

1.2443 0

1.03450

-72230
11. 07800
4q.4r;l£f]

-3.49001
.0_87_

,. _39n57
_f,6£6 7

13:851oo
"_q r-,qTq 1

2242q
.C)0268
.o1936

o
u

SUB TRANS TIME CONST. .O(]500

SHORT CIR NI / 20C;_ 3 0000

PERCENT LOAD

LEAK FLUX

) (313) FLItX IN P.C.

(_BEd) (314) POLE DENSITY

(Br_) (315) ROTOR CORE-DENSI:I'y --

(Fnl) (127) TOTAL NI

(Ifr,I) (127_,)FIELD AMPs

(s E i _(i_ic-)c-6Rl6EN-i(F_-6i-----

(E F ) (IS/h)FIELD VOLTS

,r (I 2 R r ) (182) ROTOR LOSS.

L (F&W) (18t) F&W LOSS

(Wtnl) (184) STA TOOTH LOSS

(We } {185) STA CORE LOSS

: (W nl ) (186) POLE FACE LOSS

( 12 Rs) (194)STATORCU LOSS

) (19S) EDDY LOSS

) (196) TOTAL LOSSES

) ( ) RATING (KW)

) ( - ) RATING&LOSSES

(312o)

- ) ( - ) PERCENT LOSSES

'- ) (- ) PERCENT EFF.

.... L___.,_. liD") I/lieU (JIB)

_J_._-_53_.LL_ '(BP cl ) (319)

-- 37J:_5__ (B,.c,)(3:.)
lI 16.103 (Ffl) (236)

L.... 20.29.2__ (,m) (z37)
_2.317.45_ (s.-) (239)

..... _7_ (Effl) (238)

160.823 (,2R.)(241)

2778. 500 (F&W) (183)

281 : 9_ 0 (.,.,)(242)
__927.460 !(w_) (_8s)

___102. 900 (,wf.) (243),
--_ ,000 (I R= ) (245)

,000 ( - ) (246) :

4251,613 (- ) (247)
.000 (-) (_8)

4.251 (-) (249)
_100,000 (-) (2so)

.ooo -) (_s_)

DESIGN NO.

1_0267C CARTER COEFFICIENT

I_6.4309E AIR GAP AREA

170.4093C AIR GAP PERM

-06673 EFFECTIVE AIR GAP

.8286_ C FUND/MAX OF FLD. FLUX

.32325

.5o9o7
6. 746 5E

1.O611_
768.0600C

1,3127C
9.2456 C

196.6 9055

205. 9356C

.0876(

__tZ,_7_836J
10.7373_
10_737_6

"_. N 1 qLL?

_ _n_. 9nnnc
827_620C)C

k_/_6gL_nr
10_ [ 43 00_

88_66_o_

66.12qq_
48.9z_80

997.13 00(

WINDING CONST.

POLE CON ST.

(67) (K s

(68) (- ;

(70c) C_ a )

(69) (g e )

(71) (C I )

(72) (C ,, )

(73) (C p )

END. EXT. ONE TURN (48) (LE)

DEMAGNETIZING FACTOR (74) (CM)

AMP COND/IN (128) CA)

REACTANCE FACTOR (129) (X)

LEAKAGE REACTANCE (130) (Xq)

(|31) (Xad)

(133) (X d )

(160) (X t )

,(16D (tf)

(166) (X'du)

(167) (X'd)

(168) (X" d )

(_70) (X 2 )

REACTANCE OF

ARMATURE REACTION

SYN REACT DIRECT AXIS

FIELD LEAKAGE REACT

FIELD SELF INDUCTANCE

UNSAT. TRANS. REACT

SAT. TRANS. REACT

SUB. TRANS. REaCT

NEG SEQUENCE REACT

ZERO SEQUENCE REACT

TOTAL FLUX

FLUX PER POLE

GAP DENSITY

TOOTH DENSITY

CORE DENSITY

TOOTH AMPERE TURNS

CORE AMPERE TURNS

GAP AMPERE TURNS

I00 150 200

172) (X 9 )

(88) (l[_ t )

(B9 )
(gl) (Bt)

(94) (B_)
(97) (F t )

(98) (F c )

(96) (Fg)

q-b_.122 I 4.#9.013 510,1,38 4)_):57_)
63.756 66.601 69,485 68.0,h0
41 -o13 42,84.3 44.698 43 - 7_6_8_i

_2 42.73 __L3 9___  9_Lat. 7_3__L l.82E
53:505 71.6O':; 95t'--..... 8_0._76O

6110.350 8177,405 1D2Z2,844 _)'2_22__921

35.774 4_.876 60. 145 53.998
1914, 115 342 . 199 3410_-2-8-77----_-6-0:858-
2778.500 2778:500 2778:500 _778,500

477.959 688;640 964:54-4 818.702
927.46 O 927.46 0 927.46 0 927.46 0

187. 138 292.436 +39.854 36 0,880

1991.5o0 4480.875 7966.000 _o98,968
277.61_ 624.633 111o.460 8;S0. 196

8554.288 3220,745 19597. I0;S IS 195.56;_

I00,00o 150.000 200,000 17_S.000
108,554 163.220 219.597 191.195_
7,880 8.099 8.924. 8__.47_0_

92.11 9 ql qnn al /-I-i= '01 £'q (3

HA-2
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NO LOAD SATURATION OUTPUT SHEET

lo0"-.

11o'_

t2o_

(3_ (E)

VOLTS

,911o) tF 1
i

STATOR _,.T.

166. 27200
16 °60572

187.o5600
I_2.41508

207.84 000
115°07358

,.>,.>. i- r T
ill GA D A.I, TOOTH DENSITY i TOOTN _lil" ; i

_,z? _J,i (.s,s)C,.<:.. _ ;;,'_,._,-_ _F'_='
LEAKAGE FLUX rOTAL F.L..UXPOLE ,

.... |

797.701_OO 82.71_I_00

i7.09969 Q23 °52969 ;

897.1_1700 93.08700
19.73553 426.16553

997. 13000 103.43000

23.35516 429.78516

1096.8J_300
29.02121

113.773oo
435.45121

ZZ8..62400
285.18549

249.40800

619.62697

11_7.55600

"_8.138O2

HACH! r4E SATURATE[)
13(_

POL_ v l._<i t f

6 °8{7425

57._8273

72.58272
58.01 <172

142.99718
59.30638

?,05.36916

60.54805

140_

160%

fill) Ill c )

CQR| OI[NilTy

POLE A.T.

70.°3200

37.10615

79.79850
37.33708

88.66500
37.6542 1

97.53 150
38.15062

106.3 98O0

38. 94936

_I) (F ,,: _ t

t fi171 tF'.l)

T_,i. A.T._.L._I

9.721J-
! 1019.O95Z:u
I

19.83o_
101_t.:..966 O0

/_8. 948Oi
1117.71000

lq2.18831
1287.558_ n

314.25781
1622.627_

HA-3
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SHOWING
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(I) DIELECTRIC 'LrREHt_TH FOR l

(2)

(3)

(,_

iS)

(6)

(7)

(S)

(9)

(10)

(11)

"12)

1

+

_D

(13)

(14)

_c,I+_,+,,;..... ""Ez'.f

1 '_'_l._ i '/i|,,Ij _. i " -_,',. ',.i2. L _"TC-!.

_k_INUT E _".......... _................................

I /P.+__',SECOH_

(a) STATOR _ ; '

m_ovE_PE_FOR..._+_._ran................ _l.+ZoO.................... , ....
_l_T ................... i--.LIB'_" !
WR2......................................................... - ...................... _,,. ....... !

......... -+ -- _

OVERHUHC _,,_mEuAT........................................ - ' (_/*_o ° O/0
STATOR _E$. / PH+ :,T 7,,____.0 F ............ - ......... " .........

FIELD RES. AT "_,__.._OF...... . 3 _' "7 + '_'_,-_

_OIPT CmC, kATIO AT__ 4_0 RPM ................ _ .... ! ....

% ,TdAORT CIRC+ CURRENT ¢J,.PACIT f ......................... - ......... -t ...........

F & W LOS_ AT ........ RPM ............................... _ -- -i ...........
I , +

CORE LOSS AT CYCLES/SEC ............................. ++.......... ., ..............

% EFFIC_iACIES _'EE_PS. STABLE t _
• I I

I

(o) AT ....... % LOAD RPM % PF . __ I------- _-_ i.-"+'_---- - -"i .....

(b) AT ...... %LOAD ........... RPW,.......... %+F i . i ........ ] .........

(c) AT ............ % LOAD RPM .......... % P F __ ......... _ ........................ .+ ......

(J) AT % LOAD RPM % PF i t t

(e) AT .......... % LOAD RPM ........... % PF i" ;..........

FIELD CURREt_TS AT ........."_OLTS +

(o) AT ...... % LOAD .......... RPM ........ % P F

(b) AT .......... % LOAD RPM ....... % PF

(c) AT ......... % LOAD RPM ............ % PF

(_ AT ............ % LOAD ........... RPM % P F

(e) AT ........... % LOAD RPM % PF

REACTAHCES AT ,_(__0 _CYCLES / SEC. /_,/' _'_

(o) SYNCHRONOU_ ............................................

(c) P_IBTRAI_I ENT

(_ NEGATIVE SEQUENCE

(e) ZERO SEQUENCE.

1

................................ 4 ......

I j .... I

........................ I1"- ............ I I

--_ ............. ;,-........... 4
+ ; i

+

.20 _ ' :, ;2 O0
,I---. ............ -L-........... ;

/e__i 7.-+ ' ' .......[
: :

HA-5
OitiGt,,_,L PACE I'S

OF POOR QUALITY



TEST CATA. A.C. SYN. GENERATOR

%VOL'I'AGE UNBALANCE

_KVA /A_'-_

,(_ 000

J

I

; r

,ao "r,Z#"

t
!

0 /. ¥.Z
I

i ..... !

AT £/vD OF THE _0

.,'7O_C _,,/,,vz _"_ts 5_" k-

_% 5 7",qh"E/¢ Fo,e _0 /'_:,,v'.

mtwdT£5 ,./£,qZ /_nl"

/gJ Foz _ o_/&.

O,_iGi_AL PA"3E BE

OF _0<.oR QuNJ'Pf
HA-6



I";:5,T h._4"_- ^. ,::. :_,_;.:t:_C::,:._, ..i:!','-" !_,-:,: ,'-.',

_,,;,A J,a,g"

I- ,i _ , ,bIl,,I !I :"i _l _= _,..; r¥i _ l o",, I
,.....' ...........a,.--.-_,:i.... :;..............................',....._: _ _- _ .......

N

%

-'-- :- :_ - -_:--- _i- -,_, _.._ .......... ,,,, _ .. _: _,... ,v).

iT-X"
i

l I I i ' ; : ! r_ ,.J_ _,_

............ •........... _- I.... 1 ......... I _ _'; .... :

.....• _-_t_................................ sl........-t ' '_ ........._ °-;-_--_---_--,_--

........ _ .... _..... --,. -- , ............... i ....... _ ........ _- _s -- i - _ --e,,._- -_ ..... I

I I ,

....... , ........ _ _ .............. _...... t .... _ - '1 .....

..................... _"............................... f ..... ' .................. _ , i ' --; - '

¢w%
i

I

I

i

HA-7
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TESTOATA-A.C.SYNCHRON_OSG_N_A_OR
% HARMON_SC_v'T_TON-SALIENT POLE
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f





f_

x_ x_

J

T_';:_t.OOLINL_, ....._'_ .....

_. tg.a? ,d" ,:V._ 12_- d. .': '.A: "----"
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I E.W.O,

VOLTAOE WAVES OBTAIN_ FROM FULL

PITCH SEARCH COIL AND 1/2 TURN SEARCH
COIL

531.93



[,W,O.h
... . .

SHORT CIRCUIT DECR_,KNT

SHORT CI l_IIT FROH NO LOAD - FULl, VOLTAGE

531_3

!

"j

Q

¢,

H '1--I_

F

'4

r5

r_

_4

,a

t-



SHOWING:

• .o. 53193

TRnNSIENT 7(X.TAGE _:GULATION

WITH THREE-PffASE, O.&O i_ FACTOB,
0.5 PER UNIT INPEDANCE

I
I

I

I;'

I"
I

-I- _- ----
o t-o

J_

_o
o Z-i

r

I--

IZ
I--

fZ
j._

I--

I--

I--
I--
I--
I-

I O.L "I
•_L"/OA _0 _

-1ol I
S.I.lOAf,ItI-

!
I
I
I

I
I

-I
=1
:t
-I
-I

.i.

II

r
"-h

,..J.

I

--I
-I

CI

--I

--I

-I
-I

I
-I

;I
- f

-I

u)

0

6

O/_IGi!_IAL PAGE
OF POOR QUALITY

d



COMPUT_A PROCEDURE FOR

t T _NON S,_IE.T POLE DESIGN CALCULATIONS

0

2.

.

5.

0

9.

i0o

].._o

Clear core (no switch control).

Insert output Form #i into typewriter, set margin for correct

output, and set typewriter for single space.

Load pass #i followed by input parameters (output punched cards).

Load pass #2 followed by output from pass #I (output printed

plus punched cards).

Load pass #3 followed by output from pass #2 (output printed

plus punched cards).

Load pass #h followed by output from pass #3 (output printed

plus punched cards).

Load pass #5 followed by output from pass #4 (output printed

plus punched cards).

Load pass #%A followed by output from pass #% (output punched cards).

Load pass #6 followed by Saturation curve values* and output

from pass #SA (output printed plus punched cards).

Load pass #7 followed by output from pass #6 (output printed

plus punched cards if no load satmcation c,irvc required).

If there is card output from pass #7 a no load saturaticn curve

is required. Insert output Form #2 in typewriter and set margin.

Load pass #8 followed by saturation curve values* and output

from pass #7 (output printed).

* Saturation curves sre loaded in order shown on Input Form #i.

HA-18a



ALL INPUT PARAMETERS ARE IN FORMAT F7.0 f,FIG. 1)

io 10.

000000 |OeOO0
I 2 ) 4 5 i I $1011|2_1

111111 II1111

222222 !22222

333333 r33333

444444 444444,

555555 555555

666666 666666

777777 777777

888880 68888

999999 99999

5011

100.
000000

IIIII

22222

33333

44444

55555

66666

77777

88880

P999
17 10 II

.001 .I .01

GOOOOO tOOOO00 lOuO006

111111 111111 11111

222222 222222 22222,

333333, 33333 33333

444444 444444 44444

555555 5555555 55555

666666 866666 66666_

777777 7777777i 77777

99986888888889j 696688

_99999 3999_291399999

2_2425_i 9_31M3 _,_1531_3940_14

i0, 1.0 i lO00.
tOO0000 '60080{ 06000|

_ 44 45 4t, 47 U4| 0 51 5253 $4 _d e,_ || SO G; _ t

11111 1111111i1111 !

22222 222222222222

33333 333333 33333

44444 444444 r 4444
I

55555 555555f155555

66666 666666 66666

777777 777777 7777

888¢8 8888888 i868

J99999 9_99959 r9_99_ !
3,,,,.,, ,,, 9J9

FIG. 1

_o

0000061 006060000

111111 111111111

2222222 222222222

1333333 333333333

144444 444444444

i55555 555555555

;666656 6_6666666

7777777 777777777

889686 681688|88

9999999J 999999999

ALL SATURATION CURVE VALUES ARE IN FORMAT FIO. O (FIG, 2)
(ALL SATURATION CURVES MUST HAVE 5 CARDS)

690600600{
I _ ) 4 5 l / I |

II!i11111

222222222

333333333

444444444

555555555

666666666

777777777

881961813

999999999
I 2 3 4 $ I ? I I

.n_ SOl

lO, 1.

1669090000 '060OOOOO{

II11111111 11111111

_222222221 22222222

3333333333 33333333,

444444444 44444444

555555551 55555555

86666666 66666666

77777777 77777777

iliilSi8 IS)leSS8

100.
IO00000uOf

II!111111

222222222

333333333

|44444444

555555555]

66666666

77777777

|8888888

99999099! 999999999 99999999'

i0, .01

_60900900| 66000060

11111111 11111111

22222222 22222222:

33333333 33333333

44444444, 44444444

55555555 555555555

66666666 66666666J

7 77777777 777777777

lallilil lliiliil i
999999999 99999999

FIG. 2

iO000000000000000000

1111111111111111111

2222222222222222222

3333333333333333333

4444444444444444444

55555555555555555555

86666666666666666665

77777777777777777777

'llililllllllllllll81

9939999999959999999

HA-IRh



NON-SALIEhT WOUI_POLE GENERATOR

CALCULATION

NUMBER

(_6)

(68)

(28)

(153)

ELECTRICAL

SYMBOL

A_AaA_

A_

Ag
A

Acf

FORTRAN

SYMBOL

AC

GA

A

AS

(15)

(20)

(22)

(22)

(22)

(22)

(22)

(57)

(57a)

(91)

0O3)

(321)

B_ b

by

B

b
0

bI

b2

b3

bs

bt,m

btl/3

Bt

br

BrcL

Bpc

brh

BV

BK

BO

BI

B2

B3

BS

TM

SM

TE

BR

FDD

FD

BP,H

HA-19



CALCULATION
N_ER

(32)

_)

(?3)

(n)

(11a)

(12)

05)

(3)

(55)

ELECTRICAL

SYMBOL

B
rc

BpCL

,C t c

C

C
X

C1

%

Cp

C

Dj d.

d

d
r

D

%
ds

E

EpH

EFtop

HA-20

FORTRAN

SYMBOL

PDD

FD

CC

CX

CI

CW

CP

CM

DI

_R

DU

DB

DRS

EE

EP

ET



CALCULATION
NUMBER

ELECTRICAL
SYMBOL

FORTRAN
SYMBOL

(56)

(127)

(198)

(228)

EFBot

Ef

ed

_FT.

EB

EFNL

ED

EF

F, f

(Sa)

(96)

(97)

(98)

(127)

(180)

(X83)

(3X6)

(3_7)

(320)

(322)

f

Fg

FT

F
C

Fl_.

Fsc

F&W

F

pc
F

ro

FPC L

FrcL

F

FH

FT

AT

FN

FSC

WF

FA

FAI

F_

FXI

G, g

g

ge

GC

GE

HA-21



CALCULATION
NUNBER

(22)

(22)

(z2)

(22)

(22)

(22)

(22)

(24)

(37)

08)

(303)

(303)

Oo3)

(8)

(127a)

(182)

(237)

(2hi)

ELECTRICAL

SYMBOL

H, h

h o

h1

h2

h3

hs

ht

h
C

hs%

h'
st

h
r

%2

Il i

IpH

IFNL

I2RF

IFFL

FORTRAN

SYMBOL

HO

HX

HY

HZ

HS

HT

HW

HC

SH

SD

HR

HRI

HD

PI

FI

PR

FI

PR

HA-22



CALCULATI ON

NUMBER

(z)

(ga)

(16)

(19)

(h2)

(h3)

(_)

(61)

(63)

(67)

(3o8)

(13)

(zT)

(36)

(hs)

(hg)

(roT)

(161)

0o5)

OOSa)

ELECTRI CAL

SYMBOL

Ka k

KVA

Ki

k

K
sk

Kd

KE

Ks

Lz i

1

is

le2

it

itr

HA-23

FORTRAN

SYMBOL

VA

CK

RK

WL

FS

DF

CF

FF

EK

CC

RCC

i

SS

CE

EL

HM

FE

SI

ALR

AU_S



CALCULATION
NUMBER

(5)

(_)

(30)

(3_a)

(45)

(3O2a)

(6)

(9)

(23)

(25)

(300)

0oi)

ELECTRICAL

SYMBOL

m

m

NI n

rv

%

Nst

N'
st

ne

N
rc

P, P

Q, q

Q

q

Q,
r

HA-2_

FORTRAN

SYMBOL

PN

HV

SC

SN

SNI

EC

ANRC

FX

PF

QQ

QN

QIR

QR



CALCULATION

NUMBER

ELECTRICAL

SYMBOL

FORTRAN

SYMBOL

(7)

(53)

(15_)

(155)

R t r

R
pm

Rsph

Rsp h (hot)

RZ (cold)

Zf (hot)

RPM

RG

RP

FK

FR

(47)

(127c)

(lSz)

(176)

(i77)

(i?o)

(z79)

(304)

S_ s

S s

Scr

T_ t

T'do

%

T'
d

T"d

trs

S

CDD

SCR

TC

TA

T5

T_

TRS

(1_5)

V# V

V r VR

HA-25



CALCULATION

:WUMBF_

(184)

(1.85)

(1.86)

(282)

(2h3)

(50)

(z29)

(no)

(1.3z)

(z32)

(].33)

(1.5o)

(1.6o)

(z63)

(z66)

(1.67)

(_68)

ELECTRICAL

SYMBOL

WTNL

W
NPL

WTFL

WpFL

WDFL

X °C
s

X

Xi,

Xad

Xaq

Xd

XC°C

XDd

X'

X'
d

X"
d

FORTRAN

SYMBOL

ST

WQ

WN

ST

PP

DL

T1

XR

XL

XD

XQ

XA

TZ

XF

X1

XU

XS

XX



CALCULATION
NUMBER

ELECTRICAL
SYMBOL

FORTRAN
SYMBOL

X2

Xo

XN

XO

(31) Y YY

(26)

(2?)

(_o)

TsZ/)

Tsk

rp

TS

TT

SK

TP

(62)

(?Oc)

(31Zo)

(332)

(333)

hi

AE

Ars

AF

PC

EW

AG

XRS

XF

XFI

HA-2?



CALCULATION
NUMBER

(88)

(92)

(311)

(312).

(312a)

(313)

(318)

(51)

(151)

(198a)

(187)

(ls8)

(la9)

(19o)

(191)

ELECTRICAL

SYMBOL

@PcL

P

49-

K

KI

K2

5

K5

K6

FORTRAN

SYMBOL

TG

FQ

PGP

UX

GZ

TF

GL

RS

RR

AN

DI

D2

D3

D5

D6

HA-28



C PASS I NON-SALIEIIT WOUND-POLE GENERATOR

DIMENSION DA(8),DX(6),DY(8),DZ(B)

I FORMAT(E11.5,E11.5,EI1.5,E11.5,E11.5,E11.5)

2 FORI4AT(F7.O,FT.0pF7.OpF7.O,F7.OpF7.0,F7.OpF7.0,FT.0pF7.0)

33 READ2,VA, EE,EP,PNpF,PX,RPM,PIpPF_POL

READ2,DIsDU,CL_HVpBV,SF,WLpBK_ZZ,BO

READ2pBI,B2,B3,BS,FIOpFIX_HYjHZpHS,HT

READ2,F4WpQQ_WpRF,SC,YY,CpDW, SN,SNI

READ2,DWIpDBpCEpSIIpSD,PBA,SK_TI,RS_GC

READ2,CI,CW, CPpEL_CMpTPR_QIR_QR,ANRCjWO

READ2pHD_IIRI,BR,FIR_TRS,ALRpRK,DRpDRSpBRH

READ2,WR,DI,PT,FE,RD,RT,T2,RRpSNL,WF

SS:SF*(CL-HV*BV)

HC:(DU-DI-2.0*HS)*O.5
°

IF(HC-.7*HS)33,5,5

5 QN=QQ/(PX*PN)

TS:3. 142-D I/QQ

IF(ZZ-4.O)29,30,29

29 TT=(O.667*HS+DI)*3.142/QQ

GO TO 31

30 TT:3.1416*(DI+2**HO+I.32*BS)/QQ

31 IF(ZZ-I.O)6,6,7

6 BO:BS

CC:(5.0wGC+BS)*TS/((5.O*GC+BS)*TS-BS*BS)

GO TO 8

7 QC=(4.44*GC+O.75*BO)*TS

CC:QC/(QC-BO*BO)

8 CS=YY/(PN*QN)

TP:3.142*DI/PX



11

36

37

IF(SK)32,32,92

32 FS=I.O

GO TO 34

92 FS=Sl N( 1.571*SK/TP)*TP/( I. 57 I*SK)

34 1F(PBA-60.)9,9, I0

9 D=I.0

GO TO 95

10 D=20.

95 I=QN

U=I

IF (QN-U)36,36_,35

35 U=PX*PN

XX=U

N=U

DO 11 K=lmN

Z=U/XX

I=Z

Zl=l

IF(Z-ZI) 12= 12, 11

12 ZY=QQIXX

I =ZY

ZI=I

IF(ZY-ZI)37,37,11

XX=XX-1.

ZY=QN

DF=SIN(1.571*D/PN)/(ZY*D*SlN(1.571/(PN.Zy)))

CF=SIN(YY*t.S71/(PN*QN))

EC=QQ*SC*CF*FS/C

DT=DWI



13

IF(DT

AC=O.

) 13,13,14

78 5*DW*DW*S N I

GO TO 24

14 ZY=O.O

DA(1)=O.05

DA(2)=0.072

DA(3)=O. 125

DA(4)-O. 165

DA(5)=0.225
.,

DA(6)=0.438
..

DA(7)=0.688

DA(8)=I.5

DX(I)=0.000124

DX(2)=0.00021

DX(3)=0.00021

DX(4)=0.00084

DX(5)=0.00189

DX(6)=0.00189

DY(I)=0.000124

DY(2)=0.000124

DY(3)=0.00084

DY(4)=0.00084

DY(5)=0.00189

DY(6)=0.00335

DY(7)=0.00754

DY(8)=O.03 020

DZ(1)=0.000124
.,

DZ(2)=0.000124

DZ(3)_0.000124

HA-RI



°.

DZ (4)=0.00335

DZ (5)=0.00335

DZ (6) -0. O0 754

DZ (7)=0.0134.

DZ (8),=0.03 02

93 1F (DT-.05) 94, 94, 15

15 JA=O

JB-O

JC=O

JD--O

16 JA_-JA+I

JB=JB+I

JC-JC+I

JD=JD+I

IF(DT-DA(JA)) 17, 17p 16

94 D=O

IF'(ZY)23p23p27

17 IF(DW-O.188) 18, 18, 19

18 CY=DX(JB-1)

CZ=DX(JB)

GO TO 22

19 1F (DW-0.75)20,20,21

20 CY=DY(JC-1 )

CZ=DY(JC)

GO TO 22

21 CY=DZ(JD-1)

CZ=DZ (JD)

22 D=CY+(CZ-CY)*(DT-DA(JA-I))/(DA(JA)_DA(JA_I))

IF (ZY)23,23,27



23

24

25

26

27

28

AC=(DT*DW-D)*SNI

IF(RT)25,25,26

AS=O.785*RD*RD

GO TO 28

ZY=I .O

DT=RT

DW=RD

GO TO 93

AS=RTWRD-D

S=PI/(CWAC)

PUNCHI_VAjEEpEPpPNpFpPX

PUNCHIpRPI4pPI,PFjPOLpDI

PUNCHIpDUtCLpSSpIICpSFpQN

PUNCHIpWLpBKmZZjBOpBIpB2

PUNCHI_B3,BSjHOpFIXpHYpHZ

PUNCHIpHS_HTpHW_QQpW,RF

PUNCHI,SCjYYsCpTS,SN,DB

PUNCHIpCEpSH,SD,TTpSKpTI

PUNCHIgRSpGC_CIpCW,CPpEL

PUNCHIpCF4pTPRpQIRgQRjBRpHR

PUNCHIpTRSpALRpDR_RKpCCjWR

PUNCHIpDIpWOpHD,HRIpANRCpDRS

PUNCHI,BRHpPT,FEwRDpRTpT2

PUNCHIpRRpSNLpWF,CSpASpFS

PUNCHIsTPpDFjCFpEC,AC_S

PUNCHIjPBA

PAUSE

END

HA-33



C PASS 2 NON-SALIENT WOUND-POLEGENERATOR

I FORMAT(EI1.5,E11.5,EII.5,EII.5,EII.5,EII.5)

3 FORMAT(gX FI2.5,2X F12.5)

READ1, VA, EE,EP,PN,FpPX

READI,RPM, PIsPFwPOL,DI

READI_ DU,CL,SSpHC,SF,QN

READ1, WL,BK,ZZ,BO,BI_B2

READI, B3pBS,HO,HXpHYpHZ

READI, HS,HT,HW,QQ,W,RF

READI, SC,YYpC,TS,SNpDB

READIj CE,SH,SD,TTpSKpTI

READI,RS,GC,CI,CW,CP,EL

READI,CH,TPRpQIR,QRpBR,HR

READIpTRS,ALR,DR,RKpCC,WR

READI,DI,WO,HDpHRI,ANRC,DRS

READI,BRHpPTpFE,RDpRT,T2

READI 9 RR,SNL,WF,CSpASpFS

READI, TPmDF,CFpEC,ACpS

READI,PBA

GA=3.142*DI*CL

AG=6.38WDI/(PX*GC*CC)

ALP=QR/QIR

X=BR**2

IF(BR-WO)41,42,41

42 RCC=TRS*(5.*GC+BR)

RCC=RCC/(RCC-X)

GO TO 43

41RCC=TRS*(4.44_GC+.75*BR)

RCC=RCC/(RCC-X)



43 X=1.5708*ALP
.

I F (TPR-1 .)47,48,4-7

48 GE=CC*GC

C 1= (COS (X)*( (RCC- 1. )/RCC) +(.6366/(RCC*ALP) )*SI N(X) )'1.27

CP=I .-AL P+AL P / ( 2. *RCC)

CFA= 1 .-ALP+ALP/(3..*RCC )

GO TO 63

47 GE=RCC*CC*GC

CI=(.8105/ALP)*SIN(X)

CP=I .-ALP/2.

CFA=I o-2.*ALP/3.

63 CH=I.23*ALP/SI N(X)

44 IF(CW)45,45,46

45 CW=O. 7 O7*EE*C I*DF / (EP*P N)

46 TG=6OOOOOO.O*EE/(CW*EC*RPM)

BG=TG/GA

FQ=TG*CP/PX

IF (ZZ-3.O)49, 50,51

49 SM=TT-BS

GO TO 53
.

50 SM=(3.I416*(DI+2.*HS)/QQ)-B3

GO TO 53

51 IF (ZZ-4.O)50,52,49

52 SM=TT-. 94*BS

53 TE=TG/(QQ*SS*SM)

BX=O. 5*FQI (HC*SS)

IF(EL) 54,54,62

54 IF(RF) 55,55,61

55 IF(PX-2.0) 56,56,57

HA-35



56

57

58

59

60

61

62

U=1.3

GO TO 60

IF(PX-4.0) 58,58,59

U=1.5

GO TO 6O

U=1.7

EL=3.142*U*YY*(DI+HS)/QQ+0.5

GO TO 62

EL=2.O*CE+(3.142*(O.5*HX+DB))+(YY*TS*TS/(SQRT(TS*TS-BS*BS)))

HM_CL+EL

RY=SC*QQ*HM/(PN*AC*C*C)

RX-RS*O.OOOOOI

RB- (T I+23 4.5) *0.003 94*RX

RG-RX*P,Y

RP-RB*RY

A-PI*SC*CF/(C*TS)

XR=.O707*A*DF/(CI*BG)

PRINT3pSS_CCoHCBGA_TSsAGmTTpGEgFSICIsDFpCWpCFgCPpEC_ELpACpCM

PUNCH1pVApEEpEPpPNpFpPX

PUNCHlpRPMpPIpPFpPOLpDI

PUNCHlpDUpCLpSSpHCpSFpQN

PUNCHIpWLpBKpZZpBOpB1pB2

PUNCHlpB3_BSpHOpHXmHYgHZ

PUNCHIpHSpHTpHWpQQsW_GE

PUNCHI_SCjYYpCpTSjBG_TG

PUNCHI_FQjTEpBXpTTpHM_SM

PUNCHIpRGpGCpRP,CIpCWpCP

PUNCHI_ELpCMpTPRpQIRpQRpBR

PUNCHIpHRBTRSpALRpDRpRKpCC



PUNCH| pWRpD| pWO_HDpHRI_ANRC

PUNCH| •DRS•BRHpCFApPT•FE_RD

PUNCH1 •RTpT2pRRpSNLpWFpCS

PUNCHlpASpSFIpTPpDFpCFpSN

PUNCHlpACpSpAG•ApSHI, SD

PUNCHlpRBpXRpPBA

PAUSE

END

1"[.a,-37



C PASS 3 NON-SALIENT WOUND-POLE GENERATOR

I FORMAT(EII.5,E11.5,E11.SpEII.SpEII.5,E11.5)

3 FORMAT(gX FI2.5,2X F12.5)

READI, VA, EEpEPpPNjFpPX

READIpRPMpPI pPFpPOL,DI

READI, DUpCLpSSjHCpSFpQN

READI, WLpBKpZZpBO,BIpB2

READ|, B3pBSpHOpHXpHY,HZ

READI, HSsHT,HWsQQpW,GE

READI, SCpYY,CpTS,BGpTG

READI, FQpTEpBX,TTBFtt4, SH

READ1, RG_,GC,RPpCI pCWpCP

READ 1,EL,CM,,TPR,,Q1R,QR, BR

READ lpHRj, TRSpALRpDR,RKpCC

READ IpWR,DI,WOpHDwFIRIgANRC

READ IjDRSpBRHpCFA, PTpFEpRD

READ I,RTpT2,RRpSNLpWFsCS

READ I,AS,SH,TPpDF,CFpSN

READ IpACpSsAGpA,SMpSD

READI pRBpXR 9PBA

IF(SH)37,38_40

38 ET=I

EB'=I

GO TO 39

40 AA..O.SB4+(SNWSN-I .O)*O.0625*(SD*CL/(SH*FIM))*2.0

AB-(SH*SC*F*AC/(BS*RB*1000000. O) )*'2.0

ET..AA*AB*Q. 0033 5+ I. O

EB.=ET-O. OO 168*AB

IF (ZZ-5. )350,351,350

_ I.IA-3B



351 FF..I.O

GO TO 75

350 IF (PBA-60.)352,353,352

353 IF(CS-.667)354,355,355

355 D=.75

Z-.25

GO TO 74

354 D=I .5

z=-.25

GO TO 74.

352 1F (CS-.667)356,357,357

357 FF=.75

GO TO 75

356 D,.I.2

Z--.05

74 FF-,D*CS+Z

75 CX=FF/(CF*CF*DF*DF)

Z=CX*20.O/(PN*QN)

BT=3. 142-D I/QQ-BO

zA=BT*BT / (16. O*T SwGC )

ZB=O.35*BT/TS

ZC=HO/BO

ZD=HX*O.333/BS

Z E=HY/BS

IF (ZZ-2.O) 76,77,78

76 PC=Z* (ZE+ZD+ZA+ZB)

GO TO 82

77 PC=Z*(ZC+(2.0*HT/(BO+BS) )+(HW/BS) +ZD+ZA+ZB)

GO TO 82

IIA-39



78

79

80

81

82

I F (ZZ-4.O) 79,80,81

PC=Z* (ZC+(2. O*HT / (BO+B I) )+( 2oO_vHW/(B I+B2 ))+ (HX*O. 333 IB2 )+Z A+Z B )

GO TO 82

PC=Z* (ZC+O .62.)

GO TO 82

PC=Z* (Z E+ZD+ (0.5*GC/TS) + (0.25"T S/GC )+0.6 )

EK=EL/( 10. 0"* (0.103*YY*T S+O. 402) )
..

IF(DI-8.0) 83,83,84

EK=SQRT (EK)

ZF=.612*LOG(I O.O*CS)

EW=6.28*EK*ZF*(TP** (0.62- (0.228*LOG (ZF) )) )/ (CL*DF*DF)

XL= (PC+EW)*XR

XD=XR*AG*C I*CM

WC= O. 3 2 l*S C*QQ*AC*HM

PRI NT3, S, A,HH, XR, RG, XL, RP, XD

PUNCH I•VA, EE, EP, PN, F pPX

PUNCH I,RPH, P I, PF, POL,D I

PUNCHI ,DU,CLpSS,HC,PC,QN

PUNCH I, WL, BK, ZZ, BO, XD

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCHI

PUNCH1

PUNCH1

,XR,BS,XLsHX,HY,HZ

=HSpWC,AC,QQ,W, GE

,SC,YY,C,TS,BG,TG

=FQ=TEpBXpTT=EW,AG

,RG,GC,RP,CI,TP,CP

,DFpCMpCFA,TPR,QIR,QR

,HR,TRS,ALR,EB,DR,RK

,CC,WR,DI,WO,HD,HRI

,ANRC,DRS,BRH,PT,FE,RD

,RT,T2,RR,SNL,WF,CS



PUNCH1 ,AS, ET, SI4,BR_,CF

PAUSE

END

TT, | 'I



C PASS 4 NON-SALIENT WOUND-POLE GENERATOR

I FORMAT(EII.SpEII.5,EII.5,EII.5,EII.5,E11.5)
w

3 FORt.JAT(_._(_J2.Sp2X F12.5)

READIt VApEE,EPpPN,F,PX

READIjRPt4,PI,PF,POL,DI

READI, DU,CL,SSpHCpPCjQN

READIs WLmBK,ZZ,BOpXD

READIp XRpBSpXLpHXpHYpHZ

READI, HS,WC,AC,QQ,WsGE

READI, SC,YYpCpTSpBGpTG

READI, FQpTE,BX,TTpEWpAG

READI, RGpGC,RP,ClpTP,CP

READ I,DFpCMpCFApTPR,QIR,QR

READ IpHR_TRS,ALR,EB,DR,RK

READ IpCCpWRpDI,WOpHD,HRI

READ I,ANRC,DRS,BRH,PT,FE,RD

READ IpRT,T2pRR,SNLpWF,CS

READI,AS,ET,SM, BR,CF

ZA=3.1416*(DI+HS)/QQ

IF (ZZ-3.0) 88,89,88

88 TM=ZA-BS

GO TO 90

89 TM'=(3.14|6*(DI+2.*HS)/QQ)-B3

90 W I: (T_*QQ*SS*HS+ (DU-HC) *3.142*HC*SS )*O. 283

AN,=O. O

IO0 AN=AN+O. 005

AL,=COS (AN)

IF(PF-AL) IOO,|OO, 101

101 VR=O.262*DR*RPM



103

1 02

104

108

FH=BG*GE/0 .O031 9

ZG=PT*PX*F E*O. 0OOO01 /AS

FK--RR*ZG

FR.:(T 2+23 4, 5) *F K*O. 003 94

RC=O. 3 2 I*PT*PX*F E'AS

XA-XL+XD

X=I 2.76-P X/QR

Y=.35*(TRS-WO)/TRS+GC/(2.*TRS)

IF (WO-BR) 102, 103 p102

XRS= (HD/BR+HRI/(2.*BR)+Y)*X

GO TO 1 04

XRS= (HD/WO+2 .* (HR-HR 1-HD )/ (WO+BR) +fIR1/ (2. *BR )+Y )*X

EWR-T P* (T P* (6.6756187 E-4*T P-3.056 0938E-2)+.66201215) -. 10576361

EWR:EWR*6.28/ALR

XF 1--EWR+XRS

XF.:XR*CI_t*C M*XF 1"4./3.1416

S I: (PT*PT*PX*ALRI I. E+8)*( (CFA*3.1 9*TP/GE) +XF I)

XZ=(3.1 9*PXID I)* (GC+. 47*SQRT (400. IF)+HD)*XR

XU=XL+XF* (XD/( XD+XF ))

XS=0.88*XU

XX=XL+XZ

XN:XX

XB=XA

TC:S I/FK

RA,=P N*P I *PI *RP*O. O01/VA

T A=XN/(6 28.4*F*RA)

T5:,XS*TC/XA
..

IF (F-60, O) 10891 08, 109

T4=0.035

ml-_3



109

110

111

112

GO TO 110

T4=0.005

IF(WF)111,111,112

WF=DR**2.5*(RPM**1.5)*ALR*O.OOOO0252
d

WQ=(DU--HC)*I.42*HC*SS*(BX/BK)**2.O*WL

WT=(SM)*QQ*SS*HS*O.453*(TE/BK)**2.O*WL

PRINT3,ET

PRINT3pE.B,XA_PC,XF,EW,SI,WCsXU,WI,XS

PRINT3,XRS,XX,AS,XN

PUNCHI,VA, EE,EP,PN,F,PX

PUNCH|,RPI_,PIjPF_POLpDI

PUNCHI,DU,CL,SS,HC,PC_QN

PUNCHI,WL,BK,ZZ,BO, XD,XR

PUNCH|_BSpXRSpHX,HY,HZsHS

PUNCHI,BR,AC,QQ,W,GE,SC

PUNCHI,YY,C_TSpBG,TG,FQ

PUNCHI,TE,BX,TT,EW,AG,RG

PUNCHI,GCpRP,CI,TPR,QIR,QR

PUNCHI,HR,TRS,ALR,DF,CF

PUNCHI,FH,HRIpANRC,DRS,BRH,XZ

PUNCHI,EB,DR,RK,CC,WR,DI

PUNCHI,WO,TC,PTpVRmRD,RT

PUNCHIjWTjWQ, SNL,WFpCS,AS

PUNCHI,ET,FK, FR,XA, XB,T5

PUNCHI,T4,AN,AL,RC,TA, HD

PAUSE

END



C

3O4

303

113

114

115

3O5

PASS 5 NON-SALIENT WOUND-POLEGENERATOR

I FORMAT(E11.SpEII.5,EII.5,EII.5pEII.5,EI 1.5)

3 FORMAT(gX FI2.5,2X F12.5)

READIp VApEE,EPpPNpFpPX

READI,RPMpPIpPFpPOLpDI

READIp DUpCLpSS,HCpPCpQN

READ 19WLpBKpZZpBOpXDgXR

READ IsBSsXRSsHXjHYgHZpHS

READ IpBRsACpQQjW,GE_SC

READ IpYYICpTSsBGpTGpFQ

READ IpTEpBXsTTpEWpAGpRG

READ I,GCgRPpCIpTPR_QIRpQR

READ IjHR_TRSpALRpDFpCF

READ I,FHIHRIjANRCpDRSpBRHpXZ

READ IpEBpDRpRKpCCpWR_DI

READ IpWOpTCpPTpVRpRDpRT

READ IpWTpWQpSNLpWFgCS_AS

READ IpETpFKpFRsXAsXBpT5

READ IpT4pANpALpRCsTApHD

GT=BO/GC

IF(GT-I.O)304,304,303

AA=2o6

GO TO 115

IF(GT-3o75)II3,114pII4

AA=IO.O**O.178/((GT-I.0)**0.334)

GO TO 115

AA_I0.O**O.II/((GT-I.0)**0.174)

GF=AA*PI*SC/(C*FH)

IF(SC-1.O)121p121p122

EA-_5



121 AX=I o0

AY= 1,0

GO TO 125
°.

122 AX=3.0*YY/(PN*QN)-2.0

IF (CS-0.667) 123,124p 124

123 AY=I.5*YY/(PN*QN)-O.25

GO TO 125

124 AY,.o 75_vYY/(PN*QN)+O. 25

125 IF(WR) 126p 127p 126

127 IF(TPR-1.)BSpB6p85

85 X=QIR

GO TO 87

86 X:QR

87 WR=. 238- (3.1416* (DR-HR) -X*BR )*ALR*IIR*R K

HRC 1:,(DR-2 .*HR-DRS)/2°

WR:WR+. 89 =v(DRS+HRC I)*HRC I*ALR*RK

126 IF(W) 130, 13Op 131

130 XO=O. O

GO TO 132

|31 AA-(2. O*HZ+HX) "I .6 / (PN*QN*CF*CF*DF*DF*BS )

XO= ((PC+XZ)*AX/AY+AA+O. 2*EW)*XR

132 D2=BG**2.5"O. 000061

D3.,(O oO 167*QQ*RPM) *'1.65"0.0OOO I5147

IF(TS-0.9) 133,133_134

133 D4,.TS**1.285*O.81

GO TO 137
..

134 IF(TS-2.O)135j135p136

135 D4--TS**1.145*0.79

GO TO 137



136

137

138

139

140

141

142

143

144

148

145

146

147

D4=T S_*O. 79"0.92

D7=BO/GC

I F(D7-1.7) 138,138,139

DS-D7**2.31-0.3

GO TO 144

IF(D7-3.0) 140,140,141
..

D5=D7*'k2.0"0.3 5

GO TO 144
..

IF (D7-5.0) 142,142,143

DS=D7** 1.4*0.625

GO TO 144

D5=D7**O. 965_I .38

D6=I O. 0"*(0. 932"C I-I .606)

BA=3.142"D I*CL

WN=D I*D 2*D3*D4*D 5*D6*BA

UY=XRS*ALR*RK/I 000.

AA=WO / (GC*CC)

VT=O

IF (AA) 14.8,147,148

I F (AA-.65) 145,145,146

VT=LOG ( I O. O*AA) * (-0.242) +O. 59

GO TO 147

VT=O. 327- ( AA*O. 266)

UZ= (DU-HC)*O. 785 O/PX

EZ=(ET+EB)*O.5-1 .O

AA=P N*p I *P I

PU=AAWRG

PV=AA*RP

VV-EP*P I *PF*. 003



FSC=XA*FH*O.O|

PRINT3pFKgXOpFR_TGpRCsFQ_WRpBGpVRpTEsTC_BX

PUNCHIpVApEE_EPpPNpF_PX

PUNCHlpRPHpPF_PFsPOL_BO

PUNCHIIGC_DRpPTpTS,T4,WO

PUNCHIpGFmVTjSNLpTSpCC

PUNCH|pBGpFKpTPRpQ|RpQRjHR

PUNCH|pTRSpALRpTGpTEpBXpFR

PUNCHI_XDpFHpHR1pANRCpDRSpBRH

PUNCHI_WQsWT_AN_ALpXApWF

PUNCHI_AS_HSj GEpXB_WN

PUNCHlsUYsUZ_EZpPUjVVpFSC

PUNCH|_PVpHDpXRSjBRpRKjTA

PAUSE

END



C

890

893

PASS 5A NON-SALIEHT WOUND-POLE GENERATOR

DIMENSION GX(4),YA(4),ED(4)

I FORMAT(EII.5pEII.SpEII.5,EII.5,E11.5,E11.5)

READI_VA, EE_EPpPH_FpPX

READ IpRPHpPI_PFpPOLpBO

READ I,GC,DR_PT,T5pT4,WO

READ IpGFpVT_SNL_TSpCC

READ IpBGjFKpTPRpQIRpQRpHR

READI_TRSpALRpTGpTEpBX_FR

READ IpXDpFHjHRIpANRCpDRS_BRH

READ IpWQpWTpANpAL_XAsWF

READ IpASpHSp GEpXBsWN

READ IpUYpUZpEZpPU_VVpFSC

READ IpPVpHDpXRSpBRpRKpTA

BP=(3.1416*(DR-HR)/PX)

Y=QIR-QR+PX

IF(TPR-1.)890p891,890

891BP=BP*(Y/QR)-BR

GO TO 893

BP=BP*(Y/QIR)-(ANRC+I.)*BR

ALRS=ALR*RK

API=BP*ALRS

AP2=(DR-2.*HR-DRS-2.*BRH)*ALRS

PGP=((QIR-QR+PX)/QIR)*TG/PX

ALRCL=(3.1416*(DRS+(DR-2.*HR-DRS-2.*BRH)))/(4.wPX)

YA(1)=IO0.

YA(2)=.66.66667

YA(3)=50.

IF(POL)310,320,310



320

310

330

99

213

820

821

822

ED(4)=O

GX(4)=O

JA=,3

GO TO 330

YA(4)=I O0./POL

JA-4

DO 99 K-I•JA

AA-AT AN ((XB/YA(K) +S IN (AN))/AL)

BB=AA-AN

ED (K) =XA*S IN(AA)/YA(K) +COS (BB)

GX(K.)=PGP

IF (POL)820•821•820

A J=4.

GO T0822

AJ=3

PUNCHI•GX(1) •GX(2) •GX(3) •GX(4),AJ

PUNCH1 •ED(1 ),ED(2),ED(3) •ED(4)

PUNCH1 •VA, EE•EPpPN•F,PX

PUNCHI•RPH•PI •PF,POL

PUNCH1 •BO•GC•DR•PT

PUNCH!,T5•T4,WO•GF•VT•SNL

PUNCH| •TS•CC,BG•FK•TE•BX

PUNCHI•FR•XD•FH•ALRS•AP!,AP2

PUNCH 1 • PGP • ALRCL, XRS • HRpWQwWT

PUNCH1 •AN,XApWFwAS,HSwGE

PUNCHI,XBjWN•UYjUZ•EZpPU

PUNCH1 •VVpFSC, PVpFtD•TA

PAUSE

END

 -5o



I

888

3

4

823

199

PASS 6 NON--SALI ENT _'IOUND-POLE GENERATOR

DIMENSION GX(4),GZ (4),GL (4),FD(4),FDD (4), FB (4), ED(4)

DIMENSION FI(5),EF(4),CD(4),AI(60)

FORMAT(EII.5,EII.5,EII.5pEI I.SpEII.5,E11.5)

FORMAT(FIO.OpFIO.O_FIO.OpFIO.OpFIO.O,FIO.O)

FORMAT(gX FI2.5,2X F12.5)
r

FORMAT (FII.3pBX FII.3pFII.3_FII.3pF11.3)

K=I

READ888,AI (K),AI (K+I),AI (K+2),AI (K+3) wAI (K+4),AI (K+5)

K=K+6

IF (K-59) 823 p 199, 199

READI,GX(1),GX(2),GX(3),GX(4),AJ

READI,ED(1),ED(2),ED(3),ED(4)

READI_VApEEpEPjPNpFpPX

READI pRPHpPI pPFp POL

READ IpBOpGCwDRpPT

READ I_TSjT4pWOpGFpVTpSNL

READ IpTSoCCoBGwFKpTEpBX

READ IpFRsXDsFHpALRSpAPIpAP2

READ I,PGPpALRCL,XRS,HRpWQpWT

READ I_AN_XApWFsASIHSpGE

READ IpXBpWNpUYpUZjEZpPU

READ IpVVpFSCsPVpHDtTA

LA._I

DO 950 K-Ip4

GZ(K)-O

GL(K)-O

FD(K)=,O

FDD(K)-O



FB(K)-O

FI (K)=O

CD(K)=O

950 EF (K)=O

FI(5)=0

LOAD=I.

NA=I

K=I

X=BX

GO TO 802.

803 AT=UZ*Y

NA=I

K=2

X=TE

GO TO 802

804 FT=HS*Y

SA-F T+AT

UX= (SA+FH) *UY

TF=PGP+UX

PD-TF/API

NA=31

K=3

X=PD

GO TO 802

805 FA=HR*Y

PDD=TF/AP2

X=PDD

NA=3 1

K=4

HA-52



806

221

807

808

840

GO TO 802

F A1 :ALRCL*Y

F N:S A+F A+F H+F A 1

SCR=FN/FSC

PRI NT3, TA9 FT,T5, AT,T4,FH,FSC

FORHAT (gX F12.51)

PRI NT221,SCR

JA= AJ

LA=2

DO 840 M"I,JA

GZ (M)=( (I.O+PF )*FT+AT+(FH_ED (H)) )*UX/(FH+SA)

GL (M) =GX (I'4)+GZ (l"i)

FD (M)=GL (M)/API

K=5

NA=31

X=FD (M)

GO TO 802

FX:HR*Y

K=6

NA.=31

FDD (M) :GL (H)/AP2

X:FDD (M)

GO TO 802

FX 1=ALRCL*Y

F B (M) = (I. O+PF)*FT+AT+FX+ED (M)*FH+F X I

F I(M+I)=FB (M) IPT

EF (M)--F I (M+I)*FR

CD (M)-F I(H+I)/AS

CONT INUE



802

831

835

833

834

F I(I)=FN/PT

CDNL=F I(1)/AS

EFNL=F I

PR

PR

PR

PR

PR

PR

PR

(1)*FK

NT4,UX=GZ(1),GZ(2)

NT4,TF=GL(1),GL(2)

NT4,PD,FD(1)pFD(2)

NT4,PDD,FDD(1),FDD

NT4,FN,FB(1),FB(2)

NT4,FI(1),FI(2),FI

NT4, CDNL,CD(1),CD(

,GZ(3),GZ(4)

,GL(3),GL(4)

,FD(3),FD(4)

(2),FDD(3),FDD(4)

,FB(3),FB(4)

(3),FI(4),FI(5)

2),CD(3),CD(4)

PRI NT4,EFNL,EF(I),EF(2) ,EF(3),EF(4)

PUNCHI,FI(I),FI(2),FI(3),FI(h),FI(5)

PUNCHIpEPpPNpFpPX,WQ,WT

PUNCHIpBOpGCpPOLpIISpPGP

PUNCHIpFKpFRpWOpGFpVTgSNL

PUNCHIpTSpCCpBGmAPIjAP2pHR

PUNCHIpALRCL,TEpBXpFHpXA

PUNCHI,WF,WN,UY_UZ_EZ,PU

PUNCHI,VV,PV,HD

PAUSE

IF(AI(NA)-X)830,831,831

NA=NA+3

IF(AI(NA)-X)833,834=834

NA=NA+2

GO TO 835

AA=AI (NA)

BBI=AI(NA-2)

DC=AI(NA+I)

D=AI (NA-I)

_A-_



XX= (AA-BB I ) / (. 4.3 4.3"._( LOG (DC)-LOG (D+. 0001 ) ) )

Y=AA-XX*. 4.3 4-3*LOG (DC)

Y:EXP (2.3 06*(X-Y) IXX)

GO TO (838,83-9),LOAD

838 GO TO (803,804,805,806,807,808),K

839 GO TO (236,,237,238),K

830 GO TO (836,840),LA

836 PRI NT850

850 FORMAT(17HHACHI NE SATURATED)

PAUSE

END



178

PASS 7 NON-SALI ENT WOUND-POLE GENERATOR

DI MENS IONPR(5),F I(5), PS(5),G (5) ,PP(5), EX(5), ST (5),VA(5)

DIMENSION P(5), E(5), PM(5), SP(5)

I FORMAT(EII.5,EII.SpEII.5,EII.5,EII.5,E11.5)

4 FORMAT (FII.3,SX FII.3,FI|.3,FII.3,F11.3)

READ I,FI(1),FI(2),FI(3),FI(4),FI(5)

READ IpEPpPN_FpPX,WQpWT

READ IpBOpGCpPOL,HSsPGP

READ I,FKpFR,WOsGF,VTpSNL

READ IpTSpCCpBGpAPIBAP2sHR

READ I,ALRCL,TE,BX,FII,XA

READ I,WF,WN,UY,UZ,EZ,PU

READ I,VV,PV,HD

G(1)=O

G(2)=1

G(3)=1.5

G(4)=2.

G(5)=POL

PW=PU

FW=FK

DO 183 M==Ip5

UA=G(M)

PR(M)=FI (M)*F I(M)*FW

I F ( F I (M) ) 1 98, 197,198

198 PS (M) =PW*UA*UA

X=WF+WQ

GM =(GF*UA)_r*2.O+I .O

ST (M) = (2 .O* (O. OO27*XA*UA) ** I. 8+I. O) *WT

VA(H)=VV*UA



181

184

185

186

183

190

191

1 97

PP (M)=GM *WN

EX (M)=EZ*PS (M)

SP(M)=PP(M) +PR (H) +PS (M) +EX (H) +ST (H) +X

P (M)=(SP(H)/I O00.)+VA(M)

IF (GM) 185a 184_ 185

PM(M)=O

E(M),,O

GO TO 186

PM(M)= (SP (M)/P(M) )*. I

E (M)= 100. O-PM(M)

FW=FR

PW=PV

PR I NT4., PR(1), PR(2), PR(3),PR(4), PR(5)

PRI NT4p WFpWF_WFp_,'IFpWF

PRINT4, ST(1),ST(2),ST(3),ST(4),ST(5)

PRI NT4, WQ,WQ,WQpWQ,WQ

PRINT4p PP(1),Pp(2),Pp(3)wPp(4),Pp(5 )

PRI NT4, PS(1) 9pS (2) ppS (3) pps (4),PS (5)

PRINT4p EX(1)_EX(2)pEX(3)pEX(4),EX(5)

PRINT4p SP(1)_SP(2)pSP(3)pSP(4),SP(5)

PRINT4p VA(I),VA(2),VA(3)pVA(4).VA(5)

PRI NT4p P(1) pP(2) pp(3) Bp(4) _p(5 )

PRI NT4_PM(1),PM(2) jPM(3),PM(4)pPM(5)

PRI NT4p E(I) pE(2) pE(3),E(4) pE(5)

IF(SNL) 191p 191p 190

PUNCH1pFHpTEpBXsUZpUY,AP1

PUNCH 1 BAP2 _ALRCL j I'tRp PGP pHS pEP

PAUSE

PS(M)-O

I{ -57



GM=O

ST(M):O

X=O

VA(M)=O

GO TO 18!

END



C PASS 8 NON-SALIENT WOUND-POLE GENERATOR

DIMENSION AI(60)

I FORMAT(E11.5,E11.5pE11.5pEI 1.5pE11.5pE11.5)

888 FORMAT (FIO.O,F I0.09FI0.O_ FIO.OpF IO.O,F I0.0)

K=I

823 READ888pAI (K)_AI (K+I)pAI (K+2)pAI (K+3),AI (K+4)mAI (K+5)

K=K+6

I F (K-59) 823,234,234

234 READ I jFHgTEsBXjUZpUYpAPI

READ |gAP2sALRCLjHRpPGP_HSpEP

LOAD=2.

LA=I

US=0.7
..

235 UB=UB-I-O. 1

V=I. 73 2'_EP*UB

FG=FH*UB

TD-TE*UB

BC=BX'kUB

K=I

NA= I

X=BC

GO TO 802

236 AT=UZ*Y

K=2

NA= I

X=TD

GO TO 802

237 FT=Y*HS

SA=FT+AT

ca,-59



F

L

238

239

246

247

245

8O2

831

835

833

834

UX=(FG+SA)*UY

TF=PGP+UX

PD=TF/API

NA=31

K=3

X=PD

GO TO 802

FA==HR*Y

PDD=TF/AP2

X==PDD

NA=31

K-4

GO TO 802

FA I=ALRCL*Y

FN-SA+FA+FH+FAI

FORMAT (FI 2.5,F 12.5jF12.5,F 12.5,F 12.5,F 12.5//)

FORMAT(FI2.5pF 12.5pFI2.5,F 12.5,FI 2.5,F |2.5)

PRI NT247pVpFG_TDs FTs BCp AT

PRI NT246pSApUXpTFp PDm PDDp FN

IF(UB-I.6) 235p245,245

PAUSE

IF(AI (NA)-X)830_831 p831

NA-NA+3

IF (AI (NA)-X)833p834,834

NA-NA+2

GO TO 835

AA-AI (NA)

BBI=AI (NA-2)

DC=AI (NA+I)



D=AI (NA-I)

XX:(AA-BBI)/(.434.3*(LOG(DC)-LOG(D+.O001)))

Y=AA-XX*. 4343*LOG(DC )

Y=EXP (2.3 06- (X-Y)/XX)

GO TO (838,839),LOAD

838 GO TO (803pSO4,805,806),K

839 GO TO (236,237,238,239),K

830 GO TO (836,840),LA

836 PRI NT850

850 FORMAT(17HMACHI NE SATURATED)

PAUSE

END

EA-61
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ROTATING- COIL, LUNDE LL- TYPE

A-C GENERATOR COMPUTER PROGRAM

AND TEST DATA

SE C TION J'A

!
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!

!

!

!
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SECTION JA
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i MODEL

t I2) K VA
, (3) E

(4) Eph

_(. IS) m

u((So) t

(6) p

_ RP___.__
Iph

(9j PF

-1 (90) Kc

I(lo)

(11) d

-T. (12) D

_1(13__L
(14) n v

_T(lS) _,
<1 (16) K i

(19) k

_ (20) B

I (21)

(22) ho

1(22)

(22) b3

j_-j_(22) b.

rJ (22) ho

(22) h 1

_"T (22)h 2

I (22) h 3

(22) hs

T(22) ht

J (22) h w

(23) Q

T_8)
I (29)

[30) n.

(3I) y(32) c

:33)

(_) Nst

N.,

r 39)

-(35) db

(36) _ 1=2

37) hit

-(38) h_ st

(420)

4o) 7",k
"IS0) X o C

(51) _)O •

59) gi

ROTAI INC

COMPUTER DESIGN

EWO

COIL Lt_NbELL

(INPUT)

GENERATOR KVA

LINE VOLTS

PHASE VOLTS

PHASES

FREQUENCY

POLES

RPM

PHASE CURRENT

POWER FACTOR

ADJ. FACTOR

DESIGN NO(l)

d._ .,o
1,5"" o'
• 7 0

-5 0

_oQ 0
I,Z., 0

.2oo o

OPTIONAL LOAD POINT

STATOR I.D.

STA TOR O.D.

GROSS CORE LENGTH

NO. OF DUCTS

/. O._ -_0
o_'

1.0

FUND/MAX OF FLD FLUX

WINDING CONSTANT

POLE CONSTANT

END EXTENSION ONE TURN

DEMAGNETIZATION FACTOR

CROSS MAGN ETIZING FACTOR

WIDTH OF DUCT

ISTACKING FACTOR (STATOR)

WATTS/LB.

DENSITY

TYPE OF SLOT

SLOT OPENING

o

SLOT WIDTH TOP

SLOT WIDTH

O
,q2,

77,2.

, t&
./&

, 2o._

,o,2
,5"
0

,E
3,,z.

-2,0

/, 25
0

POLE EMBRACE

WIDTH OF POLE (NARROW END)

WIDTH OF POLE (WIDE END)

_.qo

4':. 76,
C) WEIGHT OF ROTOR IRON

POLE FACE LOSS FACTOR

FLUX PLATE THICKNESS

O
O

O
SLOT DEPTH

NO. OF SLOTS

TYPE OF WDG.

TYPE OF COIL

CON DUC TORS/SL OT

POLE THICKNESS (NARROW END)

POLE THICKNESS (WIDE END)

POLE LENGTH

SLOTS SPANNED

PARALLE L CIRCUITS

STRAND DIA, OR WIDTH

STRANDS/CONDUCTOR IN DEPTH

ST RAN DS/COND UCTO R

STATOR STRAND T'KNS,

DIA. OF PIN

COIL EXT. STR, PORT

UNINS. STRD. HT.

DIST. BTWN. C L OF STD.

PHASE BELT ANGLE

STATOR SLOT SKEW

STATOR TEMP °C

ROTOR DIAMETER

RES'TVY STA. COND. • 20oc

MAIN GA P

FLUX PLATE DIAMETER

SHAFT O.D.(FLUX CARRYING PORT.)

SHAFT LENGTH(FLUX CARRYING PORT)

PERM OF LEAKAGE PATH 1

PERM OF LEAKAGE PATH 2

PERM OF LEAKAGE PATH 3

PERM OF LEAKAGE PATH4

PERM OF LEAKAGE PATH S

. 50 ,,

. .5-.5" , o 3 &o

,D._ 0
,Oral / oO

I I"
0 0

._ //#'
;_ _ ,Z

-05"OF /.2
/

/,_

0

/_

,01o °

DESIGNER

PERM OF LEAKAGE PATH 7

!OUTSIDE DIAMETER OF FLD COIL

LENGTH OF FIELD COIL

NO. OF FI ELD TURNS/COl L

MEAN LENGTH OF FLDo TURN

FLD. COND. DIA. OR WIDTH

FLD. COND. THICKNESS

FLD. TF.._P IN o C

RESISTIVITY OF FIELD COND @ 20 °

NO LOAD SAT.

FRICTION & WINDAGE

SPECIAL PERMEANCE ......
i

STATOR LAM MATERIAL

POLE MATERIAL

SHAFT MATERIAL

(71 C 1

(72 Cw
_n

(73) C_
Z

(481 LE _.

(74: CF. "_
0

(75) Cq u

(77) O(

(76) hp1

(76) bp2

(76) tp i ac
o
I-

(761 tp2 o

(76) j_ P ,v

Z(1 lo) dr <
UJ

(157) (-) .
O

(187) (K1) "

(78) (t_)

(78) (efp)

(78) (= , ) u.

(78) (_ts,) •

(80) P1

(81) P2 ua
U

(82) P3

(83) p4 "_

(84) P5 =U
L

(86) P7

(78) doc

(76) _oc

(146) Nf

(147 _t ;e_
..J

( 148 ua

u,,
(149)

(150) Xf°C

/,1Sli _o_
(87)

(183) (,F&w)

(18)
_ .<

(18)

(18) <

STATOR SLOT

DAMPERSLOT

POLE

R EMAR K S

DATE



_)Open S1cts

F-q,r--,f!

_ Hr----71%

__' _ L_L_J
slot with 1 conductor _-6,--q
per slot)

b s

TYPE 3

for type 3 is

=I b l+b3)bs 2

(C) Constont Tooth Wi(Ith

-Tb°F_i

T_"
If hi

b3---_

(,b) Constont SIOt V_dth

I

hi

L_
k-b,--I

TYPE

(d) Round Slots

TYPE

JA-2



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. The leakage

is similm" to Zig Zag 1 eakage 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 permeances _z since the pole base

will be more or less than a full pole pitch wide

m_d the following formula will not suffice.



h

%
\

bt -- .'BC__- ./5"
_-2

//

•_.-- bpl

I

Z "

area of pole over tooth when tooth is on centerline

between poles

2_ g

b t (_p - bpl ) (_]+2 tEp ) {_- bpl)

JA-_



ROTATING COIL LUNDELL

-7 MODE L

I:zl (Xs)

(24) (h c )

(26)(T,)

f(27)(_I/3)

(42) (K=k)

(43) (Kd)

- (44) (Ke )
(45) ('it ,,)

(46) (a c )
I--
<i (JT) (S . t

_i(49) (_,)

($3) (Rph)

(54) (Rph)

(5S) ( E F_to.p__

(56) ([ Fbot)

(62) (A i )

(65) (,-)

(66) (-)

(41) (Tp)

(157) ( - )

(145) (V,)

(153) (Ocf)

" _ (154) (R_)

_=,
u_! iS5) (RI)

1156) ( - )
J

](_o) (_',) ....
u (81)

SUMMARY OF DESIGN CALCULATIONS

NO_ EWO DESIGN NO.

(OUTPUT)

SOLID CORE LENGTH . 92000

DEPTH BELOW SLOT -_')_O()

SLOT PITCH ._ 1-! _93

SLOT PITCH 1/3 DIST. UP t"5095

SKEW FACTOR 1,00000
DIST.FACTOR 1,00000
PITCH FACTOR = 99999
EFF. CONDUCTORS 25 1,99_)9_

COND. AREA ,,00202
CURRENTDENSITY!ISTA.) 12340.00000

1.2535E
NP2K6

1 3F_q_ q

.65952
2.88137
,8G321
t4068C

_35,4500[
2,02671

1/2 MEAN TURN LENGTH

COtD SEA. RES.,a 20 ° C

HOT STA. RES. , X°C

!EDDY FACTOR TOP

EDDY FACTOR )301

STATOR COND. PERM.

END PERNL

WT. OF STA COPPER

WT. OF STA. IRON

POLE PITCH

WT. OF ROTOR IRON

PERIPHERAL SPEED 2]J'L')_] "` Lt":_ O_j 0
FLD CORD. ARE._' -" -

COLD FLD RES. ,' 20 ° C .....

tHOT FLD RE5., ×_,C

WT. OF FL.D COPPER

PERM OF LEAKAGE PATH I

-q.881_0
.o5586 .

.... ,07360
....... __L_0_0!_Q_..
.... 1,9_("00 p
..... 16,_12100

'__ 9.22020
.... I ,27200

-3.23610
_1.25660

_C)O000

.()oi Ol ....
-3.81320
_.O2560
1 1;),9K_(]

_2oI_96

128.9826(
211.57952

93.2h-77E
____b 2.,. C

222,2_30h-:c
8,5927

8_ZG153<

217,861 9!
191.7 oo9:
2 06.96 56 _<
_r__2027[

2._5216(
_0 oh O(

1. z+_i91{(

.0050C
1410 q9"/7

CARTER COEFFICIENT

EFFECTIVE AIR GAP

FUND/MAX OF FLD FLUX

WINDING CONST.

POLE CONST.

END. EXT. ONE TURN

DEMAGNETIZING FACTOR

CROSS MAGNETIZING FACTOR

AMP COND/IN

REACTANCE FACTOR

LEAKAGE REACTANCE

R EACTANCES OF {ARMATURE REACTION

SYN REACT DIRECT AXIS

(67) (K • )

(69) (g I/ )

(71) (C I )

, (72) (Cw)

(73) (cp)
(48) (L E )

(74) (c M)

(75) (Ccl)

(128) (A)
(129) (X)

(130) (xj[)

(131) (Xad)

I-
!z

SYN REACT QUAD AXIS

FIELD LEAKAGE REACT

FIELD SELF INDUCTANCE

Z
O
u

(1331 (X d ) z
<

(134) (Xq) F.-
............ U

(160) {X' i , <
' UJ

(Z

(161) (I.:±)

UNSAT. TRANS. REACT J 166) (X'dJ

SAT. TRANS. REACT 167) (X'd)

NEG SEQUENCE REACT 170) (X 2 )

ZERO SEQUENCE REACT

OPEN CIR. TIME CONST.

(172) (Xo)

_(1!___(__D__
(177) (Tc)ARM TIME CONST.

TRANS. TOME CONST. (17_) (T'd) _'0

SUB TRAN TIME CONST. (179) (T"d)

TOTAL FLUX (89)

(92) ( :___ FLUX PER POLE
(P2) PERM OF LEAKAGE PATH 2

.................... J____?_J_IC)3 I ..... 2.7___.,_._L_ GAP DENSITY (MAIN) (9.5) (.B_,_..) _)_-2)---iP7....... --PERM Ot LEAKAGE PATH 3 _--_-E_L___._..L_ TOOTH DENSITY ...... ('--9-Ii--(---_'_.... _;

_ _ii_--iP4) PEPM OF LEAKAGE PATH 4 1 18214 33.6337( CORE DENSITY (94) (Bc) _zN
_- _]]- ('-'P5) PERM OF LEAKAGE PATH S --'

(85) (P)--- PER - r I () q_ (]C) l___ TOOTH AMPERE TURNS (97) (Ft) _..
7 M OF LEAKA, • PATH 7 "2 " _ _" - ' ............... C5..... I'"...... LZL___ 1Z - Ii]hAA J _. (D_G_L£_CORE AMPERE TURNS (98) ;F c ) ._

_]lT--_-c_i IS H_T- AiR"RATiO.............. :, ; ........
PERCENTLOAD I o ..... _ 100 i .... _---- '---- .....

• ' __ - - I " J IS0 j 200 OPTIONAL
(/ ) (lOOe) LEAKAGE FLUX _ ........______ " 9(]-A_}s. ('/o0)(197a)1 -7-7 .{_ I ...... _ _-

,_ •............................ _ ,_ ::2_{,L._. _ _ ,
(,.' PT> 4_O2o) TOTAL FLUX/P .,,. ,.,, _ -- ,., o ,---,=-,-_, ---z4 .... _ ..... .U..UJL____ ..... iA__(A_ I .Q0_

..... ....... .............. .......
.................................... _:_=_LL P i ---__l_ _ J...... D_O__0_ ,000 ; .000

'B.,__;_h,_,..... (II3)L_.........SIIAFT D ENS}Ty-, .... _O _, _[]C.] (Bsh I ) (232) 1 lh 800
Fnl ) (127) IOTAL Hl

Ifnl ) (121_', FIELD AMPERES

Sf ) (127c) CU,(t. DEN. FLD.

Ef,,I) (]271,) FI[LD VOLTS

W_..L_{__._I8._')_ST/. CORE LOSS

W),,,i _ l!P_4) %r?, TOOTH tOSS

12 R , (19,_; _TAT("-IR CU LOSS__.IL .....

- ) 4195) _D;,Y LOSS

Wpnl ) (186) POI. E FACE LOSS

12_.__RL_f_I8#_._))l_IF LD COIL LOSS

F&W) (183) F&W LOSS

- ) (196) TOTAL LOSSES

( -._=_.,L__P E R C E N T EFF.

..... J-_5

2__z_

...... 000 ....

(Ffl) (236)

(Iffl) (237)

) (239)

(Effl) (238)

(We) (185)

(12 R. ) (245)

..... .....i----.-o-ctc;_
__Ao_o_ .......... _L_on ............ O_O_Q L ....... &co_o_

h: 06 o_. : non ........_._Q0_CL........ ._(]&ff
3-99_L&_Q .......... _,_O_(3_Q___ __.......... QC_ ...... 0__0_Q

ZO JLOZ ,,_CK)_..... _ __._3o_ ......... _0O_O_

1 o.83 0 .00o , ooo . ooo
552.000 .000 _._o_9_Q_____, oo0

_O00

2q=607
_ 1 _ql_(]

1p fUi-t]_____

( - ) (246)

(Wpfl) (243)

(12 Rfl) (241)"

=IF &W) (183)

( - ) (2,17)

(.-) (2S))

1.4B5
102.201
82,864

12. ;ql_C)
765. 007

.OOO

.o00

.000
12 ;Sb.O

.000
.._Q.09___

.000

.00o
.oo0 _

12 _8_0

.O00

_..__..ggg_

.oo0
__ ,000

=900

, OflO

o.=.9.D9_

--{

.TA.C_ REV. A



ROTATING COIL LUNDELL

NO LOAD SATURATION OUTPUT SHEET

80%

90%

100%

110%

120%

130%

140%

1'30"_

16D%

(3) (E)

VOLTS

(lOOo) ,/
b_

LEAKAGE FLUX

12.00000

16.354_

13. 50000
18.40214

15.00000
2 o. 45414

16.50000

22.51360

18.00000

24.57898

19.5o00o
26.65138

21. o0000

28.73297

22.50000

30.82528

24. ()0000

32. 96509

(91) B t
STA. TOOTH DENSITY

(102o) (/'pt

TOTAL FLUX/POLE

37 ;48 000

20.7!]622

42. 165001

23.3 9622

46.85000

25. 997 02

51.53 500
28. 599o6

56.22 000

3 1. 20209

60.90500

33.8O629

65.59000
3(;.41202

70.275OO

3 9. () 1954

(97) F t
STATOR TOOTH N.I.

(103o) Bp

POLE DENSITY

1 ; 004 02

45.20919

I, 16 037

50.86135

1 ;35937
5(;. 5 1526

1.62574
62.17188

1. 9443 2

67.83064

2.32532

73.49195

2.78098

7 9.15658

3.32593

84.8251 0

4,31285

90.51 083

(94) B c
STA. CORE DENSITY

26;90640

6.43277

30;26970

7.09223

33 ;633 O0

7 •8 1 953

36.9%30
8.81807

z_o.3596o
10. 31 000

43.72290
12.05521

47.08620

14.09712

50. 44950

19.11187

53.81280

26.611_87

(98) F c
STA. CORE N.I.

(113) Bsh

SHAFT DENSITY

,53 995
40.3 9412

,59906

45.44377

.66_+65

50.49544

.73742
55.55094

.81816
60.61062

.90774

65.67389

1.02263
70.74173

1.16281

75.82587

I.32221

80.93742

(96) F g
GAP N.I.

(127) Fnl

TOTAL N.I.

154.22400

330.83579

173;50200

371.7 2786

192.78 000

412.90751

212.05800

454.83762

23 1.3 3600

497. 99724

250.614-00

542.36293

269.892OO

587.73036

289.17000

639.51731

3 08. I_48O0

6 97.96 028

JA-6 ._v,



TZZT CURVE AND CALCULATED POINTS FOR A

60 AMPERE D-C ROTATING-COIL LUNDELL GENERATOR

cO

_4

0

32

3O

2O

2

0

0

_4

I:

FIELD AMPS

85

8o

75

7O

65

6 (7

<0
J

45

4-0

3t

_o

20

]5

10



'I,IP T:- P,!,R;< E_[:,,,} P,I)TA-,I',:' r()l_ LLJ]_[}ELL

I °04 15. 8.7 ;,. 200. 12. 2o00. 50. .95

°8 4.8 6.63 I. O. ',}. .92 5. 77.2

.12 .16 .16 ..;5 .?05 .02 .5 O. O.

" "} (}508.03 .(}01 :,6. 1. O. 14. 3 .....

I. O. .I .2 .0508 .0508 60. O. I00.

.018 O. O. O. O. O. O. .64 .45

.20 .80 I.15 I'.764 O. 7. .5 L_.2 2.

O. (}. O. O. O. 1!;. 1 3. _ 1.25 650.

.036 O. 1 00. .694 1. O. 38.3

I.05

3.

.55

I.

.69 I)

1.15

1.25

8.6

132.

2.3

18.5

1000.

O.

71 .

99.

SATUP, AT_{)I_ CUP,VE ( SIATOR ATE.q! At )

0. 18. I. 45.

6. ;! 80. 10.5 87.

82. 110. 220. 132.

140.

5.1

40.

OQ

60.

1"' 0_. .

C T _ -".:,A,Uf.,At ION CUP.VE ( POLE ziATERIAL

1.4 20. 3.3

7.2 80. 12.5

300. 140. I000.

40.

100.

JA-8



140.

3.3

9.2

20.

160.

30.

80.

100.

126.

SATURATION CURVE (

1.6 10.

4.2 60.

12.5 85.

40. IO8.

500. 140.

SHAFT MATER IAL

2.3

7°3

15.

100.

1000.

)

20.

70.

90.

112.



ALL INPUT PARAMETERS ARE IN FORMAT F7.0 (FIG. I)

l, _O,

00000OE 0O0000
I 2 $ 4 S $ 91011121314

111111 11111

222222 22222

333333 33333

444444 444444

555555 55555

666666 66666£

777777 77777

888888 88888

999999 99999
i _ _ 4 5 6 9 1011,ZI3

5061

100,
6000000

111111

222222

333333

144444

i55555_

_66666

'77777

_88888

!99P999
15 35 '7 10 ]9

,001

080O00
r}' 23 24 2"5i_ 27

11111

22222

33333

44444,

55555

66566

77777

88881

99999
73 74 _ 2( 2? i

.i .01 i0.

_06OO0 )OuOOO8 1000000
_30 31 32 _ 34: $ 31 _39_ 4142 3_45 _ 47484|

111111 11111 11111

22222 22222: 22222

3333331 33333 33333

444444t 44444 44444

555555l 555555 55555

666666] 66666 66666

7 77777717777777 77777

8888688_J 88888 868¢8

99993_ 99999 99999_9 _ 31 12 3_ _ ; 37 _ )9 40 _I _ _ 45 _5 41 48

FIG. 1

1,0 i000,

)0006016000000
051 _5_ _TM59&05;_

111111 11111

222222'22222

333333)33333

444444144444

555555 555555

56666 6666_

77777 77777

88888 88888

999999J 9999_

0o

0000000 )O0000000O
_ li_ IHi 6"_68 59 r%7't'.TJ 14 '_ _ _ /e 79 _0

1111111 111111111

7222222 222222222

1333333 333333333

14444441 444444444

5555551 555555555

E 666666l 6_8666666

7 7777771 777777777

8188888881 808888888

999999991 999999999
54 65 65 _ _,_ _.:_708 72 7'_ )'4 ?5 _'1_n _li 19e-_

I

ALL SATURATION CURVE VALUES ARE IN FORMAT FIO. O (FIG. 2)

(ALL SATURATION CURVES MUST HAVE 5 CARDS)

,OOo

O000O0000{
1 2 3 4 5 $ I $ $11

111111111

2222222222i2

lO, i,

006690696 90600660
12 13 M fb16 I7 18 _ _Z4_:

1111111111111111111

222222222D22222222

444444444

555555555

666666666

777777777

888880888

3333333333133333333331333333333

4144444444441444444444,

51555555555515555555555

61666666666616666666666

7U777777777717777777777

81088188888818888888888

,,,,,,_1,,1_,,',,,,1, 999|9999999999
19 _ 22 23 24 2._ 26SOl

I00, I0,

_OO8000UO O00000OO00

11111111111111111111

22222222221222222222

,01

0060000000]O0000000000000O0000
_1 52 53 _ 57M5_ ;IG2 _ _57E669 _ _ 72 73 74_N _ _7_

111111111111111111111111111111

_222222222122222222222222222222

3333333333133333333

4444444441444444444

555555555555555555

66666666616

77777777717

88888888818

66666666

77777777

88888888

99999999_99999999
33 _ _5 _ 37 3| 39 4_ 42 _ _ 4_ 40 47 _ 4

FIG. 2

3 3333333333

444444444

555555555

666666666

777777777

888888888

999999999
51 S753_55_ 57_

33333333333333333333

4144444444444444444444

5155555555555555555555

6166666666666666666666

77777777777777777777

88888888888888888888

999999999999S_9999_9

I

.TA.I("I



COMPUTER PROCEDURE FOR

ROTATING COIL LUNDELL DESIGN CALCULATIONS

I.

2.

.

4.

.

1

o

@

o

Clear core (no switch control).

Insert output Form #1 into typewriter, set margin for correct

output, and set typewriter for single space.

Load pass #1 followed by input parameters (output punch cards).

Reset and load pass #2 followed by output from pass #1 (output

punched cards).

Reset and load pass #3 followed by output from pass #2 (output

punched cards).

Reset and load pass #4 followed by output from pass #3 (output

printed plus punched cards).

Reset and load pass #5 followed by output from pass #4 (output

punched cards).

Reset and load pass #6 followed by saturation curve values* and

output from pass #5 (output printed plus punched cards).

Reset and load pass #7 followed by output from pass #6 (output

printed plus punched cards if no load saturation curve required).

* Saturation curve values are loaded in order shown on Input Form
#1.

JA-II



10. If there is punch card output from pass #7, a no load saturation

curve is required. Insert output Form #2 into typewriter and

reset margin. Load pass #8 followed by saturation curve values*

and output from pass #7 (output printed).

NOTE: Pages JA-13 and JA-14 are nonexistent.

JA-12



INSIDE-COIL, ROTATING-COIL, LUNDELL, A. C. GENERATOR

Calculation Electrical Fortran

Number Symbo 1 Symbo 1

(128) A A

(46) ac AC

(79) ap AP

(20) B BE

(22) b o BO

(94) Bc, BC1

(95) Bg, BG1

(76) bp 1 BP1

(76) bp2 BP2

(103) Bp BP

(l13b) Bpl BPL

(22) b s BS

(1i3) BS H BSH

(232) BSH L BSHL

(57a) bt 1/3 SM

(91) BT, BT1

(57) bt m TM

Ja,. /3-/-/
ID-AGJ_DLA#_IK I_IOT f_l._



Calcuia:ion

Number

(15)

Electrical

Symbol

b v

Fortran

Symbol

BV

(32)

(71)

c

C 1

C

C1

(74)

(73)

(75)

(72)

(12)

(:5;

(7s)

(TS)

(11a)

(78)

C M

,-,p

Cq

C w

D

d

d b

dfp

doc

dr

ds

D, d

CM

CP

CQ

CW

DU

DI

DB

DFP

DC1

DR

DS1

JA-16



Calculation Electrical Fortran

Number Symbol Symbol

E, e

(3) E EE

(55) EFTo p ET

(56) EFBo T EB

(238) EFFL EPFL

(127b) EPNLEFNL

(4) EpH EP

F,___ff

(5a) f f

(98) F c FC

(236) FFL FFI,

(96) F FG
g

(127) FN L FNL

(104) Fp FP

(98a) F s FS,

(18o) FSC FSC

(233) FSHL FSHL

(97) F T FT

(183) F & W WF

JA-17



Calculation

Number

(59)

(69)

Electrical

Symbol

g

ge

Fortran

Symbol

G,g

GC

GE

(24)

(38)

(39)

(237)

(!27a)

(3)

(182)

(241)

(194)

(245)

(i9)

(9a)

(43)

h
C

hST

hST

IFFL

IFN L

IpH

12R_

I2R Ft.

I2R

12Rt.

k

K
C

K d

JA-18

n_

Jk!

h

HC

SD

SH

AIFL

AINL

PI

FEt-

VCUL

PS

SCUL

WL

CK

DF



Calculation

Number

(63)

(16)

(44)

(67)

(42)

(2)

(61)

Electrical

Symbol

K e

*%

K
P

Ks

KSK

KVA

Zx

Fortran

Symbol

EK

SF

CF

CC

FS

VA

FF

(is)

(76)

(48)

(36)

(161)

(76)

(17)

(78)

(49)

(147)

co

L E

_e2

L F

Y- SH

_t

"_ tf

L, 1

CL

ALCO

EL

CE

SI

ALP

ss

ALSH

HM

FE

JA-19



Calculation

Number

(5)

Electrical

Symbol

Fortran

Symbol

M_ m

m PN

(146)

(45)

(30)

(34)

(34a)

(14)

N f:

ne

ns

NST
!

NST

n v

N, n

PT

EC

SC

SN

SNI

HV

(6)

(9)

(80)

(81)

(82)

(83)

(84)

(86)

P

PF

P1

P2

P3

P4

P5

P7

P,p

PX

PF

P1

P2

P3
r

P4

P5

P7

JA-20



Caiculation

Number

(23)

(25)

(i54)

(155)

(7)

(53)

(54)

Electrical

Symbol

Q

q

Rf(cold)

Rf(hot)

RPM

RSPH(cold)

RSPH(hot)

S, s

(181) SCR SCR

(127c) Sp CD

(47) SS S

T, t

(177) T a TA

t

(178) T d W5,

!

(176) Tdo TC

tT

(178a) T d T4

(78) tfp TFP

(76) tpl TP1

(76) tp2 TP2

Fortran

. Symbol

Q,q

QQ

QN

R, r

FK

FR

RPM

RG

RP
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Calculation

Number

(145)

(185)

(186)

(243)

(242)

(184)

(_29)

(131)

(132)

(167)

(u3)

(166)

(160)

(15o)

(130)

Electrical

Symbol

V r

WC

WNPL

WpFL

WTFL

WTNL

X

Xad

Xaq

X d

X d

t

Xd u

X F

Xf °C

x_

Fortran

Symbol

V, v

VR

W_ w

WQ

WN

WNL

WTFL

WT

X, x

XR

XD

XQ

XS

XU

XF

T2

XL

(134) Xq
XB
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Calculation

Number

(50)

(170)

(172)

(31)

Electrical

Symbol

X s °C

X 2

X o

Y

Fortran

Symbol

TI

XN

XO

YY

(207)

(92)

(213)

(s8)

(41)

(26)

(40)

(27)

(64)

(160c)

07L

¢p

0 PL

0 T

'/-p

TSK

"Is 1/3

JA-23

PL7

FQ

FQL

TG

7-

TP

TS

SK

TT

EW

FL



Calculation

Number

Electrical

Symbol

Fortran

Symbol

(151) RR

(152)
]g)f (hot)

(51) RS
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IO

11

12

13

14

PASS I P,OTAT ING COl L LUNDELL

I FORNAT(E11.5,E11.5, E11.5,E11.5, E11.5,E11o5)

2 FORNAT(F7.0,F7.0,F7.0,F7.0,F7.0,F7.0,F7.0,F7.0,F7.0,F7.0)

3 FORMAT(_IX F12.5,2X F12.5)

7 READ2pVAjEE,EP,PId,FpPXpRPp4jpI,PF,CK

READ2, POL,DI, DU, CL, HV, BV, SF,WL, BK,ZZ

READ2,BO, BI , B2, B3, BS p110, HX, HY,HZ, IIS

READ2,HT,IIW, QQ,W,RF,SC,YYjC,DWjSN

READ2,SNI,DWI ,DB,CE,SFI,SD,PBA,SK, TI ,RS

READ2,GC,CI •CW, CP,EL,CI4,CQ,PEjBPI,BP2

READ2,TPI ,TP2,ALPpDR,WR,DI pTFP,DFP,DS I,ALSH

READ2, P I, P2, P3, P4, P5_ P7,DC I,ALCO, PT,FE

READ2,RD,RT,T2,RR,SNLpWF,ALZ

SS.=SF*(CL-HV*BV)

HC= (DU-D I -2.0*HS ) *O. 5

Q N=0.Q I ( PX*P N )

T S=3.142-D IIQQ

I F (ZZ-4. O) 9, 10,9

9 TT--(O.667*HS+DI )'3. 142/QQ

GO TO 11

TT=3. 1416-(D I+2.*H0+I .32"BS)/QQ

IF (ZZ-I .0) 12, 12, 13

BO=BS

CC= (5. *GC+B S )*TS/( (5. _G C+B S )*T S-BS*B S )

GO TO 14

QC= (4.44"GC+0.75*BO) *TS

CC=O.C /(QC-BO*BO)

C S-YY / (PN*QN)

TP=3. 1416"DI/PX
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IF(SK) 18, 18,1_

18 FS=I.0

GO TO 20

19 FS--SIN(1.571*SK/TP)*TP/(1.STl*SK)

20 I F(PBA-_O.)21,21,22

21 D=IoO

GO TO 95

22 D-2.0

95 I--QN

U= I

I F (QN-U)23,23,24

24 U--PX*PN

XX=U

N=U

DO 25 K=I,N

Z=UlXX

I=Z

ZI=I

IF (Z-ZI)26,26,25

26 ZY=QQIXX

l=ZY

Zl=l

I F (ZY-Z I )27, 27, 25

25 XX,=XX-I.

23 ZY-QN

27 DF-SI N(.5236"D)/(ZY*D*S IN(.5236/ZY) )

CF=SI N(YY*I.STI/(PN*QN))

EC=QQ*SC*CFWFS/C

GE,,CC*GC

JX.-26



IF (CI)2_,28,2_

28 C I=O.649_LOG(PE)+I.35(_

29 IF(CW)30,30,31

30 CW=_O. 707*EE*C I*DF / (EP*PN)

31 IF(CP)32,32,33

32 CP'=PE*(LOG(GC/TP)*.O37t_+I. 191)

33 IF(EL)34,34,42

34 IF(RF)35,35,41

35 IF (PX-2.O)36p36,37

36 U=I .3

GO TO 4O

37 IF (PX-4.O)38,38p39

38 Urn1.5

GO TO 40

39 U=1.7

40 EL_-3.142*U*YY* (D I+HS )/QQ+O. 5

GO TO 42

41EL=2.0*CE+3.142*(O.5*HX+DB)+YY*TS*TS/SQRT(TS*TS-BS*BS)

42 AA-I.571*PE

AB=3.I42*PE

IF(CM)43,1_,_

43 CM=(AB+SIN(AB))/(SIN(AA)*4.)

44 IF (CQ)45,45,46

45 CQ=(O.5*COS(AA)+AB-SIN(AB) )/(4.O*SI N(AA))

46 RB=(T I+234.5)*O.OO3_4-RS

PRINT3,SSwCCjHCpGEjTSpCI,TTjCWpFSsCP,DF,EL,CFpCM_ECpC Q

PUNCHIpVAIEE_EP_PNjF_PX

PUNCH|_RPMjPIpPF,CK, POL_DI

PUNCHI,DUwCLwSSpHC,SFgQN



PUNCHI

PUNCHI

PUNCHI

PUNCH I

PUNCH I

PUNCH

PUNCHI

PUNCH I

PUNCHI

PUNCH1

PUNCH

PUNCH

PUNCH

PUNCH I

PAUSE

END

,_L, BK,ZZ, BO, B1 ,B2

,B3,BS,HC),ttX,HY,ttZ

, HS,FtT , ft_,/_()(.), W_P,f

, SC,YY, C,TS, SII, DB

,cEp SH,SD,TT,SK,P,B

1, ALCO,TP,D1 ,FEpRD,P,T

,T2,P,P,, SNL,_F, PE, SN1

, Dl._l ,BP1 , BP2,TP1 ,TP2, ALP

, DP,,WP,,TFP, DFP, DS 1 ,ALSH

,PI,P2,P3,PI_, P5, P7

I,FLS,GC,PT,CI ,CW,CP

I,EL,CH,CO, DW,CC, PBA

I,GE,CS_CFpFS,EC,DF

,DCI ,ALZ
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C

I

49

5o

51

52

S3

PASS 2 FIOTATI I.IGCOIL LUI.IDELL

FORMAT (E 11.5,EI I.5pEt I. 5,EI I.5pEt I..5, E 11 ..5)

DIMENSION [)A(8). [))X(6),[)Y(8), DZ (8)

READI,VA, EE,EP,PN,FpPX

READI pRPtI_.PI,PFpCK,POLp[)I

READI ,DU,CL. SSpHC, SF,QI.I

READI pWLpBKpZZ,BO,BIpB2

READI jB3 pBSpHOpFIX,HY,HZ

READI pHS. HT. 14W,QQ,Wj P.F

READI,SCpYY,C.TS,SI.I,[)B

READI,CE,SH.S[),TT,SK, FIB

READI,ALCO,TP,[)I ,FE,RDpRT

READI,T2,RP._.SNL,WFI. PEpSNI

READI ,DWI,BPI .BP2,TPI ,TP2,ALP

READ I,DP.,WR.TFP, DFP,[)S I,ALSH

READI ,PI ,P2, P3, P4, P5.P7

READI ,RS_.GC,PT,CI,CW, CP

READI ,EL, CI'I,CQ,DW,CC. PDA

READ! ,GE,CS.CF,FS, EC,[)F

READI ,DC I,ALZ

DT=DWI

I F(ZZ-3. O) 49, 5O, 51

SM=TT-BS

GO TO 53

SH=(3. 1416_([)I+2._HS)/QQ)-B3

GO TO 53

IF(ZZ-4.0)50, 52,49

SM=TT-. 94"BS

HM=CL+EL
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61

62

JF (L)T) 61,61,b2

AC= O. 785*DW*[)W*S i_1

GO TO 72

ZY=O.O

DA(1)_O.O5

DA(2)=OoO72

DA(3)=O. 125

DA(4)=O. 165

DA(5)=0.225

DA(6)=O.438

DA(7)=O.b88

DA(8)=I .5

DX( I)=0. ()00124

DX(2)=0.00021

DX(3)=0.00021

DX(4)=0,00084

DX(5)=0,00189

BX(6)=0.00189

DY( 1)=0,000124.

DY(2)=O.O00121_

DY(3)=0,00084

DY(4)=0,00084

DY(5)=0.00189

DY(6)=0,00335

DY (7 )=0, O075J4

DY(8)=0.03020

DZ (I):0,000124.

DZ(2)=0.000124

DZ(3)=0.000124
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DZ(4)=0o00335

DZ (5)=0.00335

DZ (6)=0.00754

DZ(7)=0.013_

DZ (8)=0.0302

63 1F (DT-.05)201,201,200

200 JA=O

JB=O

JC=O

JD=O

64 JA=JA+I

JB=JB+I

JC=JC+I

JD=JD+I

IF(DT-DA(JA))65,65,04

201 D=O

IF(ZY)71,71,54

65 IF(DW-O. 188)66,66,67

66 CY=DX(JB-I)

CZ=DX(JB)

GO TO 70

67 IF(DW-O.75)68,b8,69

68 CY=DY(JC-I)

CZ=DY(JC)

GO TO 70

69 CY=DZ (JD-I)

CZ-DZ (JD)

70 D-CY+(CZ-.-CY)*(DT-DA(JA-I))/(DA(JA)-DA(JA-I ))

IF(ZY)71,71,54
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202

2O4

71 AC:(DT*DW-D)*SN1

72 IF(RT)73,73,74

73 AS=O. 785*RD*RD

GO TO 55

74 ZY=I .O

DT=RT

DN=RD

GO TO 63

54 AS=RT*RD-D

55 S=P II(C*AC)

CY..PT *FE*O.OOOOO 1/AS

FK=RR*CY

FR: (T 2+23 4.5) *FK*O. 003 _4

RC=0o32 I_PT *FE*AS

IF (SH) 202,203 _202

203 ET=I

EB=|

GO TO 204

AA= O. 584+ (S N'_SN-1. O) *0.06 25* (SD*C L/( SH*HH) )**2.0

AB= (SH*S C*F*AC / (BS*RB ))**2.0

ET=AA*AB*O. 0033 5+ I. O

EB=ET-O. OO 168*AB

RY=SC*QQ*O. 000001 *HM/( PN*AC*C*C )

RG=RS*RY

RP=RB*RY

A=P I*SC*CF /(C*T S)

PUNCHI,VA, EE,EP,PN,F,PX

PUNCH I,RPH, P I,PF, CK, POL, D I

PUNCHI,DU,CL,SS,HC,SF,QN
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PUNCHI,WL,BK,ZZ, BO,BI,B2

PUNCHI,B3pBS,HO,HX,HY,HZ

PUNCH1,HS, FIT, HW, QQ, W,,P,F"

PUNCHI,SC,YY,C,TS,SN,DB

PUNCHI,CE,SH,SD,TT,SK,RB

PUNCH I, ALCO,TP,DI,FE,RD,RT

PUNCHI,T2pRR,SNL,WF,PE,SNI

PUNCHI ,D_I ,BPI,BP2,TPI,TP2,ALP

PUNCH I,DR,WR, TFP, DFP, DS I,ALSH

PUNCHI,PI,P2,P3,p4,p5,P7

PUNCH I,F{S,GC,PT,CI,CW,Cp

PUNCH I,EL,CH, CQ,DW,CC,PBA

PUNCH I,GE,CS,CF,FS,EC,DF

PUNCHI , HHj, SH_,AS, AC, ET j, EB

PUNCHI ,S,FK, FR,RC,RG,RP

PUNCHI ,A, DC I,ALZ

PAUSE

END
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105

I06

107

108

109

PASS 3 P,OTATIHG COIL LUNDELL

FORMAT(Eli .5,EI 1.5pE11.5,EI I.5,EII.SpEI 1.5)

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

,VA_EE,EP,PN,F,PX

pRPMpPI,PFpCKgPOLpDI

,DU,CL,SSpHC,SF,QN

,WLjBK,ZZ,BO,B1,B2

,B3pBSpHO,HX,HY,FtZ

,HS_HT,HWpQQpWpRF

pSC,YY,CpTS,SN,DB

,CE,SHpSDpTTpSKpRB

, ALCOpTPpD1,FEpRD,RT

,T2,RR,SNL,WF,PEpSN1

,DW1,BPI,BP2,TP1,TP2,ALP

pDRpWRgTFP,DFP,DS1pALSH

pPlmP2pP3,P4,P5,P7

, RS,GCpPT,CIjCWpCP

,EL,CH,CQ,DW,CC,PBA

,GE,CS,CF,FS,ECpDF

,HHpSH,AS,ACpET,EB

,SjFKpFR,RC,RG,RP

READI,ApDCI,ALZ

IF(PBA-60.O)1OS, IO5,108

IF(CS-O.667)I06,106,107

FF=O.25*(6.O*CS-I.O)

FF=O. 25"(3 .*CS+I .O)

GO TO 75

IF (CF-O.667) 109, IO9, I10

FF=0.O5-(24.O*CS-I.O)

GO TO 75
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II0 FF:O.75

75 CX=FF/(CFWCF*DF*DF)

Z:C X*20. O/(PN*QN)

BT:3.142-D I/QQ-BO

ZA=BT*BT/(16,0*TS*GC)

ZB=O.35*BT/TS

ZC=HO/BO

ZD-HX*O. 333/BS

ZE,,HY/BS

IF(ZZ-2.O) 76,77,78

76 PC-Z* (ZE+ZD+ZA+ZB)

GO TO 82

77 PC:Z*(ZC+(2.0*HT/(BO+BS) )+(HW/BS)+ZD+ZA+ZB)

GO TO 82

78 IF(ZZ-4.0) 79,80,81

79 PC=Z*(ZC+(2.O*HT/(BO+BI))+(2.O*HW/(BI+B2) )+(HX*O.333/B2)+ZA+ZB)

GO TO 82

80 PC=Z*(ZC+0.62)

GO TO 82

81 PC-Z* (ZE+ZD+(O .5*GC/TS) +(0.25"TS/GC) +0.6 )

82 EK..EL/(IO.O**(O. I03*YY*TS+O.402))

IF (DI-8.0) 83,83,84

83 EK=SQRT (EK)

84 ZF--.612*LOG(IO.O*CS)

EW.-6.2B*EK*ZF* (TP** (0.62-(0.228*LOG (ZF) ) ))/ (CL*DF*DF )

87 ZA-3. 1416*(DI+HS)/qq

IF(ZZ-3.0) B8,89, 8B

BB TM-,ZA-BS

GO TO 9O



89

90

446

445

IM=(3. 1416"(D I+2.*HS)/QQ)-{33

W I= (T t_*QQ*S S*HS+ (OU-FIC )*3. I_,2*HC*S S )*0 o283

IF (WF)445_446_45

WF=2.52 E-6* (DR*W2.5 )*AL P*R Pt4**I. 5

WC=.321*HI_*QQ*AC*SC

PUNCHIpVApEEpEPsPN,F,PX

PUNCHI_RP_A_PI,PF,CK,POL,DI

PUNCHI,DUpCL,SS,HC,SF,QN

PUNCHIjWLpBK,ZZ,BO,BIpB2

PUNCHI_B3_BSjHOpHX,HYpHZ

PUNCHIjHSpHTjHW,QQ,W,RF

PUNCHI_SCpYY_CpTS_SN,DB

PUNCHI,CE,SH,SD,TT,SKpRB

PUNCH Ip ALCO,TP,DIjFEpRDjRT

PUNCHIpT2_RF_pSNLjWFjPEpSNI

PUNCHIpDWI,BPI,BP2jTPIpTP2pALP

PUNCHIpDRwWR_TFP_DFPpDSIjALSH

PUNCHIpPIpP2pP3,P4pP5pP7

PUNCH IjRSjGC,PTjCI,C_pCP

PUNCH I_ELjCI4,CQpDW,CC,PBA

PUNCH IpGEpCS,CF,FS,EC,DF

PUNCHI_HM, SM, ASpAC,ET_EB

PUNCHI,SpFK,FRpRC,RG_RP

PUNCHI,FFgCX_PC,EK, EW_TM

PUNCHI_A_DCI_I_WC_ALZ

PAUSE

END
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401

4OO

PASS 4 ROTATING COIL LUNDELL

3 FORMAT(9X FI2.S,2X F12.5)

I FORMAT(EII.5,EII.5,EII.5,EII.5,EII.5,E11.5)

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

,VA, EE,EP,PN,F,PX

_RPtt,PIsPF,CK, POL,DI

,DU,CL,SS,HC,SF,QN

,WL,BK,ZZ_BO,BI,B2

pB3,BS,HO,HX,HY,HZ

,HS,HT,HW,QQ,W,RF

,SC,YY,C,TS,SN,DB

jCE,SHjSD,TT,SK,RB

• ALC0,TP,DI,FE,RD,RT

,T2,RR, SNL,WF,PE,SNI

,DW1,BPI_BP2,TP1,TP2,ALP

pDR_WR,TFP,DFP,DSI,ALSH

,PI,P2,P3,P4, PS,P7

,RS,GC,PT,CI,CW_CP

pEL,CH,CQ,DW, CC_PBA

,GE,CS,CF,FSwEC,DF

,HtI,SM,AS,AC,ET,EB

,S,FK,FR,RC,RG,RP

,FF,CX,PC,EK, EW,TH

READ I,A,DC1,WI,WC,ALZ

AP-BP2*TP2

IF(P1)400,401,400

R2"(DR-DFP)/2.

RI=R2+TP1

PI"2.*BPI*LOG(R1/R2)

IF(P2)402,403,402
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4O3

402

4O5

4O4

4O7

408

4O6

411

410

413

412

AL2=TP-(BP|+BP2)/2.

P2=3.19*ALP*((TP2+TPt) 12.) IAL2

I F (P3) 404,405,404

R3=RI+ALP/2.

R4_,RI

P3,,(6.38"( (3.*BP I+BP2)/4.)/3. |416)*LOG (R3/R4)

IF (P4) 406,407 p406

P4-(3.1 9*ALP/3. 1416)*LOG (1 .+(BP I+BP2) / (2.*AL2))

IF (PX-4.) 408,408,406

P4,.I.5-P4

IF(PS)41 0_411,410

P5- (6.67 5 / ALC0 ) * ( DC1**2. -OS 1**2. ) 13.

IF (P7)412,413,412

P7-2.5" (DU+DFP)*(DU-D I ) / (DU-DFP)

TG,,,6. E6*E E/(CW*EC*RPH)

BT 1-TG/(0.Q*SS*SM)

FQ-TG*CP/PX

BC1-FQ/( 2. *HC*S S)

BG1-TG/(3. 1416,9 I*CL)

FG-BG I *GE/ oO031 9

ALA-6.38"D I / (PX*GE)

PGE-PX*(PI+P2+P3+P4)

ALF-(PGE+P5)/CL

XR-. 07 O7*A*DF / ( BG1*C I )

XL-XR* ( PC+EW+ALZ )

XD-XR*C 1*CH*ALA

XQ.-XR*CQ*ALA

XA-XL+XD

XB-XL+XQ
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415

414

418

417

420

421

419

422

VR=3. 1416*DR*RPI!/!2

XF=XD_(I .-( (C I/Ctl)/(2.*CP+(4.*ALF/(3.1 416*ALA) )) ))

S I=PTWPTWCLwPXw(CP*ALA*I .57+ALF) * I. E-8

XU-XL+XF

XS=.88*XU

XX=XS

XY=XB

XN=. 5* (XX+XY)

IF(W)414,415,414

XO=O.

GO TO 422

IF (CS-I.)417,418,417

AKX-I.

AKXI..I.

GO TO 419

AA- (3. *YY/( PN*QN) )

AKX-AA-2.

IF (AA/3 .-. 667 )42 O, 42 O, 421

AKX 1=. 75*AA-. 25

GO TO 419

AKX I-. 75*AA+. 25

ABL- (AKX/(CF**2 ))*. O7*ALA

XO.,AKX* (ABL+PC)/AKX I

XO-XR* (XO+( I. 667" (HX+3 .*HZ ))/ (PN*QN*CF**2*DF**2*BS) +. 2*EW)

TC='S I/FK

RAIP N*P I *P I *RG/(VA*1000. )

TA-XN/(628.32*F'*RA)

TS-XS*TC/XA

IF (F-6 0. )425,426,425



425 T4=.005

GO TO 427

T4m.035

FSC_XA*FG*.02

PRINT3,ACmApSsXR_Ht_pXLIRGpXDpRPpXQ,ETgXAjEBpXBpPCpXFpEW_SIpWCpXU

PRINT3pWIpXS_TPsXNpWRpXO_VRsTCjASpTA_FK_TS_FR,T4pRCpTGpPIpFQ

PRINT3pP2pBGI_P3pBTIpP4pBCI

PUNCHI t BKsWL_QQpSM_BSpRPM

PUNCHIgTStBOpGCpCIpDI,CL

PUNCHIsETpEBpC_SCpPNmPI

PUNCHIpHSpBTI_BCImDUpHCpPX

PUNCHI,PGEpFQIAP,ALPpP7pFG

PUNCHI_DSIpALSHpPTpFRpASpPF

PUNCHIpXBmXApCKpXDpPOLpSNL

PUNCHIpFK_RPBRGpEPpBGIpSS

PUNCHIpDIgFSCpPS,WFpEPpEE

PAUSE

END



138

139

140

PASS 5 POTATIIdG C(]IL LUI,IDELL

I FORI4AT(EI1.5,E11.5,E11.5pE11.5,EI1.5,E11.5)

DIHENSION GB(4),AE(4),DX(4)

READI , BK,_dl.,QQ,SH,BS,RPII

READI, TS,BO,GC,CI,DI,CL

READI ,ETpEB,C,SC,PN,PI

READI , HSp BT IpBC IpDU,FIC, PX

READI , PGE, FQ,APpALP, P7, FG

READ1 ,DSI,ALSH,PT,FI_,AS,PF

READI , XB, XA,CK, XD, POL,SNL

READI ,FKpRPpRG,EP,BGI,SS

READ1 ,DI,FSC,P5,Wi ,EP,EE

WQ= ( DU-HC ) * I. 4 2*HCwSS w ( BC I/BK) **2. O*WL

WT= SH _QQ_SS_HS*O. 453, (BT I/BK)**2. OWWL

132 D2=BGI**2.5*0.OOO061

D3 = (0. O 167_()Q*R PH) ** I.65*0. 000015147

IF (TS-O.9) 133,133,134

133 D4=TS** I.2l_5"O.81

GO TO 137

134 IF (TS-2.O) 135,135p 136

135 DI+=TS**I. 145"O.79

GO TO 137

136 D4"TS**O. 79"O. 92

137 D7=BO/GC

IF(D7-1.7) 138,138j 139

D5"D7**2.3 I'O.3

GO TO 144

IF(D7-3.O) 14Op 14% 141

D5"D 7"'2.0_'0.35

aA- 



141

142

143

14.4

965

964

955

956

957

GO TO 144

IF(D7-5.0) 1_2,142,1_3

DS=D7**1.4"0.625

GO TO 144

D5,..D7-*0. 965_ I .38

D6=I O.O**(O.932"C I-I .606)

BA,=3.142"D I*CL

WN.=D I*D 2*D3*D4*D 5*D6*BA

AXX,=BO/GC

tF(AXX-I.)964,_5,964

AKSC=2.6

GO TO 957

IF (AXX-3.75) 955,955,956

AKSC=I O. _*. 178/((AXX-1.)*'k.334)

GO TO957

AKS C- IO. _,-v.11 /((AX X- I. ).v..174 )

XXI,..pI*P I_PN

XX3=3 .*EP*P I*PF

XX2--(ET+EB)/2.-1.

XX4..AKS C*P I*SC/(C'kFG )

GB(1)ul.

GB(2)=I .5

GB(3)=2.

GB(4)=.POL

AN,..AT AN ( SQRT ( I .-PF*PF )/PF )

ANI,=S I N(AN)

DO 777 K-1,4

Ye-GB(K)

AA ,..ATAN((ANt +XB*YB/I OO. )/PF)



777

AE (K) =COS (AA-AId) +XA*S I II(AA)*YB/10U.

DX (K) =. 9.3_'XD*Y B_S I 1,1(AA) / 1 00.

PUNCH I,AE(I ), AE (2), AE (3), AE (4)

PUNCHI ,DX(1) ,DX(2) ,DX(3) _[)X(L_)

PUNCHI,HS,BTI,BCI _DU,FIC_PX

PUNCHI ,PGE pFO.pAP, ALP wP7, FG

PUNCHI pDSI pALSHp PTpFR•AS,PF

PUNCHI ,XBp XA,CKp XD,POL,SNL

PUNCHI ,WQ,WN,WF', XXI, XX2pXX3

PUNCHI•FK,RP•RG,XXL_,FSCpP5

PUNCH Ip_ITpEE

PAUSE

END



PASS 6 P,OTATII_G C()IL LUI_DELL

D IMENS IONBSHL (4), BPL(I_),FFL(4),CD[)(I_), A I FL (4), EPFL(4)

DIMENSION AE(4),DX(I_),AI(90)pPTL(4),PLL(4)

700 FORMAT (13)

3 FORMAT(.gx FI2.5,2X F12.5)

4 FORMAT (gX F12.5/)

I FORMAT(Eli .5,EI 1.5j,EII .5jEI I.5_E11.5,EI Io5)

888 FORMAT (F I0.0, F I0.0, F IO.O,F IO.O,F IOoO,F I0.0)

K=I

823 READ888,AI (K),AI (K+I),AI (K+2),AI (K+3),AI (K+4),AI (K+5)

K=K+6

IF (K-8_) _323.821_.824

824 READI,AE(1),AE(2),AE(3),AE(4)

READI ,DX(I ), DX (2), DX(3) ,DX(4)

READI pFISpBTIpBCIjDU,,F4C,PX

READI 9PGEpFQ_AP,ALPpP7pFG

READI ,DSI,ALSH,PT,FP,,AS,PF

READ! ,XB, XApCKp XD_ POL,,SNL

READI ,_,IQ,WIIwWFpXXI_,XX2,XX3

READI ,FKp P,P_,RG,XXll,FSC, P5

READI ,WT, EE

ASH=. 7854*DS1*DS1

COREL= (. 7854* ( DU-HC )/PX)

LOAD: I

X:BTI

NA= I

K:I

GO TO 802

806 FT:HS*AT

JA-bl 



8o7

8o8

809

X=BC!

K=2

NA= I

GO TO 802

FC=COREL:'_AT

FS=FT+FC

PL=PG E-_( 2. #F(;+2. WFT+F C ) _'_.OO1

PLT=FQ+(PI_',_2./PX)

BP=PLT/AP

X=BP

NA=3 1

K=3

GO TO 802

F P= AT _AL P

PL7=P7 * ( F P+F(;+F S ) _. OO1

PLS=P 5 _ ( 2. _',"( FG+F T+F P) +F C ) :v . 000667

PSH=(PLT:_PX/2.)+PL7+PL5

BSH=PSH/ASH

X=BSH

NA=61

K=4

GO TO 802

FSH=ALSH*AT

FNL=2 o* (FG+F S+F P)+F SH

A INL=FNL/PT

EPNL=A INL*FK

CD=AI NL/AS

SCR=FNL/FSC

PR I NT3, PS, FT, P7, FC, FSC, FG

JA-_5



PRI NT4,SCP,

LOAD=2

DO 899 J=1,4

AED:AE(J)

PLL(J)=PL*((AED*FG+(I .+PF)*FT+FC)/(FG+FS) )

IF (PF-.95)825,825,826

825 ppL--FQ*(AED-DX(,I))

GO TO 827

826 PPL=FQ*CK

827 PTL(J)=PPL+(PLL (J)*2./PX)

PPTL=PTL(J)

X.:PPTL/AP

BPL(J)=X

NA=31

K=I

GO TO 802

841 FPL=AT*ALP

AA= (AED*FG+FP L+FT* (I. +PF )+FC )

PL7L=. O01 *P 7*AA

PL5=P 5* (2. * (AED*FG+F PL+FT* (I. +PF ))+FC )*. 000667

PSHL=PPTL*PX/2 .+PL7L+PL5

PSHL=PPTL*PX/2 .+PL7L

X=PSHL/ASLI

BSHL(J):X

NA=61

K-:2

GO TO 802

84.2 FSHL=ALSH*AT

FFL (j),=2 .*(AED*FG+( I.+pF)*FT+FPL) +FC+FSHL

JA-_6



899

837

891

890

892

802

831

835

833

834

PUNCH

PUNCH

PUNCH

PUNCH

PUNCH

PAUSE

FFL(J)=AA*2.+FSHL

AIFL(J)=FFL(,J)/PT

CDD (J)=AI FL(,I)/AS

EPFL(J)=AIFL(J)*FR

JA=JA/2

PUNCH7OOpJA

I F(JA)891,892,891

DO 890 K=I,JA

PUNCHI,BPL(K),BSHL(K),FFL(K),AI FL(K),CDD(K), EPFL (K)

PUNCHI,PTL(K),PLL(K)

PUNCHI,XXI,XX2,XX3,XX4pWT,WQ

PUNCHI,WF,_N,RP,RG,FK,FR

I,BP,BSH,FNL,AIIIL,CD,EPNL

I,SNL,FP,BTI,FQ, BCI

I,FG,AT,HS,COREL,P7,PGE

I,AP,ALP,PX,ALSH,ASII

I,PL,PLT,POL,XA,EE

IF(AI(NA)-X)830,831,831

NA=NA+3

IF(AI(NA)-X)833,834,834

NA=NA+2

GO TO 835

AX=AI(NA)

BBI=AI(NA-2)

DC=AI(NA+I)

D=AI(NA-I)

XX= (AX-BBI)/(.4343*(LOG(DC)-LOG(D+.O001)))

Y=AX-XXe.I_31O*LOG(DC)

aA-J_?



AT--EXP (2.3 06*(X-Y) IXX)

GO TO (838,[].3_),LOAD

838 GO TO (8_,,807,808,805,810),K

839 JA=JA+I

GO TO (841,842) ,K

83O GO TO (836,837) ,LOAD

836 PRINT 850,

850 FORMAT (17HI'4ACHI liE SATURATED)

PAUSE

END

JAil.8



C

961

700

I

705

702

704

703

PASS

D I IIENS 1O11

D I I4ENSI OH

D I tiENS I ()tl

7 ftOTATIN(_ COl L LUHDELL

BPL(4), BSHL (4.)_ FFL (4),AIFL(4), CDD(4), EPFL (4),FCUL (4)

WI,IL(4),STTL(4), SCUL (4), EDDL(4),TOTL(4), PEFF (4),GB (4)

PLL (4) ,PTL(4)

FORt'tAT(F1 1.3,8X

FORMAT

FORMAT

DO 7O5

PLL(N)=O

PTL(N)=O

BPL(N)=O

BSHL (I,,I) =O

FFL(N)=O

AIFL(H)=O

CDD(N)=O

EPFL(H)=O

FCUL (N) =0

WNL(N)=O

STTL(N)--O

SCUL(N):O

EDDL(N)=O

TOT L (t,I),=O

PEFF(N)=O

READ7OO,JA

IF (JA) 702-,703,702

DO 704 K=I,JA

F11.3,FI 1.3,F11.3,FI Io3)

(t3)

(El I .5,E1 1.5,EI 1.5,EI 1.5,EI 1o5,E1 1.5)

It=I, 4.

READI,BPL(K),BSHL(K),FFL(K),AI FL(K),CDD(K),EPFL(K)

READ|, PTL(K) ,PLL (K)

READI .XXI,XX2,XX3,XX4,WT,WQ

JA,4_9



707

7o6

714

7o9

71o

7O8

READI ,WF,WN,RPpRG, FK,FR

READI pBP s BSH,FI_I_p A I I_L,CD, EPNL

READI , SNL, FP, BTI 9FQ, BC I

READI pFG, ATpHS pCOREL, P7p PGE

READI , AP,ALP_ PX,ALSH,ASII

READ IpPI_, PLTpPOL,XA,EE

I F (SNL)707,706,707

PUNCHI,SNL,BTIpFQ,BCI,EE

PUNCHI _FGpHS,CORELpP7pPGE

PUNCHI ,APsALPpPXpALSHpASH

FEL=AI NL'*AI NL*FK

TL=F EL+WT+WQ+WN +WF

ABX=O

IF(JA)714,712,714

IF (JA-4) 7O8,709,7O8

IF (POL) 708,710,708

JA=JA-I

GB(1)-I.

GB(2)=I .5

GB(3)=2.

GB(4)=POL

DO 711 K=I,JA

YB=GB(K)

FCUL (K)=AI FL (K) *',','2*F R

STTL (K) =( (. O027*XA*YB)**2*2. + I. ) ','_/T

WNL (K) = ((XX4*YB) *'2+I. )*WN

SCUL (K)=XX I*RPWYB

EDD L (K) =SCUL (K)*XX2

TOT L (K) =EDDL (K) +SCUL (K) +WNL (K) +STTL (K) +FCUL (K) +WQ+WF

JA-._



711

712

958

959

PEFF (K)=XX3*YB* I OO. I (XX3*YB+TOTL (K))

IF (POL) 958,959,958

PRI NT961,PL,PLL(1),PLL(2),PLL(3),PLL(4)

PRI NT961 jBP,BPi_(I) pBPL(2) pBPL(3) _BPL(4)

PRI NT961, PI.T, PTL (I), PTL(2)p PTL (3) pPTL (4)

PR NT961,BSH,BSHL(1),BSHL(2),BSHL(3),BSHL(4)

PR NT961,FNL,,FFL(1),FFL(2),FFL(3),FFL(4)

PR NT961 ,AI I,IL,AI FL( I),AI FL(2) ,AI FL(3),AI FL (4)

PR NT961, CD,CDD (I) ,CDD(2), CDD (3) ,,CDD (4)

PR NT96 1, EPNL, EPFL( 1 ), EPFL (2), EPFL(3), EPFL (4)

PR NT961 ,W(),',VO,ViQ,_/Q,_._Q

PR NT961,_VT, STTL(I ),STTL(2) ,STTL(3), STTL (4-)

PR NT961 ,ABX, SCUL (I), SCUL (2), SCUL (3), SCUL (4)

PRI NT961,ABX, EDDL( I ), EDDL(2), EDDL(3), EDDL(4)

PRI NT961 ,t, IN,WNL(I ),WNL (2) j, WNL(3) ,WNL(4)

PRI NT961,FEL,FCUL(I),FCUL(2),FCUL(3),FCUL(4)

PR INT961 p_F, WF,WF pWF _,_F

PRI NT961,TL,TOTL(I )pTOTL(2) 9TOTL(3) pTOTL(4)

PRI NT961 pABX,PEFF(I )pPEFF(2) •PEFF(3) •PEFF (4)

PAUSE

PRI NT961

PRI NT961

PRI NT961

PRI NT961

PR I biT 961

PRI NT961

PRI NT961

PRI NT96 1

PRI NT961

,PL,PLL(1) ,PLL(2),PLL(3)

,PLT,PTL(1),PTL(2),PTL(3)

,BP,BPL(I), BPL(2), BPL(3)

•BSH,BSHL(I ),BSHL(2), BSHL(3)

,FNL,FFL(1),FFL(2),FFL(3)

,AI NL,AIFL(1),AIFL(2),AIFL(3)

,CD,CDD(1),CDD(2),CDD(3)

•EPNL,EPFL(1), EPFL(2),EPFL(3)

,',_Q,,WQ,WQ,WQ

JA-5].



PRINT961,WT,STTL(I),STTL(2),SITL(3)

PRI NT961,ABX, SCUL( |),SCUL (2), SCUL(3)

PRI NT961 ,ABX, EDDL( 1), EDDL(2), EDDL (3)

PRI NT96 I,WI4,WNL (I),,WNL(2),WNL (3)

PR_ NT961 ,FEL, FCUL (I) ,FCUL (2), FCUL (3)

PRI NT96 1,WF ,WF pWF ,WF

PRI NT961 ,TLpTOTL (I) ,TI)TL (2) ,TOTL(3)

PR_ NT96 1,ABX, PEFF (I), PEFF( 2), PEFF (3)

PAUSE

END

.,_A-52



C PASS 8 F',()TATItdGCOIL LUI_DELL

DIIIEIdSI()I_AI(_30)

1 FORHAT(E11.5,E11.5,E11.5,E11.5,E11oS,E11.5)

888 FORHAT (F IO.O,F 10.0,F10. O, FIO.O,F IO,,O,F 10o0)

878 FORHAT (F12.5,F 12.5, F 12.5,F12o5,F 12.5,F 12.5)

879 FORHAT(F:I2.SpFI2.5pFI2.S_F12oS.FI2o5pF12oS//)

K=I

823 READ888,AI(K),AI (K+1)pAl (K+2),AI (K+3),AI (K+4),AI(K+5)

K=K+6

I F (K-8_9) 823,821+, 82l+

824. READ 1,SI_L_BT1,FQpBCIpEE

READ I,FG,FIS,COREL,P7,PGE

READ I,AP,ALP,PX,ALSH,ASH

YB=.8

LOAD=[

DO 800 N=1,9

R I=BT I*YB

R2=FQ*YB

R3=BC I*YB

R4=FG*YB

R5=EE*YB

X=RI

NA= I

K=I

GO TO 802

806 FT=HS*AT

X=R3

K:2

NA= I

aA-53



807

808

809

800

802

831

835

833

GO TO 802

FC=COREL*AT

FS=FT+FC

PL=PG E* (2 .* (RI_+FT )+FC )*.OO1

P LT=R2+P L*2./PX

BP=PLT/AP

X=BP

NA=3 1

K=3

GO TO 802

PL5=P 5* (2. * (R4+FT+F P )+F C )_ .000667

FP=ATWALP

PL7=P 7 _'_.O01 * (F P+F S+P,4)

PSH= (PLT_PX/2.)+PL7

BSH=PSH/ASFI

X=BSH

NA=6 1

K=4

GO TO 802

FSH=AL SFI*AT

FNL=2. * (R4+F S+F P)+F SH

PRI NTB78,RS,RI,FT,R3,FC,R4

PRI NT879, PLj PLT,BP, FP, BSFIpFNL

YB=YB+. I

PAUSE

IF(AI (NA)-X)83 0,83 1,831

NA=NA+3

IF(AI (NA)-X)_33,B34,B34

NA=NA+2

JA-5_



O0 TO B_5

834 AX=AI (NA)

BBI=AI (NA-2)

DC=AI (NA+I)

D=AI (NA-I)

XX= (AX-BBI)/(._31_3*(LOG(DC) -LOG(D+'OOOI )))

Y=AX-X X*. I_3 43"L0(; ( DC )

AT=EXP (2.306*(X-Y)/XX)

GO TO (838,839) ,LOAD

838 GO TO (8C_i,807,808,809,810),K

839 JA=JA+I

GO TO (841,842),K

830 GO TO (836,837),LOAD

836 PR I I,IT 850,

850 FORMAT (17HHACHII'IE SATURATED)

PAUSE

END

aA-55
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INSIDE-COIL, STATIONARY-COIL LUNDELL GENERATOR

COMPUTER DESIGN (INPUT)

EWO DESIGN NO(i)

KVA GENERATOR KVA ._,LL(_ O FUND/MAX OF FIELD FLUX {71) C I __

E LINE VOLTS /4[;), 1_) O WINDING CONSTANT (72) Cw _-

L. ph PHASE VOLTS _ 'Tg _ POLE CONSTANT (73) Cp

PHASES _ O O END EXTENSION ONE TURN (48) LE

f FREQUENCY _ ,_ _ DEMAGNETIZATION FACTOR (74) Cm OU

p POLES j _ C P CROSS MAGNETIZING FACTOR (75) Cq

RPM RPM j 3_::>(;_ . _eJ_ POLE EMBRACE (77) o¢

Iph PHASE CURRENT _t._) ,__._ WIDTH OF POLE (NARROW END) (76) b P1

PF POWER FACTOR ,- q£ /# _"O WIDTH OF POLE (WIDE END) .(76) bp2

Kc ADJ. FACTOR J._) I JO POLE THICKNESS (NARROW END) (76) ' PI C'

OPTIONAL LOAD POINT /_ _._ a_ POLE THICKNESS (WIDE END) (76) t p;"

d STATOR I,O. _>,4_._2. .2:_._ POLE LENGTH (76) K P

D STATOR O.D. _"_.._" _. iJ./9 ROTOR DIAMETER (11o) dr 0.C

CROSS CORE LFNGTH ,,_t/.tL _ _ WEIGTH OF ROTOR IRON (1.57) ( - )

".,.. -[t.l__OF i;_-T_------- _ _ , "7. _) POLE FACE LOSS FACTOR (187) Ki

I WIDTH OF DUCT ___ _ SHAFTO.D.(FLUXCARRYINGPAI?T (781 d:____ u._

_K I'.T,_oTKING tACt ........ O!_! _.. I JC) SHAFT LENGTH .... _781 ._= sh '_

o
z

"_:I&-,,,;
39_

(35)

< (16)

(37)

(38)

420)

(4o)

(so)

(78)

(78)

(78)

o (59)

sgo)

S9h)

[PAPAL LIL CIRCUIIS

',IPAND DIA. OR WIDTll

TRANDS CON[}LICTOR iN DEPTH

N'st STRANDS "CONDUCIOR

STATOR STRAND T'KNS.

DIA. OF PIN

COIL EXT. STR.PORT

UNINS. STRD. HT.

DIST. BTWN. CI, ' OF STD.

PHASE RELT ANGLE

sk STATOR SLOT SKEW

X oC STATOR TEMP °C

.I, s R ES'TVY STA. COND. '_ 20° C

t; g3 AXIAL LENGTH OF GAP (g3)

d_t 3 DIAMETER AT GAP (g3)

rig2 DIAMETER AT GAP (g2)

g MAIN AIR GAP

g2 AUXILIARY GAP (g2)

¢j3 AUXILIARY GAP (g3)

o
O

O

STATOR SLOT

DAMPER SLOT

POLE

REMARKS

DATE

REV. A

K_-].



,u) O_n Slots

-r ] t-1-

1-_c--:{ I
i , IL___,,_1
_,_--_! _

(Type 5 is an open
slot with 1 conductor

per slot) t-6,-4

Ib) Cons1ont SIOt Width

-.-ibo_

rl 0

TYPE

TYPE 3

b s for type 3 is

=Qbl 4" b3)bs 2

(C) Constont Tooth Width

_b, "I

-7 _-____J

id) Round Slots

TYPE 4

KA-2



_g

MODEL NO.

INSIDE-COIL, STATIONARY-COIL LUNDELL GENERATOR

SUMMARY OF DESIGN CALCULATIONS (OUTPUT)

(17) ( I_t )

(]4) (h¢)

(26) ('1",)

(27) (7,1 3)

(42) (Kink)

(43) (K d )

(44)

(45)

(Kp)

(_ ,)

; SOLID CORE LENGTH

DEPTH BELOW SLOT

SLOT PITCH

SLOT PITCH I/3 DIST. UP

SKEW FACTOR

DIST. FACTOR

PITCH FACTOR

EFF. CONDUCTORS

(46) (ac) COND. AREA

(47) IS,) CURRENT DENSITY(STA.)

i(49) (_t) I/2 MEAN TURN LENGTH

(53) (Rpk)

(54) (Rpk)

(55) (EFto P)

(56) (EFbo t)

(62) (/\ i )

(63) (A.)

(65) ( )

(66) ( )

CUED STA. RES. "20°C

HOT STA. RES. _XOC

EDDY FACTOR TOP

EDDY FACTOR BUT

STATOR COND. PERM.

END PERM.

WT. OF STA COPPER

WT. OF STA. IRON

POLE PITCH

tf H *:_'-V ,
t

"_T]T-_-_----: . t i,,. • r'H' .A,L'f

r
,._. I • 3| ,'(r. . ,

J

EWO
i

2 .!:7650 _
.t,&5(.

t•?.81 .).,
" 311_i:_ - -

I. 0(10()C
• 965 9?. --

1.000o0 --
11#_ .00000 ---

• 011_], '3 ---
•.)465.80Ol)(.J---

(,.25980--
• o 14 (39 - -
.o1713 --

I.0341_0 --

1.0('4|_(2 - -
7.6 51_00 - -
5.17N30 - -
t_. _7 95 c_- -

12.97 800 ---
1 '91-P, -

o ()0()(',(; ----

l , _.f !]- ! _ /-_". _F _IA T!i ,

?

_( It. • .P_,: PFHM f,F ;bAKAisE PA:H :_

,,_ .,p,IFF;u u'r_D • ", ._]o:l ?i)0_

h}

I
. • , _-

o . H)

' a.- *-- __

.. • .:J __

,I,ZPTt H ';-

[(1.0) (FSC t :,HOUT CIR N: 117_ ' ,...',t:' , (20

81) (SCR) SFIORT CIR RAIlO ........ _ d ) ----

_ ..... ..... _ |
J

L l

Pt RC[ fit L()AD " 1" I)

!

b--/:V (--,C"-

" 1 .(;t_E50]

- . !,:':; l
1. ,q; 4 %'1

.4191;'_ 1

.(15 o5/

.8C 4.85.1

.403,{0"
992. 9400(7

l_.",3 571
131,.5321}3
31_0.1 99,9_3
II,9.03552

Iff4.73 141
283.56770

3 29. ,; 93 i_0
, ?-793 2

i_(, .,. 82 551_

."_.I)_. I(,G51
l 08.1_,C51
-) c')- _),.,,; _ 5(_ "-'-7o i 1

.;_5 o{!(_? 11
(l _''l(]r

CARTER COEFFICIENT

EFFECTIVE AIR GAP

FUND/MAX OF FLD. FLUX

(69)

(71)

67) (Ks)

(ge)

(c1)

Z

(%) i
(LE)

(c M)

1CI)
(A)

129) (X)

WINDING CONST. (72) (Cw)

POLE CONST. (_)

END. EXT. ONE TURN (48)

DEMAGNETIZING FACTOR (_)

CROSS MAGNETIZING FACTOR (_)

AMP CONDIN (128)

REACTANCE FACTOR

LEAKAGE REACTANCE

REACTANCE OF (
ARMATURE REACTION

SYN R EACT DIR ECT AXIS

SYN REACT OUAD AXIS

FIELD LEAKAGE REACT

FIELD SELF INDUCTANCE

UNSAT. TRANS. REACT

SAT. TRAN$.R EACT

SUB.TRANS. REACT DIRECT AX.

I RANS REACT QU&O A X.

ZfIRO Sf(_UTN(Z_ {"]_ A( T

I

,.707 I '.)00 _LUX _ER PULE

I i_.(; _)ib0g) CAP DENS|TY (MAIN)

( 2 I (__.0ri,,) I; _,r,_,(;t .... fLUX

-- (pt) (1!12.) 1Ol_,l [I. IJX Pmr

(f{ u) (103,,', PC;i i I_[ NStl'Y

(t_7) (122t MiX C, APlq?IDf NSII Y

_ !f!,J] ) (119).....,',IJK OAf'(i;)(4 NSlIY

(__9,)_(11_3.! SI_AFT 9ENSITV-
..,, (i.I _o_: N,

(:3 (lhd )(12].) FI|LD AM, PERES

-- O_ (St) (127c)CUR. DEN. FLD.

u_ (Elnl) (127h) FIELD VOLTS

-J
m (W c ) (185) STA CORE LOSS
<

-_ _ (Wtnl) (184) STA TOOTH LOSS

(12R_)(194) STATOR CU LOSS

( - ) (195) EDDY LOSS

(Wjpnl)(186) POLE FACE LOSS

(IIRt) (182) FIELDCOILLOSS

IF&W) (183) F&W LOSS

( - ) (196) TOTAL LOSSES

( _ ) ( - ) PERCENT EFF.

r . A-) "_

. e -

) -_ -, (,

1" .((;7

i 17._:(' _.
1.17_

1.71:1
1.53 1

1. Z' :!
. o00
• 00{)

9 • g,..d_6

:_:: .-125
40.253

.o00

I( _. ) (197o)

i (:,u) (213o)

r(Pq,i) (2]-]-_)

[Bq 2tl) (224)

[E_311 )(730)

(Ill]) (237)

) (239)

(Effl)(238)

(w c ) (185)

(Wtfl) (242)

(I 2 R sX245)

- ) (246)

lWpf I ) (243)

12Rf) (241) ,

F&W) (183)

- ) (247)

- ) (251)

-- :) !).7_300
1!, ./7800

o 3, .#G2

. _,5(','31
-- 1 0,:. % ()0:)

100

i 07.. 5',(, , 'C_,
,_,2. (!I".,()

q • . . •

.> .,! I . CL)(;

__ r'.l()1 .(,00 ---t .'i'_-):)

(,.Or;) _ .C_0[)

, t'_ ".; 005. o I)0 .0C10
1(;.92(_ .000

1.53 1 1.5.:,1

II._5!, .oo0

101(J.i}[','_ .000
19.81 _". .00o

45.7 0;'. .00C

32.325 ___52.525

II(_5.:'-50, -,,_ .000
6(, . ,)5,. . 000

F

IOOIH DENSITY

CORE DENSITY

TOOTH A_PERE TURNS

"CORE AMPERE TURNS

-G_ AMPERE TURNS (MAIN)

1 ';0

I

I

p

DESIGNER

(130) (Xt) [!

(131) (XmJ)

(132) (Xml)

(133) (Xd)

(134) (X q)

(160) (X!)

(161) ILl ) i

(166_ (X'du)

(167) (X'd)

(168) iX" d)

(169, (X"

171); (X/)4

_,Zg' ;T"d :

4':()_ !......... C'._.

,_':_ : L_L2_. z

(94) (B c ) _-

"_) (F_ '_ , Z

(98) (F c )

(967 (F,.i ) ,

I _OO i OPTIONAL._,.

. _.] '... o:)0 f

* _1" I _ i:_ 1 " ( ) ( ) ( )

.'r . ° ts(J_,

. :i) ,_ . bCi('_

. _' ..... ()(')0 -

o L_J',') __ o 000 -

• @OJ -- .OOO -
•O00 _ .000 -
.90'J-- .000 -

1.531 __ 1.53i __

.0C0 _-- .000 -

.C)00 -- .000 -
•000 -- .000 -
•000 -- .000 -
.O00 _ .000 -

32.325-- 32.325 --
• 000 _ ,000 --

.o00 _ .000 -

i 1
DATE

RFV. A
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INSIDE-COIL, STATIONARY-COIL LUNDELL

NO LOAD SATURATION OUTPUT SHEET

| VOLTS

8O'/,,

9O%

100%

110"_

DO%

130%

14 (PI.

ISIY_

160%

(3) (E)

VOLTS

(102=) '/'p!

TOTAL FLUX/POLE

8.00 o()o
37.852",I

10. 0()(3()()
_ 7 • 31 157

13. ()()()()()
(_1.5 o3 5o

15.00()[)[)

70. 96845

(96) Fo
GAP NJ.

(! 03e,) Bp

POLE DENSITY

"' . )61 1;,3 7' '"

:)5._5_ 0(]
-) }:,_). 01 91_3

137.[i7[I00

1(, 9. (] 96 00
[:(()7..))I:!I_

(91) B e

STA. TOOTH DENSIT1

(122) Bg 2

DENSITY g2

;>.6.7(;_7 o
11.5oi 5!)

35.[,91()0
•_;"''0615 ._.)

., _. (i6 5 9(}
16.(;lO7(,

i_l. (,I_0;!,)
( I fl

(97) F t (94) (Be) (98) F c

STATOR TOOTH N,L STACORE DENSITY STA. CORE N.I.

(119) Bg 3

DENSITY g3

• 57 Jib
1_{.(_0752

(113) Bib

SHAFT DENSITY

11. ),.240
29.(32610

1 2. L_O020

15.155L,0

•_J;7 :.)6

17 ._)II_+0
47. 150_5

(127) Fnl

TOTAL N.I.

'-t O"

• 5_5 .__
667.777°5
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]jp = 4 _/ 5"

<_p & "/ >._?
¢

"/

t
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COMPUTER PROCEDU:<_ FOR

INSIDE COIL LUNDE/_L DESIGN CALCULATIONS

I. Clear core (no switch control).

2. Insert output Form #i into typewriter, set _rgin for correct

output.

3. Load pass #1 followed by input #1 (output printed plus punched

cards ).

h. Reset and load pass #2 followed by output from pass #i (output

puluched cards).

5. Reset and load pass #3 followed by output from pass #2 (output

punched cards).

6. Xeset and load pass #h followed by output from pass #3(output

punched cards).

7. Reset and load pass #5 followed by saturation curve values @

and output from pass #h (output punched cards).

8. Reset and load pass #6 followed by outp1_t from pass #5 (output

printed plus punch cards).

9. Reset and load pass #7 follo_ed bj output from pass #6 (output

punched cards).

I0. Reset and load pass #8 followed by saturation curve values*

and output from pass #7 (output punched cards).

ll. Reset and load pass #9 followed by output from pass #8 (output

printed plus punched cards if no load saturation curve required).

If there is punch card output from pass #9 a no load saturation

curve is required. Insert output Form #2 into typewriter and reset

margin. I_ad pass #10 followed by saturation curve values and

output from pass #9 (output printed).

@ Saturation curves are loaded in order shown on Input Form#1.

KA-7
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li;PIJT PAftAtIETERS lil_;![J[ ST/_TIO!iARY COIL

3.46 10.0 5.78 3.0 120. 12. 13b0. 150. I.0 I.I

I.6 6.1_62 8.1_75 2.1_5 O. O. .97 3. 77.4 2.

.040 O. o. _). .15 .o15 .335 O. o. .It

o. .02 72. I. I. 2. 6. I. .15 I.

1. .1 .....o5 .25 .15 185 (,O. 0 75. .69h

1.6 1_.55 5.36 .022 .02 .02 O. O. O. O.

O. O. .635 .8_ 1.J_ .1 .8 ".45 6.z,19 O.

7. 3.2 4. o. O. O. o. 8.5 37.2 .7

.5 .6 J_.;q 1.6 355. 12.1 on5O8 O. 75. .694

I. O. 18.2
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.,ATu,,A: l!)I_ r;m_,r _ ':TATOP, _ ^._ ':ATI.,,IAL

13"2. 18. I. l_O. _. (,6.

5. 76. 8. 85. 14.5 102.

101. 11!_. 300. 132. I000.

SATUP, ATIOII CURVE ( POLE IiATERIAL )

140. o. I.6 10. 2.3 20.

3.3 30. I_.2 60. 7.3 70.

9.2 80. 12.5 85. 15. 90.

20. 100. 40. 108. 100. 112.

160. 126. 500. lJ_O. 1000.

SATURATIOII CURVE ( .,tAFz I'4,ATERIAL )

140. O. I .6 10. 2.3 20.

3.3 30. I_.2 60. 7.3 70.

9.-' 80. 1"!.5 85. 15. 90.

20. 100. 40. 108. 100. 112.

160. I°_• ,:). 5t)0. 140. 1000.

KA-£



ALL INPUT PARAHETERS ARE IN FORHAT F7.O (,FIG. 1)

lo

000000
123458

111111

2222221

3333333

4444444

555555

666666

777777

888888

999999
t?_456

_e

OOO00_
$ I0 It t? 13 14

11111

22222

33333

44444

55555

66666

77777

68888

93999
9 ?0 tl 12 _

5081

100.
6OOOO00

111111

22222

33333

44444

555555

666666

77777

88888

9_99'

.001 .i

no0000 _OOOOO(
I_ 23 24 2_ _ 2"/ 7e30 31 32 33 _ ":

111111 11111

22222 22222

333333 33333

444444 44444,

55555_ 555555i

66666| 666666j

7777771 7777771

88888 88888181

99999 999399i
73 24 25 2E 27 30 _T 32 3_ _q _

i

.01 i0.

)0U000| i0O000_
|_7 _39_ 41_ 3_ 45 4_ 47 U4!

11111 11111

22222: 22222

333333 33333

44444 44444

55555 55555

66566 65666

77777 77777

888888 888¢8

999999 99999
J7 _3940_1, _ 45 46 47 48,

FIG, 1

1o0

IO00GOI

1111111

222222

333333

4 444444

55555555

6_666666

7 777777

888888

999999
I _1 52 E3 _ 55 5_

IOO0.
DO00DOO
i7U$|N6_

IIl1111

_22222;

]33333_

1444444

55555

66665,

77777?

88888

9_99_
59 _ 6_ E_

_,_°

|00066C

111111

222222_

3333333

4444444i

5555555 i
i

66666661

77777771

88888881

999999l

00000000_

11111111_

22222222

333333333

44444444

555555555

_6666666

777777777

88888888

999999995

ALL SATURATION CURVE VALUES ARE IN FORHAT F10, O (FIG, 2)
(ALL SATURATION CURVES HUST HAVE 5 CARDS)

1OO.
000000000
I _ 345 $ 18 II

111111111

222222222

333333333

444444444

555555555

6666666661

777777777?

888888888

999999999
I _ 3 4 5 S 7 O |

urn 50

_0, lo

000090O0OO 0O000O00

1111111111111111111

'222222222822222222

33333333

44444444

555555555

666666666

777777777

88888888

3 33333333

4 44444444

5555555555

6_66666666i

717777777771

888888881

99999_99 3999999999

i00. I0.

D000000u00ioo00000000
• _ 3_ _ }4 353_ 37 _li 3'_ 40_i: 424_ 44 45416 47 44i4_ 5(

1111111111111111111111

H22222222221222222222

33333333331333333333
I

H4444444444M44444444

il5555555555_55555555

)16666666666|666666666

77777777771777777777

8888888881888888888

99999999_J999999999

FIG. 2

.O1

OOGOOO00001000000000000000000"OO

1111111111111111111111111111111

222222222122222222222222222222

3 333333333133333333333333333333

4 444444444144444444444444444444

_55555555_55555555555555555555

66666666|66666666666666666666

77777777fl77777777777777777777

888888088188888888888888888888

99999999_999399999999_999999
5252_55_57M5|_M_S3_65M67_59_ _ _73 74 _ _ _



INSIDE-COIL, STATIONARY-COIL LUNDELL

Calculation Electrical Fortran

Number Symbol Symbol

(128) A A

(46) a c AC

(i 53) acf AS

(68) Ag GA

(70) Ag 2 A2

(70a) Ag 3 A3

(79) ap AP

(112) a s AS

": b

(20) 3 BK

(22) bo BO

(c_4) Bc, BCl

(76) bpl BPI

(76) bp2 BP2

(95) Bg, BG1

(122) Bg 2 Be2

(119) Bg S BG3

(224) Bg2F L BG2L

KA-11



Calculation
Number

(230)

(103)

(213a)

(22)

(57a)

(91)

(57)

(15)

(113)

(232)

(32)

(71)

Electrical

Symboi

Bg3 FL

Bp

%,

b s

bt 1/3

B T

btm

b V

BSH

BSHL

C

C1

C, c

Fortran

Symbol

BG3 L

BP

BPL

BS

SM

BTI

TM

BV

BSH

BSHL

C

C1

(74)

(73)

(75)

(72)

CM

Cp

Cq

CW

CM

CP

CQ

CW

KA-12



Calculation
Number

(12)

(11)

(35)

(78)

(78)

(78)

(lla)

(78)

(3)

(55)

(56)

(238)

(127b)

(4)

(5a)

(98)

(236)

Electrical Fortran

Symbol .Symbol

D DU

d DI

d b DB

dg2 DG2

dg3 DG3

doc DC1

dr DR

d s DS1

E, e

E EE

E FTO p ET

E FBO T EB

EFFL EPFL

EFN L EPNL

EpH EP

f F

Fc FC

FF L FFL



C alcuiation

Number

(96)

(123)

(225)

(120)

(23_)

(127)

(104)

(213c)

(18o)

(97)

(183)

(114)

(233)

(59)

(59a)

(59c)

(69)

Electrical Fortran

Symbol Symbol

Fg FG

Fg 2 FG2

Fg2 F L FG2 L

Fg 3 FG3

FG3 L
Fg3 FL

FN L FNL

Fp FP

Fpl FP L

FS C FSC

FT FT

F&W WF

FS H FSH

FSHL FSHL

G O"

g GC

g2 G2 "

g3 G3

ge GE

KA-lh



Calculation

Number

(24)

(38)

(39)

Electrical

Symbol

hc

V

hST

hST

Fortra:a

Symbol

H, h

HC

SD

SH

(237)

(127a)

(8)

(132)

(241)

(194)

(245)

(19)

(9a)

(43)

(63)

(16)

(44)

IFFL

IFNL

Ip H

I2R F

I2RFL

I2R

I2R S

k

Kc

gd

Ke

z_

zp

I, i

AIFL

AINL

PI

FE L

FCUL

PS

SCUL

_k

• WL

CK .

DF

EK

SF

CF

KA-15



Calculation

Number

(67)

(42)

(2)

(61)

Electrical

Symbol

Ks

KSK

KVA

KX

Fortran

Symbol

CC

FS

VA

FF

(13)

(soa)

(81a)

(82a)

(76)

(48)

(36)

(_61)

(78)

(17)

(49)

(147)

(78)

Q3

J_co

LE

_e2

L F

_g3

_t

Qtf

_-sn

CL

ALl

AL2

AL3

ALCO

EL

CE

SI

AI.fJ3

SS

HM

FE

AI._H



Calculation Electrical Fortran
Number Symbol Symbol

M_ m

(5) m PN

(146) nf PT

(45) n e EC

(30) ns SC

(34) NST SN

!

(34a) NST SN1

(14) n v HV

P, P

(6) p PX

(_) PF PF

(80) Pl Pl

(81) P2 P2

(82) P3 P3

(83) P4 P4

(84) P5 P5

(86) P7 P7

Q,q

(23) Q QQ

(25) q QN

KA-17



Calcula'_ion
Numbe r

(154)

(155)

(7)

(53)

(54)

(18i)

(127c)

(47)

(17"z)

(178)

(176)

(76)

(76)

(145)

(185)

(186)

Electrical

Symbol

P_(cold)

af (hot)

RPM

RSPH (cold)

RSPH (hot)

Fortran

Symbol

FK

FR

RPM

RG

RP

S, S

SCR

S F

SS

T a

t

Td

Tdo

tpl

tp2

V r

W C

WNPL

SCR

CD

S

T, t

TA

T5

TC

TP1

TP2

VR

W, w

WQ

WN

KA-18



Calculation Electrical Fortran

N',_mber Symbol Symbol

(243) WpF L WNL

(242) WTF L WTFL

(184) WTN L WT

X,x

(129) X XR

(131) Xad XD

(i32) Xaq XO

_ _,_] X d XA

_i87) x_ xs

(168) _ xx

I

_166) Xdu XU

T

(160) X F XF

(i50) Xf _C T2

{=3o) x i XL
If

(169) X XY
q

(134) _ XB

(50) Xs °C TI

(170) x2 XN

(_72) xo xo
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Calcuiation

Number

(31)

(Io8)

(loG)

(22i)

(118)

(99)

(1_a)

(22G)

(207)

(92)

(213)

(lO2)

(213_.)

(lli)

(88)

(41)

(20)

(4o)

(27)

Electrical

Symbol

Y

Fortran

Symbol

Y,y

YY

Og2

0£

0g2

o_5
0_7

05L

07L

%
0pL

OpT

0PTL

0SH

0T

T_

TSK

Ts 1/3

PG2

PL

PG2 L

PL5

PL7

PLL

PLSL

PL7 L

FQ

FQL

PTLL

PSH

TG

TP

TS

SK

TT
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Calculation

Number

(64)

(159)

(62)

(64a)

(151)

(152)

(51)

(52)

Electrical

Symbol

_E

/_pt

Az

_ (hot)

_s (hot)

Fortran

Symbol

2_
EW

BE

PC

__ALZ

RR

RS

(77)

Kk-21



1

2

3

7

9

10

11

12

13

14

PASS 1 IIISIDE COIL

FORIIAT(E11.5,EI1.SpE11.SpE11.5pE11.5_E11oS)

FORMAT(FT.O,FT.OpFT.OpFT.0pFT.0pFT.0jFT.OpFT.0_FT-O,FT.0)

FORIIAT(gX F12.5m2X F12.5)

READ2pVApEE,EPpPNpFsPXpRPMpPIpPF_CK

READ2jPOLsDIpDUpCLpHVpBVpSFpWLpBKpZZ

READ2pBOpBIpB2sB3pBSpHO_HXpHYpHZpHS

READ2pHTpHW_QQpWmRFpSCpYYsCpDWpSN

READ2pSNIpDWIpDBpCEpSHpSDpPBA_SKpTIpRS

READ2sALG3pDG3pDG2pGCpG2_G3pClpCWpCPwEL

READ2pC_,CQpPEpBPIpBP2pTPI_TP2pALP,DR_WR

READ2pDIpDSI,ALSH,PIpP2,P3,P4pP5,P7pALI

READ2pAL2pAL3_DCI,ALCOpPTpFEgRDpRT,T2pRR

READ2sSNLpWFpALZ

SS=SF*(CL-HV*BV)

HC=(DU-DI-2.O*HS)*0.5

QN=QQ/( PX*P N)

TS=3.142*DI/QQ

IF(ZZ-4.0)9,;0,9

TT=(O.667*HS+DI)*3.142/QQ

GO TO 11

TT=3.1416*(DI+2.*HO+1o32*BS)/QQ

IF(ZZ-I.O)12,12,13

BO=BS

CC=(5.*GC+BS)*TS/((5.*GC+BS)*TS-BS*BS)

GO TO 14

QC:(4.4/4*GC+O.75*BO)*TS

CC=QC/(QC-BO*BO)

CS:YY/(PN*QN)

ICA-22



TP=3. 1416-D I/PX

IF(SK) 18,18,19

IB FS=I°O

GO TO 2O

19 FS=S I N(1.57 I*SK/TP)*TP/( 1.57 I*SK)

20 IF (PBA-GO.)21p21,22

21 D=I.0

GO TO 95

22 D-2.0

95 I=QN

U= I

IF(QN-U)23,23,24

24 U-.'PX*PN

XX=U

N=U

DO 25 K=Ij, I,I

Z=U/XX

l=Z

Zl--I

I F (Z-Z1)26,26,25

26 zY=QQ/XX

I =ZY

Zl=l

I F (ZY-Z 1 )27,27,25

25 XX..XX-1.

23 ZY=QN

27 DF=SI N(.5236*D)/(ZY*D*S IN(.5236/ZY) )

CF=S IN(YY*. 5236/QN)

EC=QQ*SC*CF*FS/C

I(A-23



GE=CC*GC

I F (C1)29,28,29

28 C 1=0.649*LOG (PE)+1.359

29 1F(CW)30,30,31

30 CW=. 23 566"EE*C I*DF/EP

31 IF (CP)32,32,33

32 CP=PE*(LOG(GC/TP)*.O378+I. 191)

33 IF (EL)34,34,42

34 IF(RF)35,35,41

35 IF (PX-2.O)36,36,37

36 U=1.3

GO TO 40

37 1F (PX-4.O)38,38,3 9

38 U=1.5

GO TO 40

39 U=I.7

40 EL=3. 142*U*YY*(D I+HS)/QQ+0.5

GO TO 42

41 EL=2.O*CE+3. 142*(O.5*HX+DB)+YY*TS*TS/SQRT (TS*TS-BS*BS)

42 AA=t.571*PE

AB=3. 142-PE

IF (CM)43,43,44

43 CH=(AB+SI N(AB))/(S IN(AA)*4.)

44 1F (CQ) 45,45,46

45 CQ=(O.5*COS(AA)+AB-SI N(AB))/(4.0*SI N(AA))

46 RB= (T I+23 4.5)*O. OO3 94-RS

PRI NT3,SS,CC,HC,GE,TS,CI,TT,CW, FS,CP,DF,EL,CF,CM,EC,CQ

PUNCHI,VA, EE,EP,PN,F,PX

PUNCHI,RPM,PI ,PF,CK,POL,DI
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PUNCHIBDUpCL,SSIHCISFpQI_

PUNCHIpWLpBKpZZpBOpBI,B2

PUNCHI,B3pBSmHOpHXpHY_HZ

PUNCHIpHSpHT,HW,QQpWpRF

PUNCHIpSCpYY_CpTSpSNpDB

PUNCHIpCE,SHjSD,TTpSKpRB

PUNCH Ip ALCOpTPIDIpFEpRD_RT

PUNCHI_T2pRRpSNLpWFpPEpSNI

PUNCHIsDWI,BPIpBP2pTPIpTP2pALP

PUNCHIpDRjWRpDSIpALSH

PUNCHIpPIpP2,P3,P4pPS,P7

PUNCHI,RS,GCmPTpCIpCWpCP

PUNCHIIELpCI_pCQ_DWpCCpPBA

PUNCHIpGEpCSpCF,FSpECsDF

PUNCHIpALG3pDCI,DG3pDG2pALIpAL2

PUNCHIpAL3pALCOpG2pG3pALZ

PAUSE

END



C

49

5o

51

52

PASS 2 INSIDE COIL

FORt_AT(E11.5mEI1.5,E11.5,E11.5pEII.5pE11o5)

DI_ENSION DA(8),DX(6),DY(B),DZ(8)

READI pVA_EEpEPjPNpFjPX

READ| pRPt'tpPIpPF,CKpPOLjDI

READ1 pDU=CLpSSsHCpSFsQN

READ1 mWLpBKpZZpBOpBlpB2

READ! pB3pBS_HOwHX,FIY,HZ

READI ,HS,HT,HW,QQ,W,RF

READI ,SC,YY,C,TS,SN,DB

READI ,CE,SH,SD,TT,SKpRB

READI , ALCO,TP,DI,FE,RDpRT

READI ,T2,RR,SNL,WF,PE,SNI

READI ,DWI,BPIpBP2,TPI,TP2pALP

READ IpDR,WR,DSIpALSH

READI pPI,P2pP3,P4,PS,P7

READI p RS,GC,PT,CIpCW,CP

READI , ELpCPIjCQ,DW,CCpPBA

READI , GE,CS,CFpFS,EC,DF

READI ,ALG3jDCI,DG3,DG2pALI,AL2

READ I,AL3,ALCOpG2,G3,ALZ

DT=DW I

IF (ZZ-3.O)49,50,51

SM=TT-BS

GO TO 53

SM=(3.1416*(DI+2.*HS)/QQ)-B3

GO TO 53

IF (ZZ-4. O)50,52,49

St._=TT-.94*BS

KA.,.26



53

61

62

Ht_=CL+EL

IF(DT) 61,61,62

AC= O. 7B5*DW*DW*S I,II

GO TO 72

ZY=O.O

DA(1)=O.05

DA(2)=0.072

DA(3)=O. 125

DA(4)=O. 165

DA(5)=0.225

DA(6)=0.438

DA(7)=0.688

DA(8)=I .5

DX(I)=0.000124

DX(2)=0.00021

DX(3)=0.00021

D X (4) = O. 00084

DX(5)=0.00189

DX(6)=0.00189

DY(I)=0.000124

DY (2)=0.000124

DY(3)=O.

DY(4)=O.

DY(5)=O.

DY(6)=O.

DY(7)=O.

DY(8)=O.

DZ(1)=O

DZ(2)=O.

OO01)4

00084

00189

00335

00754

03020

000124

000124
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DZ (3)=0.000124

DZ (4)=0.00335

DZ (5)=0.00335

DZ (6)--0.OO754.

DZ(7)=0.0134

DZ(8)=0.0302

63 I F (DT-.O5) 201,201p200

200 JA=O

JB=O

JC=O

JD=O

64 JA=JA+I

JB=JB+I

JC=JC+I

JD=JD+I

IF(DT-DA(JA))65,65,64

201 D=O

IF(ZY)71,71,54

65 IF (DW-O. 188)66,66,67

66 CY=DX(JB-I)

CZ=DX(JB)

GO TO 70

67 IF(D_q-0.75)68,68_69

68 CY=DY(JC-I)

CZ=DY (JC)

GO TO 70

69 CY=DZ (JD-I)

CZ=DZ(JD)

70 D=CY+(CZ-CY)*(DT-DA(JA-1))/(DA(JA)-DA(JA-1))
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71

72

73

74

54

55

203

202

204

IF(ZY)71,71,54

AC= ( DT _DW-D ) *S I,I1

I F(RT)73=73,74

AS=O.785*RD*RD

GO TO 55

ZY=I .O

DT=RT

DW=RD

GO TO 63

AS=RT*RD-D

S=P I / (C*AC)

CY=PT *FE*O. 000001/AS

FK=RR*CY

FR= (T 2+234.5) *F K*O. 003 94

RC=0.32 I*PT *FE*AS

IF(SH)202p203p202

ET=I

EB=I

GO TO 204

AA= O. 584+( SN*S N- I. O) wO. O625"( SD*CL / (SH*Hi _))**2.0

AB= (SH*SC*F*AC / (BS*RB))*'2.0

ET=AA*AB*O. 00335+I. O

EB= ET-O. O0168*AB

RY= SC*QQ*O. OOO001 *II_I/(PH*AC *C*C )

RG=RS*RY

RP,=RB*RY

A=P I *SC*C F / (C*TS)

PUNCHlsVAsEE mEPpPNPF,PX

PUNCH1 _RPt_pP I pPFjCK_POLpDI



PUNCHIpDLJsCLpSS,HCpSFpQId

PUNCHIpWLpBK,ZZpBOpBI,B2

PUNCHIpB3_BSpHO,HX,HYpHZ

PUNCHI,IIS,HTpHWpQQ,W,RF

PUNCHI,SC,YY,C,TS,SN,DB

PUNCHI,CE,SH,SD,TT,SK,RB

PUNCHI, ALCO,TP,DI,FE,RD,RT

PUNCHI,T2,RR,SNL,WF,PE,SNI

PUNCHI,DWI,BPI,BP2,TPI,TP2,ALP

PUNCHI,DR,WR,DSI,ALSH,ALZ

PUNCHI,PI,P2,P3,P4, P5,P7

PUNCHI, RS,GC,PT,CI,CW,CP

PUNCHI, EL,C_I,CQ,DW,CC,PBA

PUNCHI, GE,CS,CF,FS,EC,DF

PUNCHI,ALG3,DCI,DG3,DG2,ALI,AL2

PUNCHI,AL3,ALCO,G2,G3,A

PUNCHI,HI_,StI,AS,AC,ET,EB

PUNCHI,S,FK,FR,RC,RG,RP

PAUSE

END



1 05

106

107

1 O8

109

PASS 3 INSIDE COIL

FORICAT(E11.5,EI 1.5,EI 1.5,EI 1.5,EI 1.5,EI I .5)

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READ

READI

READI

READI

READI

READI

READI

READ

READ

,VA, EE,EP,PNIF,PX

pRPli,PI,PF,CK, POL,DI

•DUsCL,SS,HC,SFpQN

,WL,BK,ZZ•BO,BI,B2

jB3,BS,HO,HX,HY,HZ

,HS,HT•HW•QQsW,RF

,SC•YY,C,TS•SN•DB

,CE,SH,SD,TT,SK,RB

• ALCO,TP,DIpFE,RD,RT

,T2,RR,SNL,WF,PE,SNI

,DWI•BPI,BP2,TPI,TP2,ALP

I,DRwWRpDSI,ALSH,ALZ

,PI,P2•P3,P4, PS,P7

, RS,GC,PTpCI,CW,CP

, EL,CHpCQ,DW,CC,PBA

, GE,CS,CFpFS•EC,DF

,ALG3,DCI,DG3,DG2•ALI,AL2

,AL3,ALCO,G2,G3•A

I,FIH, StI,AS,AC,ET,EB

I,S,FK,FR,RC,RG,RP

IF(PBA-60.O) I05,105,108

IF(CS-O.667)I06,106•I07

FF=0.25"(6.O*CS-I.O)

FF=0.25"(3.*CS+I.O)

GO TO 75

IF(CF-0.667)I09,109,110

FF=0.05-(24.0"CS-I.0)

KA-31



GO TO 75

110 FF:O.75

75 CX=FFI(CF*CF*DF*DF)

Z=CX*20.O/(PN*.QN)

BT=3. t42-D I/QQ-BO

z A=BT*BT / (16. O*T S*G C)

ZB=O.35*BT/TS

ZC=HO/BO

ZD=HX*O. 33 3/BS

ZE=HY/BS

IF (ZZ-2.O) 76p77p78

76 PC=Z* (ZE+ZD+ZA+ZB)

GO TO 82

77 PC==Z*(ZC+(2.O*HT/(BO+BS) )+(HW/BS)+ZD+ZA+ZB)

GO TO 82

78 IF(ZZ-4.0) 79,80,81

79 PC:Z*(ZC+(2.0WHT/(BO+B 1))+(2.0*HW/(BI+B2) )+(HX*0.333/B2)+ZA+ZB)

GO TO 82

80 PC:Z* (ZC+0.62)

GO TO 82

81 PC=Z* (ZE+ZD+(O .5*GC/TS)+(O. 25*TS/GC) +0.6)

82 EK=EL/( I0.0"*(0.103*YY*TS+O.402) )

IF(DI-8.O) 83,83,84

83 EK=SQRT(EK)

84 ZF=.612*LOG (I O.O*CS)

EW=6.28*EK*ZF* (TP_r* (O. 62- (O. 228*LOG (ZF) ) ))/ (CL*DF*DF)

87 ZA=3.1416*(DI+HS)/QQ

IF(ZZ-3.O) 88pBgp88

88 TM=ZA-BS
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89

90

446

445

GO TO 90

TM= (3.1416"(D I+2._cHS)/QQ)-B3

W I= (T_I*QQ_S S*HS+ (DU-HC) _3.142*HC*SS )*0. 283

IF (WF)445,446,445

WF=2.52 E-6*( DR**2.5 )*AL P*RP_I** I. 5

WC=.321_It_*QQ*AC*SC

PUNCHI,VA, EE,EPpPN,F,PX

PUNCHI,RPII,PI,PF,CK, POL,DI

PUNCHI,DU,CL,SS,HC,SF,QN

PUNCHI,WL,BK, ZZ,BO,BI,B2

PUNCHI,B3,BS,HO,HX,HY,HZ

PUNCHI,HS,HT,HW, QQ,Vl,RF

PUNCHI,SC,YYpC,TS,SN,DB

PUNCHIjCE,SH,SD,TT,SK,RB

PUNCHI, ALCO,TP,DI,FE,RD,RT

PUNCHI,T2,RR,SNL,WF,PE,SNI

PUNCHI,DWI,BPI,BP2,TPI,TP2,ALP

PUNCHI,DR,WR,DSI,ALSH

PUNCHI,PI,P2,P3,P4,PS,P7

PUNCHI, RS,GC,PT,CI,CW, CP

PUNCHI, EL,CPI,CQ,DW,CC,PBA

PUNCHI, GE,CS,CF,FSpEC,DF

PUNCHI,ALG3,DCI,DG3,DG2,ALI,AL2

PUNCHI,AL3,ALCO,G2,G3,A

PUNCHI,Hr_,S_I,AS,AC,ET,EB

PUNCHI,S,FK, FR,RC,RG,RP

PUNCHI,FF,CX,PC,EK, EW, Trl

PUNCHI,WI,WC,ALZ

PAUSE
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C

402

1

READ! pVAgEEpEPpPNpFpPX

READ1 •RPItpPIpPFpCKpPOLpDI

READI •DU•CL•SS•HC•SF•QN

READ! •WL•BK•ZZ•BO•BIpB2

READ! •B3,BS•HO•HXpHY•HZ

READ! •HS•HT•F_•QQ•W•RF

READ! •SC,YY•C•TS•SN•DB

READ! ,CE•SH•SDsTT•SK•R B

READ! • ALCOpTP•DI•FEpRD_RT

READI •T2pRRpSNLsWFpPEpSN!

READ! ,DWI,BPIpBP2pTPI•TP2,ALP

READ! ,DR,WRpDSI_ALSH

READ! •PI,P2pP3,P4_PSpP7

READ! • RSpGC_PTpCImCW•CP

READ! , ELpCH,CQ,DW,CC,PBA

READ! p GE•CS,CF,FS,EC,DF

READ! ,ALG3,DCI,DG3,DG2,ALI,AL2

READI ,AL3,ALCO,G2,G),A

READ! ,Htl, SH,AS,AC,ET,EB

READI ,S,FK,FR,RC,RG,RP

READ! ,FF•CX, PC•EK, EWpTH

READ ImWI,WCpALZ

A2=.7854*DG2*DG2

A3=3.1416*DG3*ALG3

AP=BP2*TP2

I F(P1)401,402,41J1

P1=3.19*BP1*TP1/AL1

PASS l_ INSIDE COIL

FORI_AT(E11.5•E11.5,E11.5•EIlo5,ElloS,ElloS)



401

4O4

4O3

4O6

4O5

4O8

4O9

4o7

411

410

413

412

132

133

134

135

I F (P2) 403,4.04,403

P2=I. 595_(TP I+TP2)*ALP/AL2

IF (p3) 405,406,405

P3=3.19*( (3 .*BP I+BP2) 18. )*ALP/AL3

IF (P4) 407,408,407

Z=TP-(BPI+BP2)/2.

P4=(3.1 9*ALP/3. 1416)*LOG(t.+(BPI+BP2)/Z)

IF (PX-6. )409,407,407

P4=I .5"P4

IF(P5)410,411,410

p5= (2.505/ALCO), (DC I*-2-DS I*-2)*.667

IF(P7)412,413,412

P7=2.5*(DU+DR)

TG=6. E6*EE / (CW*EC*RPM)

BT I=TGI (QQ*SII*SS)

FQ=TG*CP/PX

BCI=FQ/(2. *HC*SS)

BGI=TG/(3. 1416*DI_CL)

FG=BG I*GE/. 0031 9

WQ= (DU-FIC )* I. 42"HC*S S* (BC I/B K) **2. O*WL

_Fr= st_ *QQ*SS*HS*O.453*(BTI/BK)**2.0*WL

D2=BG I_r'2.5"O. 000061

D3 - (O. O 167*QQ*RP_) ** I.65*0. OOOO 15147

IF (TS-O.9) 133,133,134

D4._T S*'I. 285*0.81

GO TO 137

IF (TS-2.O) 135,135,136

D4=TS**I. 145"0.7 9

GO TO 137

A--_L_



136

137

138

139

140

141

142

143

144

D4.=T S**O. 7 9"O. 92

DT=,BO/GC

IF (D7-I.7) 138,138• 139

D 5"D7"2.31 "O .3

GO TO 144.

IF (D7-3 .O) 140• 140• 141

DS,,DT**2.O*O.35

GO TO 144

IF (D7-5.0) 142• 142• 143

D5=D7**I .4*0.625

GO TO 144

D5=DT**O. 965"I .38

D6==I O. 0"*(0. 932"C I-I .606)

BA=3.142"D I*CL

WN=D I*D 2*D3*D4*D 5*D6*BA

PUNCHI,VA•EE 9EPpPN•FpPX

PUNCH1

PUNCHI

PUNCHI

PUNCHI

PUNCHI

PUNCHI

PUNCHI

PUNCHI

PUNCHI

PUNCHI

PUNCHI

PUNCHI

PUNCHI

,RPFI•PI

•DU,CL,

,WL•BK,

•B3,BS•

,HS,HT,

,SC,YY,

•PF•CK•POL,DI

SS,HC,SF,QN

ZZ•BO, BI•B2

HO•HX,HY•HZ

HW•QQ•W•RF

C,TS,SN,DB

jCE•SH,SD,TT•SK•RB

• ALCO,TP,DI•FE•RDpRT

•T2,RRjSNL,WF,PE,SNI

•DWI,BPI,BP2,TPI,TP2•ALP

pDR,WR,DSI,ALSH

• RSpGC•PT•CI,CW,CP

, EL,C_I•CQ•DW,CC,PBA
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PUNCH1• GE,CS•CF•FSpECpDF

PUNCH1 •ALG3pDCI,DG3pDG2,ALIpAL2

PUNCHImAL3,ALCO,G2,G3 •A

PUNCHIIHI'_pSIi,ASpAC•ETpEB

PUNCHI,S,FK, FR,RCsRG,RP

PUNCHIpFFmCXpPC•EKmEWmTti

PUNCH1 ,WI ,WC,WT,WQ,%'4N

PUNCHI,TG,FQ,BCI,BTI,BGI,FG

PUNCHIpPI,P2pP3,P4,P5pP7

PUNCHI ,PXmALP,A2,G2,A3,G3

PUNCHI •DU•PT,FK•AS•ALZ

PUItCF'II•HCjAP,HS,DS1,ALSH

PAUSE

END
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C

1

888

823

824

825

8O6

807

PASS 5 INSIDE COIL

DIIIENSIOII AI(.90)

FORI4AT(E11.5,EII.5,EI 1.5,E11.5,EI 1.5pEI 1.5)

FOR_AT(FIO.O_FIO.O_FIO.OjFI O.OmF10.OpFIO.O)

K= I

READ888pAI (K),AI (K+I).AI (K+2),AI (K+3) 9AI (K+4),AI (K+5)

K=K+6

IF(K-89)823,824,824

DO 825 J=I,21

READ I,RI,R2,R3,R4,R5,R6

PUNCHI,RI,R2,R3,R4,R5,R6

READI ,TG,FQ,BCI,BTI,BGI,FG

READI ,PIpP2pP3,P4pPSpP7

READI ,PXpALPjA2pG2pA3pG3

READ ImDUpPTpFK,ASpALZ

READI pHCpAP,HS_DSIpALSH

LOAD=I

COREL=3.1416*(DU-HC)/(4.*PX)

X=BTI

NA=I

K=I

GO TO 802

FT=HS*AT

X=BCI

K=2

NA=I

GO TO 802

FC=COREL*AT

FS=FT+FC
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8O8

809

PL=P X* (2 ._ (FG+FT )+FC )* (P 1+P 2+P3+P4 )*. O01

PLT=FQ+2.*PL/PX

BP=PLT/AP

X=BP

NA=31

K=3

GO TO 802

FP=ALP*AT

PL7 =. OO I*P7* (FC+FT+FG+F P )

PG 2=PLT*PX/2.+PL7

BG2=PG2/A2

FG2=BG2*G2/. 00319

BG3=PG2/A3

FG3=BG3WG3/. 00319

pL5=P5 * (FG2+2 .* (FG+FT+F P )+F C+F G3 )*. O01

PSH=PG2+PL5

ASH=. 7854_DS I*D S I

BSH=PSH/ASH

X=BSH

K=4

NA=61

GO TO 802

FSH=ALSH*AT

F NL=2. * (FG+F T ) +FC+F SFt+FG2+FG3+2. *F P

AI NL=FNL/PT

CD=AI NL/AS

EP NL=A I NL*F K

PUNCH1,TGpFQ sBC1 pBT1 ,BGlwFG

PUNCHlpP1,P2,P3pPh'pP5,P7
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802

83 1

835

833

834

PUNCHI •PX•ALP•A2,G2,A3•G3

PUNCHI,DU•PT•FK,AS•FG2,FG3

PUNCHI•HC•AP•HS•DSI,ALSII•EPNL

PUNCH1 •COREL,ASH•FC•FT,BP• BSH

PUNCH1 •PL, PLT• BG2•BG3•CDpAI NL

PUNCHI•FNL,ALZ

PAUSE

IF(AI (NA)-X)830,831,831

NA=NA+3

IF (AI (NA)-X)833,834,834

NA=NA+2

GO TO 835

AX=AI (NA)

BBI=AI (NA-2)

DC=AI (NA+I)

D=AI (NA-I)

XX= (AX-BBI)/(.4343*(LOG(DC)_LOG (D+.OOOI)))

Y=AX-X X*. 43 43*LOG (DC )

AT=EXP (2.3 06_¢(X-Y)/XX)

GO TO

838 GO TO

830 GO TO

836 PRINT 850•

850 FORHAT (17F'Ii'IACH I NE

PAUSE

(838,83 9) •LOAD

(806,807,808,809,81 O) ,K

(836,837),LOAD

SATURATED)

END
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3

I

870

PASS 6 INSIDE COIL

FORt IAT(gX FI2.S,2X F12.5)

FORr_AT(EII.5,EII.5,EII.5,EII.5,EI1.5,E11.5)

FORr_AT (23X F12.5/)

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READ

,VA, EE,EP,PN,F,PX

,RPI_,PI,PF,CK,POL,DI

,DU,CL,SS,HC,SF,QN

,WL,BK,ZZ,BO,BI,B2

,B3,BS,H(),IIX,HY,IIZ

,FIS,IIT,I_#,QQ,W,RF

,SC,YY,C,TS,SN,DB

,CE,SII,SD,TT,SK,RB

, ALCO,TP,DI ,FE,RD,RT

,T2,RR,SNL,WF,PE,SNI

,DWI,BPI,BP2,TPI,TP2,ALP

, DR, WR, DS I, AL SH

, RS,GC,PT,CI,CW, CP

• EL,CI_,CQ,DW,CC,PBA

• GE,CS,CF,FS,EC,DF

,ALG3,DCI,DG3,DG2,ALI,AL2

,AL3,ALCO,G2,G3,A

,Iffi,SII,AS,AC,ET,EB

,S,FK,FR,RC,RG,RP

,FF,CX,PC,EK, EW,TII

,WI,WC,WT,WQ,WN

,TG,FQ, BCI,BTI,BGI,FG

,PI,P2,P3,P4,P5,P7

,PX,ALP,A2,G2,A3,G3

,DU,PT,FK,AS,FG2,FG3



415

414

418

READI

READI

READI

READ

,IICpAPjFIS,DSI ,ALSHpEPNL

•COREL•ASFI,FC•FT•BPpBSH

, PL, PLT, BG2,BG3,CD,AI NL

I ,FI4L,ALZ

XR=.O707WA*DF/(BGI*Cl)

XL=XR*(PC+EW+ALZ)

XD=90.*EC*PI*CtI*DF/(PX*(2.*FG+FG2+FG3))

XQ=CQWXD/(CriwCI)

XA=XL+XD

XB=XL+XO

VR=3.1416*DR_RP_i/12.

AGE=GE*(2.*FG+FG2+FG3)/(2.*FG)

PEE=PX*(PI+P2+P3+P4)+P5

ALF=PEE/CL

ALA=6.38*DI/(PX*AGE)

XF=XD*(I.-((CII/CI)/(2.*PX+I.273*ALF/ALA)))

SI=PT*PT*PEE*I.E-8

XU=XL+XF

XS=.88*XU

XX=XS

XY=XB

XN=.5*(XX+XY)

IF(W)414,415,414

XO=O.

GO TO 422

IF(CS-|.)417,418,417

AKX=|.

AKX I= I.

GO TO 419

-- KA-h']



417

420

421

419

422

AA=(3, Ycyy/( PN*QN) )

AKX=AA-2.

IF (AA/3.-.667) 420= 420, 421

AKXI=.75*AA-. 25

GO TO 419

AKX 1=. 75*AA+. 25

ABL= (AKX/( CF**2 ))*. O7*ALA

XO=AKX* (ABL+PC)/AKX I

XO=XR* (XO+( 1.667" (14X+2. *HZ ))/(P I_*QN*C F**2*DF**2*B S)+. 2*EVd)

TC=SI/(FK)

RA=P I,I*PI*PI *RG/(VA*I 000. )

T A=XN/(628.32*F*RA)

T5=XS*TC/XA

T4=2./F

F SC=XA* (2. *FG+FG2+FG3 )/100.

SCR=FNL/FSC

PRI NT3pACpApSpXRsHIIsXLpRGpXD_RPpXQpETpXA_EBpXBpPCp XF,EWpSI _WC_XU

PRI NT3=WI _XS_TP,XXpWRsXYpVRpXN,ASpXO_FKjTCpFRjTApRCpT5pPI_T4

PRI NT3 jP2 =TGp P3 pFQp Pl_jBGI pP5p BTI jP7 pBCI 9FSCp FTp SCRpFC

PRI NT870pFG

PUNCHIpBOpGCpPI _PNpEP_ET

PUNCHIpEBpSCpCpXBpXDpPF

PUNCIII•EE•XA sRGPWFpWQPWT

PUNCIII,WN,SNLjPOL,RPpFRpFNL

PUNCHI•TG_FQpBCIpBTIpBGIpFG

PUNCHIpPIwP2sP3pP4_P5pP7

PUNCHI•PXsALPsA2pG2pA3•G3

PUNCHI•DU_PT_FK•AS_FG2•FG3

PUNCHI_FIC•AP_HS_DSI•ALSH_EPNL

R'A.),I,



PUNCH| •COREL•ASHpFC•FTpBPpBSH

PUNCH| j PL•PLT•BG2•BG3 ,CDsAI NL

PUNClII _CK

PAUSE

END



965

964

955

956

957

PASS 7

DII_ENS

F OR IiAT

READI

READI

READI

READI

READ I

READI

READI

READI

READI

READI

READI

READ I

INSIDE COIL

ION GB(4),AE(4),DX(4)

(EII.5,EI1.5,EI 1.5,EI 1.5,EII.5,EI 1.5)

,BOpGC,PI ,PI,I, EPpET

,EB,SCpC,XBpXD,PF

• EE • XA,RG ,WF ,WQ ,WT

,Wl,l, S NL • POL ,RP, FR, F NL

,TG•FQ,BCI,BTIpBGI•FG

,PI,P2IP3,P4,P5,P7

,PX,,ALPpA2pG2pA3,G3

,DU,PT,FK,AS,FG2,FG3

•HC,AP,HS,DSIpALSH•EPNL

,COREL, ASH, FC, FT, BP, BSH

,pL, PLT, BG2, BG3,CD, AI NL

•CK

AXX:BOIGC

_F(AXX-I.) 964,965,964

AKSC=2.6

GO TO 957

IF (AXX-3.75) 955,955,956

AKSC=IO.**. 178/((AXX-I .)*_.334)

GO T0957

AKSC=IO.**.II/((AXX-I .)**. 174)

XXI=P I*PI*PN

XX3=3 .*EP*P I*PF

XX2=(ET+EB)/2.-I.

XX4= AKSC*P I*SC / (C*FG )

GB(1):I.

GB(2):I .5
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777

GB(3)=2.

GB(4)--POL

AN=AT AI,I ( SQRT ( I .-PF*PF ) I PF )

ANI =S I I,I(AI,I)

DO 777 K--I z_

YB=GB (K)

AA =ATAI,I ( (AN I +XB'_YB/"I 00. )/PF)

AE (K.) =COS (AA-AI,I)+XA*S I N (AA)*Yi,I'I 00.

DX(K)=. 93*XD*YB*S I I,I(AA)/I 00°

PUNCFII,AE(I),AE(2),AE(3),AE(4)

PUNCHI,DX(1),DX(2),DX(3),DX(4)

PUNCll Im BO, GC.,P I_PJ_pEP._ET

PUNCHIpEB BSCPCpXBpXDPPF

PUNCIll pEEpXApRGpWF pWQpWT

PUNCHI pWNp SNLp POL pRPp FRp FNL

PUNCHIpTG,FQpBCIpBTIpBGIpFG

PUNCHIpPI pP2pP3pP4pP5,P7

PUNCHI,PXpALPpA2pG2pA3pG3

PUNCHI pDUpPTpFKpASjFG2pFG3

PUNCH1 pHC,APpHSpDSI pALSHp EPNL

PUNCHIsCORELpASHpFCpFTpBPpBSH

PUNCHIjPLpPLTpBG2pBG3pCDpAI NL

PUNCHI pXXI_XX2pXX3_XX4pCK

PAUSE

END

ZA--h?



C

1

888

82:3

824

PASS 8

D I F'IENS I Old

D I t,IENS I 01,I

D I HENS I ON

INSIDE COIL

AI(90)

AE(4),DX(II),BPL(4),PLL(4),BG3L(4),BSHL(4),PTLL(4)

FFL(4),AIFL(4),CDD(4),EPFL(4),BG2L(4)
°.

FORHAT(E11.5mEI1.5,E11.SpE11.5,E11.5,E11.5)

FORHAT(FIO.O#FIO.O_FIO.OpFIO.OmFIO.OpFIO.O)

K=I

READ888,AI(K)pAI(K+1),AI(K+2),AI(K+3),AI(K+4)pAI(K+5)

K=K+6

IF(K-89)823p824,824

READI ,AE(1),AE(2),AE(3)pAE(4)

READI pDX(1),DX(2)pDX(3),DX(4)

READI pBO,GC,PI_PNpEP,ET

READI ,EBpSC,C,XB,XD,PF

READI mEEpXApRGpWFpWQ,WT

READI mWNpSNLpPOLpRP_FRpFNL

READI mTGpFQpBCIjBTI,BGIpFG

READI pP1pP2pP3pP4pP5pP7

READI mPXpALPpA2pG2pA3pG3

READI pDUpPTpFKpASjFG2pFG3

READI pHCsAPpHSpDSI,ALSHjEPNL

READ! wCORELjASH,FCpFTjBPpBSH

READI pPLjPLTjBG2sBG3_CDjAINL

READ IBXXIgXX2pXX3,XX4pCK

LOAD=2

DO 900 J=Ip4

AED=AE (J)

AA=AED_FG+(I.+PF)WFT+FC

PLL(J)=PL*AA /(FG+FT+FC)
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881

880

882

841

842

900

IF (PF-. 95) 880,880,881

PR=FQ*CK

GO TO 882

PR=F Q* (AED-D X (.J))

PTLL (J) =PR+(PLL (J)*2./PX)

X=PTLL (J)/AP

BPL (J)=X

NA=3 1

K=I

GO TO 802

FPL= AT* ALP

PL7 L=P7 * . O01- ( AA+F P L )

PG2L=(PTLL(J)*PX/2.)+PL7L

BG2L(J)=PG2L/A2

FG 2L=BG2L (J) *G2/. 00319

BG3L(J)=PG2L/A3

FG3L=BG3L (J)*G3/. 003 19

PLSL=PS*. OO I* (2. *AE D*FG+FG 2L+FG3 L+2. *F T* (I. +PF )+2. *F P L+FC )

PSHL=PG2L+PLSL

X= PSHL/ASH

BSHL (J)=X

NA=61

K=2

GO TO 802

FSHL=ALSH*AT

FFL (J) =FSHL+FG2L+FG3L+2 .*FG*AED+2.*FT* ( !. +PF) +FC+2 ,*FPL

AI FL(J)=FFL(J)/PT

COO(J)=AIFL(J)/AS

EPFL(J)=AI FL(J)*FR

XA_9



837

86O

861

863

862

8O2

851

835

833

834

JA=JA/2

PUNCH 860, JA

FORF"_AT ( 13 )

IF(JA)861,862,861

DO 863

PUNCHI

PUNCHI

PUNCH

PUNCH

J=I,JA

,PLL(J),PTLL(J),BSHL(J),BG3L(J),BG2L(J),BPL(J)

,FFL(J),AIFL(,J),CDD(J),EPFL(J)

I,BO,GC,PI ,PN,EP,ET

I,EB,SC,C,XB,XD,PF

PUNCII I, EE, XA, RG ,WF ,WQ, WT

PUNCHI ,WN, SNL, POL,RP, FR, FNL

PUNCHI,TG,FO,BCI,BTI,BGI,FG

PUNCHI ,PI ,P2,P3,P4,P5,P7

PUNCIIIpPX,ALP,A2,G2,A3,G3

PUNCHI ,DU,PT,FKpAS,FG2,FG3

PUNCHI,HCpAPpHS,DSI ,ALSH,EPNL

PUNCHI ,CORELp ASH, FC, FT, BP, BSH

PUNCHIjPLsPLT,BG2pBG3pCD,AI NL

PUNCIII,XXI,XX2,XX3pXXI_

PAUSE

IF(AI(NA)-X)830,831,831

NA= NA+3

IF (AI (NA)-X)833,834,834

NA= NA+2

GO TO 835

AX=AI (NA)

BBI=AI (NA-2)

DC=AI (NA+I)

D=AI ( I',IA- I )

KA-_O



838

839

83O

836

85O

XX= (AX-BB1)/(.4343*(LOG(DC)-LOG(D+.OO01) ))

Y=AX-XX _ . 4343*LOG (DC)

AT=E XP ( 2.3 O6W(X-Y)/XX)

GO TO (838,839) ,LOAD

GO TO (806,807,808,809.810),K

JA=JA+I

GO TO (841,842,843),K

GO TO (836,837),LOAD

PRI NT 850,

FORMAT (17 llrIACFIINE SAT URAT ED)

PAUSE

END



961

860

I

PASS 9

DIIiENSI Old

DII_ENSI ON

D I I_ENS I Old

INSIDE COIL

WI4L(4),STTL(4),SCUL(4),EDDL(4),TOTL(4),PEFF(4),GB(4)

BPL(4),BG2L(4),FFL(4),AIFL(4),CDD(4),EPFL(q),FCUL(4)

PLL(4),PTLL(4),BG3L(4),BSHL(4)

FORHAT(FII.3,SX

FORMAT (13)

FORfIAT

DO 705

PLL(N)=O

PTLL(N)=O

BPL ( 1'4)=0

BG2L(N)=O

F11.3,FII.3,F11.3,F11.3)

(EI1.5,E11.5,EI1.5,EI1.5,EII.5,E11.5)

N=I,4

711

712 IF(

958 PR

PR

PR

PR

PR

PR

PR

GB(4)=POL

DO 711K=I,JA

YB=GB(K)

FCUL(K)=AIFL(K)_*2*FR

STTL(K)=((.OO27*XA*YB)**2*2.+l°)*WT

WNL(K)=((XX4*YB)**2+I.)*WN

SCUL(K)=XXI*RP*YB

EDOL(K)=SCUL(K)_XX2

TOTL(K)=EDDL(K)+SCUL(K)+WNL(K)+STTL(K)+FCUL(K)+WQ+WF

PEFF(K)=XX3*YB*|OO./(XX3*YB+TOTL(K))

POL)958,959,958

NT961,PL,PLL(1),PLL(2),PLL(3),PLL(4)

NT961 ,PLT, PTLL(1 ) jPTLL(2), PTLL (3) ,PTLL(4)

NT961,BP,BPl.(1),BPL(2),BPL(3),BPL(4)

NT961,BG2,BG2L(1),BG2L(2),BG2L(3),BG2L(4)

NT 96

NT96

t,IT 96

I,BG3,BG3L(1),BG3L(2),BG3L(3),BG3L(4)

1, BSH, BSHL(]),BSHL(2), BSHL (3), BSHL(4)

I,FNL,FFL(1),FFL(2),FFL(3),FFL(4)



XX: (AX-BBI)/(.4343*(LOG(DC)-LOG(D+.O001)))

Y=AX-XX *. 43 43*LOG ( DC )

AT=EXP (2.3 06_v(X-Y)/XX)

GO TO (838,839) ,LOAD

838 GO TO (806_,807,808,8099810),K

839 JA=JA+I

GO TO (841,842,843),K

830 GO TO (836,837),LOAD

836 PRINT 850_

850 FORHAT (17FI_IACFIINE SATURATED)

PAUSE

END

Ka_C_'l



860

I

705

7 02

PASS 9

D I IiENSI 011

D IIIENS I01,I

D IIIENSI 011

INSIDE COIL

WNL(4),STTL(4),SCUL(4),EDDL(4),TOTL(4),PEFF(4),GB(4)

BPL(4),BG2L(4),FFL(4),AIFL(4),CDD(4),EPFL(4),FCUL(4)

PLL(4),PTLL(4),BG3L(4),BSHL(4)

FORHAT(F11.3,SX F11.3,F11.3,FI1.3,Fll.3)

FORMAT (13)
o.

FORHAT (E11.5,Ell.5,Ell.5,EI1.5,E11.5,Ell.5)

DO 705 N=1,4

PLL(N)=O

PTLL(N)=O

BPL (N) =O

BG2L(N);O

BSHL ( N)=O

BG3L(N)=O

FFL(N)=O

AIFL(N)=O

CDD(N)=O

EPFL(N)=O

FCUL(N)=O

WNL ( N)=O

STTL(N)=O

SCUL (N)=O

EDDL (N)=O

TOTL(N)=O

PEFF(N)=O

READ860, JA

IF(JA)702,703,702

DO 704 J=lmJA

READ1 ,PLL(J),PTLL(J),BSHL(J),BG3L(J),BG2L(J),BPL(J)

KA-52



70L_

7 O3

7 O7

7O6

714

709

710

7O8

READI

READI

READI

READI

READI

READI

READI _PI

READI pPX

READI pl)U

READI

READI

READI _PLp

READI pXXl

i F (SNL) 7 O7

PUNCH I

PUNCHI

PUNCHI

PUNCHI

PUNCHI

FEL=AI

,FFL(J),AI FL(,J) ,CDD(J) ,EPFL (J)

_ B()I, GCa,P I p PN_,EPj, ET

_EB_SCpC_XBjXDpPF

•EE •XA, RG pWF BWQpWT

,wN, s NL, POL ,RP, FR, FNL

tTGsFQpBCljBTI,BGI,FG

_P2,P3,P4, P5pP7

• ALP_A2pG2 9A3pG3

•PT_FKpASpFG2pFG3

j, ttC i, API, F'IS_,DS 1 s ALSFt_,EPNL

• COP,EL mASHa, FCpFTpBP_BSH

PLTp BG2pI?,G3 pCDp AI NL

j, XX21, XX3, XX4

,706,707

pTGpFQpBC 1pBTla, BG1 pFG

j, P1 _P21, P3 j,P/'+p P5p P7

a,PXp ALP pA2 j,G2 a,A3 pG3

• ASF'I9 COREL s HC j, AP s,HS • ALSH

I,DU_,EE

I,ILWA I NLWF K

TL=F EL+WT +WQ+WN+WF

ABX=O

IF (JA)714,7 12,714.

IF (JA-4) 708,709,708

IF (POL) 7 08,71 Op708

JA=JA-I

GB(1)=I.

GB(2):I .5

GB(3)=2.
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711

712

958

GB(4)=POL

DO 711 K=I,JA

YB=GB(K)

FCUL(K)=AIFL(K)**2*FR

STTL(K)=((.OO27*XA*YB)**2*2.+1.)*WT

WNL(K):((XX4*YB)**2+I.)*WN

SCUL(K)

EDDL(K)

TOTL(K)

PEFF (K)

IF(POL)

PR INT 96

PR I NT96

PR I NT 96

PR I NT 96

PR I NT96

PRI NT 9('_

PR INT 96

PR INT 96

PRINT

PRI NT

PRI NT

PRI NT

PRI NT

PR INT

PR IPiT

PR INT

PRINT

PRI NT

=XXI*RP*YB

=SCUL(K)*XX2

:EDDL(K)+SCUL(K)+WNL(K)+STTL(K)+FCUL(K)+WQ+WF

=XX3*YB*IOO./(XX3*YB+TOTL(K))

958,959,958

I,PL,PLL(1),

IpPI.T,PTLL(I

IjBPpBPI.(1),

IsBG2,BG2L(I

I,BG3pBG3L(I

IjBSHpBSHL(I

I,FNLpFFL(1)

IIAINLpAIFL(

961,CD,CDD(1),

961pEPNLpEPFL(

96

961,WTpSTTL(

961,ABX,SCUL

961,ABXpEDDL

961,WNpWNL(I

961,FELpFCUL

961,WF,WFpWF

961,TLpTOTL(

PLL(2),PLL(3),PLL(4)

),PTLL(2),PTLL(3),PTLL(4)

BPL(2),BPL(3),BPL(4)

),BG2L(2),BG2L(3),BG2L(4)

),BG3L(2),BG3L(3),BG3L(4)

),BSHL(2),BSHL(3),BSHL(4)

,FFL(2),FFL(3),FFL(4)

I),AIFL(2),AIFL(3),AIFL(4)

CDD(2),CDD(3),CDD(4)

I),EPFL(2),EPFL(3),EPFL(4)

I,WQ,WQ,WQ,WQ,WQ

I),STTL(2),STTL(3),STTL(4)

(1),SCUL(2),SCUL(3),SCUL(4)

(1),EDDL(2),EDDL(3),EDDL(4)

),WNL(2),WNL(3),WNL(4)

(I),FCUL(2),FCUL(3),FCUL(4)

,WF,WF

I),TOTL(2),TOTL(3),TOTL(4)



959

PRINT961,ABX,PEFF(1),PEFF(2),PEFF(3),PEFF(4)

PAUSE

PR I I',IT961

PRI NT961

PR I NT 961

PR I NT _

PRI I',IT._

PR I NT 96

PR I I,IT96

PRI i,IT _._

PR NT 96

PR NT96

PR NT96

PR NT 96

PR NT96

PR NT96

PRI NT96

PRI NT961

PRI NT961

PRI NT961

PRI NT961

PAUSE

END

,PL,PLL(1),PLL(2),PLL(3)

pPLTpPTLL(

,BP,BPL(1)

IsBG2sBG2L(

I,BG3,BG3L(

IpBSHpBSHL(

IpFNLpFFL(I

IpAINLjAIFL

I),PTLL(2),PTLL(3)

,BPL(2),BPL(3)

I),BG2L(2),BG2L(3)

I),BG3L(2),BG3L(3)

I),BSHL(2),BSIIL(3)

),FFL(2),FFL(3)

(1),AIFL(2),AIFL(3)

1,CD,CDD(I),CDD(2),CDD(3)

],EPNL,EPFI.(1),EPFL(2),EPFL(3)

I,WQ,_Q,WQ,WQ

I,WT,STTL(1),STTL(2),STTL(3)

I_ABXtSCUL

IpABXjEDDL

IpWNpWNL(I

_FELpFCtJL

p__FpWF_WF

jTL_TOTL(

pABXpPEFF

(1),SCUL(2),SCUL(3)

(1),EDDL(2),EDDL(3)

),WNL(2),WNL(3)

(1),FCUL(2),FCUL(3)

pWF

I),TOTL(2),TOTL(3)

(1),PEFF(2),PEFF(3)



C

1

888

878

879

823

824

8O6

READI

READI

READI

READI

READI

LOAD=I

YB=.8

DO 800

NA=I

PASS 10 INSIDE COIL

DIi,EIISIOI,I AI(90)

FORIIAT(EI 1.5,EII.5,EI I.SpE11.5,EI 1.5,EI 1.5)

FORI4AT(FIO.O,,FIO. O,,FIO.O,FIO.O,FIO-O,FIO-O)

FORt IAT (FI2.5,FI2.5pF 12.5,FI2.5,F 12.5pF 12.5)

FORHAT(F12.5,,FI2.5,FI2.5pFI2.5,FI2.5,F12-5//)

K=I

READ888,AI (K),AI (K+I),AI (K+2),AI (K+3),AI (K+4),AI (K+5)

K=K+6

IF(K-89) 823,824,824

,TG,FQ, BCI ,BTI,BGI,FG

,PI,P2,P3,P4,P5,P7

,PX,ALP,A2,G2,A3,G3

,ASH, COREL, HC_,AP,HS, ALSH

,DU,EE

RI:BTI*YB

R2:FQ*YB

R3:BC I*YB

R4:FG*YB

R5:EE*YB

X=RI

NA=I

K=I

GO TO 802

FT=HS*AT
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8O7

8O8

8O9

X=R3

K=2

NA=I

GO TO 802

FC=COREL_VAT

FS=FT+FC

PL=P X* ( 2. * (R4.+F T ) +FC ) * ( P | +P 2+P3+P4) *. OO 1

PLT=R2+2.*PL/PX

BP=PLT/AP

X=BP

MA=31

K=3

GO TO 802

F P=AL p'_,"AT

PLT=. O01 ;'_P7 '_ ( FC+F I+R4+F P )

PC 2= PL.T_P X / Z. -_-Pt.7

RG2=PG2/A2

FG2=BG2*G2/. 003 19

,L_G3=PG2/A3

FG3=BG3_G3/.OO319

PL5=P 5w (FG 2+2. _ (R4+FT+F P )+FC+FG3 )"_,OO I

PSH=PG2+PL5

BSH=PSH/ASFI

X=BSH

K=4

NA=61

GO TO 802

FSH=ALSH*AT

F NL= 2. * (R4-I-FT )+F C+F SH+FG 2+F G3 +2. WF P



800

802

831

835

833

834

838

839

830

836

85O

PRIi iT87 8, P.5,RI+, R I ,FT j, R3 ,FC

PRI NT87 9, PLT, BP, BG2, BG3, BSH, FNL

YB=YB+. I

PAUSE

IF (AI (I_A)-X)83 O,83 1,831

NA= NA+3

IF (AI (NA)-X)833,834,834-

NA=NA+2

GO TO 835

AX=AI (NA)

BBI=AI (NA-2)

DC=AI (NA+I)

D=AI (NA-I)

XX= ( AX-BB I ) I ( .4343* (LOG (DC) -LOG ( D+. 0OO I ) ) )

Y=AX-X XY_'.434-3*LOG ( DC )

AT=EXP (2.3 06*(X-Y) IXX)

GO TO (838,839) ,LOAD

GO TO (8(M,,807,808,809,810),K

JA=JA+I

GO TO

GO TO

PR I NT

FORHAT

PAUSE

END

(841,_42) ,K

(836,837) ,LOAD

85 O,

( 17111iACHl NE SATURATED)
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TWO-COIL LUNDELL (BECKY-ROBINSON

SUMMARY OF DESIGN CALCULATIONS

MODEL EWO DESIGN NO.

(17) (ire) SOLID CORE LENGTH ").o."_200 1 °(;_!_9_

(24) _c) DEPTH BELOWSLOT -_4L_O(] .¢)_;(_i

(26) ('_s) SLOTPITCH .;_05_9 1 ,(,)_()0

2150_ b';000(27) (_1/3)SLOT PITCH 113 DIST. UP _ _ .

-- (42) (Xmk) SKEW FACTOR ] .00()()0 °( 7lt00

(43) (Kd) DIST. FACTOR • _4_. J_ o 1 _0',]0

(44)(Kp) reTCHFACTOR ,8660_} .g_;_00
-- (45) (Re) EFF. CONDUCTORS_ 187.O7614 .42000

_) (46) (,¢) COND. ARE_,_ ; ,01184 695.77000

i(47) (S.) CURRENT DENSITY (STA,.) 6964.30000 93897
(49) (]_t) !/2 MEAN TURN LENGTH 6.750(30 10.0_522

-- (53) (Rph) COLD STA. RES. e20oC .02847 122.63636

(s4)(eph) HOTSTA.RES._20oC 05827 55.01501
(55) (EFtop) EDDY FACTOR TOP. 1 _,22,960 132.72958

_ (s6) (eFt.# EDDY PACTOR SOT 1,0.3240 6_, 1102_

(62) (AI) STATOR COND. PERM. 4. _9360 67.61290
(64) (Re) END PERM.

(65) ( ) WT. OF STA. COPPER

-- (66) ( ) WT. OF STA. IRON

(41) (_'p) POLE PITCH

(157) ( - ) WT. OF ROTOR IRON

(145) (Vr) PERIPHERAL SPEED

(153) (ocf) FLD COND. AREA

(154) (Rf) COLD FLD RES. • 20 o C-- (1S$) (Rf) HOTFLDRES. e20oC

-- (156) (-) WT. OF FLD. COPPER

(176) (Tde) OPEN CIR. TIME COHST.

"J_ (177) (Ta) ARM TIME CONST.
=E z

__ P--UO (1781 (T'd) TRAHS TIME CONST.

(179) (T "d) SUB TRANS TIME CONST,

(80) (P1) PE_ OF LEAKAGE PATH I

., (81) (P2) PERM OF LEAKAGE PATH2

--3 (_) (P3) PERM OF LEAKAGE PATH 3
m

_i(831 (P4) PERM OF LEAKAGE PATH 4

i(_84) (P$) PERM OF LEAKAGE PATH 5

L1(85) (P6) PERMOF LEAKAGE PATH 6

-- |_) (P_) PERM OF LEAKAGE PATH 7

PERCENT LOAD 0

(,rip) 016) N.P. DENSITY

(Bep) (lOS) S.P. DENSITY

(E_¢2) (125) COIL YOKE DENSITY

(By4) (113) SHAFT DENSITY

(Sg 3 ). (1 19) AUX. GAP(g3)DENSITY

(B_2) (122) AUX. GAP(g2)OENSITY

(F.i) (127) TOTAL HI

(Ifnl) (127o)FIELD AMPERES
c3

--<(Sf ) (127c)CUR. DEN. FLD.
o

-J (F4n I) (127b)FIELD VOLTS

m_(W c ) (185) STA CORE LOSS

_.< (Wml) (184) STA TOOTH LOSS

--_(_Vdn I) (193) DAMPER LOSS

(12R I) (194) STATOR CU LOSS

(-) (195_ EDDY LOSS.,

(Wpn I) (186) POLE FACE LOSS

(12Rt)(IB2) FIELD C()IL LOSS

(F&W) (183) F&W LOSS

( - ) (196) TOTAL LOSSES

(-) ( - ) PERCENT EFF.

62 _968

76 J907
7:[" 11 (1

72_ _68

RN I?_
h I c;[/R

g ?7_

1??q (11(1f1
7 nrlq

? qr, _b. I1

I_5A _9:30
I.36_

oDn

197 oqo

S:_. SS:;

] "l " "l-, 6 -, :; 96

.000

5. 7577(3 .22362
5. 54410 24,09648
13,7360o 5. 19697
2.77280 77.7081_

.ooooo 68.383 15
1004.00000 34, 1917o

,00675 15.29219
.39100 , 20.541|9

.846 52 1,76872
4_9726o 2634.60000
.28595 22_; .27000

,00421 4_,68600
.14733 I03.96000
_an_oo 85.63700

40.13900 62,80600

85.33700 1._,24_ 00

58. 54000 It42.08000

182.22000 1 5:]4.15030
2"-1=8_qO0 ql 6q_

:3A. 79 _ nO
22. 153 00

(Bnpfl) (234)

(B,pg) (215)

(By2fl) (228)

(Bydfl)(232)

[Bg3fl )(230)

[%2R )(224)
[Ffl ) (236)

Iffl ) (237)

(Sfl) (239)

(Era) (23_)
(wc ) (185)
(_rt) (242)

(Wat I ) (244)

(12 R ,) (245)

(-) (246)

(Wpf I ) (2_)

(12 Rf) (241)

(F&W) 083)

- ) (247)

- ) (251)

100

90=819
1 02=720

1 0_ _ hh _)

10__O70

_;'7 172
?7b._ (i(in

1#. 11,7

? :; q? 1NN
lq 6(,q

? qq qh/l

757__)q

1 lgq QG_

¢_ _85
2_B'46_
441 _418

6<R qgn

87_39q

TYPE)

(O UTP UT)

CARTER COEFFICIENT

EFFECTIVE AIR GAP

FUND/MAX OF FIELD FLUX

WINDING CONST.

POLE CONST.

END. EXT. ONE TURN

DEMAGNETIZING FACTOR

CROSS MAGNETIZING FACTOR

AMP CONDAN

REACTANCE FACTOR

LEAKAGE REACTANCE

REACTANCE OF

ARMATURE REACTION

SYN REACT DIRECT AXIS

SYN REACT _AD AXIS

FIELD LEAKAGE REACT

FIELD SELF INDUCTANCE

DAMPER

LEAKAGE REACTANCES

UNSAT. TRAN_ REACT

SAT, TRANS. REACT

SUB. TR_SREACT DIRECTAX

SUB. TRANS R EACT QUAD AX.

NEG. SEQUENCE REACT

ZERO SEQUENCE REACT

TOTAL FLUX

FLUX PER POLE

GAP DENSITY (MAIN)

TOOTH DENSITY

CORE DENSITY

TOOTH AMPERE TURNS

!CORE AMPERE TURNS

GAP AMPE RE TURNS (MAIN)

SHORT CIR NI

SHORT AIR RATIO

i_0
10_.810

116.o_o
1PC)_ q_(1

121240
4q_(,6g
_K nAq

2_7q 6nn
_n _69

R [1_ ? "4CI(1

17 g?7

795_ 5L'C1
Rgq ?R?

- i-7i,5
178_ qhq

,._ ,.)•.5,. 40_
709_280

_.q,q qAn

4_,01 cp,_

8_ &76

20O

117.87o1
I_0. I801

I_7_670I

q6, _ 95 I
73 558I
?q 7qq

? I 8_qI
?q_ q4nI
_ _I

2_7_._#vl

1126_8671

6q8 qfnI
qq_7-1601
8qonnSl

I

(67) (K,)

(69) (ge) I

(7I) (Cl)
(n) (c.)

(73) (C r )

!(_) (L_)
(74) (CM) _

(7s) (cq)
l

(128) (A)

(129) (X)

(130) (X|)

_ (131) (lad)
(132) (Xgg)

(133) (Xd)

(134) (x q) .,

(160) (X'f) U
,<

(161) (L!) z-,.
u

(163) (X Dd) <
uJ

(165) (X Oq) n,

(166) (X'du)

067) (x'd)

(168) (X"d)

(169) (X" a )

(17o) (x-2)
(172) (_)

1

(90) (<_',r)

(93) (C_r)

(_s) (e'8)
(91) (s _) z

O

(94) (B'c) P

(97) (F't) _
P

(98) (F'c) ILl

(96) (P'o)
.<

[(1_0) (FSC) *

(lSl_ (SCR)

OPTIOHAk

][aA- ] DESIGNER . DATE _ REV. A



MODEL

(8O) P t
(81) P 2

(!12) P 3

ua (83) P 4
U
Z (84) P 5
<
LU
• _(85) P 6
o£
u_ (86) P 7

(8oo) _ I

(81a) _ 2

(85) R
(84) _Z c

(78) dtr

(78) dq

1781 h
-- Y

z (78) _v

" !178) _,_

_Z 40 (78..__L_

o (78) -_12
n,,

(,?8) Tsp

(78) Tsk

(78) d_

(78) dT!

(78) dsl

(78) ds2

_ (78) a_3
vl

Z (78) ds4uJ

(78) ass

(78) _=1
el
< (ZS) JZ,2
o

(78) 12,,3
(78) f,4

(78) 9.,s

(78) del

(243) WpflR

(244) WDl.lfl

i i

(18)
J (18)
<

u_ (18)

(18)

TWO-COIL LUNDELL (BECKY-ROBINSON TYPE)

COMPUTER DESIGN (INPUT)

EWO DESIGN NO{l)

PERM OF LEAKAGE PATH 1

PERM OF LEAKAGE PATH 2

0

PERM OF LEAKAGE PATH 3

PERM OF LEAKAGE PATH 4 _;

PERM OF LEAKAGE PATHS

C

C
PERM OF LEAKAGE PATH 6

PERM OF LEAKAGE PATH 7 _

LENGTH OF LEAKAGE PATH 1 I, I

LENGTH OF LEAKAGE PATH 2

LENGTH OF LEAKAGE PATH 6

LENGTH OF LEAKAGE ACROSS COIL

INSIDE DIA OF ROTOR TUBE

iNSIDE DIA OF HOLLOW SHAFT

HEIGHT OF COIL YOKE

LENGTH OF COIL YOKE

LENGTH OF ROTOR SKIRT

EFFECCIVE LENGTH OF SHAFT

HORIZONTAL LENGTH OF GAP g2

THICKNESS OF SOUTH POLE

THICKNESS OF ROTOR SKIRT

TAPERED GAP DIMENSIONS

STEPPED GAP DIMENSIONS

STEPPED GAP HORIZONTAL L ENGTH. _

EFFECTIVE SHAFT O.D.

pOLE FACE HARMONIC LOSS

D/dlPEE _ I'U.RMOI41C LOSS

eelett'r-O1tlrOTOR " IliON

STATOR LAM. MTR'L

SOUTH POLE, TUBE & SKIRT

NORTH POLE, SPIDER & SHAFT

COIL YOKE

,E;
i , ..,_

.6C

,7L 

,Y
C

.L
C.
C,

C"

PG 2 OF 2

_A-2 REV.A



,t_)O_n 5lots [b) Constorlt

--'1 bo r'-

_ .o------1 V-_

(Type 5 is an open
slot with l conductor

per slot) _-bo -4 b--b. --

Slot Width

TYPE 2

TYPE 3

b s for type 3 is

(C) Constant Tooth W_dth

l-
h8

1

"l _

(d) Round Slots

TYPE 4

.w

LA-2a



INPUT PAPAHETERS FOR BECKEY ROBINSON DESIGN

I NPUT 1

30. 211. 121. 3. 400.

0,0 7,060 9,150 2,6 0,0

.03 .117 0.O O.O .117

O.O .038 108.O I. I.

I. .O63 .25 .25 .190

I.O .O30 .O1 .O15 I.O95

.658 1.1_5 2.20 2.20 1.45

.030 .030 .O50 .170 .O5

6.87 ,0396 170. 13.5 1.125

INPUT 2

O. O. O. O. O.

I .24 5.6 .66 1.24 .76

O. O. I.22 1.9 2.54

O. O. 3.16 O. O.

140.

3.8

35.

230.

SATURATt Ot,I CURVE (

lO. 1. 38.

75. 7.6 86.

1 00. 9o. 1 o7.

140. 95 O.

8, 6000° 82,5 ,75 I,

0,0 ,92 15, 77, 2,

.030 .400 0.0 .00 .500

2. 9, I, ,19 1,0

0, 60, .001 285, ,694

.43 .678 4.15 .855 .4.2

2.h 2.4 7.0 1.92 7.

5, 5,65 .28 ,694 285,

.006 315. I.15 O. O.

O. Oo 1.18 .87 1.2

.76 I .5 .76 .8 .8

O. O. .657 .657 .657

O.

STATOR MATERIAL )

I.9 59.

16. 93 •

160. 118.

143.

24 .O

3oo.o

SAT UR AT I 0 I,I

o. 3.3

95. 40.0

143. 500.

CURVE ( SOUTH POLE,

55, 12.0

109. 72.0

TUBE + SKIRT

80.

135.

MATERIAL

LA-2b



SATURATION CURVE ( NORTH POLE, SPIDER + SHAFT MATERIAL )

150. O. 3. 34. 10. 57.

16. 85. 24. 103. 35. 125.

70. 137. 130. 145. 260. 14B.

600. 15(3. 15(30.

•SATURATION CURVE ( COIL YOKE MATERIAL )

150. Oo 3. 34. 10. 57,

16. 85. 24. 103. 35. 125.

70. 137. 130. 145. 260. 148.

600. 150. 1500.

p_

l.a_t-2C



MODEL

(21 KVA

_(31 E

(4) eph
(S) m

(5a) f

(6) p

(71 RPM

(8) Iph

(9) P F

(90) K c

(IO_,

(11) d

[(12) O

(141 nv

(15) by

(16) Ki

(19) k

(20) B
(21)

(22) b o

(22) b 1

(22) b 2

(22) b 3

(22) bs

(22) h o

i22) h1
(22) h 2

[22) h

[22) h •

{22) h t

[22) h w

[23) Q

[28)

[29)

[3 0) n •

_11 y

:(32) c

(33)

(34) N st

(340) N',t

(39)

(35) ,jh

(36) iF2

(37) h .t

(38) h'st

(420)

(4o) T,k

(S0) X °C

[s1) #,

[S9b)

[59) ;g

CS9o) g_

(59f) g3

TWO-COIL LUNDELL (BECKY-ROBINSON TYPE)

, CO I_PUT E R DESIGN

DESIGNNO(I)

GENERATOR KVA

LINE VOLTS

PHASE VOLTS

:PHASES

FREQUENCY

POLES

RPM

PHASE CURRENT

POWE R FACTOR

ADJ. FACTOR

?.-_ll ._

• f, _ .JL_.._.

_/_'_L_-- /_ /_rm/'_ v

7 a.- ._. ""c

7cL._ 2,,'

2.1 _ Zr.'
L' i.I..2-.
I' "7 _;

__. ,_._,

7 7 ,z'_(

,i 7':
,( _ .c'_"

.//7 ._c

_ ._.._

.I/ / ._,.q __
, (__,: _.y_

c . cB'l}_
[ I"ic

, :-_'Cl" z._.
( t. iZ>_-

OPTIONAL LOAD POINT

STA TOR I.D.

STATOR O.D.

GROSS CORE LENGTH

NO. OF DUCTS

WIDTH OF DUCT

STACKING FACTOR (STATOR)

WATTS/LB.

DENSITY

TYPE OF SLOT

SLOT OPENING

SLOT WIDTH TOP

SLOT WIDTH

SLOT DEPTH

NO. OF SLOTS

(INPUT)

FUND/MAX OF FIELD FLUX

WINDING CONSTANT

POLE CONSTANT

END EXTENSION ONE TURN

DEMAGNETIZATION FACTOR

CROSS MAGNETIZING FACTOR

POLE EMBRACE

WIDTH OF NORTH POLE (END)

WIDTH OF SOUTH POLE (END)

WIDTH OF NORTH POLE (MID)

WIDTH OF SOUTH POLE (MID)

LENGTH OF NORTH POLE

LENGTH OF SOUTH POLE

ROTOR DIAMETER

HEIGHT OF NORTH POLE

POLE FACE LOSS FACTOR

WIDTH OF SLOT OPENING

HEIGHT OF SLOT OPENING

DAMPER EAR DIA. OR WIDTH

RECrANGULAR BAR THICKNESS

RECTANGULAR SLOT WIDTH

NO. OF DAMPER BARS/POLE

DAMPER BAR LENGTH

DAMPER BAR PITCH

RESISTIVITY OF DAMP. BAR • 20 °

DAMPER BAR TEMP oC

DAMPER BAR END RING MEANDIA.

DAMPER _AR END RING AREA

NO. OF FIELD TURNS/COIL

MEAN LENGTH OF FLD. TUR'N

FLD. COND. DIA. OR WIDTH

FLD. COND. THICKNESS

F LD. TEMP IN o C

(71) C I

(72) Cw

(73) Cp z
<

(48) LE )"

(74) Cm

(75) C_

(77) _q:

(76) bnl_m-_.

(76) bnP_ i 4

(76) _etm;d, UJ

(76) _ np O-_

(76) .J_p _ _"

(11_) d_

!(78) hnp

(187) (K! _

(135) bho

(135) hb_

(136) ( i

(137) hbl
e_

(135) bbl m

(138) n b e,,

n
(1391 _ b

(140)' "/" b <

(1_1) _Oo

(142) XoC

(170) ddr

1(170) a_r

(146) N F

(147) ,_te

(14e)
UJ

(149) _..

(lS0 XfoC
TYPE OF WDG.

TYPE OF COIL

CONDUCTORS/SLOT

SLOTS SPANNED

PARALLEL CIRCUITS

STRAND DIA. OR WIDTH

STRANDS/CONDUCTOR IN DEPTH

STRANDS/CONDUCTOR

5TATOR STRAND T'KNS.

DIA. OF PIN .;__ ._-

COIL EXT. STR. PORT ..,,_.=_-

UNINS. STRD. HT. ./ L/'{"

DIST. BTWN.C L OF STD.

PHASE BELT ANGLE _/L

STATOR SLOT SKEW . C£' /_

STATOR TEMP °C ._._ _/,_-

RESISTIVITY STA. COND. • 20 °C

TYPE OF GAP g3

/ I. z _j"-

t ,,',

,C 0
Z
/

,_ {._"

/.t

MAIN AIROAP .I ;,[

AUX GAP . ( / _

EFFECTIVE 13 _.Li-/ ,-,

STATORSLOT

DAMPER SLOT

DESIGNER

RESISTIVITY OFFIELDCONDe20 o (ISI)

NO LOAD SAT. (87)

FRICTION & WINDAGE (183)

)Of

(F&W)

I
i

POLE

REMARKS

DATE

PG.i OF2

LA- z
/

REV. A



TWO- COIL LUNDE LL (BE CKY- ROBINSON TYPE)

NO LOAD SATURATION OUTPUT SHEET

0%

3%

Fi'o%

120%

1 _

(3)(E)
Volts

(125) By 2

Coil yoke

168.80000
57. 14238

189.90 000
6 4.6 53 03

!

211. 00000
73.11561

23 2. 10000
81. 91592

253. 20000

92. (36159
L_

274.30000

106.53 195

:4ACH

(95) Bg Density

Main gap

(105) BSp

Density S. P.

36.53 040

60.21276

41.10238

68. 09763

45.68795
76.91285

50.27786
86.05598

54.89966

97. 29131

59.55786
111.16922

INE SATURATED

(122) Bg 2

Density g2

(ll6) BNp

Density N. P.

3 2,42266
49.21551

36,68989
55.68427

41.51155
62.97291

46.53 098
70.55242

52.80304
79.97969

60.67270

91.75368

(I19) Bg 3

Density g3

(113) By 4

Shaft density

23. 54603

56. 78554

26.64086

64.22996

30.12794

72.57350

33.75419

81. 233 96

38 26445
91:91632

43.89744

105.15264

(94) B c Density

Stator core
!

(93) 0 p

Flux per pole
i

68.47527

178.53424

77.04533
200.87879

85.64086

223.28973

94.24453

245.72192

102. 90799
268.30995

111.63966
291.07587

!(91)B_r Densit3

Stator tooth

(127) FNL

Total NI
i nn

83. 13275
1015.92030

93.53 727
1173.37650

103. 97271
1406. 94120

114.41804

1670.84960

124. 93594
2115.06860

m

135.53667

2810.30000

LA-4



140,

3.8

35.

230.

SATURATION CURVE VALUES (STATOR)

IO. I. 38. 1.9 59.

75. 7.6 86. 16. 93.

100. 90. 107. 160. 118.

140. 950.

143.

24.0

300.0

SATURATION CURVE VALUES (NORTH POLE AND SHAFT)

O. 3.3 55. 12.0 80.

95. 40.0 109. 72.0 135.

143. 500.

150.

16.

70.

600.

SATURATION CURVE VALUES

O. 3. 34.

85. 24. 103.

137. 130. 1450

150. 1500.

(SOUTH POLE AND TUBE)

10. 57.

35. 125.

260. 148.

150.

16.

70.

600.

SATURATIOI,I CURVE VALUES

O. 3. 34.

85. 24. 103.

137. 130. 145.

15o. 1500.

(YOKE)

10. 57.

35. 125.

260. 148.

-,±..-- j
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R',m NO.

0OOLING PROPERTIES OF STOVEPIPE UNIT AT SEA LEVED

_A

_peed - RIM

Avg. Phase Voltage

Avg. Line Current - Am_e

Avg. Phase Power - Kilowatts

Avg. Power Factor - %

Field Current - Amps

Drive End Field Voltage"

Anti-Drive End Field Voltage

Field Power - Watts

Avg. Drive End Field Temp. - oF

Avg. Anti-Drive End F]d. Temp. - oF

Drive End Bearin_ Temp. - oF

Anti-Drive End Bearin_ Temp. - oF

Frame Temp. - OF

Pad Temp. - OF
Avg. Stator Drive End Temp.-°F

Avg. Stator Anti-Drive End Temp.-°F

Avg. Stator Slot Temp. - OF

Ambient Temperature - OF

Air-In Temp. - OF

IKir-Out Temp. - OF

[Air Upstream Temp. - OF

stream Pressure - In. of Hg

ressure Drop Across Orifice -

Inches of H20

Pressure Drop Across Generator -

Inches of H20

Mass Flow through Gen.-Lbs. per Min

Condition

I

2 3

I0
200

Zl.9 1121,9

_2.8 27.4

7.48
74.2
19.91
18.hl
16.1

686i
486
34O
281

192

234
223
338

109

20 25

-_1.9 _121.9

;4._ 69.6
2.521 5.o216.28
75.7f 173.9
I].6 I 15.6 16.4

8.9 1 _4.oI 1_.5

472 co_'

3o21 4_I 516!

203 252 i 277

310 402 448
293 369 419

313 4 507
76 7_ 82

9_ 241
218 214

83 315i

3.70 3.75

.80 1.30

.901 .80

5.0515.353tab. Stab.

, I
J

247 252
2471 265

3_)] 322

3,75 ! 3.70

1.301 1.30

I
.80 .8o

5.32 5.30

_tab. Stab.

3O
_00
._1.9

_2.2

r.56
_5.4
.q.O

_1.6

21.1

896

583
516
334

_64
_58
441

4m
519
79
252
_60
3m
.75

I.S(

.8(
5.3;

lot

_tab,

1
7 8

I0 _ 20
5000 6000 1
21,9 121.9 r.

27.6 54.B[
2.5o 5.ooi
74.5 74.6
11.6 15.6
8.7 13.4

8.9 13.2

204 415
3_0 _4
302 374

249 I 289

2171 232

207i 232
298 353!

280 324

301 362

90 90
240 241

205 224
291 292

3.7O 3.7O

3.40

2.00

8.80

Stab.

LA-7

3.40

2,00
8.80
Stab.

lO j,

25 ] 3C

_ooo t 6oo_

Zl,9 _21.P J,
59.0] _2.2
6.26 17.hf
?h.61 7h.]
_8.o 2c.5I
17.4 2!.7

16.7 20.(

614 8e
525 613 i
447 51(

3231 342

2591
 531
402 1 41_
364] 39ul

237 1 246

3.701 3.7

2.00 2.0

8.5._ _,.5.
Stab. 4ot

3tab
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•_ICTION a WINDAGE AND CORE LOSST_

AS DETER,'_IN_)BY THE RETARDATION METHOD

i*/ wr2 s ds
L_s in Watts = _ _-_

Wr2 - Rotor moment of inertia in lb. ft. 2

S = Speed in RPM

ds
= Rate of retardation in RPM per min.

I.) Friction & Windage Losses

P - 77(1..801)(6000)(1755) - 146 Watts

107

2.) Friction, Windage and Core Loss At No Load

p = 77(1,_1) (60o0)(10030)
107 " 845 Watts

3.) Core Loss

P -" 845 - lh_ - 699 Watts

LA-II
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NEGATIVE SF/4b_ENCEL!?EDANC_E

WZ2 = cos @ =

X2 = Z2 cos @ R2 = Z2 sin @

Z2 = Percent Negative Sequence Impedance

X2 = Percent Negative Sequence Reactance

R2 = Percent Negative Sequence Resistance

EL = Line to Line Voltage Between the Two Shorted Phases and the One Open Phase

IL = Line Current Between the Two Shorted Phases

EpH = Rated Phase Voltage

IpH = P_ted Phase Current

W = Power with %vo Phases Shorted and One Phase Open

Io Negative Se,_uence Im?edance with ]20 ° Phase Belt Stator

Z2 = IOO (4_<.3)(82.5) = 21.8% cos @ = 3480 = .930
t r_ (_2.6)(120") 45.3 (82.6)

x2 = 21.8 (.93o) = 2o.3% R2 = 21.8(.369) = 8.02%

1 Negative Sequence Impedance with 60° Fhase Be_t Stator

Z2 =1_ (46.5) (@2:5) = 22.4% cos @ = - 3580 = .932($2.6) (I_2o) _6.5 (82.6)

X2 = 22.4 (.932) = 20.9% R2 = 22.4 (.362) = 8.10%

LA-13



P!.}.CENTILi:<iq_iC O._I_TENT

l_t_° P}t_SE BEI.T STt_ _R ;,'ITH<!!TRECiUAg)-_ STATIC EXCITER

.................. ............

BALANCED T ;,AD CO ND IT i ]N

Percent Vo?ta_ ,_ Percent Voltage .... ] ....... Percent _.VolttaZ_ _

L-N 1 L-N I L-N

2

3
h
5
c_

7
P,

J
10

!2

_3
_4
15
16
!7
]8

2.O
21
22

_3
2h
25
_6
27
_8

"_0

3]
32

.Oh

.o15

.I_

I.I

0
.33

0

.07
0

0

.05

0

.03
0

0

.15
•02

0

.o 5

.oh
0

,07
•22
0

.12
O

0

.03

,02

I00
.6
.(]6

.3h

0

•22

.37
0

.09
0
0

0

.07
0

0

.08

0

.II
0

0

.0]

.06

0

.05

.]0
0

.02

0
0

.02

0

I00

1.3

.!3

.36

._5
0

.lh

.19
O

.06

o

0

O
0

0

0

.03
0
.!O

o

o

0

.07
0

.06

.05
0

.12

.02
0

.03
O
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1

2
]
h
5
&,

7

!0

!2
13
!4
!5
_6

17

20
7l
22

_4

26
27

29
30
31
32

FERCE,NT HA_.iD_IC CoWTENT
].200 r::A. _ B!:T'," _-_ _ "<, _m '_

• ,,La_.r. _,L_.H Td-I_]'T,A"!.E A'$1; F;TATIC E_:C!TER

B A ! A rlC E D L A } C o N D I T I O N

N'_ Do:,d !:1.3 Amp,_', 75% i:'F 52.5 _,p::, _
Percent V<,!t L<e Percent Vol_e__ Percent VJ]tage

!OO
].2
.;'1
!.3
• 4

.12

._?
• 07
.]2

• Ch
.17
• !O
.02
• &?
O
.08
.02
.oh
• 03
.02
.<5
.06

.02

.12

.02
.02
.05
.04

L-L

I00

.I?

].3
.61_
.]6

.hP

.64

.I!

.05

.06

.]O

.04
.16

.03

.09

.01

.12

.02

.o_
.04
O
.o3
.>6
.27
.03
.12

.0]

.03

.oh

L-N

1OO
1.3
.92
].3
• ho
• P6
.35
.6h
.24
.O_
• 20
.]2

.!'1

.1:5
• o_
.03
ii -7

• 05
.20
• (:7
.ch
.08
.'ll
• C4
.03
.16
• Oh
.07
.05
.02

.03

].,--[,

!00

].3
.26

].3

•24
.B5
•h6

.12

.12

•(36
.04
• ]0

.o_<

.'_ 0

.04

.Oh

.ZO

.,05

.07

.12

.06

.03

.20

.03

.02

.03

.C2

L-N

I00

].8

.92

].3

.hh

.56

.38

.42

•28
.32

•23
.22

.17

.16

.09

.]3

.17

.II

.22

.12

•O_
.02

.05

.05

.03

.03

.04

.I0

.05

.01

.04

.02

I-L

100

].9

.11

].2

.:6

.B8

.o_

.92

•_5
•Oh

.14

.o4

.02

.IO

.08

.03

.22

.08

• L'_

.02

.05

.0]

.01

.03

.Of

•I0

0

.01

•03
.01
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Har_m:_ic

I
2

3

4
5
6

7
,q

F
lO

1]

]2

13
14

",.5
16

_7

19

2O

21
22

23

24
25
_6

21

3O

31

32

320 _ IrA:E :v,_J_ ,:,_ R ITH £E_]U+AT._RA]_I;;TA?]C ZXCiTER

U N BA LAN C _D L3 AD

O, O, _3.7_i Amp_:, 1OO% PF

Perce_t Voltage

L-N

IOO

._4

.86

1.4

._4

.06

.50

.90
•26

.14

.2G

•IO

.C7

.38

.06

.03

.15

•05
•22
.05

.06

.04

.II

.05

.05

.5S

.02

.92

.02

.O]
•01

.12

CONDITION

IO0
.86

.18

1.2

.68

.16

.h9

.6b

.14

.1o

.oh
•07
.08

.29

.05

.O9

.12

.o4

.18

.O5

.O5

.04

.07

.06

.I0

.35

.O5

.20

.o4

.O1

.O1

.08

O, O, 27.5 Amps, !OO,_ FF

Percent Voltaire

L-N I.-L

lO0

.92

.)4

1.4

.09

.56

.92
•28

.20

.23

.13

.C_)

.40

.05

.I0

.16

•08
,26

.07

.II

.05

.16

•02
.lO

.32

•03
•98

.07

.03

.05

.03

lOO

.%5

1.2

.65
.15
.h8
.67

.13

.12

.05

.08

.09

.24

•03
.I0

.12

.oi

.28

.oi

.II

.06

•I0

.o3

.]h

.50

.03

.34

.uS

.01

.06

.03

LA-16



Hartionic

]

2

3

[[

A

! 2

2f

2}

23
?_,

?7
?,2

2_

!0

32

No I,o:td 11!.3 _'_ _',' "_rv_'¢ f,_"

P_rcent VoltaEe l'ercent Vo!taKq

I -N

1. ) _ h C ,;. N T, i T ,, J N

_;2._ kmps, ]00_: PF

Pez'cent Vo] t_,:Z_,.

L-N L-N

]f)O

.10

.]C

.';6

.]0
O

.?)h

.Oh

0

0

.I'L

.¢I
• :-;2
0

.03
0
0
0
•Ol

C

0

.01,

O

•02

0

0

.0]

I00

.73

.:'5

0
.L'?
."7
O
•37
0
0
.07

•25;
0
.]
0
0

0
.06
.oh
o
.o,6

._9
0
• _,__
q
0
• "12

]0(7
.?h
.l;O
.]o

.72

.o1I
•ho

o
.ol
.02
o

.o_
r_

9
C
.01
0
.6:,2
.fl
0
. O!
.0!
C
• Ol

.02
0
.oh
O
0
0
.O1
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:; %,, --PERCENT RAF&;12!iC O ,_IT_,,_
60 °PtiAF[,;B::'ILT STATOR WITH REGUIATOR AffD STATIC ZXCiTEk

}is,"u,)C

]
2

1;

<
0

7
2

!o
?]
:2
!3

17
] ?

2O

2!
22
23
24
,-./,

26
27
28

3O
31
32

B A L A t! C E o L 2 A D C O N D i T 7 u N

No Load

Percent Voltage

I.N

]00
1.2
• 78 i
1.2
1.5
.l
.67
.07
.23
• 23
.12
.02
.08
.18
.07
.36
.05
0 i

I

.12 !
• 03 I

.04

.04

.03 ,

.04 :

.06 t
•32 f
o I

.o9 l

.03 I

.o4 t

.o4

.O6

41.3 A_I:ps, 75% FF

I.-L

I0O

.86

•18

•]C

•[,0
.20
.)4
.'t8
.lO
.14
.03
.06
.09
.18
.Oh
.10
.05
.02
• 12
.05
.02
.Oh
.05
.02
.04
.34
.01
.12
.04
.01
.02
.06

i Percent Voltage

L-N I-L

I00

.84

.26

.88
•63
•2h

.72

•22

.II

.24

.08

.04

.16

.20

.04

.09

.03

.04

.12

•I0

.03

.07

.o3

.Oh

.01

.12

.02

.06

.01

.02

.03

.04

I52.5 A_lp_, 75% PF

........... Pe_rce:tt Volta6e

L-N L-L

lOO
l.h
.75
.98

.64

.48

.38

.27

.22

.23

.22

.18

.12

.25

.03

.0):
.16
.04
.05
.06
.04
.o4
.03
.03
.05
.06
.02
.08
.02
• 01
.01
.02

'0'"1,, J

.gh

.72

• .26
.70
.14

.22

.25

.18

.II

.16

.24

.06

.I]

.I0

•06

.IO

•12

.oh

.I0

.03

.02

.02

.O?

.02

.09

.04

.03

.O6

.05

lO0

1.4

•II

.99

.6

.06

.31

.15

.06

.22

.IO

.05

.12

.18

.04

.O3

.09

.02

.12

.I

•Ol

.O1

,03
.01

.O2

.08

.O1

.05

.O2

.O2

.O1

.01
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PERCENT _L%EfO_IC CON_

60° P_'_E BELT STAToR V_ITH 'R_C,ULA_ AND STATIC EXCITER

Har_nic

I

?

3
4
5
6

7
8

?

"LO
II

I?
!3
] 4
I: 5

L7
!8
19
20

22
_3
24
_5

27
L_
?9
3O
31
32

UNBALANCED

O, O, 33.75 Amps, 1OO% PF

Percent Voltage

I.N

I0O

.69

.99
].2

I..3
.24

-77
.08

.31

.34

.16

.16

.12

.14

.09

.08

.04

.06

.I

.o3

.05

.Oh

.06

.I

.04

.34

.O3
•20

.03

.02

.02

.02

LOAD CONDITION

_L

IOO

.58

.38

.93
1.2

.28

.8

.15

.25

.28

.I0

.16

.08

.16

.o8

.05

.01

.04

.04

.03

.04

.03

.02

.o_

.03

.42

.01

.I

.01
0

0

O, O, 27.5 Amps, 1OO% PF

Percent .Vol%@ge

L-N I L-L

I0o

.h9
1.2

.90

].lo

.31

.67

.ll

.35

.05
•20

.19

.]9

.I0

.06

.03

.08

.09

.o5

.Of

.C!l

•II

.01

.35

.06

.18

.OP

._3

.01

.05

_00

.5o

.44

.85
1.00

•25
.70

.27

.22
•28

.0"1

.12

.]0

.O!

.II

.O1

.IO

.08

.03

.05

.02
O

.05

.01

.hO

.02

.I0

.Ol

.Of

.0_

.04

LA-19



TRANSIENT AND SUBTPJ_NSIF_NT REACTANCES A_D T_ CONSTANTS

Total Averages of Four Tests:

X_' = _.12% Td' m .0620 seconds

Xd" ,: 26.52% Td" ,: .00114 seconds

Total Averages of Three Tests:

Td_ - .120 seconds with average field temperature
at 355oF

LA-20



CO:-_[II'_ PF.OCE_U:tE FOR

BECKY .tOn! i_Soi_ DESI,,I; : ALCU;.,', fi Ji_S

2.

.

2.

So

.

.

o

0

10.

ll.

12.

Clear core (no switch control).

insert output from #i into typewriter, set margi.n for correct

output and set typewriter for single space.

Load pass #i followed by input #l (output both printed and punched

cards).

Reset and load pass #2 followed by output from oass #i (output

punched cards).

Reset and load pass #3 followed by output from pass #2 (output

punched cards).

Reset and load pass #4 followed by input #2 and output from pass #3

(output punched cards).

Reset and load pass #_ followed by output from pass #4 (output

punched cards).

Reset and load pass #6 followed by saturation curve values_ and

output #_ (output punched cards).

Reset and load pass #7 followed by output from pass #6 (output

printed plus punched cards).

Reset and load pass #8 followed by output from pass #? (output

punched cards).

Reset and load pass #9 followed by output from pass #8 (output

printed plus punched cards).

Reset and load pass #i0 followed by output from pass _9 (output

punched cards).

LA-21



13, Reset and loali pass #ii followed _:,ysaturation curve v-t_lues_ and

output from pa:_s #lO (output punched cards).

_eset an;_ load paso #12 fe.!lowed by output pass #ii (output

printed and _;_nch_.ffca'rds).

If t?Jere is punch card output from pass #12 no load saturation

curve i_ required. Place output form #2 i_ typ,ewrite_- -rod set

margin. Load pass ,@13 followed t,y saturatio_ curve values _' and

output from aps:_ #i2 (output printed).

Saturation cu_we values are loaded i:_ order sho_,_ on Input Form #io



All Input Parameters are in Format F7.0 (Fig. 1)

Io

OOOOOO
123451

IIIIII
I

222222

333333

444444

5555555

666666

777777

818868

999999
123456

ool? o
|9ION_D

111111

222222

133333

|444444

i55555

666666

777777

11561

99999'
IIOH_M

8081

/00, 1o0_1O00000000000

II111_111111
222222 222222

333333 333333

44444 444444

555555 555555

666666 16666
777777 7 7777

868834888888
I

999 9 999999

• 1 .oi
OOOOOOOOOO000O

111111 111111

1222222 222222

333333 33333

444444 44444,

55555_ 55555

66666 666666

77777 777777

888888!8868886

i9999999999999'

/0.
E)O9000
43'M _ 47 48_

111111

222222:

333333

44444

555555

66666

77777

888888d

99,999
44 45 44 47 4J9

/.d
OOOOOO

111111

222222

333333

4444444

555555

666666

777777

686688

99999
5152_

lOeo. JO.
1000000 i6060
7HHH_ 5N_HH

111111111111

222222222222

33333 3333333

44444,444444

555555555555

66666 666666

777777777777

888888i86888

999999999999

0060060060

1111111111

2222222222

3333333333

4444444444

5555555555

6666666666

7777777;77

8888888888

9999993999

FIG. 1

All Saturation Curve Values are in Format F10.0 (Fig. 2)

I00o I0, 1.
000066000_0606600000000060000_

1111111111111111111111111111111

2222222222122222222221222222222

3333333333_3333333333333333333

4444444444_ 444441444
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 oo. 1#OOOOOOOOOl i O0000O

I11111111111i1111111

22222222232
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66666661666666666
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81891888886818
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9!

00000690 _0000666009696099060
5152 5,154 $_ u 5"/54 $0..I _ _Ii4_NS'/_ _ 71 _'/'_1 _ _ 77 _

II1111111111111111111111111111,1
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FIG. 2
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TWO-COIL LUNDELL (BECKY-ROBINSON TYPE)
(SECSYN)

Calculation Electrical Fortran

Nur:',,be r Symbol _Symbol.

(128) A A

(46) ac AC

(144) acd ACD

(153) ac f AS

(170) ad r AD

(68) _ GA

(70) Ag 2 A2

(7oa) -%3 Aa

(79) an p ANP

(79b) as k ASK

(7ta) as p ASP

(!24) Ay 2 AY2

(:i2) Ay 4 AY4

B, b

(20) B BK

(:35) %0 wo

(135) bb I B

(22) bo BO

(94) B c, B c BCI

;_-2h



Calculation

Number

(95)

(1225

(1195

(224)

(23o)

(116)

(765

(76)

(2345

(225

(2225

(1055

(2155

(765

(76)

(57a)

(91)

(205)

(57)

Electrical

Symbol

!

Bg, Bg

Bg2

Bg3

Bg2 FL

Bg3 FL

bNp

bNP(END5

bNP(MID)

BNPFL

b s

BSK FL

BSp

BSPFL

bSP(END5

bSP(MID)

btl/3

!

B T, B T

BT L

btm

For[ran

Symbol

BG1

BG2

BG3

BG2L

BG3L

BNP

BNE

BNM

BNPL

BS

BSK

BSP

BSPL

BSE

BSM

SM

BTI

BTL

TM

IA-25



Calculation

Number

(15)

(125)

(228)

(113)

(232)

Electrical

Symbol

b v

By2

By2 FL

By4

By4FL

Fortran

Symbol

BV

BY2

BY2L

BY4

BY4L

(32)

(71)

C

C 1

C

C1

(74)

(73)

(75)

(72)

(12)

(11)

(35)

(170_

(78)

(ha)

C M

Cp

Cq

C w

D

d

db

ddr

dir

d r

D, d

CM

CP

CQ

CW

DU

DI

DB

DDR

DIR

DR

LA-25



Calculation

Number

(3)

(55)

(56)

(238)

(127b)

(4)

(5a)

(98)

(2oi)

(236)

(96)

(208a)

(123)

(225)

(120)

(231)

(I17)

(127)

Electrical

Symbol

E

E FTO p

E FBO T

EFFL

E
FNL

Ep H

f

!

_ F
_C' C

FCL

FF L

F'
Fg, g

FgL

Fg2

Fg2 FL

Fg3

Fg3 FL

FNp

FN L

Fortran

Symbol

E, e

EE

ET

EB

E PFL

EPNL

EP

F, f

F

FC

FCL

FFL

FG

FGL

FG2

FG2L

FG3

FG3 L

FNP

FN_£,

T,__0'7



Calculation

Number

(235)

(18o)

(223)

(io7)

(216)

(97)

(206)

(:a3)

(:26)

(229)

(231)

(L4)

(233)

(59)

(59a)

(59c)

(59d)

Electrical

Symbol

F
NPFL

FSC

FSKFL

FSp

F
SPFL

T

F T, F T

F
TL

F&W

F
y2

F
y2 FL

Fy3 FL

Fy4

Fy4 FL

g

g2

g3

g3-1

Fortran

Symbol

FNPL

FSC

FSK

FSP

FSPL

FT

FTL

WF

FY2

FY2L

FG3L

FY4

FY4L

GC

GP

G3

G2

(59e)
g3-2 G1

(59f)

(69)

g3e

ge

G4

GE

IA-28



Calculation Electrical Fortran

Number Symboi Symbol

H, h

(135) hbo HI:)

(135) hbl H

(24) h HC
C

(78) hNp HNP

(38) hST SD

(39) hST SH

(78) h YH
Y

(237) IFF L AIFL

(127a) IFN L AINL

(8) Ipn PI

(182) 12 R F FEL

(24i) I2R FL F CUL

(194) 12R PS

(245) 12Rs 5CUL

K,k

(19) k WL

(9a) K CK
C

(43) K d DF

I_-29



Calcuiation

Number

(63)

(16)

(44)

(67)

(42)

(2)

(6!)

Electric_

Symbol

K e

Ki

K
P

K s

KSK

KVA

K x

Fortran

Symbol

EK

SF

CF

CC

FS

VA

FF

(i3)

(8o_)

(sIa)

(s2a)

(s3)

(83_

(85)

(86)

(139)

(84)

(48)

(36)

t 2

_3

_4

_4a

_6

L E

_e2

L, 1

CL

PLI

PL2

PL3

PL4

PL6

AL7

SB

PLC

EL

CE

LA-30



2alculatlon :Electrical Fortran

Nu tuber Symbol Symbol

(161) L F SI

(78) _ g2 GP2

(76) _ NP PNL

(17) -{s ss

(76) _ SP PSL

(49) "_ t HM

(147) _ tf FE

(78) _y ALY

(78) _y4 Y4

M. m

(5) m PN

N, n

(;38) nb BN

(146) N F PT

(45) n e EC

(30) n s SC

(34) NST SN
t

(34a) NST SN1

(14) n HV
V

I),-31



Calculation E_ectrica/ Fortran
Number Symbol Symbol

P, P

(6) p PX

(9) PF PF

(80) Pl Pl

(81) P2 P2

(82) P3 P3

(83) P4 P4

(84) P5 1:'5

(85) P6 PG

(8s) P7 p7

(23)

(25)

(154)

(155)

(7)

(53)

(54)

Q,q

Q QQ

q QN

R, r

Rf(cold ) FK

Rf(hot) FR

R PM R PM

RS PH( c old) RG

RSPH(hot) RP

IA-32



Caicula:ion

Number

(181)

(127c)

(47)

(177)

(178)

(176)

(78)

(78)

(145)

(18_)

(244)

(193.)

(186)

(243)

(242)

(184)

Electrical

Symbol

SCR

S F

SS

T a

t

T d

!

Tdo

TS K

TSp

V r

WC

WD FL

WDNL

WNPL

WpFL

WTFL

WTNL

Fortran

Symbol

S,s

SCR

CD

S

T, t

TA

T5

TC

TSK

TSP

V_ v

VR

W, w

WQ

WDL

WD

WN

WNL

WTFL

WT

I_-33



Calculation Electrical Fortran
Number Symbol Symbol

X,_____x

(129) X XR

(131) Xad XD

(132) Xaq XQ

(142) X D °C T3

!

0e7) x d xs
vt

068) X d XX

(163) XDd Xl

(165)
XDe l X2

t

(166) Xdu XU

V

(160) X F XF

(150) Xf °C T2

(130) X _ XL
?t

(169) Xq XY

(134) Xq XB

(50) X s °C TI

(170) X 2 XN

(172) X ° XO

U.-3h



Ca,ci.l.&t :on

Number

(31)

(lOO)

0o!)

(102)

(103)

(n8)

(12:)

(99)

(209)

(21o)

_2n)

(212)

(226)

(22o)

(207)

(93)

(213)

(90)

(208)

Electrical

Symbol

Fortran

Symbol

Y

YY

_2

e_3

OA4

0_5

0 IL

02L

03L

04L

0
5L

06L

07L

Op

0 PL

O T, O T

_TL

F1

F2

F3

F4

PL5

PL6

PL7

QI

Q2

Q3

Q4

QL5

Q6

Q7

FQ

FQL

TG

PTL

Ia-35



Caicula_ion

Number

(140)

(4i)

(26)

(40)

(27)

(i58)

C,62)

(164)

(64)

(159)

Electrical

Symbol

_'p

TSK

_s 1/3

ADd

ADq

Az

Apt

Fortran

Symbol

"r-

TB

TP

TS

SK

TT

A

BD

PU

PV

EW

BE

(14:)

(143)

(151)

(152)

(51)

/_f (hot)

P

RE

RM

RR

RS

IA-36



C PASS I SECSYN

I FORHAT(E11.5,EI1.SpE11.5,EII.S,E11.5,E11.5)

2 FORHAT(F7.O,F7.0,F7.O,F7.O,F7.O,F7.O,F7.0,F7.0,F7.O,F7.0)

3 FORHAT(gX F12_5,2X F12.5)

7 READ2pVAgEEpEPpPNsFpPXpRPH,pIpPFpCK

READ2,POLpDIpDU_CLpHVpBVpSF,WL,BK,ZZ

READ2,BO,BIpB2,B3pBSpHO,HX,HY,HZpHS

READ2,HT,HW,QQpW, RF,SCpYY,C,DW,SN

READ2,SNI,DWI,DB,CEpSH,SD,PBA,SK,TI,RS

READ2,GIGCsGPpG4wCI_CWpCPjELmCH_CQ

READ2,PEpBNEpBSE,BNIipBSH, PNL,PSL,DR,HNP,DI

READ2,WOpHDpDD,H,B,BNpSB,TBpRE,T3

READ2pDDRpADpPT_FE,RDpRTpT2jRRpSNLpWF

SS-SF*(CL-HV*BV)

HC-(DU-DI-2.O*HS)*O.5

QN-QQ/(PX*PN)

TS-3.142*DI/QQ

I F(ZZ--4.0) 9, 10, 9

9 TT-(O.667-A'HS+D i )'3.142/QQ

GO TO 11

10 TT'3.1416*(Dl+2.*HO+l.32*BS)/QQ

!1 IF(ZZ-1.O)12p12,13

12 BO-BS

CC'(5.0*GC+BS)*TS/((5.0*GC+BS)*TS-BS*BS)

GO TO 14

13 QC-(4.h.4*GC+O,75*BO)*TS

CC-QC/(QC-BO*BO)

14 CS-YY/(PN*QN)

TP=3.142*DI/PX

I,k-3?



IF(SK) 18, 18, 19

18 FS=| .0

GO TO 20

19 FS-SI N( 1.57 I*SK/TP)*TP/( 1.57 I*SK)

20 IF(PBA-.60.) 21,21_22

21 D-I.0

GO TO 95

22 D-2.0

95 I-QN

U-I

I F (QN-..U) 23,23,24

24. U-PX*PN

XX-U

N-,.U

DO 25 K"lpN =

Z"U/XX

I -Z

Z|'I

IF(Z-Z1)26,26,25

26 ZY-QQ/XX

I -ZY

Zl-I

IF (ZY-ZI)27,,27,25

25 XX-XX-1.

23 ZY,-QN

27 DF-S I N(. 5236"D) / (ZY*DWS I N(.5236/ZY) )

CF-SI N(YY*!. 571 / (PNWO.N))

EC,,,QQ*SC*CF*FS/C

GE-CC*GC

IJb.-38



IF(CI)29,28,29

28 C I=0.649-A-LOG (pE) +I .359

29 IF(CW)30,30,31

30 CW:O. 707*EE*C I*DF/(EP*PN)

31 IF(CP)32s32,33

32 CP=PE*(LOG(GC/TP)*.0378+I. 191 )

33 IF(EL)34,34,42

34 IF(RF)35,35,41

35 IF(PX-2.0)36p36,37

36 U=I.3

GO TO 40

37 IF (PX-4.O)38p38,39

38 U,,l.5

GO TO 40

39 U=I.7

40 EL-3. 142*U*YY*(DI +HS)/QQ+0.5

GO TO 42

41 EL-2.0*CE+3. 142*(O.5*HX+DB)+YY*TS*TS/SQRT (TS*TS-BS*BS)

42 AA-| .57 |*PE

AB=3. 142"PE

IF (CM)43p43 _44

43 CM.,(AB÷SI N(AB))/(S IN(AA)*4.)

44 IF (CQ)45p45,46

45 CQ-(O.5*COS(AA)+AB-S114(AB))/(4.0*SI N(AA))

46 RB= (T 1+23 4.5 )*0.003 94*RS

PRI NT39SSjCC_HCpGEpTS,CI pTTpCWpFS_CP,DFp ELpCFpCM, ECpCQ

PUNCHI •VA_EE•EP•PNpF•PX

PUNCHIpRPM,PI pPFpCKpPOLpDI

PUNCHIpDUtCLjSS_HC,SF_QN

I_-39



PUNCHI,WLpBK,ZZ,BO,BI,B2

PUNCHIpB3_BSjHOpFIXpHYjHZ

PUNCHIpHSpHT_HWpQQpWpRF

PUNCHI,SC,YYpC_TS,SN,DB

PUNCHIpCEpSHpSDpTTpSK,RB

PUNCHIpRSpGC_GP_CI_CW_Cp

PUNCHIpELpCFIpCQpDWpCCpPBA

PUNCHIpG4pCS,CFwFSpECpDF

PUNCHIpG,GE_RSpTPpBNEpBSE

PUNCHIpBNIIjBS#I,PNL,PSLpDRpHNP

PUNCHIpDI_WOpHDpDDpHpB

PUNCHIpBN,SBpTBpREsT3BPT

PUNCHIpFEpRDpRTjT2_RRpSNL

PUNCHIpWFsPE,DDRpAD_SNIpDWI

PAUSE

END



PASS 2 SECSYN

I FORMAT(E11.5,E11o5,EI1.5,E11o5_EI1.S,E11.5)

DIMENSION DA(8),DX(G),DY(B),DZ(8)

READI_ VApEEIEP_PNpF,PX

READIp RPFIpPI,PF,CKpPOLpDI

READI, DU,CL,SS,HC,SFmQN

READI, WL,BKpZZpBO_BI_B2

READIp B31BSpHOpHX,HYsHZ

READI, HS,HT,HW,QQpW,RF

READI, SC,YY,C,TS,SN,DB

READI, CE,SHpSD,TT,SK,RB

READI, RS,GC,GP,Cl,CWpCP

READI, ELpCt_,CQ,DW,CCpPBA

READI, G4,CS,CF,FS,EC,DF

READIpGpGE,RS,TPpBNEpBSE

READI,BNPIpBS_pPNL,PSL,DRpHNP

READI,D|,WO,HDpDD,HpB

READIpBNpSB,TB,RE,T3,PT

READI,FE_RD_RT,T2,RR,SNL

READ I,WF,PEpDDR,AD,SNI,DWl

DT-DWI

IF(ZZ-3.O)49, 50,51

49 SM-TT-BS

GO TO 53

50 SM-(3.1416*(DI+2.*HS)/QQ)-B3

GO TO 53

51 IF(ZZ-4.0)50,52,49

52 SM-TT-.94*BS

53 HMmCL+EL

LA.._I



61

62

IF(DT) 61,61,62

AC = O. 7_J5*DW_DW_S H I

GO TO 72

ZY=O.O

DA (I)'-0.05

DA(2),=0.072

DA(3)=O. 125

DA(4)=O, 165

DA(5)-0.225

DA(6)=0.438

DA(7)=0.688

DA(8)=I .5

DX(1)=0.000124

DX(2)-O.O0021

DX(3)=0.00021

DX(4)=0.00084

DX(5)=0.00189

DX(6)=0.00189

DY( 1)--0.000124

DY(2)=0.000124

DY(3 ) =0.00084

DY(4) =0.00084

DY(5)=0.00189

DY(6)=0.00335

DY(7)=0.00754

DY(8)=0.03020

DZ(1),=0.000124

DZ(2)=0.000124

DZ(3)=0.000124



63

200

DZ

DZ

DZ

DZ

DZ

IF

JA-O

JB=O

JC=O

JD=O

(4) =0.00335

(5)=0.00335

(6)=0.00754

(7)=0.0134

(8)=0.0302

(DT-. O5)201,201,200

64 JA=JA+I

JB=JB+I

JC=JC+l

JD=JD+I

IF (DT-DA(JA))65,65,64

201 D=O

IF(ZY)71,71,54

65 1F (DW-O. 188)66,66,67

66 CY=DX(JB-1)

CZ-DX(JB)

GO TO 7O

67 1F (DW-0.75)68,68,69

68 CY=DY(JC-1)

CZ=DY(JC)

GO TO 70

69 CY=DZ (JD-1)

CZ=DZ (JD)

70 D=CY+(CZ-CY)*(DT-DA(JA-I))/(DA(JA)-DA(JA-1))

IF(ZY)71,71,54

i.a 3



71

72

73

74

54

55

203

202

204

AC=(DT*DW-D)*SNI

IF(RT)73,73,74

AS=O.785*RD*RD

GO TO 55

ZY=I .O

DT =RT

DW=RD

GO TO 63

AS=RT*RD-D

S=PI/(C*AC)

CY=PT *FE*O.0OOOOI/AS

FK=RR*CY

FR=(T2+234.5)*FK*O.O0394

RC=O.321*PT *FE*AS

IF(SH)202p203p202

ET=I

EB=I

GO TO 204

AA=O.584+(SN*SN-I.O)*O.O625*(SD*CL/(SH*HM))**2.0

AB=(SH*SC*F*AC/(BS*RB))**2.O

ET=AA*AB*O.O0335+I.0

EB=ET-O.OOI68*AB

RY=SC*QQ*O.OOOOOI*Htl/(PN*AC*C*C)

RG=RS*RY

RP=RB*RY

A=PI*SC*CF/(C*TS)

PUNCHIjVAjEEpEPpPNjF_PX

PUNCHIIRPHpPIpPF_CK, POLpDI

PUNCHIpDUjCL,SS,HCpSFjQN



PUNCHI,WL_BK,ZZ,BO,BI,B2

PUNCHIpB3,BSgHO,HX,HY,HZ

PUNCHIpHS,HT,HW,QQ,W,RF

PUNCHI,SC,YYp£,TS,SN_DB

PUNCHI,CE,SHpSD,TTpSK,RB

PUNCHI,RS,GC,GP,CIpCW,CP

PUNCHI_EL,C_I,CQ,DWpCC,PBA

PUNCHI,G4,CS,CF,FS,EC,DF

PUNCHIpG,GE,RS,TP,BNE,BSE

PUNCHI,BN_I,BSM,PNL,PSLpDR,HNP

PUNCHI,DI,WO,HD,DD,H,B

PUNCHI,BN,SB,TB,RE,T3,PT

PUNCHIjFE,RD,RT,T2,RR,SNL

PUNCHI,WF,H_I,S_I,AC,AS,ET

PUNCHI,EBjS,FK, FR,RC,RG

PUNCHI,RP,A,PE,DDR,AD

PAUSE

END



105

106

107

108

1 O9

PASS 3 SECSYN

FORMAT(EI1.5_E|1.5,EI1.5,EII.S,EII.SjE11.5)

READI ,VA, EE_EPpPNpF,PX

READI pRPIIpPIpPFsCKpPOLpDI

READI_ DUsCL_SSpHCpSFpQN

READIp WLsBKpZZpBO_BIsB2

READIj B3sBSjHOpHXjI4YjHZ

READI ,HSjHTslIW_QQ,WpRF

READ1 sSCsYYpCpTS,SNsDB

READ1 mCEpSHpSDpTTgSK,RB

READ| _RSpGCpGPpC1pCWpCP

READI pELsCt%CQpDW_CC_PBA

READ! pG4pCSsCFpFSpEC_DF

READ1 sGpGEpRSpTPpBNE_BSE

READ1 _BNtApBSMjPNL_PSL,DRjHNP

READ1 _DI_WOjHD_DDpHpB

READ1 ,BNpSB_TBpREjT3jPT

READ1 jFEpRDpRT,T2pRRpSNL

READ1 pWFpHMpSt_pACpASsET

READ1 9EBpSIFK,FR,RCpRG

READ1 pRP_A_PE_DDR,AD

IF(PBA-60.O) 105_105_108

I F (CS-0.667) 106,106,107

FF-0.25"(6.0"CS-1.0)

FFnO.25*(3.*CS+1.O)

GO TO 75

IF(CF-O.667)109,109,110

FF-O.O5*(2_.O*CS-1.O)

GO TO 75



II0 FF=O.75

75 CX=FF/(CF*CF*DF*DF)

Z=C X*20. O/( PN*QN)

BT=3.142"DI/QQ-BO

ZA=BT*BT/( 16. O*T S*GC)

ZB=O.35*BT/TS

ZC=HO/BO

ZD=HX*O.333/BS

ZE=HY/BS

IF (ZZ-2.O) 76,77,78

76 PC=Z*(ZE+ZD+ZA+ZB)

GO TO 82

77 PC=Z*(ZC+(2.0*HT/(BO+BS) )+(HW/BS)+ZD+ZA+ZB)

GO TO 82

78 IF(ZZ-4.0) 79,80,81

79 PC=Z*(ZC+(2.0*HT/(BO+BI ))+(2.0*HW/(BI+B2) )+(HX*O.333/B2)+ZA+ZB)

GO TO 82

80 PC=Z* (ZC+0.62)

GO TO 82

81 PC=Z*(ZE+ZD+(O. 5*GC/TS)+(O. 25*TS/GC)+O .6)

82 EK=EL/( I0.0"*(0. 103*YY*TS+O.402) )

IF(DI-8.0) 83,83,84

83 EK=SQRT (EK)

84 ZF=.612*LOG(I O.O*CS)

EW=6.28*EK*ZF* (T P*_ (0.62- (0.228"L OG (ZF) ))) / (C L*DF*DF )

87 ZA..3.1416-(D I+HS)/QQ
..

IF (ZZ-3.O) 88,89,88

88 TM=ZA-BS

GO TO 90



89

9O

TM=(3. 1416*(DI+2.wHS) IQO)-B3

W l= (TM*QQ*S S*HS+ (DU-HC )*3.142"HC *S S )wO. 283

PUNCHIjVApEE,EP,PN,F,PX

PUNCHI,RPIIjPI ,PF,CKjPOL,DI

PUNCHI,DUpCLpSS,HCpSF,QN

PUNCHI,WL,BK,ZZ,BO, BI,B2

PUNCHI,B3,BS,HO,HX,HY,HZ

PUNCHI,HS,HT,HW,QQ,W,RF

PUNCHI,SC,YY,CpTS,SN,DB

PUNCHIpCE,SH,SD,TT,SK,RB

PUNCHI,RS,GC,GP,CI,CW, CP

PUNCHI,EL,CH,CQ,DW,CC,AD

PUNCHI,G4,CS,CF,FS,EC,DF

PUNCHI,G,GE,RS,TP,BNE,BSE

PUNCHI,BNM,BSM,PNL,PSL,DR,HNP

PUNCHI,DI,WO,HD,DD,H,B

PUNCHI,BN,SB,TB,REpT3,PT

PUNCHI,FE,RD,RT,T2,RR,SNL

PUNCHI,WF,HM, SrI,AC,ASpET

PUNCHI,EB,S,FK,FRjRC,RG

PUNCHI,RP,A,FF,CX,PC,EK

PUNCHI,EW,ZC,TM,WI,PE,DDR

PAUSE

END



4O4

PASS 4 SECSYN

FORI_AT(E11.S,E11.5,E11.S,EI1oSjEII.5,E11.5)

FORHAT(F7.O,F7.O,F7.O,FT.O,F7.O_F7.O,F7.O,F7.0,F7.OpF7oO)

READ2, PIpP2sP3_P4_PSpP6,P7_PLIjPL2pPL6

READ2, PLC,DIR_DQjYHpALYpRSL_Y4pGP2pTSPpTSK

READ2, DTOpDTIjDSIpDS2pDS3jDS4_DSSjSIjS2,S3

READ2_S4pSS,DOSgPFHLpDBHL_WR

READIp VAjEEpEPpPN,FpPX

READ19 RPPI,PIjPF_CKpPOL_DI

READI, DU_CLpSSpHC,SFpQN

READI, _LpBK_ZZpBO_BI,B2

READIp B3pBSpHOpHXpHYjHZ

READI 9 HSpHT_HWjQQpW,RF

READI, SCpYYjCpTS_SNpDB

READIp CEjSHpSD_TTpSKpRB

READIp RSsGCpGPpCI,CWpCP

READIp EL,CMpCQpDW,CCpAD

READI, G4pCSpCF,FSpEC_DF

READI_ G_GEpRSpTP,BNE_BSE

READI, BN_I_BSFI,PNLpPSL,DR,HNP

READI, [)I,WO_HD_DD_H_B

READI_ BN_SB_TB_RE,T3_PT

READI, FE_RDpRT_T2,RR,SNL

READI_ WF_H_I_SII,AC_ASpET

READI_ EB,S_FK_FR_RC_RG

READI_ RP,A_FF,CX_PC_EK

READI_EW,ZC_T_I_WIpPE_DDR

IF(P1)405,404,405

PI=3.19*(BNE+PL2)*TSP*PX/PLI



4O5

4O7

438

437

406

4O9

4O8

411

414

416

415

413

418

417

410

420

419

422

421

423

424

IF (P2) 406,407,406

I F(BNE-BNI_)438,437,438

P2_6.28*((SQRT ((BNII-BNE)**2+PNL*PNL)12.)+PLI/2.)*TSP*PX/PL2

GO TO 406

P2_3. I _*( PNL+PLI )*TSP*PX/PL2

IF (P3) 408,409,408

P3=3.1 9*B NE* (H NP-TSP )*PX/((DR-DOS) * (3.1416/8. )-TSP )

IF(P4)410p411,410

T EM-_3.1 9*((DR/2.)-TSP) *PX/((DR-DOS)/2 .-TSP)

TEMI_3.1 9*PX/(((DR/2.)-TSP)*SI N((6.28/PX)*(I .-PE/4.))-BNE/2.)

IF(PX-4.)414,414,413

IF(BNE-BNH)415,416,415

P4_ (PNL+PL I)*T Er_

GO TO 410

P4_.(SQRT ((B NP_-BNE)**2+P NL**2)*. 25+ (PL 1/2. ))*2 .*TEM

GO TO 410

IF(BNE-BNH)417,418.417

P4_T EM 1*((DR-DOS)/2. O-TSP)*(PNL+PL I)

GO TO 410

P4= (SQRT ((BNt%BNE)**2+PNL**2)*. 25+ (pL I/2. ))*2.*TEMI* ((DR/2.)-TSP)

IF(P5)41 9,420,41 9

P5-3.1 9*BNE*PL6*.667*PX/PLC

IF(P6)421,422,421

P6-3.1 9*PLC*PE*(DR-2.*TSP)*3.1416/PL6

IF(P7)424,423_424

P7_-(3.1 9/4. )*3.1416*(DR+HC+HS)*(HC+HS+RSL)/(3.1416" (HC+HS)/2. )

TG=6. E6*EE/(CW*EC*RPrl)

PUNCHIpVAp EEw EP, PNpF,PX

PUNCHI,RPHpPI pPFpCK,POLpDI
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PUNCHI,DU,CL,SS,HC,SF,QN

PUNCHI,WL,BK,ZZ,BO,BI,B2

PUNCHI,B3jBS,HO,HX,HY,HZ

PUNCHI_HS,HTpHW,QQ,W,RF

PUNCHI,SC,YY,C,TS,SN,DB

PUNCHI,CE,SH,SD,TT,SK,RB

PUNCHI,RS,GC,GP,CI,CW, CP

PUNCHI,EL,CrI,CQ,DW, CC,AD

PUNCHI,G4,CS,CF,FS,EC,DF

PUNCHI,G,GE,RS,TP,BNE,BSE

PUNCHI,BNH,BSH,PNL,PSL,DR,HNP

PUNCHI,DI,WO,HD,DD,H,B

PUNCHI,BN,SB,TB,RE,T3,PT

PUNCHI,FE,RD,RT,T2,RR,SNL

PUNCHI,WF,HfI, SH,AC_AS,ET

PUNCHI,EB,S,FK,FR,RC,RG

PUNCHI,RP,A,PLC,PLI,PCpEK

PUNCHI,EW,ZC,TH,WI,PE,DDR

PUNCHI,TG,PI,P2,P3,P4,P5

PUNCHI,PG,P7,DIR,DQ,YH,ALY,

PUNCHI

PUNCHI

PUNCHI

PUNCH1

PAUSE

END

,RSL,Y4,GP2,TSP,TSK, PFHL

,DBHL,DOS,WR,DTO,DTI,DSI

,DS2,DS3,DS4,DS5,SI,S2

,$3,$4,$5



C PASS 5 SECSYN

I FORHAT(E11.5,E11oS,EI1.SpE11oS,EI1.SpE11.5)

READI ,VA, EEpEP,PN,FpPX

READI ,RPH,PI,PFpCK, POLpDI

READI ,DUpCL,SSpHC,SFpQN

READI ,WLmBK,ZZpBO,BIjB 2

READI ,B3pBS,HOpHXpHYpHZ

READI ,HSjHTmHWpQQ,WmRF

READI ,SC,YYpC,TS,SN,DB

READI ,CE,SHpSD,TT,SKwRB

READI ,RSpGCBGPpCI,CWpC P

READI ,ELICrlpCQmDWpCCpAD

READI ,G4pCS,CFpFSpECpDF

READI ,GpGE,RS,TP,BNEpBSE

READI ,BNM,BStI,PNL,PSL,DRpHNP

READI ,DIpWOpHD,DD,H,B

READI ,BN,SBjTBsREpT3pP T

READI ,FEmRD,RTpT2pRRsSN L

READI ,WF,HH, S_I,AC,AS,ET

READI ,EB,S,FK,FR,RC,RG

READI ,RP,A,PLC,PLI,PC,EK

READ| ,EW,ZC,TM,WI,PE,DDR

READI ,TG,PI,P2,P3,P4,p5

READI ,P6,P7,DIR,DQ,YH,ALY

READ| ,RSL,Y4,GP2,TSP,TSK, PFHL

READI ,DBHL,DOS,WR,DTO,DTI,DS]

READI ,DS2,DS3,DS4,DSS,SI,S2

READ! ,S3,SI_,S5

BTT=TG/(ss*sH*QQ)
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402

4O3

444

446

445

FQ=TGwCPIPX

BC=FQI(2.wHCwSS)

8G=TGI(3.1416*DIWCL)

ALCR= 3.1416_(DU-HC)/(4.*PX)

AY4=(3.1416/4.)*(DOS*DOS-DQ*DQ)

AY2-3.1416*DOS*ALY

GA-D 1"3.1416-CL

A2-3.1416*GP2*(D IR+GP )

IF (G-I .0)402,403,402

A3-1.571*(DTO+DTI)WSQRT(4.*Y4*Y4+(DTO-DTI)W*2)

GO TO 444

A3-(DSI_SI)+(DS2*S2)+(DS3*S3)+(DS4*S4)+(DSS*SS)

A3-3.1416*A3+(DOS**2-DSI*_2)*.78

ANP=PNL*(BNE+BNt4)/2.

ASP-BSE*TSP

ASK-3.1416*(DR-TSK)*TSK

IF(WF)445,446,445

WF-2.52E-6*(DR**2.5)*(PLI+PNL+GP2)*RP_I**I.5

WC-.321*HH*Q(LY*AC*SC

PUNCHI,VA, EE,EP,PN,F,RPM

PUNCHI,PI,PF,CK, POL,DI,DU

PUNCHI,CL,SS,HC,SF,QN,WL

PUNCH

PUNCH

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

I,BK,ZZ,BO,BI,B2,B3

I,BS,HO,HX,HY,HZ,HT

,HW,QQ,W,RF,SC,YY

,C ,TS,SN,DB,CE,SH

,SD,TT,SK,RB,RS,GC

,Cl,CW,CP,EL,CM,CQ

,DW,CC,AD,CS,CF,FS

Za,-53



PUNCHIjECjDFpGjRS,TPpBSE

PUNCHIpBS_IpPNLpDRpDIpWOwHD

PUNCHIpDDpH,BjBN,SBpTB

PUNCHIpREpT3pEEpRDpRT,T2

PUNCHIpRR,SNLpWF,Ht_,SM,AC

PUNCHI,ET,EB,S,FK,RC,RG

PUNCHI,RP,A, PLC,PLI,PC,EK

PUNCHI,EW,ZC,TH,WIjPE,DDR

PUNCHI,DIR,DOS,DQ,RSL,GP2,TSP

PUNCHI,TSK, PFHL,DBHL,GA,WC,ASK

PUNCHIjTG,BTT,FQ,BC,GE,HS

PUNCHI,ALCR,PX,ANP,ASP,HNP

PUNCHI,A2,A3,AY4,Y4,G4,GP

PUNCHI,AY2,YH,PT,FR,AS,PSL

PUNCHI,BNE,BNM,ALY,PI,P2,P3

PUNCHI,P4sPS, P6mPT,WR,BG

PAUSE

END



888

!

823

824

844

801

PASS 6 SECSYN

DIHENSION AI(120)

FORMAT(FI0.O,FIO.0,FI0.O,FI0.0,FI0.O,FIOoO)

FORMAT(E11.S,EII.5,EII.S,EII.S,EII.S,E11.5)

K=I

READB8B,AI(K),AI(K+I),AI(K+2),AI(K+3),AI(K+4),AI(K+5)

K=K+6

IF (K-119)823,824,824

D0844 N-1,20

READI,RI,R2,R3,R4,RS,R6

PUNCHI,RI,R2,R3,R4,RS,R6

CONTINUE

READI,TG,BTT,FQ,BC,GE,HS

READI,ALCR,PX,ANP,ASP,HNP

READI,A2,A3,AY4,Y4,G4,GP

READI,AY2,YH,PT,FR,AS,PSL

READI,BNE,BNH, ALY,PI,P2,P3

READI,P4,PS,P6,PT,WR,BG

LOAD=I

PL71-.OI*TG

TTP-TG+PL71

X-TTP/TG

BTI-X*BTT

Z=FQ/PX

PPI=X*FQ

BCI-(PPI/FQ)*BC

BG1-BGWX

FG-(BGI*GE)/.OO319

NA-1
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K=I

X=BT 1

GO TO 802

803 FT=AT*HS

NA=I

K=2

X-BC 1

GO TO 802

804 FC-AT*ALCR

PL7 = (FT+F G+F C ) *P7*. OO1

I F(I. l*PL71-PL7)810=811,811

811 IF(.9*PLYl-PL7)812,812,810

810 PL71=PL7

GO TO 801

812 Z 1= (. 002* (FG+FC+FT) ) * (P l+P2+P3+P4)

FQ-PP1

Z=FQ/PX

Y=Z l/PX+FQ

BNP=Y/ANP

BS P=Y/( 2. *ASP )

NA-,6 I

K-3

X=BNP

GO TO 802

805 F NPIHNP*AT

NA--31

K-4

X=BSP

GO TO 802



806 1F (BNE-BNr_) 820,821,820

820 AXX=PSL/2.

GO TO 822

821 AXX=PSL/3.

822 FSP-AXX*AT

PG2= (FQ*P X+Z 1+PL7 )/4.

BG2=PG2/A2

FG2=BG2*GP/. 0031 9

BY4=PG2/AY4

K=5

NA=61

X=BY4

GO TO 802

807 FYL_=AT*Y4

Z2=2.*(FG+FC-H:T)

Z3=Z2+FSP+FG2

PLS=(Z3+FNP)*PS*.OOt

816 BNP==(((Z|+PL7+PL5)/PX)+FQ)/ANP

K=6

NA==61

X==BNP

GO TO 802

808 FNP=HNP*AT

PL51 =(Z3+F NP)*PS*. OO I

IF(I. I*PLS-PL51)813,814,814

814 1F (. 9*PL5-PL51)815,815,813

813 PLS=PL51

GO TO 816

815 BG3=(FQ*PX+(ZI+PL7+PL5))/(4.*A3)
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8O9

802

83 I

835

833

FG3=BG3*G4/. 0031 9

PL6 = (Z 2+F SP+F NP+FY4+FG3 )*P6*. OO I

BG2=, (FQ*PX+Z |+PL7+PL6) / (4.*A2)

FG2=BG2*GP/. OD319

BY2=(FQ*PX+Z I+PL7+PL5) / (4.*AY2)

X=BY2

K-7

NA-91

GO TO 802

FY2=YHWAT/3.

F NL-Z 2+F N P+F SP+FG 2+F Y2+F G3..H="Y4

A I NL=FNL/PT

EFNL-AI NL_FR

CDuAI NL/AS

TG=TTP

PUNCH 1 ,TG, BTT, FQ, BC ,GE, HS

PUNCH 1 • ALCR • PX, ANP, ASP, HNP

PUNCH 1 • A2 •,6,3 • AY4., Y4.= G4., GP

PUNCH1 •AY2,YH,PT,FR,AS,PSL

PUNCH1,BNE,BNM,ALY,P1 •P2,P3

PUNCH 1 • P4• P5e P6 • P7,WR= FC

PUNCH1 • BNP• BSP• BY2= BY4., BG2,BG3

PUNCH1,PG2,FG,FG2•FG3,FNL•AI NL

PUNCHI•EFNL,CD•BCI•BT1,BG1,FT

PAUSE

I F(AI (NA)-X)830•831,831

NA-NA+3

I F (AI (NA)-X)833,834,834

NA=NA+2
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834

838

830

836

850

GO TO 835

AA=AI (NA)

BBI=AI (NA-2)

DC,=AI (NA+I)

D=AI (NA-I)

XX= (AA-BBI)/(.4343*(LOG(DC)-LOG (D+.OOOI) ))

Y-AA-XX*.4343*LOG (DC)

AT=EXP (2.3 06*(X-Y)/XX)

GO TO

GO TO

GO TO

PR INT

FORMAT

PAUSE

END

(838,839) ,LOAD

(803,804,805,806,807,808,809), K

(836,837) ,LOAD

850,

(17HI'iACHINE SATURATED)
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C

3

I

PASS 7 SECSYN

FORMAT(�X FI2.5,2X

FORHAT

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READ|

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

READI

F12.5)

(E11.S, Ell.5,Ell.5,E11.5,E11.5,E11.5)

pVA, EEsEP•PNpFpRPII

•PI •PF•CK_POL•DI •DU

•CLpSS•HC•SF•QN•WL

•BK•ZZ•BO•BIpB2pB3

•BSpHO•HX•HYpHZtHT

•HW• QQ•WpRF •SC •YY

•C •TSmSNpDBpCEpSH

•SDpTT_SKpRB•RSpGC

,CIpCWpCPpEL•CH•CQ

•DW•CC•ADpCS•CF•FS

_EC•DFsG•RS•TPsBSE

•BStI•PNL•DR•DI•WO•HD

•DD•HpB•BN•SB•TB

jRE•T3•FEpRD,RT•T2

,RR•SNL_WF•HHpSHpAC

•ET•EBpSpFKmRCpRG

•RP•A•PLC•PLI •PC

• EW•ZC•TH•WI •PE•DDR

pDIRjDOS•DQsRSL•GP2•TSP

•TSK•PFHL•DBHL•GA•WC•ASK

•TGpBTT•FQ•BC•GE•HS

•ALCR•PX•ANP•ASP•HNP

•A2• A3 •AY4'p Y4• G4 _GP

pAY2•YH•PT•FR•AS•PSL

•BNE•BNH•ALY_PIjP2pP3

•P4•PS•P6pP7•WRpFC
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511

5O2

501

503

504

505

READI

READI

READI

9BNPjBSPjBY2pBY4,BG2pBG3

pPG2pFG_FG2pFG3pFNL_AINL

pEFNLjCD_BCIpBTIpBGIpFT

XR=.O707*A*DFI(CI*BGI)

XL=XR*(PC+EW)

XD= EC*PI*CII*DF* 90./(PX*(2.*FG+FG2+FG3))

XQ=CQ*XD/(CFt*Cl)

XA-XL+XD

XB-XL+XQ

VR= .262*DR*RP_t

GEI=GE*(2.*FG+FG2+FG3)/(2.*FG)

FL-(PI+P2+P3+P4+PS+P6)/CL

ALA=6.38*DI/(PX*GEI)

PGE-PG21 (AI NL*PT*. O01 )

XF=XD*(I.-((CI/CH)/(2.*CP+(4.*FL /(3.1416*ALA)))))

SI=2.*PT*PT*PGE*I.E-8

IF(BN)511s510p511

IF(H)501pSO2p501

BD-6.38*(HD/WO+I.12)

GO TO 5O3

BD-6.38_(HD/WO+H/(3.*B)+.5)

BE=6.38*(BNE-TB*(BN-I.))/(3.*GE)

XI=XR*COS((BN-I.)*TB*3.1416/(2.*TP))*(BD+BE)*FL/(BD+BE+FL)

XXA-20.*TB/TP

IF(H)504sSOSpS04

X2-XR*(.5+GC/TB+HD/WO+H/(3.*B))*XXA

GO TO 506

X2-XR*(GC/TB+1.12+HD/WO)*XXA

GO TO 506
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SlO

5O6

507

5O8

509

Xl=O

X2=O

XU=XF+XL

XS=.88*XU

I F (BN) 507,508,507

XX=XL+X1

XY=XL+X2

GO TO 509

XX-XS

XY,,XB

PRI NT3_AC_A, SpXRIH/4p XLpRG, XD,RPjXQsETp XA_ EBj XBjPC, XF jEW, S I,WC, Xl

PRI NT3 pWI pX2BTP=XUpWR_XSjVRpXXpAS= Xy

PUNCH 19TSKp PFHLp DBHLpGAm EP, ASK

PUNCHI•BSPpBY2pBY4•BG2pALCRsANP

PUNCH I•ASP= HNPp A2= A3 pAY4_ Y4

PUNCHIpG4jGPpAY2_YHpPTpSNL

PUNCHIIASpPSLpBNEgBI#IpALYIBN P

PUNCHI•BG3_AI NL•EFNL•CD•CP

PUNCHI•ET=EB•RP•PFpSMpWF

PUNCH I•RSLpCK•C•PTpRPpPOL

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

PUNCH1

pPl pFNL• PG2_FG•FG2•FG3

•HZ •SC •YY• CM,, CF •DF

•ADsFK•RG• PCpEWjDDR

,GEpSI pXL•XS_XApXQ

pXBB X2, XDp XR• TTpW

pPNpFpRPtI•DI pDU,CL

•SS, HC, QNpWL •BK• BO

,QQ•TS,GC•CI,CC,DI

•WOpHD•DD•H,B_BN
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PUNCHI,SBjTBpRE,T3,HSjPX

PUNCHIpBCI,BTI_BGI_VApBSjHX

PUNCHIpFRpRCpFTpFCpFQpTG

PUNCHI_PIpP2sP3pP4,P5_P6

PUNCHIpPT_EEsCWpSNLpECpSt_

PAUSE

END

I_=63



C PASS 8 SECSYN

1 FORMAT(E11.5,EI1.5,EI1.5,E11.5,E11.5,E11.5)

D0998 K=1,8

READIpRIpR2pR3pR4pRSsR6

PUNCHIpRIpR2pR3pR4_RSpR6

CONTINUE

READIpPIpFNLjPG2mFG_FG2pFG3

READlpHZ_SCpYYjCMpCFpDF

READIpADpFKjRGpPCpEWsDDR

READIsGE=SlpXL,XS,XA, XQ

READI,XB=X2pXD=XRpTTpW

READIjPNpF,RPPIpDI,DUpCL

READIsSS,HC,QN_WL,BKpBO

READI,QQ,TS,GCsCIpCCpDI

READIpWO,HDpDDpH,B,BN

READI,SBpTBpRE,T3pHS,PX

READI,BCI,BTI_BGIpVA,BS,HX

READI _FRpRCpFTIFC_FQpT G

READI ,PI,P2,P3pP4, PS,P6

READIgP7pEEpCWpSNLpECsSh

WQ=(DU-HC)*I.42*HC*SS*(BCI/BK)**2.O*WL

WT= Sll *QQ*SS*HS*O.453*(BTI/BK)**2.0*WL

D2=BGI**2.5*O.OO0061

D3=(O-O167*QQ*RPM)**1.65*O.O00015147

IF(TS-O.9) I33pI33,134

D4=TS**I.285*O.81

GO TO 137

IF(TS-2.O)I35,135,136

D4=TS**I.145*0.79

998

133

134

135



GO TO 137

136 D4=TS**O. 7 9"kO. 92

137 D7=BO/GC

I F (D7-1.7) 138,138,139

138 D5=D7**2.31"0.3

GO TO 144

139 I F (D7-3.0) 140,140, 141
.

140 D5-D7**2.0*0.35

GO TO 144

141 1F (D7-5.O) 142,142,143

142 D5--D7W_1.4*0.625

GO TO 144

143 DS=D7**O. 965"1.38

144 D6-10.0-*(0. 932-C 1-1.606)

BA=3.142"D I *CL

WN=D 1*D 2*D3*D4*D 5*D6*BA

IF(BN)210,211,210

210 AA=WO/(GC*CC)

VT=O

IF (AA) 14.8,147,148

148 IF (AA-.65) 145,145,146

145 VT-,LOG(I O.0-AA)*(-0.242)+0.59

GO TO 147

146 VT=O.327-(AA*O. 266)

147 FSI..2.O*QN*PN*F

FS2..2.0*FS I

151 RM=RE*(T3+234.5)/254.5

153 AA..(FSI/Rtl)**O.5*DD*0.32

AB= (FS 2/Rtl )**O. 5*D D*O. 32



I F (AA-2.5) 160, 160,161

16 O V I.=I. 0-0.15*AA+O. 3*AA*AA

GO TO 162

161 VI=AA

162 IF(AB-2.5) 163)163)164

163 V211.O-0.15*AB+O.3*AB*AB

GO TO 165

164 V2-AB

165 IF(H-B) 167,166,167

166 VO=0.75/Vl

GO TO 169

167 IF(DD) 166,168,166

168 VC-H/(3.O*B*VI )

16 9 VS-HD/WO+VT+VC

VG-TB/(CC*GC)

QI-1.0-(1.0l( ( (BO*O. 5/GC)*-2. O+ I • 0)**O. 5) )

QZ=BO/TS

Q2-1.05*S I N(QZ*2.844)

I F (QZ-O.37) 170,170,171

170 Q3=0.46

GO TO 172

171 Q3-0.23-S I N(10.46-QZ-2. I )+0.23

172 Q4-=S I N(6.283*TB/TS-1.571 )+I .0

Q5-SI N (I 2.566*TB/TS- 1.57 1 )+I .0

IF(H) 173,173,174

173 AB"O. 785*DD*DD

GO TO 175

174 AB-H*DD

17 5 W2-PX*BN*SB*Rtt* 1.246/(AB*1000. )

_-.66



211

212

W3=(Q2/(2.O*VS+(VG/Q4)))**2.0*V|

W5=(Q3/(2.0*VS+(VG/Q5)))**2.0*V2

WD=(TS*BGI*QI*CC)**2.0_W2*(W3+W5)

GO TO 212

WD=O

PUNCHI,PI,FNL,PG2,FG,FG2,FG3

PUNCHIpHZ,SC,YY,C_I,CF,DF

PUNCHI,AD,FK,RG,PC,EW,DDR

PUNCHI,GE,SI,XL,XS,XA, XQ

PUNCHIpXBsX2pXD,XRpTTpW

PUNCHIpPN_FmRPHsDIpDU_CL

PUNCHIpSSpHCpQNpWLmBKpBO

PUNCHIsQQ_TSpGCpCI_CCsDI

PUNCHIpWOpHDjDDpHpBpBN

PUNCHI_SB,TB,RE,T3pHS_PX

PUNCHIpBCljBTIpBGI,VA,BSpHX

PUNCHI_WTpWQ,WNBWD,FRpRC

PUNCHI_FQ_TGjFC,FT,PI,P2

PUNCHIIP3,P4,PS_P6jP7pRII

PUNCHIpEE_CW,SNL_ECpAB

PAUSE

END

I_-67



C

999

601

PASS 9 SECSYN

I FORt lAT(EII.5,EI1.SpEII.S,EII.5,EII.5,E11.5)

3 FORtIAT(9X FI2.5,2X F12.5)

4 FORHAT(gX F12.5/gx F12.5/)

D0999 K=I,8

READIpRIjR2pR3,R4pRSpR6

PUNCHIpRIpR2jR3pR4pRSpR6

CONTINUE

READIpPIjFNL_PG2pFGsFG2,FG 3

READIsHZsSCpYYICtIpCFpDF

READIpADpFKsRGsPCsEWpDDR

READIpGEpSIpXLpXSpXApXQ

READIpXBsX21XDpXRpTT,W

READI_PNpFjRPMsDIjDUpCL

READI,SS,HC,QN,WL,BK, BO

READI,QQ,TS,GC,CI,CC,DI

READI,WO,HDpDDpH,BsBN

READ|,SB,TB,REpT3pHS,PX

READI,BCI,BTI,BGI,VA, BS,HX

READI sWTpWQpWN,WDpFRjRC

READI,FQpTG,FC,FTwPI_P2

READ l,P3jP4pPSpP6mP7wRr I

READ I,EE,CW, SNL,EC,AB

IF(BN)601,610,601

XM=(XD/(CI_CFA))*(2.*FG+FG2+FG3)/FNL

RDB=((IOO.*XR*PX*Rt_)/(F*SS))

RDB=RDB*((SB/(BN*AB*PX))+(.637*DDR/(AD,PX,PX)))

ANN_RDB/X_I

IF(H)606,607,606

I._t-68



6O6

607

608

610

6O9

612

611

615

614

613

616

617

618

623

622

619

XDD=(20.*XR/BN)=V(H/(3.*B)+WO/AD)+ 5.*Xt.l/(6.*BN*BN)

GO TO 608

XDD= (20.*XR/BN) * (.62+WO/HD )+ 5 .*XH/(6. _B N*BN)

SIG,. XDD/XIi

AAn4. *S I G*S I G+ANN*ANN

XN- (XH*(4. _S I G+AA)/( ( I .+S I G)**2*4.+ANN*ANN) )+XL

AA=3 .*YY/(4.*P N*QN)

AA I-AA*4.

609p610s609IF(W)

XO-O.

GO TO 621

IF(SC-I.) 611,612,611

AKX-1.

GO TO 615

AKX-AA 1-2.

IF(SC-1.)613,614,613

AKXI=I.

GO TO 618

IF((YY/(PN*QN))-.667)616,617,617

AKX I-AA+. 25

GO TO 611]

AKX I-AA-. 25

IF (AKX)622,623,622

ABL,,O.

GO TO 620
.

BB=6,35*D I/(PX*GE)

ABL = (AKX/(CF*CF) )*. 07*BB

IF(BN)619p620p619

ABL,. ((AKX*X2/AKX I)+ABL)/( (AKX*X2/AKX I)*ABL)

I_-69



620

621

625

624

626

XO:(AKX/AKXI)*(ABL+PC)+ .2*EW

XO=,XO+ (I.667" (HX+2. *HZ )/ (P N*QN*CF*CF*DF*DF*BS ))

TC: S I/(2.*FK)

TA-XN/(62B.32"kF*(PN*P I*P I*RG/VA) )-1. E3

TS-,XS*TC/XA

IF (F-..60.)624.s625p624

T4-.035

GO TO 626

T4=.005

FSC-XA*(2.*FG+FG2+FG3) / 100.

SCR,.FNL/FSC

PRI NT3pFKpXNsFR_XOpRCpTG_TCpFQpTApBG| pTS,BTIpT4pBCl jPI jFTjP2pFC

PRINT3pP3jFGgP4_FSCpPS,SCR

PRINT4jP6pP7

PUNCHIsPIpFNLpPG2pFGpFG2pFG3

PUNCHIpHZpSCsYYpCMpCF_DF

PUNCHI_ADpFKpRGBPCpEWsDDR

PUNCHI,GEpSIjXLpXSpXApXQ

PUNCHIpXBpX2BXDpXRpTTpW

PUNCHI_PNjFpRPHpDI_DUpCL

PUNCHIpSSgHCpQNpWL_BKsBO

PUNCHI_QQwTSsGCpClpCC_DI

PUNCHIpWOoHDpDDsHsBgBN

PUNCHIpSBpTB_REgT3pHS_PX

PUNCHI,BCIpBTIpBGI_VApBS,HX

PUNCHIpWT_WQ_WNpWDpFRpRC

PUNCHI_FQpTGgFC_FTpFSCpSCR

PUNCHI_PI_P21P3pP4pPSpP6

PUNCHIpP7pEE_CWpSNLpEC



PAUSE

END

I.,A,-?I



C

I

994

824 READ1

READ1

READ1 jASPjHNP,A2mA3,Ay4,y4

READ1 pG4,GP,AY2pYH,PT

READ1 ,ASsPSLpBNEpBNM, ALYsBN P

READ1 ,BGJmAINLpEFNLpCDpCP

READ! pETpEBpRPpPFpSMpWF

READ1 pRSL,CK,CpPTgRPpPOL

READ1 pPIpFNL,PG2pFGpFG2=FG3

READ1 ,HZpSCpYYpCHpCFpDF

READI ,AD,FK,RGpPCpEW,DDR

READ1 ,GEpSIpXLpXSpXAwX Q

READ1 ,XBpX2_XDpXR,TTpW

READ! ,PNmFIRPMpDIpDUpC L

READ1 pSSpHC,QNpWLpBKpBO

READI pQQ=TSjGCpClpCCpD1

READ1 ,WO,HD_DD,HpB,BN

READ1 pSBpTB,REpT3pHSpPX

READ! =BCI_BTIIBGlmVAsBS,H X

READI pWI',WQ,WN_WD,FR,RC

READI ,FQpTGjFCpFTpFSCpSCR

READI pP1pP2pP3sP4,P5mP6

READI ,P7_EEpCW, SNLpEC

AN=AT AN (SQRT ( 1. -PF*PF )/PF )

AX=SIN(AN)

.Za.-?2

PASS 10 SECSYN

DIHENSION YB(4),EX(4),EDA(4)pDX(4)

FORHAT(EII.SpEI 1.5,EII.5,EI!.5,EI 1.5,E11.5)

FORMAT (13)

,TSKpPFHL,DBHL,GApEPpASK

jBSP,BY2,BY4pBG2_ALCR,ANP



7 O3

777

925

924

927

929

YB(1)=I.

YB(2)=I .5

YB(3)=2.

YB(4)=POL

DO777 K=I ,4

AE=AT AN ((AX+YB (K) *X B/1 OO. )/PF )

EDA(K)=COS (AE-AN)+YB (K)*(XA/I OO. )*Sl N(AE)

DX(K)=EDA(K)-(.gJ*YB(K)*XD/I O0.)*Sl N(AE)

EX (K) =EP+P I*YB (K) *RP

AAX= (P I+P2+P3+P4)*. OO I

P5=.OOI*P5

P6=.OOI*P6

P7 = .OO I*P7

IF (BNE-B N_i)924,925,924

AA=PSL/3.

GO TO 927

AA=PSL/2.

PUNCHI,EDA(1),EDA(2),EDA(3),EDA(4)

PUNCHI,EX(1),EX(2),EX(3),EX(4)

PUNCH|,DX(1),DX(2),DX(3),DX(4)

PUNCH1,POL,FG,FT,FC,PF,GE

PUNCHI,GA,TG,EP,CP,SS,SM

PUNCH1,QQ, HS,PX,CK,ASP,AA

PUNCH|,ANP,HNP,ASK,RSL,GP,AY2

PUNCH 1, YH, A2, A3 =G4, AY4, ALY

PUNCH1,PT,FR,AS,P5,P6,P7

PUNCH1 ,AAX,GC

I F (SNL) 928,929,928

KA=6

I_-73



928

930

93 1

932

GO TO 930

KA= 13

PUNCH994, KA

PUNCHI,PFHL,DBHL,BSP,BY2,BY4,SNL

PUNCHI,BG2,SC,BNPjBG3,AINL,EFNL

PUNCHI,CD,ET,EB,WF,C,PI

PUNCHI,FNL,FK,RG,XA,XQ, XD

PUNCHI,PN, BO,RE,T3,WT,WQ

PUNCHI,WN,WDpRP,RC,FSC,SCR

I F (SNL) 93 1,932,93 1

PUNCH1,GE,SS,SM,QQ,HS,PX

PUNCH1,ASP,ANP,HNP,GP,AY2,YH

PUNCHIjA2,A3,G4,AY4,ALY,PT

PUNCH1,FR,AS,PS,P6,P7,GA

PUNCHI,ALCR,Y4,RPH,HC,AAX,GC

PUNCHI,EE,CW, SNL,EC,BNE,BNM

PUNCH1,P1,P2,P3,P4,CP, PSL

PAUSE

END



C

1

888

994

823

824

995

PASS 11 SECSYN

D IrIENSION AI(120),EDA(4)pEX(4),DX(4),BNPL(4),BSPL(4),BY2L(4)

D II_ENSION BY4L(4),BG2L(4),BG3L(4),FFL(4),AIFL(4),EPFL(4),CDD(4)

D I_4ENSl ON FGL(4)

FORMAT(El 1.5,EI 1.5,EI 1.5,EI 1.5,EI 1.5,E11.5)

FORMAT(FIO.OpFIO.OpFI0.0,FIO.O,FI O.0,FI0. O)

FORHAT (13)

K= I

READBBS,AI (K),AI (K+I),AI (K+2),AI (K+3),AI (K+4),AI (K+5)

K=K+6

IF (K-II

READI ,

READI ,

READI

READI

READI

READI

READI

READI

READI

READI

9) 823,824,824

EDA(1),EDA(2),EDA(3),EDA(4)

EX(1),EX(2),EX(3),EX(4)

,DX(1),DX(2),DX(3),DX(4)

,POLpFGpFT,FCpPF,GE

,GApTGpEP,CP,SSpSH

,QQ,HS_PXpCK,ASP,AA

,ANP,HNP,ASKpRSL,GPpAY2

,YH,A2,A3,G4,AY4,ALY

,PTpFR,AS,P5,P6pP7

,AAXmGC

READ 994,KA

DO 995K=I,KA

READI,ED,ENL,FTL_FCL,X,PTT

PUNCHI,ED,ENL,FTL,FCL,XpPTT

LOAD=2

JA-O

D0996 J=l,4

ED=EDA(J)



910

922

92 I

923

911

ENL=EX(J)

BB=,EDWFG

FTL:FT_( 1 ,+PF)

FCL:FC

PL7L==P7 *(BB+FTL+FCL)

BB=BB+(PL7L*GE)/( .OO31 9*GA)

PLL=TG*ENL/EP

PTL 1:PLL+PL7L/C P

X -PTL1/(SS*SI_*QQ)

NA_I

K=I

GO TO 802

FTL=AT,_HS* ( 1 o+PF )

PL7L=P7 *(Bn+FTL+FCL)

PTL=PLL+PL7L/CP

FGL ( J ) -BB+( PL7 L*GE ) / (GA*. 0031 9)

PTT--(2 .* (FGL (J) +FTL+FCL) )*AAX

FQ=PTL*CP/PX

I F (PF-. 95) 921 , 921 , 922

FQL-CK_FQ

GO TO 923

FQL=FQ*DX(J)

PSPL,,F QL/2. +PTT / (2. *PX )

X-PSPL/ASP

BSPL (J)-X

NA,,31

K-2

GO TO 8O2

FSPL-AA_AT

L_..?6



PNPL=FQL+PTT/PX

X-PNPL/ANP

K-3

NA-61

GO TO 8O2

912 FNPL-AT*HNP

BB--2. *(FGL (J) +FTL+FCL)

P6L-P6* (FSPL+FNPL+BB)

PSK-PSPL*PX/2,+P6L/2.

BSK-PSK/ASK

NA,,31

K-4

X-BSK

GO TO 802

913 FSK,,RSL*AT

BG2L ( J )-PS K/A2

FG2L-BG2L (J)*GP/. 00319

PLS-P5* (FNPL+BB+FSPL+FG2L)

PY2-PSK+PLS/2.

X-PY2/AY2

BY2L(J)-X

K-S

NA,,91

GO TO 802

91_ FY2L-AT*YH/3.

BG._L (J)-PY2/A3

FG._L-BG3L (J)*G4/. 00319

X-PY2/AY4

BY_L(J)-X



915

HA,-6 1

K...6

GO TO 802

FYIK.-ALY*AT/2.

X..2. *PY2/( 4 .*ANP )

BNPL (J)-X

HA.-61

1('7

GO TO 802

916 FNPL-HNP*AT

FFL ( J ) -BB+F SPL+F NPL+FS K+FG2L+F Y2 L+F G3 L+F Y4L

AI FL (J)"FFL(J)/PT

EPFL ( J)-AI FL (J)*FR

996 CDD(J)-AI FL(J)/AS

837 JA"JA/7

PUNCH994p JA

I F (JA) 970,97 I, 970

970 DO 997 K-IpJA

PUNCH I ,BNPL (K) ,BSPL (K) ,BY2L (K) ,BY4L (K) ,BG2L (K), BG3L (K)

997 PUNCH! ,FFL (K) ,AI FL(K) ,EPFL (K) ,CDD(K), FGL(K)

971 PUNCHI=POLpFGp PFpEPpGEsFR

PUNCH 1, PT sGC

PAUSE

I F(AI (NA)-X)83Op831,831

NA-NA+3

IF (AI (NA)-X)833,834,834

N/I_,,NA+2

GO TO 835

802

831

8:15

833

83_ A-At (NA)

I,m_,-78



839

83 0

BB1-AI (NA-2)

DC'-AI (NA+t)

D=AI (NA-I)

XXI (A.-.BB 1 ) / (. 4343" (LOG (DC)-LOG ( D+. OO01 ) ) )

Y-A-XX* ° 43 43*LOG (DC)

AT'.-EXP (2.306*(X-Y)/XX)

GO TO (838,839) ,LOAD

JA-JA+I

GO TO

GO TO

END

(910,911,912,913,914,915,916),K

(836,837) ,LOAD

L4-79



C PASS

D I HENS I ON

DIrIENSION

12 SECSYN

BNPL(4),BSPL(4),BY2L(4),BY4L(4),BG2L(h),BG3L(4),FFL(4)

AIFL(4),EPFL(4),CDD(4),FGL(4), STTL(4),WDL(4)

DIMENSION SCUL(4),EDDL(4),WNL(4),FCUL(4),TOTL(4),PEFF(4),YB(4)

961FORMAT(FII.3,8X FII.3,FII.3,FII.3,FII.3)

1 FORMAT(EI1.5,EII.5,Ell.5,EII.5,EI1.5,Ell.5)

994 FORMAT (13)

DO 950 K-l,4

BSPL(K)-O

BNPL(K)-O

BY2L(K)-O

BY4L(K)-O

BG2L(K)-O

BG3L(K)-O

FFL(K)-O

CDD(K)-O

AIFL(K)-O

EPFL(K)-O

FGL(K)-O

STTL(K)-O

WDL(K)-O

SCUL(K)-O

EDDL(K)-O

WNL(K)-O

FCUL(K)-O

TOTL(K)-O

950 PEFF(K)-O

READI,PFHL.DBHL,BSP,BY2.BY4,SNL

READI,BG2,SC,BNP,BG3,AINL,EPNL



READlpCDpETpEBpWFpCpPI

READ1pFNL,FKBRGpXABXQt XD

READ 1, PNp BOpRE pT3 ph"l"p_,/Q

READ1 IWNphl:) BRP pRC pFSC p SCR

I F (SNL) 993,993,992

992 DO 991 L-I,7

READ1 pPOLIFGpPFpEPpGEpFR

991 PUNCH1BPOLpFGpPFpEPpGEpFR

993 READ99/4, JA

I F (JA) 941,942,9z_1

941 DO 943 K-IIJA

READ I, BNPL (K), BSPL (K), BY2L (K), BY4L ( K), BG2L ( K), BG._L (K)

943 READ1 ,FFL(K) pAIFL (K) pEPFL (K) ,CDD(K) ,FGL(K)

942 READ1 pPOLjFGpPFpEPsGEpFR

READ1 ,PTpGC

ABX-O

YB(I)-I.

YB(2)-1.5

YB(3)-2.

YB(4)-POL

973 BX-PFHL+DBHL

AXX-BO/GC

F (AXX-;.) 965,965,964

965 AKSC-2.6

GO TO 957

964 I F (AXX-3.75) 955,955,956

955 AKSC-I O.**. 178/((AXX-I.)**.334)

GO T0957

956 AKSC-IO.**, 11 / ( (AXX-I ,)**, 174.)

Zal,..81



957 FEL-AI NL*AI NL*FK*2.

T L-WF+WQ+WT +WD+WN+F E L

I F (POL) 966,967,966

967 I F (JA-4) 966,968,966

968 JA-JA-|

966 DO 951 K-!,JA

FCUL(K)-2.*(AI FL (K)**2)*FR

AXX-(. 4*XA/100. ) *YB (K)

I F (AX X- I . ) 952,953,953

952 AXX-AXX_1.8

GO TO 954

953 AXX-AXX**2

958

954 STTL(K)-(2.*AXX+I .)*_FI"

AXX - ((AKSC*PI*YB(K)*SC)/(C*FGL(K)))**2+I.

WNL (K) -AX XWWN

WDL (K)--AX X',_D

SCUL (K) -PN*P I *PI *YB (K)*RP

EDDL (K)-( ((ET+EB)/2. )-1. ) *SCUL (K)

TOTL (K)-SCUL (K) +WF+STTL (K) +WQ+WNL (K) +WDL (K) +EDDL (K) +FCUL (K) +BX

PEF-3.*EP*P I *YB (K)*PF

951 PEFF(K)-PEF*IOO./(PEF+TOTL(K))

I F (POL) 958,959, 958

PRI NT96!, BNP, BNPL ( I ), BNPL (2), BNPL (3) ,BNPL (4)

PRI NT961, BSP, BSPL ( l ), BSPL (2), BSPL (3), BSPL (4)

PR I NT961, BY2, BY2L ( 1), BY2L (2), BY2L (3), BY2L (4)

PRI NT961, BY4, BYh4. (1), BY_I. (2), BY4L (3), BY4L (4)

PRI NT961, BG3, BG3L (I), BG3L (2), BG3L (3), BG3L (4)

PRI NT961, BG2, BG2L (l), BG2L (2), BG2L (3), BG2L (4)

PRI NT961, F NL, FFL ( 1 ), FFL (2), FFL (3), FFL (4)

T_b.82



959

PRI NT961

PRI NT961

PRI NT961

PRI NT961

PRI NT961

PRI NT961

PRINT961

PRI NT961

PRI NT961

PRI NT961

PRI NT961

PRI NT961

PRI NT961

PAUSE

PRI NT961

PR NT961

PR NT961

PR NT961

PR NT961

PR NT961

PR NT961

PR NT961

PR NT961

PR NT961

PR NT961

PR NT961

PRI NT961

PRI NT961

PRI NT961

,AINL,AIFL(1),AIFL(2),AIFL(3),AIFL(4)

,CD,CDD(1),CDD(2),CDD(3),CDD(4)

,EPNL,EPFL(1),EPFL(2),EPFL(3),EPFL(4)

,WQ,WQ,WQ,WQ,WQ

,%_,STTL(1),STTL(2),STTL(3),STTL(4)

,WD,WDL(1),WDL(2),WDL(3),WDL(4)

,ABX,SCUL(1),SCUL(2),SCUL(3),SCUL(4)

,ABX,EDDL(1),EDDL(2),EDDL(3),EDDL(4)

,WN,WNL(I),WNL(2),WNL(3),WNL(4)

,FEL,FCUL(I),FCUL(2),FCUL(3),FCUL(4)

,WF,WF,WF

,TL,TOTL(

,ABX,PEFF

,WF,WF

1),TOTL(2),TOTL(3),TOTL(4)

(1).PEFF(2),PEFF(3).PEFF(4)

_BNP,BNPL(

,BSP,BSPL(

,BY2,BY2L(

,BY4,BY4L(

pBG3pBG3L(

I),BNPL(2)

I),BSPL(2)

I),BY2L(2)

I), BY4L (2)

I),BG3L(2)

,BNPL(3)

,BSPL(3)

,BY2L(3)

,BY4L(3)

,BG3L(3)

,BG2,BG2L(1),BG2L(2),BG2L(3)

,FNL,FFL(1),FFL(2),FFL(3)

,AINL,AIFL(1),AIFL(2),AIFL(3)

,CD,CDD(1),CDD(2),CDD(3)

,EPNL,EPFL(1),EPFL(2)_EPFL(3)

,WQ,WQ,WQ,WQ

,WT,STTL(1),STTL(2),STTL(3)

,WD,WDL(1),WDL(2),WDL(3)

,ABX,SCUL(1),SCUL(2),SCUL(3)

,ABX,EDDL(1),EDDL(2),EDDL(3)

Ia-.83



PRINT961,WN,WNL(1),WNL(2),WNL(3)

PRINT961,FEL,FCUL(1),FCUL(2),FCUL(3)

PRINT961,WF,WF,WF,WF

PRINT961,TL,TOTL(1),TOTL(2),TOTL(3)

PRINT961,ABX,PEFF(1),PEFF(2),PEFF(3)

PAUSE

END



C

979

977

888

1

823

824

PASS 13 SECSYN

DIMENSION A1(120)

FORMAT(F12.SjF12.SpF12.SIFI2.S,FI2.SpF12.5//)

FORMAT(FI2.SjFI2.5,FI2.SpFI2.5pFI2.SIF12.5)

FORMAT(FIO. OpFIO.O_FIO. OpFIO. OjFIO. OpFI0. O)

FORMAT(EII.5,EII.SpEII.SpEII.SjEII.5,E11.5)

K=I

READ888pAI(K),AI(K+I),AI(K+2),AI(K+3)pAI(K+4),AI(K+5)

K=K+6

IF (K-I19)823_824,824

READ1 sGEISSpSMpQQpHSjPX

READ1 sASPjANPpHNPpGPsAY2pYH

READ1 sA2,A3pG4eAY4pALYpPT

READ1 ,FR,AS,P5,P6pP7,GA

READ1 mALCRjY4,RPHpHCIAAXpGC

READ1 _EEpCWpSNLpECpBNE_BNM

READ1 wPI_P2pP3pP4mCPpPSL

LOAD =1

YA=.8

P5=1000.*P5

P6-1000.*P6

P7-1000.*P7

DO 899 L=1,9

BX'YA*EE

YA=YA+.I

TG"6oE6*BX/(CW*EC*RPM)

BTT-TG/(SS*SM*QQ)

FQ=TG*CP/PX

BC-FQ/(2.*HC*SS)



801

803

8O4

811

810

812

BG=TG/GA

PL71--.OI*TG

TTP=TG+PL71

X-TTP/TG

BT 1=X*BTT

Z'-F0./PX

pp I,,,,X_,I_'Q

BCI--(PPI/FQ)*BC

BG1,-BG*X

FG-(BGlWGE)/.00319

NA-,1

K-I

X-BT 1

GO TO 8O2

FT-AT*HS

NA-1

K-2

X-BC I

GO TO 8O2

FC-AT*ALCR

PL7 - ( FT +F G+F C) *P7* • OO1

I F( I. I*PL71-PL7) 81 Op811,811

IF (. 9"kPL71-PL7) 812,812,810

PL71-PL7

GO TO 801

Z I-(, 002" (FG+FC+FT))* (P I+P2+PJ+P4)

FQ,,,PP 1

Z-FQ/PX

Y-Z 1/PX+FQ

Z,b-86



BNP=Y/ANP

BSP=Y/(2o*ASP)

NA=,6 1

K=3

X=B NP

GO TO 802

805 F NP.-,H NP'kAT

NA,=31

K-4

X'-BSP

GO TO 802

806 IF(BNE-BNH)820,821,820

820 AXX-PSL/2.

GO TO 822

821 AXX-PSL/3.

822 F SP=AXX'kAT

PG2= (FQ*PX+Z I+PL7 )/4.

BG2=PG2/A2

FG2=BG2*GP/.OO319

BY4=PG2/AY4

K=5

NA=_ 1

X=BY4

GO TO 802

807 FY4=AT*Y4

Z2=2.* (FG+FC+FT)

Z3=Z2+FSP+FG2

PL5='(Z3+F NP)*PS*. OO1

816 BNP,=(((ZI+PL7+PL5)/PX)+FQ)/ANP

Z,&-87



8O8

814

813

815

809

899

802

83 t

835

833

K=6

NA...61

X=BNP

GO TO 802

F NP-HNP*AT

PL511 (Z3+F NP ) *P5*. OO 1

IF ( 1. I*PL5-PL51 )813 p814s814

I F (. 9*PL5-PL51)815p815,813

PLS,.PL51

GO TO 816

BG3- (FQwPX+(Z I+PL7+PL5) ) /(4.*A3 )
w

FG3IBG3 *G4/. 00319

PL6- (Z 2+F S P+F NP+F Y_.FG3 ) *P6*o OO1

BG2- (FQ*PX+Z I+PL7+PL6)/(4.*A2)

FG2-BG2*GP/. 0031 9

BY2- (FQ*P X+Z 1+P L7+PL5) / (4. *AY2 )

X-BY2

K-7

NA-91

GO TO 8O2

FY2IyH*AT/3.

F NL-Z 2+F NP+F SP+FG 2+F'Y2+FG3+FY4

PRI NT977pBXpBG1pBG2pBG3pBC1 pBTI

PRI NT97 9s BY21BSPj BNP_P, y4pFQ, F NL

PAUSE

I F(AI (NA)-X)83 0,83 1,831

NAINA+3

IF (AI (NA)-X)833,834,834

NA..NA+2

I_-88



834

838

830

836

850

GO TO 835

A=AI (NA)

BBI=AI (NA-2)

DC=AI (NA+I)

D=AI (NA-I)

XX=(A-BB1)/(,4343*(LOG(DC)-LOG(D+,O001)))

Y=A-XX*, 4..:343*LOG (DC)

AT=EXP(2,306_(X-Y)/XX)

GO

GO TO

GO TO

PR I NT

FORt'SAT

PAUSE

END

TO (838,839) ,LOAD

(803,804,805,806,807,808,8 09), K

(836,837) ,LOAD

850,

(1711t_ACHINE SATURATED)

Z_.89


