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PROGRAN Cogen;
[4m+]
I$M 65520,0,655360(

USES
Common,Crt;

CONST

Freq = 60;

Tinknd = 8.000;

df = 0.001;

NVA = 3.115;

Nobs = J; [No of Bus|
Dimen = NoBst2;

Noé = 1:  [No of Gen|
NoX = 6;  [No of Motor|
TIPE

Ploat = Double;

Capx = RECORD

Re : Ploat:

In : Float;

END;

Ntx2 = Array(l..1,1..2] of Flo
Ntx26 = Array(l..2,1..2,1..N06] of
Mtx2N = Array(1..2,1..2,1..No]
Vtrd = Array[l..2] of Float;
NVtr = Array[l..NoM] of Float:
NVtrl = Array(l..2,1..NoK) of Float;
NByte = Array[l..NoM] of I:tn
GVtr = Array[l..NoG) of Pldatd
GVtrl = Array[1..2,1..006] ; =5
GByte = Array(l..No€) of Byt
cfel = Array[1..2,1..1, 1..m§ﬁ :
CEG2 = Array[l..3,1..3,1..Ne6 Float;
Bs = Array[l..NoBs] of Cmpx:

CEN = Array[1..5,1..
BsMtx = Array(l..2,1.
BsVerd = Array(1..2,1.
GNtx = Array(1..2,1..2, .Ihﬁl of Float;

- i B o ) NAMINYINY

Vtr = Array[1.cNobs] of

ViR

VP MF,GE,CR,BX : Text:

Tin,S5tTin : Real;
Inn,I,Loop,Brror & Byte:
Yt1,Yt2,Ypql,Ypq2,2t1,2t2 : Ntx2;
Vqdi,Vqd2 : vtrl;

LI e H

T.Y0 : Ntx;

Qnl,Qnd : Capx;

ﬁ}’@i’lﬂ‘ﬂ‘iw g1n73
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qui“l"l!ll”!n!m Hl [
¥01,¥02 : Capx;
Ib : Float;

RsM,XsM, XaM, XN, Re, 0N, HpN : NVtr:
FqsM, Fdsh, FqrM, Pdrd Nr @ MVtr:
NtrBs : MByte;
CE : CEN:

YsH : MNtx;
JsM : NVtrd;

Rs, Rkq,Rfd,Rkd,Xs,X1kq, X1£4,X1kd, Ing.d
Pds, Fqs, Phq, FE4,FRd : GVLr:
Wr,Ti,Ang,Bxfd : GVtr;
GoBs : GByte;

Ts : GNtx;

Js @ GVEr2:

k : Cf6l;

B : CiG2;

Vref,V1,V3,Vr, dex,Bex, W3 : 6
dirb,pirb,Y4,Y6,17 : GVtr:

FUNCTION Magnitude(X : Cmpx) :
BEGIN
Nagnitude := SQRT(SQR{X.Re)+SQR(X.1

END;

FUNCTION AnglelX : Cmpx) : Float;
BEGIN LA
IF X.Re ¢ 0.0 Then

Begin Y

If (1.In »=0.0) and [I
Blse If (X.Im » 0.0) and IIl. 1 b N '.l.'he: mlt = ?I-m'rums lﬂ Rel)
Else If (X.Im ¢=0.0) and (L.Re & % } Then Angle : ﬂﬂlﬂlﬂllﬂl In/X.Rel)

Y T T I Y
':ifinmmawmzu YRIAINYIAY

Else Angle :=9-P1/2.0
Ead;
END;

PROCEDURE XYtoCmpx(X,Y : Ploat;VAR XY : Capxl;
BEGIN

IV.Re := X;

N.In:=¥Y;

EAD;
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PROCEDURE Conjugate(X : Capx;VAR CONJ : Cmpx);
BEGIN

CONJ.Re := X.Re;

CONJ.In := -X.In;

EAD;

PROCEDURE Sum(X,Y :Capx;VAR Sum :Cmpx);
BEGIN
Sum.Re := X.Re+V.Re;
Sun.Im := L.Int1.In;
END;

PROCEDURE Sub(X,Y :Capx;VAR Sub :
BEGIN .
Sub.Re := I.Re-Y.Re;
Sub.Im := X.In-Y.Im;
END;

PROCEDURE Product(X1,71 : Cmp
BEGIN
PROD.Re := [X1.RetYl.Re - Kl

VAR

Kagh : Float;

€ : Capx;

BEGIN

IF (B.Re = 0) AND (B.Im = 0)
BEGIN V
WRITELN('ERROR : DEVIDED B
HALT: i.|‘
m o
ELSE

L]
-

C.Re := B.Re; C.In :
‘Product(d,c,C);

= 0, :-ma&uﬁl’mﬂﬂ‘i'i’ﬂl’lﬂ‘i
siv el AINTUURIINIA Y

IIIL

PROCEDURE WMultiCapx(X : Float;Y :Cmpx;VAR I : Capx):
BEGIN

1.Re := XtY.Re:

L.Im = 10Y,In;

END;

PROCEDURE InvNtx
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(k : Ntzd;

VAR B : MExl);
ViR

Det : Float;
BEGIN

Det := A[1,1]*A[2,2]-A[1,2]%A[2,1]:

Bl1,1) := A[2,2)/Det; B[1,2] := -A[1,2]/Det;
l:ﬁlrll i= -A(2,1]/Det; B[2,2] := A[1,1]/Det;

PROCEDURE SumNtx
(A,B : Mtxl;
VAR C : Ntxl):
BEGIN

Cl1,1] := A[1,1]#B(1,1]; CI1,2}u
€l2,1] == A[2,1]48(2,1); C[2,2]
END;

PROCEDURE Mxy¥
[ A2 Ntxl:

By Vel

VAR C : Vtrd);
BEGIN ]
C[1] := A[1,1]*B[1)+A[1,2]B[2]);
Cl2) := A[2,1)*B[1)+A[2,2)%B(2];
END;

PROCEDURE ParaX

(VAR HpM,RsN, KsX, XaN, Xr),RrN BN : Xi
VAR -
Ib : Ploat: I
Tb : MVEr: '1'
BEGIN

Vb[1] := 450;
Ipliill 1= 200;
RsK[1] := 0.01/(HpK]
1K1 = 0.0655/ um |
InN[1] '-!lm‘tlpﬂ mwﬂﬂ‘ng’lﬂ‘j
RrM(1] := 0.0655/ (HpN([1]*746/186) *NVA;

i oS TN ) AN Y

Ntrds(1] := 23

HpN([2] := lsn-

Vb(2] := 450;

RsK(2] := 0.0051/(HpN([2)=T46/1E6) *NVA;
IsH[2] := 0.00553/(HpN[2)2746/1E6) *NVA;
XaM(2] := 2.778/ (HpM([2]*746/1B6) *MVA;
XrN{2) := 0.0553/(HpM[2)*746/1E6) *MVA;
RrM[2] := 0.0165/ (BpN[2]*746/186) tHVA;
EN[3]) := 1,524+ (HpM[2]*746/186) /NVA;
NerBs(2] := 2;
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Bp[3] := d0;
Vb[3] := 450;
RsM(3] := 0,005/ (HpN[3]*746/1E6) *NVA;
IsH[3] := 0.0587/(BpK[3]*746/186) *NVA;
KaN[3] := 2.952/ (HpM([3])*T46/186) =NVA;
Ir[3] := 0.0587/(HpK[3)*746/1E6) *NVA;
ReN([3] := 0.0165/ (HpN[3]*746/186) *MVA;
HE[3] := 1.054*(HpN[3)*746/1E6) /NVA;
NtrBs(3] := 2;
(10 bpl

HpM[d] := 10:
Yol[4] := 220; ;
RsH[4] := 0.0453/(10%746/1E6) tNVAT™

RsH[d] := 0,0775/(104746/186) MV
IaNd] = z.uizfI1!=1lif1:sl::;i:::::::===$

ReN[4) 2= 0.0222/(10%746/186)*
ErN[d4] := 0.0322/(10¢746/186)
HM[4] := 0.5¢(10*746/1E6) /NVA;
KtrBs(d] := 2;

1 M|

EpN[5] := 1B6/746:

¥b[5] := 450;

RsM[5] 2= ).0B72E-1eMVA;
IsK[5] := 0.02390=NVA;
TaN[5] 2= 1.37918tNVA;
ReM[5) := 2.3268E-1tNVA;
IrN[5] := 0.02390NVA;
EM[S] := 0.676/MVA;
NteBs([5] := 2:

12250 Bp| P E—— ¥
b := 2300/421; (= ']
¥b(6] := 2300; - .
SN[6] := 2250; m |
Rs[6] := 0.029/Zb/(2250t746 6)h;

RsH[6] := 0.226/2b/(2250*746/1R6 ANKA;

Ind[6] := 13.04/2b/ /
mm“mm@yﬁﬂﬂﬂﬂ§Wﬂﬂﬂﬁ
IrM[6) := 0.226/2b/(2 b/1E6) *NVA;

EM[6] := 63. i?flf!iiﬂFTli'EﬂliiiFi’!!lil (22602746 /186) /NVAsz,

P RARARSASN U INYNAY

FROCEDURE IniMotor
(XuN,XcK, RsM, XsN : MVtr;
VAR YsN : MMtx):

ViR

I : Byte;

Ib : Float;

IsH,YsH2 : Ntx2:

BEGIN



1:=Imm;

Ib = 1/{1/XaM(I)+1/XeN[I));

IsM[1,1] := RsN[I):

1sM([2,2] := RsM[I]:

IsM[1,2) := XsN[I]+ib;

IsM([2,1) := XsM[I]+1b;

InvMtx(ZsK,YsN2);

YeM{1,1,1) := YsN2(1,1]; YsM([1,2,1] := YsN3[1, 213
I:;l[i 1,10 := YsM2(2,1); YsM[2,2,1) := YsN2[2, 1)

PROCEDURE Motor

(XN, XrX, PdrN, Fqrll : MVEr:
TsM : MMtx;

VAR JsM : NVtrd);

VAR

I: Byte;

Ib : Ploat:

BsM,JsM2 @ Vird;

IsK, YsNl : Nexd;

BEGIN

I:=Imm

Ib := 1/01/XaN[1]+1/X2M[1)):
BsK[1) := XbeRdrM[I)/XeN[I);
BsK[2] := -XbePqrM(I)/XrN(I];
YsN2[1,1] := YsM[1,1,1): TsM2[1,1) :=
YsN2(2,1) := 1sM[2,1,1); YsN2(2,2) :
NxV(YsM2, EsM, Jskl);
Js[1,1] := JsM2(1); JsM[2,1] :=J

hadswE

PROCEDURE IniStarty Y
IV : Bs: m
ReN, XsH,XaN, XrK : NVtr: :
VAR PdsN,FPqs,PdcN, Pqrk, ick : Wwen -

W v F’WEI’J NYNINYINT

I: Byte;
Vqs,Vds : Float:

EE R g en Ialum Inndt

BEGIN
I = [‘I.l,
[Motor Parameter|
We = JtPitfreq;
Wb := We;
(Inital Condition for Start Motor|
If Loop = 1 Then
Begin
Ygs := 0;
Vds := 0;
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Bod

Else

Begin

Wqs := V[2).Re;

Vs := V[2].In; [Vqr=0,vdr=0|
End;

WeK[I] := 0:

Igs := 0;

Ids := 0:;

|Pinding Initial Flux|
FdsN[I] := Wh/We*(Vqs-RsN([I]|*Iqs):
FqsM[I] := Wb/Wet(RsM[I]*Ids-Vds);
Iqr := (PqsM(I]-(XsM[I]+XaN[I])*Iquihi
Idr := (PdsM[I]-(XsM[I)+XaM[I])*]
Pqri(I] := XrM[I]*Iqr+XaN(I]*(
PArM[I] := Irl[I]'IIr*llI[Il‘{I
Iﬂutilt Reactant|
= (XsN[I]+XnK[I])*(XeN(I]+
tt[l 1) == ReN[I)=(XsK([I])+
CEl2,I]) := l:l[IIlml[IhMII
CE[3,1) := RsM[I)*XaN[I]/D;
CE[4,I) := RrM[I)*XuN[I)/D;
CE[S,I] := XaM[I}/D;
ERD;

PROCEDURE Starth

iV : Bs;

CE : CEM;

RsM, XaN, XsK, BN : NVEr;
ViR !Mp"!“;'iﬂrlﬂflrlr ' .
TYEE

Bat = (PA,PB):

CONsT

Err = 0.0000001;
[Load Torque Comstant|

i e NN INEINS

:ﬁ; “ ll;il ‘lﬁir’-] iii ‘:1 ir] ':i“iilul jLJ 1L’I‘F] ’:J ‘l,] iEJ ’-] ii‘ IEJ

Igs,Ids, Iqr,Idg : Float;

FqsMB,FdsMB, Pqr¥8, FArNB, WrNB : Float;

FqsM0, PdsMO, Fqri0, PArNO, WENO : Ploat:
pPqsM,pPdsN,pPqr, pPdrN, pWrX : Array [Pat] of Float:
We, Wb : FPloat;

Te,n,TeTn : Float:

Tl : MVtr:

BEGIN

1 := Imm;

We := 1*PitPreq;



Wb == We;

If Loop >= 1 Then
Begin

Vgs := V[2].Re;
¥ds := ¥[2].In;
End

Else
Begin

Vgs := 0;

Vds := 0;

End;
TLI] := atb*WeM([I]+c*SQR (VrN[I]);
IBy Modified Buler Wethod|
pPqrN(PA) := Wbt (Vqr-CE[1,I)tEqr
FqrKB := FqrN[I]+pPqrM[PA)dT;

Iy,
: —uarum:

pRATN(PA] := Wbt (Vdr-CE(1,1)*PdrN{ILiaeTLaT0den (k)4 (Ne-NeN ] (RbtPqrN[I]):

PdrMB := PArM[I)+pPdr[PA] *4T: , j’gjgf ‘Q:f\:“‘\\~

pVrM([PA] := Wh/EM[I)/2¢(CE[5,1]* (Eq8K Qe 1] *FasN{L] 1=TL{1))

WrMB := WrM[I]+pWrN[PA)»dT: b ’a\\ N,

PqsNB := (Vqs-We/Wb/CE[2,1)* (Vds+GfT) a0 clb) +e£ (311 Parkd) ~¢,‘ ]4SQR (We/Wb) /CE[2,1]):

Fqs0 := FqsMB: PdsNO := FdsNE;
NrK0 := Wrks; elely [ '
prqrM([PB) := Wb*(Vqr-CE(1,I]*PqriB+c 4, 1] sPqens-{ge= WbrRarke) ;
FQrMB := FqrM[I]+dT/2¢(pPqrN([PA]+pRqEX[Fhi 7
pPArN(PB) := Wb*(Vdr-CE(1,I)*FdrMB+CE(d, [}
PArNB := PdrM[I]+47/2% (pPdrN([PA)+pRdriiPsis:
FqsMB := (Vqs-We/Wb/CE[2,1)*1{ds+C
PdsNB := (Vds+We/Wb*PqsB+CE = J
pHrM[PB] := Wh/HN(I]/2¢(CE (8. 4]% g :
WNB  := WrM([1)+d7/2¢ (pizX([PAJTpirh ¥ m
Until (ABS(FQrMB-PqrNO) ¢ Brr)-and (ABS(PArB-FdrNO) ¢ Err) and -
(ABS(PqsMB-FqsM0) ¢ Err) u} gsmm—muul { &yl and

- ol SR INENINYNG

WrM[I] = WrMB:

SR 202 v 3117 6

PdsMB := (Vds+We/WbePqsNB+CE[3 A rdels fCil2, 1 — _
Repeat “ 1wy Eg; \iofirine|
Fqr¥0 := FqrNB; PArNO := FdrMi; aaa \\\\

£l : L /WbtFqrNB) ;

iR, 4+~QIIInJIh}Itf[2.II}:

Idr := (PdsM[I]=(XsM[I)+XaN[I]))Ids)/XaM[I):]

Te = CE[5,1)*(PqsN(I]+PdrN[1)-PqrN (1] PdsH(I]);

| TeTa := CE[5,1)*(Pqs[I)*PdrN[1]-FqrM[1) FdsK[I]))-a-b*Nrk[I)-c*SQR (NrN (1)) ;]
| Writeln (NP, WrM([I]/¥b,Te);|

END;

PROCEDURE IniAVE
(VAR V1,V3,Vref,Vr W3, Aex,Bex : GVtr:
Exfd : GVer:

123



V: sl

CONST

| Tr = 0; Ka = 400; Ta = 0.01; Vax = §.4; Van = 0;
Rf = 0.01; 761 = 0.15; T£2 = 0.06; Ke = 1; Te = 0.1;
Semx = 0.860; Semmx = 0.5; | |§Bnmx = $E0.75ax)

| Tr = 0.04; Ka = 1375; Ta = 0.0025; Vax = 16.44: Van = 0;
Rf = 0.0124; T£1 = 1.716; T62 = 0.154; Ke = 1; Te = 0.96;
Semx = 1.82; Senmx = 1.71: | |SBomx = SEO.75ax|

T = 0.02; lt = 1660; TI = 0.0017; ?I: = 20; Vmn = 0:

Semx = 2 Il Sennx = I 21
VAR

I : Byte;

Ve, Se,Vt,Eax : Ploat;
BEGIN

I

Yt := Magnitude(V[1]):
Emx := Vax/(Re+Semx);
dex(I] := (Senmx*SenmxtSenmx
Bex[I] := (4/Bnx)*ln(Senx/Sennz);
Se := hex[I)*BXP(Bex[I]*Bxfd
VrlI] := (Re+Se)*Exfd|1):

Ve := Vr[I]/Ka:

Vi[I] := KEtRatVe/Ta-REtVr[1]/Ta;
Tref[I] := VesVesVi[I):
VI[I] := Vt;

W[I] = 0;

END;

PROCEDURE AVR ,
lluu,lu Vref : GVtr: y

: Bs; V"
H.l Bxfd.W3,V1,¥r,¥3 : GVer):
CoNST

ln-u.htluu.n-nur #!nsb
IE = 0.01; T£1 = 0.15
[ Tr = 0.04: Ka = 1375
EE = 0.0124; THUL@ 15 ﬂBﬁﬁ“”ﬁlﬂi
Tr = 0.02; Ka = 1660; T4"= 0.0017; Vax = 20; Van = 0;

-l 1] SN INNaY

I : Byte;

Vt,Se,V10,pVIA,pV1B, V1B, Ve, VeB, V20, pVrh, pVrB,Vrd (Bx£d0, pBxfdA, pExfdn, Bxfdd : Float;
712,713, pH3A, pW3B,H38,030 : Float:

BEGIN

I:m=1:

Vt := Nagnitude(V[1]):

If Tr = 0 Then V1[I]) := Wt

Else

begin
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pvIA := (WE-VI(I))/Tr:
V1B := VI[I]+pViAedT;
Repeat
V10 := ViB;
pVIB := (Ve-VIB)/Tr;
VIB := V1[I])+(pViA#pV1B)tdn/2;
Until ABS(V1B-V10) ¢ Err:
V1{I) := ¥1B:
End;
Ve := Vref[I]-v1[I]-v[1}):
p¥rh := (KatVe-Vr[I])/Ta;
WrB := Vr[I]+(pV¥rd)tdT;
Repeat
¥r0 := Vri;

p¥rB := (Ra*Ve-VrB)/Ta; / " |
VrB := Vr[I]+{pVrh+pVrB)+d1/2; .
Until ABS(VrB-vr0) ¢ Err;

If VrB >= Vax Thenm Vr(I] := ¥
Else If VrB » Van Then Vr[I) ¥
Blse If VrB (= Vam Then Vr[I] :
Else Writeln('ERROR!'); ‘
Se := hex[I])*Exp(Bex([I])*Bxfd[I]):
PExEd) := (Vr([I]-(Re+Se)*Bxfd(L
Exfdd := Exfd[I]+pBxfdardr;
Repeat

Exfd0 := Exfdp;

Se := hex[I]tExp(Bex[I)*ExfdB); —_—
pBxfdB := (Vr[I]-(KetSe)*ExfdB)/Te; e
Bxfd := Exfd[I)+(pBxfdA+pExtdd) dTfgs ==
Uatil u:lnm Ir.tdﬂl ¢ Br:
112 := lf['ﬂl‘!ﬂl‘ =
T12a := 1/(T£1*7f220a);

piIA := Kf*Ra*T12atVe-Kf*T12a
WiB := W3[I)+phiardT;

T y} 13918 ‘Z]j‘w B3

pilB := Kf*Ra*T12at 1[1]-‘1‘12’“[[1,
W3B := W3[I)+(pWiksph *iﬂh

B 'Wﬁﬁh‘iﬂ‘im UNIINYA Y

Wil1) := W3B;
END;

‘mll i'lfl*!ﬂl“l'l?‘l![l] 'Ili"ﬂ[l] m

PROCEDURE IniGov

(Ti : evtr;

VAR T4,Y6,Y7 : Gvtr):

CONST

¥t = 0.23; €2 = 0.251; €1 = 1,3523; Cg = 0.5;
VAR Y11 : Ploat; I : Byte;

BEGIN



I:=1;

T4(I] := Ti[I]/c1+C2-WE; [dWrb = 0|
T6I) := Ti[1)/C14C2;

Y1(I) == Y6([I];

END;

FROCEDURE Governer
(dWrb,pirb : GVEr;

VAR 14,Y6,17,11 : GVtr);

CONST "
Ke = 22.5; Tc = 0.55; TEv =0.01; Tft = 0.08;
¥E = 0.23; C1 = 0.251; C1 =1, 3521 g =0,5;
Brr = 0.0000000001;

ViR
pY4,p¥6,pY7,pY4B, pYEB,pY 7B, Y4B
I : Byte;

BEGIN
Ii=1;
pYd := Ke/Tetdirb[I])-Retpirb|
T4B := Yd[I)+pYdedr;
pY6 = (Y4[I)+WE-YE[I])/TEv;
V6B := Y6[I]+pY6edr;
pY7 := (Y6[I]-Y1[I])/2ft;
Y78 := YI[I]+p¥TedT;
Repeat

160 := Y6B; Y70 := Y7B;
pY6B := (YAB+WE-YEB) /TEv;
Y6B := Y6(I]+(pY6+pY6B)edT/2;
pI78 := (Y6B-Y7B)/TEt;
Y18 = TT[I]¢(pY74p¥78) 241 fn
Until (ABS(YEB-Y60) ¢ Err) -(
Y4QI] := YdB; Y6(I] := Y6B;
HII) 2= EI*{!T!I]-CII*ﬂq'dITh'q':

Ef:;ij".’ffhifiﬁ.m.z.ﬂqug@% RINYINT
-:é;;j'““ammmfu UNIINEIY

ll[I] H ﬂ Ililif!!lﬂ*lil:
Rkq[I] := 0.0613/NVAGENVA;
REA[T]) := 0.00111/MVAGENVA:
RRd[I] := 0.02397/KVAGENVA:
Is[I] := 0.8/MVAGNVA;
Klkq(I) := 0,3298/MVAGENVA:
X1EA[I) := 0.13683/MVAGENVA;
TIkd[I] 3= 0,33383/MVAGENVA;
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Inq[I] := 1.0/MVAG*NVA;
Ind[I] 3= 1.768/MVAGENVA;
BII) := 2.137MVAG/NVA;
GaBs(I) := 1;

END;

PROCEDURE TransferG

(VAR Rs,Rkq,Rfd,Rkd Xs,X1kq,X1£d,X1kd, Xnq, Xad, 0 : GVEr):
VAR

I : Byte; .
£,Wb,NVAG, VG, Xd, Xq, 114,124, 12q, 714,724,
BEGIN

[ £ :=50;

Wb := 2tpirf:
HVAG := 16;
kVG := 6.6;

" :=2.0:

Ig := 1.6;

K14 := 0.263;
13 = 0.173:
kig := 0.20;
14 := 1.105:;
124 := 0,035;
T2q := 0.0)5;
Ta := 0.20;

Ia := 0.20;

Ra := 0.003;

RE := 0.006;
BG := 2.6;1

£ 1= 60;

Wb := 2epitf:
NVAG := 18.875;
kVG := 11:
= 118

Ig := L.7%;

- ﬂUU?WHﬂ§WBWﬂ3

u.,.::'::EQWWNﬂ‘SfUNWTmEJ’]ﬂ&l

[‘1 .
=1, 12.
ll = 0,0023;
RE := 0.00064;
BG := 2.5;
Tisx1a
Rs[I) := Ra;
Is[I]) := Xa:
Inq(I] := Xq-Es[I);
Imd[I) := Xd-Rs(1];

127



128

Kkq(I] := (X2q-Xs(I])*Xnq(I]/(Znq[I]#Xs(I]-Xiq);

I1EQ[I) == (X1d-Xs[I))*md[1]/(Xnd[1])+Xs[1)-X14d):

KRd(I] := (X2d-Xs[I])*Xnd[I]*X1£d(I)/(Xnd[I]*X1E4[1)¢(Xs[1)-X2d) *Xnd (1) +(Xs[I]-X2d)*X1E4(1));
RRq(1] := (X1kq[I]#(Xnq[I]*Xs(I)}/(Xnq[I)#Xs[1)))/¥b/22q;

REQ(I] := (X1fd(I)#(Xmd[I]*Xs[I])/(Xad(I)+Xs(1)))/Wb/T1d;

REd[I] := (R1kd[I]+(Xnd (1] #Xs (1) *R1EA (1] )/ (Xnd (1) 2Rs (1) +Xnd (1) 2X1£4(1)+Xs 1) 2R1E4[T]))/Wb/T24;
Rs[I] := Rs[I]/MVAGENVA;
Rkq[I] := Rkq[I])/MVAGENVA;
REA(I] := REA[I]/NVAGHNVA;
REA[I]) := RRA[I])/MVAGENYA:
Is[I] := Xs[I)/NVAG*MVA;
K1kq(I) := Rlkq[I])/MVAGtMVA;
XIEA[I] s= X1EA[I)/MVAGENVA;
T1kd[I) := X1kd[I)/MVAGENVA;
Inq(I] := Xmq[I]/NVAGENVA;
Ind[I] := Xmd[I)/NVAGHNVA;
B{I] := HGMVAG/NVA;

Gobs[I] := 1;
END;

PROCEDURE Genmerator
(Xnq,Xnd, X1fd,K1kd X1kq,Rs Xs,Ff
VAR Ys : GNtx;

VAR Js : GVEr2);

VAR

Rbq,Xbd,Vqs,Vds : Float;
Vs : GVtr;

Bs : Vtr2;

is,Ysd : Ntxl; ' '

Jdsd & Verd; L —————

— #
I : Byte; ')

T J gk

bq := 1/(1/Xnq(I)+1/X1kq(1]);

Tbd := 1/(1/Xad[1)#1/K154[1) #1 R g |
Bs(1] := Xbd*((PEd(1) Li:* (] WH%@ mﬂq&q 1)eSIN(ARg(1]1);
Bs(2) := -Kbde(PEA[I) AVT +FRd [TIVXLIRA [T =5 IN (Mg (] ) q (1) ATkq (€] ) =CO5 (Ang[1)):

Is(1,1) := Rs[I)#(xbd-Xbq)tCOS (Ang[I])*SIN(AnglI]);

i AR R N1 a

InvMtx(Is,Tsd);

MV (Ys2,Bs,J52);

Ys(1,1,I] := ¥s2(1,1); Ys(1,2,1) := Ys2(1,2);
1s(2,1,1) := ¥s2(2,1); Vs[2,2,1) := ¥s2(2,2);
Js(1,1] := Js2(1); 3s(2,1) := Js2{2]:

EXD;

PROCEDURE IniGn
(1s,Xnq,Xnd, X1kq, X1£4,11kd : GVtr:
VAR Fds, Fqs,Fkq,PRd,PE4,T1,Wr,Ang, Bxfd : GVtr:
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VAR A : CEGL:

VAR B : CEG2);
VAR

Iq,Xd,Xkq,Rfd, Xkd,Dq,Dd, Wb, Vs, Vds, Te, Ifd,Iqs, Ids, AngIV, Vs : Float:
Ias, Ea : Cmpx;

I : Byte;
BEGIN

I:=1;

[Initial Pregql

Wb := 2ePitPreq:

WrlI] := Wb;

[Parameter|

Rq := Xs[I])+Xmq(1];

Id := Xs[I]+Xnd[I);

Xkq := Xlkq[I]+Xaq[I];
Ifd := X1fd[1)+xnd[I);
Tkd := X1kd[I)+Xnd[I];
Dq := SQR(Xmq[I]))-XkqtXq;
Dd := SQR(Xnd[I])®(Rd-2¢Xnd|
Al1,1,1] := (-Rs[I])*Xkq/Dq;
A[1,2,1) := (-Rs|1))*(-Xnq[I
A(2,1,1] := Rkq[I)*Xnq(I])/Dq;
A[2,2,1) := Rkq(I]*(-Kq)/Dq; _
B[1,1,I) == (-Rs(I))*(XfdeXkd-5QR! 'I”
B(1,2,1] := (-Rs[1))*(-Xnd[I)*Xkd#80R
B[1,3,1] := (-Rs[I])#*(-Xnd(1] #xtd+sQRl [
B(2,1,1) := Xnd(I)*(Rmd[1)*Xkd-SQR (Xnd[I}}

B[2,2,1] := Xnd[I]*(-Xd*Xkd+SQR (Xad[1]))/D:
B(2,3,1) := Xnd[I]*(Xd*Xnd|1]-50R
B(3,1,1] := RRd[1]*(Xnd[I)*Ed-S0R (Xad (1]
B[3,2,1I] := ltd[I]*Ild*lli[ -*- i
B[3,3,1) := RRA[I]*(-Xd*Xfd+S
[Find Initial Condition| ][
K¥toCapx(Pg(1].Re,-Pg[1].In,Qa ':
Conjugate(V([1],Qn2);
Devide(Qnl,Qn2,Ias); Eﬂ’] ﬂ ‘j
Il‘l:ntlp:ll.llll;ﬂrﬂllﬂ u H q 1’] H w ‘j w

Product(Qnl, Tas,Qol); 4

Sum(V[1],Qn1,Ba);

el RO AN T NA AN A

AngIv := AnglefJas)-Angle(V[1]};

Ids := -Magnitude(Ias)*SIN(AngIV-Ang[I));

Iqs := Magnitude(Ias)*COS(AngIV-Ang([I]);

Exfd[I) := Magnitude(Ba)+(Xd-Xq)tIds;

Ifd := Exfd(I])/Xad[I);

Vqs := -Rs[I])*Iqs-Hr(I]/WbeXdeIds+Wr(I]/Wb*Xad(1]tIfd;
Vds := -Rs[I)*Ids+Wr[I])/WbtXqtIqs;

Writeln('vqgs = ', Vqs,'Vds = ', Vds);:;

[Find Initial Flux

Fqs[I] := -XqtIgs: [No Damp So Ikd=Tkql=Ikq2=0|

g



PRqll] := -Xnq(1)*Igs;

Fds(I] := Xud(I)*Ifd-Rd*1ds;

PEA[I) := XEd*1fd-Xnmd[I)*1ds;

FRd[I) := Xnd(I]*1fd-Xnd[I]*1ds;

{Pind Initial Torquel

(Iqs == -(A[1,1,1)*Pqs(I]+A[1,2,1)*Pkql(1]+A[1,3,1)¢Pkq2 (1)) /RsG(I]:
Ids := -(B[1,1,1)*Pds[1)+B[1,2,1)*PEA[T)+B[1,3, 1) *RRA[1))/RSG[I);]

[Te := Pds[I]*Iqs-Fqs[I)*Ids:|
Pds(I]®(-A[1,2,1])/Rs[I]*Fkq(I])
!I”V!I] );

Te := (B[1,1,1]/Rs(I]-A[1,1,1]/Rs(I])*Fqs(I]*Pds|
\

-pqs(1)*(-B[1,2, 1) /Rs (1) *R£d(1)-B[1

Ti[I) := Te;
Writeln(BX,Bxfd[1],Ti[1));
Writeln(GP, Ang[I]),' ', Wr[1)/¥b): \
[Voltage Magmitude| . :
Vs := mﬂmmmmumn:' -
Vs := VstCOS{Ang(I]); : 58, dg|
Vds := VstSIN{Amg(I]):
Writeln('Vqs = ',Vqs,'Vds = ', Vds
[Find Initial Condition|
¥gs := V[1].RetCOS(Ang[I])-V[1] 4
Vds := V[1].In*CO8 (Ang[I])+V (L8 Rer
Writeln('vgs = ',Vgs,'Vds = ', Vds
Vs := SQRT(SQR(Vqs)+3QR(Vds)):
Vgs := Vs*COS{Ang[1]);

Vds := VstSIN(Ang[I]); .
Writeln('Vqs = ',Vqs,'Vds = ',Vds):Raldln:
EXD;

FROCEDURE GmVolt

(V2 Bs;

A : CEGl;

B : CfGl;
Ii.m‘rlrlﬂ-llfd : Gtr:

ViR rdi.lqi.rlq,!td,rfd.Ti.humudm;pirh : GVtr);
T1PE

& AU NN NN

VAR

SR Asa SN w1 111 Y

PhqB, PhdB, PEds

Fkq0,Fkd0,FEdO, Pqs0, Pds0,¥r0, Ang0 : Float:
pFqs,pPds,pPkq, pPkd,pPid,pir,phng : Array [Pat] of Ploat:
I : Byte;

BEGIN

Wb := 2*PitPreq;

' l;

Vgs := V[1].Re*COS(Ang[I])-V([1).In*SIN(Ang[I]));

¥ds := V[1].In*COS (Ang[I])+V([1].Re*SIN(Ang[1]);

Vs := SQRT(SQR(Vqs)+SQR(Vds));
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Vgs := Vs#COS(Ang[1]);
Vds := Vs*SIN(Ang(I));
pPRq(PA] := Wb*(Vkq-A[2,1,1)*Fqs[I])-A[2,2,1]*Pkq([I]}:

PkqB := Fkq[I)+pBkq[Ph]*dT;

pPEd[PA] := Ih'lld[Ilill:f#II]-Iii,I,II*!&s[I]-l[l*!*IltltEII]-lIl,S.IIlrtd[l]}flldEII;
PEAS := FPE[I)+pPEd[PA)=dT;

prd(PA] := lh‘l?id-l[3.l;I]*!d:[l]-l[].I,I]’Ffdiil-l[J.J,Il‘Pkd[I]]:

Pkdb := Pkd[1]+pPkd[PA)edT;

Te  := (B[L,1,I)/Rs[I]-A[1,1,1]/Rs(1])*Pqs (1) *Rds! +Pds(I]*(-A[1,2,1]/Rs (D) PRq[I])

-Fes[1)*(-B[1,2,1])/Rs (1] *P£d(1])-B[L; W

pur[PA] := Wb/2/H[I]*(Ti[I)-Te);

NrB := Wr[I]+pr[PA]edT;
pAng(PA] := Wr[I]-Wb;

AngB := Ang[I]+phng[PA]*dT:
| VqsB := V[1].Re*C0S(AngB)-V[1]
VdsB := V[1].In*C0S(AngB)+¥[1].R
VqsB := Vs*COS(AngB);

VdsB := VstSIN(AngB):

FqsB := [VqsB-WrB/Wbt|(vdsB-p

+4,1]*FhgB)

PdsB := (VdsB+WrB/Wb*(Vqsh-A +3,1]*Fkds)
J1B[1,1,1)45QR (WrB/Wb)/

Repeat

Vqs0 := WqsB; VdsO := VdsB; Ang := —

pFeq(PB] := Whb*(Vkq-A[2,1,1)*PqsB-Al2, 243

FkqB := Fkq[I]+(pPhq[PA]+pPRq[PB])d2/2;

pPEd([PB] := Wb*REA[I])e*(Exfd[1])-B[2,4

PEdB := PEQ[I]+(pPid(PA]+pES

pFRd[PB] := Wb*(Vkd-B[3,1,TF kY

FRdB ;= PRA(I]+(pEkd(PA)+pPh =

FqsB := (VqsB-WrB/Wbt(VdsB-B[1,2,1]*FEds et ,Il-la,l,llt!tql}
JA[L,1, 1) +5QR (WeB/W0¥/B(1,1,1]); ,

PdsB := lTHSIiIII!Ih*ITqI!-l[1,]5;*5;11!!!&[1,l,I]'lﬂijl.I]‘Tfﬂ!-ﬁ[l.i.!}*!ld!l

/(B(1,1,1]+SQR{VrB/WblY K174, B} . |

W i I![1'1'I]fljﬂ“-glil:!$jjt;;1}}t]qiigtjigl;::i:it‘|£ii11;:];f;]":i3’
-PqsBe(-B(1,80)/Rs[I]*PEdB-B[1,3,1 /Rs[I]*PkdB);

pur[PB] := Wb/2/B(1)*(T1(I)-Te); ¢ o o

W = ¥r[Liwp [} d873; |
phng[PB) :t'ﬂ-wq HQ n i m u w f] ’]‘ w EI q a
_ hngd := Ang[I]®(pAng[PA]+phng[PB])*d1/2;
| VqsB := V[1].Re*COS(AngB)-V[1].Ia*SIN(Ang):
VdsB := V(1].IntCOS(AngB)+V[1].Re*SIN(AngB);|
Vqsh := VstCOS(AngB);
VdsB := VstSIN(Angh):
Until (ABS(PkqB-Fkq0) ¢ Brr) amd (ABS(PEdB-F£dO) ¢ Err) and (ABS(PRAB-FR4O) ¢ Err) and
(ABS|FqsB-Fqs0) ¢ Err) and (ABS(PdsB-Fds0) ¢ Err) and (ABS (WrB-Wr0) ¢ Err) and
(ABS (VqsB-Vqs0) ¢ Brr) and (ABS(VdsB-¥dsO) ¢ Err) and {ABS [AngB-Ang0) ¢ Err)
| IqsB := -(A[1,1,1)*PqsB+A[1,2,1)¢PkqB) /Rs[1]:
IdsB := '[l[l.l,I]‘Fd!l*l[l,l,l]‘Ifﬂl*l[1,].1]"IE!|f!I[I]:

tPRdB) /Xnd[1];




1£dB := (B[2,1,1)*FdsB+B(2,2,1)FEAB+B[2,3,1)FkdB)/Xnd[1);]
dirb(I] := (1-WrB/ib);

pirb(I] := (pNr[PA)+p¥r([PB))/2/Wb;
Writeln(BX,Exfd(I),Ti(I));

Writeln(GF AngB," ', WrB/¥b):

Pkq(I] := PkqB; PEA[I] := PEdB: PRA[I] := PkdB:

Pgs(I] := FqsB; Pds(I] := PdsB; Wr[I] := WrB; Ang[I] := Angd;
END;

PROCEDURE Callqd

(Ts : GNtx: Js : GVEr:

TsM : MMtx: JsN : WVtrd:

VAR Iqd : Ver):

VAR

I : Byte;

Tqd : Bstx;

Jqd @ BsVtr;

BEGIN

I:s]:

Jed[1,1) := Js(1,1);

Jed[3,1] := Js(2,1);

Yqd[1,1,1) := ¥s[1,1,1); Yqd[l,2

1qd(2,1,1] := ¥s(2,1,1); Yqd(2.480

Iqd[I).Re := Jqd([1,1)-Yqd[1,1,1)*vj0].

Iqd(I].In := -(Jqd(2,1])-Yqd (2,1, 1¥V(;
=1

Jqd(1,1] := JsM([1,Imn);

Jqd[2,1] := JsK[2,Im);

Tqd(1,1,1) := YsN[1,1,Imm); Ygd[1 Im]}

Tqd[2,1,1) := TsK[2,1,Imn); 34d02,2,2] := YsXi2,2, Ins!

Iqd[1].Re := qu[l.ll-!qdil, T - Re=Yod {1, 7, IToW]

Iqd(1).In := -(Jqd[2,1)-Yqd “3\

[ Irittlllﬂ,lﬁlﬂmuqﬂll.Itlm T 186450 Hlilalﬂllilhl;l

END;

:::mm Net (VAR Lﬂnﬁu ﬁa 'V] E] VI %Jw H’] ﬂ ‘j

Ral,Ynl,Rnd,Yn2,0ni, 2r @) Capx;

BEGIN , ok B a 24 N
XYtoCapx(0,0/ZH) 19 5 ﬂ im u ’g a
ecsit.oehb Lack 01 \ BI1INegIae
IftoCapx(1,0,Udi);

Devide [m.lll Xnl) '

MultiCmpx(-1,Ynl,Rnl);

XYtoCapx(0.05,0.05,Rad);

Devide(Uni,Rn2,Ynd);

Nul tim:i"lrtl:th” i

Sua(Ynl,Yn2,¥(1,1]); Y(1,2) := Rnl;

112,1) := Rol; 1[2,2) := Yol;

1(1,3) := Rn2; Y[2,3] := ir;

103,1) := Ra2; ¥[3,2) := ir;Y(3,3) := Ya2;
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ﬂll‘iﬂ!l"i.ﬂ J[l;ll.ﬂﬂr?“:
Devidel(¥[1,3],Y(1,1],Y0[1,3));
Devide(Y(2,1),¥(2,2],YL(2,1]);
END;

PROCEDURE Flow

(Y,YL : Mtx:

VAR Pg,.P1,PQ.KL : Vir:
VAR V : BS);

ViR

Ir : Capx;

BEGIN

Hb&hﬂliﬂ-ﬂ.lrl:
Pgl1]).Re := 1/MVA;
Pgll).In := 1/KVA;
P1(2].Re := 1/MVA;
P1(2].1x := 1/MVA:

BQ[1] := Pg(l];
Sub(Zr,P1(2],PQ2]);
Conjugate(PQ[1],Qal);
Devide(Qnl,¥([1,1],KL[1]):
Conjugate(PQ[2],0n1);
Devide(Qnl,¥([2,2),0L[2));
Repeat
Yol := V[1); Vo2 := V[1]:
Product(YL(1,2],V[2],Qul);
Product(YL[1,3),V[3],002);
MultiCapx(-1,Q02,Qnl): .
SuniQui,Qnl,Qunl); e e———— " .
Conjugate(V[1],Qnl); \Y. 77 >
Devide(RL([1),Qn2,0n2); - 1'
Sun(Qn2,Qnl,V[1]); jﬁl ' i)
Product{YL([2,1),V(1],0al);

Nulticapx(-1,Qal,Qnl); ‘a W
seisnnir i) W2 I NENIWEIND
i 3

"::::"m...ama,ﬁ.m.mi.u BAANEIAE

(ABS (V[2] .Re-¥02.Re) ¢ 0.00000000001) AND (ABS(V[2].1n-V02.1n) ¢ 0.00000000001);
END;

PROCEDURE Calyp
(Pl & ¥er:

VAR yp : Vtr):
ViR

I : Byte;
BEGIN

I:=1



Conjugate(P1[I],Qnl);
NultiCapx(1/(SQRIV[I].Re)+SQR(VI).In)),Qn1,5pl1));

PROCEDURE ModiYL
{yp : Wtr:
VAR ¥pp : Vtr:
VAR YL : Ktx):
Vig
I : Byte:
BEGIN
I:i=1;
!PFIH Ho "[IJI]=
1:212;
Sum(Y(L,I],yp(1],Ypp(1]);
1i=3;
Tpp(I] := ¥[1,1];
Devide(Y([1,3],Ypp(1],YL[1,3])"
Devide(Y[2,1),¥ppl2],YL]2,1)):
END; ‘

BEGIN [Main|
Assign(VF,'C:\TP\VBUSI.PRN'); Rewr
| Assign(NF,'C:\TP\NOTR.ERK'): Re
Assign(GF,'C:\TP\GENTRI.PRN'): Rewri
| Assign(CR,'C:\TP\CURRENT.PRN'); Rewritetlaist
Assign(BX,'C:\TP\EXFDI.PRN'); Rewrite(E
Tin := 0; =1
StTin := 0.002;

Inn := 1; . ———.‘:‘
Loop := 1; "

IVtoCupx(1,0,V[1]); m " m
X¥toCapx(1,0,V(2]); -
X¥toCapx(1.06,0,V[3)); 4

F- s
Net (Y,YL); ‘ij Hqﬂ‘j
l‘lult,ﬂu!‘-:.l'l.l’ﬁ'.lhﬂ u H ’J 7] U
Modi¥L(yp, Ypp,YL); , ¢ - o
| ParaG(Rs,Rk . M . El
mnsmumﬁﬂiﬁlﬁlﬁﬂmmm "] "J ﬂ EI "] a
IniGn(Xs,Xaq, X, X1kq, X1£d, X1kd, Fds, s, Fkq, Fhd, PEd, i Wt Ang,Bxfd A, B);
IniAVR(V1,V3,Vref,Vr, 03, Aex,Bex,Bxfd,V);
| IniGov(Ti,¥4,¥6,Y7):|

Para(HpN,RsM, XsN, XaM, Xrk, RoN, BX) :
IniStlrtl|T.Ill,lll,n!.lrl.Hal,!qll.ldrl,!qu.lri,f.‘fi ;

IniNotor (XaM, XrM RsK,XsK,Ys) :
Repeat

If Tim ) 5tTim then

Begin

If Loop = 1 Then
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Begin
Loop := 1;
IniStartW(V,RsN,XsN, XaN, XrN, Pds, Pqsh, PdrN, PqrX, WK, Cf) ;
StartM(v,CE, RsM, XnM, XsN, BN, FdsK, Fqsk, Pdrk, Pqrk, Wrk)
End
Else
StartM(V,Cf,RsN,XaN, XsN, BN, Pdsh, FqsN, FdrN, Pqrh, Wrk)
Gl!ﬂlt[!.l,!.ll.llfd,H,llﬂ,lfd*Iﬂi,Iqs,!tq,Ikd.!!d*fi.lli.lr,dlrb,pirh}:
AVR (Aex,Bex,Vref,V,Bxfd, W3, V1,Vr,V3); .
| Governer(dWrb,pWrb,¥4,Y6,Y7,Ti):|
Motor (XaN, XrN, PdrN, Pqrl, ¥sK, JsK)
Generator (Xaq,Xad,X1fd,X1kd,X1kq,
Callqd(Ys,Js,YsN, JsN, Iqd);
Conjugate(V([1),Qnl);
Product(Iqd(1],0n1,P[1]);
Devide(P[1],Y[1,1),RL[1]);
Conjugate(V([2],Qnl);
Product(Iqd(2],0n1,P[2]));
Devide(B[2],7[2,2],8L(2]);
Repeat
VOl := V[1]; V02 := V[2];
Product(YL[1,2],V[2],Qn1);
NultiCmpx(-1,Qal,Qnl):
Product(YL(1,3),V[3],002);
MultiCmpx(-1,Qn2,Q02);
Sun(Qn2,Qnl,Qul);
Conjugate(V(1],0n2);
Devide(RL([1],Qn2,0n2);
Sun(Qn2,Qnl,V[1]); g
Product (YL[2,1],V(1),gnljs
NultiCapx(-1,Qn1,Qul);
Conjugate(V[2),0n2):
Devide (KL(2],Q02,Qn2); m
Sum{Qn2,Qnl,v[2]):
Until

i mspnel Suamdnaen s

. ABAAIAIAUAN INGA Y

hhltlLl.I.II,.I:H.I.m,IH.Hl,!'qs..rtq,I'H,Ftd,ﬂ.hg.lr,dlrh,plrb:- ¥
AVR(Aex,Bex, Vref,V,Exfd, W3, V1,Vr,V3);
| Governer(dWrb,p¥rb,¥4,¥6,¥7,1i);]
| Motor(Xa,XrM,Fdr¥,Fqrh,YsK,JsK):
Generator (Xaq,Xad,X1fd,X1kd, X1kq,Rs,Xs, FEd, Phd, PRq, Ang, ¥s, Js):
Cal I’I‘ “Il r"l v '“, ﬂll. Iq‘l H
Product(¥[2,1],V[1),0a1);
NultiCapx(-1,Qnl,Qnl}:
Sun(Iqd(2],Qnl,Qnl);
Devide(Qn1,¥(2,2],V(2]);
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End;

Tin := Tintd?;
Qul.IN := SQRT(SQR(V(2].Re)+SQR(V[2].In));
Qnl.Re := SQRT(SQR(V[1].Re)+SQR(V[1].In)):
Writeln(VF,Qnl.Re,’ ',Qnl.In):

Write("»');

Until Tim ) TinEnd;

Writeln('SUCCESS !');Readln;

:ﬂm"" ; Close(GF);Close (BX);[ Close(NF);Cl
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