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DTGTTAL PROGRAMME TO COMPUTE CONVERrER CHARACTERTSTICS 

Tdentifiers Used: 

For all the identifiers representing complex quantities the 

d-x axis components are indicated* if not defined elsewhereg by 

the last suffices d and q respectively, 

ec - Voltage behind the ccmmutating reactanceg pou, 

eclo ec2q ec3 - Different values of "ec". 

es - Effective voltage behind the supply system, p. u. 

esl, es2, es3 - Different values of "es". 

vy - Fundwaental component of the voltage at star point 

of the equivalent circuitg pou. 

vl - Fundamental component of the voltage at the line 

side of the converter transfomerg p, u, 

p 

vr - Voltage at which "vl" is controlled, p, u, 

iv - Alternating current in the valve side of the 

transformerg p, u* 

iP* iq - Direct and quadrature axis components of lliv",, 

il - Alternating current in the line side of týe transformer, p. u. 

is - Current supplied by the generatorg p, u, 

xv, X1. xt - Reactances in the valvei line and tertiary 

branches of the star equivalent circuit for the 

transformer, p. u. 

xs - Reactance of the supply systemg p*ue 

xt - Leakage reactance of the converter transfomerg psue 

xc - Commutating reactance* p. uo 

xa - Reactance associated with the mean sub-transient 

reactance of the synchronous compensatorg p, ue 



3 

qt - Total reactive power of the synchronous 

compensator,, p. u. 
kI 

qs Reactive power delivered"by the supply systemg pou. 

qy Total reactive power delivered by the synchronous 

compensator at star pointg pu. 

qr - Total reactive power consumed by the doe* systemg p, u, 

vd, id, pd - Voltage, current and power of the d. c. 

systems poue 

Z- Cosine of the delay angle of the converter* 

u- Angle between the bus-bar voltage and the fundamental 

phase current (displacement angle), radians, 

VdBq IdBq PdB - Base voltaget current and power of the 

d, co system respectivelyg actual unitso 

VaB Base voltage of the aoc# systems actual units* 

mvarf Reactive power output of the fitter bank at system 

frequency and at the nominal voltage of the valve 

side of the transformers actual units* 

S- Capacitive reactance of the filter banks pu, 

nn - Turn ratio of the converter transformer* 

n- Turn ratio of the ideal transformer., 

Ids VD, Es. PD, Qts Qs, Qrs Us Ec - The values of "id"9 

"vd1t, 'Ies". "pd". "qt". 1141s". tlqrt'. "u" and "ec" 

respectivelyg actual unitse 
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Procedures Used: 

1. ProceAure SYSTMVOLT (id,, ecq vdg vr): 

The input parameters of this procedures are id, ec, vd and vr 

and the generator voltage "es" is calculated vhen the procedure is 

called. For exampleg in the main programme the initial value of 

"es" is calculated as: 

vd, vr - are read from the data 

id - is calculated frcm the values of 

pd and vd given in týe data 

ec - is calculated fran the given values of 

lIzIl and "xc". 

The procedure then calculates the d-q axis components of the current 

on the a. ce side of the rectifierg and proceeds to compute the 

fundamental components of voltage aný current at the star point of 

the equivalent circuit of the converter transformer by taking into 

consideration the reactive power "qy" supplied by the synchronous 

compensators Finallyg by solving the a9c. circuit on-the L. H. S. of 

the star point the required value of "es" is calculateds if 

synchronous compensators are not used in the HV. D, C, systemg the 

I 
calculations of "qy" can be skipped over by giving the marker "rs" a 

value 1,000. 

2. Procedure c: 

This procedure gives the instruction of "Carriage return" to 

the cmputere 

Procedure underline (m, n): 

This procedure is to underline any text during the print out 

of the results, The input parameters "m" and "n" of the procedure 

indicate the starting and finishing point of the line. 
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Actions of the Prograrme: 

The progra=e reads and stores the dataq as given in Table 4-1. 

Vol. 1. and then calculates the co=utating reactance using either 

of the equations as instructed by themarker "w"o Subsequently, 

the generator voltage "es". for the desired power and normal'voltage 

of the converter$ is calculated by calling the procedure "SYSTMVOLT" 

and is stored for comparing other computed voltages* 

To draw the characteristics of the converter, "id" is given 

a series of different values. Then for each value of idg a value 

of "ec" (eel - 1.0) is used for the first calculation, and the 

corresponding value of "es" (- e9l) is ccmputed by calling the procedure 

SYSTMVOLT. A second value of "ec" (ec2 a eel - 0,2) is considered 

to calculate its corresponding value of "qs" (- es2) as above. 

The third value of "ec" (- ec3) is found from the above results, and 

similarly "es" (= es3) is computed, This process is continued$ using 

the latest two sets of values of "ec" and "es" to predict the next 

iterate for "ec"t until the calculated value of "es" is equal to its 
6 initial value Vithin the prefixed tolerance of 107 At this stage 

the latest p. u. values of the system variables are printed in the 

prescribed format, 

In case the actual values of the computed variables are also 

requiredg the marker "EF" is given a value 1 and consequently the 

calcuiations for conversion comes in the main loop and the results in 

actual units are printed on a separate sheet under the proper headings. 

After considering all the values of "id"9 the programme finishes, 



6 

VEIMATIM 

DRE018 CASE l(CHARACTERISTICS**OF**CONVERTERS)-O 
begin libmr AOjA6; 

open( ); open(30); 

writetext(30, JL20slAHMAD*DHEG18*H=C, Leall); 

begin real eapestvdsid,, iptiqsxvgxloxtjxssxaoxl,, xc,, z,, 
PijqtsqsjqysStn#VdB, oIdB. -Pd. omvarfow,, R,, qr,, 
nn#PdB$esi jes2jvrqes3#VaBjecj see2jec3,, 
u, oi1d#iIq, vId,, vIqj, x; 

W rra Id., VDoEsOPDOQtpQyoQs., QrsUsEC[1: 1001; 
Rer f pi pEFFEpre prs prl; L2: 

rl: -read(20) 
re: - read(20 
rs*3* read(201.,,, 
EF: -read 20 
FE; -r-ead 2o 
vd: -read 20 
Pdo=readl20l; 
z: ýread(20)* 
xl: -read(20 
xa: =rea, l 20 
xv: =read 20 
xt: =read 20 
xl: =readl2O 
n: =read(20).,,, 
PdB: =road(20); 
mvarf I., -read(20); 
VaB: =read(20); 
VdB: =read (20) 
xa: -read 20); 
w : =read 20); 
vr: -read 20); 
R: -read(20); 

Pi: -3-142; 
IdB: -PdB/4ýCW; 
nn: -VdBxpA/(VaBxzx3xsqrt (2) 
S: -mvarf/PdB; 
i: = 110 

if W-3 thon 
Fc-: -xv+T5T+-xt) >oc I /(xa+xt+x? ) 
0 lse 
=. = orimt(. L-nddd. ddddl. ); 
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begin 
rea___ procedure SYSTMVIOLT (id,, ec, vdovr); 
real id,, ecPvdqvr; 

in 
real ecdOecqpisjesesd*esqpvyjvyd* 

vyq, Oiv#ivdOivqvisdOisqpx2jx3P Ad, Aq, Bd, Bq, Cd, Cq, Dd., Dq., a,, b., 
c.. d, # ep mj, gyh2k; 

pd: =vdxid; 
iv: -id; 
u: =vd/6c; 
if uýl then 
gkin 

u: -I; 
ip: -id; 
iq: =O; 
goto Q; 

end 
e rs-le 
if u<-l then 
ae iF 

u: =-l; 
ip9=_id; 
iq:, -O,; 

end.; 

jjLCo L3; 
ltý%wdd 
iq: =sqrt4VT2-ipT2); 
ip: - if re--1 then -ip, else ip; 
L3: 
ecd: =ec; 
ecq: =O; 
qr: =ecdxiq; 
ivd: =ip; 
ivq: --iq; 
if rs-1000then 
We-gin 

v1d: -ecdxn; 
vlq: =ocqxn; 
ild: -ivd/n; 
ilq: =ivq/n; 
qt: -U; 
qy: -O; 
goto L1.96 

end. 
comment calculations for qt and 

tart; 
vyd: =ecd+7xycs-xv)>dvq; 
vyq: - - (xc-xv)xivd; 
vy : -sqrt(vydT2+vyqT2); 
Ad: =ivd+vyq, 7xl; 
Aq: --(ivq-v/d//X- 

xjý Bd: -vyd+xt X1 xvyd-xt)dvq; 
Bq: =vyq+xtxi d+xt/*"x'lXvyq; 
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Cq: --l/(n>ocl 
Cd: =O; 
Dd: --xt/(nxxl); 4 
Dq: -O., g, 
a: =vrx(BdxCq+BqxCd-Ad>Mq-Aq>Od 
b: -vrx(BdxCd-BqxCq+Ad>Md-AqxDqi; 
c: -vrT2x(Cd><Dd-C xDq+AdXBd-AqX3q); 
x2: - -aXc+b)-Mqrtý, aT2-cT2+bT2Y)/ 

bT24aT2); 
X3: = -aXc-bxsqrt(at2-cT2+bT2))/ 

JbT 

T2ý6 

. 
then x3 else x2; x: -i a s(x2 

ýabsW) 
d: q+AqXBd; 
e: -Cq)Od+DqXCd; 
m: -BqxCd+Cq)<Bd; 
g: -Aq>Od+DqxAd; 
h,, -Ad>Od-Aq)4Dq; 
k: -BdxCd-BqxCq; 
qi: -d+vrT2xo+vrxsqrt(I-xT2)x(m+g) 

+vr>mx 0 
qy: =VyT2/ý2(>hýtký'X(sqrt(1+4>cctxqt/ 

- 
)-1); 

co=wnt end of calculations for qt 
and qy; 

ild: =(ivd qyWyq/(vyT2ýý/p; 
ilq: =tivq+qý'ý-cf /n. 9 
vld: -vrxsqrt(l-xT2); 
v1 q: -vr>oc; 
Li : 
isd: =ild-Sxvlq; 
isq:: ilq+Sxvld; 
is: - qrt(isdT2+isqT2); 
esd: -vld-xs>dsq; 
esq: =vlq+xs>clsd; 
es: -sqrt(esdT2+ei3qT2); 
qs: -isqxesd-isd)wsq; 

SYSTMMLT : -es; 
end SYSTMVOLT; 

procedure underlin(mon)povalue mjn; jajt&ermq 
n; 

begin integer J; fo J: -Jsteýluntil m+n-I do 
charout(3U-pLf I<m then 64 else 

30)end; 

procedure c.,, Iwritetext(30. qiLc. U); 

id: =Pd/vd; 
copuz nt calculations of initial value or es; 
ec: -T'v'ir+pi/6xid><xc)/z; 
es: -SYSTMMLT(id, tee, vdpvr 

0 



9 

copytext(20 30 )jc; unde lin(O 121); c; 
writetext(31 

ý'* *jd) 
s spsjydLýs I nd 

L§ s nip sr 
sISs q. 8s u cc 

underlin(0#12 ); C; 
C? 

for id: =. l step .1 until 1.60001 do 
Ue-gin 

cormwnt iteration procedure to 
find ec; 
vd: =ec1xz-pi/6>ddxcc; 
esl: -SYSTMVDLT(id eci vd, vr); 
if abs(es-es1)>104(-6j then 
Ve-gin 

ec2: -ecl-. 2; 
vd: -ec2Xz-pi/6xidxxc; 
es2: -SYSTMVOLT(idoec2 vr); 
if abs(es-cs2)>10T(-6jvdtýLn 
E-egin 

L: ec3: =(es-esl)/ 
. (es2-esl) 

X(ec2-eel )4-Gc1 ; 
vd: -e C3>cz -pi/6>dd)Occ; 
es3:; xSYSTDTV'OLT(idjec3#vd# 

vr) ; 
if abs(es--083)>IOT(-6) INen 
b=ejz i gn 

esl: -es2; 
es2: -es3; 
eel: -oc2; 
ec2: -ec3; 
goto L; 

end Fise ec: -ec3; 
and Me cc: -ec2; 

end 
el-Sle ec: -ecl; 
commnt Iteration procedure ends; 
ir rI=-T then vd: -vd-R>dd; 'Ff EF-1 =en 
Be-gin, 

compent conversion of p. u. 
values into actual units; 
Id i *-idxIdB; 
VD i : 

-vd><VdB; 
PD i ; 

-PdXPdB; 
Esli : -es><VaB; 
Qt il: -qtXPdB; 
Qy i : -qyXPdB; 
Qs i : -qSXPdB; 
QrIi : -qrXPdB; 
U[i1*-u; 
EC CIj : -nn)<,. -. cXVaB; 

end; 
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wri to 
write 
write 
write 
write 
write 
write 
write 
write 
write 
write 
write 
write 

30, f, id 
30, f es 
30pfpvd 
30.. f, tPd 9 309fpiP 
3()Pfpiq 
30pfpqt 
30pfpqy 
30j, fpqs 
30, f, qr 
30pfpu)* 
3()., f ec 

text(30pheell). Oi 
end; 'I -- 

e rlin (0., 121 ); c; 
if EF=1 then 
E-egin 

writetext(30d 
copyte t 20 39ýýj 

ý; 
c; 

undo rlxin 
ý0v 

1' 18 
write ext(30., 

Rs 
Id 8s 

Es 83 VD 8s]PD Qt 
I 

c 
Qy 'S Qs? 8s Si 
Et ;c 
un er :- .e ný0,118); cs 

I IC 

f or i: -l step 1 until 16 do 
Be-gin 

end; 
unbrlin(OP118); c; 

end; 
end'; 
T? "-iM=O then 
B -eg in 

write text (30 

end; 
Soto L2; 

2, nd. 0 ffloseý20ý; 

close 30 ; 

write 
write 
write 
write 
write 
write 
write 
write 
write 
write 
write, 

30,, f. *Es i 
30of jVD i 
3opf JPD i 30pfoQt i 
30, of*QY i 
30pf*Qs 
30,, f, Qr_ 
30,, foul . .1 30jfNEC 

te ac 

end-o- 
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DIGITAL PROGRAMME TO ST14ULATE D. C. LINE IN 

LOAD FLOW STUDY OF A. Cs SYSTEM 

Tdentifiers Used: 

The identifiers of this progra=e. which have not been defined 

earlier, are given below: 

xn - Co=utating reactance, when synchronous 

compensators are connected with the tertiary 

windings of the transformersq p. u* 

vdlq vd2 Sending and receiving ends average voltages of 

the d, c, system, poue 

vdn Average doce voltage when the converter is on 

N. Vo controls p. u. 

idel, idc2 Direct currents of the rectifier and invertorg psuo 

Z19 Z2 Cosine of the rectifier and invertor delay angles, 

respectively. 

KR9 KI - Gains of the rectifier and invertor CbCo regulatorss 

respectively. 

Irs Irl - Reference currents of rectifier and invertor CC, 

regulatorsq p, u* 

k- Current margins p. u. 

ulq u2 - Displacement factors of sending and receiving ends, 

respectively. 

vlq v2q V3 - Values of d, co voltage during iterations p, u, 

ill i2q i3 - Values of direct current during iterations p, u, 

qsq qslgqs2 - Reactive power consumed by the converters rectifier 

and invertor respectively peue 



ibdq ibq - Alternating current components on the a. c. side of 

the rectifier, p. u. 

iddl idq - Alternating current components on the a. c. side of 

the invertor, pu, 

V109 V20 - Sending and receiving ends a. c. bus-voltages* p*uo 

nl 0 n2 - Turn ratios of the sending and receiving end on-load 

tap-changing transforner. 

ninc - Increment of the turn ratio* 

nmax, nmin - Maximum and minimum limits of ni ( ia 192). 

zmaxt zmin - Maximum and minimum limits of the power factor. 

13 

e 

Procedures Used: 

The progrmnme uses all the procedures which have previously been 

discussed. The remaining procedure SWAP (aq b); assigns to "a" 

the value of "b" and to "b" the initial value of "a". 

Action of the Progrwmne 

The programme reads and stores the datat as given in Table 4-2. 

Vol. 19 and then prints the headings of the required results. For 

a positive value of-"k". which is the difference between the reference 

currents of converters A and B,, the converter "A" works as a rectifier 

and B as an invertorg whilst, for a negative, value of "k" the operation 

is reversed. In the latter caseq the progra=e calls the procedure 

SWAP replacing in turn Zlg Irg Kr and nl - the values associated with 

the rectifier - to the corresponding values Z2, Irlq KI and n2 of the 

invertor. 
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The value of "idc" is found by solving iteratively the 

characteristic equations of the invertor on C. E. A. control and of 

the rectifier on C, C* controlq while the values of the required 

variables are stored, The progroumme then proceeds to ccmpute the 

characteristics of the rectifier and invertor when they are on N. V. ' 

and C*C& controls respectively, and stores them. At this stage 

the comparison is made between the characteristics of the rectifier 

and invertor on N. V. and C. E. A. controls respectively. If the 

former is greater than the latter, the rectifier and invertor operate 

on C*C# and C, E. A. controls respectively, otherwise the rectifier 

will be on N. V. control with the invertor on C. C. controls Finally, 

the corresponding stored values of the variablep will be printed. 

If marker F- 19 the transformer on-load tap changer is considered 

by the programmeuhich then compares the computed power factor with 

its maximum and minimum values and changes the turn ratio within its 

prefixed limits, if required* 

The aoc* bus-bar voltage on either side is varied and the above 

process is repeated to find the relationship between the a, c, bus 

voltage and the a, c. components of ýhe converter current. 
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VERBATIM 
. 1.4 

DHEG18 CASE 2(TO**SIMULATE**H. V. D. C. ** LINK** IN** 
LOAD** FLOW* *STUDY)-" 

begin library A0jA6;. 
opýR(26); open 30) 
i., ritetext(30ofi2OsiAHMAD*DHEG18*HVDC[cell); 
begin realidcTxvpxTjxtpxsoxasxlpxnpisjl-p-S2. suo Ulsu2pqsoqslpqs2sisdpisqsibqpibdpidqpiddpxcppip 

SingpdsmvarfsPdBjesises2ses3sKIpKR*vr$Irokseelp 
ec2, oec3, pvdpzljz2, ovltv2. tv3oVlopV20, pRloR2, tilji2, p 13pvdnsaasabpacsadpbapbbjbcsbdpcapcbsccpcdpces 
cfpvd2, oidcljide2ptl., t2st3jtt.. vxjlrlpnlsn2pnincg 
nmaxqnminpzmaxszmin; 
integer FjF #fjrsqre; 
xl: =rFa-d 20 
xa: -read 20 
xv: -read 20 
xt: =read 20 
xl: =read 20 
nl: =read 20 
n2: =read 20 
F : =re4dl20 
ninc: =read(20); 
nmax: =readý20); 
rimin: -read (20); 
PdB: -read(20); 
mvarf: -read(20); 
xs: =read 20 
tt: -read 20 
zl: =read 20 
z2: =readl2Ol; 
k: -read(20); 
r: =read (20) 
KRo=read 20 
KI: =read 20 
Ir: =read 20 
Rl: =read 20 
R2*=read 20 
Jl: =read 20 
J2: =read 201; 
zmax: =read(20); 
zmin: =read(20); 
tl-read 
t2: =read 
t3: =read 
Fl * =re. dl2,. 

l 

Irl: -Ir-k. - 
Vlo: =tl; 
V20: -tt; 
if Mill then tl: =tt; 
P]7: =3.14:! --. 
S: =mvarf PdB; 
xn: =x +(xa+xt)xxl/(xa+xt+xl); 
f: -fo at([-nddd, ddddl); 
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begin 
procedure SWAP(apb); 
real apb; 
Te-gIn 

real X; 
7 -. -=a; 
a: -b; I 

end S14AP; 
Feal procedure SYSTKVOLT(idpecpvdpvr); 
YeaL Idjecpvc1pvr; 
V7eRTn 

real ecdjecqpissespesdsesqsvypvydp 
vyqpivpivdjivqpx2sx3oAdpAqpBdpBqp 
CdpCqpDd$Dqpapbpcpdpesmsgphpkpildp 
ilqpvlqpvldsxsqt, pqypip, piqpqr; 
pd: -vdxid; 
iv: 

ýU:.; 
id; 
d/ec; 

if 01 then 

u: -I; 
ip: -id; 
iq: -O; 
goto L3; 

end 
else 
IT-u<_1 then 
Ee-gi7n 

ip: =-id; 
iq: =O; 
goto L3; 

end; 
Tp-. -=uxid 
iq: -sqrtiivT2-ipT2); 
ip: = if re=-I then, -ip. else ip; 
L3: 
ecd: =ec; 
ecq: -O; 
qr: =ecdxiq; 
ivd: -ip; 
ivq: --iq; 
if rs=1000then 
V-egin. 

vid: =ecdxn; 
v1q: -ecq>ýn, 
ild: -ivd/, n; 
ilq: =ivq/n; 
qt: =0; 
qy: -0; 
goto LI; 

end* 
comment calculations for qt 
and qy start; 
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vyd: =ecd+(xc5xv)Xivq; 
vyq: =' (xc-xv xivd; 
vy : =sqrt(vydT2+vyq*r2); 
Ad: =ivd+vyq/xl ; 
Aq: =-(ivq-vyd/itl 
Bd-. . vyd+xt/kIxvyd-xtxivq; 
Bq :: vy +xtxivd+xt/xlxvyq; 
Cq. * -1ý(nxxl); 
Cd: =O; 
Dd: =-xt. /(nxxl); 

. 
Dq: =0; 
a: -vrx(BdxCq+BqXCd-AdXDq-AqxDd); 
b: =vrX(BdXCd-BqxCq+AdxDd-AqxDq); 
c: =vrT2X(CdxDd C? 

axDq+AdxBd-AqxBq) x2: -(-axc+bxsq; t T2-cT2+bT2))/ 
(bT2+aT2); 
X3: -(-axc-bxsqrt(aT2-cT2+bT2))/ (bT2+aT2)o 
x: =if abstx2)>abs(x3) then 
X3 -eiTse x2; 
d: =AdR q+Aq><Bd; 
e: CqxDd+DqxCd; 
m:: BqxCd+CqXBd; 
g: -AqxDd+DqxAd; 
h: -AdxDd-AqxDq; 
k: =BdxCd-tqxCq; 
? t: =d+vrT2Xe+vrXsqrt(l-xT2)x 

irn+g)+vrxxx(h-k)* 
? y-: - T2/(2xxt)X? sqrt(1+4xxtxqt*. / 

vyT2vý)-1); 
comment end of calculations for 
qt and qy; 
ild: - ivd-qyxvy vyTflý/n; 
i1q: -ýivq+qyxvyý//ývyT2 /n; 
vi d: - vrxs qrt-. (I - xT2) 
vlq: =vrXx; 
Ll: 
isd; =ild-SXvlq; 
isq: =il q+Sxvl d; 
ls: =sqrt(isdT2+isqT2); 
esd: =vld-xsXisq; 
esq: =vlq+xsxisd; 
es: =sqrt(esdT2+esqT2); 
qs: = isqxesd-isdxesq; 

SYTMMLT : -es; 
end sysTmvoLT; 

Procedure underlin(mon); value mn; 
nte-g-er-mjn; 

U-eg--fn---Integeri; for i: =l step 1 until 
m+n-i do cRa-rout(3 i<-mF. H-en 
64 eli-e-30) 

end; 
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procedure c; writetext(30*rrcii 0 
coptext(20p3Os[; *4); c-undgr-l-fn-ý0, #121); c; 
vritetex 30ofr5s5 yiof6siy2or7s3idcr8sjvd 
r 8s I pd r 8: 

ý 
ibqT6s 11bd r13s ]Ul"[ S-s I Oqj67s I Od 

r-8s-Tu2T8s-Tn1 [-dcl-T); 
Un cfe- r1 1'n (16 ,1 :91)-, -c ; 
comment test for inversion; 
ff k<O then 
E-egin 

SWAP (z 1p z2) 
SIKIAP t Ir.. Irl 
SWAP KRoKI); 
S1,1APn1,, n2); 

end; 
comment the values of V10 or V20 are 
va rl-e-6 
for vx: =tl step t. 2 until. t3 Lo 
E-egin 

if F1=1 then V20: =VX 
eTse 
v-lU.. -=vx; 
comment computation of, invertor 
dFaRra'3--feristics with C, E, A, control; 
V1 : =-I "00; idc: -Ir; 
L13: idc1-. =idc; 
XC: =xl; 
eel: =(-vl+pi/6xidcxxc)/z2; 
re: =R1 
rs: =j 1 
vr: =l 
n: =n2; 
es1: =SYSTMVOLT(idc*ec1 vlsvr); 
if abs(V2O-es1)>10T(-31 then 

v2: =vl- *2; 
ec2: =(-v2+pi/6xidcxxc)/z2; 
es2: =SYSTMVOLT(idc$ec2 v2pvr); 
If abs(V20-es2)>10T(-31 then 

L3: v3: =ýV20-esl 
(e92-esl X( v2-vll/+vl; 
ec3: =(-v3+pi/6xidcxxc)/z2; 
es3: =SYSTMVOLT (idcpec3pv3*vr): 
if abs(V20-eS3)510T 
T--3) then 
begin- 

esl: =es2; 
es2: =es3; 
vlo-v2; 
v2: -v3; - 

end 
goto L3; 
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else 

end 
JT-se 
vd-,. =v2,,, 

end 
se 

vd: =vl 
vd2: =vd; 
comment the above computed values 
are stored; 
ba: =isd; 
bb: =isq; 
bc: =qs; 
bd: -u ; 
comment computation of, rectifier 
characteristics with CXcontrol; 
vd: =-vd2; ' 
il: =ide-0.1; 
xc: =xl; 
vro. =Io 
ecl: '? 

-vd+ilx(pi/6xxc-r)+KRX (Ir-il))/zi; 
if KR=O then 
ecl: =(Vd=+X(pi/6xxc+r))/zi; 
re: -R2; 
rs: =j2; 
L12: n: =nl; 
esI: =SYSTMVOLT(i1pecIj, vdpvr); 
if abs(VjO-es1)>10T(-3)then 
'g-egin 

ec2: -(-vd+i2x(pi/6xxc-r)+ 
KRX(Ir-i2))/zl; 
if KR=O then ec2: -(vd+i2x rpi/6xxc-+-r-)7/zl ; 
es2: -SYSTMVOLT(i2i, ec2pvd. qvr); if abs(VIO-es2)>10T(-3)then 
Fegi 

L4: 13: - VI O-esl ) 
/(es2-es1)xM-iI)+i1; 

ec3: -(-vd+13x(ýy6xxc 
z z zle -r)+KRX(Ir I if KR=O then ec3: - Tv-d+13x(jiI76xxc+r))/z1; 

es3: =SYSTMVOLT (13qec3jvd$vr); 
ifabs(V1O-es3)>10T(-3) 
f. Hen 
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begin 

. 
esl: =es2; 
es2: =es3; 
11 : -12; 
12: - 13 " 
goto Lý; 

end 
el-se 
=c*. =13; 

end 
eT-se 
idc: =i2; 

end 
se 

idc2: =idc; 
comment iterations to find the 
65rrecf. value of the direct 
current of the line; 
if abs(idc1-idc2)>w-3 then 
'Siigin 

lac: =idc2; 
goto L13; 

end; 
F=1 then 

c6mment-f-ap-changing calculations 

bep, in 
if u<zmin then 
F-egin 

if nl> nmax then goto L16 
617se 
ZTeg n 

n1: =n1+ninc; 

end 
goto L12; 

end 
e=se 
if u>zmax then 
Big 

if ni<nmin then goto t16 
eTse - 
E: eEln 

nl: -nl-ninc; 
goto L12; 

end 
end 

end; 
Eomment end of tap-changing 
calculations; 
if KR=O and abs(vd)>abs(V20xz2-pi/ 
65ZxcxidcT-Ehen goto -FAIL; 
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comment the above computed values 
are sMored; 
Li 6: ca. - =i sd; 
eb: =isq; 
cc: =qs; 
cd: -u; 
ce: =ide; 
cf: -vd; 
if KR=O then goto L15; 
commen 

,t 
c5Fpu. -E-a`Uon of'rectifier 

characteristics with N, V, Control; 
vl: =I; 
eel: -vl+idex(pi/6xxc+r); 
es1: =SYSTMVOLT(idcqec1. *v1pvr); If abs(V1O-es1)>io-3 then 
15-egin 

v2: =vl-. 2; 
ec2: -v2+idex(pi/6xxc+r); 
es2: -SYSTMVOLT(idc#ec2pv2pvr); 
if abs(V1O-es2)>x-3then 
E-egin 

L7: v3: =(VIO-esl)/(es2- 
esl )X(v2-vl)+v 
ec3: -v3+idcx(pi/6xxc+r); 
es3: -SYSTMVOLT(idcpec3o 
v3pvr)o 
if absýVIO-es3N-3 then 
E-egin - 

esl: -es2; 
es2: =es3; 
vl: -v2l 
v2: ý=v3; 

end 
G-O-to L7; 

67 -s e 
vff n--. v3; 

end 
67 -s e 
vdr-v. v2; 

end 
er-sevdn: =vl; 
=vdn<O then goto FAIL; 
Eo-mment tH-e atb-ove computed values 
are sES-red; 
aa: =isd; 
ab: =isq; 
ac., =qs 
ad: nu 
if absjvdn)< abs(vd) then 

egin 
comment computation of In--v-e-rT-or characteristics 
with C. C control; 
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w&. - 

vd: =- vdn; 
il: =idc-0,1; 
xc: =X''l 
ecl*=(-vd+ilxpi/6xxc+KIx 
(Irl-il))/z2; 
re: =Rl; 
rs: =! l; 
vr: -l; 
n: =n2; 
1: =SYSTMVOLT(ilj, eclpvdpvr); 
if abs(V20-esl)>v-3then 
15-egin 

ec2: -(-vd+i2xpi/6xxc+KIX (Irl-i2))/z2; 
es2: =SYSTMVOLT (12sec2pvdpvr); 
if abs (V20-es2)>m-3then 
E-egin 

end 
Fl-se 
Ic'Fc 

end 
FT-se 
=c ' =12; 

end 
el7se 
=v.. - -ii; 
vd: = vdn; 
pd: -vdxide; 
idq: -isd; 
idd: -isq; 
qs2: -qs; 
u2: =u; 
ibq: -aa; 
ibd: =ab; 
qsl: =ac 
uI: =ad; 3 

Lb: 13: -(V20-esl)/ (es2-esl)x(i2-il) 

ec3: = -vd+13xpi/ 6xxc+KIX(Irl-i3)) 

es3: -SYSTMVOLT (13sec3pvdpvr) 
if abts(V20-es3i 
5io-3then 

, 
Legi-n- 

esl: =es2; 
es2: -es3; 
il: =i2; 
12: =i3; 
goto L6; 
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end-, - 

end; 
FAIL: 

end; I 67ose(20); 
cl. ose(30); 

end 
e T- 
, se 

U57. 
begin 

I bq: = ca; 
ibd: =cb; 
qs I: =cc; 
ul: =cd; 
ide: =ce; 
vd: =cf; 
idq: =ba; 
idd: =bb3 
qs2: =be; 
u2: -bd; 

end; 
pd: -idcxvd; 

U'k<O then 
E-egin '- 

SV? AP(ibqsidq); 
SWAP ibdsidd): 
SWAP ulsu2); 
SWAP VI OpV20); 

end; 
wFTte(30. ofsVl 0 
writeý30jfsV20 3 
writeOWpide 
writ 

': 
30sfpvd); 

t wri 30. - f I, pd) 
write 30, pfvibq 
write 30jfsibdý; 
write 30, v f sul 

)0 
write 3()Pfpidq 
write 30sf*iddý; 
wri te 30pfsu2); 
writelNsf nl)" 
v, rritetext(iO, [tcc]l); 
if k<O then -- 
9VAP(VlUjmV2O); 

2nd; 
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APPENDIX 



0 ft 

DIGITAL PROGRA14E TO STUDY THE TRANSIENT 13EHAVIOUR 

OF H. V. D. C. SYSTEH 

Tdentifiers Used: 

The identifiers which have not been defined in Appendices 

and 2 are given below: 

Tl - Time constant of the d. c. lineg sec* 

T- Time constant of the converterss sece 

degtorud - Multiplying factor to convert degrees into radians, 

radtodeg - Multiplying factor to convert radians into degreeso 

n- Total number of differential equations* 

t- Independent variable (time). 

y- An array containing the values of the dependent 

variables (solution) at 'It". 

range - The procedure replaces the values in the array "Y it 

by the values at t+ range replacing 'It" by 

t+ range. 

acc - Tolerated truncation error. 

h- Interval of integration* 

comptime - Computing time. 

ecro eci, - Control signals of rectifier and invertor respectively,, pu, 

Zro Zi - Cosine of the delay angles of the rectifier and invertor 

respectively. 

ZO - Cosine of the extinction angle of the invertor. 

Xdc - Inductive reactance of the d9c* lineq p, u, 

R- Resistance of the d, c, line# peue 

idcl - New value of the d. cs line current# pu,, 
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K- Multiplying factor to give a step-rise to vql 

or Ir. 

t1j, t2 - Time intervals, sec. 

vqll, vq2 - Quadrature axis compments of a, c. voltages across 

rectifier and invertor. respectively. p. u. 

vd109 vqlO - Direct and quadtature axis components of sending 

end a. c. bus voltage with respect to co=on reference 

frame, peue 

vd2O, vd2O - Direct and quadrature axis components of receiving 

end a. ce bus voltage with respect to common reference 

frame, poue 

AnglO - Phase difference between sending end bus-bar9and 

reference bus, degrees. 

MqFl Markers for different instructions. 

. 
Procedures Used: 

The procedures in this progra=e which have not been defined 

earlier are given below: 

Procedure r(x): 

This procedures vhen called forg reads from the data the values 

of the identifiers vritten in the parenthesis*, 

2. Procedure SYSTMVOLT (id, vdg ecg ivqg ivd): 

This is the modified form of the procedure SYSTMVOLT discussed 

in Appendix I, idjo vd and ec are the input parameters of the 

procedure which calculates ivd and ivq* For example, the transient 

values of the rectifier current componentsq on the a,, c. sidep are 

computed as: 

id is replaced by the last value of idc 

vd is replaced by the last value of vdl 
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and, ec - is replaced by the last value of ecl. 

The procedure SYSTMVOLT then computes the displacement factor and 

the magnitude of the alternating current$ and thus finds the required 

current components of the rectifier, ivd and ivq. 

3. Procedure K93 (nqt,, y, rangeqacc,, h)l 

This procedure uses the method of Kutta-Merson to solve n 

simultaneous first order differqntial equations, as discussed in 

Sec. 2-2-49 Vol. I. 

Procedure fn (tsy#f): 

This procedure is vritten by the user for a particular problem 

and is called by the procedure 1043 during computation, For this 

programme all the first ordjr differential equations involved in 

the solution of the problem are vritten in transfer Amctional, form 

where the arrays "f" and "ylt represent the input and output of the 

integrating amplifiers respectively. 

Procedure PRINTt 

This procedure prints the computed values of the identifiers 

in the "write" statements given in the body of the procedure. 

Action of the Programme 

The programme reads and stores the data which is given in 

Tabýle 4-3. Vol It and then proceeds to print the headings of the 

required variables. To find the initiil values the programme 

computes the doe* voltage* current and control signals of both 

the rectifier and invertorg and then calls the procedure SYSTMVOLT 

to calculate the respective alternating current components. Subsequently, 
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the procedure PRINT is called and the computed values of all the 

identifiers, specified in the procedureq are printed under the 

appropriate headings, 

During the transient state, a series of time intervals are 

taken and at each interval the values of the required variables are 

computed, A switch statement is written within the body of the 

programme which gives a step rise to the a. c. bus-bar voltage or 

reference current when t 3, tl, and at t ý, t2 the raised value is 

normalised. The differential equations are solved for idc, M1 and 

M29 by calling the procedure 10439 and the values of the rectifier 

and invertor control signals together with the other required variables 

are calculated to match with the latest value of idc. The programme 

then takes the next value of t. and this process continues until the 

prefixed computing time is reached. At the end of each step the 

values of the required variables are printed. 

4 
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VERBATIM 

EG 18 CASE 3 (TRANSIENT**BEHAVIOUR**OF**H. V. D. C. **SYSTEM)-b- 

begin libra AOpA6jA1 A13, *AI4; 
open(2017 P-e'n 

. L1 MrZ(3. 
) ; ope n (10) 

begin real VdBppipvdlpidcpvd2sRpxcpTljdegtoradp 
radtodeg,, T,, KR.. Ir., Ml, M2,, hoacc,, rangep 
comptim, tpn, AnglOpvql., earpeci, zr., 
VaBonn, VlO, vqlO, vdIO. ousibqpz0j, ibdp 
xdc*V2opKptlot2pA, oeclpec2svq2O,, vd2O$ 
idqpiddpvq2, KI#kpVpidel; 

integer 11 
array y(1: 6 "ýX, 
Procedure r ); real x; x: -read(20)* 
procedure SYStI4-V=(id, vdqcc,, ivq,, ivd); 
real JF-. vdsec., ivqqivd; 
Feg in real iv., ul; 

u1 '7. ---- -v7/e a; 
if ulýl then 
We-g in 

u: =l 
ivq: -id, 
ivd: =O; 

end 
'es e 
=ule, -l then 
E-egin 

p 
U: =-l 
ibq: --id; 
ivd: -O; 

end 
e rs-e 
u: -ui; 
iv: -id; 
ivqeo: ivXue 
ivd: sqrtýivT2-ivqT2); 

end SYSTMVOLT; 
7o-cedure underlin(mon); value man. 09 

I te, er mpn; 
begini j or : -Iste luntilm+n-ldo 

clgrouffsi m then' ', e "'r 

6Lý21se3O,, 
end; 

30 

procedure c; write text (3(). -LLc. U) ; 
procedure KM3 (n, toyorangetacesh); 
value n, mnge, acc,, TREF-Rer n; real tsrangetace, h; array y; 
begin EntegEr-T; real t1$hnqinc., error; 

b6'oean finish; 
array zsfUprl, f2[1: nl; 
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ti **=t+ra e; f inish; -false 0 
LI: if hx t+h-tl)20.6; ý'ýn begin hn: -h;. 

h: -tl-t; 
f inish; -true end; 
fn(t, y, fD); - 
L2: for J: -I step 1 until n jo z[jl 

: my I jT+?,, U) IiI M73; 
fn(t+h/3, z, fl); 
for J: -l ste 1 until n do z[jl: =y[jl+ 

(f fffftf 1T-STT, -aI/6j-- 
I 

fn(t+h/ý, z, fj); 
for J: -t step I until n do zjjj: -y[j1+ (0-- T2-5XfO LJJ4,0.3' ) >01; 
fn(t+h/ý, oz,, f2); 
for J: =l ste I until n do z[jl : -y 

00- 
Xrlrl]+2.0, xr2ij )>di; fl+ 

fn(t+hz, fl); 
inc: =h; 
f or J:; l ste I until n do 
Ve-gin 1[ : =y[JJ+(fO[jl-+]T. O>C2[jl+fl[jl) 

>h16 - 
error: -0.2xabs (f 1 tj I -z[ if error>ace then begin h: =h/2; finish: - 

false; goto 12 end; 
if error>0.025>, ZLCC then inc: -O. O 
FWnd; 
T -*. - t +h 
h: -h+inc; 
for J: wl s to 13 1 until n do y[j]: -fl['Jl; fr7f inish-TRO-n 0--=elsýMgoto Ll ; fn(ý*yjfO); 

end KM3-* 
ýFo-cedure fn(t, y, f); real t; arraY y0f; 
begin 

fI : -J/Tlx(id 1 ([1 1; 
f2 : -l/! rx yi -y 2 
fý : -J/! rX yJ21 
f4:: J/! rxiecr:; 
f151: 1/Tx eci y 511; 

end fn; 

procedure PRINT; 
begin 

write 
write 
write 
write 
write 
write 
write 
write 
write 
write 
write 

30*Fl 
30,9Fl 
30. vFl 30,9Fl 
30#Fl 
30,9 F1 
30. - F1 
30 j, Fl 
30PFI 
30.9 FI 
30j, Fl 

ý0; , ibq 

pecr 
, vdl 
idc 
idq 
idd 

.. eci 
vd2 
Ir 

. 

I 

. 

. 

. 



31 

write(50, Flpvq2)* 
write(30, tFl.. vqlj; 

end; 
7: 7i, ead(20 
" K)-r(vdB r AnglOýjorývdlý; rýRi; rýVaB); r(xc); 
" KR ;r zO ;r range r ace ;rT- ;r h); tcomptizw)* 
r Ir ; rýzr jr k); r(KI); r(VlO); r(V20); r(xdc); r(tlý; 
rjt2 ; 
copytext(20 30 99 icounderlin(O 118)o 
writatext( 0',, 6MbqL5s dpl sýc'rl 5slydi 1ýb 

s2 2s 
. 
L4s id9L5s id i d, ýs siv 2j, sl FL5 YJ 

s111 vq 
8s 

výj c 
underl4n 0 1 ? 

ýOp 
C; 

Fl: -format(L-nnd. dddi); 
Pi: =3.142; 
Tl: =xdc/(IOOXRxpi); 
degtorad: =pi/180; 
radtodeg: -180/pi; 
nn,, -VdBxpi/(VaB>Czrx3xsqrt(2)); 
coýýnt steady state calculations of the system; 
vqlO: =VIOXcos(AnglOXdegtorad ; 
vd1O: -V1Oxsin(Ang1Oxdegtoradý; 
vqlo-sqrt(vqlOT2+vdlOT2); 
if 1W-1 then V: =vql; 17 Dý-2 Men V: =Ir ; 
vq2O: - 
vd2O: -O; 
vq2: -vq2O; 
Ml: =vqlxzr; 
e cr *-M1 ; 
idc:, -(Ir-ecrAR); 
vdl 

: 
-Mi -pi/6>cccxidc; 

vd2; =-(Vdl -idwal); 
eci: -vd2+pi/6>cxc>ddc; 
zO: = (-e ci+pi/6>occxidc) /vq2; 
D12: =e ci* 
y[116-yf21: =y[31: -idc1: -idc; 
t: -O; 
y[41: =Mi; 
y 5J: =M2; 

rdltvqltibq.. ibd); 
SYSTMMLT(idc8-vd2jvq2pidqpidd); 
PRINT; 
cor, u. wnt end of steady state calculations; 

comrwnt start of transient state 
calculations; 

for n: -5 while t<comptirae+. 0001 do 
S-egin # 

conmnt, instructions to give a 
step rise to vql or 
Ir at required interval 
of tim 0 

-9 
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if V 
. 
tlthen A: -V 

else 
if Eýt2then AS*-V4C 
eTse' 
A: -Vj 
if M-1 then vql : =A; 
rf M=2 then Ir : -A; 
1Wc: -(vTj'-+vd2)/R; 
if idc<O then idc: ýO; M (notsyprangesacc. 9h); 
comment limits imposed on the control 

signals; 
ide: -Y[3); 
if idc<kxIr then eer: -vql Me 
if idc2lr then ocr: -vqlx.. ()87 
Me 
ecr: -KRX(Ir-ide); 
if ecr>vql then eer: =vql; 1rj: -y[41; 
if Ml>vql then Ml: -vql; 
vErl : =Ml ; týýicxide; 
eel : =Ia do); 
ec2: --vq2>aO+pi/6XXc)dde; 
if idqýIrXlc then eci: -ec2 Me 
if (ecl+ec2)>O then eci: --vq2x'0.087 Me 
eci: w eel-fec2; 
M2,, -Y[5); 
vdi: - M2 -pi/6xx oxide; 
idol :- (vdl +vd2)/Rjl 
if idcl<O then idcl: -U; 
EYSTMVOLT(=c, ovdlovql., ibq,, ibdý; 
SYSTMMLT(idcj, vd2, #vq2jidq*idd PRINT; 

end; 
end; 

end; 
Mýe(20); close(30); close(10); 

e nd -* 
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APPENDIX 4 
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DIGITAL PROGRAMME TO DRAW THE SWING CURVES OF 

AN A. C. SYSTEM 

raentifiers Used: 

The identifiers of this programme which have not been defined 

earlier are given as: 

gl9g2j, gf - Conductances of the generatorg transmission line 

and shunt fault respectively,, peu, 

blgb2gbf - Susceptance of the generatort transmission line and 

shunt fault respectivelyt P. U. 

Angl - Phase displacement oýf the sending end a, c,, bus-bar 

vith respect to the common reference frames, degrees. 

Ang2 - Potor angle,, degrees* 

Ang3 - Phase displacement of the receiving end a. c. bus-bar 

vith respect to the co=on reference frameg degrees* 

Cosang 2, p 
Sinang 2- Cosine and sine of An929 respectivelye 

edlOq eqlO -d-q axis components of the generator terminal voltage 

with respect to the common reference frames pou. 

idlOq iqlO -d-q axis components of the generator current with 

respect to the co=on reference frain 0 p, uý 

edllq eqll -d-q axis components of the generator terminal voltsge 

with respect to Park's reference frames peue 

idliq iqll -d-q axis ccmponents of the Cenerator current with 

respect to Park's reference frameq p*uo 

Gefl. - Terminal voltage of the generator on open circuit and 

at nomal speed, pouo 
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GefdlO, GefqlO - d -, q axis components of Gefl with respect to 

the c on reference frame, p. u. 

xdl9 xql - d-q axis components of the generator reactance 

with respect to the Park's reference frames peue 

phidll, phiqll - d-q axis components of the total armature flux 

linkages, p. u. 

Pel - Positive phase sequence armature powers p, u, 

Pi - Input mechanical powers pou, 

xdIl Direct-axis component of the transient reactance 

of the generators pouo 

raw Kvel Accelerating power of the rotors pou. 

El Inertia constant of the generator. 

ml - HI Ixf 

t- Independent variable (time in sec) 

Kdl - Damping coefficient. 

tr - Reclosing time of the circuit breakerpsece 

tfC - Fault clearing time of the circuit breakers sec, 

VlOs V20 - Sending end and receiving end asce bus voltages 

respectively, pou. 

TdoIl - Direct axis open-circuit field time constant, sec. 

VlOdl VlOq and 
V20dv V20q - d-q axis component of V10 and V20 respectively 

with respect to the common reference frame, p. u. 

ID19 IQl -d-q axis components of the injected current, p. u. 

XL19 XL2 - Inductive reactance of the generator and transmission 

lines respectively, p. u, 

vt - Voltage proportional to the generator terminal 

voltage, pous 
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vr - Reference terminal voltage for the generator, p. us 

avrin - Input voltage of the comparatorg peue 

vs - Equivalent voltage of the stabiliser, p. u,, 

kvt - Gain of the machine. 

k7 - Gain of the stabiliser, 

kmb - Gain of the comparator. 

kay - Gain of the exciter. 

T79 T66 T59 
T4 - Time constants of the stabilisert exciter and 

amplifiers 1 and 2,, respectivelysec. 

ef - Exciter voltageg p,, u,, 

ein - Input voltage to the amplifier 19 p, u* 

- avrlim - Upper limit of the open circuit terminal voltagep p*u* 

EF - Marker to exclude or include A. V. R. 

F, F1 - Formats. 

F4 - Marker to select the parameters for the network 

calculations, 

n- Total number of differential equations. 

Y- Array for the differential equations* 

Yn (n 1 
20; g4i - Arrays for*admittance matrices. 

Zn (n - 19 
29394) - Arrays for the inverse of the admittance matrices. 

An (n 1 
2p; p4)9 - Arrays for the 'admittances of the system, 

Proceddres Used 

The procedures in this progra. =e that have not been discussed 

earliers are given below: 



I* frocedure inversion (n. agbof singular)t 

This procedure finds the inverse matrix "b" of any ttnl 

dimensional matrix "a" while keeping the pivot at its minim= allowable 

value`f". In case of singularity in the matrixg the procedure 

goes to the label "singular" and the progra=e terminates* This 

inversion procedure has been discussed in some detail in See. 6-3-29 

Vol. 10 

Procedure w (gsx): 

The procedure consists of a string "g" and a real parameter 'Y', 

and whenever this is calleds the string "g" is printed together with 

the latest value of the identifier "x"9 in the prescribed format. 

If the absolute value of x> 999 then the word "INFINITY" is printed 

against the string. 

Procedure fn (t, y,, f): 

This procedure is written for each individual problems and is 

called by the procedure 1043. For this particular programme all the 

first order differential equations of the synchronous generator and 

those of its, excitation control system are written in transfer 

functional form, Some of the algebraic equations are also written in 

the procedure body' in such a way to get the right values of the variables 

used in the differential equations. 'Array f and real identifier "t" 

are the input parameters while array y gives the output of the procedure 

the arrays f and y representing the input and output of the integrating 

amplifier, and t the independent variable (time). 

Procedure PRINT: 

This proceduretwhen called forg prints the latest values of the 

identifiers mentioned in the write statements of its body. 
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Procedure Z CHANGE M: 

This procedure has been vritten to change the existing matrix 

into the new matrix "X", 

Procedure SETARRAY (i): 

All the elements of the required matrix "i" are written in the 

body of this procedure and vhen this is called, the required matrix 

is set up. 

Procedure, STORAPARA (a) 
wa. ý 

This procedure stores the parametersq which are given in its 

block, in an array "a". 

Procedure PEAD Y (G)s 

The procedure reads the values of the identifiers written 

within the "write" statements of its blockp and then calls the 

procedure v(g, x)g a number of timesq to write the strings and the 

values of the identifiers specified therein. 

Action of- the-Prorrwrtn- 

The computer after reading and storing the data* vhich is given 

in Table 5-1. Vol, I, prints the values of computing timeg range, 

accuracy# inertia constant of the generatorg infinite bus voltage, 

fault clearing time and reclosing timeg et6. 

Then admittance matrices for the different configurations of 

the system are set up by calling the procedure SETARRAY (Yn) 

- (n a 192s304). Similarly by. calling the procedure STORARRAY (An) 

- (n n 19293$4) the admittances of the system are stored - the 

suffices 192#3.4 indicating PRE-FAULT9 FAULT9 PRE-RECLOSURE and 

IRECLOSURE configurations of the system* 
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The progra=e then proceeds to the inversion of the above 

mentioned admittance matrices. In case of singularity in any 

matrix, "IMRSION FAILURE - N" (N - 1929394) is printed out . 

where N denotes the number of the matrixp and the programme terminateso 

The steady state values of the generator variables are computed by 

coftsidering the prefault admittances ofthe generator and transmission 

line respectively,, and they are printed. The excitation control 

system of the generator can be ignored by putting EF = 1; otherwise 

its calculations will be in the main loop of the prograimnee 

To compute the machine variables during the transient stateo 

time "t" is varied from zero to a prefixed computing time and a switch 

statement is included in the programme which allots new values to 

the inverse matrix "Zn" and to the network admittances "An" 

corresponding to positions when the-line is on fault,, when the fault 

is cleared, and when the faulted line is reconnected, Then by using 

nodal analysisq the programme solves the network for the current 

components of the generator with respect to the common reference 

frame* These components are transformed to Park's reference frayn 

and at this stage the procedure KM3 is called to solve the differential 

equations* The results are printed under the appropriate headings. 

The programme then takes the next value of t and the above cycle 

is repeated until the prefixed value. of the computing time is reached. 
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VETMATIM 

EG18 CAsE 4(TO**DRAW**SWING**CURVES**CF**AN**A. C. **SYSTEM)-* 
begin librar AOoA6pAl2 A13 A14; 

openKi); open(20j; oýýn(30); 
begin real tpglpg2, ogfoblob2, obfjpAngliAng2,, Ang3, p Uo-sang2,, Sinang2,, comptimes, edio., eqlo,, eqllp 

GefdlO, GefqlO, Gefl, ace, h,, r-ange, xdl, 
phidll,, Pilsidii. piqll,, idlooiqlo, #xdIl, Pel,, 
PowKvell, tml,, Hl,, Kdl,, TdoIl, pdegtorad, pradtodeg, o tr,, tfc#VlOqpVlOd, VlOoV20q, OV2Od, V20,, xql, o IQlpIDI,, Xll., Xl2, pi. phiqll, vt, vr, avrin, kvtp 
vsoT7jT6sT5pT4jk7sefpeinpkmbskavoOpavrlimp 
XloX2; 

integer EF#FOFI*RECYCLEF4jnN; 

array Y[1: 71. oz., Zl Z2 Z3,, z4 Yj T2, Y3, Y4 
LI: 2, : 21*Al, A2, AjA4[1: 2s1': 2j, 

procedure inversion (n,, apb pf singular).,,, 
value n; Integer n; array a, 9b; real f; 
MTeT singular; 

integer ij k lo real pivp wpz; 
arra Ij__ ? e, q(l': ni. *l, i! Uejer array 

Ix 
f or i: -I step I until n do 
U e-Fi n z: -5; 

for J: -1 ste 1 until n do 
absýaj. Jýz then 

z: -abs a 
if z=() then ao to singular 

q7i]: =Z-. '--Wz; 
-for JI-1-1 stop 1 until n do 
FJT,, J],, =aTTjs_ýj1Xz 

end; 
To-r k: j step 1 until n do 
Fe-g inPi TV: -- 

ýp until n do for i: -k ste 
'ReFin. w: - 

ir aMtwkj>abs(piv)then 
Fe-gin piv: -W; ltmi 

and 

PTIEI:. l: if abs(piv Kf then. So to 
arngular 
if p[kl/k 
"Men for je. -1 stop I until 
n do 
be-gTn z: -b[lpjl., * b[lmj1*. -b[k., J]je 

b[k, jl: -z 
2nd; 
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s-! 1u til n do f or J: -1 i+re 
Uegin if =. the 

gkin eTTF., -1 . 0/piv; 
CLJJ: -l .0 end else 

b in e -b[k JI/Piv; 
cjjjj;:: b(j, qkj 

ends 

end; 
T or i: -I ste, I until n do 
r-or j. -= 

AW1 
u-n=n d7o 

BT -111 jI. 
M "i 

+ =cm I jr 
e nd k; 
Ir-o-r k: -n ste -1 until 1 do 
Begin IL: -p 

f or i:;!. Bte'D 1 until n do 
E-er-in 

end 
end; 

t until n do T or k; - I sýR 
z- q 

ffo 
ITeTý, in *-q 

fri: -1 step 1 until n do 
BTY., k] : -bTI-y TEI xz; 

end 
end inversion; 

procedure r(x); realx; xo--read(20); 

procedure 
' 
KM3 (n., t,, y, range.. accjh); 

value norangepacc; 
T-F-fg-ger n; real torang0jace h; array y; 
begin T' ; real t1shn: incerror; 

'Boo-l-ean f in, =s. *. 
array z,, fOsfj., f2(I: n1; 
'ET-. -. -T-+ranga; finish: 0-false; .p Ll : if hxx((t+h-tl 
baý' 7s, Fn hne h; h: -tl-t; frn- sh: -true 
en , ? 7ntsY. 9fO) ; L2: f or J: -I ste I until n do 
ZI I... Y f& 

fi4i 

f .Uf1 n(t+ ýjzpfl 
for J: -I St i until n do 

zU]:. y[j 
H+q(jT+7jTj3)3E/6; 

fn(t+h7ý'9z"fl); 
for J: -I stO I until n do 
ET-S) : -YI j+- nTj I -IZ - 375Xf 1J 
fo(t+h/ý, zpf2ý1p25x 
for J:; l, steD 1 until n do 

1+(3.5>a%M-1.3>cfl[jl+2.0>cr2[j[]) 
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fn(t+h, z,, fl); 
inc: =h; 
for J,,, = 1 te 1 until n do 
E-egin f1 : my[ JT+-7U[jl-+-T. Oxr2[ jl+f 1[ J] 

error: =O . 2)eaLbs (f 1[ J] -z[ j ]) ; 
if orror>acc then 
Eegin h: -h/2; =nish: =false; 

goto L2 
end; 
=irror>0.025xacc then inc: -O. O 

end; 
T -*. = t+h; 
h: =h+inc; 
for J: -l teB 
IT -f i ni s 

OW 
in 

LT; fn(t, ypfO); 
end KM3; 

until n do y[j]: =fl[j]; 
h =-Ie I sZ-goto 

procedure underlin(mon); value mon; integer m1n; 
begin =n e er i; for i: -l-s-ye-D 1 until M+n-1 do 

end; 
(36-*T-: F i<m tRan64 e =se 30) 

procedure c; writetext(30s. LLCjj). 
9* 

procedure w(g, x); value x; real x.,, string g, o 
begin writatext(30ig); if E1734>03-fren-- 

writet-ext(30.,. L*INFINTTY*; 1) else 

end; 
write(309formt(j, -nnd. dddUs; iTo-xT; 

aocedure fn(toyof); real t; array yof; 

begin 
f[ll: -(Gefl-xdl>ddll-phidll)/Tdoll; 
phidl 1 : -y[ II -xdIl Xidl 1 
eql I : =phidl 1 +xql >ddl 1 
Pel: -iqll>ooqll; 
PowKvell**-Fil-Pol Kdl)V[2); 
f [2] *. =PowKvell)cml; 
f3 --y[21; 
if 19ml thongotoL6; 
E-ommnt 6acula-E-f-ons of excitation 
control; 
phiql 1 : =iql 1 Xxql 
vt: -sqrt(phiqlIT2+phidllT2); 
avrin: =vr-vt>dcvt; 
: r[71: =vs/T7;. 
vs: =(k7mf)/T7-Y[71; 
ein: -avrinxkmb vs; 
f 141 := (e in: y[ 4T 
[51: -(y[4) y5 /T5; 
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f[61: -(Y[51-y[61)IT6; 
ef i-kavxy[6]; 
Gefl: -GXL-f; .0 if oefl>avrliM then Gefl: -avrlim; 

Gef I <o. ou the Fnef 1 : -0. oo. -, 

2nd; 

ocedure PRINT; 

ýrit. c 30-F. -t); rit 'ýt 30, '; PowKvell); 
write 30 1 FY[2 
write 30, PF Pel 
write 

1300F,,, 

Y[3 >cradtodeg); 

end; 
c 

procedure Z CHANGE(x); value x; array x; 
be&in Tn-Fe er yyzz; 

or yy: -l,, 2 do 
e in f or zz: =l ste 1 until 2 do 

27zz, yyl 0 YYT-.. 9 end; 
2nd; 

procedure SET ARMY(i); array i; 
begin 

1 101 : -Sl+g2+gf; 
1 102 : -bl+b2+bf; 
1 201 : =-bl-b2-bf; 
112s2j: -gI+G2+sf; 

2nd; 

begin integer yypzz; 
or yy: - 20 
e in for zi-. *-=l step 1 until 2 do 

z7zz, yy] : -XLZE.. YYT-; end; 
2nd., 0 

=ocedure S' 
qSin 

a[ I 
aLI, 2 
Al 2#1 
a[ 2#2 

end; 

rORPARA (a); array a; 

: -gl ; 
: -bl; 
: -g2; 
: -b2; 

=ocedure READ Y(G); string G; 
begin 

gl: -read 20 
g2: -read 20 
gf: -read 20 
bl: -read 20 
b2: -read 20 
bf: -readl20 
writetexA; (30.9); 
writetext (30. o. LLeCII) 
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w (. 'NEAR*CMMUCTANCEJ gl 
w LINE*CONDUCTANCE 992 

". ýL CE 
w NEAR*SUSCEPTANCE ebl CEJ w INE*SUSCEPTANCEJ b2 
w AULT*CONDUCTANC7E is: r rw C 
w AULT*SUSCEPTANC; 

ýlgbf 

un erlin(U., 118); c; 

space (30,9 
e; 
s pa ce (3o., 1 o) ; 

c; C- 
end; 

RECYCLE: -read (20) 
for N: =Istep I until RECYCLE do 
=eg in 

0 

writetext(30 pi_Lp. LE01 6*** *BASIC 
******A. C******SYSTEMLcjj); 
c underlin(OA118 ; q; c; 
" coM tinn); r(xdl ;r TdoIl); r(Kdl)or(HI) 
" V20y; r(acc); r(h ; rýAngl); r(tr); rjtfc)j 
" ran ),, r(xql); r(xdIl); r(Xll)l r(Xl2); 

'r VlojejortAn g2ý; ý(Angý)4r(pi); r G ; rýkvt) 
r T7)or(k7); r kmb); r T ); r(T5); rot6 
r, 

jkELvj; 

rjavrlim); 
o, : -read 
radtodeg: 1 /Pi 
degtorad: -pi/i 80.0000; 
ml : -pix5O. OOO/Hl; 

i) F: -format([-nnd. dddd 'j); Fl: =formatTL-nn. ddd d 
F4: -u; 
F4: -i; 

w COMPTIME****** 
w ANGE*********ý 

12 

w ACCURACY**** 

" INF*BUS*VOLTS"7 
" J: FAULT *CLEAR***: 
" 

I. 

LLINE *RE CLOSE". 

, Vcomptim); 
, pran m) 
pacc 
sh); V20j; : tfc 

,, 
tr),, * 

a; underlin(O., 1 18). Ij, c; 
READY([PRE*FAULT*ADMITTANCESJ); 
SET A Y(yl); 
STORPARA(Al); 
READY([FAULT*ADMITTANCESI); 

IMY(Y2); 
STORPARA(A2); 
READY([PRE*RE-CLOSE*ADMITTANCESI); 
SET ARITAY(Y3); 
STORPARA (A3) ; 
READY([RECLOSURE*ADMITTANCESI); 

f&Y(Y4); 
STOIIPARA(A4); 
copytcxt(20j3Oo1;; j); c; underlin(O. 118); 



writatext(30j, IiCJ-***TINE****PDWKVEL****REL 
*******PE*11 *** FRUTORV; ** *SECS******P. U 

**ANGLELeall); 

underlin(0,118); c., 
commnt start of Steady state calculations; 
begin 

inversion 2, qY1, qZ1, q0, oINVFAIL 1; 
inversion 2*Y2pZ2*UpINVFAIL 2; 
inversion 2yY3pZ3jO#INVFAIL 
inversionj pY42Z4*OjINVFAIL 91: -AI 10 
bl: =Al 1,, 2 
g2: =A1j2., Ji; 
b2: =Al 2 21; 
Xl: =abs A 1-Ang3 xdegtorad 
X2: =abojýing2-Angl xdegtoradý; 
V20q: -V20XcosýAn93 ; 
V20d: -V20xsin Ang3l; 

VlOq: =VIOXcos Anglxdegtorad); 
Viod: -VIO>(. -, inýAnglxdegtorad); 
Pal : -(VlOXV20xsin(Xl))/X12* 
Gef 1 *-Pal >OC11/(VlOxsin(X2) ý; 
Gef ql 0: =Gef I Xcos (Ang2xdegtorad 
Cefdlo: -Ccf lXain(Ang2xdogtoradý 
YI 31 : -Ang2xdcgtorad; 
iq 10: -gl X(Gef ql 0 -Vl Oq) -b 1x 
(VjOd-GofdlO); 
idlO: =blx(VlOq-GefqlO)+glx (Gefdlo-Viod); 
iql I : =iqlOxcoa(Y[31)+idlOxzin 
(Y13D; 
idll: iqlOxsin(Y[31)+idloxcos 
(Y[313*9 
pbLidl I : =Gof I -xdl xidl I; 
y[ 1] : -phidl I +xdIl >ddl 1 
eql I : -phidl 1 +xql )ddl 1 
Pil: -Fcl; 
PowKvoll : -y[21: =0.00000., q t: =0.00000; 
if EF -1 then goto L7; 
eT*=Gcfl/T- 
y[ý1: =Y(51: -y[41: =ein: -ef/kav, - 
vs: =O* 
Y171 : =k7xef/T7; 
avrin: -ein/kmb; 
vr: =avrin+vt>dcvt; 
L7: PRINT, *p 
conmnt end of steady state 
c=acu ions; 

Z CHANGE(Zl); 
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commnt start of transient state 
ca =ctions; 

begin 
for n: -7 while t<comptirm- 
range do 
begin 

if t>-o. ouol and F4-i 
'Men 
beg, Tn 

ZCHANGE(Z2)', ' 
F4: -2*i ýv end 

e so if t>tfe-0.0001 
and V'IW2 then 
Fe-F in 

ZCHANGE(Z3). i* F4: -3; 
end Me if t>tr-0.0001 
aM 'FIT;; 3 then 

ZCHANGE(z4); 
F49-=4; 

end; 'rosing2:: c os ý Y[ 3 
Sinang2: sin Y3 
eqlO: =eql 1 xCosang2; 
edlO: -eqllXSinarig2; 

if F4-1 then 
Te-g in 

gl: -Al 1*1 
bl '=AI 1 j2 
g2: *-Al 2ol 
b2: -AlI2j2jj 

end 
el-se if F4=2 then 

gl: -A2[ ell bl:: A2 1,92 
92: A2 22 sI b2: -mA2 2s2i; 

end 

else if F4-3 then 

gl*-A3 1#1 
bl; =A3 1,92 
g2v-, A3 2, p 1 
b2: -A312*21; 

end 



47 

else if F4-4 then 

gI : -A4 it i 
bl: -A4 

J 
1,, 2 

1 

g2: -A4 2,1 
b2: =A4 2,2 ; 

end; 
IQ1 : -eqlO)Zl+cdlO)<bl+ 
V20qxg2+V20dxb2; 
IDI : =-oqlOxbl+edlOxgl- 
V2OqXb2+V20d>cg2i 
VlOq: -IQ1>(Z[I, ol +IDIX 
Z[l, p2l; 
V10d: -IQJ)a[2.91]+IDIX 
Z[2s2]; 
iqlO glX(eqlO-VlUq)- 
blX('rl0d-edio); 
idlo: -bix(Vlo? -eqlO)+ 
glx(edIO-VlOd 
iqll: -iqlOxCosang2+ 
idl OxSimng2; 
idl 1 : --iql OxSinang2+ 
idlOxCosang2; 
IC43(n,, tpyomnge sace sh) 

comrrent end of transient 
state lculations; 

PRINT; 
Rnd, o 

end; 
E010 QQ; 
IINFAIL 1: writotext(30., LINVERSICN* 
FAILURE *1.1) tc týo 
INVFAIL 2: wrffeTe-xQt&p. LINVERSION* 
FAILURE*2i); szo to 0. 

T INVFAIL 3: wriEeTFxt&pLINVERSION* 
FAILURE*3i); 1?, q to Q; 0 
INVFAIL 4: wrFEeE-extý3'0., LINVERSI0N* 
FAILURE*41); So lio QQ; 

end 
end; 

end; 
plFýe (10); close (20); close (30) 

end-)- 



APPENDTX 5 
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DIGTTAL PROGRAMME TO DRAW THE STABTLTTY BOUNDARIES OF 

AN A. *C. SYSMI 

0 

Identifiers Usedi 

The identifiers of this programme vhich have not been defined 

earlier are gýiven as below: 

delta - Rotor angle of the synchronous generatorg degrees* 

delacc - Prefixed tolerance to compare the increment in the 

rotor angle, degrees* 

DELINC - Original increment given to the rotor angleg degrees. 

dell - Identifier used to store the original values of 

deltao 

delmax 
and delmin - Maximum and minimum values of the delta respectively,, 

degrees. 

delinc- - Increment given to delta during search programme, 

degrees, 

last deg - Identifier used for the last value of the deltag degrees. 

tfc max and 
tfc min - Maximum and minim= values of the fault clearing times, 

.. respectively, sec. 

tfcdee - Decrement in the fault clearing timeq seco 

Procedures Used: 

All the procedures discussed in Appendix 4 have been used vith 

the exception of procedure "PRINT", 

I 
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Action of the Progra=e: 

This prograrme include s the aving-curve calculations,, as 

discussed in Appendix 4, together with the tests to find the 

stability state of the synchronous machine under study, A n=ber 

of fault clearing times are selected and the programme finds the 

corresponding critical points of stability by varying the rotor 

angle of the machine. 

Initially a guess of the rotor angle is madep and this is 

included in the data of the problem. The result of the test of 

the system at this initial value tells whether the system is stable 

or unstable and the programme alters the rotor angle accordingly to 

approach the stability limit. If the conditions for the stable or 

unstable positions as laid down in the programme are not fulfilledg 

the rotor angle is given a prefixed incrementg and the whole process 

is repeated until the stability boundary is crossed, Howeverg the 

increment of the-rotor angle is reduced for every crossing, and its 

sign is reversed to continue the search for the required critical 

point for a given fault-clearing time* Similarly# the critical 

values for the other fault-clearing times are calculated and the 

pre-fault conditions are printed. When all the values of fault 

clearing times are exhausted the programme finishes. 
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VERBATIM 

Hal 8**CASE5 (TO* *DRAW **STABILITI(* *BOUNDARIES **C)F**AN**A*C 
**SYSTEM)-* 

ý2910 1nr1rY)j0xA6#4j2fA13*A14; 
open(jo ) openk20); open(30); 
!a r2al tpgj jg2jgf pbj b2pbf PAnglpAng3pCosang2a 

Sinang2j, oomptimes, edl(),, eqloseql1 #Gefdj0#G0fq10# 
(jef I saaashorangeoxdl jPh1d1 I sPil pid1l iqll sic'100 iqj0jjdIj,, pej ppoAKvell sml #Hj jKd1 PTdojltdegtoradi, 
radtodegatrotfosVl()qsVlod, pVlooV20qp 
V2()doV20sxql, pIQJ OM1 api8deltapdelacQDELINCa do 11 pdo lmln,, de l1ncqde lmaxp las tdo gp tfamax # tfodeastfomin; 
lnt2,32r. F#FjjpmrCYCLF. PF4#n#N; 
array 1114 sZ2sZ3sZ4vY1pY2#Y3# ZTjA1 

#A2*A3pA4L1 : 2#1 : 2: 132 
r ad Inversion (npapbofjos Ingular) ; 

va U3 n; Integ2j: n)* agray ajb; real f; 
singular; 
intevr Ij ksl@ real pivp wpz; 
army cp(3: qtl onf; integ2r array p(l : nlpO 
f§j-f: -j step 1 un-t-11 n do 
begin z: -O; 

0 until n do 
if abs a>z 1132 n 
z: -absýa Iqj 
ir Z-() t go jo s ingular 
qril : -Z: -j Z; 
for J: -l stOP I Mtil n do 
brT#jl: -aLi, #JIXZ 

for k: -1 stop 1 until n do 
begin piv: -. (, ); 

for i: mk st until n do 
begin w: -b[ivk j 

if abs (wl>*abs (piv)then 
A piv: -w; l: -i end 

end 0 
pTk-j . 9ml; 
if abs piv% 
IF p[kfYk 

ýf t1fa S_o to singular ; 

then for J: mmj steP til n! Lo 
bd-g in, z : -b E1s JT-, P,; P'--b I 

'I, 

b[kojl; bfkpjl: -z 
end; 
ror J: -l stop I until n do 
jnýin if J-k t 

In 13 o/piv 
: ml () end 

else begin elji: - -b[kljl/piv; 
aj 1-b[jokj 

a rd ; 
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b[k, ojl :- b[ Jok] : --o. o 
e rvi ; 
r'or i: -l gjnp 1 until n do 
r-Or j :- 113 te . unt=n do 
br-i. Pj D-Mips-i I 

+Z717-5431 jT- 
end k; 
? -or k: -n stop -1 until 1 do 
Sg'7-, in l: --p)-L-k-f; 

f or i: -l ste until n do 
Flin z: -b! 

ji2slj 

b[iol : -blisklyl 
b ipki,: -z end 

e mi 
for k: -1.13to 1) until n do 
ýUin z- q-rk7; 

for i: -1 tel until ndo 
biTT, pkj: -brt, pk]Xz; 

and 
qr4 in7e-rsionO 
Procedure r(xjjMftlx; X*--rcad(2oý; 
PrOGO RM KM3 nptpyjrange pace ph ; 
v u3 nprangepacc 's' 

mer n; Leal tprangepaccph; array yp 
be gz In i-temer J; real tlphn,, Lncperror; 

boolean finish; 

army zvfOpf 1, pf 211 : n] 
. 
ge ;f Inish: -false tj : -t+ran 

Ll : if hx(t+h-tl then 

be hn: -h; h: -tj-t; =inish: -trua 
e ryl .9 fnTipypfO) 39 

:f or : -1 ste 1 until n do 

zyf 
?i+) 

z T7 1 50 )(h/3 
fn t+h/3, pz,. fl 
for j : -1 sHteý til n do 

zrTj : -Ylj + fjýj 1 JD3F/6; 
fn(t+h/3jz, pfl j 
for J. *-I, ir. (e I until n do 13 La 

ZrT, :. y +Tr(o) 125-3zrO)TJI+0-375Xf11JD)(h; 
fn(t+h/2ozpf2) ; 
for J: -Ijs -1 until n do 
mj.. -y 

T+-rO'. 
5x-? O-r-JT 1. Txfl[JI+2.0)cr2lj])Xh3* 

fntt+hj, zjfl); 
ino : -h; 
for J:; I, ntaD until n do,, - 
S Tj Fin17'. --. v +f-0 xfj JI +f 11 J *116 

error-'-0,2xabslfljlj -z[j ; 
if orror>acc then begin h: -h/2; 

f lt: Lsh:, -f a-Ise 
Soto L2 

If error>o, r)25xacc im: -oo 
FAARi+hp 

ho. -h+ino; 
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for J: -l stOP 1 until n do 
y Fi I : -f 11 JTF 
if fini3h then h: -hn else 
70tO Ll ; fn (t, #YpfO) 

end KM3; 
procedure underlin(mon); V. alue min; 
intogerm, 

pn; 
bexin Integer i; fori: -Jste_p_juntIl 

m, +n- 1do 
'OharIOUt-(3(), ifi<mlbi. n-64eLse o) 

end ; 
pr edure c jWrite text (30 

lue xj Procedure w(g, x); V.; 
Mj, 

_1x; 
9-tring g* 

beptin writetext(30 g) if abs (x)>ggg then 3 

write text (30 
-P 

*WFINITy*; J. ) else 
write (30 

of Orm t kj_nrxidddds; IT, -RT; 

Ond ; 
procedure fn (tpy,, f rea 1t; array ypf 
begin 

f [11 : -(Gef 1-xdl xidl 1-phidll )/Tdojl 

phidl I : -yj I J. xdjl Xidj 1 
eqj 1 : -phldl I +xqj xidl 1 
pej: -iqjjmqjj; 
p vell : -Pil-Pel Kdl>qr[21 
f 

r2 
: -P OwKve 11 xml 

3 f3 : '--Y[21 

pr22edure Z CHANGE (x) ; Vl lull x; arra, y x; 
ý23Ln Integer yy., zz; 

f Or YY: -I j2 do 
ST-qin f or z s, tan 1 until 2 1_0 Mý.. 

= i; 
_-ý 

ZTZ_z2 X zz, yyj; end 
ian 14 ; .0 
Procedure SET ARRAYM ; arraX 
Ingin 

11p1 : 1091 +92+9f ; 
11 P2 : -bl +b2+bf ; 
i 2ji : --bj. b2_bf. 2' 
i12a 21 '--91 +92 +9f ; 

Pr22odure STORPARA(a))' array a; 
be S in 

a Jpj : --gl 
a1 *2 : -bl 
-1 2p1 

I 

: ý92; 

(3 nd 
al2a2D-b2; 

RLOoedure READ Y(G); string a; 
be 

-gz 
in 

91 : -read (20 
92 : mr, 3 ad (20 



54 

Sf: -read 20 ; 
bl': -read 20 ; 
b2: -read 20 ; 
bf : -read 

Io; 

writetex 
IT 

A 
00J, 
" SAR*CCNDUCTANCE 1091 
" INE *CMMUCTANCEi#92 
", AR*SUSCEI>T. MCETebi 
" iM *SUSCEPTANCET b2 
" AULT*CCNDUCTANC9 gf 
W 

JAULT 

*SUSCE]7ANCE'ýobt 
A 

unde r1 In (0., 118 .0; 

;s pace (30,, 10 
C; 
space(30slO); 
C; 

a; 
C; a; 

end; 
R, -T,. CyCLF,: -r0ad (20) 
for N: -lstep 1 until RECyCLp, do 

MýIfý 
write text (30 sLLPIF01 8* *STA 
BOUNDARY "A *SYSTEMLe 
av underlin(ool 18); 0; 0; 
r comptim) Or(xdl ) Or( doIj ); r(K41 
r H1 )-(0ý ;r (ace ý 

; 
rTh) 

;r (Anjq IV1 
r Gef, ;r range); r(xql ý; r(xdj jr(Vlo 

Vjpi) 

;r (de lace r An, 33 
ý 

; 
rr 

r D. 7, L. TNCJ; r(tfemax); r(tfcdea); r(tfamin); 
A 

rj1d)elmin, 
radt ode g: -1 8(), 0000/p i; 
dogtorad: -pi/l &). cj000; 
M1 I-Pix5f) f X)/H1 9 
F.,, -f oralt nnd. ddddl) 
F1 : -f omat nn, ddddddi); 

w OMPTIME"""... scOmPtirez 

C pac 
w NGE******** .s w CCURAdY*****ý a J. $ 
w ST*H********* , ph); 
W INF*BUSOVOLTS*. V20) 

wI E** str ; 
w END *BUS *VOLTS sVý0 

I 

INE*Rr3C OSE 
a; unde rlin r), p 118 
rtv,, TADY (LPRT *FAULT *ADMITTANCESI) 
SET ARRAJFffi); 
STORPARA Al j 
HIS , ADY (LF A ULT *ADMITTANCES J) 
SET ARRAXtY? ); 
STORP4RAW); 
RT, ADY U' 0 TC LOSE *ADMITTANCESJ) 
SET ARRANYJ 
STORPA A3 
q; 4DYk *ADMITTANCESI); 
;I AR, j 
STORPARA A4 



copytext(2o. 930 L , 0j); c; urxierlin(oll8); 
writetext(30, t c ***CRIT***CLEAR***** 

c ***TIME** *SECS**** ROTOR** **POWE', 
ý;,, 

ANGLE*****P U[cc 
underlin(o, pMT); c; 
inversion 2., YljZl,, o.. INVFAIL 1 
inversion 2., Y2, pZ2pOpINVFAIL 2 
inversion 2jY3jZ3j0pINVFAIL 
inversionj2. #Y4jZ42Q0INVFAIL 

ýJ; 

gl:: Al[lj, ll; bl:: AlLl 
lp 
21; 

g2: Al[291]; b2: AI[2j2].. 
delinc: -DELINC; - 
comment calculations for stability 
bouMaries start; 
for tfc: -tfemax step-tfedecuntiltfamin do 

. 
jin integer staTe-o-UP, D(3WN, --sVUle, unstaUle, 

workingsaim; 
stable: -l; 
uns, table : -2; 
UP: -l ; 
DOMT: -- 1 
de lmx: -- 180; 
ain, : -UP; 
for delta: -dalmin ster delinc until 

delmax do 
comment swing*-cur7e- calculations 

start; 
bej; in dell : -delta; 

V2oq: -V2c)xcos ArW, 3xdegtorad 
V2od: -V2oxsin Ang3>degtorad 
Vloq: =Vloxcos Anglxdegtorad 
Vlod: -Vlr)xsiniAnp, lxdegtoradl; 
Ge fql o: -Ge fI xc os (de ltax 

degtorad); 
Gefdlo: -Gefl, xsin(deltax 

def, torad); 
Y[31: -deltaxdegtorad; 
lastdep,: -Y[31; 
iql 0; -gl x(Gofql O-Vl Oq)-bl x 
(VI od-Gefdl 0; 
idl 0: -bl X(Vl Oq-Gefql o)+gl x (Ge fd 1 O-Vl od ); 
iql I : Fill Oxcos (Y1 3 D+idl ox 
sin(Y 3 ); 
idll: ---i3j0xzin(Y13D+idlox 
cos(Y[31 ) 
pliidl 1 9-Gof 1 _xdl Xidl 1 
y[ 11 : -ýhidl 1 +xdIl Xidl 
eql 1: -phidl 1 +xql xidl 1 
Pil. * P010* i llXoqll; 
POWKvcll: =y 

ý ? 
2j: -0.0c)qoo- 

t: -0.00000; Z CNANGE(Zlj; 
state: =O; 
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F4: -1 ; 
working: =Oj 
for n: -3 while t<comptime- 
range do 
begin 17 t>_o. oO()j and F4=1 

then begin ZCT=GE(Z2); 
F4: -2; end 

else if tWo-0.007-and 
V4--Y Menbegin ZCHANGZ- 

(Z3); 
FO-31*9 

end 
else if t5U-0.0001 and 
Tqr-7 1596 n 
begin_ZMANQE(z4); F4. --4;, 
eýU; 
Zosing2: -cos(Y[3 
Sinang2. -sin(Y13M 
eql 0: -, eql I xCosang2; 
edl 0 a-eql I xSinang2; 
if F4-1 then 
SFgin gl: - 1,01 

I 

bl: -Al 1., 2 
g2: -Al 2, pl b2: -All 2.. 2 

end 
eTS-le if F4-2 then 

gl: -A2 1,01 
bl: -A2 Ij, 2 
g2: -A2 2., Ij; 
b2: -A2[2021; 

end 
el'sle if F4=3 then 
V=p-L& 11n: _p A3 

bl: -A3 1s2 
r 

g2: -A312, vl b2: -A3 202 
end 
M-e if P4.4 then 

.7 gl: -A4 1,1 
bl: -A4 1., 2 
g2: -A4 2. pI 

endj 
b2: -A4j2j2I; 

JQ1 : meql OX91 4edl OXbl +V20 
qxg2+V2odxb2; 
ID1 : -. -eqloxbl+edloXgl 
-V2oqxb2+V2odxg2; 
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V1 ()q: =IQ1 XZ [ 1, p 11 +ID1 
XZ[1, p21; V1 Od: -IQI >a[ 2j 1 I+ID1 
XZ[2.. 21; 
iql o: -gl x (eqI O-V1 0q) 
-b1x(V1OdTed1O); 
idlo: -blx V1Oq_eqjO 
+g1x(edIo_V1od); 
iq1I: -iq1oxCosang2+id 
1OxSinanA2,,, 
id11: --iq1&xSinang2+id 
loxCosang2; 
comment end of swing 
curve calculations; 
KM3(nptjy*rangejaccph 
comment testing for the 
stable or unstable state 
of the s to 
if abs(Y 31) >pi then 
sEate: -uns table 
also if abs(lastdop, ) 

_aBDS_(y_T3])>c) and 
tý 1 then staE-e. --s table; 
lastd6`g`;. '-Fif abs(Y[31)> 
abs (lastdB-S) 
then Y131 else lastdeg; 
=state-sER-ble and 
al7m- UP then 

F oto NEXT=D; 
F_t=/ working then 

ELSin if (state-ums-TMe 
HWI a im- UP) 
Fr_(s tate-s table 
aiTd aim- DM4N) 
=en 
ZELn aim: --aim; 

delinc: = 
-do linc/2. o0o; 
dolmin: - 
delta4dolinc; 
delmax: - 
-delmax; 
if abs 
TTelinc)< 
delacc then 

t PR=.. 
'I 

end; 
00 M=EL; 

end; 
=rPDEL: n: -n; 

end ; 
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PRINT : write(30, F, t); 
write 0OjF, tfc) 
write ý 30., Fde 11 
write (30., Fm Pil 
C; 
delmin: -dell+DELINC, o 
delinc: -DELINc/2; 

comment end of stability boundaries 
calculations, 

goto QQ; 
IIMAIL 1: write text 0p 
(INVERSI()N*FAILURE*l 0 QQ; 
IIMAIL 2: writetext 0. 
[INVERSION*FAILURE*2 

3; 
&0 to QQ'. ' 

rIMAIL 3: writetext ' us --- 
LINVERSION*FAILURE*3 

3.16 
&0 10 QQ; 

RMFAIL 4: writetext 30. - LITMMSIOT4*FAILURE *4 ao to QQ; 
end 1, 

end-), 
QQ,: e ;c ose(lo); Close(20); Clofe(30); 



APPENDIX 
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DIGITAL PROGRPJf4E TO DRAW THE SWING-CURVES 

OF AN A. C. -D*C, ý SYSTF14 AND All A. C. SYSTFM 

Identifiers Useds 

The identifiers of this progrw=eg vhich have not been defined 

earlier. are given below: 

eel$ ec2 - Invertor C. C. and C. E. A. control. signals respectivelyg 

pous 

Ql - Total reactive power supplied by the generators peue 

Qac - Reactive power consumed by the a. c* networks p. u. 

Qdc - Reactive pover consumed by the d. c. systemg pou* 

inc - Step decrement of the reference currentq pou. 

M- Number of steps to normalise the reference current* 

A- Multiplying factor to raise the reference current* 

Irc - Raised value of the reference currentp p. us 

Z19 Z2 - "Highest and lowest limits of the cosine of the delay 

angle, respectively. 

rect - -Counter for the rotor angle. 

F, Fl Different formats used in vriting the results. 

FE Marker to exclude the d, c, calculations, 

EF - Marker to include the instruction to punch the 

computed values of the required variables. 

EA - Marker to exclude the calculations of the excitation 

control system, 

X- Array to store the computed values of the rotor angle. 
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Procedures Usedt 

The procedures in this progra=e, which have not been 

discussed earlierg are given below: 

Procedure SYSTMVOLT (id, vdgq#d, ec, Iq, Id): 

This is the further modification of the procedure SYSDIVOLT 

discussed in Appendix 4. In its 'present form idq vd, q, d, and ec are the 

input parameters of the procedureq, and it computes the current 

components Id and Iq in the common reference frame* For example, 

in the main programme, ibd and ibq, the current components on the 

a, c, side of the rectifier are calculated by this procedure as: 

id - is replaced by the last value of idc 

vd - is replaced by the last value of vdl 

d&q- are replaced by the last values of vlOd and 

vlOq respectively 

ec - is replaced by the last value Of VIO o 

The procedure first calculates the d-q axis components of the 

rectifier current with respect to the converter reference frame, then 

after finding the phase displacement betveen the common and converter 

reference framesq c=putes ibd and ibq by axis transformation, 

2, Procedure fn (t9y,, f): 

In this procedure the differential equations of the generator$ 

d, ce system and excitation control are written in such an order that 

the last two sets of equationsg together or independently,, can be 

skipped over if desired. 

3, Procedure PRINT: 

In this procedure I'vritell statements are written to print the 

latest values of the required identifiers. 
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Action of the Progrn=e 

In this case the h. v. d. c. programme of Appendix 3, after 

some modificationss has been included in the a. c. swing-curve 

programme of Appendix 4. At each time interval the d9ce section 

of the programme calculates the a, c. c=ponents of the converter 

current with respect to the common reference frame and thus the 

node, at which the d. c. line is connected$ is subjected to nodal 

analysis to find the generator currents and consequently the other 

required variables. 

In this programme the following modifications have been made 

to the above mentioned h. v*doc. and a. co swing curve programmes: 

1. The a. c. swing-curve programme has been modified to 

compute directly the steady-state values of the rotor 

angleg the generator open-circuit voltage and the 

receiving end bus-voltage, from the known values of 

the "P" and "Q" components of the sending end bus- 

voltage and the power delivered through the d. c. line. 

2* In this programme provision has been made to include 

or excludeq together or independentlyg the d. c. system 

and the excitation control. 

3s In the d, c, portion a special statement has been 

included which initially gives a step rise to the 

reference current whenever a short circuit is applied, 

and then if the rotor angle starts decreasingg brings 

the raised value back to normal in steps, 
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VERBATIM 

EG18 CASE 6(TO**DRAW**SVIING**CUMMS**CF**AN**A. C. -D. C. ** 
SYSTEM* 'IA14D**AN**A - C. **SYSTEM)-- 

begin library AOj@A6, A1 2 Al 3 9A1 4; 
opentlO); opcn(20ý; 'Open(30); 
begin real ibdpibqpidqsiddstpgl*g2, ogfpblb2., bfpAngl, 

Ari, -, 2sAng3pCosanr, 2pSinang2, ocomptim., edlO, eqlO, 
eqllpGefdlopGefqlOlGofloacc, hprango, lxdl,, phidll, 
Pil,, idlitiqlljidlo. giqlOpxdIlpFelpFowKvellpml,, Iii 
Kdl.. TdoIl, odegtomdpradtodog,, trj, tfc, pVlOqpVlOdp VlUsV20q, pV2odjV20, oxql., IQI., IDI#VaB,, IrlpVdBppij, 
vdIp idcsvd2pR)xcpKR,, IrsidaloAngpecrecieclo 
ec2,, TlpKI., xdc, pzO,, kpnnsIrc#PaesPdc, Ql, xlljxl2s 
inc,, M u vt vr avrin,, kvt'vstT7, oT6pphiqll,, Gofdl.. 
Gefql: Ti, pT4., 

ýisef,, 
ein., 

ýý,, kav,, G, avrlim, Qac, 
QdcjAjzrizi, zl, z2; 
inteaer F, rlMCYCLEF4 ,n 11 FEpEP,, EA,, rect; 
array YL1: bjsZpZIpZ2pZ? Z4 Yl.. Y2*Y3, Y4[1: 2,, 1: 21 
A1,, M, vA3j, A4L1: 2j, 1: 2j*X 6: 5051. *, 
procedure invcrrAonknpa2b., f saingular); 
value n; Integer n; array a9b; real f; 
label si n-S u=r, j; integer 10jk 1* real pivj, wpz; 

array cOe, #qfjP: nj, -=n iegeE array p[I. enl; 
f or 1: -1 ate 1 unM n iT6 
Vegin z: - ; 

forj: =l st22 1 until n do 
17, iLb s (ýT]:, v J -Z-=c n 

: wabo(aL , PJ 
if . --0 then 

o to singUlar; q[il: -z: -l/z; Po -T: =l stop 1 until n do 
b4p j] : -aTT-jj I Xz- 

end; 
ro-r k: -1 atep 1 until n do 
UeFnin P i, v 77UT 

for i: -k ste 1 until n do 
Udgin w: -gff 

ý, 
-cj - 

if abo(w >abs(piv)thon 

end* 
, Min piv: -vs; l: -i =3n 

Pmj: -l; 
if aba piv)ef then go to singular 
IY p[kjYk 
Yfien for J: -1 stop I until n do 

k, ýT; 
bck,, jI : -Z 

and; 
? or J: -I stop I until n do 
E-egin if -IF-then 

Uegin c :-1. O/Piv; 'If' 1 
1.0 cjF; * - 

end 
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0 else begin e jj: - -b(kjj1/pivj 
CH :. -b[jk 

end ; 
b[k, JT*. -- b[j,, kl: =O. O 

end I 
f or .9i:.. l steR until n do 
'for j: =1 sTe-p . u-n=n dZ- 
'SIT, J 3: -HF, JI +-c-M -M I JT- 

e nd k; 
Ir or I,. t -1 until 1 do ,. =n s ep 
Fý-in 1: =pL kj 

for i: --l step I until n do 
VFffin Z: =151T), ý1]; --b7TJ]: -="B'[ijkl; 

b[i. 9k]: -z 
end 

e nd; 
Tor k: -1 Ste I until n do 
We-Fin z : -q 0 

: -1 Ste 
JI 

until n do b[ipk]: -b [I,, RZ3 
end 
enir Inversion; 
Eý-ocedure SYSTMVOLT(idpvd, qpd, ccIq, 1d); 
real 1dj9Vd. 9qjdjGCp1qp1d; 

n real zcqzspiv., ivdpivqpu1; 
ece--s rt(qT2+dT2); 
zc: =q cc; 
zs:: d cc; 
ul: vd/ec; 
if u1Z1 then 
E-egin u:; M 

ivq: -id; 
ivd: =O; 
goto L3; 

and 
el-so if ulK-1 then 
LýLn7u: =-l 90' 1 -zi I ivq: --id; 

ivd: -O; 
goto L3.0. 

end 
Me 
u: -ui; 
iv: -id; 
ivq: -ivxu 
ivd: =sqrt4v*t2-ivqT2), q 

L3: Iq: -ivq>czc-ivd>czr,; 
Id: -ivqXzr, +ivd)ac., 

end SYSDTMLT I 
ýFo-cedurc r(xj-realx; x: =read(20); 

y., range. procedure, IC43 I-n,, 'E7' pacch); 
value n., rangesace; 
TL-n-e&ger n; real tprangepaceph; array y; 
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begin integer J; real tlIhnjinclerror; 
F) o -oTe- anfin Ts; 
a fO. fjjjf2[1 : n]; 'FRiZLge; finish: -false; 

Lj: if hx(t+h-tl) 0 the-n 
Fe-, in hn: =h; t inish: = true 
en ; 
TnTtapfo); 

L2: for J: -l ste 1 until n do 
z ri- ý 41'. -Y1 J (J I W13; 
fnkt+h/3, z.. ri); 
for J: -1 s tffe, 1 until n do 
TI z Tl: -Ylj +7 b1JT+_TTTjD3F/6; 

fn(t+h/ý, z'., f1); 
f or J: -l ste 1 until n do 
ZTJJ 1: 3yl J17+W. 1255TO LJ 14V 

- 375X 
f1Lj1 Xh; fn(t+h/2., z,, f2); 
for je. =1 -top I until n do 
T2J Iý1T 10ji ia+qýO 

.5X? MT- 1 . 7>Cr 1[j1 +2.0 
fn(t+hxz)f11); 
inc: -h; 
for J: -1 step 1 until n do 
E-egin f1l : =Y[JJ+(fO[jl-+W. Oxr2[jl+fl[jl) 

> 
P193. 

J 
error: =0.2Xabs(fj(j1-z[j]); 
if error>acc then 
WeRin h . =h/2; =nish: =fa Ise; goto, L2 
end; 
1T_6rror>0.025XLcc then inc: -ýO. O 

end* t 1-: tJ+ h 
h: -h+inc; 
for J: -l stop 1 until n do y[j]: =fj[j]; Tr-f i ni s h-THe-n h1--TH- 
Me &ato =1; i 

end 
n(tsysfO); 

m0 procedure undcrlin(m,, n); valuemjn; integer onj begin inFegori; fori: -1sLc T-un 2,.! 4nti lm+n--l i1o, 
charout(S'U, I,. fi<mthenb4olso"") 2A 

-11-IU end; 
procedure c write text (30sUell) 
ýrocedure w(g, x); value x; realxO striM g; 
begin writotoxt o, #gjj if abs7: ý: >999 then 

writetextý33o, L*jNFTffITY* )ý else 
write(30of ormat(. L-nnd. ddd4s; J. T5x7; 

end; 
procedure fn(toyof); real t; army 7, f; 
begi_---fLlj: -(Gefl-xdl5-ddll-phidll)/TdoIl; 

phidl 1 : -y[ 11 -xdI 1 xidl 1; 
eqj 1 : -phidl I +xqj >ddl 1; Po 1 : -iql 1 >Oql I 
rowKvc 11 : =Pi 1 -Pe 1 -Kdl Xy[ 21 
f[ 21 : =PowKve 11 >anl ; 
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f 131: --Y[21; 
if FE=1 then goto LAO 
rr4i: -i/TrxTiu-cT--y[ 41); 
T. A: if -EA -1 then goto 123; 
phiqTl: -iqllxxql; 
vt: -sqrt(phiqlIT2+phidllT2); 
avrin: -vr-vtxkvt; 

8 M07 a f[51: -v A 
vs: - W)Wi) -Y[51; 
eih: =avrinxkmb-v 14 f6 : -(ein-y[61 T 
f 
fj 

'56' //TT' 

ef VXY 
Gef 1 : =G)wf 
if Gefl>avrlim then Gefl: -avrlim; Tf Gefl<0.00 th=enef1,: =0.00; LB: end; Troýedure PRINT; 

begin-wrrte 30,9 I's t) 
write 30pFpPowKve11); 
write 3UpFsy[2 ); 
write 30jFjPe11; 
write 30#FPQ1)* 
write 30,, F,, Pac 
write130,, Fjy[3 xradtodeg); 
write 30.. F., ide ; 
wri te 30.. F,, vd 1; 
write 30, F, vd2 ; 
writeJ30, F, Pdc ; 
write 30,, FsIr) 11 
write NsFsV10ý; 
a; 
if EF-1 then 
Be-gin 

q write lopFpibq 
write 

I 
10,, F, ibd 

write JOoFpidq 
writo lopFoidd 
write 10, FF$ecr 
write 10pFp0 C: i 
writetext(IOP 

endl 
2nd.,,, 

-procedure 
Z CHANGE(X); value x; array x. 10 

begin 1-FEeger yypzz; 
for yy: -l .2 do begin for zz: - 

1 step 1 until 2 do 

and; 
Z17zjyy1 : -xL-z; e yyl-; 

end; 
procedure SET ARRAY(i); array i; 
begin 

i[lpll: -gl+g2+gf; 
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1 1., 2 : =bl+b2+bf; 
1 2,1 : =-b1-b2-bf; 
1 2,92 : =91+92+gf; 

end; 
procedure STORPARA(a); arraya; 
begi 

a 191 : =gl; 
a1 #2 : =bl; 
a 2v 1 : =g2; 
a 2,, 21 : =b 2; 

end; 
procedure READ Y(G); string 0; 
begin 

gl : -read 20 
g2: -read 20 ye. 
gf: =road 20 
bl : =road 20 
b2: 23read 

1 

20 
bf. =read 20 
writatext(30*0 
writetext(30, cell 
w 

.,. 
NEAR*CONDU4ANCE Ogl ; space(30*10); 

wP LINE*CONDUCTANCE , g2 ; C; 
w 'ýMR*SUSCEPTANC! 

sbl sjAce(3000); 
w "'LINE *SUSCEPTANCE b21 
w "FAULT*CONDUCTANC7 g C; 

r 
wj? AtJLT*SUSCEPTANCE, 

tjsbfj; 

C; C; 
un erlin(0,118); c; 

end; 
TMirCLE: =read(20)3*for N: -Istop 1 until 
TECYCLE do 
begin wrTFetext 3 j_LpjEG18****BAsic***NumBEn 

**TWO **ACPD(C *: w'wSYSTEMLqjJ); 
ce underlin(O 118 ; c; C; 
r comptinn)*rýxd1j*r(TdoI1); r Kdl); 
r Hi)-r(accl; r(h); rl(tr)-r(tfcý; r(range) 
r xq1j; r(xdjj); r(Pe1); r Ang3)9, - 
r xe); r( KR ; r(Pdc); r vdl); r(xdc 

*9 r k); r(V , dB 3Or X12ýjvr(M pVaB); r Q ;r ;r 
r T1jerjxl1 ;r T4); r(T5ý r V10); r(O kvt); 7m 

r T6); r(kavj; r(avrlim); rýk7k); 
br 

A); r(zO); 
rlzl); r(z2)0 
FE: =read 20 
EF: -read 20 
EA: -read 2ý.; 
n: -read(20 
radtodeg: -160.0000/pi; 
degtomd: -pi/180.0000; 
ml : -Pix5O. OOO/H1; 
F. --format([-nnd. ddddj, )O 
F1 : -f ormatT d 
F4: =o; 

1-nn. dd 

nn: -VdB/VaBxpi/(3xsqrt(2)); 
F4: -l; 
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Tl: -xdc/(100XRxpi); 
rect: -O; 
w (I COMPTIME**** *! J, comPtirm) 
sPacef3000); . -W(Uw- CUPJMNT********].. olr),, c; w (. LFANGE* ****4'w**J,, range) 
ae (30., 10); w(ID. C. LINE*VCLTAGE***J.. ovdl); c; 
w AC CY***4T*1, acc); CURA 
sL ce(30 10); w(0jRRENT*MARGIN*****j, k); c; 
w JEST*H ********1jh); 
slpa-cc(3000); w(LV " C. L: ENE*RESISTANCEI#R)jc; 
w([INF*BUS*VQLTý7j., V20); 
srce(30p10); w(jD. C. LI -. LNDUCTANCEjpxdc); c; I w jFAULT*CLEAR1i1r* otfc); e (30,1 0). o*w (14CT. GAIN*** XR) ; c! 
wSrjLLCINE*R'ECLOSE-**J, tr); 
6Pace(30,910); w( 
a; und rlin(0, P1-R-'c; READY( PRE*FAULT*ADMITTANCESJ); 
SET. AWY(Yl); 
STORPARA(Al); 
READY( PAULT*ADMITTANCESI); 
SET AWY(Y2); 
STORPARA (A2). q* READY( RE*RECLOSE*ADMITTANCESI); 
SET AWY(Yý); 
'STORPARA (A3) 
READY( RECLOSITIRVADMITTANCESi); 
SET AWY(Y4); 
STORPARA (A4), - 
copytext(2 30 j c* underlin(O., 118); 
writotOxt ( 

036P 
c *TI14E****POWKVEL**** 

REL***** * *PE 
4: 

16CT" ** ***AC* * **ROTOR 
****DIRECT****RECTIý****INVT*******DC**** 
**IR******VIO [cl_***SECS******P. U ****** 
VEL*******P*Ulr"ýw*POWER*****POWER**ANGLE 
****CURRENT***VC)LT*****V(3LT******POWER 
*****P. LT**** u. Lc CID 
underlin(O s1 1'91, to - C; 
conumnt steady state calculations start; Map. FTnnvorsion(2, Y1, Z1j, 0, pINVFAIL 1; 

invers on(2jY2jZ2jO#INVFAIL 2; 
invers on(2jY3jZ j0, #INVFAIL invers on( Y4jNjUsINVFAIL 

ý1; 

gl: -Al 101 
bl: -Al 1, P2 V 
g2: =A1 2*1 ; 
b2: -Al 2j2l; 
comment calculation of receiving end W-. 7U. M-uz -voltage and its phase- 
displacement; 
if FE=j then Pdco*-U; 
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Pac: -Pe I -Pdc; 
idet-Pdafidl Oq 
qdco, -sqrt(idcT2-(idoXvdi/VlO)*t2)XVIO, jI 
Qac: =Ql -Qdc; 
V20d: - (-PawOcl'2)/V1 0; 
V20q: -VI 0- (Qawor. 12) /V1 00 
V20 *. - s qrt (V2OqT2+V2odT 21 
. if _V20c&. 

00 then Aml : -aretan( 
VffOd/V20q) 
also 
Angi : -p1-farctan(V20d/V20q); 
V20q: -V20xco-9 Ang3 
V20d: -V20xzin ArZ3 
VlOq: t*VlOXCos Angl 
V10d: -VIOXsinjAngl 
if M-1 then 
E-egin vdT-: --U; 

vd2: -O; 
Ir: -O" 
idcl: -O; 
ibq: -O; 
ibd: -O; .9 idq: - 

, 
0; 

idd: =O 
goto 

M; 

end; 
coruwnt calculations of D. C. system 

variables; 
ecr: =vd1+Pi/j Xxc>cide; 
1r: -ide4-ecrý9; 
irl : =Ir; 
Ire: -IrXA, " 
inc:: (Irc-Ir)/M; 
eci: -V20xzO+pi/6>acxidc; 
Y[41: -idcl: -idc; 
zr: -ocr/VlO; 
zi: -eci/V20; 
vd2: -V20XZ: L -pi/6xxc>ddc; 
SySTmvoLT(idopvdlpVlOqpVlOdpVlOsibqp 
ibd); 
SYSTMVOLTý(idcpvd2oV2OqsV2odpV20sidqp 
idd); 
commnt calculations of GEF1 and 
roýorz; jangle; 
L6: 

Gefdl: -2( 01 101V 

Gof q1 : -V1 0+(Ql xxll 
M1 

0. ', 
Gofl: -sqrt(GefdIT2+GefqIT2); 
If Gef 1ý9.00 then Ang : -aretan 
TUefdj Gefql) 
else 
Ang: =pi4-arctan(Gefd1/Gefq1)j9, 
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Arig2: =-(Ans-Angl ); 
GefqlO: -Crefl, Xcos(Arig2 
Gefdlo: -Geflxsin(Angfl; 

commnt setting up the initial 
con. TfWonz; 
Y[31: -Ang2 
X rect]: -Yi3l; 
iq1O: -gIX(GOfqIO-VIOq)-b1X (V1Od-GefdIO). *q 
idjO: -bjX(VjOq-Gefq1O)+Sjx (Gef dl 0 -V1 Od) ; 
iqll: -i lOxcos(Y[31)+idIOX 
zin(Y13fl. *, 
idll: --i loxsin(Y[31)+idlOx 
coo(Y[313; 
phidl 1 : =Gcf I -xdl >ddi 1 
y[119. -phid1j+xdIJ)ddII,, e 
eql I : -phidl I +xql xidi 1; 
Z CHAUGE (Z 1) 
PowKvell : =y[2j: -0.00000; 
t: -0.00000; 
if EA -1 then Roto LC; 
pMql I : -iq 11 xxq I; 
vt: =sqrt(, phidllT2+phiqllT2); 
ef: =Gefl/G; 
Y181: -Y171: -y[61: -ein: -ef/kav; 
vs: -O; 
Y(51: -kPOf/T7; 
avrin: -ein/1=; 
v'r: -avrin+vtxkvt; 
LC: PRINT; 
edIO. *-eq11XzinýYj3fl; 
eqlO: =aqllXcos Y3 *9 
Q1 : =abs(eq1O>cid1O-edIOxLqjO); 
commnt end of steady state 
calc=utions; 
comnnnt start of transient state 
calc ions; 
beSin for noo-n while t<comptim 

-range do- 
begin ilf-t>-0.0001 and F4-1 

tFon begin ZCHINGE(Z2); 

end 
Ir 4*-Irc; F4: -2; 

else 
, 

=t>t]Vc-O. OOOI 
and VW2 then 
F-egin ZCIIANGE(Z3); 

F4: -3.0* 
end 
01-se if t>tr-; 0.0001 
an4-F7W3 then 
Fe-gin ZCIME(Z4); 

F4: =4; 
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end; 
Cosari, o,, 2: =cos (YE 3 
Sinang2: =Sin(Y[3Bjj-, 

' 

eql 0: =eql I xCosarI92; 
edl O. --eql 1 xSinang2; 
if r. 4-i then 

Zin gl =.:, =l 1j1; 
bl: -Al 1, P2 ; 
g2: -Al 20 ; 
b2: -AlJ2, p2l; 

end 

else if F4-2 then 
g Feri-- -A2 
b1*-A2 Ip 

2 
g2o: -A212,91 
b2: =A2 292 

end 
el-se if F4-3 then 
=ezp,:, rf-p. - A3 T 77 ". *p gl: 

bl: -A3 1#2,; 
g2: -A3 2j1,; 
b2: -A312#2ý; 

end =ese if F4-4'then 
gI : -A4 TT, '* 
bl: -A4 1,, 2,! 
g2; *-A4 2ol 
b2: -A412#2 

end; Z'SiFient nodal-analysis; 
IQI : =oqlOxgl+edlOxbl+ 
V20q>cg2+V2OdXb2-: Lbq; 
IDI -, --eqlOXbl+cdlONZJ 
-V20qXb2+V2QdYZ2-ibd; 
VlOcl: -IQIXZ[1.91 ]+IDlX 
Z[1., 21; 
V10d: =IQ1>C[2,11+IDIX 
Z[2s2l; 
VIO: -sqrt(VlOdT2+VlOqT 
2)j- 
iqlQ,. -gjX(eqjO-VjOq)- 
blx(VlUd-edio); 
idlO: -blX(VlOq-oqlo)+ 
glx(edlO-Viod); 
iql I -s-iql OxCosang2+id 
10XSinang2jll 
idl 1 : =-iqlOxSinang2+ 
idlOxCosang2j 
if FE-1 then 



72 

bcD*in 
,qti yo rangepa cc i h) 

ort, 0 L; a2- 'o ? 
ft e nime 

n. tsy,, mngepa c co h) 
cor=nt instruction to 
norrallso the raised 
reference current; 
X: [rect+l 1 : =Y13); 
if abs(X(rcctl)>abs 17[rect+l )) then 
begin Ir: -Irl-=nc; 

if Ir<Irl then 
Tr-: -Irl; 

end; F6ct: -rcct+l it idc: =y[41; 
comment calculations of 
conErol sigm- ls; 
if idc<(Ir-k) then 
Fc-r: =viuxzi 
else if idc>lr then 
ecr: =V-loxz2 
else eer: =KRX(lr-idc); =ecr>VlO then 
F-er: -Vlo; 
,, r: =c cr/Vl 0; 
eel : =KIx((Ir-k)-idc); 
e c2: - -V20xzO+pi/6Xxcxidc; 
if idc>(Ir-k) then 
FcEi :-ec2 
031p if (eel-fOc2)>O then 
e =c*., - ---V2 0 >a 2 
else eci: - ecl+, ec2; =z*. -Oci/V20; 
vdl : -VlOxzr-pi/6>mc>dde; 
if vdl<O then 
Wrl : =0; 
vd2: -V20xzi-pi/6xxc>dde; 
Pdc: =idcxvdl ; 
idcl : -(vdl+vd2)/Il; 
if idcl<O then 

id-M--o. -, 
SYSTtIMLT(ide, vdlVlOq,, Vl 
OdpVlUpib ibd)* 
SYSTr. TVOLTjidc, qvd'2,, V20q,, 
V20dpV20, idq, idd); 

L: Pac: -Pel-Pdc; 
Ql : =abs(oqlO>CldlO -edlUx iqlO); 
PRINT; 
comment end of transient 
stab3 calculations; 

end; 
and; 
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and-*-, - 

end; 
end; 

QQ: en ;_ 

§0 to 
VVA-IL 

*1: 
write text (3oo. LINVERSION 

FAILURE 1J. ); go, to Q; 
INVFAIL 2: wrMTYxt&jJINVERSION* 
FAILURE* ), - go to QQ; 
INVFAIL 3 wH'FcTc-xi(30, pLINVERSION* FAILURE*ý]); 0t 
IZ, NT, AIL 4: wrffeVxQt? 30... LINVERSION* 
FAILURE*4j); &o to QQ; 

closoTiO); C1030 (20); close (30); 

ý Iro 
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DIGITAL PROGRkMME TO DRAW THF ST BTL A TTY ROMPARTFS 

OF AN 
--A. 

C. -D. C,, SYSTEM AND OF AN A. C. SYSTEM 

Identifiers Used: 

All the identifiers used in this programme have been defined 

earlier. 

Procedures 11setit 

All the procedures used in this programme have been discussed 

- earlier. 

Action of the Programme: 

This programme is basically the same as that for the stability 

boundaries of the a, c. system discussed in Appendix 59 except for 

the following modifications: 

I* Tn this prograr=e the a. c. swing-curve calculations 

have been replaced by the a, c, -d, c, calculations which 

have been discussed in Appendix 

2. To test for the stable position of the aoc*-d. ce systemg 

the stability criteria of Appendix 5 have been modified 

by adding the conditions of normality of the reference 

currento 
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VERBATIM 

EG18*CASE 7(TO*DRAW**STABILITY**BOUNDARIES*OF*AN*A. C. -D. C. 
*SYSTEM*AND*AN*A. C. *SYSTEM)-* 

begin librar AU, A6., AI2 A13 A14; 
); open(201; open(30); 

begin real ibd., ibq, idq, iddstoglog2ogf, blib2obfjAngis 
A7Tg79Cosarig2,, Sinang2scomptirm-, tedlO,, eqlO., eqI 1,, 
GefdlU, GefqlosGefl., acc,, h,, r-ange., xdl., phidll, gPils idii, tiqll,, idlo, iqlopxdIl., PAl., PowKvcllpml,, HlpKdl, 
TdoIlsdegtoradoradtodegstrjVlUqjVlUd, pVlo, pV20qj, V2Ud, V20pxqlpIQI*IDI,, VaB*Irl, t VdB,, pi,, vdl,, idc,. 
vd2oR, xe, KR, Ir. idelleersecipecl,, ec2., Ang., Tl, la, 
xdcOzO$k3nn. IrcOPacOPdc, x1 1,, xl2sinc#M., u,, vtsvr, 
avrin, kvt, vsOT7sT6sGefdjOefqophiqll*T59T4sk7a 
ef,, ein,, kmbilaviOsavrlim, QacsApdeltaldelace, 
DELINC.. dellsdelmin, delincodelmax,, tfcdec,, 
tfcmin,, tfcmxslastdegpC., Bptfc'pzr, ozi, gzlsz2sQlp 
Qdc.. D; 
integer FpF1pREcYciEpF4 ,n NpFE UpEA, rect; 

rra YLI: bjpZ., Zl., Z2 Z3, Z4, Y1pý2,, Y3, vY4[j: 2p'f: 2), 

OA3,, A4[i : 2v 1 : 2j : XTU: 5()51 ; 
procedure inversion njapb9fpsingular); 
value n; integer n; array a,, b; real f; 
label sin S- U 19 -r, * 

integer ijk 11, real pivp wpz; 
array c., e: qt 1 ; nj; =n iep., er array p[ I : n] 
for i: =l step 1 until n do 
Te-g inz: = 07; 

forj: -l st2.2 1 until n do 
Tr-ib B (ajTj, jI) >-z-f-he in z -. 0-ab s (a (isj)); 
17 z-0. then jýo to. -Maular 
qril: -z-. ---T7z; 
for J: -1 step I until n do 
BTTO jI : -a L ij jI xz- 

end; 
r-or k: -I. step I until n do 
U-eg-in piv-. ----D-; - -, 

for i: =k step 1 until n 
7e-gin w; -! Ttwkjj,, 

i abs w >abs(piv 
Ue-gin piv: -w; l: ui 

end * 
PTRI: -i; if abs piv)Kf 'then 
TF p[kj? k 
Wen f or J: jl stn 
b =ep, - j ý7z7o! gb b 

b[kjjl: -z 

do 

)then 
en27 

crn to einzular ; &iL7- - 

I until n do 
lsjj: -b[k, -JT; 

and; 
for J,,, FA1 LteR 11 until n do 
Vegin if J. 

i. 
LheRn 
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begin ejI : -I . O/piv; 
cl j1 : -1 .0 

end 
Me, begin e -b[k, jl/piv; 

cljji::: b[j,, k 
end ; 

b[k,, JT., -- b[J, k] : -0.0 
end; 
'for i: =1 step 1 until n do 
'for J: -Ister) 1 u-n=n d7o- 
M., jI : -b-TT'6. 'j I +-crrFxe [ jr 

e nd k; 
For k: -n step -1 until 1 
E-egin l: =-pj-k-T; 

for i: -l e1 until n do 
-e ; jU F gin z: - 

11; b7sl]: Zb[iOk]; 
b[ Pki .. -z 

end 
end* - 
T-Or k: =1 St .1 until n do 
E-egin z -. -qrtff, - 

fýr i: -I step 1 until n do 
FUT, k] : -bTl-j'R]Xz-j*, 

end 
end inversion; 3 
procedure SYSTMVOLT(idjvdOqsdpecsIqpId); 
real =.. VId, q,, d., ecsIqsId; 
U-e--gTn real zcszsoivsivdsivqsul; 

,e: s rt(qT2+dT2); '20 zc-. 
: 

qý, 
r, 

.; 
zs:: d/ec; 
ul : vd/ec; 
if uQ1 then 
'E-egin u: -=-T-; 

ivq: -id, 4P 
ivd: -O; 
Soto Q; 

end 
ers-e if: ulf-I then 

TriT Týe u 
ibq: =-id; 
ivd: =O; 

to L39 
end 
else u: -ul 
I-v--. ----id; 
ivq: =ivxu 
ivd: -sqrtiivT2-ivqT2); 

L3: Iq: -ivqxzc-ivd>czs; 
Id: -ivqxzs+ivdxzc; 

end SYSTMVOLTO 
procedure r( I xl-realx; x: -read(20 
procedure KM3 t-n-., T7sysrangejaccjhý; 
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value norangeace; I_nTe_P, Per n; real t, mnge,, accih; army y. -,, 
begin integer J; real tI, hn, inc. error; 

boole finTWT 
army zpfOpf1., f2(I: n]; ff!.. 

-. 
'ýK44rýe; 

finish: -false; 
t Ll: if hX t+h-tl)>O. O TT3-n 

begl-n hn: -h; h: -'FI-t; 
finish: =true 

end; 
rNT'ý, y, fo); 
L2: f or i -. 1 &atej, I until n do 
,Z I iT7. --YI j7+f i fn t+h/ý., z, fl ; 
for J: =l ste 1 until n do 

7 + -]: =y[j + ZFJ 79 JT+77, j 5F/6; 
fn(t+h 3, z, fl); 
for J: -l It I until n do 
E7 I : =y[ JTT 125-XNYFJ I 4ýU 7.375Xf IJ Xh; 
f njt+h/ý., z. f 2) ; 
for J:; J, sten I until n do 
zr-J]: - I M+. 5>m"'0'=J -1.5_XrI[j1+2.0Xr2[j1) 

f>'3nIjt+hjz, f I 
inc: =h; 
f or J: =l step I until n do 
b 9'gF- inf1ý _JT_*. -ý [ JT-+CM[ jI TT. 0 Xf 2 +f 1 

[i J>"ý76; 
error: =0.2>eabs(f I (j] -z[ 
if error>ace then 
Fe-gin h: -h/2; =nJLsh: =false; 

goto L2 
end; 
if error>0.025xacc, then 
lnc: =O. O 

end; 
'f7Zt+h; 
h: =h+inc; 
for J: =l ste 1 until n do 
YIT : -f I IH2$12 - 
if finish then h; *'A'hn else goto Lj; 
rn_(tjy, fO)_ý__ 

end KM3; 
PrUcedure underlin(m, n); valuemon; integerm)n; 
begin i_nTegeri; fori: -1s pT_untilra_+_n_-_TTo_ 

UNFOU'FOU7 
end; 

ji<dMen675=30) 

procedure c; writatext(3()PJLCII). *, 
jEOce-dume w(g, x); value x; rea xj>stri 
begin wri te text (30 

ig); if ab--sTx '5Z. then 
write text (30 P. L*INFIITfTY*; D else 

end; 
write (30, f orma t (. L-nnd. ddd3s ; J. Ts-xT; 
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LB: 

procedure fn(tsyjf); real t3l, army yjf; 
begin fLl]: -(Gefl-xdlxidli-ýhITM/-TdoIl; 

phidl 1 : =y[ I] -xdIl xidl 1 
eql 1 : =phidl I +xql xidl I 
PeI: =iqI1xaqII; 
PowKvell t-? il-Pel KdIXy[21; 
f j2j: -PowKve1jxm1; 
f3 : --y[21; 
if FE=1 then oto LAO 
IT41 :=1 /T FxTificf--y [ 41 
LA: if EA -1 then goto LB; 
corFWnt calch'=ions of the 
excitation control; 
phiql I : -iql 1 xxql ; 
vt: =sqrt(phiq1IT2+phidjJT2); 
avrin: -vr-vtxkvt; 
f [51: -Vs/7 0 
vs: -(k7ýnf 

ýW-Y[51; 

ein: -avrinxkmb- s; 
f6e n-y[61 /ý4; 
f 

J: 
y[61-y[Z J/75; 

fY 
.1 

-Y /T6; 
ef: =kav . 81; 
GefI: =G><e_f; 
if Gefl>avrlim then Gefl: =avrlim; 
17 Gefl<0.00 thýe`nUefl: -0.00; 

end; 
rocedure Z CHANGE(x); value x; army x; 

n eger yy,, zz; 
yy: =1.2 do 
n for zzT-XI step I until 2 do 

2ITZ'YA : -, -x7z-z, yy7-, - end; 
end; 
Procedure SET ARRAY(i); array i; 
begin 1,1,1 : =gl+g2+gf; 

i,, 1j2 : -bl+b2+bf; 
1,2,01 : =-b1-b2-bf; 

end; 
i, 2,2j: -g1+g2+Sf; 

Procedure STORFARA(a); army a; 
begin-a T, 1 :. gl; 

* 1,2 : =bl; 
* 2.. 1 : -g2jO 

end, 
a[2,, 2j: -b2; 

Procedure READ Y G); string G; 
beEin _97. =read 20 

g2: -read 20 
gf: -read 20 
bI : -read 20 
b2: -read 20 
bf: -read 20 
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writetext 30,9); 
writetextROsUcell i w NEAR*CONDUCTANCE . SQ; space(30., l()); 
w LINE *CONDUCTANCE . 92 *, C; 
w mAR*SUSCEPTANCE . bl ; space(3000); 
w J: LINE*SUSCEPTANCElj b2 a; 

I 
E 

v! 

w, FAULT*CONDUCTAN6t pgf ; a; 
wl'FAULT*SUSCEPTANC6Ej, bfl; c; c; ýnkke'krlin(0,118); 

a; 

wa, ý 

end; 
TEC-WLE: =rcad(20); 
for N. l, =lste_p 1 until RECYCLE do 
E-egin wr=e ex t EG18**"77BASIC***NUMBER, 

**TW(]**AC 
_qjj) 

; 
-4SP ýJ TCI* ASTEMI 

c* underlin(O 118JO c; c; 
" comptime rýxdl *r(TdoI1); r(KdI); 
" Hl); r(accý; r(h)lr3(tr * 
" range); r(x 1)-rýxdIl -r(Adrý 

cý), 
Ir(pi); 

" R); r(xc)-r7XRý; r(vdj ; r(x gr(KI)e 
" k); r(VdB ; r(VaB); r xii); r(xl2); r(M 
" V10); r(G ;r kvtj; r T7); r(kzxt); r(T4ý 
" Tý); r(T6 ;r kay ;r avrlim); r(delaccý; 
rIA); r(DELINC ; r(tfcnux); r(tfcdec); 
" tfcmin ; 
" dolmini; r(Gefl); r(zo); r(zi); r(z2); 
r Arv,,, I); 
rom; 
FE: =read 20 
EF: =read 20 
EAi=read 20 
n : =readl2O 
radtodeg: -l 0.0000/pi. -, 
degtorad: =pi/I 80.0000; 
Ml : -PiX50-000/lil ; 
F: =f ornu t(f -nnd. dddd 
FI : =f orma tTL-nn., 
F4: =O, - 
nn: =VdB/VaBxpi/(3xsqrt(2) 1, 
F4:: l ; 
TI; xdc/(IC)OXRXpi); 
rect*. =O; 
c: -vio; 
B: -vdl; 
D: =Gefl; 
W( COMPTIME"""iscomptim 
snace(30 10); 
w REF. 6ýRRENT********l Tr); c; 
WiRNO'S'" ra ng-ei- 

I 

space(30,, 10)1 w( D. C. LINE-vuWAGE" 
vdl); c; 
w( ACCURACY***** *].,, acc) 
space(30,, 10); 
wýJCURnNT* MARGIN*****J, k). Oc; 
w LESTlT*********J#h); 



81 

Se (30P 10) ; 
w. C. LINE *RESISTANCEJ, R); c; 
w INF*BUS*VOLTS*ijV20); 
space (30,10); 
wý D. C. LINE* INDUCTANCýJjxdc); c; 
w 

lFaULT*CLEAR***j, 
tfc); 

s ce(30,10); 
" RECT. GAIN**********J#KR); c; 
" 

rl': 

LIIF- *RE CLOSE* *J., tr) 
S0 (30,10) 
w LINVT. GAIN 
c; underlin(0,118); c; 
READY( RE"FAULVADMITTANCESi); 
SET AWY(YI); 
STORPARA(Al); 
READY( ULVADMITTANCESJ); 
SET ARAY(Y2); 
STORPARA (A2) ; 
READY PRE *RECLOSE *AD14ITTANCESJ) 
SET A Y(Y3); 
STORPARA(A3 ;I 
READY (LRE CLOSURE *AD14I TTANCESJ) 
SET ARFlAY(Y4); 
STORPARA (A 4) ; 
copytextk20 30 Lo; 

_I); 
c; underlin(0,118) 

writetext(36p'ft'c'i*****CRIT***CLEAR***** 
ROTOR****POWEaLqj*****TIME***SECS***** 
ANGLE, *****F. UEc-6jL) go 

underlin(0,118); c; 
inversion 2sYl M *OsINVFAIL I 
inversion 2sY2yZ2jOpINVFAIL 2 
inversion 2jY3jZ3)O#IWVFAIL 
inversionj Y IZ400#INVFAIL 
gl: -Al 1.. 1 
bl: -Al 1,, 2 
g2: -Al 2. j1 b2: -AI C2,921; 
comm. nt calculations for stability 
boundaries start; 
delinc: =DELINC, *j 
for tfc: =tfcmx step -tfcdec until 
tr-cm. in do 
begin ie er state pUPpDOWNj stable, 

un3 e,, working,, aim; 
stablc: =l; 
uns tab le :-2; 
UP: = I; 
DOWN: --1; 
de lmax **= -180; 
aim: =UP; 
comm, nt owing curve calculations *Fta-rt; 
for delta: -deludn step delinc until TeTmax do 



82 

begin 
dell : =delta; 
vdl *=B; j vi 0:. c; 
Gef i : =D; 
rect: =O; 

1)xdegtorad; Ang: --(delta-A 
Gef d: -Gef 1 xs in ng 
Gefq: =Gof 1 Xcos g A ng 
pil : =Pal : =GefdXVl()ýx'1l; 
if FE -1 then Pdc: -O 
eTse Pdc: F. -172XPel; 
=c -. upd c/vd 1; 
Ql : -(Gefq-VlU)><VIOA11; 
Qdc: =sqrt(idcT2-(idc>cvdi/VlU) 
r2)XV10; 
qac: nQl -Qdc; 
Pac: -Pcl -Fda. 0, 
V20d: -(-Pac>cxl2)/VlO; 
V20q: -VlO-(QaCXX12)/ýl0* 
V20: -sqrt(V20 T2+V2=2ý. q V20q: =V20xcos , Ang3xdegtomd 
V20d*=V20xsin Ang3xdegtorad 
VlOq: -VIOxcos Angl xdegtorad 
VlOd,: =Vloxsin 

AAnglxdegtoradi; 

if FE---1 then 
Fe-gin vdT-. --=U; 

vd2: -O; 

Irl : =U; 
idc: =O; 
ibq: =O; 
ibd: =Ojo 
idq: =U. *v 
idd: =U; 
goto L6; 

end; 
comm, nt calculations of D. C. 
variables; 
a cr: -vdI +pi/6xxcxidc; 
Ir: -idc+ecr/KR,. * 
Irl: -Ir; 
Irc: -IrXA* 
inc: =(Irc! Ir)/M; 
e ci: --V20=0+pi/6XXCXidcj" 
y[4]: =idcl: -ide; 
zr: -ecr/V10jo 
zi. --eci/V20; 
vd2: -V20xzi-pi/6xxcxi'de; 
SYSTt4VOLT(idc, vdj,, V1Oq#V1Ods 
VjOqibqjibd); 
SysTj4VOLT(idc. jvd2jjV2OqqV20do 



83 

V20, idqmidd); 
L6: GefqlU: -Gef lXcos(deltax 

degtorad). e, 
GefdlU: =Geflxsin(deltax 
dogtorad); 
Y( 31 : -do ltaxdegtorad; 
lastde : =Y 31; 
X[rectT: =Y131; 
iqlO: =glx(GefqlO-VlOq)-blx 
(VlOd-GefdlO); 
idlO: =blx(VlCq-GofqlO)+Slx (Cefdlo-Viod); 
iql I : =iqlOxcos( 131 
+idlOxr. in(Y[3 )* 
idl 1 : =-iqlOxslnýYL3D 
+idlOxcos(Y[31); 
phid 11 : =Gef 1 -xd I)ddl I; 
y[ II : -phidl 1 +xdIl Xldl I jo 
eqll: -phidll+xql>ddll; A-- PowKve-11 : =y[21: -0.00000; 
t: -0.00000; 
phiql 1 : =iql 1 >Ocql 
vt: =sqrt(phiqllT2+phidllT2); 
if EA =1 then roto LC; 
ef: =Cef I rq-; 
Y[81. *-Y171: -y[61: -ein: =ef/kav; 
V3: -O; 

y( 51 :- k7Xc f/T73" 
avrin: =ein/krb; 
vr: =avrin+vt>dcvt; 

LC: Z CIIANGE(Zl); 
statc: =O; 
F4: -I; 
working: =O; 
for n: -n while t<comptim- 
range do - 
begin 17 t>-0.0001 

and F4=1, then 
Tý_in ZCH_A=(Z2); Ir: -Irc; 

F446-2je 
end 
eTs-e if t>tfe-0.0001 
and -)FIW2 then 
UBKin ZCHAITOM3); 

F4: -3; 
end 
el-sc if t>tr-. 0.0001 
aM "F7W3 then 
E-egin ZCIiAMY(Z4); 

F4: -4; 
end; 
UoEing2:: CosýY[31ý; 
Sinan, S2: sin Y 31 ; 
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eql 0: -eql 1 xCosan92; 
edl C: -eql 1 xSinang2; 
IF F4=1 then 
E-egin gl: =Al'l., l 

bl: =Al 1,, 2 
g2: -Al 2ol 

end 
b2: -All2s2 

else if F4-2 then 
: -A2 1 

bl: =A21171 
g2: -A2E2,, l ; 
b2: -A2[2,21; 

end 

else if F4-3 then 

. 2&Tn be =-P, - : ý-g-j : -A3 I ,I; bI : =A3 1,2 ; 
S2: -A3 2.0 ; 
bý?: -A312#21; 

end 
else if F4-4 then 

g, 1 : =A4 T, I n 
bl: =A4[1,, 2,; 
g2: -A4[2.. l,; 
b2: =A4[2.92 

end; 
comrmnt nodal -analysis of the n twork; 

IQ1 : =eqlUYZ1+edlOXbl+ 
V2Oq>w2+V2OdXb2-ibq; 
ID1 : --eqlOXbl+edlox 
gl -V20qxb2+V2OdxZ2-ibd; 
V1 Oq: - IQI XZ [1p 11 +ID1 XZ 
(1,21; 
V10d: =IQI XZ[2s 1 ]+IDI, %, <7, 
( 2,21 ; 
iql 0: =g 1 X(eq 10 -Vl Oq) -b 1x 
(Viod-edlO); 
idlC: -blX(VlOq-eqlO) 
+glX(edIO-VlOd); 
iqll: =iqlOxCosan92+idlU 
xSinang2; 
id 11 :m -iql OxSimng2+idl 0 
xCosang2; 
if FEml then 
Min KM'Sl-ntjy, range, 

acc., hl, 
goto L; 

endo 
"1!: sqrt VlOdT2+VlOqT2) 
V20: sqrtMOdT2+V2OqT2) 
KM3(n, vtsyjrange., acc, h); 
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commnt instructions to 
nor=amase the raised 
reference current; 
X[rect+l ]: -y[ ; 
if abs(X rectfl>abs(X I-re ct+1 ]ý then 
be in Ir: - Yr- nc; 

r Irl then 
l-r: =Irl; 
end; y ! WcR: =rect+j; 
comment calculation of 
the control signals and 
other variables of 
converterajo 
ildc: -y[41; 
if idc<(Ir-k then 
U-Cr: =VIOxz1 
else =dOIr then 
Z-Cr: -VTOXZ= 
else ecr: =KRX(Ir-idc); =ecr>V10 then 
F-Cr: =V1 0; 
zr: -ecr/"Vio; 
ecl : =KIX((Ir-k)-idc); 
ec2: =-V20)aO+pi/6xxcxidc; 
if idc>(Ir-k) then 
6Fci: =ec2 
else TrTecl+ec2)>O then 
U'cEi: --V20xz2 
else eci: - ecl4ec2,1,1 

eci /V20 ; 
vdI : =V1 Oxzr-pi/6)ac>dde; 
if vdl<O then 
vul:. O,. 
vd2: =V20XZI -pi/6xccxIdc; 
: Ldcl: -(vdl+vd2)/R; 
if idcl<O than 
Tire i : =0; 
SYSTMVOLT(ideovd : V1C)qj 
VlOdjVlO, ibqjibdi j SYSTMVOLT(idc, ovd2, pV20q. q V2Od#V20*idqpidd); 
comrmnt end of swing 
curve calculations; 
cor, upent test for 
stable and unstable 
state Of the system; 
L: 
if abs(Y13D >pi then 
Mte: =un. stable 
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else if abs(lastdog)-abs 
T-yq-S]j>Odndtý 1 and 
Ix%=Irl Then 
s tat e: =s! E-ble 
lastdog: =if abs(Y[31)> 
abs(lastdee-S) 
then Y131 else lastdog; 
Ir-stýtc=s=e and 
aTm= UP 
then oto NEXTDEL; 
=st"aer'o working then 
F-egin if (state=ýinlz-ýFle 

Wn-d airn- UP) or 
T'Efate-stable-and 
ain=DDWN) then- 
begin aim: -aim; 

delinc: - 
-delinc/2.000; 
delmin: - 
delta+ 
delinc; 
do lrax: = 
-deln. ax; 
if abs(deline) 
7delace then 
S oto PRINT; Eo 

NEXTDEL. 9, 
endo, 

end; 
endjo 
TIfEfX-tDEL: n: -n; 

end; 
VRMT : write(30. -Ft); 
wri to 

it 
(30, Fj tf a) * 

dell 5; F 0 wr e 
write 

s p 0 
(30, Fj Pil 

a; 
do lrrft n: =do 11 +MLINC9' 
do line :- DELINC/2; 

QQ; 
commnt end of stability boundaries 
a "T-- a culations; 
INVFAIL I: write text (30, LINVE- RSION*FAILURE 
*jl. ); F, o to QQ; 
IMPAIL 77. write text (30 pLINVERSION *FAILURE 
*21); a. o to QQ; 
INVFAII; : writetext(30pLINVERSIONVAILURE 
*3L); fa O to QQ* 

- lIffFAIL T--- writetext(30, LINVERSION*FAILURE 
*41) ; Z-, ct to QQ; 

end; 
QQ: 2nd7, -. -cT6se (10) ; close (20); close (30).; 

end-0, 


