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APPENDIX 1



DIGITAL PROGRAMME TO COMPUTE CONVERTER CHARACTERISTICS

Identifiers Used:

For all the identifiers representing complex quantities the
d - x axis components are indicated, if not defined elsewhere, by

the last suffices d and q respectively.

ec = Voltage behind the commutating reactance, p.u.

ecl, ec2, ec3 «~ Different values of "ec".

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

esl, es2, es3 « Different values of "es",

vy = Fundamental component of the voltage at star point
of the equivalent circuit, p.u.

vl « Fundamental component of the voltage at the line
side of the cc;nverter transformer, p.u,

vr «~ Voltage at which "vl1" is controlled, p.u.

v « Alternating current in the valve side of the

transformer, p.u,
ip, iq =« Direet and quadrature axis components of "iv",
il - Alternating current in the line side of the transformer, p.u.
18 = Current supplied by the generator, p.u.
xvy X1, xt = Reactances in the valve; line and tertiary
branches of the star equivalent circuit for the
transformer, p.u.
xs = Reactance of the supply system, p.u.
xt « Leakage reactance of the converter transformer, p.u.
x¢ = Commutating reactance, p.u.

xa « Reactance associated with the mean sub-transient

reactance of the synchronous compensator, p.u.



qr

- Total reactive power of the synchronous
compensator, p.u.

- Reactive power délivered “bir‘ the supply system, p.u.

- Total reactive power delivered by the synchronous
compensator at star point, p.u.

- Total reactive power consumed by the d.c., system, p.u.

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

system, p.u,
- Cosine of the delay angle of the converter,
- Angle between the bus-bar voltage and the fundamental

phase current (displacement angle), radians,

VdB, IdB, PAB ~ DBase voltage, current and power of the

VaB

nvarf

S

nn

n

d.Cs system respectively; actual units,
- Base voltage of the a.,c. system, actual units,

- Reactive power output of the fitter bank at system
frequency and at the nominal voltage of the valve
side of the transformer, actual units.,

- Capacitive reactance of the filter bank, p.u.
- Turn ratio of the converter transformer,

- Turn ratio of the ideal transformer,

14, VD, Es, PD, Qt, Qs, Qr, U, Ec = The values of "id",

“V’d"' "83"’ "Pd", "Qt“, "(13"’ "qul' |lu" and "ec"

respectively, actual wmits,



Procedures Used:

le Procedure SYSTMVOLT (id, ec, vd, vr):

The input parameters of this procedures are id, ec, vd and vr
and the generator voltage "es"™ is calculated when the procedure is

called. For example, in the main programme the initial value of

"es" is calculated as:

vi, vr = are read from the data
id ~ 1is calculated from the values of
pd end vd given in the data
ec - 18 calculated from the given values of
ﬂ'zl’l and "xc".
The procedure then calculates the d-q axis components of the current
on the a.c. side of the rectifier, and proceeds to compute the
fundamental components of voltage anc; 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
compensator, Finally, by solving the a.c. circuit on ‘the L.,H.S. of
the star point the required value of "es" is calculated, If

synchronous compensators are not used in the H,V.D,C, sfétem. the

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

value 1,000,

e Procedure c¢:

This procedure gives the instruction of "carriage retum" to

the computer,

3. 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,



Actions of the Programme

The programme reads and stores the data, as given in Table L],
Vol, 1, and then calculates the commutating reactance using either
of the equations as instructed by the marker "w'", 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 id, a value

of "ec" (ecl = 1,0) is used for the first calculation, and the
corresponding value of "es" (= esl) is computed by calling the procedure
SYSTMVOIT, A second value of "ec" (ec2 = ecl = 0,2) is considered

to calculate its corresponding value of "es" (= es2) as sabove.

The third value of "ec" (= ec3) is found from the above results, and
similarly "es" (= es3) is COI;IPUtEd- This process is continued, using
the latest two sets of values of "ec" and "es" to predict the next

iterate for "ec", until the calculated value of "es" is equal to its

initial value within the prefixed tolerance of 10-6. 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
required, the marker "EF" is given a value 1 and consequently the
calculations 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 "i1d", the programme finishes,




AR S C i I R e
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VERBATIM

DHEG18 CASE 1(CHARACTERISTICS**OF **CONVERTERS) -
begin librar AO,AG;

pen(20) s Open(30),

writetext(30,[[20s]AHMAD*DHEG18*HVDC[cc]]) 3

begin real ec,eS,Vd,id,ip,iq,xv,XI pXt,x8,xa,xl1,xe,2,
pi,qt,qs,qy,S,n,vdB, 1dB,pd,mvarft,w,R,qr,
nn,PdB,est,es2,vr,es3,VaB,ecl,ec2,ec3,
u,i1d,i1q,viqd4,viq,x;

array Id,VD,Es,PD,Qt,Qy,Qs,Qr,U,EC[1:100];
noe

er {,i,EFV,FE,re,rs,rl;
1.3

rl:=read(20)
re = read(20
rs = read(20

EF:nrea.d 20

we we \eoes ‘e wn
> \ae

pd :=read (20
'nread (20) s
smpread (20
xa'nread 20
Xviz=read (20
Xt i=read (20
xX1l:=read(20
n:=read(20);
PdB:=read (20
mvarft=read (
VaB:(=read (20
VdB :=read (20
xs:amadi%}

S
.o

ee oo Cu-

w (=read(20
vri=read (20
Ri=read(20)

WeVIwe s\ Voeve e ssve

pi '“3 1 142,
IdB :=PABR/VdB
nn :=VdBxpi /(VaBxzx3xsqrt(2)) ;
fznmvarf/PdB s
iﬂl s

if w=-3 then

xc: Xc t=xv+{xa+xt)xx1/(xa+xt+x?)
else

fi=formt([-nddd.dddd]}) ;



beglin
real procedure SYSTMVOLT (id,ec,vd,vr);

real y€C,Vd,Vvr,
begin

real eCd,ecq,is,BS,GSd,eaq’w,’vyd,
qu,iv,i}fd,ivq,iSd,qu,XQ,JCB,
Ad,Aq,Bd,Bq,Cd,Cq,Dd,Dq,a,b,
c,d,e,m,g,h,k;
pd:=vdxid;
lvi=1d;
us=vd/ec;
if u>1 then

begin

=13
ip:=1d;
1q:=0;

goto L3

end

else
1f u¢-1 then

begin

i==13
ipi=-1d;
1q:=0;

goto L33
end s

Ipr=uxid:

iq:=sqrt(ivT2-ipT2);

ipi= 1f re=-1 then -ip else 1ip;
L3: :

ecd:=ec;

ecq =03

qQri=ecdXiq;

ivd :=1ip;

ivqi==1q;

if rs=1000then

begin
vid:i:=ecdxn;

3 vig:i=ecqXn;
11d:=ivd/n;
11q:=ivqa/n;
qt =03
qQy=0;
goto L1;

end;

comment calculations for qt and
y start;

vyd:=ecd+(xec-xv)xivq;

vyqi==(xc=-xv)xivd}

vy s=sqrt(vydT2+vyqr2);

Ad:=1vd+vyq/x1;

Aqi=-(ivq-vyd/x1);

Bd =vyd+xt/x1Xvyd=-xtxivqg;

Bq:=vyq+xtxivd+xt/x1xvyq;




Cqi==-1/(nxx1);
Cd:=03
Dd:==-xt/(nxx1); y
Dq:=0; :
1=vIX({BAXCq+BqXCd-AdXDq-AqXDd ) ;
b t=vrX(BdXCd=-BgXCq+AdXDd~AqXDq) ;
c :=vrT2X(CdxDd ~CqaXDq+AdXBd ~AqXBq) ;
x2 = (-aXe+bXaqrt(at2-cT2+0712) )/
bT24a12);
x3:=(-aXe~bXsqrt(aT2-cT2+b72))/
b‘r2+e.T2;;
x:=1f abs(x2)>dabs(x3)then x3 else x23
d :=AdXBqg+AqXBd
e :=CqXDd+DgXxCd ;
m=BqXCA+CqXBd;
g i=AqXDd+Dg>Ad 3
h:=AdXDd=-AqXDq ;
1=BdXCd=-BqXCq;
qt i=d+vrt2xe+vrxsqre(1-xT2)x(mig)
+vr><xx(h—k;;
qy:uvyl‘z/szmt X(sqrt(1+ixxtxqt/
(vyT2))=1);
comment end of calculations for qt

and qys
11d:=£1vd-qyxqu/ivy1’2”/n;
11q = (ivgqiqyxvyd/(vyT2) ) /n;
vidi=vrxsqrt(1-x12);
viqi=svrXx; -
L1
isdi=11d-SXviqg;
1sq:i=11q+SXvid;
1s:=sqrt(isdt2+isqt2);
esd:=vid-xsXisq;
esqsi=viq+xsXisd;
es:=sqrt(esdT2+esqtT2)
qs:=1lsqgXesd-1sdXesq;

SYSTMVOLT t=es;
end SYSTMVOLT;

procedure underlin(m,n);value m,njintegerm,
n'
begin inte er 15for 1:=1stepluntil min-1 do
charout(30,If 1 < m then 6F else

30)end;
procedure cjwritetext(30,[[c]]);

id:=pd/vd;
comment calculations of initial value of es;

ec:=(va+pl/6xidxxc)/z;
es t=SYSTMVOLT(4d,ec,vd,vr);



Sg%g ?ec; éi%éiil% 83_]_9 s%Bg_]_vd
: I3"":‘"_[_8 513{:8 :ig c csﬂ

8 _[_83_}
underlin(0, 12 ?;c;

- 3 csunderlin(0,121);c;
3
G

e

C

for id:=.1 step .1 until 1.60001 do

begin

ecl:=1.03}
comment iteration procedure to
ec; 4,
vdi=eciXz-pl/6>x1dxxc}
es{ :=SYSTMVOLT(4d,ecl,vd,vr);
if abs(es-es1)>10T(-6) then
begin
ec2:=ecl=-,2;
vd s=ec2xz-pi/6xidxxc;
es2:=SYSTMVOLT(4d,ec2,vd,vr) ;
if abs(es-es2)>10T(-65 then

begin

L:ec3:=(es-es81)/(es2-es1)
X(ec2-ect)+ect
vd :i=mec3xz-pl/6xidxxce;
es3:=SYSTMVOLT(id,ec3,vd,
vr);
if abs(es-es83)>10T(-6)
then
begin
es] i=es2;
es2:=es3;
ecl i=ec2;
ec2:=ec3;

goto Lj;
end
else ec:=ec3;

end
else ec:=ec?;

end
else eci=ecl}
comment iteration procedure ends;

1f rI=T then vd:i:=vd-Rxid;

If EF=1 then
begin

comment conversion of p.u.
values into actual units;
Idli)s=1dXIdB;

VDl 1] t=vdXVdDB;

PD[ 1] :=pdXPdB;

Esl i) :=esXVaB;

Qtll) :=qtXPdB;

Qyl1] s=qyXPdB;

Qsli) t=qsXPdB;

Qriil t=qrxpdB;

U[1] s=ug

EC[1] s=nnxecXVaB;

1:imitl;



end->

end;
close

close

i

end

- begin

write(30,f,id
write(30,f,es
write(30,f,vd
write(30,f,pd
write(30,f,1ip
write(30,f,1q
write(30,f,qt
write(30,f,qy
write(30,f,qas
write(30,f,qr
write(30,f,u);
write(30,f,ec);
writet;ext(Bo, cell);
end;

underlin(0, 121),c,
if EF=1 then

ui we ‘voswae\asewe ot ‘ve e e

writetext(30,
copyte J{t 20 30 ; ; , 3Cs
unde rlin ’ 1 18) 3¢

write text 30 ggsi
Es Qt
E Qs 89 QI‘ BSi‘]
e

r n 0,118),c;
for 1:=1 step 1 until 16 do

begin
write(30,f,Id|i
write(30,f,Esli
write(30,{,VDl1
wrilte 30,f,PD i
write(30,f,Qtl1
write 30,f’Qy i
write(30,f,Qs(l
write(30,f,Qrii
write (30, f,U[i] -
write (30,2,EC[1]);
writetext(SO, qil);

end;

underlin(0,118)3c;

e vo ‘v o0 \se e ‘¢o 9o

end;

If FE=0 then

begin

end;

20
30

3

®
3
*
3

writetext(30LLLpll),
poto L2;

10
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DIGITAL

PROGRAMME TO SIMULATE D.C, LINE 1IN

LOAD FLOW STUDY OF A,C, SYSTEM

Tdentifiers Used:

The identifiers of this programme, which have not been defined

earlier, are given below:

xN -
le' Vd2 s
vin e

Commutating reactance, when synchronous

compensators are connected with the tertiary

*windings‘bf‘the transformers, p.u.

Sending and receiving ends average voltages of
the d.c. system, p.u.
Average d.,c. voltage when the converter is on

N.V. COntrO].’ Pele

idel, 1de2 = Direct currents of the rectifier and invertor, p.u.

Zly 22 =
KR, KI =
Ir, Irl =

K

wl, u2 =
vl, V2, V3 =

il’ izg i3 -

Cosine of the rectifier and invertor delay angles,
respectively.

Gains of the rectifier and invertor C.C. regulators,
respectively. .

Reference currents of rectifier and invertor C,C,
regulators, p.u.

Current margin, p.u.

Displacement factors of sending and receiving ends,
respectively.

Values of d.c. voltage during iteration, p.u.

Values of direct current during iteration, p.u.

qsy Q51,932 - Reactive pover consumed by the converter, rectifier

and invertor respectively p.u.

M RN I ol D AT bt
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ibd, ibq =~ Alternating current components on the a.c. side of
the rectifier, p.u.

idd, idq -~ Alternating current components on the a.c. side of
the invertor, p.u,

vl0, v20 = Sending and receiving ends a.c.'bus-voltages. Ps.U.

nly, n2 « Turm ratios of the sending and receiving end on-load
tap-changing transformer.

ninc - Increment of the turn ratio.

nmax, nmin - Maximum and minimum 1imits of ni ( i = 1,2),

zmax, zmin -« Maximum and minimum limits of the power factor.

Procedures Used:

e

The programme uses all the procedures which have previously been

discusseds The remaining procedure SWAP (a, b); assigns to "a"

the value of "b" and to ™" the initial value of "a",

Action of the Programme

The programme reads and stores the data, as given in Table L2,
Vol. 1, 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 invertor, whilst for a negative value of "k" the operation
is reversed. In the latter case, the programme calls the procedure

SWAP replacing in turmn Z1, ir. Kr and nl - the values associated with

the rectifier - to the corresponding values 22, Irl, KI and n2 of the

invertor.



o o RReber o P Bl U A -t

The value of "ide" is found by solving iteratively the
characteristic equations of the invertor on C.E.A, control and of
the rectifier on C,C. control, wvhile the values of the required
*varidblés are stored., lThe programme then proceeds to compute the |
characteristics of the rectifier and invertor when they are on N,V,
end 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
wvill be on N.V. control with the invertor on C.C, control. Finally,
the corresponding stored values of the variables will be printed,

If marker F = l, the transformer on-load tap changer is considered
by the programme.*which then compares the computed power factor with
its maximum and minimum values and changes the turn ratio within its
prefixed limits, if required.

The a.c. 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 the converter current.



VERBATIM
DHEG18 CASE 2(TO**SIMULATE**H.VeDoC.** LINK** TN**

LOAD* * FTOW* # STUDY ) >
begin library A0,A6;
open(20): open€30)'
writetext(30, [ [20s ] AHMAD*DHEG1 8*HVDCl ccl]);
begin rea'idc,xv,xV,xt,xs,xa,xl,xn,r,Jjt,J2,u, .
u1;UE,q3,q31,qs2,isd,isq,ibq,ibd,idq,idd,XC,pi,
S;nypdymvarf,PdB,es! ,es82,e83,KI,KR,vr,Ir,k,ect,
6023603,Vd,21322,V1,V2’V31V10)V20,R1,R2,11,12,
13,vdn,aa,ab,ac,ad,ba,bb,bc,bd,ca,cb,cc,cd,ce,
Cf,vd2,1d01,1d02,t1,t2,t3,tt,vx,1r1,n1,n2,n1nc,
nmax,nmin,zmax,zmin}
integer F,Fi1,f,rs,re;
X1:=read(20):
xa:=read\ 20
Xvi=read(20
xt:=read(20
X1l :=read(20
nt :=read(20
ne2:=read(20
F :=read(20):
ninc:=read§20}

w0 \vo e s o e @

nmmax:=read (20
mmins:=read (20
PdB:=read(20);
mvarf:=read (20
Xs:=read(20
tt:=read(20
21:=read(20
z2:=read(20
k:=read§20;;
r:=read(20):
KR: =read(20
KI:=read(20
Ir:=read(20
R1:=read(20
R2:=read (20
J1:=read(20
J2:=read (20
zmax:=read§2
zmin:=read(2
t1:=read(20
t2:=read (20
t.3:=read (20
F1:=read(20
Iri:=Ir-k;
ViO:=t13 ~
V20:=t.t}

1f F1=1 then t1:=tft;

pl:=3 01&2;

S:=mvarf/PdB;
xn:=xv+(xa+xt)xx1/(xa+xt+x1)
f:=format([-nddd.dddd]);

]
b
&
3
9
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begin
rocedure SWAP(a,b);

real a,b;

'begin
real X3
X:=a;
a:=b;
b:=X3$

end SWAP;

Teal procedure SYSTMVOLT(id,ec,vd,vr):

real Ia,ec’va,vr;

begln
real ecd,ecq,is,es,esd,esq,vy,vyd,
VyQsilv,ivd;ivq,x2,x3,Ad,Aq,Bd,Bq,
Cd,Cq,Dd,Dq,a,b,c,d,e,m,g,h,k,11d,
i1q,viq,vid,x,qt,qy,1ip,iq,qr;

- pd:=vdxid;
. 1ve=1d;

us=vd/ecs
if u)>t1 then

~ Begln

us=13;
ip:=1d;
1q:=03

goto L33
end

eLse
T u{-1 then
Pegin

Us=aly

ip:=-1id;

1q:=0;

goto L3}
end;

Tpr=uxid;

1q:=sqrt(ivT2-1pT2);

ip:= if re=-1 then -1p else 1ip;
L3:
ecd:=ec;
ecq:=0;
qr:=ecdxiq;
ivd:=1p;
ivq:=-1q;
1f rs=1000then

begin

vid:=ecdXn;
viq:=ecqgXn;
11d:=1vd/n}
11q:=1ivq/n;
qt:=0;

qy: =03

goto L1

end;
comment. calculations for qt

and qy start;



vyd:=ecd+(xc-xv)xivq;
vyqi==(xc-xv)xivd;
vy :=sqrt(vydT2+vyql2);
Ad:=1vd+vyq/x1
Aq:=-(1va-vyd/Xx1);
Bd:=vyd+xt/x1Xvyd-xtXivq;
Bq:=vyq+xtxivd+xt/x1Xvyqs
Cq:=-1j(nXX1)3
Cd:=03
Dd:=-xt/{nxx1);
Dq:=0;
a:=vrx{deCq+quCd-AdXDq-AqXDd;3
b:=vrX({BdXCd-BqXCq+AdXDd-AqXDq)
c:=vrt2x(CdxDd-CqxDq+AdxBd-AqXBq);
x2:=(-axe+bxsqrt.(at2-cT2+b12))/
(bT2+a12);
x3:=(-axc-bxﬂqrt(aT2-cT2+bT2))/
(bT24+a12) .
x:=if abs(x2)>abs(x3) then
x3 else x23 | |
d:=AdXBq+AqXBd}
e: =CqXDA+DqgxCd
m:=BgXCd+CqXBd}
g:=AqXDA+DqXAd}
. :=AdXDd-AQXDq;
¢ =BdXCd-BqXCq;
ti=d+vrT2Xe+vrxsqrt(1-x12)x
?m+g)+vrxxx(h-k)* |
?y==;¥T3/(2xxt)xzsqrt(1+Hthth/'

vyT2))=-1)3
comment end of calculations for
qt and qy;
11d:nfivd-qyxqu/fvyTQ;}/h;
11q:=(1va+qyxvyd/(vy12))/n:

vid:=vrXsqrt(1-x12)}
v1Q:=VvIrXX; '

L1

1sd;=11d-SXviq}
1sq:=11q+SXvid;
1s:=sqrt(isdT2+1sqt2);
esd:=vid-xsXlisq;
esq:=viq+xsXisd;
es:=sqrt(esdT2+esqT2):
qs:=1sqXesd-~1sdXesq;

SYTMVOLT :=es;
ggg SYSTMVOLT §

procedure underlin(m,n);value m,n;

in Leger MyNy

begIn Integerijfor 1i:=1 step 1 unti?
m+n-1 do charout (30,1 i<¢m Then
64 else 30) —

end;

17
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. procedure c,wrifefexf(Bo,ffC]]);

coptext{20,30,[3; ‘} csundertIn(0,121);c3

wrifefexfg 30, [T V10f6s]V20 ?s]idc[Bs]vd
[8s]pd[8s]ib sTIbdrss]ul[ 1dq(6s]1idd

T8§Tu2T8§Tn1?cc]T), - -7

underlIn(0,121);
comment. test. for inversion,

T kl0 then
B_gin

SWAP(Z1, 7«2)
SWAP(TIr,Ir1);
S”AP KR) KI; ;
SVWAP(Nn1,n2);
end;
commenf the values of V10 or V20 are

varied;
for-vx.=+1sfep t2 untll €3 do

Begin
- 1f‘F1=1 then V20:=vX

'V"U“=vx,
comment computation of- invertor
characteristics with C.E.A.control;
V] i==1,00s;
ide:=1Ir;
L13:1idc1:=1dc;
xc:=Xxls;
ec1'=(-v1+p1/6x1dcxxc)/22,
re:=R1j§
rs:=J13
vri=1 ;
n:=n2s;
es1:=SYSTMVOLT(1dc,ect ,vi,vr);
_%gabs(vzo-es1)>10T(-3$ then
egin
v2:=Vle ,23%
ec2:=(-v2+pl/6x1dcxxc)/z23
es2: =SYSTMVOLT(1dc,ec2,v2,vr);
%Eabs(V?O-esE))lOT( 35ﬂ£§g§
in
=R L3: v3: =(V20-es1}/
(eg2-es81 )x(v2-v1 )+v1i}
ec3:=(-v3+pi/6xidexxc)/z2;
es3:=SYSTMVOLT
(1dC,ec3,V3’Vr‘;
if abs(V20-es3)>107

(=3) then
begin

esl:=eg2}
es2:=es3;
vl i=v2}
v2:i=v3;-
goto L33

end



else
vd:=v3;
end .
el se
vd:=v2}
end
else
vd:=v13s
vd2: =vd;

comment. the above computed values
are stored;

ba:=1sd;
bb:=1sq}
bc:=qss
bd:=u ;
comment. computation of rectifier
characteristics with CeCecoOntirol;
vd:=-vd2}$ -
_ 11 :-'-‘-'1(10-0.1 3
xc:=Xx13
vre=1,
ect:={-vd+11x(pi/6xxc-r)+KRX
(Ir-11))/z1;
if KR=0 then
ect:=(vd+ITX(p1/6xxc+r))/z1;
re:=R2;
rs:=Je;
L12: n:=ni;
es1:=SYSTMVDLT(11,ecl,vd,vr);
1f abs(V10-es1)>107(-3)then
begin '
0 12:=11-,013
ec2:=(-vd+i2x(p1/6xxc-r)+
KRx(Ir-12))/z1:
if KR=0 then ec2:=(vd+12x
(p1/6xXxc¥r))/2z1;
es2: =SYSTMVOLT(12,ec2,vd,vr);
if abs(V10-es2)>107(-3)then
begin

LM:13:H§V10-651)
/(es2-es1)x(12-11)+11:
ec?:=(-vd+i3x( }/Gch

- +KRX(Ir-13)§ z13

1f KR=0 then ec3:=
Tvd+13x(pI/bxxc+r) ) /21
es3:=SYSTMVOLT
(13,ec3..vd,vr;;

ifabs(V10-e53)5107(=3)
then

19
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begin
est:=es2;
es2:=e83;
11:=123
12:=13;
goto Lﬁ;
end
else
cs=133
end
elLse
| c:=123
end
else
Idci=113

1dc2:=1dc;

comment. 1terations to find the
correct. value of the direct
current. of the line;

if abs(ide1-1de2)>yp-3 then
begin

idc:=1dc2;
goto L13;

end;

IT F=1 then

comment, tap-changing calculations
sfart;

beglin
N 1f udzmin then .
begin
if nLZ nmax then goto L16
el.se )
beglin
ni:=nt+ninc;
goto L123
end -
end
eLse
%z*ﬁ>zmax then
egin
= if nt{nmin then 5otoL16
else
BegIn
nt:=nl-ninc;j
goto L12;
end
end
end;

comment. end of tap-changing
calculations;

1f KR=0 and abs(vd)>dabs(v20xz2-pi/
bXxcxide] then goto ~FAILS




comment. the above computed values
are stored;

1,16:cas=1sd}

cb:=18Qq;

cc:=Qs;

cds=u;

ce:=1dc}

cf:=vd;

1f KR=0 then goto L1563 ,
comment computation of rectifier
characferistics with N,V.control;
vie=13

‘ect:=vi+idex(pl/6xxc+r);
es1:=SYSTMVOLT(1dc,ect,vi,vr);
1f abs(Vi0-es1)>p-3 then

begin .

V2: HV‘ e .2;
ec2:=v2+ideX(pi/6Xxc+r)
es2:=SYSTMVOLT(1idc,ec2,v2,vr);
1f abs(V10-e82)>y-3then

begin

L7: v?:=(V10-es1l/(es2-
est )x(v2-vl)+vi}
ec3:=v3+idcx(pil/6Xxc+r) 3
es3:=SYSTMVOLT(1dc,ec3,

v3,vr);
1f’abszV10-es3)>n-3 then
begin .
esl:=es2;
es2:=es3;
vi:i=v2}
V2:=Vv3}
goto LT7;
end
else
vdn:=v3;
end
elLse
| vdn:=v2;
end
elsevdn:=v1}

1T vdn<0 then goto FAIL;
comment. the above computed values
are stored;
ag:=1isd; -
ab:=1sq;
ac:=qs
ad:=u ;
%gabszvdn)< abs(vd) then
egin '
e comment. computation of
Inverfor characteristics

with C,C control;

21
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vd:=.vdns -

11 :=idC-0.1;

XC:=X"3

ect:=(=-vd+11Xpl/6xXxc+KIX

(Ir1-11))/z2;

re:=R1;

rs:=11;

vri:=13

n:=n2;

1 :=SYSTMVOLT(11,ec1,vd,vr)}

_%E ibS(V20-681)>p-3tth

egin '

12:=11<«,01;
ec?2:=(-vd+12xpl/6Xxc+KIX
(Ir1-12))/z2;
es2:=SYSTMVOLT
(12,ec2,vd,vr);
i1f abs (V20-es52)>p-3then

Eégin
L6:13:=(V20-es1)/
(es2-es1)x(12-11)

+113
ec3:=(-vd+13xpi/
6xxc+KIX(Irt-13))
/223
es3:=SYSTMVOLT
(13,ec3,vd,vr)
if abs V20-es33
S>p~3then
begln
esl:=es2;
es2:=es3}
11:=12;3
12:=133
goto L6
end
else
Idci=13;
end
else
Idc:=12;
end
eLse
Idc:=11
vd:=vdn;
pd:=vdXidc}
idq:=1sd;
1dd:=1s8q;
qQs2:=Qqs;
uz2:=us;
ibq:=aa;
ibd:=ab;

qsl:=ac ;
ul :=ad;



end

else

L15:
begln
—== 1bq:=ca}
ibd:=cb;
qs!:=cc;
ut:=cd;
ldc:=ce}
vd:=cf}
1dq:=ba;
1dd:=bb;
qs2:=Dbc;
u2:=bd; =
pd:=ldcXvd;
end;

I‘ﬂ«o then

Pegin
SWAP(1bq, idq; 3
SWAP(1bd,idd);
SWAP(u1,u2);
SWAPV10,V20),
end;

write 30,f;V10
write 30’f{V20
vrilte(30,f,1dc
write 30,f,vd¥;
wrlte 30,f,pd ’
write 30,f,ibq§

A" I BVY RYY

LYY ' 1

write 30’f,ibd
vrite 30,f)U1)
vritfe 30’f,1dq
vrite 30’f’1dd
vrite(30,f,u2 ’
vrlte(30,f,nt
wrifetexf(BO, fcc]]);
1f k<O then T
SWAP(V10,V20);

*
b
9
b

end;
endy —
FAIL:
end;
ETEseEEO;;
cl.ose(30);

end-
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DIGITAL PROGRAMME TO STUDY THE TRANSIENT BEHAVIOUR

3

cF H,V,D,C. SYSTEM

Ydentifiers lUsed:

The identifiers which have not been defined in Appendices 1

and 2 are given below:

Tl
T

degtorgwd
f

radtodeg

range

acce

comptime

ecr, eci

Zr, 21

xde

idel

Time constent of the d.c. line, sec,
Time constant of the converters, sec.
Multiplying factor to convert degrees into radians.

Multiplying factor to convert radiens into degrees.

Total number of differential equations.
Independent variable (time),

An array containing the values of the dependent
variables (solution) at "t".

The procedure replaces the values in the array "y"

".t "

by the values at t + range replacing by

t + range,

Tolerated truncation error.

Interval of integration.

Computing time,

Control signals of rectifier and invertor respectively, p.u.
Cosine of the delay angles of the rectifier and invertor
respectively.

Cosine of the extinction angle of the invertor.

Inductive reactance of the d.c. line, p.u.

Resistance of the d.,c. line, p.u.

New value of the d.c. line current, p.u.
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K - Multiplying factor to give a step-rise to vql
or Ir,
tl, t2 « Time intervals, sec,
val, v@2 « Quadrature axis components of a.c. voltages across
rectifier and invertor, respectively, p.u.
vdl0, vqlO0 « Direct and quadtature axis components of sending
end a.,c. bus voltage with respect to common reference
frame, p.u,
vd20, vd20 -« Direct and quadrature axis componér;ts of receiving
end a.c, bus voltage with respect to common reference
frame, p.u.
Angl0 = Phase difference between sending end bus-bar.and
reference bus, degrees,

M,Fl Markers for different instructions,

_Procedures Used:
The procedures in this programme which have not been defined
earlier are given below:

1. Procedure r{x):

This procedure, when called for, reads from the data the values

of the identifiers written in the parenthesis, -

2, Procedure SYSTMVOLT (id, vd, ec, ivq, ivd):

This is the modified form of the procedure SYSTMVOLT discussed
- in Appendix I, id, vd and ec are the input parameters of the
procedure which calculates ivd and ivq. For example, the transient
values of the rectifier current components, on the a.c. side, are

computed as?

id « is replaced by the last value of idc

™

vd ‘= 1is replaced by the last value of vdl




2"

and, e¢c = 1is 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 KM3 (n,t,y,range,acc,h)¢

This procedure uses the method of Kutte=Merson to solve n
simultaneous first order differential equations, as discussed in
SECO 2-2-h' VOIt Ii

L, Procedure fn (t,y,f)!

This procedure is written by the user for a particular problem

end 1s called by the procedure KM3 during computation., For this
programnme all the first order differential equations involved in
the solution of the probl; are written in transfer functional form
vhere the arrays "f" and "y" represent the input and output of the
integrating amplifiers respectively.

5 Procedure PRINT:

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
Table L=3, Vol I, and then proceeds to print the headings of the
required variables, To find the initial values the programme

computes the d.c. voltage, current and control signals of both

the rectifier and invertor, and then calls the procedure SYSTMVOLT

to calculate the respective alternating current components. Subsequently,



the procedure PRINT is called and the computed values of all the Cr

identifiers, specified in the procedure, 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 wvritten within the body of the
prograrmme which gives a step rise to the a.c, bus=bar voltage or
reference current when ¢t > t1, and at t > t2 the raised value is
normalised. The differential equations are solved for ide, Ml and
M2, by calling the procedure KM"_%, 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 idec. 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.



VERBATIM

EG 18 CASE 3 (TRANSIENT**RBEHAVIOUR**OF**H.,V.D.C.**SYSTEM)->

begin 1libra AO,AG,A1,A13,A143
open(20) 50pen(30) ;open(10);
begin real VdB,pl,vdi,idec,vd2,R,xc,T1,degtorad,
radtodeg,T,KR,Ir,Ml ,M2,h,,acec,range,
comptime,t,n,AngiO,vql,ecr,eci,zr,
VaB,nn,vi10,vqt0,vdi0O,u,ibq,20,1ibd,
xdc,V20,K, t‘ ’t2)A)eC1 ,GCZ,VQE’O:deO:
idq,idd,VQE,KI,k,V,id01 ;
integer M,F1;
array y[1:6];

ocedure r(x); real x; x:=read(20);
rocedure SYSTMVOLT(id,vd,ec,ivg,ivd);
real 1d,vd,ec,ivq,ivd;

EegIn real iv,ui;

uti=vd/ec;
1f ulp1 then

. begin

s=2] ¢
ivq:=1id;
ivd =03
end

else
if ui~1 then

begin

U=}
ibqi=-1d;
ivd:=0;
end
else
s=ul;
ivi=id;
ivgi=ivXu;
1vdi=sqrt{ivr2-1vqT2) ;
end SYSTMVOLT;
procedure underlin(m,n);jvalue m,n;
integer m,n;
beginintegerl ;%ori i=1stepluntilmtn-1do
.EErOUt ’}__I IZm then
6lelse30

end;

procedure cjiwrite text(BO:L[_c_]_]_);

ocedure KM3 (n,t,y,range,acc,h);
value n,range,acc;

Integer n; real t,range,acc,h; array y;
begin 1 s

nteger Jj; real t1,hn,inc,error
k=D SRR t;oBTéE'n finiéh; ,

array z,f0,I1 ,fel1:n]s

29



t1:i:=t+range; r:lnish i=false;

L1:1f hx(t+h-t1)>0.0" £hen begin hni=h;
hiat]=-t; “
£indshi=true and;
rn(g,y,g ] step 1 until n do z[J)
sl O 5 Sve un n O Z
tmy [ JT+L0]

J15%0/3;
fn(t+h/3,2,f1),
for Ji= 1 until n do z[J] =yl 3]+
(r +r11"j‘]')%/6—
fn(t+h/3,2,f1),

for j:i= 01}:3? 1 until n do z[ ]'uy[,j]+

xPOTJTH0.375xC1[ 3] ) xh
rn(t+h/2,z £2);

for jJ:=1 step 1 until n do z[3]: 'uy[,j}+
23] )xn;

(O.XLO[ JT=T.5XC1TT)+2.0xL
fn(t+h,z,f1),

inci=h;

for ,j'u step 1 until n do
begin fl[.'i] ===y[J] (fO[ J1¥b.0xc2[J)+L1(3]) .

errori:=0, embs(ﬂf.j]-z[,j]),

if errordacc then begin h:=h/2; finishi=
falsesgoto I2 end;

1f error)>0.025xacc then Inc:i=0.

end,
Ci=t+h;
hi=h+inc; . t11 n o[ 4] (4]
for Ji=1 8 eg 1 un =1 3
= if finish then hi=shn el E t L1;f n{ t,y,f0)3
end KM3;
ocedui’-e rn(t,y,f)real tjarray y,f;

fi1
rli2)=1/Tx(y[1]~-y
f 2'-=1/TXY 2
rih]:=1/T% ecr-yr
£i5):=1/Tx(eci-yl5

:=1/T1x(1dc1 - [

rocedure PRINT;
EegIn

write(30,F1,t);
write 30,F1,ibq
write 30’F1’1bd
write 30,F1’ecr
write(30,F1,vd?
write(30,F1,idc
wrilte 30,F1,idq
write(30,F1,1dd
write(30,F1 ;BCi
write(30,F1,vd2
write(30,F1,Ir

e \ae oo 0t \0e wo \soe ‘os \ae B
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write (30,F1,vq2);
write (30, Fl,vqli
o

end;

Mi=read(20);

r(K) ;r(VdB) ;r sr(xc);

Anslo; rivd1} in;,r VaB
sr(T

r(KR ,r 20 ) sr(range ) jr(ace sr(h) 3 (comptime)
r %r ,r zZr) ;o k),r(KI);r(V10),r(V20),r xdcsj,r(ﬂ ;
r(t2);

copytext (20,30 _l_ derlin(O 118),
writetext(30 , ibdgj s ] vd1
-[_le 1ch53 s_]_e ci[5s]vd2 .;_]_I

vq :

underl n?o ]

F1 :nformt([_—nnd.dddl) -

pl:=3.142;

T1 1=xdc/( 100><RXpi) :

degtorad:=pi/1

radtodeg = /pi,

==VdB><pi/ (VaBxzrx3xsqrt(2));

comment steady state calculations of the system;
vq10:=Vi0Xcos (Ang10xdegtorad) ;
vd10 :=V10Xsin(Ang10xdegtorad) ;
vql s=sqrt(vql0T2+vd1072);
1f M=1 then V: “VQ‘,
if M=2 then Vi=Ir ;
vq20:=V20;
Vd20 '“0,
vge isvqe0s
M1 ==vql><zr;
ecr =M1 ;
ide:=(Ir-ecr/KR);
vd1l :=M]-pl/6xxexide;
vd2:==(vdl-1dcXR);
ecl:=vd2+pl/6xxcxide;

20 = (-aci+pl/6xxexide)/vq2;
M2:=eci;
y[1]:=y[2] i=y[3] :=1dct t=ide]
£:=0;

vi5]:
SYSTMVDLT{:de,vdl »val,ibq,1bd);

SYSTMVOLT(1idc,vd2,vq2,1dq,1dd);
. PRINTS
corment end of steady state calculatlions;
begIn
comment start of transient state
calculations;
for n:=5 while t{comptime+.0001 do
begin
comment instructlions to give a
step rise to vqi or
Ir at required interval
of time;




if t{tithen A:=V
. else
IT t¢t2then A=K
else
A=V;
if M=1 then vql:=A}
I M=2 then Ir :=A;
Idc:=(vdi+vd2)/R;
1f 1dc<0 then idc:=03
K13 (n,t,y,range,acc,h);
comment limits imposed on the control
signals; \
idecs=y[3];
1f 1de<kXIr then ecr:=vql
else
if IdedIr then ecri=vq1X.087
else
ecri=KRX(Ir-idec);
if ecrdvql then ecri=vqgl;
Mi=y[4]3
if Mid>vgl then Mi:i=vq1l;
vdl =Ml =pl/6xxexide;
ec) :=KIX{kXIr-idc);
ec2i==yq2xz0+pl/6xxexide;
1f 1dedIrxXk then eci:=ec2
else |
IT (eci+ec2)>0 then ecii=-vq2x0.087
else
ecl:= ecl+ec?;
M2:=y[5];
vd2:=M2-pl/6xxcxide;
idel s=(vd1+vd2)/R;
1f 1dc1<0 then 1idc1:=0;
sYsTmvoLT(Ide,vdl,vql,1bq,1bd) s
SYSTMVOLT(ide,vd2,vq2,1dq,1dd) ;
PRINT

end;
end
end;
close(20)sclose(30) 3close(10)3

end -
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DIGITAL PROGRAMME TO DRAW THE SWING CURVES OF

AN A,C, ©5YS

Identifiers Used:

The identifiers of this programme which have not been defined
earlier are given as:
gl,g2,8f = Conductances of the generator, transmission line
and shunt fault respectively, p.u.
b1,b2,hf =~ Susceptance of the generator, transmission line and

shunt fault respectively, P.U.

Angl =~ Phase displacement of the sending end a,c. bus=bar
with respect to the com;lon reference frame, degrees.

Ang2 = Rotor angle, degrees,

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

with respect to the common reference frame, degrees.,

Cosang 2, '
Sinang 2 = Cosine and sine of Ang2, respectively.

edl0, €ql0 - 4 - q axis components of the generator terminal voltage
with respect to the common reference frame, p.u.

{310, iql0 = d = q axis components of the generator current with
respect to the common reference frame, po.us

edll, eqll = 4 = q axis components of the generator terminal voltage
with respect to Park's reference frame, pe.u,.

id11, iqll = 4 = q axis components of the generator current with
respect to Park's reference frame, p.u.

Cefl = Terminal voltage of the generator on open circuit and

at normal speed, p.u.

-3 4



Gefdl0, GefqlO

xdl, xql

phidll, phiqll

Pel

Pi

xdIl

Pow Kvel

Hl

Kdl

tr

V10, V20

Tdoll

V10d, V10q and
V204, V20q

IDl, IQl

Xel, X2

d - q axis components of Gefl with respect to
the common reference frame, p.u.

d - q axis components of the generator reactance
with respect to the Park's reference frame, p.u.
d = q axis components of the total armature flux
linkages, p.u.

Positive phase sequence armature power, PeU.
Input mechanical power, p.u.

Direct-axis component of the transient reactance
of the generator, p.u.

Accelerating power of the rotor, p.u.

Inertia constant of the generator,

£

Independent variable (time in sec)

th

Demping coefficient,
Reclosing time of the circuit bresker,sec,

Fault clearing time of the circuit breaker, sec,

Sending end and receiving end a.c. bus voltages

i

respectively, p.u.

Direct axis open=circuit field time constant, sec,

d =« q axis component of V10 and V20 respectively

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

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

Inductive reactance of the generator and transmission

line, respectively, D.ls
Voltage proportional to the generator terminal

voltage, PeUe

39
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vr - Reference terminal voltage‘for the generator, p.u.
avrin -« Input voltage of the comparator, p.u.
V8 = Eduivalent voltage of the stabiliser, p.u.
. kvt - Gain of the machine.
k7T « Gain of the stabiliser,

kmb « Gain of the comparator.

kav = Gain of the exciter.,

T, T6, TS,
T « Time constants of the stabiliser, exciter and

amplifiers 1 and 2, respectively, sec.
ef « Exciter voltage, p.u.
ein « Input voltage to the amplifiezj l, p.u,
~ avrlim - Upperilimit of the open circuit terminal voltage, p.u.
EF - Marker to exclude or include A.V.R.
F; F1 <« Formats,
Fi « Marker to select the parameters for the network

calculations.

n = Total number of differential equations.

Y « Arrsy for the differential equations,

- Arrays for admittance matrices.

- 1'
2,3,4) = Arrays for the inverse of the admittance matrices.

2.3.'*) = Arrays for the admittances of the systen,

Procedures Used

The procedures in this programme that have not been discussed

earlier, are given below:




- R R R PR N T AT Ty o m o—
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l, Procedure inversion (n,a,b,f singular):

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

dimensional matrix "a" while keeping the pivot at its minimum allowable
value "f", In case of singularity in the matrix, the procedure
goes to the label "singular" and the programme terminates, This

inversion procedure has been discussed in some detail in Sec. 6=3-2,

L ¥

Vol. 1.

2. Procedure w (g,x):

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

and vhenever this is called, the string "g" is printed together with
the latest value of the identifier "x", in the prescribed format.,

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

against the string.,

3. Procedure fn (t,y,f):

This procedure is written for each individual problem, and is
called by the procedure KM3, 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 eciuations. "Array £ and real identifier "t"

are the input p‘arameters 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).
L, Procedure PRINT:

This procedure,when called for, prints the latest values of the

identifiers mentioned in the write statements of its body.



5¢- Procedure Z CHANGE (X):

This procedure has been written to change the existing matrix

into the new matrix "X",
6. Procedure SETARRAY (i):
All the elements of the required matrix "i" are written in the

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

is set up.

7. Procedure STORAPARA (a)

This procedure stores the parameters, which are given in its
block, in an array "a".

8. P;ocedure READ ¥ (G):

The procedure reads the values of the identifiers written
within the "write" statements of its block, and then calls the

procedure w(g,x), a number of times, to write the strings and the

values of the identifiers specified therein.,

Action of the Programme

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

in Table 5=1, Vol, I, prints the values of computing time, range,
accuracy, inertia constant of the generator, infinite bus voltage,
fault clearing time and reclosing time, etc.

Then admittance matrices for the different configuyrations of

the system are set up by calling the procedure SETARRAY (Yn)
- (n=1,2,3,4), Similarly by calling the procedure STORARRAY (An)
- (n = 1,2,3,4) the admittances of the system are stored - the

suffices 1,2,3,4 indicating PRE~-FAULT, FAULT, PRE-RECLOSURE and

RECLOSURE configurations of the system,
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The progremme then proceeds to the inversion of the above
mentioned admittance matrices, In case of singularity in any
matrix, "INVERSION FAILURE - N" (N = 1,2,3,4) is printed out,
where N denotes the number of the mai:rix, and the programme terminates,

The steady state values of the generator variables are computed by
coftsidering the prefault admittances of the 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 programme.

To compute the machine variables during the transient state,
time "t" is varied from zero to a prefixed computing time and a switch
statement i1s included in the programme which allots new values to
the inverse matrix "Zn" and to th.e network admittances "An"
corresponding to positions when the line is on fault, wvhen the fault
is cleared, and when the faulted line is reconnected, Then by using
nodal analysis, the programme solves the network for the current .

canponents of the generator with respect to the common reference

frame, These components are transformed to Park's reference frame,
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,



VERBATIM

EG18 CASE 4(TO**DRAW**SWING**CURVES**OF **AN**A,C, **SYSTEM)>

begin librar AO A6,A12 A13,A1ll,

open(10); open(20); open(30);

be in real t,S‘ ,82’Sf,b1 ,ba,bf,Angl yANnge, Ang3:
Cosang2,Sinang2,comptime,ed10,eql0,eqll,
Gefd1o GeleO Gef1,acc,h,range ,xd1,
phid11,pP11,1d11,1q11,1410,1q910,xdI1,Pel,
Povael‘l sMm1,H1,Kd1,Tdoll ,degtorad,radtodeg,
tr,tfc,V10q,V104,V10,V20q,V204,V20,%q1,
IQ] » ID1,X11 ,Xla,pi,phiqﬂ yVE,vr,avrin,kvt,
;!{?,g »T6,T5,T4,k7,ef,ein,kmb,kav,G,avrlinm,

? ’

integer EF,F,F1,RECYCLE,F4,n,N;

array y[1:7}),2,21,22,23,2Z4, Y1 Y2,Y3,Yll
22,1 :2] sA yA2,A3, AI‘ '2’1 :2

rocedure inversion(n,a,b, f,singular) :
value n; integer n; array a,b; real f;

m singular;

begin in integer 1,4,k real piv, w,z;

arra c,e ’Q{'l :n Eel" arral
plT:n]

for 1:-1 step 1 untll n do

» B 1n Z'HO,
for ji=1 1 untll n do
ir abs 3',_.]'? >z then
ﬂabs

if z=0 then g_ "to singular ;
_ri] '-‘-"'-'Z ¢ g3
-for Ji=i ste ] until n do
b[1,J]:=a X

end ;

for k:1 step 1 unt:ll n do

'Begin iv.ug
Il?or 1';k step 1 until n do
be egin wis

if abszw >abs(p1v)then
begin piviswjili=i

endi s

if abs(f:iv) f then go to
singular ;

1 p[k]#k

'EEen for j:=1 step 1 until
be_fn Zz"b[l:J]: b(1, J]"’b[k:-j]:

b[k,.j] L}
end;
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for ji=1 ste ! until n do

‘E—g if then
E—Ein e :|| 8/131\!,
end else
begin e J]'n -b[k,3]/plv;
'"b[JJ j
end ;

blKk,3]):= vl[J,k]:=0.0

¢ 2 ! until n d
53 e un nndoo
bl1, JJ+T1T' (3T .

end k,

for ki:=n ste -1 until 1 do

begin l:=p
for i:-1 ste until n
begin Z'ﬂEII,l] b[1, 1] ';S'[i kl;
ETH] imz
end

end;

____1'or =1 ste 1 until n do

begln z*u

for 1'=1 step 1 until n do
E[-I: k] :=Db ] XZ 3
end

end inversionj;

procedure r(x)jrealx; x:=read(20);

procedure KM3 (n, :Y:mnge:accth);

value n,range ’acg’ he

Integer nj real range ,acc,n; array vy,

begin Integer J; real t1,hn,inc,error;
oolean finlsh;

array z,f0,{1 ,f2[1 nj 3
ti '=¥+rén%é - finish'ufalse, -

L1:if hxX (t+h-t1 )>0.

begr hn:=h; hi=ti1-t; rI'rTf's‘hzntrue

T?th,Y:fO);

I12:for f:ul step 1 until n do

z{{l—:;y 3142013 1%/ 3;

gn tjh/?’ztf until n d

or e ste n ao
'-y[J] IFOIJI +T113]))%h/6;

n(t+h/3,z,r1)

for Ji=1 ste 1 until n

‘T{ ~-y[JT'I§ 125Y£'6'l'.1]+6'375>d'1[.1])><h,
t+h/2,z,£2)

for ji=1 ste 1 until n do
*"l“] =yl JTH(0. 5F0TIT-1 DXL J1+2.0xc2( J[])
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fn(t+h,z,r1);
. inci:=h;
for J:=1 step 1 until n do
begin 1);111}-7-9% =y [ JTHF(TO[ )30 0xt2[ 3141 3)
)

error:=0.2xabs(r1[jl-z[3]);
if errordacc then
Pegin hi:=h/2; Tinlsh:=false;

goto L2
end;
if error)0.025xacc then inc:=0,0
end;
Ti=t+h;

hi:=h+inc;
for J:=1 step 1 until n do y[J]:=£103];
Iff finish then h:=hn else goto

H;fn(t:yszal;
end KM3;

il

?ocedure underlin(m,n);value m,njinteger m,n:
ezin Integer 13for 1:=1 st mn-1 ’g_{:_

ep 1 un
charout(30,1f i<m then 64 else 30)

end;

procedure cjwritetext (30 ,LLC_]_]_) 3

Focedure w(g,x): value x; real x; stri

egin writetext(30,g); if abs(x)>9
writetext (30,[ *INFINITY*; S ) else

write (30,format([-nnd.dddds;]7,x7T;

85
an

end;
procedure fn(t,y,f); real t; array y,f;

begin -
£{1]:=(Gef1-xd1x1d11-phid11)/TdoI1;
phidi1:=y[1]-xdI1>dd11;
eql1l:=phidii+xqixidit;
Pel:=1q11xXeqll;
PowKvell :=Pi1=-Pe1-Kdixy[2];
f[2} s=PowKvelixni
fi3]:==y[2]; |
if EF =1 then goto L6;
comment caiculations of excitation
control;
phiqi1:=1q11>Xxql;
vt=gqrt(phiql1T2+phid1112);
?.\[r%.n ==v?-vtxkvt;

=Vs 3

V8 i= (k’(mg/T'r-y[T] ;
eint=avrinxkmb=-vs;
f{4]:=(ein-y h];/Tll;
[5]:=(y[4]-y[5])/T5;
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1 - '

£(6]:=(y[5]=-y[6])/T6;
ef i=kavxy[6]:
Gefl i=Gxef;
1f Gef1)avrlim then Gef1:i=avrlinm;
Ir‘g Gef1<0.00 then Gef1:=0,00;
:

o’

end;

cedure PRINT;

write(30,F,t);
write(30, ;Povae11);
write (30,F,y[2]):
write(30,F,Pel);

O

y write(30,F,y[3]xradtodeg);
c.
end ’
Erocedure Z CHANGE(x); value xj array x;
BE n i1n er yy,zz;

or yy:=1,2 do
begin for zz:i=1 step 1 until 2 do
2[z2,yyl s=x[zz,yy];
end;
end;

rocedure SET ARRAY(1); array i;
EegIn |
1l 1 ,1 3"81"'82"'81';
1[2,1) t==b1-b2-bS}
i 2’2 :"g“l'ga'l'gf;
end;

?ocedure STORPARA(a)$ array a;
65 n

a[ 1,1) =213
all,2):=bl ’
A12’1 =“82;
3[2,2 3=b2;

end;

ocedure READ Y(G); string G;
Septn R

£1=read(20
g2:=mread(20
gf s=read (20
b1 t=read(20
b2:=rcad(20
bf :=read (20 9
writetexti.‘io,(} :
writetext(30,[lccl])s

o\se \va ¥ve we ‘\aa
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end ;

NEAR*CONDUCTANCE] ,g1) 3 space(30,10);
LINE *CONDUCTANCE ] ,g2); e
NEAR*SUSCEPTANCE[,b1); space(30,10);
INE*SUSCEPTANCE] ,b2)3 ¢C;
FAULT*CONDUCTANCE ] ,zf); ¢
AULT*SUSCEPTANCE | ,bf cy C3 e
underlin(0,118); c; |

£=£EES=Ern

V™ S \0 S Do

“e ‘ae

ve ‘o

RECYCLE t=read(20) ;
for N:=istep 1 until RECYCLE do

begin

"r V10

writetext(So,LLp EG18****BASIC
LA AR ALY W ol L STEMLPll)’

¥ underlin(o 118) 3 F
r{com tim);r(xdl ,rdeoIl);

r V20 ,r(acc) r(h):r(Angt)r(tr
r(qu),r(xdll), (X11
zAns2z r(Ans? it r(pi);
r(T7) r(k7),r kb ) 30 (T4) 32 (T5
r(kav ,riavrlim),

ef t=read %0

radtodeg := 0000/pi ;
degtoradz-pi/180 0000 ¢

mi :=pix50.000/H1}

F'nfornnt( -nnd. ddddi_

P} :=format ([ -nn.dddddd]);

Fu’ “0’

F)'I' =13 3

w([COMPTIME****%%] ocomptime)

W NGE # % %% 3 # % x % e),
W(|ACCURACY *¥x ¥%* X% ,ac‘cﬁ

QT ] 3¢ 396 % % 4 X X % ,h),

W
w({TINF*BUS*VOLTS* ,Vzog ;
- W

FAULT*CLEAR***[,tfec) 3
INE*RECLOSE**|,tr) ;

cs underlin(0,118), ¥
READY ( PRE *FAULT*ADMITTANCESJ_) ;
SET A Y Yl

W

'STORPARA(A1)

READY ( FAULT*ADMITTANCESJ_) 3

SET A Y(Y2)

STDRPARA A2) 3

READY( PHE *RECLOSE*ADMI'ITANCES]_) ;
SET A Y

s'ronmm (A3);
READY ( [ RECLOSURE *ADMITTANCES]) ;

SET ARFAY(Y4);
STORPARA(AL) ;
copytext(20,30,[551); c; underlin(0,118);
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writetext (30, c%***'I'IME****PmﬂCVEL****REL

*******PE*&**
******V'EL*# *****P.U*

TDR_E_C_L** *SECS¥k**%%%#p {j
"¥**ANGLE[cc]]);

underlin(0,118); c3

comment start of steady state calculations:
begin

inversion{2,Y¥1,21,0,INVFAIL 1
inversion 2y Y2 ,ZE,O,INVFAIL 2
inversion 2,Yﬁ,z 30, INVFAIL
inversion(2,Y4,Z24,0,INVFAIL
g1 :=A1 1,1}' |

TR TR IR"Y

b1:=A111,2
82==A1 2,1
b2:=A1(2,2];
X1 s=abs SAngi-AngB xdegtoradg;
X2:=abs( (Ang2-Angi )xdegtorad) ;

e 'w

V20q:=V20Xcos (Ang3);
V20d :=V20Xsin(Ang3) 3

V10q :=V10Xcos {Ang'l xdegtorad; :
Vi10d:=V10Xsin(Angixdegtorad) ;
Pe1:=(VI1OXV20xsin(X1 )%/X12'
Gef1t=Pe1xX11/(Vi0xsin(X2)] ;
Gefql0:=Cef1Xcos s Angax:legtoradg :
Cefd10:=CGel1Xsin(Ang2xdegtorad) ;
v{3] :=Ang2xdegtorad;

1q10 :=g1Xx(Gefq10-V10q) =b1X
(V10d-Gefrd10);
1d10:=b1X(V10q=-Gefq10)+g1X
(Gefd10-v10d);
1q11:=1q10%cos(y(3])+1d10xsin

(y[3]):
1d11:=~1q10xsin(y[3])+1d10xcos

(y[3)):
phid11 :=Gef1=-xdixid}

1
y[1]:=phid11+xdI1xid1
eqll :=phidl1+xqixidit
P11 :=Pel;

PowKvell i=y[2] :=0.000003

£ :=0.00000; .

if EF =1 then goto LT;

et :=Gef1/G;

y[6]:=y[5])=y[ 4] 1=eini=efl /iav;
v3 =03

y[7]:=KTxef/TT;
avrini=ein/kmb;
vri=avrintvixkvt;

L7 :PRINT;

comment end of steady state
calculations:

Z CHANGE(Z1):

o
3

) =biae
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comment start of transient state

calciiationss

begin
for n:=7 while t{comptime~

range do
begin
=Rl 1f t>-0.0001 and Fi=1
@
begln
ZCHANGE(Z2) 3
Fl :=23

end

elge 1f tOtfe-0.0001%
and Fd=2 then

begin
ZCHANGE(2Z3) 3
Fli =33

end

eise 1f tOtr-0.0001
and ri=3 then

e ———

begin
ZCHANGE(Z4) s

Fl =l
end;

EBEang2:=cos§y{3] };
Sinang2:=s5in(yl31);
eql10::=aeql1XCosang2l;
ed10:i=eql1XSinang2;

if Fli=1 then
bepin
gl1:=A111,1

D1 =A111 ’2

g2:=A112,1

v2=All2,2
end

else if Fl=2 then
BegIn
g1 =“A2[1 :1]]

»¢ ne \vs ‘oo

b1==A2 1,2
gei=p212,1
b2:=A2 2,2

we ‘o e

o7

en

else if Fl=3 the
n :

g‘ =A311,1
bl=A311,2
g2i=mA3i 2,1
bEJHAB 2,2

H

TR ITR"TA"T!

end
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else if Fi=l4 then
begin

g1 s=AL[ 1 y 1

b1=“Ah 1,2

52 :'-'-"Au 2,1

b2 IHALI- 2,2
end;

weo 'we ‘e we

- IQ1 :=eql0OXg14+cd10Xb 1+
V20qXg24+V20dXb2 3
ID] :==-cql0Xb14+ed10Xg1 -
V20qX02+V20dX%z2 3
V10q:=IQ1><Z[1,li+ID1><
z{1,2];
V10d:=IQ1x2[2,1]+IDIX
z[2,2];
1q10:=g1X(eq10-V10q) -
b1x(Vi0d=-edi0);
1d10:=b1x(V10g-eq10)+
g1x(ed10-V104d);
1g11=iq1OxCosang2+
1d10XSinang?2;
1d11 i=-1q10XSinang2+
1d10XCosang?2;
K13(n,t,y,range,acec,h);

comment end of transient
state calculations;

PRINT;

end ;
end;

oto QQ;
AIL 1: writetext(30,[ INVERSION*
FAILURE*1]) 3 %% to Q?;
INVFAIL 2 writetext(30,[INVERSION*
FAILURE*2])3 go to Q?;
INVFAIL 3t writefext(30,[ INVERSION®*

FAILURE*3]); go to QQ;
INVFAIL 31 wr&e't?xt?so » ] INVERSION*
FAILURE*l4]); go to QQ;
end;
end;
QQ:

end;

close(10) sclose(20) selose(30) 3
end-
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DIGITAL PROGRAMME TO DRAW THE STABILITY BOUNDARIES OF

Jdentifiers Used:

AN A.C., SYSTEM

The identifiers of this programme which have not been defined

earlier are given a3 below:

delta =
delace =
DELINC =
dEJ.l o
delmax
and delmin =
deline =
last deg =

tfec max and
tfe nin =

tfcdee -

Procedures Used

Rotor angle of the synchronous generator, degrees,
Prefixed tolerance to compare the increment in the
rotor angle, degrees.,

Original increment given to the rofbr angle, degrees,

Identifier used to store the original values of

delta.,

Maximum and minimum values of the delta respectively,

degrees., .

Increment given to delta during search programme,

degrees,

Identifier used for the last value of the delta, degrees.

Maximum and minimum values of the fault clearing times,

respectively, sec.

Decrement in the fault clearing time, sec.

All the procedures discussed in Appendix 4 have been used with

the exception of

procedure "PRINT".

—_—_— . ——
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Action of the Prograrme:

This programme include_s the swing-curve calculations,as
discussed in Appendix 4, together with the tests to find the
stability state of the synchronous machine under study. A number
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 made, 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 fulfilled,
the rotor angle is given a prefixed increment, and the whole process
is repeated until the stability boundary is crossed. However, the
increment of the .rotor angle is reduced for every crpseing. and its
sign is reversed to continue the search for the required critical

point for a given faulte-clearing time. Similarly, the critical

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

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

clearing times are exhausted the programme finishes,

o0



VERBATIM

£a18**cASES (T0* *DRAW * *STABILITY ¥ *BOUNDARIES **OF* *AN**A.C.
*¥SYSTEM)?

Regin

AOsA62A129A13sA14
opan 10): open 205 pen(30) ;
Eiﬁsl' t,8) .52.31‘ »01 ,bz,bf.Anm s ANZ3 CC8ang2,
ng2,comptime,ed10,2q910,24Q11,6e£d10,0e£q10,
geft,aco,h,rangs,xdy,phid11,P11,1d11,1q911,1d10,
1310,411,Pe1 ,POWKve 1 ,m{ ,H1 ,K41 ,7d 0T} ,degtorad,
radtodeg,tr,tfo,v103,V104,V10,V209,

V204,V20,Xq1,IQ1,ID] sP1,delta,delacc ,DELINC,
daly ,delmin,delinc ,delmax,lastdeg,tfcmax,

tfodec,tfomin;
intezer F,F1,»RZCYCLEF4,N,N 3

array vit1:l,2,2 .zz.z3.zum Y2oY3:

Yu 132,132)5A10A2583s041132,1 31,
inversion (n,a,b,f,s ing'ular

n: integer nj array a,b;s real f;

intezer 1,J,k,1; real plv, w,z;

*alyin] S Integer artay pl1:nl;
=1 step 1 unt lndo
Z m()

__;J'-1 ste g:_'ltil ndo
if abs [i }}
l‘abs 1’
z=) ¢ go to singular ;

| E['i] .-z.-] 2 3
: {1 wmatil n do
»J1xz

: Qtil ndo
be W =D 1,k§
if abs (w

ir )abs(piv) then
begin plvi=w jli=1 end

=] 3

sfgiv)gr then go to singulapr
K]7FK

for J:i=1 step 1 Q?til ndo
.z=-b[l’ [1’J o s

b[k b(k,J]"'Z
1 §.__2 { until n do

GfJi =1 .0/Piv;

0 end

il
= blk -
c{ J] :-b[ JEij]/piv

e

o1



o2

rocedurs r (x,{m&x 3 x=read (20

)
proceaure KM3 n,t,ys,range,acc,h),;
V_}l U3 n ran@ acc

> ) )

r N, I‘le t,ran@,accshi array Y s
begin integer J; real ti{,hn,inc,error;
boolegn finish,
Arriy z,£0,01,r2[1:n];
t]i=t4rangs; finishi= ﬂlﬂ 3
L1:if hx(t+h-t{)2n.0 then
Eg‘fﬁ hni=h; hist{-t; finishi=truw

erd ; 9

—-Tt:y’f()):

L?.for [1.-] step 1 until n do

iT—y JletolIh/3;

I'n t+h/3,z,f‘|

ror '-1 l 1 _g
Jim=yl 3T+ g JTRT31 /6

I'n t+h/ ’Z’f1

ror 1 until n d

'-ylj +\0 125ﬁ [J] 375Xf1[J])><h:

f t+h/2.rz:f2 )

['? '-y .1 + o.sxfo"'l"J] 1.5><f1[.11+2 oxt2(3])xn;
t+h,z,01);

ino imh 3

for Ji=1 ste until n do«e

beinr[ syl 314 (C OXxXC2[ Jl4r xh /6 3
el'ror.-g 2Xabs f‘lgﬁ z(J SJ ! 1[“) /65

ir error>ace then begin hi=h/2;

] gOoto 12
error)Q,n25Xace %ﬁh inc i= ¢

i
hiino ;

r'-’é‘re




1 until n do

for ji=y ste ndo

ylJl=£1035;

if finish then hi=hn else
goto L1 sen(t,y,f0) 3

end KM3;

procedure underlin(m,n);jvalue m,n;

intezerm,n; "

begin integer i ;forii=istepiunt
m+n-1§o

charout (30, if i<{mthensle lse3p )
erd ;

procedure c jwritetext(30,[lcll);
rocodure w(g,x); value x;
realx; string g;

bezin writetext(3oLg); if absf)t)>999 then

writetext (30, *INFINITY* e lse
-m write (30 ,fOI'mat L-nm .ddddS ;l)’x) ;
and ;
procedure fn(t,y,f); real t; array ¥,f;
bezin
£{1):=(gef1-xdyxid11-phidyy)/rdor1 ;
phid1qi=y[1]-xdT1xid11;
eq11 t=phid11+xqyXid11;
Pe1i=1q11X%2q11
Powgve 11 :=pij-pPe{-Kd1Xy[2];
f{z? =P OWKVe 11Xm1 ;
£i3
end ;
r

=-yl2);
b
procedure 7 CHANGE (x); value Xx; array X;
bezin integer yy,z2z;
for yyi=1,2 do -4
bagin for zzi=1 step { until 2 do
21z2,yy] i=x(22,yy];

iy 4524810 3
i=D14+b24bf ;
=H-b1 -bz-bf ;

=1 +2248f 5
procedure STORPARA(a); array aj

bagin
ap1,13+=81;
al1,2] :=b1;
AL 2,11 =22,
al2,2] =b2:
ard ;
procedure READ Y(a)s3 string g;
begin

g1 imread 20;5
g2 t=read (20 );
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gf imread (20
b1 t=read (20
b2 =read 20
bf i=praad 3
write text 30 3G ) 3

}

o “WBe e 9@

ZAR *CONDUCTANCE L, &1 | 58 Pace (30,10) 3
INE *CONDUCTANCE 1,820 5 C 5
TAR*SUSCEPTANCE]T,b1) 5 space (30510)
INE *SUSCEPTANCET02) 5 ¢ ;
AULT *CONDUCTANCE sfg ]

b

AULT*SUSCE ' ANCE bf
wderlin(o,118); ¢

Eiiiiio

>e \ae

C
Cy Cy

erd ;
ACYCLE =10 ad (20) ;
for N:=istep 1 until ReCYCIE do

eraln writetext( o; .].EMB**STA?Iﬁ'S’Y**

BOUNDARY“ C***SYSTEMLC
mderlin(o,na J 0: C

r c ompt ime ) r(xd1 'JEdon %:I‘(Kd'l ) 3
r (H1 ),r(vi J 0 (ace ) sr

h) ) Anq),r tr;;
r gefy);r range):r(xm ;,r xd11)ir(vio);

r(anz3) sr(pi) ;r(delace

r (DSLINC ,r(trcmx) ,r(trcdec ) sr(tfomin) ;
r{de lmin),;
radtodegi=180,0000/pP1;
de gtoxi-ad --pi/}go 0000 3
my $=p1X50),000/HY 3

‘e orms '(% nnd .dddd ] ) ;

imfOormat
F1 :=format L..nn dddddd )
Fu '-'0 »
Pl =1 ;
OMPTIME *****#*] ,comptime ) ;
NGE'******** ) 3
3300?

CCURACY **®***
ST*}{****I*I‘I’* ’h) -

INF*BUS *voLTS *1,v20 ) 3 5
END *BUS *VOLTS :V3

INE *R<C g** :tr
¢ 3 uderlin(n, 118 ’

s=ADY ([ PR= 'FAULT ADMIT'I'ANCES 1);
*  SET ARRAY(Y 3

rsigggg E l{L ADMITTANCESJ,) 3
Taig )

£££££££

SET ARRA

STORP
R“ADY?EQ
SET ARRA
s'ronP )

E?QL YR ADMITTANCES]) ;

R:«jCLOSE *ADMITTANCES]) ;

33404

STORPARA

x



»

writetext (30,[ | c | ** ***CRIT** *CLEAR ** %% %
ROTOR** ¥ *POWER| ¢ | ¥# ¥ ¥ *PTME * % ¥SECS %% %%
ANGLE*****P.Uépc ) 3 |
underlin(0,118); c;3
inversion(2,Y1,421,0,INVFAIL 1
inversion(2,Y¥2,22,0,INVFAIL 2
inversion(2,Y ,ZE,O,INVFAIL
inversion(2,Y4,%2 ,(t),INVFAIL
gl e=A1[1,1]3b1:=A1{1,2];
g2:=A1[2,1]302:=A1[{2,2];
delinc :=DELINC;
corment calculations for stabllity
boundaries start;
for tfc:i:=tfecmax step-tfcdecuntiltfemin do
begin integer state ,GP,DOWN,SEEBIG ,unstable,
working,aim;

stable =1

unstable (=23

UP =1 ;

DOWN i=w1 3

delmax :=-180;

copytext (20,30 L'{\D jesunderlin(0,118);

L7 Y BV TR VIR VY

ainm:=UP;

for delta:=delmin step delinc until

T delmax do

comment swing*-curve calculations
start;

bepgin dell:i=delta;
V20q :=V20Xcos (Ang3xdegtorad

vV2od :=V20xs in(Ang3xdegtorad
V10q::=VioXcos (Anglixdegtorad
Viod i=Vioxsin{Angixdegtorad
GefqlO:=Gefi1Xcos(deltaX
degtorad) ;
Gefdl10:=Cefixsin(deltax
degtorad) ;
y[3]:=deltaxdegtorad ; .
lastdeg:=y[3];
1q10:=g1x(GeLq10-V10q )=bix
(Viod=-Gefd10) §
1d10:=b1X(V10q=-Gefq10)+g1 X
(Gefd10-V10d) ;
1911 :=1ql0xcos(y[3])+1d10x
sin(y(3]);
id11:u.1?1oxs1n(y[3])+1d10x
cos(yl31);
phid11 i=Gef1~-xd1X1d11 ¢
y[1]:=phid11+xdI1x1d17 s
eql1:=phid11+xqixid11
P11 t=Pel :=1q1i1xXeqli
Povael1:=y?2]:-0.00000'
£ 1=0.000003 Z CHANGE(Z1] ;
state i=0;

o oo \ve ve



Fls=1;

working =03

for n:=3 while t{comptime=

range do

begin I t>=-0.,0001 and Fl=1
‘Eﬁénbegin.%ﬁﬁﬁng(%g);

(=23 e
else 1f t)tfc-0.0dET_hnd
F=? Eﬁénbegin.%gg?NGE
Fli 1m33

* erd
else if t5Tr-0.0001 and

¥T0=3 then
geg%n"ZEHhNGE(Zh);Fb:-h;

b
Cosang2:=cos(y[3 ;;
Sinang2:=sin(y(31]);
eql0:=eql1XCosanga;
ed10:=eql1XSinang2;
if Fi=1 then

o’
e
%
!
I
—1
auld
-
n
“we 0o \vs e

end

elce 1f Fli=2 then

EESIH
24 s=A2 1,1
bl :"Aet‘ ,2}
g2:=A2( 2,1

end

eilse if Fu;ﬁ then

begin g1 :=A3

=== bl 1=A3 1:2
g2=“A3 2’1

end

cise if Fli=l then

bergin

—=b== gl :=AlU[1,1
bl :=AL4[1,2
323-!\14 2,1
b2=ﬂﬂu 2,2

L"TR"I A" 1)

we'se e Ve

e se \ve \ne

end ;

IQ1 :=eqlOXgl+ed10Xb1 +V20 .
qQXg2+V20dXb23

ID1 i=-eq1OXbl1+ed 10Xgt
-V209Xb2+V204dXg2;
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end ;

end 3

V10q:=IQ1xZ[1,1 ]+ID
xZ[1,2];
Viod :=IQ1x2[2,1 1+ID1
xXz[2,2];
1q10:=gix(eq10-V10q)
~b1x(Viod-ed10);
1d10 :=b1%(V10q-eq10)
+g1x(ed10=-Viod);
1911 t=1q10OXCosang2+1d
10XSinang2;
1d11 :==1qQ1OXSinange+1id
10XCosang?2;
comment end of swing
curve calculations;
KM3(n,t,y,rangc 2&CC :h);
conmment testing for the
stable or unstable state
of the systenm;
if abs (y{3]) >pi then
state :=unstable
else if abs(lastdeg)
-abs (¥[3])>0 and
t> 1 then statei=stable;
lastdeg:i=1if abs(y[3])>
aba (lastdcg)
then y[3] else lastdeg;
If state=stable and
aim= UP then
oto NEXTDEL;
state# working then
bepin 1f (state=unstable
and aim= UP)
or (state=stable
and aim= DOWN)
Then
begin aimi=<aim;
delinc i=
-deline/2.000;
delmingm
delta+delinc;
delmax ;=
-delmax
if abs

(delinc)¢
delacc then

oto PRINTS

FOTONEXTDEL 3
end ;

ernd ;

NEXTDEL:n:=n;



e ->»

At

end

PRINT :write(30,F,t);
write(30,F,tfc):
write 30,Fdel1j
write 30,F,P11);

delmin.ndel1+DELINC*

delinc :=DELINC/2;
erd ;

ccrment end of stability bourdaries

calculations,
oto QQ;
AIL 1: writetext
INVERSION*FATLURE #1 , o to QQ;
IVFAIL 2: writetext
[ INVERSION*FAILURE %2 , g__to QQ 5
TIVFAIL 3: writetext
INVERSION*FAILURE*3 , 5__to QQ3
NVFAIL 4: writetext
[IWERSIDN*FAILURE*M ; E_ to QQ;

QQ: endjEIbse(10),close(20),close(BO),

d.‘h
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APPENDIX 6



DIGITAL PROGRAMME TO DRAW THE SWING=-CURVES

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

Identifiers Useds

The identifiers of this programme, which have not been defined

. earlier, are given below:

ecl, ec?

Ql
Qac
Qdc
inc

M

A

Ire

71, 22

rect

F, F1

EF

EA

Invertor C.C, and C,E.A, control signals respectively,
P.l. |

Total reactive power supplied by the generator, p.u.
Reactive power consumed by the a.c. network, p.u.
Reactive power consumed by the d.c. system, p.u.

Step decrement of the reference current, p.u.

Number of steps to normalise the reference current.
Multiplying factor to raise the reference current.
Raised value of the reference current, p.u.

‘Highest and lowest limits of the cosine of the delay

. angle, respectively,

-Counter for the rotor angle,
Different formats used in writing the results,

Marker to exclude the d.c. calculations.,

Marker to include the instruction to punch the
computed values of the required variables,

Marker to exclude the calculations of the excitation
control systenm,

Array to store the computed values of the rotor angle.
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Procedures Used:

The procedures in this programme, which have not been
discussed earlier, are given below:
l, Procedure SYSTMVOLT (id,vd,q,d,ec,Iq,Id):
This is the further modification of the procedure SYS'I‘M\}OL‘I‘
discussed in Appendix 4., In its present form id, vd, q,d, and ec are the
input parameters of the procedure, 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 = 1is replaced by the last value of ide
vi « 18 replaced by the last value of vdl

d & q - are replaced by the last values of vli0O4d and

v10q respectively

e¢c = 1s replaced by the last value of Y|0.

The procedure‘first calculates the d-q axis components of the
rectifier current with respect to the convérter-reference frame, then
after finding the phase displacement between the common and converter
reference frames, computes ibd and ibq by axis transformation.

2. Procedure fn (t,y,f):

"

In this procedure the differential equations of the generator,
d.c. system and excitation control are written in such an order that
the last two sets of equations, together or independently, can be

skipped over if desired,
3. Procedure PRINT:
In this procedure "write" statements are written to print the

latest values of the required identifiers.

' - rw " TG '-l'.-aﬁ



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

some modifications, has been included in the a.c. swing=curve
programme of Appendix 4, At each time interval the d.c. section
of the programme calculates the a.c. components 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 generatoi* currents and consequently the other
required variables, |

In this programme the following modifications have been made

to the sbove mentioned h.v.d.c. énd a.Ce SWIiNg Curve programmes:?

l., The a.c. swing-curve programme has been modified to
compute directly the steady-state values of the rotor
angle, 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 po;rer delivered through the d.c. line,

2 In this progremme pro;rision has been made to include
or exclude, together or independently, the d.c. system
and the excitation control.

3. In the d.c. portion a special statement has been
included which initially gives a step rise to the
reference current vhenever a short circuit is applied,
and then if the rotor angle starts decreasing, brings

the raised value back to normal in steps,

6 2



o PRI FANRRRnAY 0 T e e

63

VERBATIM

EG18 CASE 6(TD**DRAW**SWING**CUHVES**OF**AN**A C.=D.C., **

SYSTEM**AND**AN**A.C. **SYSTEM )+
begin é;bn %

AO AG,A12 A13:A1
open(20) ; open(so):
be in mal ibd ibq,idq,idd t’g1 ,82,gf,b1 ,b2,bf,An8'| ’
Ang2 Ang3 Cosang2, Sinanga,comptim,edlo »eq10,

equ,Gefdlo Gefq10,Geft,acec,h,range,xd1,phidil1l,
pit,id11,1q11,1410,1q10,xdI1,Pel,PowKvell ,ml,Hl,
Kd1,Tdol1 ,degtorad,radtodeg,tr,tfc,qu,VlOd,
VIO,V20q,V20d WO,XQ_' ,IQ‘ IDl :VaB II"'I :VdBinl
vdi, 1dc,vd2,R,xc,KR,Ir,idc1 y,Ang,ecr,eci,eclt,
ec2,Tt,KIl,xde,z0,k,nn,Irc,Pac,Pde,Qt,x11,x12,
inc,M,u,vt,vr,avrin,kvt,vs,T7,T6,phiql1,Cefdl,
Gefql,T5,Th,KT7,ef ,ein, kb ,kav,G,avrlim,Qac,
Qdc,A,zr,zi,z1 » 223
1nteger F,F1 ,B.ECYCLE Fu,nnN FE EF,EA,mCt,

armx v[ 1 .BE,Z,ZI 322,72 Y1 ,Ye,Y3,Yu[1 :2,1:2],
,AS,AH 02;1 :2 jx 03505])

rocedum inversion(n,a,b,f,singular);
Iue integer n; array a,b, real f;

ngu s

_E_EI n integer i,J{k, 13 real piv, w,z;

array c¢,e I.n Tnteger a pl1:n];
Tor Timi 5%e UnEIIh do ’

: . R 'E in zi=
| for,j'n stc untlil n do
f? absi [I };) thcn
"'""abu

11‘ o=2() then
;f;_ to singular, q[i] ==2'=1/Z:
or

=1 steg 1 until n do
ETTJJ]'“a

for ki:=1 step 1 until n do
Eegin piv:i=0;
== for 1i=k step 1 until n do
Eegin W i
if abs(v:%)abu(piv)then
bepin pivisw;li=i end

Jlxz

end ;
gf 1‘:‘1;1 )<f then go to singular
. abs (plv -
it p[k§#k ’
Then for j:=1 step 1 until n do
B'ETgn z=b[1,3]3 ©(1,JT:=blk,JT;
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else begin e J)]im -b[k J]/piv
end 3

b[k;,j]'“ b[J’k] =) 0
end;
for 1:=1 step 1 until n do

for ji=1step 1 n do
4 I B[I:J]'“ J]"' [I]m[JT
en
for 1'.:;==n ste --1 until 1 do

be epin 1li=p
for 1'==1 step 1 until n

E"Einhz-uETIle "“TI“1]‘“811 k];
bli,k]:=2z |

end
. aen

Q
jn.
‘o

kzu ste 1 until n do

'?J%]

'ﬂ‘l steg 1 until n do b[1,k]:=b

end
end inversion;
procedure SYSTMVOLT(id,vd,q,d,ec Iq,Id);
r'ea de;q, ;GC,Iq,Id,
real zc’zs’iv,1Vd 1Vq,U1,
ec:ﬂs rt{qT2+dT2);
ZCi=Q/CC
zs s=d/ec}
u1 :HVd/EC,
if u12‘l then

bepin u

ivq nid,
ivd:=03

goto L3j
end

clso if ulg-1 then

B n 'l.l-="'] [
di:ﬂ-id,
1Vd “0,

poto L3

end

else

us=ul;

lv :ﬂid,

ivqi=1lvXu;

ivd: ==sqrtziv1‘ 2-ivqt2)}
L3:Iq:=ivgXzc~-1vdXzs;

Idi=ivgXzs+ivdXzc;

end SYSTMVOLT;
§ srealx; x:=read(20);

procedure r(x
rocequre KM3 zn,E, ,range,acc,h);
value n,range,accs

integer n; real t,range,acc,hy array Vs




begin integer Jj3 real ti1,hn,inc,error;
boolean finIsH;

array z,f0,f1,£2[{1:nl;
i=t+range; finishi=false)
L1: if hx(t+h-t1)>0.0 then

'B'e‘ﬁin hn:=h3 h:=t1-; finish:i:=true

en
mé:Y:fo);

L2: for J:=1 step 1 until n do
23] ey Jmﬁsum
fn(t+h/3,z,r1);
for Ji:=1 step 1 until n do
El"{] s=y( JT_(¥+ o[ JT+ITT 3] )50 /63
fn(t+h/3,z,f1);
for Ji=1 step 1 until n do
"ZT{J ==y[J]+(g-1253‘0[J]+<'J—.375><
£1{J])xnh; tn(t+h/2,z,r2);
for J:=1 step 1 until n do
E‘[‘jg $== [J]‘(‘E+ 0.5xF0[JT=1.5xC1[ 3]+2.0
X£2[J])xh;
fn(t+h,z,f1);
inc:=h; |

for j:=1 step 1 until n do
begin Q}??‘By[JW[J]W.OW2[J]+N[J])

, .
error:=0.2xabs(f1[31-z[3]);
if errordacc then

begin h:i=h/2; finish:=false; goto L2
enﬁ;

___II‘ error>0.025Xace then inc:=0.0
end;
ti=t+h;

s=h+inc; | . [ 1] (4]
for J:=1 step 1 until n do yilJl:=f1(J});
If finish then h:=hn
else goto Li;In(t,y,f0);

~* end KM3;

bErocedure underlin(m,n) ;valuem,n;inte,,.,,ﬁerm.n;

egin Integeri;fori:=1stepluntilm+n-1do
charout(30,Ifi<mthenbtlicIse30)

end;

procedure c;writetext(SO,_L[_C_]_]_) )
r ¢

E ocedure w(g,x); value Xx; realx

egin writete;:t §0, Js if abs!x})
writetext(30,[ *INFINITY*; else
write (30,format([-nnd.ddd 83)]),X)3

stri

g5
en

end;

procedure fn(t,y,f); real t; array y,f;
%egIn 11 znécefl-xdlml- IHH; TdoI1l;
phidi1:=y[1]-xdI1xidil;
eql1?:=phidil+xqixidil; Pcli=1qlixeqll;
PowKvell :=P11-Pe1-Kdixy[2];
£[2] :=PowKvelixnmi;
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f[3]'=-y{2]:
then

oto lA;

TT0] 121 /FTRCL Ty 4]
IA:1f EA =1 then.goto IB;
phiqT1 :=1q11>Xq1;
vtzusqrt(phiql 11‘2+ph1d111‘2),
avrini=vr-vtxkvt;
r[s] 'nvs/'r?

si=(k7xef)/T7-y[5];
eihjwavrinXRMb-vs,

[ j*u ein-y[6]4£/
; 81§72

Yy
ef :=kn
Gefl'1 =Gxef'
if Gefl>avrlim then Gefl t=avrlim;
.. if Gef1<0.00 then Gef1:=0.00;
IB:end;

rocedure PRINT, *

ﬁegInerte 30,F,t);
write (30,F,PowKvell) .
write 30,F,y[2;);
write(30,F,Pe1);
write(30,F,Q1):
write(30,F,Pac);
write 30 F:y[3 xradtodeg),
write 30,F ide);
wrilte(30,F,vdl);
write(30,F,vd2);
write(30,F,Pdc);
write (30, F,Ir)
write 30,F;V10j;
Cs
%g_EF=1 then
egin

write 10;F:1bq

J
write(10,F,1ibd);
write(10,F,1dq);
write(10,F,1dd);
’
’

write(10,F,ecr
write(10,F,ecl
writetext(10,[[c]]);
end;
end;

Erocedure v/ CHANGE(x), value X3 array X
e n in

Deg eger yy,z2;
ior W'ﬂhé d?:’: begin for zzi=
1 step 1 until 2 do

2{zz,yy] =xlzz,yy];

end

end;

procedure SET ARRAY(1i): array i:
Soptn (1)5 array 15
1[1,1] s=gi+g2+gl;
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.

end;
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=b 1+b2+bf ;
[231 } '="'b1 -b2-bf,
=g g2+l s
Procedure STORPARA a); array a:
procedure (a); array a;
a[ 1,1]):=g13
al1,2):=bl;
ate, =02,
a 2’2 ==='b2;

-_—l—-’

rocedure READ Y(G); string G:

end;

£l i=read(20
gai=read(20
gf :=recad (20
b1 i=read(20

bl s=read(20
writetexti30
writetext (30,

fl:

w{{ NEAR*CONDU AN
W INE*CONDUCTANCE
W CEAR*SUSCEPTANCE
wll LINE*SUSCEPTANCE | ,b2
w({ | FAULT*CONDUCTAN y&gf
W AULT*SUSCEPTANCE},br

underlin(0, 11

RECYCLE do

e 'we've 9 0e we

L

pir

»82
4D 1

e e 0o \0oe e
¢
e

3 C
s C

8); c;

RECYCLE s=read (20) ;for N:=i1step 1 until

begin writetext( GlB****BASIC***NUNBER

**TWD**AC Do STEMI_c
c; underlin(0,11 }, F c,
r{comptime) ;r(xds ,r(TdoII),r§Kd1 )3
r(H1);r(ace)s sr(h)ir(tr)sr(tfe) jr(range) :
r(xqlf;r(xdIi)jr(Pel);riang )ir(s pi) 3r(R);
r(xc)3r(KR) sr(Pde)jr vdl),r xde) sr(KI);
r(k);r(vdB);r(vaB);r(Q1 sT(x11) 50 ixla ;r(M};
r V10);r(G sr(kvt) ;r(T7) ;r{kmb - T4) 3 (T5);
r 'I‘6;;r lav 5;r(avrlim rik’? A);r(ZO);
r{z1):r 22)'

i=read{20);
EF :=rcad(20);

smread 2? ;
nzﬂread(20 :
radtodeg :=180.0000/p1 ;

degtorad =p1/180 00003
= piX50.,000/H1 3

1 '=fomt nn ddd

Fiagormat ([ =nnd.ddd a])
adai) ;

FL" '“0,

nn :quB/Vanpi/ (3xsqrt(2));

Fuﬂﬁﬂ 9
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T1 t=xde/(100XRXpL) ;
I‘QCt'HO,
w([ COMPTIME***%%*] ,comptime) ;
space (30,10); - w( . CURRENTH**#¥¥%%%] Ty) e
c, ( RANGE****** * ¥ ’nanse) ;
ce 30,10),w( INE*VULTAGE***l vd1l);c;

w _[_ACCURACY**** _éuacc
ce (30,10) w( RRENT*MARGIN*****l.k),c,

W-LEST*H********
ce (30,10); L c LINE*RESISTANCE_]_,R),c ;
w [ INF*BUS *VDLTS 1,V20);
a.ce(30,10) sw( D C. LINE*INDUCTANCEl,xdc),c,
[FAULT*CLEAR* ,tfe);
ce(30,10),w( CT. GAIN**********l:m):C:
w [LINE*RECLOSE gm
space(so,w),w( GAIN**********]_,KI),C,
¢s underlin(0,118); c
READY ([ PRE *FAULT *ADMITTANCES_]_) -
SET A Y(Y;)
STORPARA(M
READY ( ULT*ADMITTANCESJ_) ;
SET ARRAY(Y2);
STURRARA(AQ):
READY ( [ PRE*RECLOSE *ADMITTANCES]) ;
SET A Y(Y )
STGRRAHA (A3);
RHECLOSURE *ADMITTANCES]) 3
SE'I‘ ARRAY(YL)
STORPARA(AL);

copytext(20,30,[35])5 ¢; underlin(0,118);
writetext (30, ! #DTME # # % *POWKVEL * # #
REL*******PE* CT*******AC****RDTOR

****DIRECT****RECT*ﬁ***INVT*******DC****
**IR******V'I ‘LC_L***SECS******P-U ¥ % % 9 % %
VEL*¥**¥%¥¥*%p 1] *POWER**#*#*POWER**ANGLE
% %% CURRENT * * ¥VOLT * *# * ¥VQLT* * * ¥ ¥ POLER

HRRRAD (TR RN 'QLchl)!

underlin(0,118); c;
comment steady state calculations start;

E In Inversion(2,Y1,Z21,0,INVFAIL 1
inversion 2,Y2 22,0,INVFAIL 2
inversion(2,Y¥3,23,0,INVFAIL
inversion(2,Y4,2 ,0 ,I_NVFAIL
g1:=A1 1,1
bl1:=A111,2
g2:=A112,1
b2:=A112,2);
comment calculation of' receliving end
A.C.bus-voltage and its phase=~
displacement;
1f FE=1 then Pdci=0;

we e o we

L 2" T R'TR" T B |



Paci:=Pel=-Pdc}

idecs=Pdec/vdl

Qdei=sqrt(idet2-(1dexvdl /V10)T2)XV103

Qaci=Q1-Qdc;

v20d = (=-Pacxx12)/Vi0}

V20q t=V10=(Qacxx12) /V10}

\{?0 ‘.'::sgg (V20q11;2+V20d1‘ 25 3

if V20 .00 then Angl:i:=arctan

T504/v20q ) e (

clse

AngT:=pl4arctan(Vv20d4/v20q) ;

V20q t=V20Xcos(Ang3 ) s

V204 :=V20Xsin(Ang3

V10q ¢=V10Xcos(Ang1

V10d:=V10Xsin(Ang1

if TE=1 then

begin vdl:=0;
vd2:=03
Ir:=0;
idecl =03
1bq:=0;
1vd:=0;
ingo;

d:=0;

froto Lé

end;

cormmant calculations of D.C. system
variables;
ecri=vd1+pl/6xxexide;

Ir:=idctecr/KR;

Ir :==1I__r §<A

Irci=IrxA;

inci=(Irc-Ir)/M;

aci 1m=V20xz0+pl/6xxcxide;

y[4] i=idcli=1dc;

zri=ecr/V10;

z1maecl/V203

vd2 1=V20xz1 -pl/6xxcxide;
sYysSTMVOLT(ide,vdl,Vi0q,V104,V10,1bq,

1bd); ]
sysTMvOLT(idc,vd2,V20q,V204,V20,1dq,

1dd);

comment calculations of GEF1 and
II:gEors angle;

P11 ::=Pel;

Gofdl = (Po1xx11 )/v;o,

Gofq1 :=V10+(Q1xx11)/V10;

Gef1 :=aqrt(Gefd1T24+0erq112);

if Gefql1>0.00 then Ang i=arctan
TTerd1/CeTq1)

else

Ang i=pitarctan(Gefdl/Gefql);

L'TR LA TR
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Ang2:=~(Ang~-Ang1 );
Gefq10 :=Cef1Xcos iAngeg s
Gef'd10:=Gefl1Xsin(Ang2);

comment setting up the initial
conditions;

y[3]:=Ang2;

X{rect] =y[3];

1910 :=g1X(Gefq10=-V10q)=b1X
(Viod=-Gerdi1o);
1d10:=b1Xx(V10q=-Gefq10)+g1xX
(Gefd10-vi04d);

1q11 :n1?1 oXcos(y[3])+1d10x%
5in(y[3

1d11 ==-1()110><31n(y[3] )+1d 10X
cos(y[3]);
phid11:=Gef1-xd1x1d11}
y[1]:=phid114+xdI1xid11;

eql1 :=phidl 1+xqix1id11;

Z CHANGE (21);

PowKvel] :ny[ai :=0,000003

if EA =1 then goto LC;
Phiqil=1q11xXxq1; *
vti=3qrt(phid1172+phiql1172);
ef:=Gef1/g;

'.V[B] =y (7] =y[6] ='=ein==ef/lav;
vs =0}

y{5] ===k7><ef4T7 ;
avrin:sein 3
vii=gvrint+vixXkve;

LC:PRINT;
ele:neq11XSin£y[3}g;
eqlO:=eqlixXcos(yl3});

Q1 :=abs (eq10xid10-ed10x1q10);
comment end of steady state
calculations;

comment start of transient state

calculations

begin for ni=n while t{comptime

-range do

end

alse IT tDtfe-0.0001

and Fi=2 then
begin ZCHANGE(Z3);

Fli =33
end

else 1f t3tr-0.0001

and F4=3 then
begin %EI{ME‘GE'(ZM);
smlys

)3 -

begin 1T t>-0.0001 and Fl=i

then begin ZCHANGE(Z2);
Iri=IrciFii=2:
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end ;
Cosanga:ncossypni
Sinang2:=s8in(yil3]);
eqlOi=eqli1XCosang2;
edl10:=eql 1 XSinang?2;
egin gt:=A111,1
bl:=A1(1,2
gai=Al1l2,1
b2:=A1l2,2

o ve \se \ae

end

%_:gq_eiz_ if Fli=2 then
epln gli=A2(1,
bl ::=A2]1,2
g2:=A2(2,1
b2:=A2 2’2
end

%_TISB if Fl=3 then

egin g1 :i=A3

b1 :=A3 1:2
g2:=A312,]
b2:=A3 2;2

end

elso if Fh=h then

egin g1l i=A

b1 =Al 1:2
52=”Au 2,1
'b2===A’4 2’2

e ‘s 've e

e ‘oo \ae ‘ae

-9 ae ‘veo ve

end ;
comment nodale-analysis;

IQ1 :=eqiOxzi+ed10>b 1+
Ve20gXg2+va20dxb2-1bq;
ID1 t==cq10Xb14+cd 10Xz
~V20qXo2+V20dXg2-4bd 3
ViOq:=IQ1xZ[1,1]+ID1X
z(1,2];
V10d:=IQ1>2[2,1]1+ID1X
z{2,2];
v;ozusqrt(vwmmw 0qt
2))
1q10:=g1X(eq10=-V10q) -
b1x(Vi0d-ed10); .
1410:=01X%X(V10g-eq10 )+
g1x(ed10=-vV104d);
1q11i=1q10XCosang2+1d
10XSinang2s
1d11t==-1q10XSinang 2+
1d10XCosang2y -

if FE=1 then
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~ e

ided =03

begin
n,t,y,range,acc,h);

goto L
end;

KM3(n,t,y,range ,acc,h);
comment lnstruction to
normalise the raised
reference current;
X[mct+1a=ny[ };
1f abvs(X[rect])Dabs
TX[rect+1 ]]): then
begln Iri=Ir-inc;

if Ir{irt then

Tri=Ir1;

end;
recti=rect+l;

ide:=y[ 4]

comment calculations of
control signals;

1f 1de{(Ir-k) then
ecr:=ViOxz1

else 1f 1dec)Ir then
ecr:=vioxz?2
clse ecr:=KRX(Ir-idec);
i ecrdVio then

ccr:=Vios

zri=cer/Vi0o;

ec? :=KIX((Ir-k)=-idc);
ec2:=-V20x20+pl/6xxexide;
if ided>(Ir-k) then

ecl =ec2
clse if (ecl+ec2)>0 then
ecl:==V20%z2

elce ecli= eclt+ec?;
z1:=ccl/V20;

vd1 :=V10xzr-pl/6xxexide;
if vd1<0 then

vdil :=0;
vd2:=V20X%z1-pl/6xxcxide;
Pdc:i=ldcxvdil;

idct :=(vd1+vd2) /R;

1f 1dec1<0 then

SYSTMVOLT(1ide,vd1,V10q,V?
0d,V10,1bg,1bd);
SYSTMVOLT(1de,vd?2 ’ V20q ’
v204,V20,1dq,41d4);
Pac:=Pel=-Pdc;

Q1 :=abs(eqlOXid10 -ed10X
1q10)

PRINTS

comment end of transient
state calculations;
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o to QQs
%HVF’IIL 1: writetext(30,[ INVERSION*
FAILURE*1]); g%eto QQ;
INVFAIL 2 writetext(30,[INVERSION*
FAILURE*2]); g% to QQ;
INVFAIL 3: writetext(30,[INVERSION*
FAILURE*E,]_); ﬁ" to Qc%;
INVFAIL 43 writetext(30,[ INVERSION*
FAILURE*4]); go to QQ;
end;
end s
QQend;
close(10) 3close(20) jelose (30)
end--»
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L

DIGITAL PROGRAMME TO DRAW THE STABILITY BOUVDARIES

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

Identifiers Used:

All the identifiers used in this programme have been defined
earlier,

Procedures Usedp

All the procedures used in this programme have been discussed

—“

earlier,

Action of the Programmet
This programme is basically the same as that for the stability

boundaries of the a.c. system discussed in Appendix 5, except for
the following modifications:

l¢ In this programme the a.c. swing-curve calculations

have been replaced by the a.c.=d.c. calculations which

have been discussed in Appendix 6.

2. To test for the stable position of the a.c.~d.c. systenm,
the stability criteria of Appendix 5 have been modified
by adding the conditions of normality of the reference

current.

7O
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VERBATIM

EG1 8*CASE 7(TO*DRAW* *STABILITY **BOUNDARIES*OF*AN*A.C.~-D.C,

beglin ibra
pen

*SYSTEM*AND*AN*A .C. *SYSTEM)~

openl(10); Open(aos; open(30);
begin real ibd,ibq,1idq,idd,t,gl,82,81,01,b2,bf,An31,

Ang3,Cosang2,Sinang2,comptime,ed10,eql0,eql1,
Gefd10,Gefql10,Gef1,acc,h,range ,xd!,phid11,Pi1,
idi1,1q11,1d410,1q10,xdI1 ,PAl1,PowKvel] ,mi,H1 K41,
Tdoll,degtorad,radtodeg,tr,vVioq,viod,vio,Vva0q,
va204,v20,xq1,1IQ1 ,ID1,VaB,Irl, VdB,pi,vdl, idec,
vd2,R,xc,KR,Ir,idect1,ecr,eci,ecl,ec2,Ans,T1,KI,
xde,z0,k,nn,Irc,Pac,Pdec,xlt ,x12,inc,M,u,vt,vr,
avrin, kvt,vs,T7,T6,6efd,Gefq,phiq11,T5,T4,kT,
ef,ein,kmb,kav,G,avrlim,Qac,A,delta,delace,
DELINC,dell,delmin,delinc,delmx, tfcdec,
tfemin,tfermx, lastdeg,C,B,tfc,2r,21,21,22,Q1,
Qdc,D;
integer F,F1,RECYCLE,F4,n,N,FE,EF,EA,rect;
array yi.1:8),2,21,22,23,Z4,Y1,Y2,Y3,Y4{1:2,1:2],
A1,A2,A3,AL4[1:2,1 :22 ,X[0:505] 3

n

procedureiixgve rsion(n,a,b,f ,gingulﬁri)‘;

value n; lnteger n; array a,o; rea 3

label singular;

begin integer 1,J,k,1; real plv, w,z;
arra c,e,q{ :nj; Iinteger array pl{1:n];
for 1:=1 step 1 un
begin

in 2:=03;

n do

forj:=1 step 1 until n do

IT abs(all,J])>z then zi=abs(ali,j]);
If 2=0. then go to singular ;

qli] :=z=1/2;

1 until n do

0

o3

.
“-eo

for k:=1_step 1 until n do
Begin piv:=0; *
for 1::-k step 1 until n do

begin wi= k;;
if abszw >abs(piv)then
begin pivi=w3li=i end

end;

' o j';-l;i )< th to singula

~ abs{plyv cn go LO singular ;
if p[kﬁfk ’

then for j:=1 step 1 until n do

begin z:=b[1,J]; bl1,3T:=blk,IT;
b[k:J] =2

end;
Tfor ji:=1 step 1 until n do
begin if J=k then




begin e[ J]:=1.0/piv;

A

jJ]/Pj-V;

cel3]:=1.0
end
else begin.e[d]:= -blk
clJ]:=b{J,k
end ;
end ;
for 1:=1 step 1 until n do
Tor j:=1step 1 untll n do
$ B1T,3] =011, 3)+cliTxe(JT
end k;
Tor k:=n step -1 until 1 do
begin l:=pl Ei;
for 1:=1 step 1 until n do
begin z:=b[1,1]; b[i,1]:=b(4,k];
b[i,k] =2
end
end;
for ki=1 step 1 until n do
beglin 2= - . 5
for 1:=1 steE ! untll n do
4 bl[i,k]:=bl1l, ]Xz;
en

end inversion;

procedure SYSTMVOLT(4d,vd,q,d,ec,Iq,Id);
e

r
a ,vd,q,d,ec,Iq,Id;
begin  real zc,zs,iv,ivd,ivqg,ul;
ec:=sqrt(qT2+dT2);
ZC:=q/€ecCy
zs =d/ec}
ut :=vd/ec;
if ui)l then
begin u:z=T{;
ivq:i=1id;
ivd =03

goto L3;
end

else 1f uig-1 then

begin ui=-1;
ibqi=-1d;
ivd =03

poto L35
end

else ui=ul;
Tvi=1d;
ivgi=ivXu;
. 1ivdi=ssqrt{ivre-ivqr2);
L3:* Iqi=ilvgxzc-ivdXzs;
Id=lvgxzs+ivdXzc;
ggQ_SYSTMVDLT;

ocedure r(x);realx; x:=read(20;'
La__wem-e KM3 ('rUT:T srange,acc,h ;
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value n,range,acc;
Integer n; real t,range,acc,h; array y;
begin 1

gin integer J; real ti,hn,inc,error;
oolean finish;

array z,f0,f1,f2[{1:n];

t1 :=¥+range; finish:=false;

L1:if hx(t+h-t1)>0.0 then

begin hni=h; hi=tl-t;
finish:=true

end;

In[t,y,fO);
L2:for f:=1 step 1 until n do

*Z[iTFy J1+L0T I /3 T
fn(t+h/3,z,f1);

for J:=1 step 1 until n do

E['{] :ny[,j'ﬁ-’(‘PO[JTWTTJ])Xh/Gi

tn(t+h/3,2,f1);

for J:=1 step 1 until n do

ﬂ?wh]ﬁ 125501 §140.375%C1[ 4] ) xh;
n

+h/2,z,£2);
for jJ:=1 step 1 until n do
]+(£.

zqf'.j'] s=y[J SOl JT=-1.5xr1[J]4+2.0xr2[3])

tnlt+h,z,f1);

inc i=h;

for J:=1 step 1 until n do

begin f1 _I—Ei :7[JT—(TU+ [3]1FF.0xC2[ 3]+
[3])xn/6;

error:=0,2xabs(ri1(3l-z[3]);
1f errordacc then
berin hi=h/2; I'inish:=false;

goto L2
end,

if errord0.025xace then
Tnc:=0.0
end
ti=t+h;
hi:=h+inc;

for Ji=1 step 1 until n do
LJ]3

y[ 3] i=f1 3
if finish then hifhn else goto Li; -

fn(t,y,r0);
end KM3;
Er-ocedure underliin(m,n)jvaluem,njintegerm,n;
egin Integerijfori:=istepiuntilm+n- do
charout(30,If1<mthenthelse30)
end;

procedure c;?rit?text(BO,Llpll);

procequre w(g,x); value X; realx;

begln *writeteit(éo g); if abs xj)
writetext(30,[ *INFINITY*;]) else
write (30,format([~-nnd.dddds;]7,x7;

end;

TN



ocedure fn(t,y,f); real t; array y,f;
EeEIn £17] :={Géf1 -xd 1XId71-phidi i ;AdOI'I 3

phidi1:=y[1]-xdI1xid11;
eqll:=phidl14+xqiXxidil;
Pel=1qlixeqll;
PowKvell :=Pil=-Pel=-Kdixy[2];
f{2}:=Povae11xml;
1051 thed goto 14
= en goto 3 -
fT4] :=1/TTx{1dc -y[llj);
LA:1f EA =1 then goto LBj
comment calculations of the
excltation control;
phiq11:=iql1i1xxql;
vti=sqrt(phiql1T2+phid1172);
a\[rr%n :v?-vtxkvt;
f|5]i=vs 3
VS = (erg/ T7-y[51];
eint=avrinxkmb=-vs; ~
r[6]:=(ein-y[6])/Tl;
ROk
r{8]:=(yl7)-yl8])/T6;
. afi=kavxy[8];
Gefl1 :=0Xef;

if Gef1davrlim then Gefl :=avrlim;
iT Gef1<0.00 then Gef1:=0,00;

end;
Procedure Z CHANGE(x); value xj array x;
begln lnteger yy,zz;
bez T o 2zl st t11 2 d
begin for 2z!=1 step 1 un do
2lzz,yy] ::-xl Z2Z,YY 13

end;
end;
ocedure SET ARRAY(1); array i;
egin y 1] i=gli+g2+4gf;
1(1,2] :=b1+b2+bf;
i 2’1 :ﬂ-bI"bE'bf;
112,2] i=gl+g2+uf;

end;
rocedure STORPARA(a); array a;
begin =gl g

a ,1
at1,2]:=b1;
aL2,1]=g23
end;
Erocedure READ Y(G); string G3
egin gl i=read(20
ge =read (20 '
gf i=read(20
bl i=read (20
b2:=read (20
bf :=read (20

we ‘s 0o e veo e
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writetext(30,G);
writetext(30,[[ccl]);

NEAR*CONDUCTANCE ] ,g1)3; space(30,10);
LINE*CONDUCTANCEj,g2)s ¢}
w(INEAR*SUSCEPTANCE[,b1); space(30,10);
W INE*SUSCEPTANCE | ,b2)3; c3
w (T FAULT*CONDUCTANCE ,gfg; o3
w{{ FAULT*SUSCEPTANCE],bf ) ¢} ¢
underlin(0,118); c3
end;
RECYCLE :=read(20);
for N:=igtep 1 until RECYCLE do
EG18**¥?BASIC***NUMBER

begin wr ext{30
**TWO**AC%C:*;L STEMLcJ_]_
¢; underlin(0,118); c; c;

'y comptime)jr xd1 ,r(TdoIl),r(Kdl)

r(H1)sr(ace);r(h)ir(tr);
r{ranze ) ;r(xq1) jr{xdI1 ;rEAng )sr(pt);
r R;;réxc) r Kﬁs,r(vdl 3T xdc sr(KI) 3
r{k) ;r(VaB ;r(VaB) ;r(x11);r(x12) ;r( Mg;
r Vlo),r(G sr(kvt) ;e (T7 ),r(kmb);r 4);
r(75)sr(T6)r{kav);r avrlim),r (dela ccj;
r(A)3r(DELINC ,r(tfcmx),r(tfcdec )3
r tfcmin;
r(delmin)jr(Gef1);r(z0)3r(z1);r(z2);
o AH%’),
r(k7);
FE i=read(20);
E¥i:=read(20);

i=read(20);

J

n =read(20
radtodeg :=180.0000/p1 3
degtorad :=pi/180.0000}
ml :=pix50.000/H1}
=format([-nnd dddd%_'
FL i=format{[ -nn.dddd di)i
K '“0,
o :=\lrdB/VaB><pi/ (3xsqrt(2));
Fi=1,
T1 :=xdc/(100xRxpi) ;
rect:=0;
C:=V10;
Bi=vd1; P
D:"Gefl $
w(LCOMPTIIE******l comptime)
ce (30,10)
REF. CURRENT®*#*%#*#x] Ir),c;
w NG‘:‘********* range
.,mc):e(SO,]O), w(ID.c. LINE*VDLTAGE***J_
vdl);cs
w([ACCURACY***¥%¥] acc) ;

ce(30,10);
TCURRENT* MARGIN*****],k) 53
ST *H * ********l h)



w({D.C.LINE *RESISTANCE],R);c;
w( INF*BUS*VOLTS*],V20)3

space (30,10);

w{ D.C.LINE* INDUCTANCE],xdc);c;
w(]FAULT*CLEAR***],tf'e)
space(30,10) ¢

wf[HECT. CGAIN***#*%x4tx]) KR)sc;
w([LINE*RECLOSE**],tr);

space (30,10);

W([INVT.GAIN #*%*sxrxxx] KT)se;
cs underlin(0,118); c;

READY ([ PRE*FAULT*ADMITTANCES]) ;
SET ARRAY(Y1);

STORPARA (A1) ;

READY ([ FAULT *ADMITTANCES]) ;

SET ARRAY(Y2);

STORPARA(A2): |
READY( [ PRE *RECLOSE *ADMITTANCES]) ;
SET ARKAY(Y3):

STORPARA(A3) 3 ~
READY%RECLOSURE *ADMITTANCES]) 3
SET ARRAY(YY4);

STURPARA{AL;) s

copytext

writetext (30, [ c] ¥¥***CRIT** % CLEA R*%* %%
ROTDR****PDWE C *****TIME***SECS*****
ANGLE*****p Uf[ce]]);

siace(BO,IO);

underlin(0,118); c;
inversion(2,Y1,21,0,INVFAIL 1
inversion(2,Y2,22,0,INVFAIL 2
inversion 2,Y3,Z%,0,INVFAIL
inversion(2,Y4,24,0,INVFAIL

g1==A1§1,1

L IR T RYY RVY

bl1:=4A111,2
g2==A1 2;1
~b2=ﬁA1[2,2 9
comment calculations for stability
boundaries start:
delinc:=DELINC;
for tfeci=tfcmx step -tfedec until
tfcemin do ‘
begin integer state,UP,DOWN,stable,

uns e ,working,aim; |

stable :=1;

unstable 1=2;

UP:=1}

DOWN:i==-13

delmx :==1803

alm:=UP;

conment swing curve calculations

start;

s wa'‘ve we

for delta:=delmn step delinc until

deImx do

20, 30 Lﬁ_l); c; underlin(0,118);

81



begin

dell :=delta}

vdl :=B;

Vi0:=C;

Gef'l :=Dj;

rect:=0)
Ang:=-(delta-Ang1)xdegtorad;
Gefd:nGeNxSin{Ang ;
Gefq:=Gef1Xcos(Ang);
P11:=Pel :=GefdxXV10/x11;
1§_FE =] then Pdc:=0

alse Pdec:= 1/2xPe1:
Idci=Pdc/vd1;
Q1:=(Gefq-V10)XV10/x11;
Qde:=sqrt(ideT2-(1dexvdl /V10)
T2)XV103

Qac:=Q1-Qdc;

Pac:=Pel=-Pdc}
vV20d:=(~Pacxx12)/Vi0;
V20q:=V10-(Qacxx12) /V10;
V20 t=sqrt (V20qT 24V20d7T2) 3
V20q:=V20Xcos (Ang3xdegtorad
V204 ::=V20Xsin(Ang3Xdegtorad
V1i0q:=V10Xcos(Anglxdegtorad
Vi10d:=V10Xsin(AngtXdegtorad

%f; FE=1dthen

egin vdl :=0;

b2 vd2:=0;
Ir:=03
Irt::=0;
1dc =03
1bq :=0;
1bd =0
1dq:=0;
1dd :=03

goto Lo6;
end
comrent calculations of D.C.

variables;
ecr:=vd1+pl/6xxexide;
Ir:=idct+ecr/KR;

Iri:=Ir;

Irc:=IrxA;

inc:=(Ire=-Ir)/M;
eci:=-V20xz0+pl /Exxexide

y[ 4] :=1dct i=idc;
zri=ecr/Vio;

zi:mecl/V20; |
vd2:aV20xzl-pl/6xxcxide;
SYSTMVOLT(1de,vd1,Vi0Oqg,Vi0d,
V‘IO.ibq:ibd) ’
SYSTMVOLT(idec,vd2, Va0q,VvVa0d,

"Y RVYRAYY BT T



LC

> &

V20,1dq,idd);
Gefq10:=Gef1Xcos (deltax
degtorad) :
Gefd10:=0ef1Xsin(deltax
degtorad);
y[3]:=deltaxdegtorad;
lastde? :ny[3];
X[rect]:=yl3];
1q10:=51X(Gefq10-V10q) ~b1X
(V10d=-Gefd10);
1d10:=b1X(V10g~-Gafq10)4g1X
(Gefd10-v104d) 3
1911 :=1q10xcos(y[3])
+1d10xsin(y(3]);
1d11:=-1q10xain{y[3])
+1d10%cos(y[3]);
phidi1l :=Gef1-xdixid11;
y[1]=phid11+xdI1xid1i;
eqll :=;l)hid1 1+xq1xid11;
PowKvell i=y[2] :=0.000003
t :=0.00000;
phiql11:=1q11xXxq1l;
v; :Eﬁqrt(ggiql 1T§+pll‘%d1 172);
. =1 then goto LC;
ef :=Cef1/G;
y[816=y[7] 1=y[6] tmein:i=ef fkav;
vs:=03
y[5]i=kTxef/TT;
avrin:=ein/kmb;
vri=avrintvixkvt;
2 CHANGE(Z1) 3
state =03
Fl:=1;
vorkling :=0;
for ni:=n while t<{comptime-
bagin IF t-0.0001
begln V00

and Fli=1 then

begin ggmﬂaﬁa (22) 3Iri=Irc;

o = ;
end

else 1f ©Dtfec-0.0001

ol

. and Fi4=2 then

begin ZCHANCE(Z3);
Fl =33
end

else if t>tr-0.0001
and Fi=3 then
begin ZCHANGE(ZU4);
Flisals
end;
Cocang2:=cos iy[sl ;;
Sinang2:=sin(yl3]);



eql10::=eql1xCosang2;
ed1C i=eqll XSlnang?2;
1E])I_F'_ Fi4=1 then |
egin gli=A111,11]5
bt :=A111,2
52==A1 2,1
b2:=Al1l2,2

1" TR IR"Y

()
-
£,

|

Q

1sc if F4=2 then

n gl :=A2[_-{1 ) 1
b1:=A2[1,2
g2:=A2[2,1
D2 :i=AL 2:2

TTRYY RYEIRYY

o
o £
e R

else if Fl4=3 then
EeEIn.81=“A3 131
bl:“AB 1’2
32:=A3 231
@:ﬂAB 2,2
end

else if Fllnﬁ then

Begfn.g!:=A [ ’
b‘:“Au 1;2
321=Au 2,1
b2:=A4 2,2

e wve we We

L"TRYYT AT R 1

end;

comment nodal .analysis

of the network;

IQ1:=eq10Xg1+ed1OXb 1+

V20qXw2+V20dxo2-1bq 3

ID1 :=-cql1OXbi1+ed1 OX

£1-V20qX0h2+V20dXg2-1bd ;

\[I10g]===IQl><Z[1 » 114+ID1>2Z
1,2)3%

\[HOdjnIQIXZ[Z’,I ]+ID1XZ
2,2}

1q10:=g1x(eq10=-V10q) -b1X

(Viod-edi10); |

1d10:=b1x(V1i0q-eq10)

+g1X(ed10-Vv104d)

1g11:=1q10XCosang2+1d10

XSinang2;

1d11:==1q10XSinanz2+id10

XCosang2s

1f FE=1 then

begin KMS(njt,y,range,

ace,h);
poto Lj
end;

V10 :=sqrt V10dT2+V10q72;;
V20 i=3qrt(V204dT2+V20q1T2);
KM3(n,t,y,range,acc,h);



comment instructions to
normaiise the raised
reference current;
X[rect+ =Hy[?§;
1f abs(X[rect])dabs(X
Trect+1]) then
begin Iri=ir-inc;

r{Irl then
Ir:=Irt;
end;

. recti:=rect+l;

comment calculatlion of
the control signals and
other variables of
converters;

ide:=yl 4]

if 1dc<(Ir-k) then
ecr=Vioxz1

else

If IdcpIr then
ecr:=ViOxz

else eer=XKRx(Ir-ide);
if ecr>ViO then
ecr:=Vi0;}

zri=ecr/Vi10;

ect :=KIX((Ir-k)~ide):;

89

ee2:==-V20Xz0+pl/6xxexide;

if 1ded(Ir-k) then
ecl :=ec2

- else
IT (ec1+ec2)>0 then
ecl :==V20Xz22
else eci:= ecltec?;
z1:=ecl/V20;

vdl :=V10xzr-pi/6xxcxide;

1f vd1<0O then
vd1 :=0}

vd2:=V20xzi-pl/6xxcxide;

1det :=(vd1+vd2)/R;
1f 1dc1<0 then
ide1 :=0;
SYSTMVOLT(idc,vd; ,V10q,
viod,vVi0,3bq,1bd);
SYSTMVOLT(4idc,vd2,V20q,
Va20d,Vv20,1dq,1dd);
comment end of swing
curve calculations;
cormment test for
stable and unstabdble
itate of the system;

if abs(y{3]) >pi then
state:=unstable

Al



end->

end ;

else if avbs(lastdeg)-abs
(¥[31750ad £> 1 and

Ir=Ir1 then
state :=stable;
lastdeg:=1if abs(y[3])>
abs (lastdeg)
then y[3] clse lastdeg;
if state=stable and
aime= UP
then goto NEXTDEL;S
I state7 working then
begin if (state=unstable
and aim= UP) or
(state=stable and
air=DOWN) then
begin aimi=-aim;
delinc:=
-delinc/2.000;
delmin:=
delta+
- delinc;
delmx:=
-delmx;
i1f abs(delinc)
{ delacc then

otoc PRINT;
goEo NEXTDELS

end;
end;
end;
FEXTDEL:n:=nj}

end;

PRINT :write(30,F,t);
write (30,F,tfc);
wrlte 303F1d3113;
write (30,F,P11);

c
dolmin:=de11+DEZLINC;
deline :=DELINC/2;
end;
zoto QQ;
comment,end of stablility boundaries
calculations;
£N¥F)‘AIL 1: writetext(30,[ INVERSION*FAILURE
11)35z0 to QQ3
?T)'A 37T writetext(30,[ INVERSION*FAILURE
21)szo to QQs
£NY-1)'~‘;&E 3 writetext (30 » [ INVERSION*FAILURE
31)3g0 Lo QQ;
IN’VF,.%: Tt write text (30, [ INVERSION*FAILURE
*4]) spo to QQ3

QQ:endjclose (10} sclose(20) selose(30) 3



