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Chapter 2

FUNDAMENTALS

Scilab code Exa 2.1 Instantaneous real and reactive power and power factor

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 2 ; Example 2 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8 Vmax =141.4; // Peak s o u r c e
v o l t a g e i n V o l t s

9 R=10; // Load r e s i s t a n c e
i n Ohms

10 Xl =3.77; // I n d u c t i v e
r e a c t a n c e i n Ohms

11 Vrms=Vmax/sqrt (2); //RMS v a l u e o f
s o u r c e v o l t a g e i n V o l t s

12 Ir=Vrms/(R); // Current through
the r e s i s t o r i n Amperes

13 Il=Vrms/(%i*Xl); // Current through
the i n d u c t o r i n Amperes

14 Iload=Ir+Il; // Current through
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the l oad i n Amperes
15 wt =0:0.1:2* %pi;

16 v=Vmax*cos(wt); // I n s t a n t a n e o u s
v o l t a g e i n V o l t s

17 ir=Vmax*cos(wt)/R; // I n s t a n t a n e o u s
c u r r e n t through the r e s i s t o r i n Amperes

18 il=Vmax*cos(wt+90* %pi /180); // I n s t a n t a n e o u s
c u r r e n t through the i n d u c t o r i n Amperes

19 Pr=Vrms*Ir*(1+ cos(2*wt)); // I n s t a n t a n e o u s
Power absorbed by R e s i s t o r i n Watts

20 Pl=Vrms*abs(Il)*sin (2*wt); // I n s t a n t a n e o u s
Power absorbed by I n d u c t o r i n Watts

21 del =0;

22 bet=atan(imag(Iload),real(Iload));

23 P=Vrms*abs(Iload)*cos(del -bet); // Real power
absorbed by the l oad i n Watts

24 Q=Vrms*abs(Iload)*sin(del -bet); // R e a c t i v e power
absorbed by the l oad i n VAR

25 pf=cos(del -bet); // Power f a c t o r
26 clf; //To c l e a r

f i g u r e s from p r e v i o u s programs
27 subplot (231);

28 plot(wt,v);

29 xtitle( ’ Input Vo l tage ’ , ’ Angular d i s p l a c e m e n t ’ , ’
Vo l tage ( V o l t s ) ’ );

30 subplot (232);

31 plot(wt,ir);

32 xtitle( ’ Current through r e s i s t o r ’ , ’ Angular
d i s p l a c e m e n t ’ , ’ Current (Amp . ) ’ );

33 subplot (233);

34 plot(wt,Pr);

35 xtitle( ’ Power d i s s i p a t e d i n r e s i s t o r ’ , ’ Angular
d i s p l a c e m e n t ’ , ’ Power ( Watts ) ’ );

36 subplot (236);

37 xtitle( ’ Power throgh the i n d u c t o r ’ , ’ Angular
d i s p l a c e m e n t ’ , ’ Power (VAR) ’ );

38 plot(wt,Pl);

39 subplot (234);
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Figure 2.1: Instantaneous real and reactive power and power factor

40 plot(wt,v);

41 xtitle( ’ Input Vo l tage ’ , ’ Angular d i s p l a c e m e n t ’ , ’
Vo l tage ( V o l t s ) ’ );

42 subplot (235);

43 plot(wt,il);

44 xtitle( ’ Current through i n d u c t o r ’ , ’ Angular
d i s p l a c e m e n t ’ , ’ Current (Amp . ) ’ );

45 printf( ’ \nThe Real power absorbed by the l oad i s %d
Watts\n ’ ,P);

46 printf( ’ The R e a c t i v e power absorbed by the l oad i s
%d VAR\n ’ ,Q);

47 printf( ’ The Power f a c t o r i s %. 4 f l a g g i n g ’ ,pf);
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Figure 2.2: Instantaneous real and reactive power and power factor

Figure 2.3: Real and reactive power delivered or absorbed

Scilab code Exa 2.2 Real and reactive power delivered or absorbed

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 2 ; Example 2 . 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6

7 clc;

8 clear;

9 V=100* exp(%i*130* %pi /180);

// Source Vo l tage i n V o l t s
10 I=10* exp(%i*10* %pi /180);

// Source c u r r e n t i n Amperes
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Figure 2.4: Power factor correction

11 S=V*conj(I);

// Apparent power i n VA
12 P=real(S);

// Real power i n Watts
13 Q=imag(S);

// R e a c t i v e power i n VAR
14 printf( ’ The v a l u e s a r e P=%d Watts and Q=%d VAR.

Hence , ’ ,P,Q);
15 if P<0 then

16 P=-P

17 printf( ’ \nThe s o u r c e a b s o r b s %d Watts ’ ,P);
18 else

19 printf( ’ \nThe s o u r c e d e l i v e r s %d Watts ’ ,P);
20 end

21 if Q<0 then

22 Q=-Q;

23 printf( ’ \nThe s o u r c e a b s o r b s %d VAR ’ ,Q);
24 else

25 printf( ’ \nThe s o u r c e d e l i v e r s %d VAR ’ ,Q);
26 end

Scilab code Exa 2.3 Power factor correction

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 2 ; Example 2 . 3
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Figure 2.5: Balanced Delta and Wye loads

4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6

7 clear;

8 clc;

9 P=100 // Real power i n kW
10 pf=0.8; // Power f a c t o r
11 pfc =0.95 // C o r r e c t ed power f a c t o r with

c a p a c i t o r
12 Ol=acos(pf); // Power f a c t o r a n g l e w i thout

c a p a c i t o r
13 Oc=acos(pfc); // Power f a c t o r a n g l e with c a p a c i t o r
14 Ql=P*tan(Ol); // R e a c t i v e power d e l i v e r e d by the

s o u r c e wi thout c a p a c i t o r i n kVAR
15 Sl=P/cos(Ol); // Apparent power d e l i v e r e d by the

s o u r c e wi thout c a p a c i t o r i n kVA
16 Qs=P*tan(Oc); // R e a c t i v e power d e l i v e r e d by the

s o u r c e with c a p a c i t o r i n kVAR
17 Ss=P/cos(Oc); // Apparent power d e l i v e r e d by the

s o u r c e with c a p a c i t o r i n kVA
18 Qc=Ql-Qs; // R e a c t i v e power d e l i v e r e d by the

c a p a c i t o r i n kVAR
19 printf( ’ \nThe c a p a c i t o r d e l i v e r s %f kVAR ’ ,Qc);
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Scilab code Exa 2.4 Balanced Delta and Wye loads

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 2 ; Example 2 . 4
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6

7 clc;

8 clear;

9 Eab =480*( cos(0* %pi /180)+%i*sin(0*%pi /180));

// Line Vo l tage o f the s o u r c e
i n V o l t s

10 Zdel =30*( cos (40* %pi /180)+%i*sin (40* %pi /180));

// Impedance o f the d e l t a l oad
i n Ohm

11 Zlineperphase =1*( cos (85* %pi /180)+%i*sin (85* %pi /180))

; // Line Impedance i n Ohm
12 Zstar=Zdel /3;

// Impedance o f d e l t a l oad c o n v e r t e d to s t a r l oad
i n Ohm

13 [r theta]=polar(Eab);

14 Ebc=r*(cos(theta -120* %pi /180)+%i*sin(theta -120* %pi

/180));

15 Eca=r*(cos(theta +120* %pi /180)+%i*sin(theta +120* %pi

/180));

16 Ean=r*(cos(theta -30* %pi /180)+%i*sin(theta -30* %pi

/180))/sqrt (3); // Phase v o l t a g e o f the s o u r c e i n
V o l t s

17 [r theta]=polar(Ean);

18 Ebn=r*(cos(theta -120* %pi /180)+%i*sin(theta -120* %pi

/180));
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19 Ecn=r*(cos(theta +120* %pi /180)+%i*sin(theta +120* %pi

/180));

20 Ia=Ean/( Zlineperphase+Zstar);

// Line c u r r e n t
i n Amperes

21 Ib=Ebn/( Zlineperphase+Zstar);

22 Ic=Ecn/( Zlineperphase+Zstar);

23 [r theta]=polar(Ia);

24 Iab=r*(cos(theta +30* %pi /180)+%i*sin(theta +30* %pi

/180))/sqrt (3); // Phase c u r r e n t i n Amperes
25 [r theta]=polar(Ib);

26 Ibc=r*(cos(theta +30* %pi /180)+%i*sin(theta +30* %pi

/180))/sqrt (3);

27 [r theta]=polar(Ic);

28 Ica=r*(cos(theta +30* %pi /180)+%i*sin(theta +30* %pi

/180))/sqrt (3);

29 EAB=Zdel*Iab;

// Line v o l t a g e a c r o s s the l oad i n V o l t s
30 EBC=Zdel*Ibc;

31 ECA=Zdel*Ica;

32 printf( ’ \nThe magnitude o f l i n e c u r r e n t IA i s %. 2 f
Ampere and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(Ia),
atand(imag(Ia),real(Ia)));

33 printf( ’ \nThe magnitude o f l i n e c u r r e n t IB i s %. 2 f
Ampere and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(Ib),
atand(imag(Ib),real(Ib)));

34 printf( ’ \nThe magnitude o f l i n e c u r r e n t IC i s %. 2 f
Ampere and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(Ic),
atand(imag(Ic),real(Ic)));

35 printf( ’ \nThe magnitude o f l o ad c u r r e n t IAB i s %. 2 f
Ampere and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(Iab),
atand(imag(Iab),real(Iab)));

36 printf( ’ \nThe magnitude o f l o ad c u r r e n t IBC i s %. 2 f
Ampere and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(Ibc),
atand(imag(Ibc),real(Ibc)));

37 printf( ’ \nThe magnitude o f l o ad c u r r e n t ICA i s %. 2 f
Ampere and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(Ica),
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Figure 2.6: Power in a balanced three phase system

atand(imag(Ica),real(Ica)));

38 printf( ’ \nThe magnitude o f l o ad v o l t a g e EAB i s %. 2 f
V o l t s and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(EAB),
atand(imag(EAB),real(EAB)));

39 printf( ’ \nThe magnitude o f l o ad v o l t a g e EBC i s %. 2 f
V o l t s and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(EBC),
atand(imag(EBC),real(EBC)));

40 printf( ’ \nThe magnitude o f l o ad v o l t a g e ECA i s %. 2 f
V o l t s and i t s a n g l e i s %. 2 f d e g r e e s ’ ,abs(ECA),
atand(imag(ECA),real(ECA)));

Scilab code Exa 2.5 Power in a balanced three phase system

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 2 ; Example 2 . 5
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6

7 clc;

8 clear;

9 Pim =400; // Real
Power o f i n d u c t i o n motor i n kW

10 pfim =0.8; // Power
f a c t o r o f the i n d u c t i o n motor
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11 Ssm =150; //
Apparent power o f the synchronous motor i n kVA

12 pfsm =0.9; // Power
f a c t o r o f the synchronous motor

13 Vline =4160; //RMS
l i n e v o l t a g e o f AC supp ly i n V o l t s

14 Sim=Pim/pfim; //
Apparent power o f the i n d u c t i o n motor i n kVA

15 Qim=sqrt(Sim*Sim -Pim*Pim); //
R e a c t i v e power absorbed by the i n d u c t i o n motor i n
kVAR

16 Psm=Ssm*pfsm; // Real
power absorbed by the synchronous motor i n kW

17 Qsm=sqrt(Ssm*Ssm -Psm*Psm); //
R e a c t i v e power d e l i v e r e d by the synchronous motor

i n kVAR
18 P=Pim+Psm; // Tota l

r e a l power o f the combined l oad i n kW
19 Q=Qim -Qsm; // Tota l

r e a c t i v e power absorbed by the combined l oad i n
kVAR

20 S=sqrt(P*P+Q*Q); // Tota l
apparent power absorbed by the combined l oad i n
kVA

21 pf=P/S; // Power
f a c t o r o f the combined l oad

22 Iline=S*1000/( sqrt (3)*Vline); // Line
c u r r e n t o f the combined l oad i n Amperes

23 XCdel =3* Vline*Vline/(Q*1000); //
C a p a c i t i v e r e a c t a n c e at each l e g f o r u n i t y power
f a c t o r i n Ohm

24 Iupf=P*1000/( sqrt (3)*Vline); // Line
c u r r e n t at u n i t y po iwer f a c t o r

25 printf( ’ \nThe power f a c t o r o f the combined motor
l oad i s %f ’ ,pf);

26 printf( ’ \nThe magnitude o f l i n e c u r r e n t d e l i v e r e d by
the s o u r c e i s %f Amperes ’ ,Iline);

27 printf( ’ \nThe magnitude o f c a p a c i t i v e r e a c t a n c e at
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each l e g f o r u n i t y power f a c t o r i s %f Ohm ’ ,XCdel)
;

28 printf( ’ \nThe magnitude o f the l i n e c u r r e n t
d e l i v e r e d by the s o u r c e with c a p a c i t o r bank
i n s t a l l e d i s %f Amperes ’ ,Iupf);
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Chapter 3

POWER TRANSFORMERS

Scilab code Exa 3.1 Ideal single phase two winding transformer

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sr=20 // r a t e d input power

Figure 3.1: Ideal single phase two winding transformer
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i n kVA
10 E1rated =480 // Rated v o l t a g e

a c r o s s wind ing 1 i n V o l t s
11 E2rated =120 // Rated v o l t a g e

a c r o s s wind ing 2 i n V o l t s
12 F=60 // f r e q u e n c y i n Hertz
13 Sl=15 // Load power i n kVA
14 pf = 0.8 // power f a c t o r

l a g g i n g
15 E2=118 // Load v o l t a g e i n

V o l t s
16

17 at=E1rated/E2rated // C a l c u l a t i o n o f
t u r n s r a t i o

18 E1=at*E2 // v o l t a g e a c r o s s
wind ing 1 i n V o l t s

19 theta=acos(pf)

20 S2=Sl*exp(%i*theta)*1000 // complex l oad power
i n VA

21 I2=conj(S2)/conj(E2) // Load c u r r e n t i n
Ampere

22 Z2=E2/I2 // Load impedance i n
Ohms

23 Z2r=at^2*Z2 // Load impedance
r e f e r r e d to the 480V i n Ohms

24 S1=S2 // s i n c e complex
power e n t e r i n g winding 1 i s e q u a l to the complex
power l e a v i n g wind ing 2

25 P1=real(S1)

26 Q1=imag(S1)

27

28 printf( ’ The v o l t a g e a c r o s s the 480V winding i s %d
V o l t s \n ’ ,E1);

29 printf( ’ The magnitude o f l o ad impedance i s %. 4 f Ohms
and i t s a n g l e i s %. 4 f d e g r e e \n ’ ,abs(Z2),atand(

imag(Z2),real(Z2)));

30 printf( ’ The magnitude o f l o ad impedance r e f e r r e d to
the 480V winding i s %. 4 f Ohms and i t s a n g l e i s %
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Figure 3.2: Transformer short circuit and open circuit tests

. 4 f d e g r e e \n ’ ,abs(Z2r),atand(imag(Z2r),real(Z2r))
);

31 printf( ’ The r e a l power s u p p l i e d to the 480V winding
i s %d W\n ’ ,P1);

32 printf( ’ The r e a c t i v e power s u p p l i e d to the 480V
winding i s %d VAR\n ’ ,Q1);

Scilab code Exa 3.2 Transformer short circuit and open circuit tests

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Srated =20 // r a t e d input
power i n kVA

10 E1rated =480 // Rated v o l t a g e
a c r o s s wind ing 1 i n V o l t s

11 E2rated =120 // Rated v o l t a g e
a c r o s s wind ing 2 i n V o l t s
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12 F=60 // f r e q u e n c y i n
Hertz

13 Sl=15 // Load power i n
kVA

14 pf = 0.8 // power f a c t o r
l a g g i n g

15 E2=118 // Load v o l t a g e
i n V o l t s

16 V1s =35 // Shor t c i r c u i t
v o l t a g e i n V o l t s

17 P1=300 // Shor t c i r c u i t
power i n Watts

18 I2=12 //Open c i r c u i t
Winding 2 c u r r e n t i n Amps

19 P2=200 //Open c i r c u i t
power i n Watts

20

21 I1rated =( Srated *1000)/E1rated // Rated c u r r e n t
f o r wind ing 1

22 Req1=P1/( I1rated)^2 // E q u i v a l e n t
r e s i s t a n c e o f wind ing 1 i n Ohms

23 Zeqm=abs(V1s/I1rated) // Magnitude o f
e q u i v a l e n t impedance o f wind ing 1 i n Ohms

24 Xeq1=sqrt(Zeqm^2-Req1 ^2) // E q u i v a l e n t
r e a c t a n c e o f wind ing 1 i n Ohms

25 Zeq1=Req1+%i*Xeq1 // E q u i v a l e n t
impedance o f wind ing 1 i n Ohms

26 V1o=E1rated // S i n c e wind ing
1 open c i r c u i t v o l t a g e i s e q u a l to wind ing 1
r a t e d v o l g a g e

27 Gc=P2/V1o^2

28 Ymm=abs(( E2rated/E1rated)*I2/V1o)

29 Bm=sqrt(Ymm^2-Gc^2)

30 Ym=Gc-%i*Bm // Shunt
admit tance i n Siemens

31

32 printf( ’ The r a t e d c u r r e n t f o r wind ing 1 i s %. 4 f
Ampere\n ’ ,I1rated);
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Figure 3.3: Per unit impedance single phase transformer

33 printf( ’ The E q u i v a l e n t r e s i s t a n c e o f wind ing 1 i s %
. 4 f Ohms\n ’ ,Req1);

34 printf( ’ The E q u i v a l e n t r e a c t a n c e o f wind ing 1 i s %
. 4 f Ohms\n ’ ,Xeq1);

35 printf( ’ The magnitude o f E q u i v a l e n t impedance o f
wind ing 1 i s %. 4 f Ohms and i t s a n g l e i s %. 4 f
d e g r e e \n ’ ,abs(Zeq1),atand(imag(Zeq1),real(Zeq1)))
;

36 printf( ’ The magnitude o f Shunt admit tance i s %. 4 f
S iemens and i t s a n g l e i s %. 4 f d e g r e e \n ’ ,abs(Ym),
atand(imag(Ym),real(Ym)));

Scilab code Exa 3.3 Per unit impedance single phase transformer

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sb=20 // Base input
power i n kVA
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10 Vb1 =480 // Base v o l t a g e
a c r o s s wind ing 1 i n V o l t s

11 Vb2 =120 // Base v o l t a g e
a c r o s s wind ing 2 i n V o l t s

12 f=60 // f r e q u e n c y i n
Hertz

13 Zeq2 =0.0525* exp(%i *78.13* %pi /180) // E q u i v a l e n t
impedance o f the t r a n s f o r m e r r e f e r r e d to 120 Vol t

wind ing
14

15

16 Zb2 =((Vb2^2)/(Sb *1000)) // Base impedance
on the 120 V o l t s s i d e o f the t r a n s f o r m e r

17 Zeq2pu=Zeq2/Zb2 // Per u n i t
l e a k a g e impdeandce r e f e r r e d to wind ing 2

18 Zeq1 =((Vb1/Vb2)^2)*Zeq2 // l e a k a g e
impdeandce r e f e r r e d to wind ing 1

19 Zb1 =((Vb1^2)/(Sb *1000)) // Base impedance
on the 480 V o l t s s i d e o f the t r a n s f o r m e r

20 Zeq1pu=Zeq1/Zb1 // Per u n i t
l e a k a g e impdeandce r e f e r r e d to wind ing 1

21

22 printf( ’ The magnitude o f per u n i t l e a k a g e impdandce
r e f e r r e d to wind ing 2 i s %. 4 f pu and i t s a n g l e i s
%. 4 f d e g r e e \n ’ ,abs(Zeq2pu),atand(imag(Zeq2pu),
real(Zeq2pu)));

23 printf( ’ The magnitude o f per u n i t l e a k a g e impedance
r e f e r r e d to wind ing 1 i s %. 4 f pu and i t s a n g l e i s
%. 4 f d e g r e e \n ’ ,abs(Zeq1pu),atand(imag(Zeq1pu),
real(Zeq1pu)));

Scilab code Exa 3.4 Per unit circuit three zone single phase network
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Figure 3.4: Per unit circuit three zone single phase network

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 4
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sb=30 //
Base input power i n kVA

10 Vg=220 //
Actua l v a l u e o f s o u r c e v o l t a g e

11 Vb1 =240 //
Base v o l t a g e a c r o s s pr imary o f t r a n s f o r m e r 1 i n
V o l t s

12 VT1p =240 //
Rated v o l t a g e o f pr imary o f t r a n s f o r m e r 1 i n
V o l t s

13 VT1s =480 //
Rated v o l t a g e o f s e conda ry o f t r a n s f o r m e r 1 i n
V o l t s

14 VT2p =460 //
Rated v o l t a g e o f pr imary o f t r a n s f o r m e r 2 i n
V o l t s

15 VT2s =115 //
Rated v o l t a g e o f s e conda ry o f t r a n s f o r m e r 2 i n
V o l t s
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16 Xline=2 //
Line r e a c t a n c e i n Ohms

17 Zload =.9+%i*.2 //
Load impedance i n Ohms

18 XT1 =0.1 //
r e a c t a n c e o f t r a n s f o r m e r 1 i n per u n i t

19 XT2 =0.1 //
r e a c t a n c e o f t r a n s f o r m e r 2 i n per u n i t

20 Sb1 =30 //
MVA r a t i n g o f t r a n s f o r m e r 1

21 Sb2 =20 //
MVA r a t i n g o f t r a n s f o r m e r 2

22 Vspu=Vg/Vb1; //
per u n i t s o u r c e v o l t a g e

23

24 Vb2=(VT1s/VT1p)*Vb1 //
Base v o l t a g e a c r o s s the s e condary o f t r a n s f o r m e r
1 i n V o l t s

25 Vb3=(VT2s/VT2p)*Vb2 //
Base v o l t a g e a c r o s s the s e condary o f t r a n s f o r m e r
2 i n V o l t s

26 Zb2=(Vb2^2)/(Sb *1000) //
Base impedance o f zone 2 i n Ohms

27 Zb3=(Vb3^2)/(Sb *1000) //
Base impedance o f zone 3 i n Ohms

28 Ib3=(Sb *1000)/Vb3 //
Base c u r r e n t i n zone 3 i n Amperes

29 XT1pu =0.1 //
MVA r a t i n g o f system i s e q u a l to kVA r a t i n g o f
t r a n s f o r m e r 1

30 XT2pu=(XT2)*(( VT2p/Vb2)^2)*(Sb/Sb2 ) //
per u n i t l e a k a g e r e a c t a n c e o f t r a n s f o r m e r 2

31 Xlinepu=Xline/Zb2 //
Per u n i t l i n e r e a c t a n c e

32 Zloadpu=Zload/Zb3 //
per u n i t l oad impedance

33 Iloadpu=Vspu/(%i*(XT1+Xlinepu+XT2pu)+Zloadpu) //
per u n i t l oad c u r r e n t
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Figure 3.5: Per unit and actual currents in balanced three phase networks

34 Iload=Iloadpu*Ib3 //
Actua l l o ad c u r r e n t i n Amperes

35

36

37 printf( ’ The per u n i t l e a k a g e r e a c t a n c e o f
t r a n s f o r m e r 2 i s %. 4 f Ohms\n ’ ,XT2pu);

38 printf( ’ The Per u n i t l i n e r e a c t a n c e i s %. 4 f per u n i t
\n ’ ,Xlinepu);

39 printf( ’ The per u n i t l o ad impedance i s %. 4 f+%. 4 f i
Ohms\n ’ ,real(Zloadpu),imag(Zloadpu));

40 printf( ’ The magnitude o f per u n i t l o ad c u r r e n t i s %
. 4 f and i t s a n g l e i s %. 4 f d e g r e e s \n ’ ,abs(Iloadpu)
,(180/%pi)*atan(imag(Iloadpu),real(Iloadpu)));

41 printf( ’ The magnitude o f a c t u a l l o ad c u r r e n t i s %. 4
f Amperes and i t s a n g l e i s %. 4 f d e g r e e s \n ’ ,abs(
Iload) ,(180/%pi)*atan(imag(Iload),real(Iload)));

42 printf( ’ The per u n i t v a l u e o f s o u r c e v o l t a g e i s %. 4 f
pu ’ ,Vspu)

Scilab code Exa 3.5 Per unit and actual currents in balanced three phase networks

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 5
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
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5

6 clc;

7 clear;

8

9 Eab =480 // Line
v o l t a g e o f s t a r connec t ed v o l t a g e s o u r c e i n V o l t s

10 ZL=10* exp(%i*40* %pi /180) // Load
impedance i n Ohms

11 Zl=1*exp(%i*85* %pi /180) // Line
impedance between s o u r c e and l oad i n Ohms

12 Sb=10 // Base
power i n kVA

13 VbLL =480 // l i n e
to l i n e base v o l t a g e i n V o l t s

14

15 Zb =(( VbLL)^2/(Sb *1000)) // Base
impedance i n Ohms

16 Zlpu=Zl/Zb // per
u n i t l i n e impedance

17 ZLpu=ZL/Zb // per
u n i t l o ad impedance

18 VbLN=VbLL/(sqrt (3)) // l i n e
to n e u t r a l base v o l t a g e i n V o l t s

19 Eanpu =(277* exp(%i*(-30)*%pi /180))/277 // s o u r c e
v o l t a g e i n per u n i t

20 Iapu=Eanpu/(Zlpu+ZLpu) // per
u n i t l i n e c u r r e n t i n phase a

21 Ib=(Sb *1000) /(sqrt (3)*VbLL) // base
c u r r e n t i n Amperes

22 Ia=Iapu*Ib // a c t u a l
phase a l i n e c u r r e n t i n Amperes

23

24 printf( ’ The magnitude o f per u n i t l i n e c u r r e n t i n
phase a i s %. 4 f and i t s a n g l e i s %. 4 f d e g r e e \n ’ ,
abs(Iapu),atand(imag(Iapu),real(Iapu)));

25 printf( ’ The magnitude o f a c t u a l l i n e c u r r e n t i n
phase a i s %. 4 f Amperes and i t s a n g l e i s %. 4 f
d e g r e e s \n ’ ,abs(Ia),atand(imag(Ia),real(Ia)));
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Figure 3.6: Voltage calculations balanced star star and delta star transform-
ers

Scilab code Exa 3.7 Voltage calculations balanced star star and delta star transformers

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 7
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sr=400

// r a t e d power o f t r a n s f o r m e r i n MVA
10 VT1p =13.8

//
r a t e d v o l t a g e o f t r a n s f o r m e r pr imary s i d e i n kV

11 VT1s =199.2

//
r a t e d v o l t a g e o f t r a n s f o r m e r s e conda ry s i d e i n kV

12 Xeq =0.10

//
l e a k a g e r e a c t a n c e o f t r a n s f o r m e r i n Ohms
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13 Sa=1000

// High v o l t a g e s i d e a b s o r b s power i n MVA
14 pf=0.90

// l a g g i n g power f a c t o r
15 VANH =199.2

16 Sb=1200

// base power i n MVA
17 VbHLL =345

//
Hihg v o l g a g e s i d e l i n i to l i n e base v o l t a g i n kV

18 IbH =1200/(345* sqrt (3))

// h igh v o l t a g e
s i d e base c u r r e n t i n Amperes

19

20 VAN =1.0

// per u n i t l o ad v o l t a g e
21 Theta=acos (0.9)

22 IA =((1000/(345*( sqrt (3))))/2.008) *(exp(%i*(-Theta)))

// Per u n i t l o ad c u r r e n t
23 Van=VAN+(%i*Xeq)*IA

// v o l t a g e at
low v o l t a g e bus

24 VbXLN1 =13.8

25 Van1L=Van*VbXLN1

// low
v o l t a g e wye wind ing i n kV

26 Ean=(exp(%i*( -30)*(%pi /180)))*VAN

// s o u r c e v o l t a g e i n per
u n i t

27 Ia=(exp(%i*(-30)*(%pi /180)))*IA

// s o u r c e c u r r e n t i n per
u n i t

28 Van2=Ean+(%i*Xeq)*Ia

29 VbXLN2 =13.8/( sqrt (3))
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Figure 3.7: Per unit voltage drop and per unit fault current balanced three
phase transformer

30 Van2L=Van2*VbXLN2

// low
v o l t a g e d e l t a wind ing i n kV

31

32 printf( ’ The magnitude o f v o l t a g e at low v o l t a g e bus (
s t a r ) i n per u n i t i s %. 4 f and i t s a n g l e i s %. 4 f
d e g r e e s \n ’ ,abs(Van),atand(imag(Van),real(Van)));

33 printf( ’ The magnitude o f low v o l t a g e s t a r wind ing i n
kV i s %. 4 f kV and i t s a n g l e i s %. 4 f d e g r e e s \n ’ ,

abs(Van1L),atand(imag(Van1L),real(Van1L)));

34 printf( ’ The magnitude o f v o l t a g e at low v o l t a g e bus (
d e l t a ) i n per u n i t i s %. 4 f and i t s a n g l e i s %. 4 f
d e g r e e s \n ’ ,abs(Van2),atand(imag(Van2),real(Van2))
);

35 printf( ’ The magnitude o f low v o l t a g e d e l t a wind ing
i n kV i s %. 4 f kV and i t s a n g l e i s %. 4 f d e g r e e s \n ’
,abs(Van2L),atand(imag(Van2L),real(Van2L)));

Scilab code Exa 3.8 Per unit voltage drop and per unit fault current balanced three phase transformer

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 8
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
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5

6 clc;

7 clear;

8

9 Sr=200 // r a t e d
power o f t r a n s f o r m e r i n MVA

10 VT1p =345 // r a t e d
v o l t a g e o f t r a n s f o r m e r pr imary s i d e i n kV

11 VT1s =34.5 // r a t e d
v o l t a g e o f t r a n s f o r m e r s e conda ry s i d e i n kV

12 Xeq =0.08 //
l e a k a g e r e a c t a n c e o f t r a n s f o r m e r i n ohms

13 pf=0.8 //
l a g g i n g power f a c t o r

14 Irated =1.0 // r a t e d
c u r r e n t i n Amperes

15 Irated1 =1.0* exp(%i*( -36.87)*(%pi /180)) //
c o n s i d e r r e a l and imag inary v a l u e o f r a t e d
c u r r e n t

16 VAN =1.0 // s o u r c e
v o l t a g e i n V o l t s

17 Vdrop=Irated*Xeq // per
u n i t magnitudes o f t r a n s f o r m e r v o l t a g e drop

18 Van=VAN -(%i*Xeq)*Irated1 // per
u n i t magnitudes o f t r a n s f o r m e r v o l t a g e at low
v o l t a g e t e r m i n a l s

19 Isc=VAN/Xeq // per
u n i t magnitudes o f t r a n s f o r m e r f a u l t c u r r e n t

20

21

22 printf( ’ The magnitude o f t r a n s f o r m e r v o l t a g e drop i n
per u n i t i s %. 4 f pu \n ’ ,Vdrop);

23 printf( ’ The magnitude o f t r a n s f o r m e r v o l t a g e at low
v o l t a g e t e r m i n a l i n per u n i t i s %. 4 f and i t s
a n g l e i s %. 4 f d e g r e e s \n ’ ,abs(Van),atand(imag(Van)
,real(Van)));

24 printf( ’ The magnitude o f f a u l t c u r r e n t i n per u n i t
i s %. 4 f pu\n ’ ,Isc);
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Figure 3.8: Three winding single phase transformer per unit impedances

Scilab code Exa 3.9 Three winding single phase transformer per unit impedances

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 9
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sb=300 // r a t e d power o f
t r a n s f o r m e r i n MVA

10 Vb1 =13.8 // Terminal 1
base v o l t a g e i n kV

11 Vb2 =199.2 // Terminal 2
base v o l t a g e i n kV

12 Vb3 =19.92 // Terminal 3
base v o l t a g e i n kV

13 X12old =0.10 // g i v e n per u n i t
l e a k a g e r e a c t a n c e t e r m i n a l 1 and 2

14 X13old =0.16 // g i v e n per u n i t
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l e a k a g e r e a c t a n c e t e r m i n a l 1 and 3
15 X23old =0.14 // g i v e n per u n i t

l e a k a g e r e a c t a n c e t e r m i n a l 2 and 3
16 Sb12 =300 // r a t e d power

c o r r e s p o n d i n g to l e a k a g e r e a c t a n c e X12 i n MVA
17 Sb13 =50 // r a t e d power

c o r r e s p o n d i n g to l e a k a g e r e a c t a n c e X13 i n MVA
18 Sb23 =50 // r a t e d power

c o r r e s p o n d i n g to l e a k a g e r e a c t a n c e X23 i n MVA
19

20 X12new=X12old *(Sb/Sb12) //new per u n i t
l e a k a g e r e a c t a n c e t e r m i n a l 1 and 2

21 X13new=X13old *(Sb/Sb13) //new per u n i t
l e a k a g e r e a c t a n c e t e r m i n a l 1 and 3

22 X23new=X23old *(Sb/Sb23) //new per u n i t
l e a k a g e r e a c t a n c e t e r m i n a l 2 and 3

23 X1 =(1/2) *( X12new+X13new -X23new)

24 X2 =(1/2) *( X12new+X23new -X13new)

25 X3 =(1/2) *( X13new+X23new -X12new)

26

27 printf( ’ The new per u n i t l e a k a g e r e a c t a n c e t e r m i n a l
1 and 2 i s %. 4 f pu\n ’ ,X12new);

28 printf( ’ The new per u n i t l e a k a g e r e a c t a n c e t e r m i n a l
1 and 3 i s %. 4 f pu\n ’ ,X13new);

29 printf( ’ The new per u n i t l e a k a g e r e a c t a n c e t e r m i n a l
2 and 3 i s %. 4 f pu\n ’ ,X23new);

30 printf( ’ The per u n i t r e a c t a n c e o f t e r m i n a l 1 i s %. 4 f
pu\n ’ ,X1);

31 printf( ’ The per u n i t r e a c t a n c e o f t e r m i n a l 2 i s %. 4 f
pu\n ’ ,X2);

32 printf( ’ The per u n i t r e a c t a n c e o f t e r m i n a l 3 i s %. 4 f
pu\n ’ ,X3);
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Figure 3.9: Autotransformer single phase

Scilab code Exa 3.11 Autotransformer single phase

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 1 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sr=20

// r a t e d power o f t r a n s f o r m e r i n kVA
10 E1=120

// v o l t a g e at 120 Vol t wind ing
11 E2=480

// v o l t a g e induced a c r o s s the 480 Vol t wind ing
12 Zleak =0.0729* exp(%i *78.13*( %pi /180))

// per u n i t l e a k a g e
impedance o f two winding t r a n s f o r m e r

13

14 EH=E1+E2

// Vo l tage at the h igh Vo l tage t e r m i n a l s
15 I2=((Sr *1000)/E2)

//
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r a t e d c u r r e n t o f 480 Vol t wind ing i n Ampere
16 SH=EH*I2

//kVA r a t i n g o f 480 Volt wind ing
17 I1=(E2/E1)*I2

// Current induced i n the 120 Vol t wind ing
18 Ix=I1+I2

19 Sx=E1*Ix

// auto t r a n s f o r m e r r a t e d power
20 ZbaseHold =((E2)^2)/(Sr *1000)

// base
impedance at h igh v o l t a g e t e r m i n a l o f normal
t r a n s f o r m e r

21 ZbaseHnew =((EH)^2)/(Sx)

// base
impedance at h igh v o l t a g e t e r m i n a l o f
a u t o t r a n s f o r m e r

22 Zpunew =(0.0729* exp(%i *78.13*( %pi /180)))*( ZbaseHold/

ZbaseHnew) // per u n i t impedance o f t r a n s f o r m e r
23

24 printf( ’ The Vo l tage at the h igh v o l t a g e t e r m i n a l s i s
%. 4 f V o l t s \n ’ ,EH);

25 printf( ’ The Vo l tage at the low v o l t a g e t e r m i n a l s i s
%. 4 f V o l t s \n ’ ,E1);

26 printf( ’ The auto t r a n s f o r m e r r a t e d power i s %. 4 f kVA
\n ’ ,Sx /1000);

27 printf( ’ The magnitude o f impedance o f t r a n s f o r m e r i n
per u n i t i s %. 4 f and i t s a n g l e i s %. 4 f d e g r e e s \n

’ ,abs(Zpunew),atand(imag(Zpunew),real(Zpunew)));

Scilab code Exa 3.12 Tap changing three phase transformer per unit positive sequence network
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Figure 3.10: Tap changing three phase transformer per unit positive sequence
network

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 1 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sr=1000 // r a t e d power o f
t r a n s f o r m e r i n kVA

10 V1rated =13.8 // r a t e d v o l t a g e
o f d e l t a wind ing o f t r a n s f o r m e r i n kV

11 V2rated =345 // r a t e d v o l t a g e
o f wye winding o f t r a n s f o r m e r i n kV

12 Zeq=%i*0.10 // per u n i t
e q u i v a l e n t impedance

13 Sb=500 // r a t e d power o f
t r a n s f o r m e r i n MVA

14 VbXLL =13.8 // l i n e to l i n e X
t e r m i n a l base v o l t a g e i n kV

15 VbHLL =345 // l i n e to l i n e H
t e r m i n a l base v o l t a g e i n kV

16

17

18 at=( V1rated/V2rated) // r a t i o o f
t r a n s f o r m e r c o r r e s p o n d i n g to r a t e d tap
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19 b=(VbXLL/VbHLL)

20 c=at/b

21 Zpunew=Zeq*(Sb/Sr) // per u n i t
e q u i v a l e n t impedance

22 at10=( V1rated /( V2rated *0.9)) // r a t i o o f
t r a n s f o r m e r c o r r e s p o n d i n g to 10 p e r c e n t a g e tap

23 b10=( V1rated/V2rated)

24 c10=(at10/b10)

25 Yeq =(1/ Zpunew)

26 Y12=c10*Yeq // admit tance at
node 12 i n per u n i t

27 Y11=(1-c10)*Yeq // admit tance at
node 11 i n per u n i t

28 Y22 =((( abs(c10))^2)-c10)*Yeq // admit tance
at node 22 i n per u n i t

29

30

31 printf( ’ The per u n i t e q u i v a l e n t impedance i s %. 4 f i
pu\n ’ ,imag(Zpunew));

32 printf( ’ The r a t i o o f t r a n s f o r m e r c o r r e s p o n d i n g to
r a t e d tap i s %. 4 f \n ’ ,at);

33 printf( ’ The r a t i o o f t r a n s f o r m e r c o r r e s p o n d i n g to 10
p e r c e n t a g e tap i s %. 4 f \n ’ ,at10);

34 printf( ’ The admit tance at node 12 i s %. 4 f i pe r u n i t \
n ’ ,imag(Y12));

35 printf( ’ The admit tance at node 11 i s %. 4 f i pe r u n i t \
n ’ ,imag(Y11));

36 printf( ’ The admit tance at node 22 i s %. 4 f i pe r u n i t \
n ’ ,imag(Y22));

Scilab code Exa 3.13 Voltage regulating and phase shifting three phase transformers
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Figure 3.11: Voltage regulating and phase shifting three phase transformers

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−3 ; Example 3 . 1 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 XL1 =0.25 // P o s i t i v e s equence
s e r i e s r e a c t a n c e at p a r a l l e l l i n e 1 i n per u n i t

10 XL2 =0.20 // P o s i t i v e s equence
s e r i e s r e a c t a n c e at p a r a l l e l l i n e 2 i n per u n i t

11 Cm =0.9524

12

13 Y11L1m =(1/(%i*.25)) //The v o l t a g e
magnitude r e g u l a t i n g t r a n s f o r m e r admit tance
Y11L1m

14 Y22L1m =(Cm^2)*Y11L1m //The v o l t a g e
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magnitude r e g u l a t i n g t r a n s f o r m e r admit tance
Y22L1m

15 Y12L1m=(-Cm)*Y11L1m //The v o l t a g e
magnitude r e g u l a t i n g t r a n s f o r m e r admit tance
Y12L1m

16 Y21L1m=(-Cm)*Y11L1m //The v o l t a g e
magnitude r e g u l a t i n g t r a n s f o r m e r admit tance
Y21L1m

17 Y11L2 =(1/(%i *.20))

18 Y22L2 =(1/(%i *.20))

19 Y12L2=-Y11L2

20 Y21L2=-Y11L2

21 Y11m=Y11L1m+Y11L2 // p a r a l l e l
admi t tance Y11m

22 Y22m=Y22L1m+Y22L2 // p a r a l l e l
admi t tance Y11m

23 Y12m=Y12L1m+Y12L2 // p a r a l l e l
admi t tance Y11m

24 Y21m=Y12L1m+Y12L2 // p a r a l l e l
admi t tance Y11m

25 Y11L1a =(1/(%i*.25)) //The phase a n g l e
r e g u l a t i n g t r a n s f o r m e r admit tance Y11L1a

26 Ca =1.0*( exp(%i*(-3)*(%pi /180)))

27 Y22L1a =((abs(Ca))^2)*(-%i*4.0) //The phase a n g l e
r e g u l a t i n g t r a n s f o r m e r admit tance Y22L1a

28 Y12L1a= (-Ca)*(-%i*4.0) //The phase a n g l e
r e g u l a t i n g t r a n s f o r m e r admit tance Y12L1a

29 Y21L1a= (-conj(Ca))*(-%i*4.0) //The phase a n g l e
r e g u l a t i n g t r a n s f o r m e r admit tance Y21L1a

30 Y11a=Y11L1a+Y11L2 // p a r a l l e l
admi t tance Y11a

31 Y22a=Y22L1a+Y22L2 // p a r a l l e l
admi t tance Y22a

32 Y12a=Y12L1a+Y12L2 // p a r a l l e l
admi t tance Y12a

33 Y21a=Y21L1a+Y21L2 // p a r a l l e l
admi t tance Y21a

34
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35 disp( ’CASE−a : ’ )
36 disp( ’ The admit tance paramete r s o f the r e g u l a t i n g

t r a n s f o r m e r i n s e r i e s with l i n e 1 a r e : ’ )
37 printf( ’Y11L1m = %. 4 f i pe r u n i t Y22L1m = %

. 4 f i pe r u n i t \n ’ ,imag(Y11L1m),imag(Y22L1m));
38 printf( ’Y12L1m = %. 4 f i pe r u n i t \ Y21L1m = %

. 4 f i pe r u n i t \n ’ ,imag(Y12L1m),imag(Y21L1m));
39

40 disp( ’ The admit tance paramete r s o f the r e g u l a t i n g
t r a n s f o r m e r i n s e r i e s with l i n e 2 a r e : ’ )

41 printf( ’ Y11L2 = %. 4 f i pe r u n i t Y22L2 =
%. 4 f i pe r u n i t \n ’ ,imag(Y11L2),imag(Y22L2));

42 printf( ’ Y12L2 = %. 4 f i pe r u n i t Y21L2 = %. 4
f i pe r u n i t \n ’ ,imag(Y12L2),imag(Y21L2));

43

44 disp( ’ The admit tance paramete r s o f combined
admi t t ance s f o r l i n e 1& 2 i n p a r a l l e l a r e : ’ )

45 printf( ’Y11m = %. 4 f i pe r u n i t Y22m = %. 4 f i
pe r u n i t \n ’ ,imag(Y11m),imag(Y22m));

46 printf( ’Y12m = %. 4 f i pe r u n i t Y21m = %. 4 f i
pe r u n i t \n ’ ,imag(Y12m),imag(Y21m));

47

48 disp( ’CASE−b : ’ )
49 disp( ’ The admit tance paramete r s o f the r e g u l a t i n g

t r a n s f o r m e r i n s e r i e s with l i n e 1 a r e : ’ )
50 printf( ’ Y11L1a = %. 4 f i pe r u n i t Y22L1a

= %. 4 f i pe r u n i t \n ’ ,imag(Y11L1a),imag(Y22L1a));
51 printf( ’ Y12L1a = %. 4 f+%. 4 f i pe r u n i t ’ ,real(

Y12L1a),imag(Y12L1a));

52 printf( ’ Y21L1a = %. 4 f+%. 4 f i pe r u n i t \n ’ ,real(Y21L1a)
,imag(Y21L1a));

53

54 disp( ’ The admit tance paramete r s o f combined
admi t t ance s f o r l i n e 1& 2 i n p a r a l l e l a r e : ’ )

55 printf( ’ Y11a = %. 4 f i pe r u n i t Y22a = %. 4 f i
pe r u n i t \n ’ ,imag(Y11a),imag(Y22a));

56 printf( ’ Y12a = %. 4 f+%. 4 f i pe r u n i t ’ ,real(
Y12a),imag(Y12a));
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57 printf( ’ Y21a = %. 4 f+%. 4 f i pe r u n i t \n ’ ,real(Y21a),
imag(Y21a));
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Chapter 4

TRANSMISSION LINE
PARAMETERS

Scilab code Exa 4.1 Stranded conductor dc and ac resistance

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 4 : Example 4 . 1
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

Figure 4.1: Stranded conductor dc and ac resistance
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7 clear;

8

9 S = 12; // Number o f s t r a n d s
10 Sd = 0.1328; // Diameter o f the

Strand
11 R = 0.302; // R e s i s t a n c e at 50

Deg C e l c i u s i n Ohm/ m i l e s
12 f = 60; // Frequency
13 T = 241.5; // Temperature

Constant o f Hard Drawn Copper
14 T1 = 20; // Temperature i n

Degree C e l c i u s
15 T2 = 50; // Temperature i n

Degree C e l c i u s
16 T3 = 25; // Temperature i n

Degree C e l c i u s
17 R60T2 = 0.303; // R e s i s t a n c e at 60

Hz with 50 d e g r e e c e l c i u s From the Table A. 3
18 R60T3 = 0.278; // R e s i s t a n c e at 60

Hz with 25 d e g r e e c e l c i u s From the Table A. 3
19 RdcT3 = 0.276; // DC R e s i s t a c e at

25 Degree C e l c i u s
20

21 Sd = (0.1328*1000); // Cove r t i ng Strand
Diameter from inch to mi l / i n ch

22 A = 12*Sd^2 ; // Cross S e c t i o n a l
Area o f the 12 s t r a n d Conductors i n cm i l

23 pT1 = 10.66; // R e s i s t i v i t y at
Temperature T1

24 pT2 = pT1*((T2+T)/(T1+T)); // R e s i s t i v i t y at 50
deg C e l c i u s i n Ohm−cm i l / f t

25 L = (5280*1.02); // Length o f the
Conductor i n f t

26 RdcT2 = (pT2*L)/A; // DC R e s i s t a n c e at
50 Degree c e l c i u s i n Ohm/ m i l e s

27 IncR50 = (R60T2)/(RdcT2); // Pe r c en tage
I n c r e a s e i n R e s i s t a c e f o r 50 d e g r e e c e l c i u s at 60
Hz Versus dc
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Figure 4.2: GMR GMD and inductance single phase two conductor line

28 IncR25 = (R60T3)/(RdcT3); // Pe r c en tage
I n c r e a s e i n R e s i s t a c e f o r 25 d e g r e e c e l c i u s at 60
Hz Versus dc

29

30

31 printf( ’ \n Cross S e c t i o n a l Area o f the 12 s t r a n d
Conductor i s (A) = %0 . 0 f cm i l ’ ,A);

32 printf( ’ \n DC R e s i s t a n c e at 50 Degree c e l c i u s i s (
RdcT2 ) = %0 . 3 f Ohm/mi ’ ,RdcT2);

33 printf( ’ \n From t a b l e A. 3 , r a t i o at 50 Degree
c e l c i u s i s ( IncR50 ) = %0 . 3 f ’ ,IncR50);

34 printf( ’ \n From t a b l e A. 3 , r a t i o at 25 Degree
c e l c i u s i s ( IncR25 ) = %0 . 3 f ’ ,IncR25);

35 printf( ’ \n The 60 Hz r e s i s t a n c e o f the conduc to r i s
about %. 2 f to %. 2 f p e r c e n t a g e h i g h e r than DC
r e s i s t a n c e ’ ,(IncR50 -1)*100,( IncR25 -1) *100);

36

37 // There i s a s m a l l v a r i a t i o n i n the r e s u l t s i n c e the
v a l u e o f c r o s s s e c t i o n a l a r ea which i s a c t u a l l y

211630 i s rounded o f f to 211600 i n the book .

Scilab code Exa 4.2 GMR GMD and inductance single phase two conductor line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
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Thomas J . Overbye
3 // Chapter − 4 : Example 4 . 2
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 rx =0.03; // Radius o f conduc to r x
i n meter

10 ry =0.04; // Radius o f conduc to r y
i n meter

11 N=3;

12 M=2;

13

14 Ddash =[4 4.3;3.5 3.8;2 2.3]; //
E q u i v a l e n t d i s t a n c e s i n meter to f i n d Dxy

15 Dx=[exp(-1/4)*rx 0.5 2;0.5 exp (-1/4)*rx 1.5;2 1.5

exp (-1/4)*rx]; // E q u i v a l e n t d i s t a n c e s i n
meter to f i n d Dxx

16 Dy=[exp(-1/4)*ry 0.3;0.3 exp(-1/4)*ry];

// E q u i v a l e n t
d i s t a n c e s i n meter to f i n d Dyy

17

18 Dxyr =1;

19 for i=1:N

20 for j=1:M

21 Dxyr=Dxyr*Ddash(i,j)

22 end

23 end

24 Dxy=nthroot(Dxyr ,M*N);

25

26 Dxxr=1

27 for i=1:N

28 for j=1:N

29 Dxxr=Dxxr*Dx(i,j)

30 end

31 end

32 Dxx=nthroot(Dxxr ,N*N);
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Figure 4.3: Inductance and inductive reactance single phase line

33

34 Dyyr=1

35 for i=1:M

36 for j=1:M

37 Dyyr=Dyyr*Dy(i,j)

38 end

39 end

40 Dyy=nthroot(Dyyr ,M*M);

41

42 Lx=2e-7* log(Dxy/Dxx);

43 Ly=2e-7* log(Dxy/Dyy);

44 L=Lx+Ly;

45

46 printf( ’ The v a l u e o f i n d u c t a n c e i n conduc to r x i s ,
Lx=%3 . 2 e H/m per conduc to r \n ’ ,Lx)

47 printf( ’ The v a l u e o f i n d u c t a n c e i n conduc to r y i s ,
Ly=%3 . 2 e H/m per conduc to r \n ’ ,Ly)

48 printf( ’ The v a l u e o f t o t a l i n d u c t a n c e i s , L=%3 . 2 e H/
m per c i r c u i t ’ ,L)

Scilab code Exa 4.3 Inductance and inductive reactance single phase line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye
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3 // Chapter − 4 : Example 4 . 3
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6

7 clc;

8 clear;

9

10 f = 60; //
S i n g l e Phase l i n e o p e r a t i n g f ruquency i n Hz

11 S = 12; //
Strand Copper c o n d u c t o r s

12 Dxy = 5; //
Geomet r i c a l Mean D i s t a n c e between conduc to r
c e n t e r s i n f t

13 Dxx =0.01750; //
Geomet r i c a l Mean Radiance o f Copper Conductor i n
f e e t from Table A. 3

14 Dyy = Dxx;

15 l = 20; // Line
l e n g t h i n m i l e s

16

17 Lx = (2*10^ -7)*log(Dxy/Dxx)*1609*l; // Line
Induc tance i n Henry per conduc to r

18 Ly = Lx;

19 L = Lx+Ly; //
Tota l Induc tance i n Henry per C i r c u i t

20 Xl = (2*%pi*f*L); //
Tota l I n d u c t i v e Reactance i n Ohm per c i r c u i t

21

22 printf( ’ L ine Induc tance i s ( Lx ) = %f H per
conduc to r ’ ,Lx);

23 printf( ’ \ nTota l Induc tance i s (L) = %0 . 5 f H per
c i r c u i t ’ ,L);

24 printf( ’ \ nTota l I n d u c t i v e Reactance i s ( Xl ) = %0 . 2 f
Ohm per c i r c u i t ’ ,Xl);
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Figure 4.4: Inductance and inductive reactance three phase line

Scilab code Exa 4.4 Inductance and inductive reactance three phase line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 4 : Example 4 . 4
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6

7 clc;

8 clear;

9

10 f = 60;

// Frequency o f the Three Phase L ine i n Hz
11 Q = 10;

// Spac ing between Adjacent Conductors i n metre s
12 T = 1590000;

//
S i z e o f the Conductor i n cmi l

13 l = 200;

// Line Length i n K i l o m e t r e s
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Figure 4.5: Inductive reactance three phase line with bundled conductors

14

15 Ds = (0.0520) *(1/3.28);

// From Table A
. 4 , the GMR o f a 15 , 90 , 000 cmi l 54/3 ACSR
condutor i n metre s

16 Deq = nthroot ([10*10*20] ,3);

// E q i v a l e n t GMR o f
a Conductor i n metre s

17 La = (2*10^ -7)*(log(Deq/Ds))*(1000/1) *(200);

// Average Induc tance o f Phase a i n
Henry

18 Xa = (2*%pi*f*La);

//
I n d u c t i v e Reactance o f Phase a i n Ohm

19

20 printf( ’ \n Average Induc tance o f Phase i s ( La ) = %0
. 3 f H ’ , La);

21 printf( ’ \n I n d u c t i v e Reactance o f Phase a i s (Xa) =
%0 . 0 f Ohm ’ , Xa);

Scilab code Exa 4.5 Inductive reactance three phase line with bundled conductors

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
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Thomas J . Overbye
3 // Chapter − 4 : Example 4 . 5
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6

7 clc;

8 clear;

9

10 T = 795000;

// S i z e o f the Conductor i n C i r c u l a r m i l s ( cm i l )
11 S = 0.40;

// Spac ing between Conductors i n metre
12 l = 10;

// Spac ing between the Adjacent Conductors i n
metre s

13 f = 60;

14 Xa4 =101;

// I n d u c t i v e r e a c t a n c e o f Example 4 . 4 i n Ohms
15

16 r = 0.0375;

// Geometr ic Mean Radius at 60Hz i n f e e t , from
the t a b l e A. 4

17 Ds = r*(1/3.28);

// S o l i d C y l i n d e r i c a l Conductor v a l u e i n metre s
18 Dsl = sqrt(Ds*S);

// For the two conduc to r bundle GMR i n metre s
19 Deq = nthroot ([10*10*20] , 3);

// E q i v a l e n t GMR o f a Conductor i n metre s from Ex
4 . 4

20 La = ((2*10^ -7) *(log(Deq/Dsl))*(1000*200));

// Average Induc tance o f Phase a i n Henry
21 Xa = (2*%pi*f*La);

// I n d u c t i v e Reactance o f Phase a i n Ohms
22

23 dif =100 -(Xa/Xa4)*100;

24

25 printf( ’ Average Induc tance o f Phase i s ( La ) = %0 . 3 f
H ’ , La);
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Figure 4.6: Capacitance admittance and reactive power supplied single phase
line

26 printf( ’ \ n I n d u c t i v e Reactance o f Phase i s (Xa) = %0
. 1 f Ohm ’ , Xa);

27 printf( ’ \nThe i n d u c t i v e r e a c t a n c e i s %0 . 0 f
p e r c e n t a g e l e s s than tha t o f example 4 . 4 ’ ,dif );

Scilab code Exa 4.6 Capacitance admittance and reactive power supplied single phase line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 4 : Example 4 . 6
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6

7 clc;

8 clear;

9

10 V = 20;

// Line Vo l tage i n kV
11 D = 0.552;

// Diameter o f a 4/0 12 s t r a n d copper conduc to r
From Table A. 3

12 f = 60;
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// Frequency Hz
13

14

15 r = (D/2) *(1/12);

// The
r a d i u s o f a 4/0 12 s t r a n d copper conduc to r From

Table A. 3
16 e = 8.854*10^ -12;

17 C = (%pi*e)/log(5/r);

18 Cxy = C*1609*20;

//
Capac i t ance between Conductors i n F/m

19 w = (2*%pi*f);

//
Angular V e l o c i t y i n rad / s e c

20 Yxy = (%i)*(w)*(Cxy);

// Shunt
Admitance Siemens

21 Qc = abs(Yxy)*(20*10^3) ^2*(1/1000);

// R e a c t i v e Power
D e l i v e r e d by the l i nw to l i n e c a p a c i t a n c e i n kVAR

22

23

24 printf( ’ Capac i t ance between Conductors i s ( Cxy ) =
%0 . 2 e F ’ , Cxy);

25 printf( ’ \ nReac t i v e Power D e l i v e r e d by the l i n e to
l i n e c a p a c i t a n c e i s (Qc) = %0 . 1 f kVAR ’ , Qc);

Scilab code Exa 4.7 Capacitance and shunt admittance charging current and reactive power supplied three phase line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n
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Figure 4.7: Capacitance and shunt admittance charging current and reactive
power supplied three phase line

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 4 : Example 4 . 7
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6

7 clc;

8 clear;

9

10 V = 345;

//
Line Vo l tage i n kV

11 T = 795000;

//
S i z e o f the Conductor i n cmi l

12 D = 1.108;

//
Diameter o f the conduc to r i n in ch

13 f= 60;

// Frequency i n Hz
14 e = 8.854*10^ -12;

15

16 r = (D/2) *0.0254;

// Radius o f
the copper conduc to r i n metre

17 Dsc = sqrt((r)*(0.40));

// E q u i v a l e n t
r a d i u s o f the two onductor bundle

18 Deq = nthroot ([10*10*20] , 3);
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Figure 4.8: Effect of earth on capacitance single phase line

// E q i v a l e n t GMR o f a
onductor i n metre s from Ex 4 . 5

19 Can = (2*%pi)*(e)/(log (12.6/0.0750))*(1000) *(200);

// D e v i a t i o n o f the c a p a c i t a n c e i n Farad
20 w = (2*%pi*f);

//
Angular V e l o c i t y i n rad / s e c

21 Yan = (%i*w*Can);

// Shunt
admitance−to−n e u t r a l i n Siemens

22 e = (V/sqrt (3));

23 Ichg = (abs(Yan)*e);

// Charg ing
Current o f Phase A

24 Qc3fi = (abs(Yan)*(345) ^2);

// Tota l r e a c t i v e
power s u p p l i e d by the th r ee−phase l i n e i n MVAR

25

26 printf( ’ Charg ing Current o f Phase A i s ( I chg ) = %0
. 3 f kA/ phase ’ , Ichg);

27 printf( ’ \n Tota l r e a c t i v e power s u p p l i e d by the
th r ee−phase l i n e i s ( Q c 3 f i )= %0 . 2 f MVAR’ , Qc3fi

);

Scilab code Exa 4.8 Effect of earth on capacitance single phase line
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1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 4 : Example 4 . 8
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 H = 18; //
Average l i n e h e i g h t i n f t

10 e = 8.854*10^ -12;

11 D = 5; //
Diameter o f the conduc to r i n f t

12 r = 0.023; //
Radius o f the copper conduc to r f t

13

14 Hxx = 2*(H); //
Geometr ic mean r a d i u s i n f t

15 Hxy = sqrt((Hxx)^2 + (5)^2); //
Geometr ic mean d i s t a n c e i n f t

16 Cxy = ((%pi)*(e))/((log(D/r))-(log(Hxy/Hxx))); //
Line to L ine c a p a c i t a n c e i n F/m

17

18 printf( ’ L ine to L ine c a p a c i t a n c e i s ( Cxy ) = %0 . 3 e
F/m’ , Cxy);

Scilab code Exa 4.9 Conductor surface and ground level electric field strengths single phase line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
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Figure 4.9: Conductor surface and ground level electric field strengths single
phase line

Thomas J . Overbye
3 // Chapter − 4 : Example 4 . 9
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6

7 clc;

8 clear;

9

10 Vxy = 20;

// Line v o l t a g e i n kV
11 e = 8.854*10^ -12;

12 r = (0.023*0.3048);

// Radius
o f the copper conduc to r i n metre

13

14 Cxy = 5.178*10^ -12;

// Line to
L ine c a p a c i t a n c e i n F/m

15 qx = ((Cxy)*(Vxy)*(10^3));

// Charge i n
Columb/ metre

16 qy = -qx;

// Charge i n Columb/ metre
17 Er = (qx/(2* %pi*e*r))*(1/1000) *(1/100);

// conduc to r s u r f a c e e l e c t r i c
eld s t r e n g t h i n kVrms/cm

18 Xx = -0.762;
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//
Coord ina t e f o r c o n u c t o r x with the r e f e r e n c e
p o i n t R

19 Yx = 0.762;

//
Coord ina t e f o r c o n u c t o r Y with the r e f e r e n c e

p o i n t R
20 w = 5.49;

// D i s t a n c e o f the conduc to r from the r e f e r e n c e
p o i n t a l ong Y a x i s

21 z = (2*%pi*e);

22 g = ((2*w)/(w^2));

23 n = (2*w)/((5.49) ^2+(Yx+Yx)^2);

24 Ek = (qx/z)*(g-n)*10^ -3;

// Ground− l e v e l
e l e c t r i c eld s t r e n g t h i n kV/m

25

26 printf( ’ c onduc to r s u r f a c e e l e c t r i c eld s t r e n g t h
i s ( Er ) = %0 . 2 f kVrms/cm ’ , Er);

27 printf( ’ \nGround− l e v e l e l e c t r i c eld s t r e n g t h i s
(Ek ) = %0 . 4 f kV/m’ , Ek);
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Chapter 5

TRANSMISSION LINES
STEADY STATE
OPERATION

Scilab code Exa 5.1 ABCD parameters and the nominal pi circuit medium length line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

Figure 5.1: ABCD parameters and the nominal pi circuit medium length line
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2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 1
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 f = 60;

// Frequency i n Hz
10 N = 2;

// Number o f Conductors
11 V = 345;

// Vo l tage i n kV
12 L = 200;

// Line l e n g t h
13 S = 795000;

//
S i z e o f the conduc to r

14 z = 0.032+( %i *0.35);

//
Impedance i n Ohm/km

15 y = (%i)*(4.2*10^ -6);

// Admitance
i n S/km

16 Pr = 700;

// F u l l l o ad Power i n MW
17 pf = 0.99;

// Power f a c t o r
18 v = 95/100;

//
r a t e d v o l t a g e
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19

20 Z = z*L;

// Tota l s e r i e s impedance
21 Y = y*L;

// Tota l shunt Admitance
22 A = 1 + ((Y*Z)/2);

// Line
Paramater A i n per u n i t

23 D = A;

// Line Paramater D i n per u n i t
24 B = Z;

// Line Paramater B i n Ohm
25 C = Y*(1+(Y*Z)/4);

// Line
Paramater C i n Siemens

26

27 VrLL = V*v;

//
R e c e i v i n g end Line to L ine Vo l tage i n kVLL

28 VrLN = VrLL/sqrt (3);

//
R e c e i v i n g end Line to Neut ra l Vo l tage i n kVLN

29 theta = acos(pf);

30 Ir = (((Pr)*exp(%i*theta))/(sqrt (3)*(v*V)*(pf)));

// R e c e i v i n g end c u r r e n t i n kA
31 VsLN = ((A*VrLN)+(B*Ir));

// Sending end
Line to Neut ra l Vo l tage i n kVLN

32 VsLL = abs(VsLN)*sqrt (3);

// s e n d i n g end
Line to L ine Vo l tage i n kVLL

33 Is = ((C*VrLN)+(D*Ir));

// s e n d i n g end
c u r r e n t i n kA
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34 [r theta1] = polar(VsLN);

35 [r theta2] = polar(Is);

36 Ps = sqrt (3)*abs(VsLL)*abs(Is)*cos(theta1 -theta2);

// Power d e l i v e r e d to the s e n d i n g end i n
MW

37

38 VrNL = abs(VsLL)/abs(A);

// No load
r e c e i v i n g end v o l t a g e i n kVLL

39 PercentVR = ((abs(VrNL)-abs(VrLL))/abs(VrLL))*100;

// F u l l l o ad v o l t a g e i n p e r c e n t
40

41 J = N*0.9;

// Approximate Current c a r r y i n g c a p a c i t y o f 2
ACSR c o n d u c t o r s i n kA taken From t a b l e A. 4

42 P = Ps -Pr;

// F u l l l o ad l i n e l o s s e s i n MW
43 PercentEFF = (Pr/Ps)*100;

// F u l l l o ad
t r a n s m i s s i o n e f f i c i e n c y i n p e r c e n t

44

45 printf( ’ The magnitude o f Transmi s s i on l i n e parameter
A i n per u n i t i s %0 . 4 f and i t s a n g l e i s %0 . 3 f

d e g r e e ’ , abs(A), atand(imag(A), real(A)));

46 printf( ’ \nThe magnitude o f Transmi s s i on l i n e
parameter B i n Ohm i s %0 . 2 f and i t s a n g l e i s %0 . 2
f d e g r e e ’ , abs(B), atand(imag(B), real(B)));

47 printf( ’ \nThe magnitude o f Transmi s s i on l i n e
parameter C i n Siemens i s %0 . 2 e and i t s a n g l e i s
%0 . 2 f d e g r e e ’ , abs(C), atand(imag(C), real(C)));

48 printf( ’ \nThe magnitude o f Transmi s s i on l i n e
parameter D i n per u n i t i s %0 . 4 f and i t s a n g l e i s
%0 . 3 f d e g r e e ’ , abs(D), atand(imag(D), real(D)));

49

50 printf( ’ \n\ nSending end Line to Neut ra l Vo l tage i n
kVLN i s : %0 . 1 f and i t s a n g l e i s : %0 . 2 f d e g r e e ’ ,
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Figure 5.2: Exact ABCD parameters long line

abs(VsLN), atand(imag(VsLN), real(VsLN)));

51 printf( ’ \ nSending end Line to L ine Vo l tage i s ( VsLL
) = %0 . 1 f kV ’ , abs(VsLL));

52 printf( ’ \nThe magnitude o f s e n d i n g end c u r r e n t i n kA
i s ( I s ) : %0 . 3 f and i t s a n g l e i s : %0 . 2 f d e g r e e

’ , abs(Is), atand(imag(Is), real(Is)));

53 printf( ’ \nPower d e l i v e r e d to the s e n d i n g end i s ( Ps
) = %0 . 1 f MW’ , Ps);

54

55 printf( ’ \n\nNo load r e c e i v i n g end v o l t a g e i s (VrNL)
= %0 . 1 f kVLL ’ , VrNL);

56 printf( ’ \ nFu l l l o ad v o l t a g e i s ( Pe r cen t VR) = %0 . 1 f
Pe r c en t ’ , PercentVR);

57

58 printf( ’ \n\nApproximate Current c a r r y i n g c a p a c i t y o f
2 ACSR c o n d u c t o r s i s ( J ) = %0 . 1 f kA ’ , J);

59 printf( ’ \ nFu l l l o ad l i n e l o s s e s i s (P) = %0 . 1 f MW’
, P);

60 printf( ’ \ nFu l l l o ad t r a n s m i s s i o n e f f i c i e n c y i s (
Pe r c en t EFF) = %0 . 1 f Pe r cen t ’ , PercentEFF);

Scilab code Exa 5.2 Exact ABCD parameters long line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n
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2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 2
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 V = 765; //
Line v o l t a g e i n kV

10 f = 60; //
f r e q u e n c y i n Hz

11 L = 300; //
l i n e l e n g t h i n km

12 z = 0.0165+( %i *0.3306); //
P o s i t i v e s equence impedance i n Ohm/km

13 y = %i *4.674e-6; //
P o s i t i v e s equence admitance i n S/km

14 Zc = sqrt(z/y); //
C h a r a c t e r i s t i c impedance i n Ohm

15 GammaL = sqrt(z*y)*L; //
Propagat i on c o n s t a n t i n per u n i t

16 eGammaL = exp (0.00930)*exp(%i *0.3730);

17 eNegGammaL = exp ( -0.00930)*exp(-%i *0.3730);

18 coshGammaL = (eGammaL+eNegGammaL)/2; //
H y p e r b o l i c f u n c t i o n

19 sinhGammaL = (eGammaL -eNegGammaL)/2; //
H y p e r b o l i c f u n c t i o n

20 A = cosh(GammaL); // l i n e
parameter i n per u n i t

21 D = A; // l i n e
parameter i n per u n i t

22 B = Zc*sinh(GammaL); // l i n e
parameter i n Ohm

23 C = (1/Zc)*sinh(GammaL); // Line
parameter i n S

24 Bnominalpi = z*L; // The
B parameter f o r the nominal p i c i r c u i t i n Ohm
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Figure 5.3: Equivalent pi circuit long line

25 Bdiff =100 -(abs(B)/abs(Bnominalpi))*100; //The
d i f f e r e n c e i n B parameter i n p e r c e n t a g e

26

27 printf( ’ \n\The l i n e parameter A i n per u n i t i s %0 . 4 f
and i t s a n g l e i s : %0 . 3 f d e g r e e ’ , abs(A), atand(

imag(A), real(A)));

28 printf( ’ \nThe l i n e parameter B i n Ohm i s %0 . 1 f and
i t s a n g l e i s : %0 . 1 f d e g r e e ’ , abs(B), atand(imag(

B), real(B)));

29 printf( ’ \nThe l i n e parameter C i n Siemens i s %0 . 2 e
and i t s a n g l e i s : %0 . 2 f d e g r e e ’ , abs(C), atand(

imag(C), real(C)));

30 printf( ’ \n\The l i n e parameter D i n per u n i t i s %0 . 4 f
and i t s a n g l e i s : %0 . 3 f d e g r e e ’ , abs(A), atand(

imag(A), real(A)));

31 printf( ’ \nThe B parameter f o r the nominal p i c i r c u i t
i n Ohm i s ( Bnominalp i ) : %0 . 1 f and i t s a n g l e i s
: %0 . 2 f d e g r e e ’ , abs(Bnominalpi), atand(imag(

Bnominalpi), real(Bnominalpi)));

32 printf( ’ \nThe d i f f e r e n c e i n B parameter f o r the
nominal p i c i r c u i t i s %d p e r c e n t a g e ’ ,Bdiff)

Scilab code Exa 5.3 Equivalent pi circuit long line
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1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 3
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 z = 0.0165+( %i *0.3306); // P o s i t i v e
s equence impedance i n Ohm/km

10 y = %i *4.674*10^ -6; // P o s i t i v e
s equence admitance i n S/km

11 L = 300; // l i n e l e n g t h i n
km

12

13 Z = z*L; // C i r c u i t
Impedance i n Ohm

14 Y = (y/2)*L; // C i r c u i t
admitance i n Siemens

15 GammaL = sqrt(z*y)*L; // Propagat i on
c o n s t a n t i n per u n i t

16 F1 = sinh(GammaL)/( GammaL); // C o r r e c t i o n
f a c t o r i n per u n i t

17 F2 = tanh(GammaL /2)/( GammaL /2); // C o r r e c t i o n
f a c t o r i n per u n i t

18 Z1 = Z*F1; // E q i v a l e n t p i
c i r c u i t v a l u e i n Ohm

19 Y1 = (Y)*(F2); // Shunt admitance
o f a E q i v a l e n t p i c i r c u i t i n Siemens

20 Zc=100-( abs(Z)*100/ abs(Z1)) // D i f f e r e n c e i n Z
f o r nominal and e q u i v a l e n t p i c i r c u i t s

21 Yc=100-( abs(Y)*100/ abs(Y1)) // D i f f e r e n c e i n Y/2
f o r nominal and e q u i v a l e n t p i c i r c u i t s

22

23 printf( ’ Nominal p i C i r c u i t v a l u e Z i n Ohm i s %0 . 4 f
and i t s a n g l e i s %0 . 3 f d e g r e e ’ , abs(Z), atand(
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Figure 5.4: Theoretical steady state stability limit long line

imag(Z), real(Z)));

24 printf( ’ \nNominal p i C i r c u i t v a l u e Y/2 i n Siemens i s
%0 . 4 e and i t s a n g l e i s %0 . 3 f d e g r e e ’ , abs(Y),

atand(imag(Y), real(Y)));

25 printf( ’ \n\ n E q i v a l e n t p i c i r c u i t v a l u e Z1 i n Ohm i s
%0 . 2 f and i t s a n g l e i s %0 . 3 f d e g r e e ’ , abs(Z1),

atand(imag(Z1), real(Z1)));

26 printf( ’ \nShunt admitance Y1/2 o f E q i v a l e n t p i
c i r c u i t i s %0 . 5 e + i%0 . 3 e Siemens ’ , real(Y1),

imag(Y1));

27 printf( ’ \n\nThe d i f f e r e n c e i n Z1 f o r nominal p i and
e q u i v a l e n t p i c i r c u i t i s %d p e r c e n t a g e ’ ,Zc)

28 printf( ’ \nThe d i f f e r e n c e i n Y1/2 f o r nominal p i and
e q u i v a l e n t p i c i r c u i t i s %d p e r c e n t a g e ’ ,Yc)

Scilab code Exa 5.4 Theoretical steady state stability limit long line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 4
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;
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8

9 L = 300; // Line
l e n g t h i n km

10 SI = 266.1; // Surge
impedance i n Ohm

11 lambda = 5000; //
Wavelength i n km

12 Vs = 765; //
Sending end v o l t a g e i n kV

13 Vr = Vs; //
R e c e i v i n g end v o l t a g e i n kV

14

15 SIL = (Vs)^2/SI; // Surge
impedance l oad i n MW

16 Vspu = (765/765); //
Sending end v o l t a g e i n per u n i t

17 Vrpu = (765/765); //
R e c e i v i n g end v o l t a g e i n per u n i t

18 Pmax = Vspu*Vrpu*SIL/sin (2*%pi*L/lambda); // The
t h e o r e t i c a l s t e ady s t a t e s t a b i l i t y l i m i t o f a
l o s s l e s s l i n e i n MW

19 SSL = 2.72* SIL; //
T h e o r e t i c a l l y s t e ady s t a t e s t a b i l i t y l i m i t i n MW;

taken from Figu r e 5 . 1 2
20

21 printf( ’ \nThe s t ead y s t a t e s t a b i l i t y l i m i t o f a
l o s s l e s s l i n e i s (Pmax) = %0 . 0 f MW’ , Pmax);

22 printf( ’ \n\n T h e o r e t i c a l l y s t e ady s t a t e s t a b i l i t y
l i m i t i s ( SSL ) = %0 . 0 f MW’ , SSL);

Scilab code Exa 5.5 Theoretical maximum power delivered long line
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Figure 5.5: Theoretical maximum power delivered long line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 5
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 Vs = 765;

// Sending end v o l t a g e i n kV
10 Vr= Vs;

// r e c e i v i n g end v o l t a g e i s e q u a l to s e n d i n g end
v o l t a g e

11

12 A = 0.9313;

// Abso lu te l i n e paramter A v a l u e i n per u n i t
from Ex 5 . 2

13 thetaA = 0.209*( %pi /180);

// a n g l e
v a l u e o f Parameter A i n d e g r e e from Ex 5 . 2

14 B = 97;

// Abso lu te l i n e paramter B v a l u e i n Ohm from Ex
5 . 2

15 thetaZ = 87.2*( %pi /180);
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Figure 5.6: Practical line loadability and percent voltage regulation long line

// a n g l e
v a l u e o f Parameter B i n d e g r e e from Ex 5 . 2

16 Z1 = B;

17 Zc = 266.1;

// The magnitude o f C h a r a c t e r i s t i c impedance i n
ohm from Ex 5 . 2

18 PrMAX1 = ((Vr*Vs)/Z1) -(((A*Vr^2)/Z1)*(cos(thetaZ -

thetaA))); // The t h e o r e t i c a l maximum r e a l
power d e l i v e r e d i n MW

19 SIL = (Vr)^2/Zc;

//
Surge Impedance Load i n MW

20 PrMAX2 = PrMAX1/SIL;

// The
t h e o r e t i c a l maximum r e a l power d e l i v e r e d i n per
u n i t

21

22 printf( ’ The t h e o r e t i c a l maximun power d e l i v e r e d i s
(PrMAX1) = %d MW’ , PrMAX1);

23 printf( ’ \ nSurge Impedance Load i s ( SIL ) = %d MW’ ,
SIL);

24 printf( ’ \n\nThe t h e o r e t i c a l maximun power d e l i v e r e d
i n pu o f SIL i s (PrMAX2) = %0 . 2 f per u n i t ’ ,
PrMAX2);
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Scilab code Exa 5.6 Practical line loadability and percent voltage regulation long line

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 6
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 N = 4;

// Number o f Conductors
10 l = 300;

// Line l e n g h t i n km
11 s = 1272000;

// S i z e o f the conduc to r i n cmi l
12 Vs1 = 765;

// Sending end v o l t a g e i n kV
13 V = 765;

// Base Vo l tage
14 Vr1 = 0.95*765;

// R e c e i v i n g end v o l t a g e i n kV
15

16 delta = 35;

// Phase a n g l e i n d e g r e e
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17 Z1 = 97;

// Abso lu te l i n e paramter v a l u e i n Ohm from Ex
5 . 5

18 thetaZ = 87.2;

// Angle v a l u e o f Parameter B i n r a d i a n s from Ex
5 . 5

19 A = 0.9313;

// Abso lu te l i n e paramter v a l u e i n per u n i t from
Ex 5 . 5

20 thetaA = 0.209;

// Angle v a l u e o f Parameter A i n d e g r e e from Ex
5 . 5

21 Pr = (((Vr1*Vs1)/Z1)*cosd(thetaZ -delta)) -(((A*(Vr1)

^2)/Z1)*cosd(thetaZ -thetaA)); // The r e a l
power d e l i v e r e d to the r e c e i v i n g end i n MW

22 SIL = 2199; // Surge Impedance Load i n MW taken from
Ex 5 . 5

23 L = 1.49;

// L o a d a b i l i t y i n per u n i t o f SIL taken from f i g
5 . 1 2

24 LL = L*SIL;

// P r a c t i c a l L ine l o a d a b i l i t y i n MW u s i n g f i g .
5 . 1 2

25

26 pf = 0.986;

// Power f a c t o r
27 IRFL = Pr/(sqrt (3)*Vr1*pf);

// F u l l l o ad r e c e i v i n g end c u r r e n t i n kA
28

29 A = 0.9313* exp(%i *0.209) *(%pi /180);
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// Line parameter v a l u e i n per u n i t taken from Ex
5 . 2

30 B = 97.0* exp(%i *87.20) *(%pi /180);

// Line parameter v a l u e i n Ohm taken from Ex 5
31 theta = acos(pf);

32 Irfl = 2.616* exp(%i*theta);

33 Vs2 = Vs1/sqrt (3);

// l i n e Vo l tage i n kV
34 a = 0.8673;

// c o e f f i c i e n t o f s econd o r d e r V r f l from the
e q u a t i o n i n pa r t c

35 b = -54.24;

// c o e f f i c i e n t V r f l from the e q u a t i o n i n pa r t c
36 c = -130707.89;

// c o e f f i c i e n t c o n s t a n t from the e q u a t i o n i n pa r t
c

37 Vrfl = (-b+sqrt((b^2) -(4*a*c)))/(2*a);

//
V r f l v a l u e from the 2nd o r d e r Quadrat i c e q u a t i o n

38 Vrfl2 = Vrfl*sqrt (3);

// F u l l l o ad r e c e i v i n g end v o l t a g e i n kVLL
39 VRFL = Vrfl2/V;

// F u l l l o ad r e c e i v i n g end i n per u n i t
40

41 absA = 0.9313;

// Abso lu te v a l u e o f A taken from Ex 5 . 2
42 VRNL = V/absA;

// The r e c e i v i n g end no l oad v o l t a g e i n kVLL
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Figure 5.7: Selection of transmission line voltage and number of lines for
power transfer

taken from 5 . 1 . 1 9
43 PercentVR = ((VRNL -Vrfl2)/Vrfl2)*100;

//
F u l l l o ad v o l t a g e i n p e r c e n t

44

45 J = N*1.2;

// Approximate Current c a r r y i n g c a p a c i t y o f 4
ACSR c o n d u c t o r s i n kA taken From t a b l e A. 4

46

47 printf( ’ \ n P r a c t i c a l l i n e l o a d a b i l i t y i s (LL) = %0 . 0
f MW’ , Pr);

48 printf( ’ \ nFu l l l o ad r e c e i v i n g end c u r r e n t i s ( I r f l )
= %0 . 3 f kA ’ , IRFL);

49 printf( ’ \ nFu l l l o ad r e c e i v i n g end v o l t a g e i s (VRFL)
= %0 . 3 f per u n i t ’ , VRFL);

50 printf( ’ \nThe r e c e i v i n g end no l oad v o l t a g e i s (
VRNL) = %0 . 1 f kVLL ’ , VRNL);

51 printf( ’ \ nFu l l l o ad v o l t a g e i s ( PercentVR ) = %0 . 2 f
Pe r c en t ’ , PercentVR);

52 printf( ’ \nApproximate Current c a r r y i n g c a p a c i t y o f 4
ACSR c o n d u c t o r s i s ( J ) = %0 . 1 f kA ’ , J);
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Scilab code Exa 5.7 Selection of transmission line voltage and number of lines for power transfer

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 7
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 p = 9000;

// Power i n MW
10 l = 500;

// Load c e n t e r d i s t a n c e from the p l a n t i n km
11 f = 60;

// Frequency i n Hz
12 Vs = 1.0;

// Sending end v o l t a g e i n per u n i t
13 Vr = 0.95;

//
R e c e i v i n g end v o l t a g e i n per u n i t

14 delta = 35*( %pi /180);

// Phase
a n g l e i n d e g r e e

15 lamdba = 5000;

//
Wavelength i n km

16
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17 v1 = 345;

// 1 s t l i n e v o l t a g e i n kV
18 Zc1 = 297;

//
C h a r a c t e r i s t i c impedance o f 1 s t l i n e i n Ohm

19 SIL1 = (v1^2)/Zc1;

// Surge
Impedance Load f o r l i n e 1 i n MW

20 P1 = (Vs*Vr*SIL1*sin(delta))/(sin ((2* %pi*l)/lamdba))

; // Real power d e l i v e r e d f o r l i n e 1 wi thout
l o s s e s i n MW/ l i n e

21 line1 = ceil((p/P1)+1);

// L i n e s
r e q u i r e d to t r a n s m i t 9000 MW power with 345 kV
l i n e out o f s e r v i c e

22

23 v2 = 500;

// 2nd l i n e v o l t a g e i n kV
24 Zc2 = 277;

//
C h a r a c t e r i s t i c impedance o f 2nd l i n e i n Ohm

25 SIL2 = (v2^2)/Zc2;

// Surge
Impedance Load f o r l i n e 2 i n MW

26 P2 = (Vs*Vr*SIL2*sin(delta))/(sin ((2* %pi*l)/lamdba))

; // Real power d e l i v e r e d f o r l i n e 2 wi thout
l o s s e s i n MW/ l i n e

27 line2 = ceil((p/P2)+1);

// L i n e s
r e q u i r e d to t r a n s m i t 9000 MW power with 500 kV
l i n e out o f s e r v i c e

28

29 v3 = 765;

// 3 rd l i n e v o l t a g e i n kV
30 Zc3 = 266;
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//
C h a r a c t e r i s t i c impedance o f 3 rd l i n e i n Ohm

31 SIL3 = (v3^2)/Zc3;

// Surge
Impedance Load f o r l i n e 3 i n MW

32 P3 = (Vs*Vr*SIL3*sin(delta))/(sin ((2* %pi*l)/lamdba))

; // Real power d e l i v e r e d f o r l i n e 3 wi thout
l o s s e s i n MW/ l i n e

33 line3 = ceil((p/P3)+1);

// L i n e s
r e q u i r e d to t r a n s m i t 9000 MW power with 765 kV
l i n e out o f s e r v i c e

34

35 printf( ’ \n Surge Impedance Load f o r l i n e 1 i s = %0 . 0
f MW’ , SIL1);

36 printf( ’ \nReal power d e l i v e r e d f o r l i n e 1 wi thout
l o s s e s i s = %0 . 0 f MW/ l i n e ’ , P1);

37 printf( ’ \ nL ine s r e q u i r e d to t r a n s m i t 9000 MW power
with 345 kV l i n e out o f s e r v i c e i s = %0 . 0 f ’ ,
line1);

38

39 printf( ’ \n\ nSurge Impedance Load f o r l i n e 2 i s = %0
. 0 f MW’ , SIL2);

40 printf( ’ \nReal power d e l i v e r e d f o r l i n e 2 wi thout
l o s s e s i s = %0 . 0 f MW/ l i n e ’ , P2);

41 printf( ’ \ nL ine s r e q u i r e d to t r a n s m i t 9000 MW power
with 500 kV l i n e out o f s e r v i c e i s = %0 . 0 f ’ ,
line2);

42

43 printf( ’ \n\n Surge Impedance Load f o r l i n e 3 i s = %0
. 0 f MW’ , SIL3);

44 printf( ’ \nReal power d e l i v e r e d f o r l i n e 3 wi thout
l o s s e s i s = %0 . 0 f MW/ l i n e ’ , P3);

45 printf( ’ \ nL ine s r e q u i r e d to t r a n s m i t 9000 MW power
with 765 kV l i n e out o f s e r v i c e i s = %0 . 0 f ’ ,
line3);
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Figure 5.8: Effect of intermediate substations on number of lines required for
power transfer

Scilab code Exa 5.8 Effect of intermediate substations on number of lines required for power transfer

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 8
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 N = 6; //
Number o f t r a n s m i s s i o n l i n e s

10 Vs = 765; //
Transmi s s i on v o l t a g e i n kV

11 l = 167; //
I n t e r m e d i a t e s u b s t a t i o n s d i s t a n c e i n km

12 Pl =9000; // Load
power , v a l u e taken from Example 5 . 7

13 lambda = 5000; //
Wavelength i n km

14 Beta = (2*%pi)/lambda; //
Taken from Eq 5 . 4 . 1 5
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15 L = 500; //
E q i v a l e n t p i c i r c u i t l e n g h t i n km

16 Zc = 266; //
C h a r a c t e r i s t i c impedance o f the l i n e i n Ohm

17 X = Zc*sin(Beta*L); //
S e r i e s r e a c t a n c e i n Ohm ; taken from Eq 5 . 4 . 1 0

18 Xeq = ((1/5) *((2/3)*X))+((1/4) *(X/3)); //
E q u i v a l e n t r e a c t a n c e o f ve l i n e s with one l i n e

s e c t i o n out o f s e r v i c e i n Ohm
19 Vr = 0.95*765; //

R e c e i v i n g end v o l t a g e i n kV
20 delta = 35; //

Phase a n g l e i n d e g r e e
21 P = ((Vs*Vr)/Xeq)*sind(delta); //

Real power d e l i v e r e d i n MW ; taken from Eq 5 . 4 . 2 6
22

23 printf( ’ S e r i e s r e a c t a n c e i s (X) = %0 . 2 f Ohm ’ , X);

24 printf( ’ \ nEqu iva l en t r e a c t a n c e o f ve l i n e s with
one l i n e s e c t i o n out o f s e r v i c e i s ( Xeq ) = %0 . 2 f

Ohm ’ , Xeq);

25 printf( ’ \nReal power d e l i v e r e d i s (P) = %0 . 0 f MW’ ,
P);

26

27 if 0.97*P>Pl // Assuming 3% as l o s s e s
28 printf( ’ \n\nThe f i v e i n s t e a d o f s i x 765−kV l i n e s

can t r a n s m i t the r e q u i r e d power i n Example
5 . 7 ’ )

29 end

Scilab code Exa 5.9 Shunt reactive compensation to improve transmission line voltage regulation

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n
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Figure 5.9: Shunt reactive compensation to improve transmission line voltage
regulation

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 9
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 l = 300; // l i n e
l e n g h t i n km

10 If = 1.90; // F u l l
l o ad c u r r e n t i n kA

11 pf = 1; // Power
Facto r

12 VF = 730; // Vo l tage
i n kV

13 V = 730/ sqrt (3); // Line
v o l t a g e i n kV

14

15 Irfl = 1.9* exp(%i*0*%pi /180); // F u l l
l o ad r e c e i v i n g end c u r r e n t i n kA

16 Vrfl = V*exp(%i*0*%pi /180); // F u l l
l o ad r e c e i v i n g end v o l t a g e i n kV

17 A = 0.9313* exp(%i *0.209* %pi /180); // Line
parameter v a l u e i n per u n i t ; taken from Ex 5 . 2

18 B = 97.0* exp(%i *87.20* %pi /180); // Line
parameter v a l u e i n Ohm ; taken from Ex 5 . 2

19 VsLN = (A*Vrfl)+(B*Irfl);

20 VsLL = abs(VsLN)*sqrt (3); // Sending
end v o l t a g e i n kVLN
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21 Vrnl = VsLL/abs(A); // No load
R e c e i v i n g end Vo l tage i n kVLL

22 PercentVR1 = ((Vrnl - VF)/VF)*100; // Percent
v o l t a g e r e g u l a t i o n f o r the uncompensated l i n e i n
Perc en t

23

24 Y = 2*(3.7*10^ -7+ %i *7.094*10^ -4); // Shunt
admitance o f a E q i v a l e n t p i c i r c u i t i n Siemens ;
taken from Ex 5 . 3

25 Yeq = real(Y)+%i*imag(Y)*(1 -(75/100)); //
E q u i v a l e n t shunt admitance i n Siemens

26 Zeq = B; //
E q i v a l e n t s e r i e s impedance i n Ohm

27

28 Aeq = 1+(( Yeq*Zeq)/2); // The
e q i v a l e n t A parameter f o r the compensated l i n e i n

per u n i t
29 VRNL = VsLL/abs(Aeq); // No load

R e c e i v i n g end Vo l tage i n kVLL
30 PercentVR2 = ((VRNL - VF)/VF)*100; // Percent

v o l t a g e r e g u l a t i o n f o r the uncompensated l i n e i n
Perc en t

31

32

33 printf( ’ Pe r c en t v o l t a g e r e g u l a t i o n f o r the
uncompensated l i n e i s ( PercentVR1 ) = %0 . 2 f
Pe r c en t ’ , PercentVR1)

34 printf( ’ \ nEqu iva l en t shunt admitance i n Siemens i s
( Yeq ) : %0 . 3 e and i t s a n g l e i s : %0 . 2 f d e g r e e ’ ,
abs(Yeq), atand(imag(Yeq), real(Yeq)));

35 printf( ’ \ n E q i v a l e n t s e r i e s impedance i n Ohm i s ( Zeq
) : %0 . 1 f and i t s a n g l e i s : %0 . 1 f d e g r e e ’ , abs(

Zeq), atand(imag(Zeq), real(Zeq)));

36 printf( ’ \ nPercent v o l t a g e r e g u l a t i o n f o r the
uncompensated l i n e i s ( PercentVR2 ) = %0 . 2 f
Pe r c en t ’ , PercentVR2)
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Figure 5.10: Series capacitive compensation to increase transmission line
loadability

Scilab code Exa 5.10 Series capacitive compensation to increase transmission line loadability

1 // Book − Power System : A n a l y s i s & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sharma ,
Thomas J . Overbye

3 // Chapter − 5 : Example 5 . 1 0
4 // S c i l a b Ver s i on 6 . 0 . 0 : OS − Windows
5

6 clc;

7 clear;

8

9 Comp = 30/100; // Compensation i n
p e r c e n t

10 Vs = 765; // Sending end
v o l t a g e i n kV

11 Vr = Vs; // R e c e i v i n g end
v o l t a g e i n kV

12 Z = 97.02; // Abso lu te
e q i v a l e n t p i c i r c u i t v a l u e ; Taken from Ex 5 . 3

13 PRmaxun =5738 // Maximum power
tha t can be d e l i v e r e d by uncompensated l i n e ( From
example 5 . 5 )

14 F1 = sind (87.210); // E q i v a l e n t p i
c i r c u i t a n g l e ; Taken from Ex 5 . 3
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15 X1 = Z*F1; // E q i v a l e n t s e r i e s
r e a c t a n c e wi thout compensat ion i n Ohm ; taken

from Ex 5 . 3
16 Zcap = -(%i)*(1/2)*Comp*X1; // Impedance o f

s e r i e s c a p a c i t o r i n Ohm
17 ABCD = [1 Zcap; 0 1]; // From f i g u r e 5 . 4

f o r s e r i e s impedance the ABCD matr ix
18 ABCD2 = [ 0.9313* exp(%i *0.209* %pi /180) 97.0* exp(%i

*87.2* %pi /180);

19 1.37*10^( -3)*exp(%i *90.06* %pi /180) 0.9313*

exp(%i *0.209* %pi /180) ]; // The ABCD
paramete r s taken from Ex 5 . 2

20 ABCDeq = ABCD*ABCD2*ABCD;

// The e q i v a l e n t ABCD matr ix o f the compensated
l i n e

21 Aeq = abs(ABCDeq (1,1));

// Abso lu te v a l u e o f the l i n e parameter A
22 thetaAeq = atand(imag(ABCDeq (1,1))/real(ABCDeq (1,1))

); // Angle v a l u e o f the
l i n e parameter A

23 Beq = abs(ABCDeq (1,2));

// Abso lu te v a l u e o f the l i n e parameter B
24 thetaBeq = atand(imag(ABCDeq (1,2))/real(ABCDeq (1,2))

); // Angle v a l u e o f the
l i n e parameter B

25 PRmax=(Vs^2/Beq) -(Aeq*Vs^2/ Beq)*cosd(thetaBeq -

thetaAeq); // maximum power
tha t can be d e l i v e r e d

26 dif=(PRmax/PRmaxun)*100 -100;

//
Pe r c en tage d i f f e r e n c e i n power d e l i v e r e d between
compensated and uncompensated l i n e

27 printf( ’ The t h e o r e t i c a l maximum power tha t t h i s
compensated l i n e can d e l i v e r i s %d MW’ ,PRmax)

28 printf( ’ \nThe power d e l i v e r e d by compensated l i n e i s
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%. 2 f p e r c e n t more than tha t o f uncompensated
l i n e ’ ,dif)
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Chapter 6

POWER FLOWS

Scilab code Exa 6.1 Gauss elimination and back substitution direct solution to linear algebraic equations

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

Figure 6.1: Gauss elimination and back substitution direct solution to linear
algebraic equations
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7 clear;

8

9 A=[10 5;2 9];

10 y=[6;3];

11 N=length(y); //Number o f v a r i a b l e s
12 st=N-1; //Number o f Gauss

e l i m i n a t i o n s t e p s
13

14 // Gauss E l i m i n a t i o n s t e p :
15 B=A;

16 for i=1:st

17 for j=i+1:N

18 m=(B(j,i)/B(i,i));

19 A(j,i+1:N)=A(j,i+1:N)-m*(A(i,i+1:N));

20 A(i+1:N,i)=0;

21 y(j)=y(j)-m*y(i);

22 end

23 B=A;

24 end

25

26 // Back S u b s t i t u t i o n s t e p
27 x2=y(2)/A(2,2)

28 x1=(y(1)-A(1,2)*x2)/A(1,1);

29 disp(A, ’ The t r i a n g u l a r i z e d matr ix u s i n g gaus s
e l e m i n a t i o n i s : ’ )

30 disp(y, ’ and the c o r r e s p o n d i n g y matr ix i s : ’ )
31 printf( ’ The s o l u t i o n u s i n g back s u b s t i t u t i o n i s x1=%

. 4 f and x2=%. 4 f ’ ,x1 ,x2)

Scilab code Exa 6.2 Gauss elimination triangularizing a matrix

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
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Figure 6.2: Gauss elimination triangularizing a matrix

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 A=[2 3 -1;-4 6 8;10 12 14];

10 y=[5;7;9];

11 N=length(y); //Number o f v a r i a b l e s
12 st=N-1; //Number o f Gauss

e l i m i n a t i o n s t e p s
13

14 // Gauss E l i m i n a t i o n s t e p :
15 B=A;

16 for i=1:st

17 for j=i+1:N

18 m=(B(j,i)/B(i,i));

19 A(j,i+1:N)=A(j,i+1:N)-m*(A(i,i+1:N));

20 A(i+1:N,i)=0;

21 y(j)=y(j)-m*y(i);

22 end

23 B=A;

24 end
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Figure 6.3: Jacobi method iterative solution to linear algebraic equations

25 disp(A, ’ The t r i a n g u l a r i z e d matr ix u s i n g gaus s
e l e m i n a t i o n i s : ’ )

26 disp(y, ’ and the c o r r e s p o n d i n g y matr ix i s : ’ )

Scilab code Exa 6.3 Jacobi method iterative solution to linear algebraic equations

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 A=[10 5;2 9]; // C o e f f i c i e n t s o f v a r i a b l e s
i n matr ix form

10 y=[6;3]; // Constant c o e f f i c i e n t s i n
matr ix form

11 tol=1e-4; // T o l e r a nc e v a l u e
12 x=[0;0]

13

14 D=[A(1,1) 0;0 A(2,2)]; // Matr ix c o n t a i n i n g the
d i a g o n a l e l e m e n t s o f A

15 M=inv(D)*(D-A);

16
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Figure 6.4: Gauss Seidel method iterative solution to linear algebraic equa-
tions

17 err =1;

18 iter =0;

19

20 while err >tol

21 temp=x;

22 x=M*x+inv(D)*y;

23 if temp (1) ~= 0 | temp (2) ~= 0

24 err=max(abs((x(1)-temp (1))/temp (1)),abs((x(2)-

temp (2))/temp (2)));

25 end

26 iter=iter +1;

27 end

28

29 printf( ’ The c o n v e r g e n c e c r i t e r i o n i s s a t i s f i e d at
the %dth i t e r a t i o n \n ’ ,iter)

30 printf( ’ The s o l u t i o n i s x1=%. 4 f and x2=%. 4 f ’ ,x(1),x
(2))

Scilab code Exa 6.4 Gauss Seidel method iterative solution to linear algebraic equations

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 4
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5
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6 clc;

7 clear;

8

9 A=[10 5;2 9]; // C o e f f i c i e n t s o f v a r i a b l e s
i n matr ix form

10 y=[6;3]; // Constant c o e f f i c i e n t s i n
matr ix form

11 tol=1e-4; // T o l e r a nc e v a l u e
12 x=[0;0]

13

14 D=[A(1,1) 0;A(2,1) A(2,2)]; // Matr ix c o n t a i n i n g
the l owe r t r i a n g u l a r e l e m e n t s o f A

15 M=inv(D)*(D-A);

16

17 err =1;

18 iter =0;

19

20 while err >tol

21 temp=x;

22 x=M*x+inv(D)*y;

23 if temp (1) ~=0 |temp (2)~=0

24 err=max(abs((x(1)-temp (1))/temp (1)),abs((x(2)-

temp (2))/temp (2)));

25 end

26 iter=iter +1;

27 end

28

29 printf( ’ The c o n v e r g e n c e c r i t e r i o n i s s a t i s f i e d at
the %dth i t e r a t i o n \n ’ ,iter)

30 printf( ’ The s o l u t i o n i s x1=%. 4 f and x2=%. 4 f ’ ,x(1),x
(2))

Scilab code Exa 6.5 Divergence of Gauss Seidel method
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Figure 6.5: Divergence of Gauss Seidel method

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 5
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 A=[5 10;9 2]; // C o e f f i c i e n t s o f v a r i a b l e s
i n matr ix form

10 y=[6;3]; // Constant c o e f f i c i e n t s i n
matr ix form

11 tol=1e-4; // T o l e r a nc e v a l u e
12 x=[0;0]

13

14 // S o l u t i o n by matr ix i n v e r s i o n
15

16 xm=inv(A)*y;

17

18 // S o l u t i o n u s i n g G a u s s Seidel method
19

20 D=[A(1,1) 0;A(2,1) A(2,2)]; // Matr ix c o n t a i n i n g
the l owe r t r i a n g u l a r e l e m e n t s o f A

21 M=inv(D)*(D-A);

22

23 err =1;

24 iter =0;

25
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26 while err >tol

27 temp=x;

28 x=M*x+inv(D)*y;

29 if temp (1) ~=0 | temp (2) ~= 0

30 err=max(abs((x(1)-temp (1))/temp (1)),abs((x(2)-

temp (2))/temp (2)));

31 end

32 iter=iter +1;

33 end

34

35 printf( ’ The s o l u t i o n u s i n g matr ix i n v e r s i o n i s x1=%
. 4 f and x2=%. 4 f \n\n ’ ,xm(1),xm(2))

36 printf( ’ S o u l t i o n u s i n g Gauss−S e i d a l approach : \ n ’ )
37 if isnan(err)

38 printf( ’ The c o n v e r g e n c e c r i t e r i o n i s not r eached
. The s o l u t i o n d i v e r g e s \n ’ )

39 else

40 printf( ’ The c o n v e r g e n c e c r i t e r i o n i s s a t i s f i e d
at the %dth i t e r a t i o n \n ’ ,iter)

41 printf( ’ The s o l u t i o n i s x1=%. 4 f and x2=%. 4 f ’ ,x
(1),x(2))

42 end

Scilab code Exa 6.6 Newton Raphson method solution to polynomial equations

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 6
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;
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Figure 6.6: Newton Raphson method solution to polynomial equations

8

9 // S o l u t i o n f o r xˆ2=9 u s i n g Newton Raphson method :
10 err =1;

11 iternr =0; // I n i t i a l i t e r a t i o n
v a l u e f o r Newton Raphson method

12 tol=1e-4; // T o l e r a nc e v a l u e f o r
Newton Raphson method

13 xn=1; // I n i t i a l v a l u e f o r x
f o r Newton Raphson method

14

15 while err >tol

16 temp=xn;

17 J=2*xn; // Jacob ian Matr ix
18 xn=xn+inv(J)*(9-xn^2);

19 err=abs((xn-temp)/temp)

20 iternr=iternr +1;

21 end

22

23 // S o l u t i o n f o r xˆ2=9 u s i n g G a u s s Seidel method
24 err =1;

25 D=3;

26 itergs =0; // I n i t i a l i t e r a t i o n v a l u e
f o r Gauss S e i d a l method

27 xg=1; // I n i t i a l v a l u e f o r x f o r
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Figure 6.7: Newton Raphson method solution to nonlinear algebraic equa-
tions

Gauss S e i d a l method
28

29 while err >tol & itergs <iternr +1

30 temp=xg;

31 xg=xg+inv(D)*(9-xg^2)

32 err=abs((xg-temp)/temp)

33 itergs=itergs +1

34 end

35 printf( ’SOLUTION USING NEWTON RAPHSON METHOD: \ n ’ )
36 printf( ’ The c o n v e r g e n c e c r i t e r i o n i s s a t i s f i e d at

the %dth i t e r a t i o n \n ’ ,iternr)
37 printf( ’ The s o l u t i o n i s x=%. 4 f \n\n ’ ,xn)
38

39 printf( ’SOLUTION USING GAUSS SEIDEL METHOD: \ n ’ )
40 printf( ’ The v a l u e f o r x at the end o f %dth i t e r a t i o n

\n ’ ,itergs)
41 printf( ’ i s o b t a i n e d as x=%. 4 f \n\n ’ ,xg)
42

43 printf( ’COMPARISON: \ n ’ )
44 if itergs >iternr

45 printf( ’ Gauss S e i d e l method t a k e s more t ime to
conve rg e ’ )

46 else

47 printf( ’ Newton Raphson method t a k e s more t ime to
conve rg e ’ )

48 end

99



Scilab code Exa 6.7 Newton Raphson method solution to nonlinear algebraic equations

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 7
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 c=[15;50]; // Constant
c o e f f i c i e n t s i n the e q u a t i o n s

10 x=[4;9]; // I n i t i a l v a l u e s
f o r x1 and x2

11

12 err =1; // I n i t i a l i z a t i o n o f
e r r o r v a l u e

13 tol=1e-4; // T o l e r a n c e v a l u e
f o r Newton Raphson method

14 iter =0; // I n i t i a l i z a t i o n o f
i t e r a t i o n v a l u e

15

16 while err >tol

17 temp=x;

18 f=[x(1)+x(2);x(1)*x(2)] // Funct ion
Value

19 J=[1 1;x(2) x(1)]; // Jacob ian
Matr ix

20 x=x+inv(J)*(c-f)

21 err=max(abs((x(1)-temp (1))/temp (1)),abs((x(2)-

temp (2))/temp (2)));

22 iter=iter +1;

23 end
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Figure 6.8: Newton Raphson method in four steps

24 printf( ’ The c o n v e r g e n c e c r i t e r i o n i s s a t i s f i e d at
the %dth i t e r a t i o n \n ’ ,iter)

25 printf( ’ The s o l u t i o n i s x1=%. 4 f and x2=%. 4 f ’ ,x(1),x
(2))

Scilab code Exa 6.8 Newton Raphson method in four steps

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 8
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 y=[15;50]; // Constant
c o e f f i c i e n t s i n the e q u a t i o n s

10 x=[4;9]; // I n i t i a l v a l u e s
f o r x1 and x2

11

12 err =1; // I n i t i a l i z a t i o n o f
e r r o r v a l u e

13 tol=1e-4; // T o l e r a n c e v a l u e
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f o r Newton Raphson method
14 iter =0; // I n i t i a l i z a t i o n o f

i t e r a t i o n v a l u e
15

16 while err >tol

17 temp=x;

18 f=[x(1)+x(2);x(1)*x(2)] //
Funct ion Value

19 dely=y-f;

20 J=[1 1;x(2) x(1)]; //
Jacob ian Matr ix

21 // Reduct ion o f Jacob ian u s i n g Gauss e l i m i n a t i o n
22 Jg=[J(1,1) J(1,2);0 J(2,2)-J(2,1)/J(1,1)]

23 delyg=[dely (1);dely (2)-dely (1)*J(2,1)/J(1,1)]

24 // S o l u t i o n u s i n g back s u b s t i t u t i o n
25 delx2=delyg (2)/Jg(2,2);

26 delx1=(delyg (1)-Jg(1,2)*delx2)/Jg(1,1)

27 delx=[delx1;delx2]

28 x=x+delx

29 err=max(abs((x(1)-temp (1))/temp (1)),abs((x(2)-

temp (2))/temp (2)));

30 iter=iter +1;

31 // D i s p l a y i n g f i r s t i t e r a t i o n r e s u l t s
32 if iter ==1

33 printf( ’ Va lues o f x1 and x2 at the end o f
f i r s t i t e r a t i o n a r e : \ n ’ )

34 printf( ’ x1=%. 4 f and x2=%. 4 f \n\n ’ ,x(1)
,x(2))

35 end

36 end

37 printf( ’ The c o n v e r g e n c e c r i t e r i o n i s s a t i s f i e d at
the %dth i t e r a t i o n \n ’ ,iter)

38 printf( ’ The s o l u t i o n i s x1=%. 4 f and x2=%. 4 f ’ ,x(1),x
(2))
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Figure 6.9: Power flow input data and Ybus

Scilab code Exa 6.9 Power flow input data and Ybus

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 8
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 linedata =[2 4 0.0090 0.10 1.72 // En t e r i n g
l i n e data from t a b l e 6 . 2 & 6 . 3

10 2 5 0.0045 0.05 0.88

11 4 5 0.00225 0.025 0.44

12 1 5 0.00150 0.02 0.00

13 3 4 0.00075 0.01 0.00];

14

15 sb= linedata (:,1);

16 sb=linedata (:,1) // S t a r t i n g bus number o f a l l the
l i n e s s t o r e d i n v a r i a b l e sb

17 eb=linedata (:,2) // Ending bus number o f a l l the
l i n e s s t o r e d i n v a r i a b l e eb

18 lz=linedata (:,3)+linedata (:,4)*%i; // l i n e i m p e d a n c e
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Figure 6.10: Power flow solution by Gauss Seidel

=R+jX
19 sa=linedata (:,5)*%i; // shunt

admit tance=jB s i n c e conduc t snc e G=0 f o r a l l l i n e s
20 nb=max(max(sb ,eb));

21 ybus=zeros(nb ,nb);

22 for i=1: length(sb)

23 m=sb(i);

24 n=eb(i);

25 ybus(m,m)=ybus(m,m)+1/lz(i)+sa(i)/2;

26 ybus(n,n)=ybus(n,n)+1/lz(i)+sa(i)/2;

27 ybus(m,n)=-1/lz(i);

28 ybus(n,m)=ybus(m,n);

29 end

30 disp(ybus (2,:), ’ The second row e l e m e n t s o f Bus
Admittance matr ix a r e : ’ )

31 disp(ybus , ’ The Bus Admittance matr ix i s : ’ )

Scilab code Exa 6.10 Power flow solution by Gauss Seidel

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
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2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter − 6 ; Example 6 . 1 0
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 linedata =[2 4 0.0090 0.10 1.72 // En t e r i n g
l i n e data from t a b l e 6 . 2 & 6 . 3

10 2 5 0.0045 0.05 0.88

11 4 5 0.00225 0.025 0.44

12 1 5 0.00150 0.02 0.00

13 3 4 0.00075 0.01 0.00];

14

15 sb=linedata (:,1) // S t a r t i n g bus number o f a l l the
l i n e s s t o r e d i n v a r i a b l e sb

16 eb=linedata (:,2) // Ending bus number o f a l l the
l i n e s s t o r e d i n v a r i a b l e eb

17 lz=linedata (:,3)+linedata (:,4)*%i; // l i n e i m p e d a n c e
=R+jX

18 sa=linedata (:,5)*%i; // shunt
admit tance=jB s i n c e conduc t snc e G=0 f o r a l l l i n e s

19 nb=max(max(sb ,eb));

20 ybus=zeros(nb ,nb);

21 for i=1: length(sb)

22 m=sb(i);

23 n=eb(i);

24 ybus(m,m)=ybus(m,m)+1/lz(i)+sa(i)/2;

25 ybus(n,n)=ybus(n,n)+1/lz(i)+sa(i)/2;

26 ybus(m,n)=-1/lz(i);

27 ybus(n,m)=ybus(m,n);

28 end

29 y=ybus;

30 // e n t e r busdata i n the o r d e r type ( 1 . s l a c k , 2 . pv , 3 . pq
) ,PG,QG, PL , QL, vmag , de l , Qmin and Qmax .

31 // Data i s taken from t a b l e 6 . 1
32 busdata =[1 0 0 0 0 1 0 0 0

105



33 3 0 0 8 2.8 1 0 0 0

34 2 5.2 0 0.8 0.4 1.05 0 4 -2.8

35 3 0 0 0 0 1 0 0 0

36 3 0 0 0 0 1 0 0 0]

37

38 typ=busdata (:,1) // type o f a l l bu s e s i n
the power system i s s t o r e d i n typ v a r i a b l e

39 qmin=busdata (:,8) // minmum l i m i t o f Q
f o r a l l the buse s i s s t o r e d i n the v a r i a b l e qmin

40 qmax=busdata (:,9) // maximum l i m i t o f Q
f o r a l l the buse s i s s t o r e d i n the v a r i a b l e qmax

41 p=busdata (:,2)-busdata (:,4) // r e a l power o f a l l
the buse s a r e c a l c u l a t e d and i s s t o r e d i n the
v a r i a b l e p

42 q=busdata (:,3)-busdata (:,5) // r e a c t i v e power o f
a l l the buss a r e c a l c u l a t e d and i s s t o r e d i n the
v a r i a b l e q

43 v=busdata (:,6).*( cosd(busdata (:,7))+%i*sind(busdata

(:,7)));

44 alpha =1; // A c c e l e r a t i o n f a c t o r i s assumed as
1 s i n c e i t i s not g i v e n i n the q u e s t i o n

45 tol=1e-4; // T o l e r a nc e v a l u e f o r Gauss S e i d a l
Load f l o w

46 iter =0;

47 err =1;

48 vn(1)=v(1);

49 vold=v(1);

50 while abs(err)>tol

51 for i=2:nb

52 sumyv =0;

53 for j=1:nb

54 sumyv=sumyv+y(i,j)*v(j);

55 end

56 if typ(i)==2

57 q(i)=-imag(conj(v(i)*sumyv));

58 if q(i)<qmin(i) |q(n)>qmax(i)

59 vn(i)=(1/y(i,i))*(((p(i)-%i*q(i))/(

conj(v(i))))-(sumyv -y(i,i)*v(i)))
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;

60 vold(i)=v(i);

61 v(i)=vn(i);

62 typ(i)=3

63 if q(i)<qmin(i)

64 q(i)=qmin(i);

65 else

66 q(i)=qmax(i);

67 end

68 else

69 vn(i)=(1/y(i,i))*(((p(i)-%i*q(i))/(conj(

v(i)))) -(sumyv -y(i,i)*v(i)));

70 ang=atan(imag(vn(i)),real(vn(i)));

71 vn(i)=abs(v(i))*(cos(ang)+%i*sin(ang));

72 vold(i)=v(i);

73 v(i)=vn(i);

74 end

75 elseif typ(i)==3

76 vn(i)=(1/y(i,i))*(((p(i)-%i*q(i))/(conj(

v(i)))) -(sumyv -y(i,i)*v(i)));

77 vn(i)=(1/y(i,i))*(((p(i)-%i*q(i))/(conj(

vn(i)))) -(sumyv -y(i,i)*v(i)));

78 vold(i)=v(i);

79 v(i)=vn(i);

80 end

81 end

82 err=max(abs(abs(v)-abs(vold)));

83

84 iter=iter +1;

85 for i=2:nb

86 if err >tol &typ(i)==3

87 v(i)=vold(i)+alpha*(v(i)-vold(i));

88 end

89 end

90 if iter ==1

91 printf( ’ Vo l tage o f bus 2 at the end o f f i r s t
i t e r a t i o n i n pu i s g i v e n by : \ n ’ )

92 printf( ’ Vo l tage magnitude=%. 4 f , a n g l e=%. 4 f
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Figure 6.11: Jacobian matrix and power flow solution by Newton Raphson

d e g r e e s \n\n ’ ,abs(v(2)),atand(imag(v(2)),real(
v(2))))

93 end

94 end

95 printf( ’ The GS load f l o w conve rged i n %d i t e r a t i o n s
\n ’ ,iter);

96 nn=1:nb;

97 res=[nn ’ abs(v) (atan(imag(v),real(v)))*(180/ %pi)]

98 disp(res , ’ The f i n a l v o l t a g e s i n the o r d e r o f bus no ,
v o l t a g e mag , v o l t a g e a n g l e i s : ’ );

Scilab code Exa 6.11 Jacobian matrix and power flow solution by Newton Raphson

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 1 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clear;
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7 clc;

8 linedata =[2 4 0.0090 0.10 1.72 // En t e r i n g
l i n e data from t a b l e 6 . 2 & 6 . 3

9 2 5 0.0045 0.05 0.88

10 4 5 0.00225 0.025 0.44

11 1 5 0.00150 0.02 0.00

12 3 4 0.00075 0.01 0.00];

13 // e n t e r busdata i n the o r d e r type ( 1 . s l a c k , 2 . pv , 3 . pq
) , Pi , Qi , PL , QL, vmag , de l , Qmin and Qmax .

14 // Data i s taken from t a b l e 6 . 1
15 Busdata =[1 0 0 0 0 1 0 0 0

16 3 0 0 8 2.8 1 0 0 0

17 2 5.2 0 0.8 0.4 1.05 0 4 -2.8

18 3 0 0 0 0 1 0 0 0

19 3 0 0 0 0 1 0 0 0]

20 npv =1; //Number o f g e n e r a t o r or PV buse s
i n the system

21

22 rem=Busdata (:,1);

23 Psp=Busdata (:,2)-Busdata (:,4);

24 Qsp=Busdata (:,3)-Busdata (:,5);

25 vsp=Busdata (:,6);

26

27 // Dete rmina t i on o f bus admit tance matr ix :
28 sb=linedata (:,1) // S t a r t i n g bus number o f a l l

the l i n e s s t o r e d i n v a r i a b l e sb
29 eb=linedata (:,2) // Ending bus number o f a l l the

l i n e s s t o r e d i n v a r i a b l e eb
30 lz=linedata (:,3)+linedata (:,4)*%i; //

l i n e i m p e d a n c e=R+jX
31 sa=linedata (:,5)*%i; // shunt admit tance=jB s i n c e

conduc t snc e G=0 f o r a l l l i n e s
32 nb=max(max(sb ,eb)); //Number o f buse s i n the

system
33 ybus=zeros(nb,nb);

34 for i=1: length(sb)

35 m=sb(i);

36 n=eb(i);
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37 ybus(m,m)=ybus(m,m)+1/lz(i)+sa(i)/2;

38 ybus(n,n)=ybus(n,n)+1/lz(i)+sa(i)/2;

39 ybus(m,n)=-1/lz(i);

40 ybus(n,m)=ybus(m,n);

41 end

42 Y=ybus;

43

44 absY=abs(Y);

45 thetaY=atan(imag(Y),real(Y));

46 v=vsp ’;

47 iteration =0; // I n i t i a l i z a t i o n o f
i t e r a t i o n count

48 ang=zeros(1,nb);

49 mismatch=ones (2*nb -2-npv ,1);

50 tol=1e-4; // T o l e r a n c e v a l u e f o r
Newton Raphson Load Flow

51

52 while max(abs(mismatch))>tol & iteration <100 //
Maximum i t e r a t i o n count i s l i m i t e d to 100

53 J1=zeros(nb -1,nb -1);

54 J2=zeros(nb -1,nb-npv -1);

55 J3=zeros(nb -npv -1,nb -1);

56 J4=zeros(nb -npv -1,nb-npv -1);

57 P=zeros(nb ,1);

58 Q=P;

59 del_P=Q;

60 del_Q=Q;

61 del_del=zeros(nb -1,1);

62 del_v=zeros(nb -1-npv ,1);

63 ang;

64 mag=abs(v);

65 for i=2:nb

66 for j=1:nb

67 P(i)=P(i)+mag(i)*mag(j)*absY(i,j)*cos(

thetaY(i,j)-ang(i)+ang(j));

68 if rem(i)~=2

69 Q(i)=Q(i)+mag(i)*mag(j)*absY(i,j)*

sin(thetaY(i,j)-ang(i)+ang(j));
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70 end

71 end

72 end

73 //Q=−1∗Q;
74 del_P=Psp -P;

75 del_Q=Qsp -Q;

76 for i=2:nb

77 for j=2:nb

78 if j~=i

79 J1(i-1,j-1)=-mag(i)*mag(j)*absY(i,j)*sin

(thetaY(i,j)-ang(i)+ang(j));

80 J2(i-1,j-1)=mag(i)*absY(i,j)*cos(thetaY(

i,j)-ang(i)+ang(j));

81 J3(i-1,j-1)=-mag(i)*mag(j)*absY(i,j)*cos

(thetaY(i,j)-ang(i)+ang(j));

82 J4(i-1,j-1)=-mag(i)*absY(i,j)*sin(thetaY

(i,j)-ang(i)+ang(j));

83 end

84 end

85 end

86 for i=2:nb

87 for j=1:nb

88 if j~=i

89 J1(i-1,i-1)=J1(i-1,i-1)+mag(i)*mag(j)*

absY(i,j)*sin(thetaY(i,j)-ang(i)+ang(

j));

90 J2(i-1,i-1)=J2(i-1,i-1)+mag(j)*absY(i,j)

*cos(thetaY(i,j)-ang(i)+ang(j));

91 J3(i-1,i-1)=J3(i-1,i-1)+mag(i)*mag(j)*

absY(i,j)*cos(thetaY(i,j)-ang(i)+ang(

j));

92 J4(i-1,i-1)=J4(i-1,i-1)+mag(j)*absY(i,j)

*sin(thetaY(i,j)-ang(i)+ang(j));

93 end

94 end

95 J2(i-1,i-1) =2*mag(i)*absY(i,i)*cos(thetaY(i,i))+

J2(i-1,i-1);

96 J4(i-1,i-1)=-2*mag(i)*absY(i,i)*sin(thetaY(i,i))
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-J4(i-1,i-1);

97 end

98 J=[J1 J2;J3 J4] // E n t i r e
Jacob ian matr ix o f the system

99 lenJ=length(J1);

100 i=2;

101 j=1;

102 while j<=lenJ

103 if rem(i)==2

104 j=j+1;

105 else

106 J(:,length(J1)+j)=[];

107 lenJ=lenJ -1;

108 end

109 end

110 i=i+1;

111 lenJ=length(J1);

112 i=1;

113 j=2;

114 while i<=lenJ

115 if rem(j)==3

116 i=i+1;

117 else

118 J(length(J1)+i,:) =[];

119 lenJ=lenJ -1;

120 Q(i+1)=[]

121 del_Q(i+1,:)=[]

122 end

123 end

124 P(1,:)=[] // Removing s l a c k bus
e n t r i e s

125 Q(1,:)=[]

126 del_P (1,:) =[];

127 del_Q (1,:) =[];

128 mismatch =[del_P;del_Q];

129 del=J\mismatch;

130 del_del=del(1:nb -1);

131 del_v=del(nb:length(del));
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132 ang=ang(2:nb)+del_del ’; // Updating v o l t a g e
a n g l e f o r PV and PQ buse s

133 j=1;

134 for i=2:nb // Step to update
v o l t a g e magnitude f o r a l l PQ buse s

135 if rem(i)==3

136 v(i)=v(i)+del_v(j);

137 j=j+1;

138 end

139 end

140 mag=abs(v);

141 ang =[0 ang];

142 nbr =1:nb;

143 iteration=iteration +1;

144 if iteration ==1

145 [r c]=size(J);

146 printf( ’ The s i z e o f the Jacob ian matr ix i s %d X
%d\n ’ ,r,c)

147 printf( ’ The change i n power at the end o f f i r s t
i t e r a t i o n i s DelP2=%. 4 f pu\n ’ ,del_P (1))

148 printf( ’ The Jacob ian matr ix e l ement J1 ( 2 , 4 )
a f t e r f i r s t i t e r a t i o n i s : %. 4 f pu\n ’ ,J(1,3))

149 disp(J, ’ The Jacob ian Matr ix o f the system at the
end o f f i r s t i t e r a t i o n i s g i v e n by : ’ )

150 end

151 end

Scilab code Exa 6.17 dc power flow solution for the five bus system

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 6 ; Example 6 . 1 7
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Figure 6.12: dc power flow solution for the five bus system
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4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clear;

7 clc;

8

9 linedata =[2 4 0.0090 0.10 1.72 // En t e r i n g
l i n e data from t a b l e 6 . 2 & 6 . 3

10 2 5 0.0045 0.05 0.88

11 4 5 0.00225 0.025 0.44

12 1 5 0.00150 0.02 0.00

13 3 4 0.00075 0.01 0.00];

14 linedata (:,3)=0 // N e g l e c t i n g
Line r e s i s t a n c e

15 linedata (:,5)=0 // N e g l e c t i n g
shunt s u c e p t a n c e

16 // e n t e r busdata i n the o r d e r type ( 1 . s l a c k , 2 . pv , 3 . pq
) ,PG,QG, PL , QL, vmag , de l , Qmin and Qmax .

17 // Data i s taken from t a b l e 6 . 1
18 Busdata =[1 0 0 0 0 1 0 0 0

19 3 0 0 8 2.8 1 0 0 0

20 2 5.2 0 0.8 0.4 1.05 0 4 -2.8

21 3 0 0 0 0 1 0 0 0

22 3 0 0 0 0 1 0 0 0]

23

24 sb= linedata (:,1);

25 sb=linedata (:,1) // S t a r t i n g bus number o f a l l the
l i n e s s t o r e d i n v a r i a b l e sb

26 eb=linedata (:,2) // Ending bus number o f a l l the
l i n e s s t o r e d i n v a r i a b l e eb

27 lz=linedata (:,3)+linedata (:,4)*%i; // l i n e i m p e d a n c e
=R+jX

28 sa=linedata (:,5)*%i; // shunt
admit tance=jB s i n c e conduc t snc e G=0 f o r a l l l i n e s

29 nb=max(max(sb ,eb));

30 ybus=zeros(nb,nb);

31 for i=1: length(sb)

32 m=sb(i);

33 n=eb(i);
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34 ybus(m,m)=ybus(m,m)+1/lz(i)+sa(i)/2;

35 ybus(n,n)=ybus(n,n)+1/lz(i)+sa(i)/2;

36 ybus(m,n)=-1/lz(i);

37 ybus(n,m)=ybus(m,n);

38 end

39

40 B=imag(ybus (2:nb ,2:nb)) //B matr ix i s
the imag ina ry pa r t o f bus admit tance matr ix
n e g l e c t i n g s l a c k bus

41 P=Busdata (2:nb ,2)-Busdata (2:nb ,4) // Net power at
each PV and PQ bus

42 delta=-inv(B)*P

43 deltad=delta *180/( %pi) // Conver t ing
d e l t a from r a d i a n to d e g r e e

44 disp(B, ’ The B Matr ix i s g i v e n by : ’ )
45 disp(P, ’ The P Matr ix i s g i v e n by : ’ )
46 disp(deltad , ’ The v a l u e s o f d e l t a i n d e g r e e s i s g i v e n

by : ’ )
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Chapter 7

SYMMETRICAL FAULTS

Scilab code Exa 7.1 Fault currents RL circuit with ac source

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 7 ; Example 7 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 V = 20; // s h o r t
c i r u i t v o l t a g e i n kV

8 X = 8; // s h o r t

Figure 7.1: Fault currents RL circuit with ac source
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Figure 7.2: Three phase short circuit currents unloaded synchronous gener-
ator

c i r c u i t i n d u c t a n c e i n ohm
9 R = 0.8; // s h o r t

c i r u i t r e s i s t a n c e i n ohm
10 t = 3; // no . o f

c y c l e s a f t e r f a u l t i n c e p t i o n
11 Iac = V/(sqrt((X^2)+(R^2)))*1 // rms ac

f a u l t c u r r e n t i n kA
12 K = sqrt (1+ (2*%e^(-4*%pi *(0.5) /10))); //

asymmetry f a c t o r f o r 0 . 5 c y c l e s
13 Imom = K*Iac; // rms

momentart c u r r e n t at t =0.5 c y c l e i n kA
14 K = sqrt (1+ (2*%e^(-4*%pi *(3) /10))); //

asymmetry f a c t o r f o r 3 c y c l e s
15 Irms = K*Iac; // rms

asymmet r i ca l f a u l t c u r r e n t i n kA
16 printf( ’ \n The rms ac f a u l t c u r r e n t I a c = %f kA ’ ,Iac

);

17 printf( ’ \n The rms momentary c u r r e n t at o . 5 c y c l e
Imom = %f kA ’ ,Imom);

18 printf( ’ \n The rms a symmet r i ca l f a u l t c u r r e n t Irms =
%f kA ’ ,Irms);

Scilab code Exa 7.2 Three phase short circuit currents unloaded synchronous generator
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1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 7 ; Example 7 . 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 Srated = 500;

// apparent power i n MVA
8 Vrated = 20;

// r a t e d v o l t a g e i n kV
9 frated = 60;

// f a t e d f r e q u e n c y i n Hz
10 Xd2 = 0.15;

// synchoronous r e a c t a n c e s per u n i t
11 Xd1 = 0.24;

// synchoronous r e a c t a n c e s per u n i t
12 Xd = 1.1;

// synchoronous r e a c t a n c e s per u n i t
13 Td2 = 0.035;

// t ime c o n s t a n t s i n s e c o n d s
14 Td1 = 2.0;

// t ime c o n s t a n t s i n s e c o n d s
15 Td = 0.20;

// t ime c o n s t a n t s i n s e c o n d s
16 t = 3;

// no . o f c y c l e s
17 Eg = 1.05;
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Figure 7.3: Three phase short circuit currents power system

// no l oad v o l t a g e i n per u n i t
18 I2u = Eg/Xd2;

// sub t r a n s i e n t f a u l t c u r r e n t i n per u n i t
19 Ibase = Srated /(sqrt (3) *20);

// base c u r r e n t i n kA
20 I2 = I2u*Ibase;

// rms s u b t r a n s i e n t f a u l t c u r r e n t i n kA
21 Iac = Eg *((((1/ Xd2) -(1/Xd1))*exp ( -0.05/ Td2))+(((1/

Xd1) -(1/Xd))*exp ( -0.05/ Td1))+(1/Xd)); //
rms ac f a u l t c u r r e n t i n per u n i t

22 Iac=Iac*Ibase;

// rms ac f a u l t c u r r e n t i n kA
23 Irms = sqrt((Iac ^2)+(( sqrt (2)*I2*exp ( -0.05/Td))^2));

// rms
asymmet r i ca l f a u l t c u r r e n t i n kA

24 printf( ’ \n Sub t r a n s i e n t f a u l t c u r r e n t i n per u n i t
I 2 = %f kA ’ ,I2u);

25 printf( ’ \n Sub t r a n s i e n t f a u l t c u r r e n t i n kA I2 = %f
kA ’ ,I2);

26 printf( ’ \n The rms a symmet r i ca l f a u l t c u r r e n t Irms =
%f kA ’ ,Irms);
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Scilab code Exa 7.3 Three phase short circuit currents power system

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 7 ; Example 7 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 Srated = 100;

// r a t e d power i n MVA
8 V1 = 13.8;

// g e n e r a t o r supp ly v o l t a g e i n kV
9 Xg = 0.15;

// g e n e r a t o r i nput r e a c t a n c e i n ohm
10 Vline = 138;

// t r a n s m i s s i o n l i n e v o l t a g e i n kV
11 Xline = 20;

// t r a n s m i s s i o n l i n e r e a c t a n c e i n ohm
12 Vprtr1 = 13.8;

// pr imary s i d e v o l t a g e o f t r a n s f o r m e r 1 i n kV
13 Vsectr1 = 138;

// s e condary s i d e v o l t a g e o f t r a n s f o r m e r 1 i n kV
14 Xt1 = 0.10;

// r e a c t a n c e o f t r a n s f o r m e r 1 i n ohm
15 Vprtr2 = 138;
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// pr imary s i d e v o l t a g e o f t r a n s f o r m e r 2 i n kV
16 Vsectr2 = 13.8;

// s e condary s i d e v o l t a g e o f t r a n s f o r m e r 2 i n kV
17 Xt2 = 0.10;

// r e a c t a n c e o f t r a n s f o r m e r 2 i n ohm
18 V2 = 13.8;

// motor supp ly v o l t a g e i n kV
19 Xm = 0.20;

// motor r e a c t a n c e i n ohm
20 pf =0.95;

// l a g g i n g power f a c t o r
21 Rth1 = 0.15;

// t h e v e n i n s r e s i s t a n c e i n ohm
22 Rth2 = 0.505;

// t h e v e n i n s r e s i s t a n c e i n ohm
23 Vf =1.05;

// p r e f a a u l t v o l t a g e at the g e n e r a t o r t e r m i n a l s
24 Zbl = (Vsectr1 ^2);

// base impedance o f the t r a n s m i s s i o n l i n e i n ohm
25 Xlinepu = Xline/Zbl;

// t r a n s m i s s i o n l i n e r e a c t a n c e i n per u n i t
26 Zth = %i*(( Rth1*Rth2)/(Rth1+Rth2));

// Thevenin
’ s impedance per u n i t

27 If = Vf/Zth;

// sub t r a n s i e n t f a u l t c u r r e n t i n per u n i t
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28 Ig1 = ((Rth2/(Rth2+Rth1))*If);

// sub
t r a n i s e n t g e n e r a t o r c u r r e n t i n per u n i t

29 Im1 = ((Rth1/(Rth2+Rth1))*If);

// sub
t r a n s i e n t motor c u r r e n t i n per u n i t

30 Ibase = (Srated /(( sqrt (3))*(V1)));

//
g e n e r a t o r base c u r r e n t i n kA

31 Il = (( Srated /(( sqrt (3))*V1*Vf))*(cos(-acos(pf))+%i*

sin(-acos(pf)))); // p r e f a u l t g e n e r a t o r
c u r r e n t i n kA

32 Il = Il/Ibase;

// p r e f a u l t g e n e r a t o r c u r r e n t i n per u n i t
33 Ig = Ig1 + Il;

// sub t r a n s i e n t g e n e r a t o r c u r r e n t i n c l u d i n g pre
f a u l t c u r r e n t i n per u n i t

34 Im = Im1 - Il;

// sub t r a n s i e n t motor c u r r e n t i n c l u d i n g pre f a u l t
c u r r e n t i n per u n i t

35

36 printf( ’ \n Sub t r a n s i e n t f a u l t c u r r e n t I f = %0 . 3 f i
pe r u n i t ’ ,imag(If));

37 printf( ’ \n Sub t r a n s i e n t g e n e r a t o r c u r r e n t
n e g l e c t i n g f a u l t c u r r e n t Ig1 = %0 . 3 f i pe r u n i t ’ ,
imag(Ig1));

38 printf( ’ \n Sub t r a n s i e n t motor c u r r e n t n e g l e c t i n g
f a u l t c u r r e n t Im1 = %0 . 3 f i pe r u n i t ’ ,imag(Im1));

39 printf( ’ \n Sub t r a n s i e n t g e n e r a t o r c u r r e n t i n c l u d i n g
f a u l t c u r r e n t i n per u n i t i s %0 . 4 f and i t s

a n g l l e i s %0 . 4 f ’ , abs(Ig), atand(imag(Ig), real(

Ig)));

40 printf( ’ \n Sub t r a n s i e n t motor c u r r e n t i n c l u d i n g
f a u l t c u r r e n t i n per u n i t %0 . 4 f and i t s a n g l l e
i s %0 . 4 f ’ ,abs(Im), atand(imag(Im), real(Im))+360)
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Figure 7.4: Using Zbus to compute three phase short circuit currents in a
power system

;

41 // 360 i s added to g e t p o s i t i v e a n g l e . There w i l l not
be any change i n a n g l e because 360 d e g r e e and 0

d e g r e e a r e same .

Scilab code Exa 7.4 Using Zbus to compute three phase short circuit currents in a power system

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 7 ; Example 7 . 4
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 Srated = 100;

//
r a t e d power i n MVA

8 V1 = 13.8;

// g e n e r a t o r supp ly v o l t a g e i n kV
9 Xg = 0.15;
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// g e n e r a t o r i nput r e a c t a n c e i n ohm
10 Vline = 138;

// t r a n s m i s s i o n l i n e v o l t a g e i n kV
11 Xline = 20;

// t r a n s m i s s i o n l i n e r e a c t a n c e i n ohm
12 Vprtr1 = 13.8;

//
pr imary s i d e v o l t a g e o f t r a n s f o r m e r 1 i n kV

13 Vsectr1 = 138;

//
s e condary s i d e v o l t a g e o f t r a n s f o r m e r 1 i n kV

14 Xt1 = 0.10;

// r e a c t a n c e o f t r a n s f o r m e r 1 i n ohm
15 Vprtr2 = 138;

//
pr imary s i d e v o l t a g e o f t r a n s f o r m e r 2 i n kV

16 Vsectr2 = 13.8;

//
s e condary s i d e v o l t a g e o f t r a n s f o r m e r 2 i n kV

17 Xt2 = 0.10;

// r e a c t a n c e o f t r a n s f o r m e r 2 i n ohm
18 V2 = 13.8;

// motor supp ly v o l t a g e i n kV
19 Xm = 0.20;

// motor r e a c t a n c e i n ohm
20 Vf = 1.05;

// pre f a u l t v o l t a g e i n per u n i t
21 Ybus = -%i *[9.9454 -3.2787; -3.2787 8.2787];

// bus admit tance matr ix i n per
u n i t u s i n g d i r e c t i n s p e c t i o n from f i g 7 . 5

22 Zbus = inv(Ybus);
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// bus
impedance matr ix i n per u n i t

23 If1 = Vf/Zbus (1,1);

// sub
t r a n s i e n t f a u l t c u r r e n t at bus 1 i n per u n i t

24 E1 = (1- (Zbus (1,1)/Zbus (1,1)))*Vf;

// v o l t a g e at bus 1 i n V
25 E2 = (1-(( Zbus (2,1)/Zbus (1,1))))*Vf;

// v o l t a g e at bus 2 i n V
26 Xline =Xline*Srated /( Vline ^2);

// l i n e impedance i n
ohm

27 I21 = ((E2 -E1)/(%i*(Xline+Xt1+Xt2)));

// f a u l t c u r r e n t from
t r a n s m i s s i o n l i n e i n per u n i t

28 If2 = Vf/Zbus (2,2);

// sub
t r a n s i e n t f a u l t c u r r e n t at bus 2 i n per u n i t

29 E3 = (1-(Zbus (1,2)/Zbus (2,2)))*Vf;

// v o l t a g e at bus 3 i n V
30 E4 = (1-(Zbus (2,2)/Zbus (2,2)))*Vf;

// v o l t a g e at bus 4 i n V
31 I12 = ((E3 -E4)/(%i*(Xline+Xt1+Xt2)));

// c u r r e n t to f a u l t from
t r a n s m i s s i o n l i n e i n per u n i t

32

33 printf( ’ \nThe 2∗2 p o s i t i v e s equence bus impedance
matix i n pu i s ’ );

34 disp (Zbus);

35 printf( ’ \nThe Sub t r a n s i e n t f a u l t c u r r e n t at bus 1
i s = %f i per u n i t ’ ,imag(I21));

36 printf( ’ \nThe Sub t r a n s i e n t f a u l t c u r r e n t at bus 2
i s = %f i per u n i t ’ ,imag(I12));
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Chapter 8

SYMMETRICAL
COMPONENTS

Scilab code Exa 8.1 Sequence components balanced line to neutral voltages

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 8 ; Example 8 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 Vp = [277; 277*( cos (-120*%pi /180)+%i*sin (-120*%pi

Figure 8.1: Sequence components balanced line to neutral voltages
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/180)); 277*( cos (120* %pi /180)+%i*sin (120* %pi /180)

)]; // g i v e n column v e c t o r o f phase v o l t a g e i n
v o l t s

8 function [Vp1]= phaseshift(x1,x2)

// Funct ion f o r
s h i f t i n g the phase

9 [r theta]=polar(x1);

10 Vp1=r*(cos(theta+x2*%pi /180)+%i*sin(theta+x2*%pi

/180));

11 endfunction

12 V0 = 1*(Vp(1,1)+Vp(2,1)+Vp(3,1))/3;

// z e r o s equence v o l t a g e i n V
13 V1 = 1*(Vp(1,1)+phaseshift(Vp(2,1) ,120)+phaseshift(

Vp(3,1) ,240))/3;

// p o s i t i v e
s equence v o l t a g e i n V

14 V2 = 1*(Vp(1,1)+phaseshift(Vp(2,1) ,240)+phaseshift(

Vp(3,1) ,120))/3;

// n e g a t i v e
s equence v o l t a g e i n V

15 printf( ’ \nThe z e r o s equence v o l t a g e V0 = %f V ’ ,V0);
16 printf( ’ \nThe p o s i t i v e s equence v o l t a g e V1 = %f V ’ ,

V1);

17 printf( ’ \nThe n e g a t i v e s equence v o l t a g e V2 = %f V ’ ,
V2);

Scilab code Exa 8.2 Sequence components balanced acb currents

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 8 ; Example 8 . 2
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Figure 8.2: Sequence components balanced acb currents

4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 Ip = [10; 10*( cos (120* %pi /180)+%i*sin (120* %pi /180));

10*( cos( -120* %pi /180)+%i*sin( -120* %pi /180))];

// g i v e n column v e c t o r o f phase c u r r e n t i n A
8 function [Ip1]= phaseshift(x1,x2)

// Funct ion f o r s h i f t i n g the
phase

9 [r theta]=polar(x1);

10 Ip1=r*(cos(theta+x2*%pi /180)+%i*sin(theta+x2*%pi

/180));

11 endfunction

12 I0 = 1*(Ip(1,1)+Ip(2,1)+Ip(3,1))/3;

// z e r o s equence c u r r e n t i n A
13 I1 = 1*(Ip(1,1)+phaseshift(Ip(2,1) ,120)+phaseshift(

Ip(3,1) ,240))/3;

// p o s i t i v e
s equence c u r r e n t i n A

14 I2 = (Ip(1,1)+phaseshift(Ip(2,1) ,240)+phaseshift(Ip

(3,1) ,120))/3;

// n e g a t i v e
s equence c u r r e n t i n A

15 printf( ’ \nThe z e r o s equence c u r r e n t V0 = %f A ’ ,I0);
16 printf( ’ \nThe p o s i t i v e s equence c u r r e n t V1 = %f A ’ ,

I1);

17 printf( ’ \nThe n e g a t i v e s equence c u r r e n t V2 = %f A ’ ,
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Figure 8.3: Sequence components unbalanced currents

I2);

Scilab code Exa 8.3 Sequence components unbalanced currents

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 8 ; Example 8 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 Ip = [10; 0; 10*( cos (120* %pi /180)+%i*sin (120* %pi

/180))];; // g i v e n column v e c t o r o f phase
c u r r e n t i n A

8 function [Ip1]= phaseshift(x1,x2)

// Funct ion f o r s h i f t i n g the
phase

9 [r theta]=polar(x1);

10 Ip1=r*(cos(theta+x2*%pi /180)+%i*sin(theta+x2*%pi

/180));

11 endfunction

12

13 I0 = (Ip(1,1)+Ip(2,1)+Ip(3,1))/3;

// z e r o s equence c u r r e n t
i n A
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Figure 8.4: Sequence networks balanced star and balanced delta loads

14 I1 = 1*(Ip(1,1)+(Ip(2,1)+phaseshift(Ip(3,1) ,240)))

/3; // p o s i t i v e s equence c u r r e n t i n A
15 I2 = (Ip(1,1)+Ip(2,1)+phaseshift(Ip(3,1) ,120))/3;

// n e g a t i v e s equence c u r r e n t i n A
16 In = (Ip(1,1)+Ip(2,1)+Ip(3,1));

// n e u t r a l c u r r e n t
i n A

17 printf( ’ \nThe magnitude o f z e r o s equence c u r r e n t I0
i n Ampere i s %0 . 3 f and i t s a n g l e i s %0 . 3 f d e g r e e ’
,abs(I0), atand(imag(I0), real(I0)));

18 printf( ’ \nThe magnitude o f p o s i t i v e s equence c u r r e n t
i n Ampere i s %0 . 3 f and i t s a n g l e i s %0 . 3 f d e g r e e
’ ,abs(I1), atand(imag(I1), real(I1)));

19 printf( ’ \nThe magnitude o f n e g a t i v e s equence c u r r e n t
i n Ampere i s %0 . 3 f and i t s a n g l e i s %0 . 3 f d e g r e e

’ ,abs(I2), atand(imag(I2), real(I2)));

20 printf( ’ \nThe magnitude o f n e u t r a l c u r r e n t i n Ampere
i s %0 . 3 f and i t s a n g l e i s %0 . 3 f d e g r e e ’ ,abs(In),
atand(imag(In), real(In)));

Scilab code Exa 8.4 Sequence networks balanced star and balanced delta loads

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 8 ; Example 8 . 4
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4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 Zy = (3+(%i*4)); //Y load
impedance per phase

8 Xn = 2; // i n d u c t i v e
r e a c t a n c e i n ohm per phase

9 Xc = -%i*30; // c a p a c i t o r
bank r e a c t a n c e i n ohm per phase

10 Zn = %i*2 // n e u t r a l
impedance i n ohm per phase

11 Zdel = Xc/3;

12

13 Z0 = Zy+(3*Zn); // z e r o l oad
s equence impedane i n ohm

14 Z1 = 1/(1/Zy+1/ Zdel); // p o s i t i v e
l oad s equence impedane i n ohm

15 Z2 =Z1; // n e g a t i v a
l oad s equence impedane i n ohm

16 printf( ’ \nThe z e r o l oad s equence impedance Z0 i s %0
. 4 f + %0 . 4 f i ohm ’ ,real(Z0), imag(Z0));

17 printf( ’ \nThe ampl i tude o f p o s i t i v e l oad s equence
impedance Z1 i s %. 4 f ohm and i t s a n g l e i s %. 4 f
d e g r e e ’ ,abs(Z1), atand(imag(Z1), real(Z1)));

18 printf( ’ \nThe ampl i tude o f n e g a t i v e l oad s equence
impedance Z2 i s %. 4 f ohm and i t s a n g l e i s %. 4 f
d e g r e e ’ ,abs(Z2), atand(imag(Z2), real(Z2)));

Scilab code Exa 8.5 Currents in sequence networks

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
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Figure 8.5: Currents in sequence networks

3 // Chapter − 8 ; Example 8 . 5
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Zn = %i*10; // g e n e r a t o r
n e u t r a l impedance i n ohm

10 Zgo = %i*1; // g e n e r a t o r
z e r o s equence impedance i n ohm

11 Zg1 = %i*15; // g e n e r a t o r
p o s i t i v e s equence impedance i n ohm

12 Zg2 = %i*3; // g e n e r a t o r
n e g a t i v e s equence impedance i n ohm

13 Zl1 = 0.087+( %i *0.99); // l i n e
impedace i n ohm

14 Zdel = 22.98+ %i *(19.281); // impedance
o f the d e l t a l oad i n ohm

15 V1=(415.69 -( %i *240))/sqrt (3); //RMS l i n e to
n e u t r a l phase v o l t a g e o f AC supp ly i n V o l t s

16 I1 = V1/(Zl1 +((1/3)*Zdel)); // s equence
component o f l i n e c u r r e n t i n A

17

18 printf( ’ \nThe s equence component o f the l i n e c u r r e n t
Ia i s %. 4 f amperes and i t s a n g l e i s %. 4 f d e g r e e

’ ,abs(I1), atand(imag(I1), real(I1)));
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Figure 8.6: Solving unbalanced three phase networks using sequence compo-
nents

Scilab code Exa 8.6 Solving unbalanced three phase networks using sequence components

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 8 ; Example 8 . 6
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Vp = [277; 260*( cos (-120*%pi /180)+%i*sin (-120*%pi

/180)); 295*( cos (115* %pi /180)+%i*sin (115* %pi /180)

)]; // g i v e n column v e c t o r o f phase v o l t a g e i n
v o l t s

10 Zl1 = 0.087+ %i *(0.99);

// impedace o f l i n e 1 i n ohm
11 Zdel = 22.98+ %i *(19.281);

// impedance o f the d e l t a l oad i n ohm
12 Zl2 = 0.087+ %i *(0.99);

// impedance o f l i n e 2 i n ohm
13 function [Vp1]= phaseshift(x1,x2)

// Funct ion f o r s h i f t i n g
the phase
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14 [r theta]=polar(x1);

15 Vp1=r*(cos(theta+x2*%pi /180)+%i*sin(theta+x2*%pi

/180));

16 endfunction

17

18 V0 = (Vp(1,1)+Vp(2,1)+Vp(3,1))/3;

// z e r o s equence v o l t a g e i n V
19 V1 = (Vp(1,1)+phaseshift(Vp(2,1) ,120)+phaseshift(Vp

(3,1) ,240))/3;

// p o s i t i v e
s equence v o l t a g e i n V

20 V2 = (Vp(1,1)+phaseshift(Vp(2,1) ,240)+phaseshift(Vp

(3,1) ,120))/3;

// n e g a t i v e
s equence v o l t a g e i n V

21 I0 = 0;

// z e r o s equence c u r r e n t i n A
22 I1 = V1/(Zl1+(Zdel /3));

// p o s i t i v e s equence c u r r e n t i n A
23 I2 = V2/(Zl2+(Zdel /3));

// n e g a t i v e s equence c u r r e n t i n A
24 Ia = I0+I1+I2;

// z e r o s o u r c e c u r r e n t i n A
25 Ib = I0+phaseshift(I1 ,240)+phaseshift(I2 ,120);

// p o s i t i v e s o u r c e c u r r e n t i n A
26 Ic = I0+phaseshift(I1 ,120)+phaseshift(I2 ,240);

// n e g a t i v e s o u r c e c u r r e n t i n A
27 printf( ’ The z e r o s o u r c e c u r r e n t Ia i s %. 4 f amperes

and i t s a n g l e i s %. 4 f d e g r e e ’ ,abs(Ia), atand(

imag(Ia), real(Ia)));

28 printf( ’ \nThe p o s i t i v e s o u r c e c u r r e n t Ib i s %. 4 f
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Figure 8.7: Solving unbalanced three phase networks with transformers using
per unit sequence components

amperes and i t s a n g l e i s %. 4 f d e g r e e ’ ,abs(Ib),
atand(imag(Ib), real(Ib))+360);

29 printf( ’ \nThe n e g a t i v e s o u r c e c u r r e n t I c i s %. 4 f
amperes and i t s a n g l e i s %. 4 f d e g r e e ’ ,abs(Ic),
atand(imag(Ic), real(Ic)));

Scilab code Exa 8.7 Solving unbalanced three phase networks with transformers using per unit sequence components

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 8 ; Example 8 . 7
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 Q = 75;

// r a t e d power i n kVA
8 Vprtr = 480;

// pr imary s i d e v o l t a g e o f t r a n s f o r m e r i n v o l t s
9 Vsectr = 208;

// s e condary s i d e v o l t a g e o f t r a n s f o r m e r i n v o l t s
10 Xeq = 0.10;

// l e a k a g e r e a c t a n c e i n per u n i t
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11 Sbase = Q/3;

// base q u a n t i t y o f r a t e d power i n s i n g l e phase i n
kVA

12 VbaseHLN = Vprtr /(sqrt (3));

// base q u a n t i t y o f pr imary s i d e v o l t a g e o f
t r a n s f o r m e r i n v o l t s

13 VbaseXLN = Vsectr /(sqrt (3));

// base q u a n t i t y o f s e conda ry s i d e v o l t a g e o f
t r a n s f o r m e r i n v o l t s

14 ZbaseX = 0.5770;

// base q u a n t i t y o f impedance i n ohm
15 Vp = [277; 260*( cos (-120*%pi /180)+%i*sin (-120*%pi

/180)); 295*( cos (115* %pi /180)+%i*sin (115* %pi /180)

)]; // g i v e n column v e c t o r o f phase v o l t a g e i n
v o l t s

16 function [Vp1]= phaseshift(x1,x2)

17 [r theta]=polar(x1);

18 Vp1=r*(cos(theta+x2*%pi /180)+%i*sin(theta+x2*%pi

/180));

19 endfunction

20

21 V0 = (Vp(1,1)+Vp(2,1)+Vp(3,1))/3;

// z e r o s equence v o l t a g e i n V
22 V1 = (Vp(1,1)+phaseshift(Vp(2,1) ,120)+phaseshift(Vp

(3,1) ,240))/3;

// p o s i t i v e
s equence v o l t a g e i n V

23 V2 = (Vp(1,1)+phaseshift(Vp(2,1) ,240)+phaseshift(Vp

(3,1) ,120))/3;

// n e g a t i v e
s equene v o l t a g e i n v

24 V0 = V0/VbaseHLN;

137



// z e r o s equence v o l t a g e i n per u n i t
25 V1 = V1/VbaseHLN;

// p o s i t i v e s equence v o l t a g e i n per u n i t
26 V2 = V2/VbaseHLN;

// n e g a t i v e s equene v o l t a g e i n per u n i t
27 Zline0 = 0.087+ %i *(0.99);

// l i n e impedance i n ohm
28 Zload1 = 22.98+ %i *(19.281);

// l oad impedance i n ohm
29 Zline0 = Zline0/ZbaseX;

// l i n e impedance i n per u n i t
30 Zload1 = Zload1 /(3* ZbaseX);

// l i n e impedance i n per u n i t
31 I0 = 0;

// z e r o s equence component o f s o u r c e c u r r e n t i n
per u n i t

32 I1 = V1/((%i*Xeq)+Zline0+Zload1);

// p o s i t i v e s equence component o f s o u r c e c u r r e n t
i n per u n i t

33 I2 = V2/((%i*Xeq)+Zline0+Zload1);

// n e g a t i v e s equence component o f s o u r c e c u r r e n t
i n per u n i t

34 Ia = I0+I1+I2;

// phase ’ a ’ s o u r c e c u r r e n t i n per u n i t
35 IbaseH =(Q*10^3) /(Vprtr*sqrt (3));

// base c u r r e n t i n A
36 Ia = Ia*IbaseH;
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Figure 8.8: Three winding three phase transformer per unit sequence net-
works

// phase ’ a ’ s o u r c e c u r r e n t i n A
37 printf( ’ The magnitude o f phase a s o u r c e c u r r e n t Ia

i s %. 4 f Ampere and i t s a n g l e i s %. 4 f d e g r e e ’ ,abs(
Ia),atand(imag(Ia),real(Ia)));

Scilab code Exa 8.8 Three winding three phase transformer per unit sequence networks

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 8 ; Example 8 . 8
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Q = 900;

//
r a t e d power i n MVA

10 Vg = 13.8;

//
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g e n e r a t o r v o l t a g e i n kV
11 Vt = 345;

//
t r a n s m i s s i o n l i n e v o l t a g e i n kV

12 Vd = 34.5;

//
d i s t r i b u t i o n l i n e v o l t a g e i n kV

13 V1 = 13.8;

//
v o l t a g e at the wind ing X i n kV

14 V2 = 199.2;

//
v o l t a g e at the wind ing H i n kV

15 V3 = 19.92;

//
v o l t a g e at the wind ing M i n kV

16 Zn = %i *0.10;

//
n e u t r a l impedance i n ohm

17 VbaseX = 13.8;

// r a t e d
l i n e to l i n e v o l t a g e o f t e r m i n a l X i n kV

18 VbaseM = sqrt (3)*V3;

// r a t e d l i n e to
l i n e v o l t a g e o f t e r m i n a l M i n kV

19 ZbaseM = (Vd^2)/Q;

// base
impedance o f medium l i n e v o l t a g e i n ohm

20 Zn = Zn/ZbaseM;

// n e u t r a l
impedance i n per u n i t

21

22 printf( ’ \n The base impedance o f medium v o l t a g e
t e r m i n a l ZbaseM i s %f ohm ’ ,ZbaseM);

23 printf( ’ \n The per u n i t n e u t r a l impedance i s Zn i s
i%0 . 4 f per u n i t ’ , imag(Zn));
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Scilab code Exa 8.9 Power in sequence networks

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 8 ; Example 8 . 8
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Vp = [277; 260*( cos (-120*%pi /180)+%i*sin (-120*%pi

/180)); 295*( cos (115* %pi /180)+%i*sin (115* %pi /180)

)]; // g i v e n column v e c t o r o f phase v o l t a g e i n
v o l t s

10 Zl1 = 0.087+ %i *(0.99);

// impedace o f l i n e 1 i n ohm
11 Zdel = 22.98+ %i *(19.281);

// impedance o f the d e l t a l oad i n ohm
12 Zl2 = 0.087+ %i *(0.99);

// impedance o f l i n e 2 i n ohm
13 function [Vp1]= phaseshift(x1,x2)

14 [r theta]=polar(x1);

15 Vp1=r*(cos(theta+x2*%pi /180)+%i*sin(theta+x2*%pi

/180));

16 endfunction

17

18 V0 = (Vp(1,1)+Vp(2,1)+Vp(3,1))/3;

// z e r o s equence v o l t a g e i n V
19 V1 = (Vp(1,1)+phaseshift(Vp(2,1) ,120)+phaseshift(Vp

141



(3,1) ,240))/3;

// p o s i t i v e
s equence v o l t a g e i n V

20 V2 = (Vp(1,1)+phaseshift(Vp(2,1) ,240)+phaseshift(Vp

(3,1) ,120))/3;

// n e g a t i v e
s equence v o l t a g e i n V

21 I0 = 0;

// z e r o s equence c u r r e n t i n A
22 I1 = V1/(Zl1+(Zdel /3));

// p o s i t i v e s equence c u r r e n t i n A
23 I2 = V2/(Zl2+(Zdel /3));

// n e g a t i v e s equence c u r r e n t i n A
24 Ia = I0+I1+I2;

// z e r o s o u r c e c u r r e n t i n A
25 Ib = I0+phaseshift(I1 ,240)+phaseshift(I2 ,120);

// p o s i t i v e s o u r c e c u r r e n t i n A
26 Ic = I0+phaseshift(I1 ,120)+phaseshift(I2 ,240);

// n e g a t i v e s o u r c e c u r r e n t i n A
27 Sp = (Vp(1,1)*(conj(Ia)))+(Vp(2,1)*(conj(Ib)))+(Vp

(3,1)*(conj(Ic)));

// t o t a l
complex power d e l i v e r e d to l oad i n VA

28 Ss = (V0*conj(I0))+(V1*conj(I1))+(V2*conj(I2));

// t o t a l complex power d e l i v e r e d to the s equence
networks i n VA

29 SS = 3*Ss;

30 printf( ’ \n 3 Ss = %0 . 2 f , Sp = %0 . 2 f ’ ,abs(SS), abs(

Sp));

31 if (ceil(real(SS))==ceil(real(Sp))) then

32 printf( ’ \n Sp i s e q u a l to 3 Ss ’ );
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Figure 8.9: Power in sequence networks

33 else

34 printf( ’ \n Sp i s not e q u a l to 3 Ss ’ );
35 end
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Chapter 9

UNSYMMETRICAL FAULTS

Scilab code Exa 9.2 Three phase short circuit calculations using sequence networks

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−9 ; Example 9 . 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Xn=0.05 // motor n e u t r a l i s
grounded through r e a c t a n c e i n per u n i t

10 Sb=100 // Base v a l u e o f system
i n MVA

11 Vb=13.8 // Base v o l t a g e o f
system i n kV

12 Vf=1.05 // P r e f a u l t v o l t a g e i n
per u n i t

13 Z1=%i *0.13893 // P o s i t i v e s equence
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Figure 9.1: Three phase short circuit calculations using sequence networks

impedance i n per u n i t
14

15

16 If=Vf/Z1 // p o s i t i v e s equence
f a u l t c u r r e n t i n per u n i t

17 a=exp(%i *(120) *(%pi /180)) // o p e r a t o r a
18 Isf =[1 1 1;1 (a^2) a;1 a (a^2) ]*[0; If;0] //

s u b t r a n s i e n t f a u l t c u r r e n t i n each phase i n per
u n i t

19

20 disp(abs(Isf), ’ The magnitude o f f a u l t c u r r e n t i n
each phase i n per u n i t i s g i v e n by : ’ ,);

21 disp(atand(imag(Isf),real(Isf)), ’ The a n g l e o f f a u l t
c u r r e n t i n each phase i n d e g r e e s i s g i v e n by : ’ ,);

Scilab code Exa 9.3 Single line to ground short circuit calculations using sequence networks
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Figure 9.2: Single line to ground short circuit calculations using sequence
networks

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−9 ; Example 9 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Xn=0.05 // motor n e u t r a l i s
grounded through r e a c t a n c e i n per u n i t

10 Sb=100 // Base v a l u e o f
system i n MVA

11 Vb=13.8 // Base v o l t a g e o f
system i n kV

12 Vf=1.05 // P r e f a u l t v o l t a g e
i n per u n i t

13 Z0=%i *0.250 // Zero s equence
impedance i n per u n i t

14 Z1=%i *0.13893 // P o s i t i v e s equence
impedance i n per u n i t

15 Z2=%i *0.14562 // Nega t i v e s equence
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impedance i n per u n i t
16 Zf=0 // Fau l t through

impedance i n per u n i t
17

18 If0=Vf/(Z0+Z1+Z2+(3*Zf)) // s equence l i n e to
ground f a u l t c u r r e n t i n per u n i t

19 If1=If0;If2=If0; // S i n c e I f 0=I f 1=I f 2
20 If=[If0;If1;If2]

21 Isf =3*If0 // s u b t r a n s i e n t f a u l t
c u r r e n t i n per u n i t

22 Ib2=Sb/(Vb*sqrt (3)) // base c u r r e n t at
bus 2 i n kA

23 Ib22=Isf*Ib2

24 Vsf =[0;Vf;0]-([Z0 0 0;0 Z1 0;0 0 Z2]*If) //
s equence componenets o f the v o l t a g e s at the f a u l t

i n per u n i t
25 a=exp(%i *(120) *(%pi /180)); //

o p e r a t o r a
26 Vlg2 =[1 1 1;1 (a^2) a;1 a (a^2)]*Vsf //

l i n e to ground v o l t a g e s at f a u l t e d bus 2 i n per
u n i t

27 for i=1:3 // This l oop i s
i n c l u d e d to avo id d i s c r e p a n c i e s i n a n g l e v a l u e s
when the v o l t a g e v a l u e i s near to z e r o or z e r o

28 if abs(Vlg2(i)) <1e-6 // For example ,
atand ( 0 , 0 ) g i v e s 0 d e g r e e and atand (0 ,−0)
g i v e s 180 d e g r e e

29 Vlg2(i)=0;

30 end

31 end

32

33 printf( ’ The magnitude o f s u b t r a n s i e n t at bus 2 i n i s
%. 4 f kA and i t s a n g l e i s %. 4 f d e g r e e s \n ’ ,abs(
Ib22),atand(imag(Ib22),real(Ib22)));

34 disp(abs(Vlg2), ’ The magnitude o f l i n e to ground
v o l t a g e s at f a u l t e d bus 2 i n per u n i t i s : ’ );

35 disp(atand(imag(Vlg2),real(Vlg2)), ’ The a n g l e o f l i n e
to ground v o l t a g e s at f a u l t e d bus 2 i s : ’ );
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Figure 9.3: Line to line short circuit calculations using sequence networks

Scilab code Exa 9.4 Line to line short circuit calculations using sequence networks

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−9 ; Example 9 . 4
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sb=100 // Base v a l u e o f
system i n MVA

10 Vb=13.8 // Base v o l t a g e o f
system i n kV

11 Vf=1.05 // P r e f a u l t v o l t a g e
i n per u n i t

12 Z1=%i *0.13893 // P o s i t i v e s equence
impedance i n per u n i t

13 Z2=%i *0.14562 // Nega t i v e s equence
impedance i n per u n i t

14 Zf=0 // Fau l t through
impedance i n per u n i t

15 I0=0 // Zero s equence
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c u r r e n t i n per u n i t
16

17 I1=Vf/(Z1+Z2+Zf) // s equence f a u l t
c u r r e n t i n per u n i t

18 Isfb=-%i*sqrt (3)*I1 // s u b t r a n s i e n t f a u l t
c u r r e n t i n phase b i n per u n i t

19 Ib2=(Sb/(Vb*sqrt (3)))*Isfb // s u b t r a n s i e n t f a u l t
c u r r e n t at phase b i n kA

20 Isfc=-Isfb; // s u b t r a n s i e n t f a u l t
c u r r e n t at phase c i n pu

21 Ic=-Ib2 // s u b t r a n s i e n t f a u l t
c u r r e n t at phase c i n kA

22

23 printf( ’ The magnitude o f s u b t r a n s i e n t f a u l t c u r r e n t
i n phase b i n per u n i t i s :%. 4 f pu and i t s a n g l e
i s :%. 4 f d e g r e e s \n ’ ,abs(Isfb) ,(180/%pi)*atan(imag(
Isfb),real(Isfb)));

24 printf( ’ The magnitude o f s u b t r a n s i e n t f a u l t c u r r e n t
i n phase b i n kA i s %. 4 f kA and i t s a n g l e i s %. 4 f

d e g r e e s \n ’ ,abs(Ib2) ,(180/%pi)*atan(imag(Ib2),
real(Ib2)));

25

26

27 printf( ’ The magnitude o f s equence f a u l t c u r r e n t i n
phase c i n per u n i t i s %. 4 f pu and i t s a n g l e i s %
. 4 f d e g r e e s \n ’ ,abs(Isfc) ,(180/%pi)*atan(imag(Isfc
),real(Isfc)));

28 printf( ’ The magnitude o f s equence f a u l t c u r r e n t i n
phase c i n kA i s %. 4 f kA and i t s a n g l e i s %. 4 f
d e g r e e s \n ’ ,abs(Ic) ,(180/%pi)*atan(imag(Ic),real(
Ic)));

Scilab code Exa 9.5 Double line to ground short circuit calculations using sequence networks
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Figure 9.4: Double line to ground short circuit calculations using sequence
networks
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1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−9 ; Example 9 . 5
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Sb=100 //
Base v a l u e o f system i n MVA

10 Vb=13.8 //
Base v o l t a g e o f system i n kV

11 Vf=1.05 //
P r e f a u l t v o l t a g e i n per u n i t

12 Z0=%i *0.250 //
Zero s equence impedance i n per u n i t

13 Z1=%i *0.13893 //
P o s i t i v e s equence impedance i n per u n i t

14 Z2=%i *0.14562 //
Nega t i v e s equence impedance i n per u n i t

15 Zf=0 //
Fau l t through impedance i n per u n i t

16 Zpr =0.20 //
The p o s i t i v e s equence t h e v e n i n motor impedance at

bus 2
17 Zpl =0.455 //

The p o s i t i v e s equence t h e v e n i n l i n e impedance at
bus 2

18 Znr =0.21 //
The n e g a t i v e s equence t h e v e n i n motor impedance at

bus 2
19 Znl =0.475 //

The n e g a t i v e s equence t h e v e n i n l i n e impedance at
bus 2

20

21
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22 I1=Vf/(Z1+((Z0*Z2)/(Z0+Z2))) //
P o s i t i v e s equence f a u l t c u r r e n t i n per u n i t

23 I2=-I1*(Z0/(Z0+Z2)) //
Nega t i v e s equence f a u l t c u r r e n t i n per u n i t

24 I0=-I1*(Z2/(Z0+Z2)) //
Zero s equence f a u l t c u r r e n t i n per u n i t

25 a=exp(%i *(120) *(%pi /180)) //
o p e r a t o r a

26 Isf =[1 1 1;1 (a^2) a;1 a (a^2) ]*[I0;I1;I2] //
S u b t r a n s i e n t f a u l t c u r r e n t i n each phase i n per
u n i t

27 Ib2=Isf*((Sb)/(Vb*sqrt (3))) //
Using the base c u r r e n t 4 . 1 8 3 7kA at bus 2 i n kA

28 In=3*I0 //
Neut ra l f a u l t c u r r e n t i n per u n i t

29 In2=In*((Sb)/(Vb*sqrt (3))) //
Neut ra l f a u l t c u r r e n t i n kA

30 Iline0 =0 //
Zero s equence f a u l t c u r r e n t from the l i n e i n per
u n i t

31 Imotor0=I0 //
Zero s equence motor c u r r e n t from the motor i n per

u n i t
32 Iline1 =(Zpr/(Zpr+Zpl))*I1 //

P o s i t i v e s equence f a u l t c u r r e n t from the l i n e i n
per u n i t

33 Imotor1 =(Zpl/(Zpr+Zpl))*I1 //
P o s i t i v e s equence motor c u r r e n t from the motor i n

per u n i t
34 Iline2 =(Znr/(Znr+Znl))*I2 //

Nega t i v e s equence f a u l t c u r r e n t from the l i n e i n
per u n i t

35 Imotor2 =(Znl/(Znr+Znl))*I2 //
Nega t i v e s equence motor c u r r e n t from the motor i n

per u n i t
36 Iline =[1 1 1;1 (a^2) a;1 a (a^2)]*[ Iline0;Iline1;

Iline2] // t r a n s f o r m i n g to the phase domain f o r
the l i n e
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37 Ilineb=Iline *(0.41837) //
Trans fo rming to the phase domain with base
c u r r e n t s o f 0 . 4 1 8 3 7 kA f o r the l i n e i n kA

38 Imotor =[1 1 1;1 (a^2) a;1 a (a^2)]*[ Imotor0;Imotor1;

Imotor2] // t r a n s f o r m i n g to the phase domain f o r
the motor

39 Imotorb=Imotor *((Sb)/(Vb*sqrt (3))) //
Trans fo rming to the phase domain with base
c u r r e n t s o f 4 . 1 8 3 7 kA f o r the motor i n kA

40

41 disp(abs(clean(Ib2 ,1e-10)), ’ The magnitude o f
s u b t r a n s i e n t f a u l t c u r r e n t i n each phase i n kA i s

g i v e n by : ’ );
42 disp(atand(clean(imag(Ib2),1e-10),clean(real(Ib2),1e

-10)), ’ The a n g l e o f s u b t r a n s i e n t f a u l t c u r r e n t i n
each phase i n d e g r e e s i s g i v e n by : ’ );

43 printf( ’ The magnitude n e u t r a l f a u l t c u r r e n t i s %. 4 f
kA and i t s a n g l e i s %. 4 f d e g r e e \n ’ ,abs(In2),atand
(imag(In2),real(In2)));

44 disp(abs(clean(Ilineb ,1e-10)), ’ The magnitude o f
f a u l t c u r r e n t c o n t r i b u t i o n from the l i n e i n kA
f o r each phase i s g i v e n by : ’ );

45 disp(atand(clean(imag(Ilineb) ,1e-10),clean(real(

Ilineb),1e-10)), ’ The a n g l e o f f a u l t c u r r e n t
c o n t r i b u t i o n from the l i n e i n d e g r e e s f o r each
phase i s g i v e n by : ’ );

46 disp(abs(clean(Imotorb ,1e-10)), ’ The magnitude o f
f a u l t c u r r e n t c o n t r i b u t i o n from motor i n kA f o r
each phase i s g i v e n by : ’ );

47 disp(atand(clean(imag(Imotorb) ,1e-10),clean(real(

Imotorb),1e-10)), ’ The a n g l e o f f a u l t c u r r e n t
c o n t r i b u t i o n from motor i n d e g r e e s f o r each phase

i s g i v e n by : ’ );
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Figure 9.5: Effect of star to delta transformer phase shift on fault currents

Scilab code Exa 9.6 Effect of star to delta transformer phase shift on fault currents

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−9 ; Example 9 . 6
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9

10 Vf=1.05

// P r e f a u l t v o l t a g e i n per u n i t
11 Z0=%i *0.250

// Zero s equence impedance i n per u n i t
12 Z1=%i *0.13893
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//
P o s i t i v e s equence impedance i n per u n i t

13 Z2=%i *0.14562

//
Nega t i v e s equence impedance i n per u n i t

14 Zf=0

// Fau l t through impedance i n per u n i t
15 Zpr =0.20

//The p o s i t i v e s equence t h e v e n i n motor impedance
at bus 2

16 Zpl =0.455

//The p o s i t i v e s equence t h e v e n i n l i n e impedance
at bus 2

17 Znr =0.21

//The n e g a t i v e s equence t h e v e n i n motor impedance
at bus 2

18 Znl =0.475

//The n e g a t i v e s equence t h e v e n i n l i n e impedance
at bus 2

19

20

21 I1=Vf/(Z1+((Z0*Z2)/(Z0+Z2)))

// P o s i t i v e
s equence f a u l t c u r r e n t i n per u n i t

22 I2=-I1*(Z0/(Z0+Z2))

//
Nega t i v e s equence f a u l t c u r r e n t i n per u n i t

23 I0=-I1*(Z2/(Z0+Z2))

// Zero
s equence f a u l t c u r r e n t i n per u n i t

24 Iline0 =0

// Zero s equence f a u l t c u r r e n t from the l i n e i n
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per u n i t
25 Imotor0=I0

// Zero s equence motor c u r r e n t from the motor i n
per u n i t

26 Iline1 =(Zpr/(Zpr+Zpl))*I1

// P o s i t i v e
s equence f a u l t c u r r e n t from the l i n e i n per u n i t

27 Ilead1=Iline1*exp(%i *(30)*(%pi /180))

// P o s i t i v e s equence f a u l t
c u r r e n t from the l i n e l e a d s by 30 d e g r e e i n per
u n i t

28 Imotor1 =(Zpl/(Zpr+Zpl))*I1

// P o s i t i v e
s equence motor c u r r e n t from the motor i n per u n i t

29 Iline2 =(Znr/(Znr+Znl))*I2

// Nega t i v e
s equence f a u l t c u r r e n t from the l i n e i n per u n i t

30 Ilag2=Iline2*exp(%i*(-30)*(%pi /180))

// Nega t i v e s equence f a u l t
c u r r e n t from the l i n e l a g s by 30 d e g r e e i n per
u n i t

31 Imotor2 =(Znl/(Znr+Znl))*I2

// Nega t i v e
s equence motor c u r r e n t from the motor i n per u n i t

32 a=exp(%i *(120) *(%pi /180))

// o p e r a t o r a
33 Iline =[1 1 1;1 (a^2) a;1 a (a^2) ]*[0; Ilead1;Ilag2]

// t r a n s f o r m i n g the l i n e c u r r e n t s to the
phase domain

34 Ilineb=Iline *0.41837

//
t r a n s f o r m i n g the l i n e c u r r e n t s to the phase
domain with base c u r r e n t s o f 0 . 4 1 8 3 7 kA

35

36 disp(abs(clean(Iline ,1e-10)), ’ The magnitude o f
t r a n s f o r m i n g the l i n e c u r r e n t s to the phase
domain i n per u n i t f o r each phase i s g i v e n by : ’ );
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37 disp(atand(imag(Iline),real(Iline)), ’ The a n g l e o f
t r a n s f o r m i n g the l i n e c u r r e n t s to the phase
domain i n d e g r e e s s f o r each phase i s g i v e n by : ’ );

38 disp(abs(clean(Ilineb ,1e-10)), ’ The magnitude o f
t r a n s f o r m i n g the l i n e c u r r e n t s to the phase
domain i n kA f o r each phase i s g i v e n by : ’ );

39 disp(atand(imag(Ilineb),real(Ilineb)), ’ The a n g l e o f
t r a n s f o r m i n g the l i n e c u r r e n t s to the phase
domain i n d e g r e e s s f o r each phase i s g i v e n by : ’ );

Scilab code Exa 9.7 Single line to ground short circuit calculations

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−9 ; Example 9 . 7
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Vf=1.05

// P r e f a u l t v o l t a g e i n per u n i t
10 Zf=0

// Fau l t through impedance i n per u n i t
11

12

13 Ybus0=-%i*[20 0;0 4]

// z e r o
s equence bus admit tance matr ix i n per u n i t

14 Zbus0=inv(Ybus0)

// z e r o
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s equence bus impedance matr ix i n per u n i t
15 Ybus1=-%i *[9.9454 -3.2787; -3.2787 8.2787]

// P o s i t i v e s equence bus
admit tance matr ix i n per u n i t

16 Zbus1=inv(Ybus1)

//
P o s i t i v e s equence bus admit tance matr ix i n per
u n i t

17 Ybus2=-%i *[9.1611 -3.2787; -3.2787 8.0406]

// Nega t i v e bus admit tance
matr ix i n per u n i t

18 Zbus2=inv(Ybus2)

//
Nega t i v e s equence bus admit tance matr ix i n per
u n i t

19 Z110=%i *0.05

//
z e r o s equence impedance Z110 f i n d out from the
Zbus0

20 Z111=%i *0.11565

//
p o s i t i v e s equence impedance Z111 f i n d out from
the Zbus1

21 Z112=%i *0.12781

//
n e g a t i v e s equence impedance Z112 f i n d out from
the Zbus2

22 I10=Vf/(Z110+Z111+Z112)

// z e o r
s equence f a u l t c u r r e n t at bus 1 i n per u n i t

23 I11=I10

// p o s i t i v e s equence f a u l t c u r r e n t at bus 1 i n per
u n i t

24 I12=I11

// Nega t i v e s equence f a u l t c u r r e n t at bus 1 i n per
u n i t
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25 a=exp(%i *120* %pi /180)

// o p e r a t o r
a

26 Isf1 =[1 1 1;1 (a^2) a;1 a (a^2)]*[I10;I11;I12]

// S u b t r a n s i e n t f a u l t c u r r e n t i n each
phase at bus 1 i n per u n i t

27 Z220=%i *0.25

//
z e r o s equence impedance Z220 f i n d out from the
Zbus0

28 Z221=%i *0.13893

//
p o s i t i v e s equence impedance Z221 f i n d out from
the Zbus1

29 Z222=%i *0.14562

//
n e g a t i v e s equence impedance Z222 f i n d out from
the Zbus2

30 I20=Vf/(Z220+Z221+Z222)

// z e o r
s equence f a u l t c u r r e n t at bus 1 i n per u n i t

31 I21=I20

// p o s i t i v e s equence f a u l t c u r r e n t at bus 1 i n per
u n i t

32 I22=I21

// Nega t i v e s equence f a u l t c u r r e n t at bus 1 i n per
u n i t

33 Isf2 =[1 1 1;1 (a^2) a;1 a (a^2)]*[I20;I21;I22]

// S u b t r a n s i e n t f a u l t c u r r e n t i n each
phase at bus 2 i n per u n i t

34 V1=[0;Vf;0]-[ Z110 0 0;0 Z111 0;0 0 Z112 ]*[I10;I11;

I12] //The s equence components o f the l i n e
to ground v o l t a g e s at bus 1 dur ing tha f a u l t at
bus 1 with k=1 and n=1 i n per u n i t

35 V1lg =[1 1 1;1 (a^2) a;1 a (a^2)]*[V1]

//The l i n e to ground
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v o l t a g e s at bus 1 dur ing tha f a u l t at bus 1 i n
per u n i t

36 Z210=%i *0.05

//
z e r o s equence impedance Z210 f i n d out from the
Zbus0

37 Z211=%i *0.11565

//
p o s i t i v e s equence impedance Z211 f i n d out from
the Zbus1

38 Z212=%i *0.12781

//
n e g a t i v e s equence impedance Z212 f i n d out from
the Zbus2

39 V2=[0;Vf;0]-[ Z210 0 0;0 Z211 0;0 0 Z212 ]*[I10;I11;

I12] //The s equence components o f the l i n e
to ground v o l t a g e s at bus 1 dur ing tha f a u l t at
bus 2 with k=2 and n=1 i n per u n i t

40 V2lg =[1 1 1;1 (a^2) a;1 a (a^2)]*[V2]

//The l i n e to ground
v o l t a g e s at bus 1 dur ing tha f a u l t at bus 1 i n
per u n i t

41

42

43

44 disp(clean(Zbus0 ,1e-10), ’ The z e r o s equence bus
impedance matr ix i s : ’ );

45 disp(clean(Zbus1 ,1e-10), ’ The p o s i t i v e s equence bus
impedance matr ix i s : ’ );

46 disp(clean(Zbus2 ,1e-10), ’ The n e g a t i v e s equence bus
impedance matr ix i s : ’ );

47 disp(clean(Isf1 ,1e-10), ’ The S u b t r a n s i e n t f a u l t
c u r r e n t i n pu i n each phase dur ing f a u l t at bus 1

a r e : ’ );
48 disp(clean(Isf2 ,1e-10), ’ The S u b t r a n s i e n t f a u l t

c u r r e n t i n pu i n each phase dur ing f a u l t at bus 2
a r e : ’ );

49 disp(abs(clean(V1lg ,1e-10)), ’ The magnitude o f the
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Figure 9.6: Single line to ground short circuit calculations

l i n e to ground v o l t a g e s at bus 1 i n pu dur ing
f a u l t at bus 1 : ’ ,);

50 disp(atand(clean(imag(V1lg),1e-10),clean(real(V1lg)

,1e-10)), ’ The a n g l e o f the l i n e to ground
v o l t a g e s at bus 1 i n d e g r e e s dur ing f a u l t at bus
1 : ’ ,);

51 disp(abs(clean(V2lg ,1e-10)), ’ The magnitude o f the
l i n e to ground v o l t a g e s at bus 2 i n pu dur ing
f a u l t at bus 1 : ’ ,);

52 disp(atand(clean(imag(V2lg),1e-10),clean(real(V2lg)

,1e-10)), ’ The a n g l e o f the l i n e to ground
v o l t a g e s at bus 1 i n d e g r e e s dur ing f a u l t at bus
1 : ’ ,);
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Figure 9.7: Single line to ground short circuit calculations
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Chapter 10

SYSTEM PROTECTION

Scilab code Exa 10.1 Current transformer performance

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 10 ; Example 1 0 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 CTratio =100/5;

//CT r a t i o
8 Zs =0.082;

// Secondary r e s i s t a n c e o f a 1 0 0 : 5 CT i n Ohm
9 IZB =[5 0.5; 8 0.8; 15 1.5];

//
Secondary output c u r r e n t i n Amperes and burden
r e s i s t a n c e i n Ohm

10 E=(Zs+IZB(1,2))*IZB(1,1);

//
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Figure 10.1: Current transformer performance
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Secondary E x c i t a t i o n v o l t a g e i n V o l t s
11 printf( ’ \nCase : a ’ );
12 printf( ’ \nThe Secondary e x c i t a t i o n v o l t a g e i s %0 . 4 f

V o l t s ’ ,E);
13 Ie=0.25

// Secondary E x c i t a t i o n c u r r e n t f o r the s e condary
v o l t a g e from f i g u r e ! 0 . 8 i n Amperes

14 printf( ’ \nThe Secondary e x c i t a t i o n c u r r e n t i s %0 . 4 f
Amperes ’ ,Ie);

15 I=CTratio *(IZB(1,1)+Ie);

//
Primary c u r r e n t o f the CT i n Amperes

16 printf( ’ \nThe Primary c u r r e n t i s %d Amperes ’ ,I);
17 CTerr=Ie *100/( IZB(1,1)+Ie) ’;

//
Er ro r i n CT

18 printf( ’ \nThe e r r o r o f the CT i s %0 . 4 f p e r c e n t a g e ’ ,
CTerr);

19 E=(Zs+IZB(2,2))*IZB(2,1);

//
Secondary E x c i t a t i o n v o l t a g e i n V o l t s

20 printf( ’ \n\nCase : b ’ );
21 printf( ’ \nThe Secondary e x c i t a t i o n v o l t a g e i s %0 . 4 f

V o l t s ’ ,E);
22 Ie=0.4

// Secondary E x c i t a t i o n c u r r e n t f o r the s e conda ry
v o l t a g e from f i g u r e ! 0 . 8 i n Amperes

23 printf( ’ \nThe Secondary e x c i t a t i o n c u r r e n t i s %0 . 4 f
Amperes ’ ,Ie);

24 I=CTratio *(IZB(2,1)+Ie);

//
Primary c u r r e n t o f the CT i n Amperes

25 printf( ’ \nThe Primary c u r r e n t i s %d Amperes ’ ,I);
26 CTerr=Ie *100/( IZB(2,1)+Ie) ’;

// Er ro r
i n CT
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27 printf( ’ \nThe e r r o r o f the CT i s %0 . 4 f p e r c e n t a g e ’ ,
CTerr);

28 E=(Zs+IZB(3,2))*IZB(3,1);

//
Secondary E x c i t a t i o n v o l t a g e i n V o l t s

29 printf( ’ \n\nCase : c ’ );
30 printf( ’ \nThe Secondary e x c i t a t i o n v o l t a g e i s %0 . 4 f

V o l t s ’ ,E);
31 Ie=20

// Secondary E x c i t a t i o n c u r r e n t f o r the s e conda ry
v o l t a g e from f i g u r e ! 0 . 8 i n Amperes

32 printf( ’ \nThe Secondary e x c i t a t i o n c u r r e n t i s %0 . 4 f
Amperes ’ ,Ie);

33 I=CTratio *(IZB(3,1)+Ie);

//
Primary c u r r e n t o f the CT i n Amperes

34 printf( ’ \nThe Primary c u r r e n t i s %d Amperes ’ ,I);
35 CTerr=Ie *100/( IZB(3,1)+Ie) ’;

// Er ro r
i n CT

36 printf( ’ \nThe e r r o r o f the CT i s %0 . 4 f p e r c e n t a g e ’ ,
CTerr);

Scilab code Exa 10.2 Relay operation versus fault current and CT burden

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 10 ; Example 1 0 . 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;
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Figure 10.2: Relay operation versus fault current and CT burden

7 Irelay =200 // Current through the
r e l a y i n Amperes

8 CTratio =100/5; //CT r a t i o
9 Zs =0.082; // Secondary r e s i s t a n c e

o f a 1 0 0 : 5 CT i n Ohm
10 IZB =[8 0.8; 8 3]; // Secondary output

c u r r e n t i n Amperes and burden r e s i s t a n c e i n Ohm
11 E=(Zs+IZB(1,2))*IZB(1,1); // Secondary E x c i t a t i o n

v o l t a g e i n V o l t s
12 Ie=0.40 // Secondary E x c i t a t i o n

c u r r e n t f o r the s e conda ry v o l t a g e from f i g u r e
! 0 . 8 i n Amperes

13 I=CTratio *(IZB(1,1)+Ie); // Primary c u r r e n t o f the
CT i n Amperes

14 printf( ’ \nCase : a ’ );
15 if (Irelay >I) then

16 printf( ’ \nWith the burden r e s i s t a n c e o f %0 . 2 f
Ohm, the minimum pr imary c u r r e n t r e q u i r e d i s
%d Amperes . \ n T h e r e f o r e the r e l a y w i l l o p e r a t e

because o f the 200 Amperes f a u l t c u r r e n t ’ ,
IZB(1,2),I)

17 else

18 printf( ’ \nWith the burden r e s i s t a n c e o f %0 . 2 f
Ohm, the minimum pr imary c u r r e n t r e q u i r e d i s
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%d Amperes . \ n T h e r e f o r e the r e l a y w i l l not
o p e r a t e because o f the 200 Amperes f a u l t
c u r r e n t ’ ,IZB(1,2),I);

19 end

20 E=(Zs+IZB(2,2))*IZB(2,1); // Secondary E x c i t a t i o n
v o l t a g e i n V o l t s

21 Ie=30 // Secondary E x c i t a t i o n
c u r r e n t f o r the s e conda ry v o l t a g e from f i g u r e
! 0 . 8 i n Amperes

22 I=CTratio *(IZB(2,1)+Ie); // Primary c u r r e n t o f the
CT i n Amperes

23 printf( ’ \n\nCase : b ’ );
24 if (Irelay >I) then

25 printf( ’ \nWith the burden r e s i s t a n c e o f %0 . 2 f
Ohm, the minimum pr imary c u r r e n t r e q u i r e d i s
%d Amperes . \ n T h e r e f o r e the r e l a y w i l l o p e r a t e

because o f the 200 Amperes f a u l t c u r r e n t ’ ,
IZB(2,2),I)

26 else

27 printf( ’ \nWith the burden r e s i s t a n c e o f %0 . 2 f
Ohm, the minimum pr imary c u r r e n t r e q u i r e d i s
%d Amperes . \ n T h e r e f o r e the r e l a y w i l l not
o p e r a t e because o f the 200 Amperes f a u l t
c u r r e n t ’ ,IZB(2,2),I);

28 end

Scilab code Exa 10.3 Operating time for a CO 8 time delay over current relay

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 10 ; Example 1 0 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows

168



Figure 10.3: Operating time for a CO 8 time delay over current relay

5 clc;

6 clear;

7 Crnttap =6;

// Current tap s e t t i n g i n Amperes
8 TDsetting =1;

//Time d i a l s e t t i n g
9 CTratio =100/5;

//CT r a t i o
10 IZB =[5 0.5; 8 0.8; 15 1.5];

// Secondary output c u r r e n t i n Amperes and burden
r e s i s t a n c e i n Ohm

11 RC_multiple_Crntap=IZB(1,1)/Crnttap; // Relay
c u r r e n t i n the m u l t i p l e o f the c u r r e n t tap
s e t t i n g

12 printf( ’ \nCase : a ’ );
13 if (RC_multiple_Crntap <1) then

14 printf( ’ \nFor the r e l a y c u r r e n t i n the m u l t i p l e
o f the c u r r e n t tap s e t t i n g %0 . 4 f \nThe r e l a y
w i l l not o p e r a t e ’ ,RC_multiple_Crntap);

15 else

16 printf( ’ \nFor the r e l a y c u r r e n t i n the m u l t i p l e
o f the c u r r e n t tap s e t t i n g %0 . 4 f \nThe r e l a y
w i l l o p e r a t e a f t e r %0 . 2 f Seconds ’ ,
RC_multiple_Crntap ,time);

17 end
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18 RC_multiple_Crntap=IZB(2,1)/Crnttap; // Relay
c u r r e n t i n the m u l t i p l e o f the c u r r e n t tap
s e t t i n g

19 time=6 //
Relay o p e r a t i n g t ime from f i g u r e 1 0 . 1 2 i n Seconds

20 printf( ’ \n\nCase : b ’ );
21 if (RC_multiple_Crntap <1) then

22 printf( ’ \nFor the r e l a y c u r r e n t i n the m u l t i p l e
o f the c u r r e n t tap s e t t i n g %0 . 4 f \nThe r e l a y
w i l l not o p e r a t e ’ ,RC_multiple_Crntap);

23 else

24 printf( ’ \nFor the r e l a y c u r r e n t i n the m u l t i p l e
o f the c u r r e n t tap s e t t i n g %0 . 4 f \nThe r e l a y
w i l l o p e r a t e a f t e r %d Seconds ’ ,
RC_multiple_Crntap ,time);

25 end

26 RC_multiple_Crntap=IZB(3,1)/Crnttap; // Relay
c u r r e n t i n the m u l t i p l e o f the c u r r e n t tap
s e t t i n g

27 time =1.2 //
Relay o p e r a t i n g t ime from f i g u r e 1 0 . 1 2 i n Seconds

28 printf( ’ \n\nCase : c ’ );
29 if (RC_multiple_Crntap <1) then

30 printf( ’ \nFor the r e l a y c u r r e n t i n the m u l t i p l e
o f the c u r r e n t tap s e t t i n g %0 . 4 f \nThe r e l a y
w i l l not o p e r a t e ’ ,RC_multiple_Crntap);

31 else

32 printf( ’ \nFor the r e l a y c u r r e n t i n the m u l t i p l e
o f the c u r r e n t tap s e t t i n g %0 . 4 f \nThe r e l a y
w i l l o p e r a t e a f t e r %0 . 2 f Seconds ’ ,
RC_multiple_Crntap ,time);

33 end
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Figure 10.4: Coordinating time delay over current relays in a radial system

Scilab code Exa 10.4 Coordinating time delay over current relays in a radial system

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 10 ; Example 1 0 . 4
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5 clc;

6 clear;

7 S_Ifmax_CTratio =[11 3000 400/5;4 2000 200/5;6 100

200/5]; // Apparent power i n MVA
, maximum f a u l t c u r r e n t i n Amperes and CT r a t i o

8 V=34.5;

//RMS l i n e to l i n e v o l t a g e i n kVo l t s
9 Tbreaker =0.083;

// Operat ing t ime o f b r e a k e r f o r 5 c y c l e s i n
Second

10 Tcoordination =0.3;

//Co−o r d i n a t i o n t ime o f the b r e a k e r i n Seconds
11 Il3=S_Ifmax_CTratio (3,1) *10^(3) /(V*sqrt (3)*

S_Ifmax_CTratio (3,3)); //Maximum
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s e conda ry c u r r e n t o f b r e a k e r 3 i n Ampere
12 Ts3 =3;

//From f i g u r e 1 0 . 1 2 the Tap S e t t i n g
13 Il2=( S_Ifmax_CTratio (2,1)+S_Ifmax_CTratio (3,1))

*10^(3) /(V*sqrt (3)*S_Ifmax_CTratio (2,3));//
Maximum seconda ry c u r r e n t o f b r e a k e r 2 i n Ampere

14 Ts2 =5;

//From f i g u r e 1 0 . 1 2 the Tap S e t t i n g
15 Il1=( S_Ifmax_CTratio (1,1)+S_Ifmax_CTratio (2,1)+

S_Ifmax_CTratio (3,1))*10^(3) /(V*sqrt (3)*

S_Ifmax_CTratio (1,3));//Maximum seconda ry c u r r e n t
o f b r e a k e r 1 i n Ampere

16 Ts1 =5;

//From f i g u r e 1 0 . 1 2 the Tap S e t t i n g
17 Fault_pickupcrnt3=S_Ifmax_CTratio (2,2)/(Ts3*

S_Ifmax_CTratio (3,3)); //The f a u l t −to−
pickup c u r r e n t r a t i o at Breaker 3

18 t3 =0.05;

// Relay o p e r a t i n g t ime from f i g u r e 1 0 . 1 2 i n
Seconds

19 tds3 =0.5;

//Time−d i a l s e t t i n g s from f i g u r e 1 0 . 1 2
20 Fault_pickupcrnt2=S_Ifmax_CTratio (2,2)/(Ts2*

S_Ifmax_CTratio (2,3)); //The f a u l t −to−
pickup c u r r e n t r a t i o at Breaker 2

21 t2=t3+Tbreaker+Tcoordination;

22 tds2 =2;

//Time−d i a l s e t t i n g s from f i g u r e 1 0 . 1 2
23 Fault_pickupcrnt2=S_Ifmax_CTratio (1,2)/(Ts2*

S_Ifmax_CTratio (2,3)); //The f a u l t −to−
pickup c u r r e n t r a t i o at Breaker 1

24 t2 =0.38;
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Figure 10.5: Three zone impedance relay settings

// Relay o p e r a t i n g t ime from f i g u r e 1 0 . 1 2 i n
Seconds

25 tds1 =3;

//Time−d i a l s e t t i n g s from f i g u r e 1 0 . 1 2
26 Fault_pickupcrnt1=S_Ifmax_CTratio (1,2)/(Ts2*

S_Ifmax_CTratio (1,3));

27 t1=t2+Tbreaker+Tcoordination;

28 printf( ’ \ nBreaker \tTS\tTDS ’ );
29 printf( ’ \nB1\t%d\t%0 . 1 f ’ ,Ts1 ,tds1);
30 printf( ’ \nB2\t%d\t%0 . 1 f ’ ,Ts2 ,tds2);
31 printf( ’ \nB3\t%d\t%0 . 1 f ’ ,Ts3 ,tds3);

Scilab code Exa 10.8 Three zone impedance relay settings

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 10 ; Example 1 0 . 8
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
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5 clc;

6 clear;

7 Vln =345;

// Source v o l t a g e i n kVo l t s
8 CTratio =1500/5;

//CT r a t i o
9 VTratio =3000/1;

//VT r a t i o
10 Imax =1500;

//Maximum c u r r e n t dur ing emergency l o a d i n g i n
Amperes

11 pf =0.95;

// Power f a c t o r
12 positivesequence =[8+%i *50;8+ %i *50;5.3+ %i *33;4.3+ %i

*27]; // P o s i t i v e s equence impedance i n
Ohms

13 Zsec=CTratio/VTratio;

//
Secondary impedance with r e s p e c t to pr imary
impedance i n Ohms

14 Zr1 =0.8* positivesequence (1)*Zsec;

//B12 zone 1 r e l a y
f o r 80% reach i n Ohms

15 Zr2 =1.2* positivesequence (2)*Zsec;

//B12 zone 2 r e l a y
f o r 120% reach i n Ohms

16 Zr3=( positivesequence (3) *1.2+ positivesequence (2))*

Zsec //B12 zone 3 r e l a y f o r 100% reach
o f l i n e 1 2 and 120% reach o f l i n e 2 4 i n
Ohms

17 Z=(Vln *10^(3)*Zsec/sqrt (3))/(Imax*exp(-%i*acos(pf)))

;

18 printf( ’ \nThe magnitude o f Zr1 i s %0 . 2 f Ohm and i t s

174



Figure 10.6: Differential relay protection for a single phase transformer

a n g l e i s %0 . 2 f d e g r e e s ’ ,abs(Zr1),atand(imag(Zr1),
real(Zr1)));

19 printf( ’ \nThe magnitude o f Zr2 i s %0 . 2 f Ohm and i t s
a n g l e i s %0 . 2 f d e g r e e s ’ ,abs(Zr2),atand(imag(Zr2),
real(Zr2)));

20 printf( ’ \nThe magnitude o f Zr3 i s %0 . 2 f Ohm and i t s
a n g l e i s %0 . 2 f d e g r e e s \n ’ ,abs(Zr3),atand(imag(Zr3
),real(Zr3)));

21 if abs(Z)>abs(Zr3) then

22 printf( ’ \nEmergency impedance e x c e e d s the zone 3
s e t t i n g \ n I t l i e s o u t s i d e the t r i p r e g i o n s o f
t h e t h r e e−zone , d i r e c t i o n a l impedance r e l a y ’ )

;

23 else

24 printf( ’ \nEmergency impedance does not exceed
the zone 3 s e t t i n g \ n I t l i e s i n s i d e the t r i p
r e g i o n s o f t h e t h r e e−zone , d i r e c t i o n a l
impedance r e l a y ’ );

25 end

Scilab code Exa 10.9 Differential relay protection for a single phase transformer
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1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 10 ; Example 1 0 . 9
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Srated = 10;

// power
r a t i n g i n MVA

10 Vprtr = 80;

//
pr imary s i d e o f t r a n s f o r m e r v o l t a g e i n kV

11 Vsectr = 20;

//
s e condary s i d e o f t r a n s f o r m e r v o l t a g e i n kV

12 CTratiopr = 150/5;

// pr imary CT
r a t i o

13 CTratiosec = 600/5;

// s e condary CT
r a t i o

14 I1rated = (Srated *10^6) /( Vprtr *10^3);

// r a t e d c u r r e n t 1 i n Amperes
15 I2rated = (Srated *10^6) /( Vsectr *10^3);

// r a t e d c u r r e n t 2 i n Amperes
16 I1 = I1rated/CTratiopr;

// d i f f e r e n t i a l
c u r r e n t 1 i n Amperes

17 I2 = I2rated/CTratiosec;

// d i f f e r e n t i a l
c u r r e n t 2 i n Amperes

18 I = I1 -I2;

//
d i f f e r e n t i a l c u r r e n t at r a t e d c o n d i t i o n s i n
Amperes
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Figure 10.7: Differential relay protection for a three phase transformer

19 k = 0.5/2.25;

// from
f i g u r e 1 0 . 3 4

20 printf( ’ The v a l u e o f k i s %f ’ ,k);

Scilab code Exa 10.10 Differential relay protection for a three phase transformer

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 10 ; Example 1 0 . 1 0
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 Srated = 30;

// power
r a t i n g i n MVA

10 Vprtr = 34.5;

// pr imary
s i d e o f t r a n s f o r m e r v o l t a g e i n kV

11 Vsectr = 138;

//
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s e conda ry s i d e o f t r a n s f o r m e r v o l t a g e i n kV
12 IArated = (Srated *10^6) /(sqrt (3)*Vsectr *10^3);

// Rated c u r r e n t on the 138−kV s i d e o f the
t r a n s f o r m e r i n Amperes

13 CTratiosec = 150/5;

//CT r a t i o on
the 138−kV s i d e

14 IA = IArated/CTratiosec;

// d i f f e r e n t i a l
c u r r e n t i n 138kV s i d e i n Amperes

15 Iarated = (Srated *10^6) /(sqrt (3)*Vprtr *10^3);

// Rated c u r r e n t on the 34.5−kV s i d e o f
the t r a n s f o r m e r i n Amperes

16 CTratiopr = 500/5;

//CT r a t i o on
the 34.5−kV s i d e

17 Ia = Iarated/CTratiopr;

// d i f f e r e n t i a l
c u r r e n t i n 138kV s i d e i n Amperes

18 Iab = Ia*sqrt (3);

// d i f f r e n t i a l
c u r r e n t i n l e f t h a n d re−s t r a i n i n g wind ing o f

f i g u r e 1 0 . 3 7 i n Amperes
19 crtratio = Iab/IA;

// r a t i o o f the
c u r r e n t s i n the l e f t − to r i g h t h a nd r e s t r a i n i n g

wind ing
20 TA = 5;

21 Tab = 10;

22 tapratio = Tab/TA;

// c l o s e s t
r e l a y tap r a t i o

23 %mismatch = (((Iab/Tab)-(IA/TA))/(Iab/Tab))*100;

// p e r c e n t a g e mismatch f o r tap s e t t i n g
24 printf( ’ \nRated c u r r e n t on the 138kV s i d e o f the

t r a n s f o r m e r i s %f A ’ ,IArated);
25 printf( ’ \nRated c u r r e n t on CT r a t i o i n 138 kV s i d e

o f the t r a n s f o r m e r i s %f A ’ ,IA);
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26 printf( ’ \nRated c u r r e n t on the 3 4 . 5 kV s i d e o f the
t r a n s f o r m e r i s %f A ’ ,Iarated);

27 printf( ’ \nRated c u r r e n t on CT r a t i o i n 3 4 . 5 kV s i d e
o f the t r a n s f o r m e r i s %f A ’ ,Ia);

28 printf( ’ \nThe p e r c e n t a g e mismatch f o r the tap
s e t t i n g i s %f ’ ,%mismatch);
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Chapter 11

TRANSIENT STABILITY

Scilab code Exa 11.1 Generator per unit swing equation and power angle during a short circuit

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−11 ; Example 1 1 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 f=60 // f r e q u e n c y o f h y d r o e l e c t r i c

Figure 11.1: Generator per unit swing equation and power angle during a
short circuit
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Figure 11.2: Generator internal voltage and real power output versus power
angle

g e n e r a t i n g u n i t
10 Pr=500 // r a t e d power o f h y d r o e l e c t r i c

g e n e r a t o r
11 V=5 // r a t e d v o l t a g e o f h r d r o e l e c t r i c

g e n e r a t o r
12 p=32 // p o l e o f h y d r o e l e c t r i c

g e n e r a t i n g u n i t
13 H=2.0 // I n e r t i a c o n s t a n t i n per un i t−

s e c o n d s
14

15 Wsyn =2*%pi*f // Synchronous e l e c t r i c a l r a d i a n
f r e q u e n c y i n rad / s

16 Wmsyn =(2/p)*Wsyn // synchronous a n g u l a r v e l o c i t y
o f the r o t o r i n rad / s

17

18 printf( ’ The Synchronous e l e c t r i c a l r a d i a n f r e q u e n c y
i s %. 4 f rad / s \n ’ ,Wsyn);

19 printf( ’ The synchronous a n g u l a r v e l o c i t y o f the
r o t o r i s %. 4 f rad / s ’ ,Wmsyn);

Scilab code Exa 11.3 Generator internal voltage and real power output versus power angle

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye
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3 // Chapter−11 ; Example 1 1 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 P=1.0 //
I n f i n i t e bus r e c e i v e d r e a l power i n per u n i t

10 Vbus =1.0 //
I n f i n i t e bus v o l t a g e i n per u n i t

11 pf=0.95 //
Lagg ing power f a c t o r

12 Xdt =0.30

13 XTR =0.10

14 X12 =0.20

15 X13 =0.10

16 X23 =0.20

17

18 Xeq=Xdt+XTR+(X12*(X13+X23))/(X12+(X13+X23)); //
The e q u i a l e n t r e a c t a n c e between the machine
i n t e r n a l v o l t a g e and i n f i n i t e bus i n per u n i t

19 theta=acos(pf);

20 I=(P/(Vbus*pf))*exp(-%i*theta); //
Current i n t o the i n f i n i t e bus i n per u n i t

21 Ei=Vbus+(%i*Xeq)*I; //
The machine i n t e r n a l v o l t a g e i n per u n i t

22

23 printf( ’ The magnitude o f he machine i n t e r n a l v o l t a g e
i n per u n i t i s %. 4 f pu and i t s a n g l e i s %. 4 f

d e g r e e s ’ ,abs(Ei),atand(imag(Ei),real(Ei)));

Scilab code Exa 11.7 Eulers method computer solution to swing equation and critical clearing time
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Figure 11.3: Eulers method computer solution to swing equation and critical
clearing time

183



1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−11 ; Example 1 1 . 7
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 function result=table(delcr) // Funct ion to
g e t r e s u l t i n t a b l e fo rmat u s i n g E u l e r s method

f o r d i f e r e n t c r i t i c a l c l e a r i n g a n g l e s
10 delta =0.4179 // I n i t i a l

v a l u e o f d e l t a i n rad taken from example 7 . 6
11 omega =2* %pi*60 // I n i t i a l

v a l u e o f omega i n rad / s
12 H=3 // Value o f H

c o n s t a n t i n pu−s
13 omegasyn=omega

14 t=0;

15 delt =0.02 // Step s i z e
16 result =[]; //

I n i t i a l i z a t i o n o f r e s u l t t a b l e
17 tc=0; //

I n i t i a l i z a t i o n o f c r i t i c a l c l e a r i n g t ime
18 while t <0.861 //Maximum time

f o r Eler ’ s method i s o . 8 6
19 result =[ result;t delta omega]

// Updating the r e s u l t t a b l e
20 ddeltat=omega -omegasyn

// C a l c u l a t i o n o f d d e l t a t / dt u s i n g
e q u a t i o n 1 1 . 4 . 7

21 deltab=delta+ddeltat*delt

// C a l c u l a t i o n o f d e l t a b a r u s i n g e q u a t i o n
1 1 . 4 . 9

22

23 if delta <delcr

184



// St ep s to c a l c u l a t e a c c e l e r a t i n g
power f o r p r e f a u l t c o n d i t i o n

24 papu =1 -0.9152* sin(delta)

25 pafb =1 -0.9152* sin(deltab)

26 else

// St ep s to c a l c u l a t e a c c e l e r a t i n g
power f o r p o s t f a u l t c o n d i t i o n

27 tc=tc+1;

28 papu =1 -2.1353* sin(delta)

29 pafb =1 -2.1353* sin(deltab)

30 end

31 if tc==1 & delcr ==1.95

// D i s p l a y i n g r e s u l t o f c a s e 1( S t a b l e )
s t a b l e with C r i t i c a l c l e a r i n g a n g l e o f
1 . 9 5

32 printf( ’ The c r i t i c a l c l e a r i n g t ime f o r
c a s e 1 i s %. 2 f s e c \n ’ ,t)

33 elseif tc==1 & delcr ==2.09

// D i s p l a y i n g r e s u l t o f c a s e 2( Unstab l e )
s t a b l e with C r i t i c a l c l e a r i n g a n g l e o f
2 . 0 9

34 printf( ’ The c r i t i c a l c l e a r i n g t ime f o r
c a s e 2 i s %. 2 f s e c \n ’ ,t)

35 end

36 domegat=papu*omegasyn*omegasyn /(2*H*omega)

// C a l c u l a t i o n o f domegat / dt u s i n g
e q u a t i o n 1 1 . 4 . 8

37 omegab=omega+domegat*delt

// C a l c u l a t i o n o f
omega bar u s i n g e q u a t i o n 1 1 . 4 . 1 0

38 ddeltab=omegab -omegasyn

// C a l c u l a t i o n
o f d d e l t a b a r / dt u s i n g e q u a t i o n 1 1 . 4 . 1 1

39 domegab=pafb*omegasyn*omegasyn /(2*H*omegab)

// C a l c u l a t i o n o f domega bar / dt
u s i n g e q u a t i o n 1 1 . 4 . 1 2

40 delta=delta +( ddeltat+ddeltab)*delt/2

// C a l c u l a t i o n o f d e l t a f o r
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change i n t ime u s i n g e q u a t i o n 1 1 . 4 . 1 3
41 omega=omega +( domegat+domegab)*delt/2

// C a l c u l a t i o n o f omega f o r
change i n t ime u s i n g e q u a t i o n 1 1 . 4 . 1 4

42 t=t+delt;

43 end

44 endfunction

45

46 case1=table (1.95) // c a s e 1 −
c r i t i c a l c l e a r i n g a n g l e i s 1 . 9 5 rad

47 case2=table (2.09) // c a s e 2 −
c r i t i c a l c l e a r i n g a n g l e i s 2 . 0 9 rad

48 printf( ’ −−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−\n ’ )

49 printf( ’ CASE−1 STABLE CASE
−2 UNSTABLE \n ’ )

50 printf( ’ −−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ )

51 disp([ case1 case2], ’ Time ( s ) De l ta ( rad ) Omega ( rad / s )
Time ( s ) De l ta ( rad ) Omega ( rad / s ) ’ )

Scilab code Exa 11.8 Modifying power flow Ybus for application to multi machine stability

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−11 ; Example 1 1 . 8
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8 linedata =[2 4 0.0090 0.10 1.72 // En t e r i n g
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Figure 11.4: Modifying power flow Ybus for application to multi machine
stability

l i n e data from t a b l e 6 . 2 & 6 . 3 o f example 6 . 9
9 2 5 0.0045 0.05 0.88

10 4 5 0.00225 0.025 0.44

11 1 5 0.00150 0.02 0.00

12 3 4 0.00075 0.01 0.00];

13 sb= linedata (:,1);

14 sb=linedata (:,1) // S t a r t i n g bus number o f a l l the
l i n e s s t o r e d i n v a r i a b l e sb

15 eb=linedata (:,2) // Ending bus number o f a l l the
l i n e s s t o r e d i n v a r i a b l e eb

16 lz=linedata (:,3)+linedata (:,4)*%i; // l i n e i m p e d a n c e
=R+jX

17 sa=linedata (:,5)*%i; // shunt
admit tance=jB s i n c e conduc t snc e G=0 f o r a l l l i n e s

18 nb=max(max(sb ,eb));

19 ybus=zeros(nb ,nb);

20 for i=1: length(sb)

21 m=sb(i);

22 n=eb(i);

23 ybus(m,m)=ybus(m,m)+1/lz(i)+sa(i)/2;

24 ybus(n,n)=ybus(n,n)+1/lz(i)+sa(i)/2;

25 ybus(m,n)=-1/lz(i);
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26 ybus(n,m)=ybus(m,n);

27 end

28 Pl3 =0.8; Ql3 =0.4; Pl2 =8; Ql2 =2.8; // Data taken
from t a b l e 6 . 1

29 V3 =1.05; V2 =0.959;

30 Qc=184; // Capac i ty o f
shunt c a p a c i t o r i n kVAR.

31 xd1dash =0.05;

32 xd2dash =0.025;

33 Yl3=(Pl3 -%i*Ql3)/V3^2;

34 Yl2=(Pl2 -%i*(Ql2 -Qc /100))/V2^2;

35 Yd1 =1/(%i*xd1dash); //The i n v e r t e d
g e n e r a t o r impedances f o r machine 1 connec t ed to
bus 1

36 Yd2 =1/(%i*xd2dash); //The i n v e r t e d
g e n e r a t o r impedances f o r machine 2 connec t ed to
bus 3

37

38 // Updation o f bus admit tance matr ix
39 Y11=ybus;

40 Y11(1,1)=Y11(1,1)+Yd1;

41 Y11(2,2)=Y11(2,2)+Yl2;

42 Y11(3,3)=Y11(3,3)+Yl3+Yd2;

43 disp(Y11 , ’ The 5 x 5 matr ix Y11 i n per u n i t i s g i v e n
by : ’ )

44 Y22=[Yd1 0;0 Yd2];

45 disp(Y22 , ’ The 2 x 2 matr ix Y22 i n per u n i t i s g i v e n
by : ’ )

46 Y12=[Yd1 0;0 0;0 Yd2;0 0;0 0];

47 disp(Y12 , ’ The 5 x 2 matr ix Y12 i n per u n i t i s g i v e n
by : ’ )

Scilab code Exa 11.10 Two Axis Model Example
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Figure 11.5: Two Axis Model Example

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−11 ; Example 1 1 . 1 0
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 P=1.0

// I n f i n i t e bus r e c e i v e d r e a l power i n per u n i t
10 Vbus =1.0

// I n f i n i t e bus v o l t a g e i n per u n i t
11 Vr=1.0

// system v o l t a g e i n per u n i t
12 pf=0.95

// Lagg ing power f a c t o r
13 Ra=0

// Machine r e s i s t a n c e i n per u n i t
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14 Xd=2.1

// d i r e c t a x i s r e a c t a n c e i n per u n i t
15 Xq=2.0

// q a d r a t u r e a x i s r e a c t a n c e i n per u n i t
16 Xdt =0.3

// d i r e c t a x i s t r a n s i e n t r e a c t a n c e i n per u n i t
17 Xqt =0.5

// q a d r a t u r e a x i s t r a n s i e n t r e a c t a n c e i n per u n i t
18 X=%i*0.22

19

20 theta=acos(pf);

21 I=(P/(Vbus*pf))*exp(-%i*theta);

// g e n e r a t o r
output c u r r e n t i n per u n i t

22 VT=Vr+X*I

// g e n e r t o r t e r m i n a l v o l t a g e i n per u n i t
23 Ireal=1

// g e n e r a t o r r e a l output c u r r e n t i n per u n i t
24 Iimag = -0.3287

// Generator imag ina ry output v o l t a g e i n per u n i t
25 Vreal =1.0723

// g e n e r a t o r r e a l t e r m i n a l v o l t a g e i n per u n i t
26 Vimag =0.220

// Generator imag ina ry t e r m i n a l v o l t a g e
27 Ei=VT+(%i*Xq)*I

// Steady s t a t e a n g l e o f i n t e r n a l v o l t a g e i n per
u n i t g e

28 del =52.1* %pi /180
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29 Vdq=[sin(del) -cos(del);cos(del) sin(del)]*[ Vreal;

Vimag]; //d−q r e f e r e n c e v o l t a g e
30 Idq=[sin(del) -cos(del);cos(del) sin(del)]*[ Ireal;

Iimag]; //d−q r e f e r e n c e c u r r e n t
31 Eqs=Vdq(2)+Xdt*Idq(1)

// Quadrature a x i s t r a n s i e n t v o l t a g e
32 Eds=Vdq(1)-Xqt*Idq(2)

// D i r e c t a x i s t r a n s i e n t v o l t a g e
33 Efd=Eqs+(Xd-Xdt)*Idq(1)

//
f i e l d v o l t a g e

34

35 printf( ’ The g e n e r a t o r output c u r r e n t i s %. 4 f% . 4 f i
pe r u n i t \n ’ ,real(I),imag(I));

36 printf( ’ The g e n e r t o r t e r m i n a l v o l t a g e i s %. 4 f+%. 4 f i
pe r u n i t \n ’ ,real(VT),imag(VT));

37 printf( ’ The magnitude o f Steady s t a t e a n g l e o f
i n t e r n a l v o l t a g e i n per u n i t i s %. 4 f and i t s
a n g l e i s %. 4 f d e g r e e s \n ’ ,abs(Ei),atand(imag(Ei),
real(Ei)));

38 disp(Vdq , ’ The d−q r e f e r e n c e v o l t a g e i n per u n i t i s ’ )
;

39 disp(Idq , ’ The d−q r e f e r e n c e c u r r e n t i n per u n i t i s ’ )
;

40 printf( ’ The Quadrature a x i s t r a n s i e n t v o l t a g e i s %. 4
f per u n i t \n ’ ,Eqs);

41 printf( ’ The D i r e c t a x i s t r a n s i e n t v o l t a g e i s %. 4 f
per u n i t \n ’ ,Eds);

42 printf( ’ The f i e l d v o l t a g e i s %. 4 f per u n i t \n ’ ,Efd);

Scilab code Exa 11.11 Induction Generator Example
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Figure 11.6: Induction Generator Example

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−11 ; Example 1 1 . 1 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 f=60 //
g e n e r t o r f r e q u e n c y

10 H=0.9 //
I n e r t i a c o n s t a n t i n per un i t−s e c o n d s

11 Ra =0.013

12 Xa =0.067 //
l e a k a g e r e a c t a n c e

13 Xm=3.8

14 R1 =0.0124

15 X1=0.17

16 S= -0.0111 //
s l i p

17 Ert =0.9314

18 Eit =0.4117

19 Ir =0.7974

20 Ii =0.6586

21

22 Xt=Xa+((X1*Xm)/(X1+Xm)); //
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Figure 11.7: Doubly Fed Asynchronous Generator Example

t r a n s i e n t r e a c t a n c e
23 X=Xa+Xm; //

synchronous r e a c t a n c e
24 omega =2* %pi*f;

25 Tot =((X1+Xm)/(omega*R1)); //
open c i r c u i t t ime c o n s t a n t f o r the r o t o r

26

27 Vr=Ert -(Ra*Ir)+(Xt*Ii);

28 Vi=Eit -(Ra*Ii)-(Xt*Ir);

29 dErt=( omega*S*Eit) -((1/Tot)*(Ert -(X-Xt)*Ii));

30 dEit=(-( omega)*S*Ert) -((1/Tot)*(Eit+(X-Xt)*Ir));

31 Pe=(Vr*Ir+Vi*Ii); //
The t e r m i n a l r e a l power i n j e c t i o n

32 Qe=(-Vr*Ii+Vi*Ir); //
The r e a c t i v e power produced by the machine

33

34 printf( ’ The t r a n s i e n t r e a c t a n c e i s :%. 4 f i pe r u n i t \n ’
,Xt);

35 printf( ’ The synchronous r e a c t a n c e i s :%. 4 f i pe r u n i t \
n ’ ,X);

36 printf( ’ The open c i r c u i t t ime c o n s t a n t f o r the r o t o r
i s :%. 4 f i pe r u n i t \n ’ ,Tot);

37 printf( ’ The t e r m i n a l r e a l power i n j e c t i o n i s :%. 4 f
per u n i t \n ’ ,Pe);

38 printf( ’ The t e r m i n a l r e a c t i v e power i n j e c t i o n i s :%. 4
f per u n i t \n ’ ,Qe);
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Scilab code Exa 11.12 Doubly Fed Asynchronous Generator Example

1 // Book − Power system : A n a l y s i s i & Des ign 5 th
E d i t i o n

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter−11 ; Example 1 1 . 1 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9

10 Vr=1.0 // system
v o l t a g e i n per u n i t

11 I=1.0 //
t e r m i n a l c u r r e n t

12 pf=1 //
Lagg ing power f a c t o r

13 X=%i*0.22

14 Xeq =0.8 //DFAG
r e a c t a n c e i n per u n i t

15

16

17

18 VT=Vr+I*X //
Terminal v o l t a g e

19 Isorc=I+(VT/(%i*Xeq)) //
c u r r e n t i n j e c t i o n on the network r e f e r e n c e i n per

u n i t
20 Isorcpq=Isorc *(1* exp(%i* -12.41* %pi /180)) //The

v a l u e o f Ip and Iq a r e then c a l c u l a t e d by
s h i f t i n g t h e s e v a l u e s backwards by the a n g l e o f
the t e r m i n a l v o l t a g e
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21 Iq= -1.495 //
r e a c t i v e power c u r r e n t c u r r e n t

22 Eq=-Iq*Xeq //The
r e a c t i v e v o l t a g e

23

24

25 printf( ’ The magnitude o f t e r m i n a l v o l t a g e i n per
u n i t i s :%. 4 f and i t s a n g l e i s :%. 4 f d e g r e e s \n ’ ,
abs(VT),atand(imag(VT),real(VT)));

26 printf( ’ The g e n e r a t o r output c u r r e n t i s :%. 4 f% . 4 f i
pe r u n i t \n ’ ,real(Isorc),imag(Isorc));

27 printf( ’ The c u r r e n t i n j e c t i o n on the network
r e f e r e n c e i s :%. 4 f% . 4 f i pe r u n i t \n ’ ,real(Isorcpq),
imag(Isorcpq));

28 printf( ’ The r e a c t i v e v o l t a g e i s :%. 4 f per u n i t \n ’ ,Eq)
;
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Chapter 12

POWER SYSTEM
CONTROLS

Scilab code Exa 12.1 Synchronous Generator Exciter Response

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 12 ; Example 1 2 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

Figure 12.1: Synchronous Generator Exciter Response
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6 clc;

7 clear;

8

9 Tr=0;

10 Ka=100;

11 Ta =0.05;

12 Vrmax =5;

13 Vrmin=-5;

14 Ke=1;

15 Te =0.26;

16 Kf =0.01;

17 Tf=1;

18

19 Efd =2.9135; // Value taken from Example
1 1 . 1 0

20 Vt =1.0946; // Value taken from Example
1 1 . 1 0

21

22 Vr=Ke*Efd; // I n i t i a l v a l u e o f Vr
23 Vf=0; // I n i t i a l v a l u e o f v f
24 Vref=(Vr/Ka)+Vt+Vf; // I n i t i a l v a l u e o f Vre f
25

26 printf( ’ The i n i t i a l v a l u e o f Vr i s %. 4 f \n ’ ,Vr)
27 printf( ’ The i n i t i a l v a l u e o f Vf i s %. 4 f \n ’ ,Vf)
28 printf( ’ The i n i t i a l v a l u e o f Vre f i s %. 4 f \n ’ ,Vref)
29

30 // S e c t i o n ’ b ’ o f t h i s problem cannot be s i m u l a t e d
u s i n g c u r r e n t v e r s i o n o f S c i l a b

Scilab code Exa 12.2 Type 3 Wind Turbine Reactive Power Control

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
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Figure 12.2: Type 3 Wind Turbine Reactive Power Control

and Thomas J . Overbye
3 // Chapter − 12 ; Example 1 2 . 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 KQi =0.4;

10 KVi =40;

11 XIqmax =1.45;

12 XIqmin =0.5;

13 Vmax =1.1;

14 Vmin =0.9;

15

16 Tr=0;

17 Ka=100;

18 Ta =0.05;

19 Vrmax =5;

20 Vrmin=-5;

21 Ke=1;

22 Te =0.26;

23 Kf =0.01;

24 Tf=1;

25 vt=0.5;

26 Vf=0; // I n i t i a l v a l u e o f v f
27 Vref =1.0239; // I n i t i a l v a l u e o f Vre f from

Example 1 1 . 1 2
28 Isorq=-XIqmax /0.8; // R e a c t i v e component o f

I s o r c
29 Qcmd =0.22; // Obtained from Example
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Figure 12.3: Turbine governor response to frequency change at a generating
unit

1 1 . 1 2
30 Qnet=(vt)*abs(Isorq) -(vt)^2/0.8; // Net r e a c t i v e

power i n j e c t i o n i n pu
31

32 printf( ’ The i n i t i a l v a l u e o f r e f e r e n c e v o l t a g e i s %
. 4 f pu\n ’ ,Vref)

33 printf( ’ The i n i t i a l v a l u e o f r e a c t i v e power Qcmd = %
. 4 f pu = %. 4 f Mvar\n ’ ,Qcmd ,Qcmd *100)

34 printf( ’ The maxximum net r e a c t i v e power Qnet = %. 4 f
pu = %. 4 f Mvar\n ’ ,Qnet ,Qnet *100)

Scilab code Exa 12.3 Turbine governor response to frequency change at a generating unit

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 12 ; Example 1 2 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 M=500; //MVA r a t i n g o f the g e n e r a t o r
10 f=60; // requency i n Hertz
11 R=0.05; // R e g u l a t i o n c o n s t a n t i n pu
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Figure 12.4: Response of turbine governors to a load change in an intercon-
nected power system

12 delF =0.01; // I n c r e a s e i n f r e q u e n c y i n
Hertz

13

14 delFpu=delF/f; // Frequency i n c r e a s e i n pu
15 delPref =0; // S i n c e f i x e d r e f e r e n c e power

s e t t i n g i s assumed
16 delPmpu=delPref -(1/R)*delFpu // Change i n

mechan i ca l power i n pu
17 delPm=delPmpu*M; // Actua l v a l u e o f

mechan i ca l power i n MW
18

19 printf( ’ The t u r b i n e mechan i ca l power output
d e c r e a s e s by %. 3 f MW. ’ ,abs(delPm))

Scilab code Exa 12.4 Response of turbine governors to a load change in an interconnected power system

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 12 ; Example 1 2 . 4
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;
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8 funcprot (0);

9 f=60; // Frequency i n Hertz
10 G=[1000 750 500]; // Rat ing o f u n i t 1 ,2

&3 r e s p e c t i v e l y i n MVA
11 R=0.05; // R e g u l a t i o n c o n s t a n t

o f each u n i t i n pu
12 delP =200; // Load inc r ement i n

MW
13 SBnew =1000; //New MVA base o f the

e n t i r e system
14

15 Rnew=R*( SBnew./G); // R e g u l a t i o n o f each
g e n e r a t o r s with common base

16 beta=sum(1 ./Rnew); // a r ea f r e q u e n c y
r e s p o n s e c h a r a c t e r i s t i c , be ta

17

18 printf( ’ The a r ea f r e q u e n c y r e s p o n s e c h a r a c t e r i s t i c
beta i s %. 2 f per u n i t \n ’ ,beta)

19

20 delPpu=delP/SBnew; // Load inc r ement i n
per u n i t

21 delFpu =(-1/ beta)*delPpu // Frequency drop i n
per u n i t

22 delF=delFpu*f; // Frequency drop i n
Hertz

23

24 printf( ’ The steady−s t a t e f r e q u e n c y drop i s %. 4 f Hz\n
’ ,abs(delF))

25

26 delPm=delFpu *(-1 ./Rnew);

27 delPmact=SBnew*delPm;

28

29 printf( ’ The i n c r e a s e i n t u r b i n e mechan i ca l power
output o f u n i t 1=%. 4 f pu = %. 4 f MW\n ’ ,delPm (1),
delPmact (1))

30 printf( ’ The i n c r e a s e i n t u r b i n e mechan i ca l power
output o f u n i t 2=%. 4 f pu = %. 4 f MW\n ’ ,delPm (2),
delPmact (2))
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Figure 12.5: Response of LFC to a load change in an interconnected power
system

31 printf( ’ The i n c r e a s e i n t u r b i n e mechan i ca l power
output o f u n i t 3=%. 4 f pu = %. 4 f MW’ ,delPm (3),
delPmact (3))

Scilab code Exa 12.5 Response of LFC to a load change in an interconnected power system

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 12 ; Example 1 2 . 5
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 f=60; // Frequency o f the system
i n Hertz

10 G1 =2000; // Tota l g e n e r a t i o n o f a r ea
1 i n MW
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11 G2 =4000; // Tota l g e n e r a t i o n o f a r ea
2 i n MW

12 beta1 =700; // Area f r e q u e n c y r e s p o n s e
c h a r a c t e r i s t i c o f a r ea 1 i n MW/Hz

13 beta2 =1400; // Area f r e q u e n c y r e s p o n s e
c h a r a c t e r i s t i c o f a r ea 2 i n MW/Hz

14 delPD1 =100; // Load inc r ement o f a r ea 1
i n MW

15 delPD2 =0;

16

17 //WITHOUT LFC
18 delF=( delPD1+delPD2)/(-(beta1+beta2)); //

Frequency Change i n Hertz
19 delPm1=-beta1*delF; // Change

i n power o f a r ea 1
20 delPm2=-beta2*delF; // Change

i n power o f a r ea 2
21 delPtie1=-delPm2 // Tie l i n e

power f l o w from area 1 to 2
22 delPtie2=delPm2 // Tie l i n e

power f l o w from area 2 to 1
23

24 disp( ’RESULTS WITHOUT LFC ’ )
25 printf( ’ \nThe s t ea dy s t a t e f r e q u e n c y e r r o r i s %. 4 f

Hz ’ ,delF)
26 printf( ’ \nThe t i e− l i n e power f l o w from area 1 i s %. 4

f MW’ ,delPtie1)
27 printf( ’ \nThe t i e− l i n e power f l o w from area 2 i s %. 4

f MW\n ’ ,delPtie2)
28

29 //WITH LFC
30

31 delFl =0/( beta1+beta2); // Frequency
Change i n Hertz ( as ACE1+ACE2=0)

32 delPm1=-beta1*delFl; // Change i n
power o f a r ea 1

33 delPm2=-beta2*delFl; // Change i n
power o f a r ea 2
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Figure 12.6: Economic dispatch solution neglecting generator limits and line
losses

34 delPtie1=-delPm2 // Tie l i n e power
f l o w from area 1 to 2

35 delPtie2=delPm2 // Tie l i n e power
f l o w from area 2 to 1

36

37 disp( ’RESULTS WITH LFC ’ )
38 printf( ’ \nThe s t ead y s t a t e f r e q u e n c y e r r o r i s %. 4 f

Hz ’ ,delFl)
39 printf( ’ \nThe t i e− l i n e power f l o w from area 1 i s %. 4

f MW’ ,delPtie1)
40 printf( ’ \nThe t i e− l i n e power f l o w from area 2 i s %. 4

f MW’ ,delPtie2)

Scilab code Exa 12.6 Economic dispatch solution neglecting generator limits and line losses

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
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2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter − 12 ; Example 1 2 . 6
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 C1=[8e-3 10 0] // C o e f f i c i e n t s o f
c o s t e q u a t i o n f o r u n i t 1

10 C2=[9e-3 8 0] // C o e f f i c i e n t s o f
c o s t e q u a t i o n f o r u n i t 2

11

12 dC1 =[2*C1(1) C1(2)] // C o e f f i c i e n t s o f
i n c r e m e n t a l c o s t e q u a t i o n f o r u n i t 1

13 dC2 =[2*C2(1) C2(2)] // C o e f f i c i e n t s o f
i n c r e m e n t a l c o s t e q u a t i o n f o r u n i t 2

14 result =[];

15 for PT =500:100:1500

16 P1=(dC2(1)*PT+(dC2(2)-dC1(2)))/(dC2(1)+dC1 (1));

17 P2=PT-P1;

18 dC1value=dC1 (1)*P1+dC1 (2);

19 dC2value=dC2 (1)*P2+dC2 (2);

20 CT=C1(1)*P1^2+C1(2)*P1+C1(3)+C2(1)*P2^2+C2(2)*P2

+C2(3);

21 result =[ result;PT P1 P2 dC1value CT]

22 end

23

24 disp(result , ’ PT(MW) P1 (MW) P2 (MW) dC1=dC2
( $/MWhr) CT( $/ hr ) ’ );

Scilab code Exa 12.7 Economic dispatch solution including generator limits
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Figure 12.7: Economic dispatch solution including generator limits

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 12 ; Example 1 2 . 7
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 C1=[8e-3 10 0] // C o e f f i c i e n t s o f c o s t
e q u a t i o n f o r u n i t 1

10 C2=[9e-3 8 0] // C o e f f i c i e n t s o f c o s t
e q u a t i o n f o r u n i t 2

11

12 dC1 =[2*C1(1) C1(2)] // C o e f f i c i e n t s o f
i n c r e m e n t a l c o s t e q u a t i o n f o r u n i t 1

13 dC2 =[2*C2(1) C2(2)] // C o e f f i c i e n t s o f
i n c r e m e n t a l c o s t e q u a t i o n f o r u n i t 2

14

15 P1lim =[100 600]; // Lower and upper
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g e n e r a t i o n l i m i t f o r u n i t 1
16 P2lim =[400 1000]; // Lower and upper

g e n e r a t i o n l i m i t f o r u n i t 2
17

18 result =[];

19 for PT =[500 600 700 725 800 900 1000 1100 1200 1244

1300 1400 1500]

20 P1=(dC2(1)*PT+(dC2(2)-dC1(2)))/(dC2(1)+dC1 (1));

21 P2=PT-P1;

22 dC1value=dC1 (1)*P1+dC1 (2);

23 dC2value=dC2 (1)*P2+dC2 (2);

24

25 if P1<P1lim (1) | P1 >P1lim (2) // Checking
f o r l i m i t s o f P1

26 if P1<P1lim (1)

27 P1=P1lim (1)

28 else

29 P1=P1lim (2)

30 end

31 P2=PT-P1;

32 dC1value=dC2 (1)*P2+dC2 (2);

33 elseif P2<P2lim (1) | P2 >P2lim (2) // Checking
f o r l i m i t s o f P2

34 if P2<P2lim (1)

35 P2=P2lim (1)

36 else

37 P2=P2lim (2)

38 end

39 P1=PT-P2;

40 dC1value=dC1 (1)*P1+dC1 (2);

41 end

42

43 CT=C1(1)*P1^2+C1(2)*P1+C1(3)+C2(1)*P2^2+C2(2)*P2

+C2(3); // Tota l c o s t i n $/ hr
44 result =[ result;PT P1 P2 dC1value CT]

45 end

46 disp(result , ’ PT(MW) P1 (MW) P2 (MW) dC/dP( $
/MWhr) CT( $/ hr ) ’ );
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Figure 12.8: Economic dispatch solution including generator limits and line
losses

Scilab code Exa 12.9 Economic dispatch solution including generator limits and line losses

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 12 ; Example 1 2 . 9
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8

9 B11 =1.5e-4; B12=2e-5; B22=3e-5; //
Loss c o e f f i c i e n t s

10 lamda =16; // Area
i n c r e m e n t a l c o s t i n $/MWhr

11

12 e1 =[20.8e-3 32e-5 6]; // C o e f f i c i e n t s o f
i n c r e m e n t a l o p e r a t i n g c o s t e q u a t i o n 1

13 e2=[32e-5 18.96e-3 8]; // C o e f f i c i e n t s o f
i n c r e m e n t a l o p e r a t i n g c o s t e q u a t i o n 2

14

15 P1=(e2(2)*e1(3)-e1(2)*e2(3))/(e2(2)*e1(1)-e1(2)*e2

(1)); // S o l u t i o n o f P1 from i n c r e m e n t a l c o s t
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e q u a t i o n s
16 P2=(e2(1)*e1(3)-e1(1)*e2(3))/(e1(2)*e2(1)-e2(2)*e1

(1)); // S o l u t i o n o f P2 from i n c r e m e n t a l c o s t
e q u a t i o n s

17

18 Pl=B11*P1^2+B12*P1*P2+B22*P2^2; // Tota l
l o s s e s

19

20 Pt=P1+P2-Pl; // Tota l
demand

21

22 CT=10*P1+8e-3*P1 ^2+8*P2+9e-3*P2^2; // Cost
e q u a t i o n taken from example 1 2 . 6

23

24 printf( ’ The output o f each u n i t a r e g i v e n by P1=%d
MW and P2=%d MW\n ’ ,P1 ,P2)

25 printf( ’ The t o t a l t r a n s m i s s i o n l o s s i s %. 2 f MW\n ’ ,Pl
)

26 printf( ’ The t o t a l demand i s %. 2 f MW\n ’ ,Pt)
27 printf( ’ The t o t a l o p e r a t i o n c o s t i s %. 2 f $/ hr ’ ,CT)
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Chapter 14

POWER DISTRIBUTION

Scilab code Exa 14.1 Distribution Substation Transformer Rated Current and Short Circuit Current

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 14 ; Example 1 4 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6

7 clc;

8 clear;

9 Vdelpri =230; //The

Figure 14.1: Distribution Substation Transformer Rated Current and Short
Circuit Current
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r a t e d RMS l i n e v o l t a g e o f the pr imary wind ing i n
kV

10 Vwyesec =34.5; //The
r a t e d RMS l i n e v o l t a g e o f the s e condary wind ing
i n kV

11 MVAoa =75; //The
MVA OA r a t i n g o f the t r a n s f o r m e r

12 MVAfa =100; //The
MVA FA r a t i n g o f the t r a n s f o r m e r

13 MVAfoa =133; //The
MVA FOA r a t i n g o f the t r a n s f o r m e r

14 Zpu =0.07; //The
p e r c e n t a g e impedance o f the t r a n s f o r m e r i n terms
o f MVA OA r a t i n g s

15 MVAbase =100; //The
MVA base i n MVA

16 kVbase =34.5; //The KV
base i n kV

17 Ioa=(MVAoa /3)/( Vwyesec/sqrt (3)); //The OA
t r a n s f o r m e r c u r r e n t i n the low v o l t a g e s i d e i n

kA
18 Ifa=(MVAfa /3)/( Vwyesec/sqrt (3)); //The FA

t r a n s f o r m e r c u r r e n t i n the low v o l t a g e s i d e i n
kA

19 Ifoa=( MVAfoa /3)/( Vwyesec/sqrt (3)); //The
FOA t r a n s f o r m e r c u r r e n t i n the low v o l t a g e s i d e
i n kA

20 Zbasepu=Zpu*MVAbase/MVAoa; //The
per u n i t impedance o f the system i n ohm pu

21 Isc3ph =(1/ Zpu)*Ioa; //The
t r a n s f o r m e r c u r r e n t dur ing t h r e e phase b o l t e d
f a u l t i n kA

22 printf( ’ \nThe OA t r a n s f o r m e r c u r r e n t i n the low
v o l t a g e s i d e i s %f kA ’ ,Ioa);

23 printf( ’ \nThe FA t r a n s f o r m e r c u r r e n t i n the low
v o l t a g e s i d e i s %f kA\n ’ ,Ifa);

24 printf( ’ The FOA t r a n s f o r m e r c u r r e n t i n the low
v o l t a g e s i d e i s %f kA\n ’ ,Ifoa);
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Figure 14.2: Distribution Substation Normal Emergency and Allowable Rat-
ings

25 printf( ’ The per u n i t impedance o f the system i s %f
pu\n ’ ,Zbasepu);

26 printf( ’ The t r a n s f o r m e r c u r r e n t dur ing t h r e e phase
b o l t e d f a u l t i s %f kA ’ ,Isc3ph);

27

28 //The answer i n the book i s not c o r r e c t . Eg . 7 5 / ( s q r t
( 3 ) ∗ 3 4 . 5 )−−−Actua l r e s u l t i s 1 . 2 5 5 , but i t i s
g i v e n as 7 . 3 7 2 i n the book .

Scilab code Exa 14.2 Distribution Substation Normal Emergency and Allowable Ratings

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 14 ; Example 1 4 . 2
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6

7 clc;

8 clear;

9 MVAtr1 =40;

//MVA FOA r a t i n g o f t r a n s f o r m e r 1
10 MVAtr2 =40;

//MVA FOA r a t i n g o f t r a n s f o r m e r 2
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11 normal =1.28;

//
Facto r f o r normal summer o p e r a t i o n

12 emergency2hr =1.70;

// Facto r
f o r two hour emergency o p e r a t i o n

13 emergency30day =1.55;

// Facto r
f o r t h i r t y days emergency o p e r a t i o n

14 unequalloadingfactor =0.95;

// Facto r to
account f o r unequa l t r a n s f o r m e r l o a d i n g

15 MVAstation=normal *( MVAtr1+MVAtr2)*

unequalloadingfactor; //MVA r a t i n g o f t h r
s t a t i o n

16 MVAstationemergency2hr=emergency2hr*MVAtr1;

//MVA r a t i n g o f a s i n g l e
t r a n s f o r m e r f o r two hour emergency

17 MVAstationemergency30day=emergency30day*MVAtr1;

//MVA r a t i n g o f a s i n g l e t r a n s f o r m e r
f o r t h i r t y days emergency

18 printf( ’ \nThe summer normal r a t i n g o f the s t a t i o n i s
%f MVA’ ,MVAstation);

19 printf( ’ \nThe emergency r a t i n g o f the s i n g l e
t r a n s f o r m e r f o r two hours i s %f MVA’ ,
MVAstationemergency2hr);

20 printf( ’ \nThe emergency r a t i n g o f the s i n g l e
t r a n s f o r m e r f o r t h i r t y days i s %f MVA’ ,
MVAstationemergency30day)

Scilab code Exa 14.3 Shunt Capacitor Bank at End of Primary Feeder

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
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Figure 14.3: Shunt Capacitor Bank at End of Primary Feeder

2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,
and Thomas J . Overbye

3 // Chapter − 14 ; Example 1 4 . 3
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6

7 clc;

8 clear;

9 kV =13.8; //
The s e n d i n g end l i n e v o l t a g e i n kVo l t s

10 Vsln =1.05* kV/sqrt (3); //
The s e n d i n g end v o l t a g e with 5% above r a t e d i n
kVo l t s

11 Rload =20; //
The Wye connec t ed l oad r e s i s t a n c e i n Ohm

12 Xload =40*%i; //
The Wye connec t ed l oad i n d u c t i v e r e a c t a n c e i n Ohm

13 Xc=-40*%i; //
The Wye connec t ed c a p a c i t i v e r e a c t a n c e i n Ohm

14 Rline =3; //
The l i n e r e s i s t a n c e i n Ohm

15 Xline =6*%i; //
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The l i n e i n d u c t i v e r e a c t a n c e i n Ohm
16 Ztot1=Rline+Xline+(Rload*Xload/(Rload+Xload)); //

The t o t a l impedance s e en by s o u r c e wi thout
c a p a c i t a n c e i n Ohm

17 Iline1=Vsln/Ztot1; //
The l i n e c u r r e n t wi thout shunt c a p a c i t o r i n kA

18 Vdrop1 =( Rline+Xline)*Iline1; //
The v o l t a g e drop a c r o s s the l i n e wi thout shunt
c a p a c i t o r i n KVolts

19 Vload1=Vsln -Vdrop1; //
The v o l t a g e drop a c r o s s the l oad wi thout shunt
c a p a c i t o r i n KVolts

20 Pload1 =3*abs(Vload1)^2/ Rload; //
The r e a l power d e l i v e r e d to the l oad wi thout
shunt c a p a c i t o r i n MW

21 Qload1 =3*abs(Vload1)^2/ abs(Xload); //
The r e a c t i v e power d e l i v e r e d to the l oad wi thout
shunt c a p a c i t o r i n MVAR

22 pf1=cos((atan(Qload1/Pload1))); //
The power f a c t o r o f the l oad wi thout shunt
c a p a c i t o r

23 Pline1 =3*abs(Iline1)^2* Rline; //
The r e a l power l o s s i n the l i n e wi thout shunt
c a p a c i t o r i n MW

24 Qline1 =3*abs(Iline1)^2* abs(Xline); //
The r e a c t i v e power l o s s i n the l i n e wi thout shunt

c a p a c i t o r i n MVAR
25 Psource1=Pload1+Pline1; //

The r e a l power d e l i v e r e d by the s o u r c e wi thout
shunt c a p a c i t o r i n MW

26 Qsource1=Qload1+Qline1; //
The r e a c t i v e power d e l i v e r e d by the s o u r c e
wi thout shunt c a p a c i t o r i n MVAR

27 Ssource1=sqrt(Psource1 ^2+ Qsource1 ^2); //
The apparent power d e l i v e r e d by the s o u r c e
wi thout shunt c a p a c i t o r i n MVA

28 Ztot2=Rline+Xline +(1/(1/ Rload +1/ Xload +1/Xc)); //
The t o t a l impedance s e en by s o u r c e with
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c a p a c i t a n c e i n Ohm
29 Iline2=Vsln/Ztot2; //

The l i n e c u r r e n t with shunt c a p a c i t o r i n kA
30 Vdrop2 =( Rline+Xline)*Iline2; //

The v o l t a g e drop a c r o s s the l i n e with shunt
c a p a c i t o r i n KVolts

31 Vload2=Vsln -Vdrop2; //
The v o l t a g e drop a c r o s s the l oad with shunt
c a p a c i t o r i n KVolts

32 Pload2 =3*abs(Vload2)^2/ Rload; //
The r e a l power d e l i v e r e d to the l oad with shunt
c a p a c i t o r i n MW

33 Qload2 =3*abs(Vload2)^2/ abs(Xload); //
The r e a c t i v e power d e l i v e r e d to the l oad with
shunt c a p a c i t o r i n MVAR

34 pf2=cos((atan(Qload2/Pload2))); //
The power f a c t o r o f the l oad with shunt c a p a c i t o r

35 Pline2 =3*abs(Iline2)^2* Rline; //
The r e a l power l o s s i n the l i n e with shunt
c a p a c i t o r i n MW

36 Qline2 =3*abs(Iline2)^2* abs(Xline); //
The r e a c t i v e power l o s s i n the l i n e with shunt
c a p a c i t o r i n MVAR

37 Qc=3*abs(Vload2)^2/ abs(Xc); //
The r e a c t i v e power d e l i v e r e d by the shunt
c a p a c i t o r inb MVAR

38 Psource2=Pload2+Pline2; //
The r e a l power d e l i v e r e d by the s o u r c e with shunt

c a p a c i t o r i n MW
39 Qsource2=Qload2+Qline2 -Qc; //

The r e a c t i v e power d e l i v e r e d by the s o u r c e with
shunt c a p a c i t o r i n MVAR

40 Ssource2=sqrt(Psource2 ^2+ Qsource2 ^2); //
The apparent power d e l i v e r e d by the s o u r c e with
shunt c a p a c i t o r i n MVA

41 printf( ’ a . Without C a pa c i t o r ’ );
42 printf( ’ \nThe magnitude o f l i n e c u r r e n t i s %f kA and

%f d e g r e e ’ ,abs(Iline1),atand(imag(Iline1)/real(
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Iline1)));

43 printf( ’ \nThe magnitude o f v o l t a g e drop i n the l i n e
i s %f kV and %f d e g r e e ’ ,abs(Vdrop1),atand(imag(
Vdrop1)/real(Vdrop1)));

44 printf( ’ \nThe magnitude o f v o l t a g e drop i n the l oad
i s %f kV and %f d e g r e e ’ ,abs(Vload1),atand(imag(
Vload1)/real(Vload1)));

45 printf( ’ \nThe r e a l and r e a c t i v e power d e l i v e r e d to
the t h r e e phase l oad i s %f MW and %f MVAR’ ,Pload1
,Qload1);

46 printf( ’ \nThe l oad power f a c t o r i s %f l a g g i n g ’ ,pf1);
47 printf( ’ \nThe r e a l and r e a c t i v e power l o s s e s i n the

l i n e i s %f MW and %f MVAR’ ,Pline1 ,Qline1);
48 printf( ’ \nThe r e a l power , r e a c t i v e power and

Apparent power d e l i v e r e d by the s o u r c e i s %f MW ,
%f MVAR and %f MVA’ ,Psource1 ,Qsource1 ,Ssource1);

49 printf( ’ \n\n\nb . With C ap a c i t o r ’ );
50 printf( ’ \nThe magnitude o f l i n e c u r r e n t i s %f kA and

%f d e g r e e ’ ,abs(Iline2),atand(imag(Iline2)/real(
Iline2)));

51 printf( ’ \nThe magnitude o f v o l t a g e drop i n the l i n e
i s %f kV and %f d e g r e e ’ ,abs(Vdrop2),atand(imag(
Vdrop2)/real(Vdrop2)));

52 printf( ’ \nThe magnitude o f v o l t a g e drop i n the l oad
i s %f kV and %f d e g r e e ’ ,abs(Vload2),atand(imag(
Vload2)/real(Vload2)));

53 printf( ’ \nThe r e a l and r e a c t i v e power d e l i v e r e d to
the t h r e e phase l oad i s %f MW and %f MVAR’ ,Pload2
,Qload2);

54 printf( ’ \nThe l oad power f a c t o r i s %f l a g g i n g ’ ,pf2);
55 printf( ’ \nThe r e a l and r e a c t i v e power l o s s e s i n the

l i n e i s %f MW and %f MVAR’ ,Pline2 ,Qline2);
56 printf( ’ \nThe r e a c t i v e power d e l i v e r e d by the shunt

c a p a c i t o r bank i s %f MVAR’ ,Qc);
57 printf( ’ \nThe r e a l power , r e a c t i v e power and

Apparent power d e l i v e r e d by the s o u r c e i s %f MW ,
%f MVAR and %f MVA’ ,Psource2 ,Qsource2 ,Ssource2);

58 //
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Figure 14.4: Distribution Reliability Indices

Scilab code Exa 14.4 Distribution Reliability Indices

1 // Book − Power System : A n a l y s i s & Des ign 5 th E d i t i o n
2 // Authors − J . Duncan Glover , Mulukut la S . Sarma ,

and Thomas J . Overbye
3 // Chapter − 14 ; Example 1 4 . 1
4 // S c i l a b Ve r s i on − 6 . 0 . 0 ; OS − Windows
5

6 clc;

7 clear;

8 time_interruptions =[8.17 200;71.3 600; 30.3 25;

267.2 90; 120 700; 10 1500; 40 100];

//Number o f cus tumers i n t e r r u p t e d f o r a t ime
d u r a t i o n i n minutes

9 total_customers =2000; // Tota l number
o f cu s tomer s

10 SAIFI=( time_interruptions (1,2)+time_interruptions

(2,2)+time_interruptions (3,2)+time_interruptions

(4,2)+time_interruptions (5,2)+time_interruptions

(6,2)+time_interruptions (7,2))/total_customers;

// System
ave rage i n t e r r u p t i o n f r e q u e n c y index

11 SAIDI=( time_interruptions (1,2)*time_interruptions

(1,1)+time_interruptions (2,2)*time_interruptions

(2,1)+time_interruptions (3,2)*time_interruptions

(3,1)+time_interruptions (4,2)*time_interruptions

(4,1)+time_interruptions (5,2)*time_interruptions

(5,1)+time_interruptions (6,2)*time_interruptions
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(6,1)+time_interruptions (7,2)*time_interruptions

(7,1))/total_customers;

// System ave rage i n t e r r u p t i o n d u r a t i o n index
12 CAIDI=SAIDI/SAIFI; // Customer

ave rage i n t e r r u p t i o n d u r a t i o n index
13 ASAI =(365*24* total_customers -( time_interruptions

(1,2)*time_interruptions (1,1)+time_interruptions

(2,2)*time_interruptions (2,1)+time_interruptions

(3,2)*time_interruptions (3,1)+time_interruptions

(4,2)*time_interruptions (4,1)+time_interruptions

(5,2)*time_interruptions (5,1)+time_interruptions

(6,2)*time_interruptions (6,1)+time_interruptions

(7,2)*time_interruptions (7,1))/60) *100/(365*24*

total_customers); // Average
s e r v i c e a v a i l a b i l i t y index

14 printf( ’ \nSAIFI = %f i n t e r r u p t i o n s / yea r ’ ,SAIFI);
15 printf( ’ \nSAIDI = %f minutes / yea r ’ ,SAIDI);
16 printf( ’ \nCAIDI = %f minutes / yea r ’ ,CAIDI);
17 printf( ’ \nASAI = %f p e r c e n t a g e ’ ,ASAI);
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