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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 2

Conduction and Breakdown in
Gases

Scilab code Exa 2.1 calculation of breakdown strength of air

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 2 . 1
5 // c a l c u l a t i o n o f breakdown s t r e n g t h o f a i r
6

7 // g i v e n data
8 d1=0.1 // l e n g t h ( i n cm) o f the gap
9 d2=20 // l e n g t h ( i n cm) o f the gap
10

11 // c a l c u l a t i o n
12 // from e q u a t i o n o f breakdown s t r e n g t h
13 E1 =24.22+(6.08/( d1 ^(1/2)))// f o r gap d1
14 E2 =24.22+(6.08/( d2 ^(1/2)))// f o r gap d2
15

16 printf( ’ the breakdown s t r e n g t h o f a i r f o r 0 . 1mm a i r
gap i s %3 . 2 f kV/cm . ’ ,E1)

17 printf( ’ \ nthe breakdown s t r e n g t h o f a i r f o r 20 cm
a i r gap i s %3 . 2 f kV/cm . ’ ,E2)
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Scilab code Exa 2.2 calculation of Townsend primary ionization coefficient

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 2 . 2
5 // c a l c u l a t i o n o f Townsend pr imary i o n i z a t i o n

c o e f f i c i e n t
6

7 // g i v e n data
8 d1=0.4 // gap d i s t a n c e ( i n cm)
9 d2=0.1 // gap d i s t a n c e ( i n cm)
10 I1=5.5*10^ -8 // v a l u e o f c u r r e n t ( i n A)
11 I2=5.5*10^ -9 // v a l u e o f c u r r e n t ( i n A)
12

13 // c a l c u l a t i o n
14 // from e q u a t i o n o f c u r r e n t at anode I=I0 ∗ exp ( a lpha ∗d

)
15 alpha=(log(I1/I2))*(1/(d1-d2))

16

17 printf( ’ Townsend pr imary i o n i z t i o n c o e f f i c i e n t i s %3
. 3 f /cm t o r r ’ ,alpha)

Scilab code Exa 2.3 calculation of Townsend secondary ionization coefficient

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 2 . 3
5 // c a l c u l a t i o n o f Townsend s e condary i o n i z a t i o n

c o e f f i c i e n t
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6

7 // g i v e n data
8 d=0.9 // gap d i s t a n c e ( i n cm)
9 alpha =7.676 // v a l u e o f a lpha
10

11 // c a l c u l a t i o n
12 // from c o n d i t i o n o f breakdown . . . . . gama∗ exp ( a lpha ∗d )

=1
13 gama =1/( exp(d*alpha))

14

15 printf( ’ the v a l u e o f Townsend s e condary i o n i z t i o n
c o e f f i c i e n t i s %3 . 3 e ’ ,gama)

Scilab code Exa 2.4 calculation of breakdown voltage of a spark gap

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 2 . 4
5 // c a l c u l a t i o n o f breakdown v o l t a g e o f a spark gap
6

7 // g i v e n data
8 A=15 // v a l u e o f A( i n per cm)
9 B=360 // v a l u e o f B( i n per cm)

10 d=0.1 // spark gap ( i n cm)
11 gama =1.5*10^ -4 // v a l u e o f gama
12 p=760 // v a l u e o f p r e s s u r e o f gas ( i n t o r r )
13

14 // c a l c u l a t i o n
15 // from e q u a t i o n o f breakdown v o l t a g e
16 V=(B*p*d)/(log((A*p*d)/(log (1+(1/ gama)))))

17

18 printf( ’ the v a l u e o f breakdown v o l t a g e o f the spark
gap i s %d V ’ ,V)

19 // c o r r e c t answer i s 5625 V
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Scilab code Exa 2.5 calculation of minimum spark over voltage

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 2 . 5
5 // c a l c u l a t i o n o f minimum spark ove r v o l t a g e
6

7 // g i v e n data
8 A=15 // v a l u e o f A( i n per cm)
9 B=360 // v a l u e o f B( i n per cm)

10 gama =10^-4 // v a l u e o f gama
11 e=2.178 // v a l u e o f c o n s t a n t
12

13 // c a l c u l a t i o n
14 Vbmin=(B*e/A)*(log (1+(1/ gama)))

15

16 printf( ’ the v a l u e o f minimum spark ove r v o l t a g e i s
%d V. ’ ,Vbmin)

17 // c o r r e c t answer i s 481 V
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Chapter 3

Conduction and Breakdown in
Liquid Dielectrics

Scilab code Exa 3.1 determination of power law dependence between the gap spacing and the applied voltage of the oil

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 3 . 1
5 // d e t e r m i n a t i o n o f power law dependence between the

gap s p a c i n g and the a p p l i e d v o l t a g e o f the o i l
6

7 // g i v e n data
8 d1=4 // gap s p a c i n g ( i n mm)
9 d2=6 // gap s p a c i n g ( i n mm)

10 d3=10 // gap s p a c i n g ( i n mm)
11 d4=12 // gap s p a c i n g ( i n mm)
12 V1=90 // v o l t a g e ( i n kV) at breakdown
13 V2=140 // v o l t a g e ( i n kV) at breakdown
14 V3=210 // v o l t a g e ( i n kV) at breakdown
15 V4=255 // v o l t a g e ( i n kV) at breakdown
16

17 // c a l c u l a t i o n
18 // from the r e l a t i o n s h i p between breakdown v o l t a g e
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and the gap s p a c i n g . . . . . V = K∗dˆn
19 //we g e t n = ( l o g (V)− l o g (K) ) / l o g ( d ) = s l o p e o f l i n e

from g i v e n data
20 n=(log(V4)-log(V1))/(log(d4)-log(d1))

21 K=exp(log(V1)-n*log(d1))//Y i n t e r c e p t on the power
law dependence graph

22 // p l o t t i n g o f graph
23 dn =[1:20]

24 Vn=K*dn^n

25 plot(dn,Vn)

26 xlabel(”Gas s p a c i n g (mm) ”)
27 ylabel(” Breakdown v o l t a g e (kV) ”)
28

29 printf( ’ The power law dependence between the gap
s p a c i n g and the a p p l i e d v o l t a g e o f the o i l i s %3
. 2 f ∗dˆ%3 . 3 f ’ ,K,n)
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Chapter 4

Breakdown in Solid Dielectrics

Scilab code Exa 4.1 calculation of heat generated in specimen due to dielectric loss

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 4 . 1
5 // c a l c u l a t i o n o f heat g e n e r a t e d i n spec imen due to

d i e l e c t r i c l o s s
6

7 // g i v e n data
8 epsilonr =4.2 // v a l u e o f the d i e l e c t r i c c o n s t a n t
9 tandelta =0.001 // v a l u e o f t a n d e l t a
10 f=50 // v a l u e o f f r e q u e n c y ( i n Hz )
11 E=50*10^3 // v a l u e o f e l e c t r i c f i e l d ( i n V/cm)
12

13 // c a l c u l a t i o n
14 // from e q u a t i o n o f d i e l e c t r i c heat l o s s . . . . . . H=(E∗E∗

f ∗ e p s i l o n r ∗ t a n d e l t a ) / ( 1 . 8 ∗ 1 0 ˆ 1 2 )
15 H=(E*E*f*epsilonr*tandelta)/(1.8*10^12)

16

17 printf( ’ The heat g e n e r a t e d i n spec imen due to
d i e l e c t r i c l o s s i s %3 . 3 f mW/cm ˆ 3 . ’ ,H*10^3)
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Scilab code Exa 4.2 calculation of voltage at which an internal discharge can occur

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 4 . 2
5 // c a l c u l a t i o n o f v o l t a g e at which an i n t e r n a l

d i s c h a r g e can occu r
6

7 // g i v e n data
8 d1=1 // t h i c k n e s s ( i n mm) o f the i n t e r n a l vo id
9 dt=10 // t h i c k n e s s ( i n mm) o f the spec imen
10 epsilon0 =8.89*10^ -12 // e l e c t r i c a l p e r m i t t i v i t y ( i n F/m

) o f f r e e space
11 epsilonr =4 // r e l a t i v e p e r m i t t i v i t y o f the d i e l e c t r i c
12 Vb=3 // breakdown s t r e n g t h ( i n kV/mm) o f a i r
13

14 // c a l c u l a t i o n
15 d2=dt-d1

16 epsilon1=epsilon0*epsilonr // e l e c t r i c a l p e r m i t t i v i t y (
i n F/m) o f the d i e l e c t r i c

17 V1=Vb*d1 // v o l t a g e at which a i r vo id o f d1 t h i c k n e s s
b r eak s

18 V=(V1*(d1+( epsilon0*d2/epsilon1))/d1)

19

20 printf( ’ the v o l t a g e at which an i n t e r n a l d i s c h a r g e
can occu r i s %3 . 2 f kV . ’ ,V)

21 // c o r r e c t i o n : we have to f i n d a p p l i e d v o l t a g e V

Scilab code Exa 4.3 calculation of the dimensions of electrodes in coaxial cylindrical capacitor

1 // deve l oped i n windows XP o p e r a t i n g system
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2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 4 . 3
5 // c a l c u l a t i o n o f the d imens i on s o f e l e c t r o d e s i n

c o a x i a l c y l i n d r i c a l c a p a c i t o r
6

7 // g i v e n data
8 epsilon0 =(36* %pi *10^9)^-1 // e l e c t r i c a l p e r m i t t i v i t y (

i n F/m) o f f r e e space
9 // c o n s i d e r h igh d e n s i t y p o l y e t h y l e n e as the

d i e l e c t r i c m a t e r i a l
10 epsilonr =2.3 // r e l a t i v e p e r m i t t i v i t y o f h igh d e n s i t y

p o l y e t h y l e n e
11 l=0.2 // e f f e c t i v e l e n g t h ( i n m)
12 C=1000*10^ -12 // c a p a c i t a n c e ( i n F) o f the c a p a c i t o r
13 V=15 // o p e r a t i n g v o l t a g e ( i n kV)
14 Emax =50 //maximum s t r e s s ( i n kV/cm) f o r breakdown

s t r e s s 200 kV/cm and f a c t o r o f s a f e t y o f 4
15

16 // c a l c u l a t i o n
17 // from e q u a t i o n o f c a p a c i t a n c e o f c o a x i a l

c y l i n d r i c a l c a p a c i t o r
18 //C=(2∗%pi∗ e p s i l o n 0 ∗ e p s i l o n r ∗ l ) / ( l od ( d2/d1 ) )

. . . . . . . . . . . . . ( 1 )
19 // from e q u a t i o n o f Emax o c c u r i n g near e l e c t r o d e s
20 //Emax=V/( r1 ∗ ( l o g ( r2 / r1 ) ) )

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 2 )
21 // from e q u a t i o n ( 1 ) and e q u a t i o n ( 2 ) , we g e t
22 logr2byr1 =(2* %pi*epsilon0*epsilonr*l)/C// l ogd2 /d1 =

l o g r 2 / r1
23 r1=V/(Emax*logr2byr1)// from e q u a t i o n ( 1 )
24 r2=r1*exp(logr2byr1)

25

26 printf( ’ the v a l u e o f i n n e r d i amete r o f e l e c t r o d e s i n
c o a x i a l c y l i n d r i c a l c a p a c i t o r i s %3 . 2 f cm ’ ,r1)

27 printf( ’ \ nthe v a l u e o f o u t e r d i amete r o f e l e c t r o d e s
i n c o a x i a l c y l i n d r i c a l c a p a c i t o r i s %3 . 2 f cm ’ ,r2)

28 printf( ’ \ nthe t h i c k n e s s o f the i n s u l a t i o n i s %3 . 2 f

15



cm ’ ,(r2-r1))
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Chapter 6

Generation of High Voltages
and Currents

Scilab code Exa 6.1 calculation of percentage ripple the regulation and the optimum number of stages for minimum regulation in Cockcroft Walton type voltage multiplier

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 6 . 1
5 // c a l c u l a t i o n o f p e r c e n t a g e r i p p l e , the r e g u l a t i o n

and the optimum number o f s t a g e s f o r minimum
r e g u l a t i o n i n Cockc ro f t−Walton type v o l t a g e
m u l t i p l i e r

6

7 // g i v e n data
8 C=0.05*10^ -6 // v a l u e o f c a p a c i t a n c e ( i n F)
9 Vmax =125*10^3 // v a l u e o f supp ly t r a n s f o r m e r s e condary

v o l t a g e ( i n V)
10 f=150 // f r e q u e n c y ( i n Hz )
11 I=5*10^ -3 // l oad c u r r e n t ( i n A)
12 nst=8 // number o f s t a g e s
13

14 // c a l c u l a t i o n
15 n=nst*2 // number o f c a p a c i t o r s

17



16 // from e q u a t i o n o f r i p p l e v o l t a g e
17 deltaV =(I/(f*C))*(n*(n+1) /2)

18 perripple =( deltaV *100) /(16* Vmax)

19 deltaVn =(I/(f*C))*(((2* nst ^3)/3)+(nst*nst/2) -(nst/6)

)// v o l t a g e drop . . . h e r e n = ns t = number o f s t a g e s
20 reg=deltaVn /(2* nst*Vmax)// r e g u l a t i o n
21 nopt=round(sqrt(Vmax*f*C/I))// optimum number o f

s t a g e s
22

23 printf( ’ the v a l u e o f p e r c e n t a g e r i p p l e i s %3 . 2 f
p e r c e n t a g e . ’ ,perripple)

24 printf( ’ \ nthe v a l u e o f the r e g u l a t i o n i s %3 . 1 f
p e r c e n t a g e . ’ ,reg *100)

25 printf( ’ \ nthe optimum number o f s t a g e s f o r minimum
r e g u l a t i o n i s %d . ’ ,nopt)

Scilab code Exa 6.2 calculation of series inductance and input voltage to transformer

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 6 . 2
5 // c a l c u l a t i o n o f s e r i e s i n d u c t a n c e and input v o l t a g e

to t r a n s f o r m e r
6

7 // g i v e n data
8 kva =100*10^3 // v a l u e o f vo l t−ampere o f t r a n s f o r m e r ( i n

VA)
9 V=250*10^3 // v a l u e o f t r a n s f o r m e r s e conda ry v o l t a g e (

i n V)
10 Vi=400 // v a l u e o f t r a n s f o r m e r pr imary v o l t a g e ( i n V)
11 Vc =500*10^3 // v o l t a g e ( i n V)
12 Ic=0.4 // c h a r g i n g c u r r e n t ( i n A)
13 perX=8 // p e r c e n t a g e l e a k a g e r e a c t a n c e
14 f=50 // v a l u e o f f r e q u e n c y ( i n Hz )
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15 perR1=2 // p e r c e n t a g e r e s i s t a n c e
16 perR2=2 // p e r c e n t a g e r e s i s t a n c e o f i n d u c t o r
17

18

19 // c a l c u l a t i o n
20 I=kva/V//maximum v a l u e o f c u r r e n t tha t can be

s u p p l i e d
21 Xc=Vc/Ic // r e a c t a n c e o f c a b l e
22 Xl=(perX*V)/(100*I)// l e a k a g e r e a c t a n c e
23 adrec=Xc-Xl // a d d i t i o n a l r e a c t a n c e
24 Xadrec=adrec /(2* %pi*f)

25 perR=perR1+perR2 // t o t a l r e s i s t a n c e
26 R=(perR*V)/(100*I)

27 VE2=I*R// e x c i t a t i o n at s e conda ry
28 VE1=VE2*Vi/V// pr imary v o l t a g e
29 IkW=(VE1/Vi)*100 // input kW
30

31 printf( ’ The v a l u e o f s e r i e s i n d u c t a n c e i s %d H. ’ ,
round(Xadrec))

32 printf( ’ \nThe v a l u e o f i nput v o l t a g e to the
t r a n s f o r m e r i s %d V. ’ ,VE1)

Scilab code Exa 6.3 calculation of series resistance damping resistance and maximum output voltage of the generator

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 6 . 3
5 // c a l c u l a t i o n o f s e r i e s r e s i s t a n c e , damping

r e s i s t a n c e and maximum output v o l t a g e o f the
g e n e r a t o r

6

7 // g i v e n data
8 n=8 // number o f s t a g e s
9 C=0.16*10^ -6 // v a l u e o f c o nde n s e r ( i n f a r a d )
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10 Cl =1000*10^ -12 // v a l u e o f l o ad c a p a c i t o r ( i n f a r a d )
11 t1=1.2*10^ -6 // t ime to f r o n t ( i n second )
12 t2=50*10^ -6 // t ime to t a i l ( i n second )
13 Vc =120*10^3 // c h a r g i n g v o l t a g e ( i n V)
14

15 // c a l c u l a t i o n
16 C1=C/n// g e n e r a t o r c a p a c i t a n c e
17 C2=Cl // l oad c a p a c i t a n c e
18 R1=(t1*(C1+C2))/(3*C1*C2)

19 R2=(t2 /(0.7*( C1+C2)))-R1

20 V=n*Vc // dc c h a r g i n g v o l t a g e f o r n s t a g e s
21 alpha =1/(R1*C2)

22 betaa =1/(R2*C1)

23 Vmax=(V*(exp(-alpha*t1)-exp(-betaa*t1)))/(R1*C2*(

alpha -betaa))

24

25 printf( ’ The v a l u e o f s e r i e s r e s i s t a n c e i s %d ohm ’ ,
round(R1))

26 printf( ’ \nThe v a l u e o f damping r e s i s t a n c e i s %d ohm ’
,round(R2))

27 printf( ’ \nThe v a l u e o f maximum output v o l t a g e o f the
g e n e r a t o r i s %3 . 2 f kV ’ ,-Vmax *10^ -3)

28

29 //Vmax v a l u e from the e q u a t i o n i s 8 9 2 . 0 2 kV

Scilab code Exa 6.4 calculation of circuit inductance and dynamic resistance

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 6 . 4
5 // c a l c u l a t i o n o f c i r c u i t i n d u c t a n c e and dynamic

r e s i s t a n c e
6

7 // g i v e n data

20



8 alpha =0.0535*10^6 // from t a b l e
9 LC=65 // v a l u e o f product
10 C=8 // v a l u e o f c a p a c i t o r ( i n m i c r o f a r a d )
11 Ip=10 // output peak c u r r e n t ( i n kA)
12 t1=8 // t ime to f r o n t ( i n mic ro s e cond )
13

14 // c a l c u l a t i o n
15 L=LC/C// i n d u c t a n c e ( i n mic rohenry )
16 Rd=2*(LC*10^ -6)*alpha/t1 // dynamic r e s i s t a n c e
17 V=Ip*14/C// c h a r g i n g v o l t a g e
18

19 printf( ’ The v a l u e o f c i r c u i t i n d u c t a n c e i s %3 . 3 f
mic rohenry ’ ,L)

20 printf( ’ \nThe v a l u e o f dynamic r e s i s t a n c e i s %3 . 4 f
ohm ’ ,Rd)

21 printf( ’ \nThe v a l u e o f c h a r g i n g v o l t a g e i s %3 . 1 f kV ’
,V)

22 // the c o r r e c t v a l u e o f c h a r g i n g v o l t a g e i s 1 7 . 5 kV

Scilab code Exa 6.5 calculation circuit inductance and dynamic resistance

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 6 . 5
5 // c a l c u l a t i o n c i r c u i t i n d u c t a n c e and dynamic

r e s i s t a n c e
6

7 // g i v e n data
8 C=8*10^ -6 // v a l u e o f c a p a c i t o r ( i n f a r a d )
9 Ip=10 // output peak c u r r e n t ( i n kA)
10 t1=8*10^ -6 // t ime to f r o n t ( i n second )
11 t2=20*10^ -6 // t ime to f i r s t h a l f c y c l e ( i n second )
12 V=25*10^3 // c h a r g i n g v o l t a g e
13 im =10*10^3 // output c u r r e n n t ( i n A)
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14

15 // c a l c u l a t i o n
16 omega=%pi/t2

17 omegat1=omega*t1

18 alpha=omega *(1/ atan(omegat1))

19 LC=1/((t1^2)+( alpha ^2))

20 L=LC/C

21 R=2*L*alpha

22 V=omega*L*10* exp(-alpha*t1)

23

24 printf( ’ The v a l u e o f c i r c u i t i n d u c t a n c e i s %3 . 2 f
mic rohenry ’ ,L*10^6)

25 printf( ’ \nThe v a l u e o f dynamic r e s i s t a n c e i s %3 . 4 f
ohm ’ ,R)

26 printf( ’ \nThe v a l u e o f c h a r g i n g v o l t a g e i s %3 . 2 f kV ’
,V)

27

28 // c o r r e c t answers i s
29 //The v a l u e o f c h a r g i n g v o l t a g e i s 1 . 5 9 kV

Scilab code Exa 6.6 calculation of front and tail time

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear;

4 // example 6 . 6
5 // c a l c u l a t i o n o f f r o n t and t a i l t ime
6

7 // g i v e n data
8 n=12 // number o f s t a g e s
9 C=0.126*10^ -6 // c a p a c i t a n c e ( i n Farad )

10 R1=800 // wave f r on t r e s i s t a n c e ( i n ohm)
11 R2=5000 // x a v e t a i l r e s i s t a n c e ( i n ohm)
12 C2 =1000*10^ -12 // l oad c a p a c i t a n c e ( i n Farad )
13
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14

15 // c a l c u l a t i o n
16 C1=C/n

17 t1=3*R1*(C1*C2)/(C1+C2)

18 t2 =0.7*( R1+R2)*(C1+C2)

19

20 printf( ’ The t ime to f r o n t i s %3 . 2 f m ic ro s e cond ’ ,t1
*10^6)

21 printf( ’ \nThe t ime to t a i l i s %3 . 1 f m ic ro s e cond ’ ,t2
*10^6)

Scilab code Exa 6.7 calculation of peak value of output voltage and highest resonant frequency produced

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 6 . 7
5 // c a l c u l a t i o n o f peak v a l u e o f output v o l t a g e and

h i g h e s t r e s o n a n t f r e q u e n c y produced
6

7 // g i v e n data
8 V=10*10^3 // v o l t a g e ( i n V) at pr imary wind ing
9 L1=10*10^ -3 // i n d u c t a n c e ( i n H)

10 L2=200*10^ -3 // i n d u c t a n c e ( i n H)
11 K=0.6 // c o e f f i c i e n t o f c o u p l i n g
12 C1=2*10^ -6 // c a p a c i t a n c e ( i n Farad ) on pr imary s i d e
13 C2=1*10^ -9 // c a p a c i t a n c e ( i n Farad ) on s e condary s i d e
14

15 // c a l c u l a t i o n
16 M=K*sqrt(L1*L2)

17 omega1 =1/ sqrt(L1*C1)

18 sigma=sqrt(1-(K^2))

19 omega2 =1/ sqrt(L2*C2)

20 gama2=sqrt ((( omega1 ^2+ omega2 ^2)/2)+sqrt ((( omega1 ^2+

omega2 ^2)/2) -(sigma ^2* omega1 ^2* omega2 ^2)))
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21 gama1=sqrt ((( omega1 ^2+ omega2 ^2)/2)-sqrt ((( omega1 ^2+

omega2 ^2)/2) -(sigma ^2* omega1 ^2* omega2 ^2)))

22 fh=gama2 /(2* %pi)// h i g h e s t f r e q u e n c y
23 V2p=(V*M)/( sigma*L1*L2*C2*(gama2^2-gama1 ^2))

24

25 printf( ’ The v a l u e o f h i g h e s t r e s o n a n t f r e q u e n c y
produced i s %3 . 2 f kHz ’ ,fh*10^ -3)

26 printf( ’ \nThe peak v a l u e o f output v o l t a g e i s %3 . 2 f
kV ’ ,V2p *10^ -3)

27

28 // gama1 and gama2 a r e imag inary numbers . . . . Moreover
t h e i r magnitudes w i l l a l s o be same . . . . so peak
v a l u e o f output v o l t a g e from e q u a t i o n i s z e r o

Scilab code Exa 6.8 calculation of output voltage

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 6 . 8
5 // c a l c u l a t i o n o f output v o l t a g e
6

7 // g i v e n data
8 V1=10 // v o l t a g e ( i n kV) at pr imary wind ing
9 C1=2*10^ -6 // c a p a c i t a n c e ( i n Farad ) on pr imary s i d e
10 C2=1*10^ -9 // c a p a c i t a n c e ( i n Farad ) on s e condary s i d e
11 pern=5 // ene rgy e f f i c i e n c y ( i n p e r c e n t a g e )
12

13 // c a l c u l a t i o n
14 n=pern /100

15 V2=V1*sqrt(n*C1/C2)

16

17 printf( ’ The v a l u e o f output v o l t a g e i s %3 . 1 f kV ’ ,V2)
18 // c o r r e c t answer i s 100 kV
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Scilab code Exa 6.9 calculation of self capacitance and leakage reactance

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 6 . 9
5 // c a l c u l a t i o n o f s e l f c a p a c i t a n c e and l e a k a g e

r e a c t a n c e
6

7 // g i v e n data
8 Vi =350*10^3 // r a t i n g ( i n VA)
9 V=350*10^3 // s e condary v o l t a g e ( i n V)

10 V1 =6.6*10^3 // pr imary v o l t a g e ( i n V)
11 perV=8 // p e r c e n t a g e ra t edd v o l t a g e
12 perR=1 // p e r c e n t a g e r i s e
13 f=50 // f r e q u e n c y ( i n Hz )
14

15 // c a l c u l a t i o n
16 I=Vi/V

17 Xl=(perV*V)/(100*I)

18 I0=perR*V/(100* Xl)

19 Xc =((1+( perR /100))*V)/I0

20 C=1/(Xc*2* %pi*f)

21

22 printf( ’ The v a l u e o f s e l f c a p a c i t a n c e i s %3 . 3 f nF ’ ,C
*10^9)

23 printf( ’ \nThe v a l u e o f l e a k a g e r e a c t a n c e i s %d kohm ’
,Xl*10^ -3)

Scilab code Exa 6.10 calculation of resistance and inductance

1 // deve l oped i n windows XP o p e r a t i n g system
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2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 6 . 1 0
5 // c a l c u l a t i o n o f r e s i s t a n c e and i n d u c t a n c e
6

7 // g i v e n data
8 CR=70.6 // v a l u e from t a b l e
9 LC=11.6 // v a l u e from t a b l e
10 C=1 // c a p a c i t a n c e ( i n m i c r o f a r a d )
11 pern =98.8 // p e r c e n t a g e v o l t a g e e f f i c i e n c y
12 V=10 // r a t i n g ( i n kV)
13 LC2 =65 // v a l u e from t a b l e
14 alpha =0.0535 // v a l u e from t a b l e
15

16 // c a l c u l a t i o n
17 R=CR/C

18 L=LC/C

19 Vo=pern*V/100

20 L2=LC2/C

21 R2=2*L2*alpha

22 Ip=V*C/14

23

24 printf( ’ The v a l u e o f r e s i s t a n c e f o r 1/50 mic ro s e cond
v o l t a g e i s %3 . 1 f ohm ’ ,R)

25 printf( ’ \nThe v a l u e o f i n d u c t a n c e f o r 1/50
mic ro s e cond v o l t a g e i s %3 . 1 f mic rohenry ’ ,L)

26 printf( ’ \nThe v a l u e o f output v o l t a g e i s %3 . 2 f kV ’ ,
Vo)

27 printf( ’ \nThe v a l u e o f i n d u c t a n c e f o r 8/20
mic ro s e cond v o l t a g e i s %d microhenry ’ ,L2)

28 printf( ’ \nThe v a l u e o f r e s i s t a n c e f o r 8/20
mic ro s e cond v o l t a g e i s %3 . 3 f ohm ’ ,R2)

29 printf( ’ \nThe peak v a l u e o f c u r r e n t i s %d A ’ ,Ip
*10^3)
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Chapter 7

Measurement of High Voltages
and Currents

Scilab code Exa 7.1 calculation of capacitance of generating voltmeter

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 7 . 1
5 // c a l c u l a t i o n o f c a p a c i t a n c e o f g e n e r a t i n g v o l t m e t e r
6

7 // g i v e n data
8 Irms =2*10^ -6 // c u r r e n t ( i n A)
9 V1 =20*10^3 // a p p l i e d v o l t a g e ( i n V)
10 V2 =200*10^3 // a p p l i e d v o l t a g e ( i n V)
11 rpm =1500 // assume synchronous speed ( i n rpm ) o f motor
12

13 // c a l c u l a t i o n
14 Cm=Irms*sqrt (2)/(V1*(rpm /60) *2* %pi)

15 Irmsn=V2*Cm*2*%pi*(rpm /60)/sqrt (2)

16

17 printf( ’ The c a p a c i t a n c e o f the g e n e r a t i n g v o l t m e t e r
i s %3 . 1 f pF ’ ,Cm *10^12)
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Scilab code Exa 7.2 Design of a peak reading voltmeter

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 7 . 2
5 // Des ign o f a peak r e a d i n g v o l t m e t e r
6

7 // g i v e n data
8 r=1000 // r a t i o i s 1 0 0 0 : 1
9 V=100*10^3 // read v o l t a g e ( i n V)

10 R=10^7 // v a l u e o f r e s i s t a n c e ( i n ohm)
11

12 // c a l c u l a t i o n
13 // take range as 0−10 microampere
14 Vc2=V/r// v o l t a g e at C2 arm
15 //Cs ∗ R = 1 to 10 s
16 Cs=10/R

17

18 printf( ’ The v a l u e o f Cs i s %d m i c r o f a r a d ’ ,Cs *10^6)
19 printf( ’ \nThe v a l u e o f R i s %3 . 1 e ohm ’ ,R)

Scilab code Exa 7.3 calculation of correction factors for atmospheric conditions

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 7 . 3
5 // c a l c u l a t i o n o f c o r r e c t i o n f a c t o r s f o r a tmosphe r i c

c o n d i t i o n s
6

7 // g i v e n data
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8 t=37 // t empera tu r e ( i n d e g r e e c e l s i u s )
9 p=750 // a tmosphe r i c p r e s s u r e ( i n mmHg)
10

11 // c a l c u l a t i o n
12 d=p*293/(760*(273+t))

13

14 printf( ’ The a i r d e n s i t y f a c t o r i s %3 . 4 f ’ ,d)

Scilab code Exa 7.4 calculation of divider ratio

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 7 . 4
5 // c a l c u l a t i o n o f d i v i d e r r a t i o
6

7 // g i v e n data
8 R1 =16*10^3 // h igh v o l t a g e arm r e s i s t a n c e ( i n ohm)
9 n=16 // number o f members

10 R=250 // r e s i s t a n c e ( i n ohm) o f each member i n low
v o l t a g e arm

11 R2dash =75 // t e r m i n a t i n g r e s i s t a n c e ( i n ohm)
12

13 // c a l c u l a t i o n
14 R2=R/n

15 a=1+(R1/R2)+(R1/R2dash)

16

17 printf( ’ The d i v i d e r r a t i o i s %3 . 1 f ’ ,a)

Scilab code Exa 7.5 calculation of capacitance needed for correct compensation

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
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3 clc;clear all;

4 // example 7 . 5
5 // c a l c u l a t i o n o f c a p a c i t a n c e needed f o r c o r r e c t

compensat ion
6

7 // g i v e n data
8 Cgdash =20*10^ -12 // ground c a p a c i t a n c e ( i n f a r a d )
9 n=15 // number o f c a p a c i t o r s

10 r=120 // r e s i s t a n c e ( i n ohm)
11 R2=5 // r e s i s t a n c e ( i n ohm) o f LV arm
12

13 // c a l c u l a t i o n
14 Ce =(2/3)*n*Cgdash

15 R1=n*r/2

16 T=R1*Ce/2

17 C2=T/R2

18

19 printf( ’ The v a l u e o f c a p a c i t a n c e needed f o r c o r r e c t
compensat ion i s %3 . 1 e F or %d n f ’ ,C2 ,round(C2
*10^9))

Scilab code Exa 7.6 calculation of ohmic value of shunt an its dimensions

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 7 . 6
5 // c a l c u l a t i o n o f ohmic v a l u e o f shunt an i t s

d imens i on s
6

7 // g i v e n data
8 I=50*10^3 // impu l s e c u r r e n t ( i n A)
9 Vm=50 // v o l t a g e ( i n V) drop a c r o s s shunt
10 B=10*10^6 // bandwidth ( i n Hz ) o f the shunt
11 mu0 =4*%pi*10^-7 // magnet i c p e r m e a b i l i t y ( i n H/m) o f
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f r e e space
12

13 // c a l c u l a t i o n
14 R=Vm/I// r e s i s t a n c e o f shunt
15 L0 =1.46*R/B

16 mu=mu0 // i n t h i s c a s e . . . mu = mu0 ∗ mur ˜mu0
17 rho =30*10^ -8 // r e s i s t i v i t y ( i n ohm m) o f the tube

m a t e r i a l
18 d=sqrt ((1.46* rho)/(mu*B))// t h i c k n e s s o f the tube ( i n

m)
19 l=10^-1 // l e n g t h ( i n m) ( assume )
20 r=(rho*l)/(2* %pi*R*d)

21

22 printf( ’ The v a l u e o f r e s i s t a n c e i s %d mi l l i ohm ’ ,
round(R*10^3))

23 printf( ’ \nThe l e n g t h o f shunt i s %d cm ’ ,l*100)
24 printf( ’ \nThe r a d i u s o f shunt i s %3 . 1 f mm’ ,r*10^3)
25 printf( ’ \nThe t h i c k n e s s o f shunt i s %3 . 3 f mm’ ,d

*10^3)

Scilab code Exa 7.7 Estimation of values of mutual inductance resistance and capacitance

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 7 . 7
5 // Es t imat i on o f v a l u e s o f mutual induc tance ,

r e s i s t a n c e and c a p a c i t a n c e
6

7 // g i v e n data
8 It =10*10^3 // impu l s e c u r r e n t ( i n A)
9 Vmt =10 // meter r e a d i n g ( i n V) f o r f u l l s c a l e

d e f l e c t i o n
10 dibydt =10^11 // r a t e o f change o f c u r r e n t ( i n A/ s )
11
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12 // c a l c u l a t i o n
13 MbyCR=Vmt/It

14 t=It/dibydt

15 f=1/(4*t)

16 omega =2* %pi*f

17 CR=10* %pi/omega

18 M=10^ -3*CR

19 R=2*10^3 // assume r e s i s t a n c e ( i n ohm)
20 C=CR/R

21

22 printf( ’ The v a l u e o f mutual i n d u c t a n c e i s %d nH ’ ,M
*10^9)

23 printf( ’ \nThe v a l u e o f r e s i s t a n c e i s %3 . 0 e ohm ’ ,R)
24 printf( ’ \nThe v a l u e o f c a p a c i t a n c e i s %d pF ’ ,round(C

*10^12))

Scilab code Exa 7.8 calculation of resistance and capacitance

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 7 . 8
5 // c a l c u l a t i o n o f r e s i s t a n c e and c a p a c i t a n c e
6

7 // g i v e n data
8 t1=8*10^ -6 // f r o n t t i m e ( i n s )
9 t2=20*10^ -6 // t a i l t i m e ( i n s )
10

11

12 // c a l c u l a t i o n
13 f2=1/t2 // f r e q u e n c y c o r r e s p o n d i n g to t a i l t ime
14 fl=f2/5

15 omega =2* %pi*fl

16 CR=10* %pi/omega

17 M=10^ -3*(1/CR)
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18 R=2*10^3 // assume r e s i s t a n c e ( i n ohm)
19 C=CR/R

20

21 printf( ’ The v a l u e o f r e s i s t a n c e i s %3 . 0 e ohm ’ ,R)
22 printf( ’ \nThe v a l u e o f c a p a c i t a n c e i s %3 . 2 f

m i c r o f a r a d ’ ,C*10^6)
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Chapter 8

Overvoltage Phenomenon and
Insulation Coordination in
Electric Power Systems

Scilab code Exa 8.1 calculation of surge impedance velocity and time taken by the surge to travel to the other end

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 8 . 1
5 // c a l c u l a t i o n o f s u r g e impedance , v e l o c i t y and t ime

taken by the s u r g e to t r a v e l to the o t h e r end
6

7 // g i v e n data
8 L=1.26*10^ -3 // i n d u c t a n c e ( i n H/km)
9 C=0.009*10^ -6 // c a p a c i t a n c e ( i n F/km)

10 l=400 // l e n g t h ( i n km) o f the t r a n s m i s s i o n l i n e
11

12 // c a l c u l a t i o n
13 v=1/ sqrt(L*C)

14 Xs=sqrt(L/C)

15 t=l/v

16
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17 printf( ’ The v a l u e o f s u r g e impedance i s %3 . 1 f ohm ’ ,
Xs)

18 printf( ’ \nThe v a l u e o f v e l o c i t y i s %3 . 0 e km/ s ’ ,v)
19 printf( ’ \nThe t ime taken by the s u r g e to t r a v e l to

the o t h e r end i s %3 . 2 f ms ’ ,t*10^3)

Scilab code Exa 8.2 calculation of the voltage build up at the junction

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 8 . 2
5 // c a l c u l a t i o n o f the v o l t a g e b u i l d up at the

j u n c t i o n
6

7 // g i v e n data
8 Z1=500 // s u r g e impedance ( i n ohm) o f t r a n s m i s s i o n l i n e
9 Z2=60 // s u r g e impedance ( i n ohm) o f c a b l e
10 e=500 // v a l u e o f s u r g e ( i n kV)
11

12 // c a l c u l a t i o n
13 tau=(Z1 -Z2)/(Z2+Z1)// c o e f f i c i e n t o f r e f l e c t i o n
14 Vj=(1+ tau)*e

15

16 printf( ’ The v a l u e o f the v o l t a g e b u i l d up at the
j u n c t i o n i s %d kV ’ ,round(Vj))

Scilab code Exa 8.5 calculation of the transmitted reflected voltage and current waves

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 8 . 5
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5 // c a l c u l a t i o n o f the t r a n s m i t t e d , r e f l e c t e d v o l t a g e
and c u r r e n t waves

6

7 // g i v e n data
8 L1 =0.189*10^ -3 // i n d u c t a n c e ( i n H/km) o f the c a b l e
9 C1=0.3*10^ -6 // c a p a c i t a n c e ( i n Farad /km) o f the c a b l e
10 L2 =1.26*10^ -3 // i n d u c t a n c e ( i n H/km) o f the overhead

l i n e
11 C2 =0.009*10^ -6 // c a p a c i t a n c e ( i n Farad /km) o f the

overhead l i n e
12 e=200*10^3 // s u r g e v o l a t g e ( i n kV)
13

14 // c a l c u l a t i o n
15 Z1=sqrt(L1/C1)// s u r g e impedance o f the c a b l e
16 Z2=sqrt(L2/C2)// s u r g e impedance o f the l i n e
17 tau=(Z2 -Z1)/(Z2+Z1)//when wave t r a v e l s a l ong the

c a b l e
18 edash=tau*e// r e f l e c t e d wave
19 edashdash =(1+ tau)*e// t r a n s m i t t e d wave
20 Idash=edash/Z1 // r e f l e c t e d c u r r e n t wave
21 Idashdash=edashdash/Z2 // t r a n s m i t t e d c u r r e n t wave
22 Z2n=Z1

23 Z1n=Z2

24 taun=(Z2n -Z1n)/(Z2n+Z1n)//when wave t r a v e l s a l ong
the l i n e

25 edashn=taun*e// r e f l e c t e d wave
26 edashdashn =(1+ taun)*e// t r a n s m i t t e d wave
27 Idashdashn=edashdashn/Z2n // t r a n s m i t t e d c u r r e n t wave
28 Idashn=edashn/Z1n // r e f l e c t e d c u r r e n t wave
29

30 printf( ’When wave t r a v e l s a l ong the cab l e , the
t r a n s m i t t e d v o l t a g e i s %3 . 2 f kV ’ ,edashdash *10^ -3)

31 printf( ’ \nWhen wave t r a v e l s a l ong the cab l e , the
r e f l e c t e d v o l t a g e i s %3 . 2 f kV ’ ,edash *10^ -3)

32 printf( ’ \nWhen wave t r a v e l s a l ong the cab l e , the
t r a n s m i t t e d c u r r e n t i s %3 . 3 f kA ’ ,Idashdash *10^ -3)

33 printf( ’ \nWhen wave t r a v e l s a l ong the cab l e , the
r e f l e c t e d c u r r e n t i s %3 . 2 f kA ’ ,Idash *10^ -3)
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34 printf( ’ \nWhen wave t r a v e l s a l ong the l i n e , the
t r a n s m i t t e d v o l t a g e i s %3 . 2 f kV ’ ,edashdashn
*10^ -3)

35 printf( ’ \nWhen wave t r a v e l s a l ong the l i n e , the
r e f l e c t e d v o l t a g e i s %3 . 2 f kV ’ ,edashn *10^ -3)

36 printf( ’ \nWhen wave t r a v e l s a l ong the l i n e , the
t r a n s m i t t e d c u r r e n t i s %3 . 3 f kA ’ ,Idashdashn
*10^ -3)

37 printf( ’ \nWhen wave t r a v e l s a l ong the l i n e , the
r e f l e c t e d c u r r e n t i s %3 . 3 f kA or %d A ’ ,abs(Idashn
*10^ -3),abs(Idashn))

Scilab code Exa 8.6 calculation of value of voltage at the receiving end in Bewley lattice diagram

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 8 . 6
5 // c a l c u l a t i o n o f v a l u e o f v o l t a g e at the r e c e i v i n g

end i n Bewley l a t t i c e diagram
6

7 // g i v e n data
8 alpha =0.8

9

10 // c a l c u l a t i o n
11 Vut =2* alpha /(1+ alpha ^2)

12

13 printf( ’ The v a l u e o f v o l t a g e at the r e c e i v i n g end i n
Bewley l a t t i c e diagram i s %3 . 4 fu ( t ) V ’ ,Vut)

Scilab code Exa 8.7 calculation of sparkover voltage and the arrester current

1 // deve l oped i n windows XP o p e r a t i n g system
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2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 8 . 7
5 // c a l c u l a t i o n o f s p a r k o v e r v o l t a g e and the a r r e s t e r

c u r r e n t
6

7 // g i v e n data
8 Xs=400 // s u r g e impedance ( i n ohm)
9 Xv=1000 // s u r g e v o l t a g e ( i n kV)
10

11 // c a l c u l a t i o n
12 // f o r l i n e t e rm ina t ed
13 Iam =2*Xv/Xs //maximum a r r e s t e r c u r r e n t
14 // as Iam = 5 kA from graph Vd = 330 kV
15 Vd=330 // s p a r k o v e r v o l t a g e ( i n kV)
16 Vso=Vd+(Vd *5/100)

17 // f o r c o n t i n u o u s l i n e
18 Iamn=Xv/Xs //maximum a r r e s t e r c u r r e n t
19 // as Iamn = 2 . 5 kA from graph Vdn = 280 kV
20 Vdn =280 // s p a r k o v e r v o l t a g e ( i n kV)
21 Vson=Vdn+(Vdn *5/100)

22

23 printf( ’ The s p a r k o v e r v o l t a g e f o r t e rm ina t ed l i n e i s
%d kV ’ ,Vso)

24 printf( ’ \nThe a r r e s t e r c u r r e n t f o r t e rm ina t e d l i n e
i s %d kA ’ ,Iam)

25 printf( ’ \nThe s p a r k o v e r v o l t a g e f o r c o n t i n u o u s l i n e
i s %d kV ’ ,Vson)

26 printf( ’ \nThe a r r e s t e r c u r r e n t f o r c o n t i n u o u s l i n e
i s %3 . 1 f kA ’ ,Iamn)

27 // v a l u e s o f s p a r o v e r v o l t a g e s a r e
28 // f o r t e rm ina t e d l i n e = 346 kV
29 // f o r c o n t i n u o u s l i n e = 294 kV

Scilab code Exa 8.8 calculation of rise in voltage at the other end
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1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 8 . 8
5 // c a l c u l a t i o n o f r i s e i n v o l t a g e at the o t h e r end
6

7 // g i v e n data
8 R=0.1 // r e s i s t a n c e ( i n ohm/km)
9 L=1.26*10^ -3 // i n d u c t a n c e ( i n H/km)

10 C=0.009*10^ -6 // c a p a c i t a n c e ( i n F/km)
11 l=400 // l e n g t h ( i n km) o f the l i n e
12 V1=230 // l i n e v o l t a g e ( i n kV)
13 f=50 // f r e q u e n c y ( i n Hz )
14 G=0

15

16 // c a l c u l a t i o n
17 // N e g l e c t i n g r e s i s t a n c e o f l i n e
18 V1p=V1/sqrt (3)

19 omega =2* %pi*f

20 Xl=complex(0,omega*L*l)

21 Xc=complex (0,-1/( omega*C*l))

22 V2=V1p*((1-(Xl/(2*Xc))) -1)

23

24 // C o n s i d e r i n g a l l the paramete r s
25 omegaL=complex(0,omega*L)

26 omegaC=complex(0,omega*C)

27 i=l*sqrt((R+omegaL)*(G+omegaC))

28 betal=imag(i)*l

29 V2n=V1p/cos(betal)

30

31 printf( ’ N e g l e c t i n g r e s i s t a n c e o f l i n e , the r i s e i n
v o l t a g e at the o t h e r end i s %3 . 1 f kV ’ ,V2)

32 printf( ’ \ n C o n s i d e r i n g a l l the parameters , the r i s e i n
v o l t a g e at the o t h e r end i s %3 . 2 f kV ’ ,V2n -V1p)

33

34 //By c o n s i d e r i n g a l l the pa ramete r s the r i s e i n
v o l t a g e at the o t h e r end i s 9 4 . 5 0 kV
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Scilab code Exa 8.9 working out of insulation coordination

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 8 . 9
5 // work ing out o f i n s u l a t i o n c o o r d i n a t i o n
6

7 // g i v e n data
8 V=220 // v o l t a g e ( i n kV) o f s u b s t a t i o n
9 BIL =1050 // v a l u e o f BIL ( i n kV)
10 BtoS =1.24 // r a t i o o f BIL to SIL
11

12 // c a l c u l a t i o n
13 Vh=245 // h i g h e s t v o l t a g e ( i n kV)
14 Vg=Vh*sqrt (2)/sqrt (3) // h i g h e s t system v o l t a g e
15 Vs=3*Vg // expec t ed s w i t c h i n g v o l t a g e ( i n kV)
16 Vfw =760 // impu l s e s p a r k o v e r v o l t a g e ( i n kV)
17 Vd1 =690 // d i s c h a r g e v o l t a g e ( i n kV) f o r 5 kA
18 Vd2 =615 // d i s c h a r g e v o l t a g e ( i n kV) f o r 2 kA
19 // SIL = BIL/BtoS = 846 ˜ 850 kV
20 SIL =850 // v a l u e o f SIL ( i n kV)
21 Pmlig=(BIL -Vd1)/BIL // p r o t e c t i v e margin f o r l i g h t n i n g

i m p u l s e s
22 Pmswi=(SIL -Vd2)/SIL // p r o t e c t i v e margin f o r s w i t c h i n g

g e a r s
23 Pmspr=(BIL -Vfw)/BIL // margin when l i g h t n i n g a r r e s t e r

j u s t s p a r k s
24

25 printf( ’ The p r o t e c t i v e margin f o r l i g h t n i n g i m p u l s e s
i s %3 . 1 f p e r c e n t a g e ’ ,Pmlig *100)

26 printf( ’ \nThe p r o t e c t i v e margin f o r s w i t c h i n g g e a r s
i s %3 . 1 f p e r c e n t a g e ’ ,Pmswi *100)

27 printf( ’ \nThe margin when l i g h t n i n g a r r e s t e r j u s t
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s p a r k s i s %3 . 1 f p e r c e n t a g e ’ ,Pmspr *100)
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Chapter 9

Non Destructive Testing of
Materials and Electrical
Apparatus

Scilab code Exa 9.1 calculation of the volume resistivity

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 1
5 // c a l c u l a t i o n o f the volume r e s i s t i v i t y
6

7 // g i v e n data
8 V=1000 // a p p l i e d v o l t a g e ( i n V)
9 Rs=10^7 // s tandard r e s i s t a n c e ( i n ohm)
10 n=3000 // u n i v e r s a l shunt r a t i o
11 Ds=33.3 // d e f l e c t i o n ( i n cm) f o r Rs
12 D=3.2 // d e f l e c t i o n ( i n cm)
13 d=10 // d iamete r ( i n cm) o f the e l e c t r o d e s
14 t=2*10^ -1 // t h i c k n e s s ( i n cm) o f the spec imen
15

16 // c a l c u l a t i o n
17 G=V/(Rs*n*Ds)// ga lvanomete r s e n s i t i v i t y
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18 R=V/(D*G)// r e s i s t a n c e o f the spec imen
19 r=d/2 // r a d i u s o f the e l e c t r o d e s
20 rho=(%pi*r^2*R)/t// volume r e s i s t i v i t y
21

22 printf( ’ The volume r e s i s t i v i t y i s %3 . 3 e ohmcm ’ ,rho)

Scilab code Exa 9.2 calculation of resistivity of the specimen

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 2
5 // c a l c u l a t i o n o f r e s i s t i v i t y o f the spec imen
6

7 // g i v e n data
8 tm=30 // t ime ( i n minute )
9 ts=20 // t ime ( i n second )
10 Vn=1000 // v o l t a g e ( i n V) to which the c ond en s e r was

charged
11 V=500 // v o l t a g e ( i n V) f a l l to
12 C=0.1*10^ -6 // c a p a c i t a n c e ( i n Farad )
13 d=10 // d iamete r ( i n cm) o f the e l e c t r o d e s
14 th=2*10^ -1 // t h i c k n e s s ( i n cm) o f the spec imen
15

16 // c a l c u l a t i o n
17 t=(tm*60)+ts

18 R=t/(C*log(Vn/V))// r e s i s t a n c e
19 r=d/2 // r a d i u s o f the e l e c t r o d e s
20 rho=(%pi*r^2*R)/th // volume r e s i s t i v i t y
21

22 printf( ’ The r e s i s t i v i t y o f the spec imen i s %3 . 3 e
ohmcm ’ ,rho)
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Scilab code Exa 9.3 calculation of dielectric constant and complex permittivity of bakelite

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 3
5 // c a l c u l a t i o n o f d i e l e c t r i c c o n s t a n t and complex

p e r m i t t i v i t y o f b a k e l i t e
6

7 // g i v e n data
8 C=147*10^ -12 // c a p a c i t a n c e ( i n Farad )
9 Ca=35*10^ -12 // a i r c a p a c i t a n c e ( i n Farad )

10 tandelta =0.0012

11 epsilon0 =(36* %pi *10^9)^-1 // e l e c t r i c a l p e r m i t t i v i t y (
i n F/m) o f f r e e space

12

13

14 // c a l c u l a t i o n
15 epsilonr=C/Ca // d i e l e c t r i c c o n s t a n t
16 Kdash=epsilonr

17 Kdashdash=tandelta*Kdash

18 Kim=complex(Kdash ,-Kdashdash)

19 epsilonast=epsilon0*Kim

20

21 printf( ’ The d i e l e c t r i c c o n s t a n t i s %3 . 1 f ’ ,epsilonr)
22 disp(epsilonast , ’ The complex p e r m i t t i v i t y ( i n F/m) i s

’ )

Scilab code Exa 9.4 calculation of capacitance and tandelta of bushing

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 4
5 // c a l c u l a t i o n o f c a p a c i t a n c e and t a n d e l t a o f bush ing
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6

7 // g i v e n data
8 R3=3180 // r e s i s t a n c e ( i n ohm)
9 R4=636 // r e s i s t a n c e ( i n ohm)
10 Cs=100 // s tandard c ond en s e r ( i n pF)
11 f=50 // f r e q u e n c y ( i n Hz )
12 C3 =0.00125*10^ -6 // c a p a c i t a n c e ( i n f a r a d )
13

14 // c a l c u l a t i o n
15 omega =2* %pi*f

16 Cx=R3*Cs/R4 // unknown c a p a c i t a n c e
17 tandelta=omega*C3*R3

18

19 printf( ’ The c a p a c i t a n c e i s %d pF ’ ,Cx)
20 printf( ’ \nThe v a l u e o f t a n d e l t a o f bush ing i s %3 . 5 f ’

,tandelta)

Scilab code Exa 9.5 calculation of dielectric constant and tandelta of the transformer oil

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 5
5 // c a l c u l a t i o n o f d i e l e c t r i c c o n s t a n t and t a n d e l t a o f

the t r a n s f o r m e r o i l
6

7 // g i v e n data
8 f=1*10^3 // f r e q u e n c y ( i n Hz )
9 C1=504 // c a p a c i t a n c e ( i n pF) f o r s tandard c ond en s e r

and l e a d s
10 D1 =0.0003 // d i s s i p a t i o n f a c t o r f o r s t andard con den s e r

and l e a d s
11 C2=525 // c a p a c i t a n c e ( i n pF) f o r s tandard c ond en s e r i n

p a r a l l e l with the empty t e s t c e l l
12 D2 =0.00031 // d i s s i p a t i o n f a c t o r f o r s t andard
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co nde n s e r i n p a r a l l e l with the empty t e s t c e l l
13 C3=550 // c a p a c i t a n c e ( i n pF) f o r s tandard c ond en s e r i n

p a r a l l e l with the t e s t c e l l and o i l
14 D3 =0.00075 // d i s s i p a t i o n f a c t o r f o r s t andard

co nde n s e r i n p a r a l l e l with the t e s t c e l l and o i l
15

16 // c a l c u l a t i o n
17 Ctc=C2 -C1 // c a p a c i t a n c e o f the t e s t c e l l
18 Ctcoil=C3-C1 // c a p a c i t a n c e o f the t e s t c e l l + o i l
19 epsilonr=Ctcoil/Ctc // d i e l e c t r i c c o n s t a n t o f o i l
20 deltaDoil=D3 -D2 // de l taD o f o i l
21

22 printf( ’ The d i e l e c t r i c c o n s t a n t i s %3 . 2 f ’ ,epsilonr)
23 printf( ’ \nThe v a l u e o f t a n d e l t a o f the t r a n s f o r m e r

o i l i s %3 . 5 f ’ ,deltaDoil)

Scilab code Exa 9.6 calculation of magnitude of the charge transferred from the cavity

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 6
5 // c a l c u l a t i o n o f magnitude o f the cha rge t r a n s f e r r e d

from the c a v i t y
6

7 // g i v e n data
8 Vd=0.2 // d i s c h a r g e v o l t a g e ( i n V)
9 s=1 // s e n s i t i v i t y ( i n pC/V)

10 epsilonr =2.5 // r e l a t i v e p e r m i t t i v i t y
11 epsilon0 =(36* %pi *10^9)^-1 // e l e c t r i c a l p e r m i t t i v i t y (

i n F/m) o f f r e e space
12 d1=1*10^ -2 // d iamete r ( i n m) o f the c y l i n d r i c a l d i s c
13 t1=1*10^ -2 // t h i c k n e s s ( i n m) o f the c y l i n d r i c a l d i s c
14 d2=1*10^ -3 // d iamete r ( i n m) o f the c y l i n d r i c a l c a v i t y
15 t2=1*10^ -3 // t h i c k n e s s ( i n m) o f the c y l i n d r i c a l
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c a v i t y
16

17

18 // c a l c u l a t i o n
19 Dm=Vd*s// d i s c h a r g e magnitude
20 Ca=epsilon0 *(%pi*(d2/2)^2)/t2 // c a p a c i t a n c e o f the

c a v i t y
21 Cb=epsilon0*epsilonr *(%pi*(d2/2) ^2)/(t1-t2)//

c a p a c i t a n c e
22 qc=((Ca+Cb)/Cb)*Dm

23

24 printf( ’ The cha rge t r a n s f e r r e d from the c a v i t y i s %3
. 2 f pC ’ ,qc)

Scilab code Exa 9.7 calculation of dielectric constant and loss factor tandelta

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 7
5 // c a l c u l a t i o n o f d i e l e c t r i c c o n s t a n t and l o s s f a c t o r

t a n d e l t a
6

7 // g i v e n data
8 R3 =1000/ %pi // r e s i s t a n c e ( i n ohm) i n CD branch
9 R4=62 // v a r i a b l e r e s i s t a n c e ( i n ohm)
10 Cs =100*10^ -12 // s tandard c a p a c i t a n c e ( i n F)
11 epsilon0 =8.854*10^ -12 // e l e c t r i c a l p e r m i t t i v i t y ( i n F/

m) o f f r e e space
12 f=50 // f r e q u e n c y ( i n Hz )
13 C3=50*10^ -9 // v a r i a b l e c a p a c i t o r ( i n F)
14 d=1*10^ -3 // t h i c k n e s s ( i n m) o f s h e e t
15 a=100*10^ -4 // e l e c t r o d e e f f e c t i v e a r ea ( i n mˆ2)
16

17 // c a l c u l a t i o n
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18 Cx=R3*Cs/R4

19 epsilonr=Cx*d/( epsilon0*a)

20 omega =2* %pi*f

21 tandelta=omega*C3*R3*d

22

23 printf( ’ The d i e l e c t r i c c o n s t a n t i s %3 . 2 f ’ ,epsilonr)
24 printf( ’ \nThe l o s s f a c t o r t a n d e l t a i s %3 . 7 f ’ ,

tandelta)

25 // In e q u a t i o n o f t a n d e l t a d i s m u l t i p l i e d

Scilab code Exa 9.8 calculation of voltage at balance

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 8
5 // c a l c u l a t i o n o f v o l t a g e at b a l a n c e
6

7 // g i v e n data
8 V=10000 // a p p l i e d v o l t a g e ( i n V)
9 R3 =1000/ %pi // r e s i s t a n c e ( i n ohm) i n CD branch

10 R4=62 // v a r i a b l e r e s i s t a n c e ( i n ohm)
11 Cs =100*10^ -12 // s tandard c a p a c i t a n c e ( i n F)
12 f=50 // f r e q u e n c y ( i n Hz )
13 C3=50*10^ -9 // v a r i a b l e c a p a c i t o r ( i n F)
14

15 // c a l c u l a t i o n
16 Rx=C3*R4/Cs

17 Cx=R3*Cs/R4

18 omega =2* %pi*f

19 zx=complex(Rx ,-1/( omega*Cx))

20 VR4=R4*V/(R4+zx)

21 MVR4=sqrt((real(VR4))^2+( imag(VR4))^2) // magnitude
22

23 printf( ’ The v o l t a g e a c r o s s AD branch at b a l a n c e i s
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%3. 1 f V ’ ,MVR4)

Scilab code Exa 9.9 calculation of maximum and minimum value of capacitance and tandelta

1 // deve l oped i n windows XP o p e r a t i n g system
2 // p l a t f o r m S c i l a b 5 . 4 . 1
3 clc;clear all;

4 // example 9 . 9
5 // c a l c u l a t i o n o f maximum and minimum v a l u e o f

c a p a c i t a n c e and t a n d e l t a
6

7 // g i v e n data
8 R3min =100 //minimum v a l u e o f R3 r e s i s t a n c e ( i n ohm)
9 R3max =11100 //maximum v a l u e o f R3 r e s i s t a n c e ( i n ohm)
10 R4min =100 //minimum v a l u e o f R4 r e s i s t a n c e ( i n ohm)
11 R4max =1000 //maximum v a l u e o f R4 r e s i s t a n c e ( i n ohm)
12 Cs =100*10^ -12 // s tandard c a p a c i t a n c e ( i n f a r a d )
13 C3min =1*10^ -9 //minimum v a l u e o f C3 c a p a c i t a n c e ( i n

f a r a d )
14 C3max =1.11*10^ -6 //maximum v a l u e o f C3 c a p a c i t a n c e ( i n

f a r a d )
15 f=50 // f r e q u e n c y ( i n Hz )
16

17 // c a l c u l a t i o n
18 Cxmax=R3max*Cs/R4min

19 Cxmin=R3min*Cs/R4max

20 omega =2* %pi*f

21 tandeltamax=omega*R3max*C3max

22 tandeltamin=omega*R3min*C3min

23

24 printf( ’ The maximum v a l u e o f c a p a c i t a n c e i s %3 . 1 f nF
’ ,Cxmax *10^9)

25 printf( ’ \nThe minimum v a l u e o f c a p a c i t a n c e i s %d pF ’
,Cxmin *10^12)

26 printf( ’ \nThe maximum v a l u e o f t a n d e l t a i s %3 . 2 f ’ ,
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tandeltamax)

27 printf( ’ \nThe minimum v a l u e o f t a n d e l t a i s %3 . 2 e ’ ,
tandeltamin)
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