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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.

2



Contents

List of Scilab Codes 4

2 THE DEVICE 5

3 Fabrication and Thermal characteristics 8

4 Series and Parallel Connection of Thyristors 11

5 Line Commutated converters 13

7 Inverter Circuits 18

8 Harmonic and PowerFactor with the converter system 20

11 Control of DC Motors 28

12 Controllers and Their Optimisation 35

13 Choppers and Transportation system Application 41

15 The AC motor control 46

16 Faults and Protection 55

3



List of Scilab Codes

Exa 2.1 vlotage safety factor . . . . . . . . . . . . . 5
Exa 2.2 peak inverse vlotage . . . . . . . . . . . . . 5
Exa 2.3 capacitive current . . . . . . . . . . . . . . . 6
Exa 2.4 equivalent capacitance . . . . . . . . . . . . 6
Exa 2.5 value of derivative of v . . . . . . . . . . . . 6
Exa 2.6 value of rate of voltage . . . . . . . . . . . . 6
Exa 2.7 Voltage safety factor . . . . . . . . . . . . . 7
Exa 3.1 junction temperature . . . . . . . . . . . . . 8
Exa 3.2 Maximum junction temperature . . . . . . . 8
Exa 3.3 value of junction temperature . . . . . . . . 9
Exa 3.4 on state power loss . . . . . . . . . . . . . . 10
Exa 3.5 case sink thermal resistance . . . . . . . . . 10
Exa 4.1 Derating factor . . . . . . . . . . . . . . . . 11
Exa 4.2 series connection . . . . . . . . . . . . . . . 11
Exa 5.1 AC terminal power . . . . . . . . . . . . . . 13
Exa 5.2 Voltage regulation . . . . . . . . . . . . . . 13
Exa 5.3 Maximum dc voltage . . . . . . . . . . . . . 14
Exa 5.4 Firing angle . . . . . . . . . . . . . . . . . . 15
Exa 5.5 Reactance of the reactor . . . . . . . . . . . 15
Exa 5.6 AC load current . . . . . . . . . . . . . . . . 16
Exa 5.7 Average value of voltage . . . . . . . . . . . 16
Exa 5.8 DC output voltage . . . . . . . . . . . . . . 17
Exa 7.1 Attenuation factor . . . . . . . . . . . . . . 18
Exa 7.2 Value of inductance . . . . . . . . . . . . . . 19
Exa 7.3 Value of R1 . . . . . . . . . . . . . . . . . . 19
Exa 8.1 Shunt filter . . . . . . . . . . . . . . . . . . 20
Exa 8.2 DC reactor circuit . . . . . . . . . . . . . . 21
Exa 8.3 Commutation angle . . . . . . . . . . . . . . 21

4



Exa 8.4 Rating of shunt compensator . . . . . . . . 23
Exa 8.5 Shunt filter . . . . . . . . . . . . . . . . . . 23
Exa 8.6 Maximum current ripple . . . . . . . . . . . 24
Exa 8.7 Voltage ripple . . . . . . . . . . . . . . . . . 25
Exa 8.8 Triggering angle . . . . . . . . . . . . . . . . 26
Exa 8.9 Power factor . . . . . . . . . . . . . . . . . . 26
Exa 11.1 Designing a thyristor . . . . . . . . . . . . . 28
Exa 11.2 Blocking angle . . . . . . . . . . . . . . . . 29
Exa 11.3 Firing angle . . . . . . . . . . . . . . . . . . 30
Exa 11.4 Reactive power . . . . . . . . . . . . . . . . 30
Exa 11.5 Active and Reactive power . . . . . . . . . . 32
Exa 11.6 Power at given load . . . . . . . . . . . . . . 33
Exa 11.7 Triggering angle . . . . . . . . . . . . . . . . 33
Exa 12.1 Permanent error of p contoller . . . . . . . . 35
Exa 12.2 Motor armature time constant . . . . . . . . 35
Exa 12.3 Controller parameters . . . . . . . . . . . . 36
Exa 12.4 Designing a PI regulator . . . . . . . . . . . 36
Exa 12.5 Time constant of the controller . . . . . . . 37
Exa 12.6 Maximum overshoot . . . . . . . . . . . . . 38
Exa 12.7 Settling time . . . . . . . . . . . . . . . . . 38
Exa 12.8 Difference in response . . . . . . . . . . . . 39
Exa 13.1 Instantaneous current . . . . . . . . . . . . 41
Exa 13.2 Conduction and Blocking period . . . . . . 42
Exa 13.3 Optimum frequency . . . . . . . . . . . . . 42
Exa 13.4 Required pulse width . . . . . . . . . . . . . 43
Exa 13.5 Pulse width . . . . . . . . . . . . . . . . . . 43
Exa 13.6 Motor Torque . . . . . . . . . . . . . . . . . 44
Exa 13.7 Chopper Frequency . . . . . . . . . . . . . . 44
Exa 15.1 Stator current . . . . . . . . . . . . . . . . . 46
Exa 15.2 Designing a thyristor converter . . . . . . . 46
Exa 15.3 Torque developed by the motor . . . . . . . 47
Exa 15.4 Torque developed by the motor . . . . . . . 47
Exa 15.5 Rotor Frequency . . . . . . . . . . . . . . . 48
Exa 15.6 Input voltage to the motor . . . . . . . . . . 48
Exa 15.7 Rotor copper loss . . . . . . . . . . . . . . . 49
Exa 15.8 Stator frequency . . . . . . . . . . . . . . . 50
Exa 15.9 Distortion Factor . . . . . . . . . . . . . . . 50
Exa 15.10 Range of variation . . . . . . . . . . . . . . 51

5



Exa 15.11 Load powerfactor . . . . . . . . . . . . . . . 52
Exa 15.12 Input displacement factor . . . . . . . . . . 52
Exa 15.13 Firing angle . . . . . . . . . . . . . . . . . . 52
Exa 15.14 Firing angle . . . . . . . . . . . . . . . . . . 53
Exa 15.15 Input currents . . . . . . . . . . . . . . . . . 53
Exa 15.16 Load powerfactor . . . . . . . . . . . . . . . 54
Exa 16.1 Peak inverse voltage . . . . . . . . . . . . . 55
Exa 16.2 Voltage safety factor . . . . . . . . . . . . . 55
Exa 16.3 Choke power . . . . . . . . . . . . . . . . . 56
Exa 16.4 Snubber circuit . . . . . . . . . . . . . . . . 56
Exa 16.5 Suitable circuit . . . . . . . . . . . . . . . . 57
Exa 16.6 Suitable circuit . . . . . . . . . . . . . . . . 57
Exa 16.7 Energy dissipated per plate . . . . . . . . . 57
Exa 16.8 Protection circuit . . . . . . . . . . . . . . . 58
Exa 16.9 Additional value of inductance . . . . . . . . 60

6



Chapter 2

THE DEVICE

Scilab code Exa 2.1 vlotage safety factor

1 // c h a p t e r 2 :THE DEVICE
2 // Example 2 . 1
3 Vpiv =1500; // peak i n v e r s e v o l t a g e //
4 V=415; // main supp ly //
5 Vf=Vpiv/(sqrt (2)*V);// v o l t a g e s a f e t y f a c t o r //
6 printf( ’ v a l u e o f v o l t a g e s a f e t y f a c t o r=%fv ’ ,Vf);

Scilab code Exa 2.2 peak inverse vlotage

1 // c h a p t e r 2 :THE DEVICE
2 // Example 2 . 2
3 Vf=2.1; // v o l t a g e s a f e t y f a c t o r //
4 V=230; // main supp ly //
5 Vpiv=sqrt (2)*Vf*V;// peak i n v e r s e v o l t a g e //
6 printf( ’ v a l u e o f peak i n v e r s e v o l t a g e=%fv ’ ,Vpiv);
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Scilab code Exa 2.3 capacitive current

1 // c h a p t e r 2 :THE DEVICE
2 // Example 2 . 3
3 C=30*10^ -12; // e q u i v a l e n t c a p a c i t a n c e //
4 diffV =150*10^6; // dv/ dt v a l u e o f c a p a c i t o r //
5 Ic=C*( diffV);// c a p a c i t i v e c u r r e n t //
6 printf( ’ v a l u e o f c a p a c i t i v e c u r r e n t=%fAmp ’ ,Ic);

Scilab code Exa 2.4 equivalent capacitance

1 // c h a p t e r 2 :THE DEVICE
2 // Example 2 . 4
3 Ic=5; // c a p a c i t i v e c u r r e n t i n m i l l i amperes //
4 difV =175; // dv/ dt v a l u e i n mega V/ s //
5 C=Ic/(difV)*10^3; // e q u i v a l e n t c a p a c i t a n c e i n p i c o

f a r a d //
6 printf( ’ v a l u e o f e q u i v a l e n t c a p a c i t a n c e=%fp ico f a r a d

’ ,C);

Scilab code Exa 2.5 value of derivative of v

1 // c h a p t e r 2 :THE DEVICE
2 // Example 2 . 5
3 Ic=6*10^ -3; // c a p a c i t i v e c u r r e n t //
4 C=25*10^ -12; // e q u i v a l e n t c a p a c i t a n c e //
5 diffV=Ic/C;// dv/ dt v a l u e o f c a p a c i t o r //
6 printf( ’ v a l u e o f dv/ dt=%fv/ s ’ ,diffV);

Scilab code Exa 2.6 value of rate of voltage
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1 // c h a p t e r 2 :THE DEVICE
2 // Example 2 . 6 / / / / problem 2 . 1 / /
3 Ic=5; // c a p a c i t i v e c u r r e n t i n m i l l i amperes //
4 C=35; // e q u i v a l e n t c a p a c i t a n c e i n p i c o f a r a d //
5 difV=Ic *10^3/C;// v a l u e o f dv/ dt tha t can t r i g g e r

the d e v i c e i n V/ m i c r o s e c o n d s //
6 printf( ’ v a l u e o f dv/ dt tha t can t r i g g e r the d e v i c e=

%fV/ m i c r o s e c o n d s ’ ,difV);

Scilab code Exa 2.7 Voltage safety factor

1 // c h a p t e r 2 :THE DEVICE//
2 // Example 2 . 7 / / problem2 . 3 / /
3 Vpiv =1350; // peak i n v e r s e v o l t a g e i n v o l t s //
4 V=415; // main supp ly i n v o l t s //
5 Vf=Vpiv/(sqrt (2)*V);// v o l t a g e s a f e t y f a c t o r //
6 printf( ’ v a l u e o f v o l t a g e s a f e t y f a c t o r=%fv ’ ,Vf);
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Chapter 3

Fabrication and Thermal
characteristics

Scilab code Exa 3.1 junction temperature

1 // F a b r i c a t i o n and Thermal c h a r a c t e r i s t i c s
2 // Example 3 . 1
3 Xa=50; // Ambient t empera tu r e //
4 P=150; // on s t a t e power l o s s i n Watts //
5 Rjc =0.02; // j u n c t i o n c a s e therma l r e s i s t a n c e //
6 Rcs =0.05; // c a s e s i n k therma l r e s i s t a n c e //
7 Rsa =0.08; // s i n k a t m o s p h e r e the rma l r e s i s t a n c e //
8 Xj=Xa+P*(Rjc+Rcs+Rsa);// j u n c t i o n t empera tu r e //
9 printf( ’ v a l u e o f j u n c t i o n t empera tu r e=%fc ’ ,Xj);

Scilab code Exa 3.2 Maximum junction temperature

1 // F a b r i c a t i o n and Thermal c h a r a c t e r i s t i c s
2 // Example 3 . 2
3 Xa=50; // Ambient t empera tu r e //
4 P20 =25; // on s t a t e power l o s s at 20 %load i n Watts //
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5 P200 =350; // on s t a t e power l o s s at 200 %load i n Watts
//

6 Rjc =0.02; // j u n c t i o n c a s e therma l r e s i s t a n c e //
7 Rcs =0.05; // c a s e s i n k therma l r e s i s t a n c e //
8 Rsa =0.12; // s i n k a t m o s p h e r e the rma l r e s i s t a n c e at 20%

load c y c l e //
9 T1=60; // t ime p e r i o d f o r the supp ly o f 200% load //
10 T=((200^2 -20^2)*T1)/(100^2 -20^2);// t ime p e r i o d o f

one c y c l e //
11 printf( ’ v a l u e o f t ime p e r i o d o f one c y c l e=%fs ’ ,T);
12 Ts=140; // therma l t ime c o n s t a n t f o r heat s i n k //
13 Xj20=Xa+P20*(Rjc+Rcs+Rsa);// j u n c t i o n t empera tu r e //
14 printf( ’ \ nva lue o f j u n c t i o n t empera tu r e=%fc ’ ,Xj20);
15 P=P200 -P20;// power r e q u i r e d to c o o l down from 200

%load c y c l e to 20% load c y c l e //
16 printf( ’ \npower r e q u i r e d to c o o l down=%fwatts ’ ,P);
17 Rsa200 =((Rsa)*(1-exp(-T1/Ts)))/(1-exp(-T/Ts));//

s i n k a t m o s p h e r e the rma l r e s i s t a n c e at 200% load
c y c l e //

18 Xj200=Xj20+(P*(Rjc+Rcs+Rsa200));//maximum j u n c t i o n
t empera tu re //

19 printf( ’ \ nva lue o f maximum j u n c t i o n t empera tu r e=%fc ’
,Xj200);

Scilab code Exa 3.3 value of junction temperature

1 // F a b r i c a t i o n and Thermal c h a r a c t e r i s t i c s
2 // Example 3 . 3
3 Xa=35; // Ambient t empera tu r e //
4 P=150; // on s t a t e power l o s s i n Watts //
5 Rjc =0.01; // j u n c t i o n c a s e therma l r e s i s t a n c e //
6 Rcs =0.08; // c a s e s i n k therma l r e s i s t a n c e //
7 Rsa =0.09; // s i n k a t m o s p h e r e the rma l r e s i s t a n c e //
8 Xj=Xa+P*(Rjc+Rcs+Rsa);// j u n c t i o n t empera tu r e //
9 printf( ’ v a l u e o f j u n c t i o n t empera tu r e=%fc ’ ,Xj);
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Scilab code Exa 3.4 on state power loss

1 // F a b r i c a t i o n and Thermal c h a r a c t e r i s t i c s
2 // Example 3 . 4
3 Xa=45; // Ambient t empera tu r e //
4 Rjs =0.1; // j u n c t i o n s i n k therma l r e s i s t a n c e //
5 Rsa =0.08; // s i n k a t m o s p h e r e the rma l r e s i s t a n c e //
6 Xj=120; // j u n c t i o n t empera tu r e //
7 P=(Xj -Xa)/(Rjs+Rsa);// on s t a t e power l o s s //
8 printf( ’ v a l u e o f on s t a t e power l o s s=%fwatts ’ ,P);

Scilab code Exa 3.5 case sink thermal resistance

1 // F a b r i c a t i o n and Thermal c h a r a c t e r i s t i c s
2 // Example 3 . 5
3 Xa=40; // Ambient t empera tu r e //
4 P=300; // on s t a t e power l o s s i n Watts //
5 Rjc =0.015; // j u n c t i o n c a s e therma l r e s i s t a n c e //
6 Rsa =0.1; // s i n k a t m o s p h e r e the rma l r e s i s t a n c e //
7 Xj=105; // j u n c t i o n t empera tu r e //
8 Rcs =((Xj -Xa)/(P))-(Rjc+Rsa);// c a s e s i n k therma l

r e s i s t a n c e //
9 printf( ’ v a l u e o f c a s e s i n k therma l r e s i s t a n c e=%fc /w ’

,Rcs);
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Chapter 4

Series and Parallel Connection
of Thyristors

Scilab code Exa 4.1 Derating factor

1 // S e r i e s and P a r a l l e l Connect ion o f T h y r i s t o r s //
2 // Example 4 . 1 / /
3 Vc =3500; // v o l t a g e r a t i n g o f c i r c u i t //
4 Vt=750; // v o l t a g e r a t i n g o f each t h y r i s t o r //
5 Ic =1500; // c u r r e n t r a t i n g o f c i r c u i t //
6 It=500; // c u r r e n t r a t i n g o f each t h y r i s t o r //
7 DF=0.1; // Dera t ing f a c t o r o f c i r c u i t //
8 Ns=Vc/(Vt*(1-DF));// number o f d e v i c e s i n s e r i e s //
9 printf( ’ Number o f D e v i c e s i n S e r i e s=%f ’ ,Ns);
10 Np=Ic/(It*(1-DF));// number o f d e v i c e s i n p a r a l l e l //
11 printf( ’ \nNumber o f D ev i c e s i n P a r a l l e l=%f ’ ,Np);

Scilab code Exa 4.2 series connection

1 // S e r i e s and P a r a l l e l Connect ion o f T h y r i s t o r s //
2 // Example 4 . 2 / /
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3 Ed=20; // p e r m i s s i b l e d i f f e r e n c e i n v o l t a g e a c r o s s
d e v i c e s i n V o l t s //

4 Id=1*10^ -3; //maximum d i f f e r e n c e i n l a t c h i n g c u r r e n t
a c r o s s d e v i c e s i n Amperes //

5 Qd=10; // d i f f e r e n c e i n r e c o v e r y cha rge i n Micro
coloumbs //

6 Vd=20; // p e r m i s s i b l e d i f f e r e n c e i n b l o c k i n g v o l t a g e
i n V o l t s //

7 R=Ed/Id;// e q u i v a l e n t r e s i s t a n c e i n Ohms//
8 R1=R;

9 printf( ’ v a l u e o f e q u i v a l e n t r e s i s t a n c e=R=%fohms ’ ,R=
R1);

10 C1=Qd/Vd;// e q u i v a l e n t c a p a c i t a n c e i n Micro f a r a d s //
11 printf( ’ \ nva lue o f e q u i v a l e n t c a p a c i t a n c e=C1=

% f m i c r o f a r a d s ’ ,C1);
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Chapter 5

Line Commutated converters

Scilab code Exa 5.1 AC terminal power

1 // Line commuted C o n v e r t e r s //
2 // Example 5 . 1 / /
3 Edc =440; // dc t e r m i n a l v o l t a g e o f the t h y r i s t o r i n

v o l t s //
4 E2=415; // input v o l t a g e o f the t h y r i s t o r i n v o l t s //
5 Id=100; // dc motor c u r r e n t i n amps//
6 C=Edc /(1.35* E2);

7 printf( ’ c o s i n e o f the f i r i n g a n g l e=C=%f ’ ,C);
8 A=acos(C)*180/ %pi;

9 printf( ’ f i r i n g a n g l e o f the c o n v e r t e r=A=%fdeg r e e s ’ ,A
);

10 Pac =1.05*1.35* E2*Id /1000; //Ac t e r m i n a l power i n K i l o
watt s //

11 printf( ’AC t e r m i n a l power=Pac=%fKW ’ ,Pac);

Scilab code Exa 5.2 Voltage regulation

1 // Line commuted C o n v e r t e r s //
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2 // Example 5 . 2 / /
3 Id=200; // r a t e d dc c u r r e n t i n amperes //
4 I2 =0.817* Id;//AC l i n e c u r r e n t i n amperes //
5 printf( ’AC l i n e c u r r e n t o f the t h y r i s t o r=I2=

%famperes ’ ,I2);
6 E2=415; //AC l i n e v o l t a g e i n v o l t s //
7 Xt =0.06* E2/I2;// e f f e c t i v e r e a c t a n c e o f the t h y r i s t o r

i n ohms//
8 printf( ’ \ n e f f e c t i v e r e a c t a n c e o f the t h y r i s t o r=Xt=

%fohms ’ ,Xt);
9 C=1-((Id*Xt)/(E2*sqrt (3)));// c o s i n e v a l u e o f the

commutat iona l a n g l e //
10 printf( ’ \ n c o s i n e v a l u e o f the commutat iona l a n g l e=C=

%f ’ ,C);
11 CA=acos(C)*180/ %pi;

12 printf( ’ \ncommutation a n g l e=CA=%fdeg r e e s ’ ,CA);
13 IVR=(1-C)/2; // i n d u c t i v e v o l t a g e r e g u l a t i o n //
14 printf( ’ \ n I n d u c t i v e v o l t a g e r e g u l a t i o n=IVR=%f ’ ,IVR);

Scilab code Exa 5.3 Maximum dc voltage

1 // Line commuted C o n v e r t e r s //
2 // Example 5 . 3 / /
3 E2=415; // input v o l t a g e i n v o l t s //
4 Edc =1.17* E2;// dc t e r m i n a l v o l t a g e i n v o l t s //
5 Emax2=sqrt (2)*E2;//maximum v a l u e o f dc v o l t a g e //
6 Z=2; // t o t a l impedance i n ohms//
7 printf( ’maximum v a l u e o f dc v o l t a g e=Emax2=% f v o l t s ’ ,

Emax2);

8 Irms=Emax2*sqrt(%pi/3+ sqrt (3)/4) /(2* %pi*Z);

9 printf( ’ \nrms c u r r e n t through the d e v i c e=Irms=%famps
’ ,Irms);
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Scilab code Exa 5.4 Firing angle

1 // Line commuted C o n v e r t e r s //
2 // Example 5 . 4 / /
3 Edc =460; // dc t e r m i n a l v o l t a g e o f the t h y r i s t o r i n

v o l t s //
4 E2=415; // input v o l t a g e o f the t h y r i s t o r i n v o l t s //
5 Id=200; // dc motor c u r r e n t i n amps//
6 C=Edc /(1.35* E2);

7 printf( ’ c o s i n e o f the f i r i n g a n g l e=C=%f ’ ,C);
8 A=acos(C)*180/ %pi;

9 printf( ’ \ n f i r i n g a n g l e o f the c o n v e r t e r=A=%fdeg r e e s ’
,A);

10 Pdc=Edc*Id /1000; // dc power d e l i v e r e d by the
c o n v e r t e r i n k i l o Watts

11 printf( ’ \ndc power d e l i v e r e d by the c o n v e r t e r=Pdc=
%fKW ’ ,Pdc);

12 Pac =1.05* Pdc;//Ac t e r m i n a l power i n KVA//
13 printf( ’ \nAC t e r m i n a l power=Pac=%fKVA ’ ,Pac);
14 Iac=Pac *1000/( sqrt (3)*E2);

15 printf( ’ \nAC l i n e c u r r e n t=I a c=%famps ’ ,Iac);
16 Ib =0.58* Id;// Branch c u r r e n t through the d e v i c e i n

amps//
17 printf( ’ \nBranch c u r r e n t through the d e v i c e=Ib=

%famps ’ ,Ib);

Scilab code Exa 5.5 Reactance of the reactor

1 // Line commuted C o n v e r t e r s //
2 // Example 5 . 5 / /
3 Id=150; // r a t e d dc c u r r e n t i n amperes //
4 E2=415; //AC l i n e v o l t a g e i n v o l t s //
5 Emax=sqrt (2)*E2;

6 C=cos (16* %pi /180);// c o s i n e v a l u e o f the
commutat iona l a n g l e //
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7 printf( ’ \ n c o s i n e v a l u e o f the commutat iona l a n g l e=C=
%f ’ ,C);

8 Xt=(1-C)*E2*sqrt (3)/Id;// e f f e c t i v e r e a c t a n c e o f the
t h y r i s t o r i n ohms//

9 printf( ’ \ n e f f e c t i v e r e a c t a n c e o f the t h y r i s t o r=Xt=
%fohms ’ ,Xt);

Scilab code Exa 5.6 AC load current

1 // Line commuted C o n v e r t e r s //
2 // Example 5 . 6 / /
3 E2=230; //AC l i n e v o l t a g e i n v o l t s //
4 Emax=sqrt (2)*E2;

5 C=cos (13* %pi /180);// c o s i n e v a l u e o f the
commutat iona l a n g l e //

6 Xt =0.16; // e f f e c t i v e r e a c t a n c e o f the t h y r i s t o r i n
ohms//

7 Id=(1-C)*E2*sqrt (3)/Xt;//AC load c u r r e n t i n amperes
//

8 printf( ’AC load c u r r e n t=Id=%famps ’ ,Id);

Scilab code Exa 5.7 Average value of voltage

1 // Line commuted C o n v e r t e r s //
2 // Example 5 . 7 / /
3 E2=230; // input v o l t a g e i n v o l t s //
4 Emax=sqrt (2)*E2;//maximum v a l u e o f dc v o l t a g e //
5 A=%pi/6;

6 Edc=Emax *(1+ cos(A))/(2* %pi);

7 printf( ’ Average v a l u e o f dc v o l t a g e=Edc=% f v o l t s ’ ,Edc
);

8 Eeff=Emax*sqrt((%pi -A)/(4* %pi)+(sin(2*A)/(8* %pi)));
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9 printf( ’ \ n E f f e c t i v e v a l u e o f v o l t a g e=E e f f=% f v o l t s ’ ,
Eeff);

10 R=10; // t o t a l impedance i n ohms//
11 Id=Edc/R;

12 printf( ’ \nLoad c u r r e n t=Id=%famps ’ ,Id);

Scilab code Exa 5.8 DC output voltage

1 // Line commuted C o n v e r t e r s //
2 // Example 5 . 8 / /
3 E2=415; // input v o l t a g e i n v o l t s //
4 Emax=sqrt (2)*E2;//maximum v a l u e o f dc v o l t a g e //
5 A=%pi/6; // t r i g g e r i n g a n g l e i n d e g r e e s //
6 Edc=Emax*cos(A)/%pi;// dc output v o l t a g e i n v o l t s //
7 printf( ’ dc output v o l t a g e=Edc=% f v o l t s ’ ,Edc);
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Chapter 7

Inverter Circuits

Scilab code Exa 7.1 Attenuation factor

1 // I n v e r t e r C i r c u i t s //
2 // Example 7 . 1 / /
3 L=10*10^ -3; // Induc tance o f s e r i e s i n v e r t e r c i r c u i t

i n Henry //
4 C=0.1*10^ -6; // Capac i t ance o f s e r i e s i n v e r t e r c i r c u i t

i n Farads //
5 R=400; // Load R e s i s t a n c e i n Ohms//
6 Toff =0.2*10^ -3; // Of f t ime o f Duty c y c l e i n s e c //
7 w=sqrt ((1/(L*C))-(R^2/(4*L^2)));// Angular Frequency

i n rad / s e c //
8 printf( ’ v a l u e o f w=%f ’ ,w);
9 F=w/(3.14+(w*Toff));// Output Frequency i n Hertz //

10 printf( ’ \ nva lue o f the Output Frequency=F=%fHertz ’ ,F
);

11 T=1/F;//Time p e r i o d o f Output i n s e c //
12 AF=exp((-R/(2*L))*T);// At t enua t i on Facto r //
13 printf( ’ \ nva lue o f the At t enua t i on Facto r=AF=%f ’ ,AF)

;
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Scilab code Exa 7.2 Value of inductance

1 // I n v e r t e r C i r c u i t s //
2 // Example 7 . 2 / /
3 C=1*10^ -6; // Capac i t ance o f s e r i e s i n v e r t e r c i r c u i t

i n Farads //
4 f=5*10^3; // o p e r a t i n g Frequency o f s e r i e s I n v e r t e r i n

Hertz //
5 L=1/(C*(f^2));// v a l u e o f Induc tance under Resonance

c o n d i t i o n i n Henry //
6 printf( ’ v a l u e o f Induc tance at r e s o n a n c e=L=%fHenry ’ ,

L);

Scilab code Exa 7.3 Value of R1

1 // I n v e r t e r C i r c u i t s //
2 // Example 7 . 3 / /
3 L=5*10^ -3; // Induc tance o f s e r i e s i n v e r t e r c i r c u i t i n

Henry //
4 C=1*10^ -6; // Capac i t ance o f s e r i e s i n v e r t e r c i r c u i t

i n Farads //
5 Rl=400; // Load R e s i s t a n c e i n Ohms//
6 R2 =10^4; // v a l u e o f the second r e s i s t a n c e i n Ohms//
7 DF=0.7; // Damping Facto r v a l u e o f LC f i l t e r //
8 R1=(2*(DF)*(sqrt(L/C)))-R2 -(1/(Rl*C));// v a l u e o f the

f i r s t r e s i s t a n c e i n Ohms//
9 printf( ’ v a l u e o f r e s i s t a n c e=R1=%fOhms ’ ,R1);
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Chapter 8

Harmonic and PowerFactor
with the converter system

Scilab code Exa 8.1 Shunt filter

1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 1 / /
3 I5=0.2; // ampl i tude o f 5 th harmonic c u r r e n t i n K i l o

Amperes //
4 Vp= 11/( sqrt (3));// Input supp ly phase v o l t a g e i n

K i l o V o l t s //
5 P=5; // supp ly power per phase o f f i l t e r i n MVAR//
6 Pc=P+((Vp^2*I5^2) /(5*P));//AC Conver t e r power per

phase i n MVAR//
7 printf( ’ \ nva lue o f AC c o n v e r t e r power=Pc=%f MVAR’ ,Pc

);

8 C=(Pc *10^3*3) /(11^2*314);// c a p a c i t a n c e o f the
S h u n t F i l t e r i n m i l l i F a r a d //

9 printf( ’ \ nva lue o f the c a p a c i t a n c e o f shunt f i l t e r =C
=% f m i l l i f a r a d s ’ ,C);

10 L=(106*10^6) /(400*4*25*250*3.14^2);// i n d u c t a n c e o f
f i l t e r i n mHenry//

11 printf( ’ \ nInductance o f f i l t e r =L=% f m i l l i H e n r y ’ ,L);
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12 Q=50; // v a l u e o f Q//
13 W5 =2*3.14*5*50; // a n g u l a r f r e q u e n c y o f 5 th harmonic //
14 R=(W5*L)/Q;// R e s i s t a n c e o f f i l t e r i n mi l l iOhms //
15 printf( ’ \ n R e s i s t a n c e o f f i l t e r =R=%fmil l iOhms ’ ,R);

Scilab code Exa 8.2 DC reactor circuit

1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 2 / /
3 printf( ’ For s i x p u l s e c o n v e r t e r most e f f e c t i v e

harmonic i s 6 th and f o r wors t c a s e a=90 d e g r e e \n ’
);

4 Wv =24.1; // v o l t a g e r i p p l e i n p e r c e n t a g e //
5 printf( ’ v o l t a g e r i p p l e=Wv=%fpercent ’ ,Wv);
6 Id=200;

7 I6=(5*Id)/100; // Harmonic c u r r e n t f o r 6 th harmonic i n
amp//

8 printf( ’ \nHarmonic c u r r e n t f o r 6 th harmonic=I6=%famp
’ ,I6);

9 Edc =460; // dc v o l t a g e i n v o l t s //
10 W=2*3.14*50;

11 La=1; // i n d u c t a n c e a l r e a d y p r e s e n t i n the c i r c u i t i n
m i l l i H e n r y //

12 L=((Wv*Edc *10)/(I6*6*W))-La;// a d d i t i o n a l i n d u c t a n c e
r e q u i r e d i n m i l l i H e n r y //

13 L=5.93 -1;

14 printf( ’ \ n a d d i t i o n a l i n d u c t a n c e r e q u i r e d=L=
% f m i l l iH e n r y ’ ,L);

Scilab code Exa 8.3 Commutation angle
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1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 3 / /
3 Id=200; // r a t e d dc c u r r e n t i n amperes //
4 I2 =0.817* Id;//AC l i n e c u r r e n t i n amperes //
5 printf( ’AC l i n e c u r r e n t o f the t h y r i s t o r=I2=

%famperes ’ ,I2);
6 E2=415; //AC l i n e v o l t a g e i n v o l t s //
7 Edc =400; // dc t e r m i n a l v o l t a g e i n v o l t s //
8 Xt =0.04* E2/I2;// e f f e c t i v e r e a c t a n c e o f the t h y r i s t o r

i n ohms//
9 printf( ’ \ n e f f e c t i v e r e a c t a n c e o f the t h y r i s t o r=Xt=

%fohms ’ ,Xt);
10 C=1-((Id*Xt)/(E2*sqrt (3)));// c o s i n e v a l u e o f the

commutat iona l a n g l e //
11 printf( ’ \ n c o s i n e v a l u e o f the commutat iona l a n g l e=C=

%f ’ ,C);
12 CA=acos(C)*180/ %pi;

13 printf( ’ \ncommutation a n g l e=CA=%fdeg r e e s ’ ,CA);
14 F=Edc /(1.35* E2*(1+C)/2);// c o s i n e v a l u e o f the f i r i n g

a n g l e //
15 printf( ’ \ n c o s i n e v a l u e o f the f i r i n g v a l u e=F=%f ’ ,F);
16 FA=acos(F)*180/ %pi;

17 printf( ’ \ n f i r i n g a n g l e=FA=%fdeg r e e s ’ ,FA);
18 I2 =0.817* Id;//AC l i n e c u r r e n t i n amps//
19 printf( ’ \nAC l i n e c u r r e n t=I2=%famps ’ ,I2);
20 Ied =0.58* Id;// c u r r e n t through each d e v i c e i n amps//
21 printf( ’ \ nCurrent through each d e v i c e=Ied=%famps ’ ,

Ied);

22 PF=F*(1+C)/2; // power f a c t o r //
23 printf( ’ \npower f a c t o r=PF=%f ’ ,PF);
24 AP=sqrt (3)*E2*I2*PF;// a c t i v e power drawn from the

mains i n Watts //
25 printf( ’ \ n a c t i v e power drawn from the mains=AP=

%fWatts ’ ,AP);
26 RP=sqrt (3)*E2*I2*sqrt(1-PF^2);// r e a c t i v e power i n

VAR//
27 printf( ’ \ nReac t i v e power drawn=RP=%fVAR ’ ,RP);// end
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o f the program //

Scilab code Exa 8.4 Rating of shunt compensator

1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 4 / /
3 Id=100; // r a t e d dc c u r r e n t i n amperes //
4 I2 =0.817* Id;//AC l i n e c u r r e n t i n amperes //
5 printf( ’AC l i n e c u r r e n t o f the t h y r i s t o r=I2=

%famperes ’ ,I2);
6 E2=230; //AC l i n e v o l t a g e i n v o l t s //
7 Edc =200; // dc t e r m i n a l v o l t a g e i n v o l t s //
8 PF=cos(%pi /4) *(1+ cos(%pi /10))/2; // power f a c t o r //
9 printf( ’ \npower f a c t o r=PF=%f ’ ,PF);
10 RP=sqrt (3)*E2*I2*sqrt(1-PF^2);// r e a c t i v e power to be

s u p p l i e d by shunt compensator i n VAR//
11 printf( ’ \ nReac t i v e power to be s u p p l i e d by shunt

compensator=RP=%fVAR ’ ,RP);// end o f the program //

Scilab code Exa 8.5 Shunt filter

1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 5 / /
3 I11 =400/11; // ampl i tude o f 11 th harmonic c u r r e n t i n

Amperes //
4 V1= 11/( sqrt (3));// Input supp ly phase v o l t a g e i n

K i l o V o l t s //
5 P=7; // supp ly power per phase o f f i l t e r i n MVAR//
6 Pc=P+((V1^2*I11 ^2*10^ -3) /(11*P));//AC Conver t e r MVAR

r a t i n g o f the c a p a c i t o r //
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7 printf( ’ v a l u e o f MVAR r a t i n g o f the c a p a c i t o r=Pc=
%fMVAR ’ ,Pc);

8 W=2*3.14*50;

9 C=(Pc *10^6) /(V1^2*W);// c a p a c i t a n c e o f the
S h u n t F i l t e r i n microFarad //

10 printf( ’ \ nva lue o f the c a p a c i t a n c e o f shunt f i l t e r =C
=% f m i c r o f a r a d s ’ ,C);

11 W11 =11*W;

12 L=10^8/(C*W11^2);// i n d u c t a n c e o f f i l t e r i n mHenry//
13 printf( ’ \ nInductance o f f i l t e r =L=% f m i l l i H e n r y ’ ,L);
14 Q=35; // v a l u e o f Q//
15 R=(W11*L)/Q;// R e s i s t a n c e o f f i l t e r i n mi l l iOhms //
16 printf( ’ \ n R e s i s t a n c e o f f i l t e r =R=%fmil l iOhms ’ ,R);

Scilab code Exa 8.6 Maximum current ripple

1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 6 / /
3 printf( ’ For s i x p u l s e c o n v e r t e r most e f f e c t i v e

harmonic i s 6 th and f o r wors t c a s e a=90 d e g r e e \n ’
);

4 h=6;

5 Wv =24.1; // v o l t a g e r i p p l e i n p e r c e n t a g e //
6 printf( ’ v o l t a g e r i p p l e=Wv=%fpercent ’ ,Wv);
7 Edc =460; // dc v o l t a g e i n v o l t s //
8 W=2*3.14*50;

9 Ldc =6; // t o t a l dc c i r c u i t i n d u c t a n c e i n m i l l i H e n r y //
10 I6=Wv*Edc *10/( Ldc*h*W);// Harmonic c u r r e n t f o r 6 th

harmonic i n amp//
11 printf( ’ \nHarmonic c u r r e n t f o r 6 th harmonic=I6=%famp

’ ,I6);
12 Id=300;

13 Wi=100*I6/Id;//maximum v a l u e o f c u r r e n t r i p p l e i n
p e r c e n t a g e //
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14 printf( ’ \nmax . v a l u e o f c u r r e n t r i p p l e=Wi=%fpercent ’
,Wi);// end o f program //

Scilab code Exa 8.7 Voltage ripple

1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 7 / /
3 A=%pi/4;

4 h=6;

5 Wv=sqrt (2)*sqrt(h^2-cos(A)^2*(h^2-1))*100/(h^2-1);

6 printf( ’ v o l t a g e r i p p l e o f the 6 th harmonic=Wv=
%fpercent ’ ,Wv);

7 printf( ’ \nFor s i x p u l s e c o n v e r t e r most e f f e c t i v e
harmonic i s 6 th and f o r wors t c a s e A=90 d e g r e e s \n ’
);

8 A=%pi/2;

9 Wv6=sqrt (2)*sqrt(h^2-cos(A)^2*(h^2-1))*100/(h^2-1);

//maximum v o l t a g e r i p p l e i n p e r c e n t a g e //
10 printf( ’ \nmaximum v o l t a g e r i p p l e=Wv6=%fpercent ’ ,Wv6)

;

11 A=%pi/4;

12 h=12;

13 Wv=sqrt (2)*sqrt(h^2-cos(A)^2*(h^2-1))*100/(h^2-1);

14 printf( ’ \ n v o l t a g e r i p p l e o f the 12 th harmonic=Wv=
%fpercent ’ ,Wv);

15 A=%pi/2;

16 Wv12=sqrt (2)*sqrt(h^2-cos(A)^2*(h^2-1))*100/(h^2-1);

//maximum v o l t a g e r i p p l e i n p e r c e n t a g e //
17 printf( ’ \nmaximum v o l t a g e r i p p l e=Wv12=%fpercent ’ ,

Wv12);

18 PR=(Wv6 -Wv12)*100/ Wv6;// p e r c e n t a g e r e d u c t i o n i n max .
v o l t a g e r i p p l e //

19 printf( ’ \ n p e r c e n t a g e r e d u c t i o n i n max . v o l t a g e
r i p p l e=PR=%fpercent ’ ,PR);
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Scilab code Exa 8.8 Triggering angle

1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 8 / /
3 Wv =18.6;

4 h=6;

5 C=sqrt(h^2-(Wv^2*((h^2-1)^2) /2*10^4))*10^6/ sqrt(h

^2-1);// c o s i n e o f t r i g g e r i n g a n g l e //
6 C=sqrt (14.68/35);

7 printf( ’ c o s i n e o f t r i g g e r i n g a n g l e=C=%f ’ ,C);
8 A=acos(C)*180/ %pi;

9 printf( ’ \ n t r i g g e r i n g a n g l e o f the d e v i c e=A=%fdeg r e e s
’ ,A);// endo f program //

Scilab code Exa 8.9 Power factor

1 // Harmonic and Po we r f a c t o r with the Conver t e r system
//

2 // Example 8 . 9 / /
3 E2=415; //AC l i n e v o l t a g e i n v o l t s //
4 Edc =380; // dc t e r m i n a l v o l t a g e i n v o l t s //
5 C=1.1* Edc /(1.35* E2);

6 printf( ’ c o s i n e o f the t r i g g e r i n g a n g l e=C=%f ’ ,C);
7 A=acos(C)*180/ %pi;

8 printf( ’ \ n t r i g g e r i n g a n g l e o f the d e v i c e=A=%fdeg r e e s
’ ,A);

9 PF=C*(1+ cos(%pi /12))/2; // power f a c t o r //
10 printf( ’ \npower f a c t o r=PF=%f ’ ,PF);
11 Id=200;

12 I2 =0.817* Id;
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13 RP=sqrt (3)*E2*I2*sqrt(1-PF^2) /1000; // r e a c t i v e power
to be s u p p l i e d by shunt compensator i n KVAR//

14 printf( ’ \ nReac t i v e power to be s u p p l i e d by
shuntcompensator=RP=%fKVAR ’ ,RP);// end o f the
program //
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Chapter 11

Control of DC Motors

Scilab code Exa 11.1 Designing a thyristor

1 // Cont ro l o f DC motors //
2 // Example 1 1 . 1 / /
3 // S i n c e the speed c o n t r o l i s r e q u i r e d i n both

d i r e c t i o n s we w i l l have to use a dua l c o n v e r t e r
f o r the a p p l i c a t i o n . I t would be p r e f a r a b l e to use

s i x p u l s e dua l c o n v e r t e r with t h y r i s t o r s
connec t ed i n a n t i p a r a l l e l c o n n e c t i o n //

4 // speed c o n t r o l from 20% r a t e d speed to 100% r a t e d
speed w i l l be o b t a i n e d by armature c o n t r o l //

5 // Cont ro l and speed above 100% w i l l be p o s s i b l e by
f i e l d weakening //

6 Idc =200/460*1000; // Rated motor c u r r e n t i n amps//
7 printf( ’ Rated motor c u r r e n t=Idc=%famps ’ ,Idc);
8 // Thus the main armature c o n v e r t e r w i l l be hav ing dc

s i d e r a t i n g o f 500Amps and 460 v o l t s //
9 // I f 20% drop i s a l l o w e d i n c a b l e s , ac t r a n s f o r m e r ,

c o n v e r t e r e t c . , then No load dc v o l t a g e r e q u i r e d
=460∗1.2=552 V o l t s //

10 printf( ’ \nHence AC v o l t a g e f o r s i x p u l s e
c o n f i g u r a t i o n =552/1.35=410 v o l t s ’ );

11 // Hence a 3 phase , 4 1 5 v AC supp ly w i l l be adequate f o r
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armature c o n t r o l //
12 // F i e l d c o n v e r t e r r a t i n g w i l l be 230V, 1 0A.

Arrangement w i l l be s i x pu l s e , non r e v e r s i b l e .
s i n c e AC supp ly o f 415V, 3 phase i s a v a i l a b l e , we
s h a l l make use o f i t f o r f i e l d c o n v e r t e r a l s o . / /

13 printf( ’ \nAC r a t i n g o f f i e l d c o n v e r t e r =230/1.35=170V
’ );

14 // However we s h a l l p r o v i d e a s tandard AC v o l t a g e o f
230V AC and w i l l l o c k the f i e l d c o n v e r t e r f i r i n g
a n g l e to s u i t a b l e v a l u e so as to produce 230V dc
//

15 printf( ’ \nDC power =230∗10=2300 Watts ’ );
16 printf( ’ \nAC power =1.05∗2300=2415 Watts ’ );
17 printf( ’ \nThus t r a n f o r m e r o f 2 . 5KVA, 4 1 5 / 2 3 0V w i l l be

r e q u i r e d ’ );
18 Edca =(170+170/10) *1.35; // a v a i l a b l e v o l t a g e i n v o l t s

//
19 Edc =1.35*230;

20 A=acos(Edca/Edc)*180/ %pi;

21 printf( ’ \ n F i e l d c o n v e r t e r s h a l l be l o c k e d at an
a n g l e o f A=%fdeg r e e s ’ ,A);

Scilab code Exa 11.2 Blocking angle

1 // Cont ro l o f DC motors //
2 // Example 1 1 . 2 / /
3 Vdc =440; // Rated dc v o l t a g e i n v o l t s //
4 Edca=Vdc+Vdc /10; // Requ i red v o l t a g e a f t e r a l l o w i n g 10

% drop //
5 printf( ’ Requ i red v o l t a g e a f t e r a l l o w i n g 10 p e r c e n t

drop=Edca=% f v o l t s ’ ,Edca);
6 Edc =1.35*415;

7 C=Edca/Edc;

8 printf( ’ \ nCos ine o f the l o c k e d a n g l e=C=%f ’ ,C);
9 A=acos(C)*180/ %pi;// l o c k e d a n g l e i n d e g r e e s //
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10 printf( ’ \ nConver te r s h a l l be l o c k e d at an a n g l e o f A
=%fdeg r e e s ’ ,A);

Scilab code Exa 11.3 Firing angle

1 // Cont ro l o f DC motors //
2 // Example 1 1 . 3 / /
3 Edca1 =230;

4 N1 =1000;

5 N2=500;

6 Eb1 =210;

7 printf( ’ Eb1=230−20=210 v o l t s ’ );
8 Eb2=Eb1*N2/N1;

9 printf( ’ \nEb2=% f v o l t s ’ ,Eb2);
10 V=40; // motor armature drop at r a t e d l oad i n v o l t s //
11 Edca2=Eb2+V;

12 printf( ’ \nEdca2=% f v o l t s ’ ,Edca2);
13 C1=1; // c o s i n e o f the f i r i n g a n g l e c o r r e s p o n d i n g to

1000 rpm load //
14 C2=C1*Edca2/Edca1;// c o s i n e o f the f i r i n g a n g l e

c o r r e s p o n d i n g to 500 rpm load //
15 printf( ’ \ nCos ine o f the f i r i n g a n g l e c o r r e s p o n d i n g

to 500 rpm load=C2=%f ’ ,C2);
16 A=acos(C2)*180/ %pi;// f i r i n g a n g l e c o r r e s p o n d i n g to

500 rpm load i n d e g r e e s //
17 printf( ’ \ n f i r i n g a n g l e c o r r e s p o n d i n g to 500 rpm load

A=%fdeg r e e s ’ ,A);

Scilab code Exa 11.4 Reactive power

1 // Cont ro l o f DC motors //
2 // Example 1 1 . 4 / /

32



3 Edca1 =1.15*440; // Rated output v o l t a g e from the
c o n v e r t e r f o r r a t e d speed of750rpm //

4 printf( ’ Rated output v o l t a g e from the c o n v e r t e r=
Edca1=% f v o l t s ’ ,Edca1);

5 N1=750;

6 N2=500;

7 Edca2=Edca1*N2/N1;

8 E2=415;

9 C2=Edca2 /(1.35* E2);

10 printf( ’ \ nCos ine o f the t r i g g e r i n g a n g l e=C2=%f ’ ,C2);
11 A2=C2 *180/ %pi;

12 printf( ’ \ n T r i g g e r i n g a n g l e=A2=%fdeg r e e s ’ ,A2);
13 PF2=C2*(1+ cos (15* %pi /180))/2;

14 printf( ’ \ nPower f a c to r=PF2=%f ’ ,PF2);
15 Id=200; // dc c u r r e n t i n amps//
16 I2 =0.75*0.817* Id;// Current at 75 p e r c e n t l oad i n amps

//
17 RP2=sqrt (3)*E2*I2*sqrt(1-PF2^2) /1000; // R e a c t i v e

power drawn at 75% load //
18 printf( ’ \ nReac t i v e power at 75 p e r c e n t l oad=RP2=

%fKVAR ’ ,RP2);
19 h=6;

20 Wv =24.17; //maximum v o l t a g e r i p p l e i n p e r c e n t //
21 Wi=8; //maximum p e r m i s s i b l e c u r r e n t r i p p l e i n p e r c e n t

//
22 I6=Wi*Id/100;

23 printf( ’ \ nS ix th harmonic r i p p l e c u r r e n t=I6=%fAmps ’ ,
I6);

24 W=314;

25 L=(Wv*Edca1 *10)/(I6*h*W);

26 printf( ’ \ nInductance r e q u i r e d i n dc c i r c u i t=L=%fmH ’ ,
L);

27 C1=Edca1 /(1.35* E2);

28 printf( ’ \ nCos ine o f the t r i g g e r i n g a n g l e=C1=%f ’ ,C1);
29 A1=C1 *180/ %pi;

30 printf( ’ \ n T r i g g e r i n g a n g l e=A1=%fdeg r e e s ’ ,A1);
31 PF1=C1*(1+ cos (15* %pi /180))/2;

32 printf( ’ \ nPower f a c to r=PF1=%f ’ ,PF1);
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33 I1 =0.817* Id;// Current at 75 p e r c e n t l oad i n amps//
34 RP1=sqrt (3)*E2*I1*sqrt(1-PF1^2) /1000; // R e a c t i v e

power drawn at 75% load //
35 printf( ’ \ nReac t i v e power at 75 p e r c e n t l oad=RP1=

%fKVAR ’ ,RP1);

Scilab code Exa 11.5 Active and Reactive power

1 // Cont ro l o f DC motors //
2 // Example 1 1 . 5 / /
3 Edca =460;

4 E2=415;

5 C=Edca /(1.35* E2);

6 printf( ’ \ nCos ine o f the t r i g g e r i n g a n g l e=C=%f ’ ,C);
7 A=C*180/ %pi;

8 printf( ’ \ n T r i g g e r i n g a n g l e=A=%fdeg r e e s ’ ,A);
9 Edca10 =0.1*460;

10 C10=Edca10 /(1.35* E2);

11 printf( ’ \ nCos ine o f the t r i g g e r i n g a n g l e=C10=%f ’ ,C10
);

12 A10=C10 *180/ %pi;

13 printf( ’ \ n T r i g g e r i n g a n g l e=A10=%fdeg r e e s ’ ,A10);
14 Id =10^5/ Edca;// dc c u r r e n t i n amps//
15 I2 =0.817* Id;// Current at r a t e d speed i n amps//
16 AP=sqrt (3)*E2*I2*C/1000;

17 printf( ’ \ nAct ive power drawn from the system at
r a t e d speed=AP=%fKW ’ ,AP);

18 RP=sqrt (3)*E2*I2*sqrt(1-C^2) /1000; // R e a c t i v e power
drawn from the system //

19 printf( ’ \ nReac t i v e power drawn from the system=RP=
%fKVAR ’ ,RP);

20 AP10=sqrt (3)*E2*I2*C10 /1000;

21 printf( ’ \ nAct ivepower drawn from thesys t em at 10
p e r c e n t r a t e d speed=AP10=%fKW ’ ,AP10);

22 RP10=sqrt (3)*E2*I2*sqrt(1-C10^2) /1000; // R e a c t i v e
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power drawn from the system //
23 printf( ’ \ nReac t i v e power drawn from the system=RP10=

%fKVAR ’ ,RP10);
24 P=RP10/RP;

25 printf( ’ \nP=%f ’ ,P);
26 printf( ’ \nThus r e a c t i v e power has i n c r e a s e d by

7 4 . 5 8 9 3 p e r c e n t due to r e d u c t i o n i n motor speed ’ );

Scilab code Exa 11.6 Power at given load

1 // Cont ro l o f DC motors //
2 // Example 1 1 . 6 / /
3 printf( ’ R e a c t i v e power at r a t e d speed and r a t e d l oad

=72.79KVAR’ );
4 printf( ’ \ nReac t i v e power at r a t e d speed and 10

p e r c e n t l oad =0 .1∗72 .79=7 .279KVAR’ );
5 printf( ’ \ n S i m i l a r l y r e a c t i v e power at 10 p e r c e n t

speed and 10 p e r c e n t l oad =0 .1∗127 .08=12 .71KVAR’ );

Scilab code Exa 11.7 Triggering angle

1 // Cont ro l o f DC motors //
2 // Example 1 1 . 7 / /
3 N1=500;

4 N2=400;

5 Eb1 =410;

6 Eb2=Eb1*N2/N1;

7 printf( ’ Eb2=% f v o l t s ’ ,Eb2);
8 V=440; // o p e r a t i n g v o l t a g e o f dc motor i n v o l t s //
9 P=100; // input power o f dc motor i n KW//

10 Ia=P*1000/V;

11 printf( ’ \ nIa=%fAmps ’ ,Ia);
12 Ra=(V-Eb1)/Ia;
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13 printf( ’ \nRa=%fohms ’ ,Ra);
14 E2=415;

15 Edca=Eb2 +(0.75* Ia*Ra);// t e r m i n a l v o l t a g e o f dc motor
at 500 rpm and 75% load //

16 printf( ’ \ nTerminal v o l t a g e o f dc motor at 500 rpm
and 75 p e r c e n t l oad=Edca=% f v o l t s ’ ,Edca);

17 C=Edca /(1.35* E2);// c o s i n e o f the t r i g g e r i n g a n g l e o f
the c o n v e r t e r //

18 printf( ’ \ nCos ine o f the t r i g g e r i n g a n g l e o f the
c o n v e r t e r=C2=%f ’ ,C);

19 A=acos(C)*180/ %pi;// t r i g g e r i n g a n g l e o f the
c o n v e r t e r i n d e g r e e s //

20 printf( ’ \ n t r i g g e r i n g a n g l e o f the c o n v e r t e r A=
%fdeg r e e s ’ ,A);

36



Chapter 12

Controllers and Their
Optimisation

Scilab code Exa 12.1 Permanent error of p contoller

1 // C o n t r o l l e r s and The i r O p t i m i s a t i o n //
2 // Example 1 2 . 1 / /
3 V=40; // ga in o f the c o n t r o l l e r i n v o l t s //
4 P=100/(1+V);// permanent e r r o r o f p c o n t r o l l e r i n

p e r c e n t //
5 printf( ’ permanent Er ro r o f P c o n t r o l l e r=P=%fpercent ’

,P);

Scilab code Exa 12.2 Motor armature time constant

1 // C o n t r o l l e r s and The i r O p t i m i s a t i o n //
2 // Example 1 2 . 2 / /
3 P=1.8; // permanent e r r o r o f p c o n t r o l l e r i n p e r c e n t //
4 V=100/1.8 -1; // ga in o f the c o n t r o l l e r i n v o l t s //
5 printf( ’ g a i n o f the c o n t r o l l e r=V=% f v o l t s ’ ,V);
6 G=8; //sum o f a l l t ime c o n s t a n t s i n m i l l i s e c o n d s //
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7 T1=2*G*V;// motor armature t ime c o n s t a n t //
8 printf( ’ \nMotor armature t ime c o n s t a n t=T1=

% f m i l l i s e c o n d s ’ ,T1);

Scilab code Exa 12.3 Controller parameters

1 // C o n t r o l l e r s and The i r O p t i m i s a t i o n //
2 // Example 1 2 . 3 / /
3 f=50; // f r e q u e n c y i n hz //
4 p=6; // p u l s e number //
5 t1 =1000/(2*f*p);// t ime c o n s t a n t f o r the c u r r e n t l oop

i n ms//
6 printf( ’ t ime c o n s t a n t f o r the c u r r e n t l oop=t1=%fms ’ ,

t1);

7 t2=1.5; // t ime c o n s t a n t o f f e e d b a c k channe l i n ms//
8 G=t1+t2;// s m a l l e r t ime c o n s t a n t i n ms//
9 printf( ’ \ nSma l l e r t ime c o n s t a n t=G=%fms ’ ,G);

10 T1=30; // b i g g e r t ime c o n s t a n t i n ms//
11 Tn=T1;// t ime c o n s t a n t o f the c o n t r o l l e r i n ms//
12 printf( ’ \nTime c o n s t a n t o f the c o n t r o l l e r i n AVO=Tn=

%fms ’ ,Tn);
13 V=T1/(2*G);// ga in o f the c o n t r o l system //
14 printf( ’ \nGain o f the c o n t r o l system=V=%f ’ ,V);
15 Vg=14; // ga in o f the r e g u l a t i n g c u r r e n t l i n k //
16 Vr=V/Vg;// ga in o f the PI c o n t r o l l e r //
17 printf( ’ \nGain o f the PI c o n t r o l l e r=Vr=%f ’ ,Vr);
18 R2=11; //R2 i n KiloOhms //
19 R1=R2/Vr;//R1 i n k i l oohms //
20 printf( ’ \nR1=%fKiloohms ’ ,R1);
21 C1=Tn/R1;//C1 i n m i c r o f a r a d s //
22 printf( ’ \nC1=% f m i c r o f a r a d s ’ ,C1);

Scilab code Exa 12.4 Designing a PI regulator
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1 // C o n t r o l l e r s and The i r O p t i m i s a t i o n //
2 // Example 1 2 . 4 / /
3 G=20; // s m a l l e r t ime c o n s t a n t i n ms//
4 T1=350; // b i g g e r t ime c o n s t a n t i n ms//
5 Tn=4*G;// t ime c o n s t a n t o f the c o n t r o l l e r i n ms//
6 printf( ’ \nTime c o n s t a n t o f the c o n t r o l l e r i n SO=Tn=

%fms ’ ,Tn);
7 V=T1/(2*G);// ga in o f the c o n t r o l system //
8 printf( ’ \nGain o f the c o n t r o l system=V=%f ’ ,V);
9 Vg=1; // ga in o f the r e g u l a t i n g c u r r e n t l i n k //
10 Vr=V/Vg;// ga in o f the PI r e g u l a t o r //
11 printf( ’ \nGain o f the PI r e g u l a t o r=Vr=%f ’ ,Vr);
12 R1=11; //R1 i n KiloOhms //
13 R2=R1*Vr;//R2 i n k i l oohms //
14 printf( ’ \nR2=%fKiloohms ’ ,R2);
15 C2=Tn/R2;//C1 i n m i c r o f a r a d s //
16 printf( ’ \nC2=% f m i c r o f a r a d s ’ ,C2);

Scilab code Exa 12.5 Time constant of the controller

1 // C o n t r o l l e r s and The i r O p t i m i s a t i o n //
2 // Example 1 2 . 5 / /
3 G=6; // s m a l l e r t ime c o n s t a n t i n ms//
4 T1=80; // b i g g e r t ime c o n s t a n t i n ms//
5 Tn=T1;// t ime c o n s t a n t o f the c o n t r o l l e r i n ms//
6 printf( ’ Time c o n s t a n t o f the c o n t r o l l e r=Tn=%fms ’ ,Tn)

;

7 V=T1/(2*G);// ga in o f the c o n t r o l system //
8 printf( ’ \nGain o f the c o n t r o l system=V=%f ’ ,V);
9 Wn=1/( sqrt (2)*G);// Natura l f r e q u e n c y o f the system

i n rad /ms//
10 printf( ’ \ nNatura l f r e q u e n c y o f the system=Wn=%frad /

ms ’ ,Wn);
11 Tf=4.7*G;// t ime taken by the system to a c h i e c v e i t s

d e s i r e d output f o r f i r s t t i m e //
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12 printf( ’ \ ntime taken by the system to a c h i e v e i t s
d e s i r e d v a l u e=Tf=%fms ’ ,Tf);

13 printf( ’ \nMaximum o v e r s h o o t f o r a s y m m e t r i c a l l y
o p t i m i s e d system i s 4 . 3 p e r c e n t ’ );

14 Tmax =6.24*G;// t ime at which maximum o v e r l o a d w i l l
o c cu r i n ms//

15 printf( ’ \nTime at which maximum o v e r l o a d w i l l o c cu r=
Tmax=%fms ’ ,Tmax);

Scilab code Exa 12.6 Maximum overshoot

1 // C o n t r o l l e r s and The i r O p t i m i s a t i o n //
2 // Example 1 2 . 6 / /
3 G=20; // s m a l l e r t ime c o n s t a n t i n ms//
4 Tn=4*G;// t ime c o n s t a n t o f the c o n t r o l l e r i n ms//
5 printf( ’ t ime c o n s t a n t o f the c o n t r o l l e r=Tn=%fms ’ ,Tn)

;

6 T1=170; // b i g g e r t ime c o n s t a n t i n ms//
7 V=T1/(2*G);// ga in o f the c o n t r o l system //
8 printf( ’ \nGain o f the c o n t r o l system=V=%f ’ ,V);
9 Tf=3.1*G;// t ime taken by the system to a c h i e c v e i t s

f i n a l v a l u e on s t e p input //
10 printf( ’ \ ntime taken by the system to a c h i e v e i t s

f i n a l v a l u e=Tf=%fms ’ ,Tf);
11 printf( ’ \nMaximum o v e r s h o o t f o r a s y m m e t r i c a l l y

o p t i m i s e d system i s 43 p e r c e n t ’ );

Scilab code Exa 12.7 Settling time

1 // C o n t r o l l e r s and The i r O p t i m i s a t i o n //
2 // Example 1 2 . 7 / /
3 G=10; // s m a l l e r t ime c o n s t a n t i n ms//
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4 Tf=4.7*G;// t ime taken by the system to a c h i e c v e i t s
f i n a l output f o r f i r s t t i m e //

5 printf( ’ t ime taken by the system to a c h i e v e i t s
f i n a l v a l u e=Tf=%fms ’ ,Tf);

6 printf( ’ \nMaximum o v e r s h o o t f o r a s y m m e t r i c a l l y
o p t i m i s e d system i s 4 . 3 p e r c e n t ’ );

7 Tmax =6.24*G;// t ime at which maximum o v e r s h o o t w i l l
o c cu r i n ms//

8 printf( ’ \nTime at which maximum o v e r s h o o t w i l l o c cu r
=Tmax=%fms ’ ,Tmax);

9 Ts=8.4*G;// s e t t l i n g t ime i n ms//
10 printf( ’ \ n S e t t l i n g t ime=Ts=%fms ’ ,Ts);

Scilab code Exa 12.8 Difference in response

1 // C o n t r o l l e r s and The i r O p t i m i s a t i o n //
2 // Example 1 2 . 8 / /
3 printf( ’ Response f o r an AVO system ’ );
4 G=10; // s m a l l e r t ime c o n s t a n t i n ms//
5 Tf=4.7*G;// t ime taken by the system to a c h i e c v e i t s

f i n a l output f o r f i r s t t i m e //
6 printf( ’ \ ntime taken by the system to a c h i e v e i t s

f i n a l v a l u e=Tf=%fms ’ ,Tf);
7 printf( ’ \nMaximum o v e r s h o o t f o r a s y m m e t r i c a l l y

o p t i m i s e d system i s 4 . 3 p e r c e n t ’ );
8 Ts=8.4*G;// s e t t l i n g t ime i n ms//
9 printf( ’ \ n S e t t l i n g t ime=Ts=%fms ’ ,Ts);
10 printf( ’ \ nResponse f o r an SO system ’ );
11 G=10; // s m a l l e r t ime c o n s t a n t i n ms//
12 Tf=3.1*G;// t ime taken by the system to a c h i e c v e i t s

f i n a l output f o r f i r s t t i m e //
13 printf( ’ \ ntime taken by the system to a c h i e v e i t s

f i n a l v a l u e=Tf=%fms ’ ,Tf);
14 printf( ’ \nMaximum o v e r s h o o t f o r a s y m m e t r i c a l l y

o p t i m i s e d system i s 43 p e r c e n t ’ );
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15 Ts =16.6*G;// s e t t l i n g t ime i n ms//
16 printf( ’ \ n S e t t l i n g t ime=Ts=%fms ’ ,Ts);
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Chapter 13

Choppers and Transportation
system Application

Scilab code Exa 13.1 Instantaneous current

1 // Choppers and T r a n s p o r t a t i o n System A p p l i c a t i o n //
2 // Example 1 3 . 1 / /
3 E=220; // dc supp ly v o l t a g e i n v o l t s //
4 El=22; // Load v o l t a g e i n v o l t s //
5 Ton =1000; // conduc t i ng p e r i o d i n m i c r o s e c o n d s //
6 T=2500; // Tota l t i m e p e r i o d i n m i c r o s e c o n d s //
7 L=1; // i n d u c t a n c e i n m i l l i H e n r y //
8 R=0.25; // r e s i s t a n c e i n ohms//
9 t=L/R;// t ime c o n s t a n t i n m i l l i s e c o n d s //

10 printf( ’ t ime c o n s t a n t=t=% f m i l l i s e c o n d s ’ ,t);
11 A=0.133;

12 Td=A*T;// D i s c o n t i n u o u s c o n d i t i o n s t a r t s at //
13 printf( ’ \ n D i s c o n t i n u o u s c o n d i t i o n s t a r t s from Td=

%fmic ro seconds ’ ,Td);
14 Eo=0.4*E;// output v o l t a g e i n v o l t s //
15 printf( ’ \nOutput v o l t a g e=Eo=% f v o l t s ’ ,Eo);
16 Iav=(Eo -El)/R;// Average c u r r e n t i n amps//
17 printf( ’ \nAverage c u r r e n t=Iav=%famp ’ ,Iav);
18 Imax =((E*(1-exp(-Ton/(t*1000))))/(R*(1-exp(-T/(t
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*1000))))) -(El/R);

19 printf( ’ \nMaximum c u r r e n t=Imax=%famp ’ ,Imax);
20 Imin =((E*(exp(Ton/(t*1000)) -1))/(R*(exp(T/(t*1000))

-1)))-(El/R);

21 printf( ’ \nMinimum c u r r e n t=Imin=%famp ’ ,Imin);

Scilab code Exa 13.2 Conduction and Blocking period

1 // Choppers and T r a n s p o r t a t i o n System A p p l i c a t i o n //
2 // Example 1 3 . 2 / /
3 f=1; // o p e r a t i n g f r e q u e n c y i n KHZ//
4 E=220; // dc supp ly v o l t a g e i n v o l t s //
5 El=165; // Load v o l t a g e i n v o l t s //
6 Ton=El/(E*f);// conduc t i on p e r i o d i n ms//
7 printf( ’ Conduct ion p e r i o d=Ton=%fms ’ ,Ton);
8 T=1/f;// t o t a l t ime p e r i o d i n ms//
9 printf( ’ \ nTota l t ime p e r i o d=T=%fms ’ ,T);

10 Toff=T-Ton;// b l o c k i n g p e r i o d i n ms//
11 printf( ’ \ nBlock ing p e r i o d=To f f=%fms ’ ,Toff);

Scilab code Exa 13.3 Optimum frequency

1 // Choppers and T r a n s p o r t a t i o n System A p p l i c a t i o n //
2 // Example 1 3 . 3 / /
3 E=220; // dc supp ly v o l t a g e i n v o l t s //
4 Toff =200; // b l o c k i n g p e r i o d i n m i c r o s e c o n d s //
5 Il=50; // l oad c u r r e n t i n amps//
6 C=%pi*Toff*Il/(2*E);// c a p a c i t a n c e f o r optimum

f r e q u e n c y i n m i c r o f a r a d //
7 C=75;

8 printf( ’ Load c a p a c i t a n c e r e q u i r e d f o r optimum
f r e q u e n c y=C=%fmic ro f a rad ’ ,C);
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9 L1=Toff ^2*10^ -3/C;// i n d u c t a n c e r e q u i r e d i n
m i l l i H e n r y //

10 L2=L1;

11 printf( ’ \ nInductance paramete r s=L1=L2=% f m i l l i H e n r y ’ ,
L1);

Scilab code Exa 13.4 Required pulse width

1 // Choppers and T r a n s p o r t a t i o n System A p p l i c a t i o n //
2 // Example 1 3 . 4 / /
3 E=220; // dc supp ly v o l t a g e i n v o l t s //
4 El=660; // Load v o l t a g e i n v o l t s //
5 Toff =100; // b l o c k i n g p e r i o d i n m i c r o s e c o n d s //
6 Ton=(El/E-1)*Toff;// Conduct ion p e r i o d i n

m i c r o s e c o n d s //
7 printf( ’ Conduct ion p e r i o d=Ton=%fmic ro seconds ’ ,Ton);

Scilab code Exa 13.5 Pulse width

1 // Choppers and T r a n s p o r t a t i o n System A p p l i c a t i o n //
2 // Example 1 3 . 5 / /
3 f=200; // chopper f r e q u e n c y i n HZ//
4 E=220; // dc supp ly v o l t a g e i n v o l t s //
5 Iav =100; // Average c u r r e n t i n the c i r c u i t i n amps//
6 Ra =0.02; // Armature r e s i s t a n c e i n ohms//
7 Rf =0.01; // F i e l d r e s i s t a n c e i n ohms//
8 Ebav =50; // Average v a l u e o f the Back emf i n v o l t s //
9 Eav=Iav*(Ra+Rf)+Ebav;// Average v o l t a g e i n the

c i r c u i t i n v o l t s //
10 printf( ’ Average v o l t a g e i n the c i r c u i t=Eav=% f v o l t s ’ ,

Eav);

11 Ton=Eav *1000/(E*f);// conduc t i on p e r i o d i n ms//
12 printf( ’ \ nConduct ion p e r i o d=Ton=%fms ’ ,Ton);
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Scilab code Exa 13.6 Motor Torque

1 // Choppers and T r a n s p o r t a t i o n System A p p l i c a t i o n //
2 // Example 1 3 . 6 / /
3 f=200; // chopper f r e q u e n c y i n HZ//
4 T=1000/f;// t o t a l t ime p e r i o d i n ms//
5 Toff =4; // B l o ck in g p e r i o d i n ms//
6 Ton=T-Toff;// conduc t i on p e r i o d i n ms//
7 R1=2; //R1 i n ohms//
8 R2=4; //R2 i n ohms//
9 R=((R1*Ton)+(R1+R2)*Toff)/T;// r o t o r r e s i s t a n c e

r e f e r r e d to s t a t o r i n ohms//
10 printf( ’ Rotor r e s i s t a n c e r e f e r r e d to s t a t o r=R=%fohms

’ ,R);
11 V=415; // s t a t o r v o l t a g e i n v o l t s //
12 s=0.02; // s l i p o f the motor //
13 MT=V^2*s/R;// motor t o r q u e i n Syn . Watts //
14 printf( ’ \nMotor t o r q u e=MT=%fSnc . Watts ’ ,MT);

Scilab code Exa 13.7 Chopper Frequency

1 // Choppers and T r a n s p o r t a t i o n System A p p l i c a t i o n //
2 // Example 1 3 . 7 / /
3 //R1=r o t o r r e s i s t a n c e b e f o r e i n t r o d u c t i o n o f c o n t r o l

//
4 //R2=r o t o r r e s i s t a n c e a f t e r i n t r o d u c t i o n o f c o n t r o l

//
5 R1 = 100;

6 printf( ’R2=1.5∗R1 ’ );
7 R2=1.5*R1 // r o t o r r e s i s t a n c e r e f e r r e d to s t a t o r i n

ohms//
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8 printf( ’ \ nthe above c o n d i t i o n s a t i s f i e s when Ton=
To f f ’ );

9 T=4; // t o t a l t ime p e r i o d i n ms//
10 f=1000/T;// chopper f r e q u e n c y i n hz //
11 printf( ’ \nChopper f r e q u e n c y=f=%fhz ’ ,f);
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Chapter 15

The AC motor control

Scilab code Exa 15.1 Stator current

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 1 / /
3 S1=2; // v a l u e o f s l i p i n p e r c e n t a g e o f s l i p r i n g

i n d u c t i o n motor //
4 Ns =1000; // v a l u e o f s t a t o r speed i n rpm//
5 Nr=500; // v a l u e o f r o t o r speed i n rpm//
6 S2=(Ns-Nr)*100/ Ns;// va lu o f s l i p i n p e r c e n t a g e o f

motor //
7 printf( ’ v a l u e o f s l i p o f motor=S2=%fpe r c en tage ’ ,S2);
8 I1=50; // s t a t o r c u r r e n t i n amps//
9 I2=I1*sqrt(S2/S1);

10 printf( ’ \ nva lue o f new s t a t o r c u r r e n t=I2=%fAmp ’ ,I2);

Scilab code Exa 15.2 Designing a thyristor converter

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 2 / /
3 Imr =50; // motor f i e l d r a t i n g i n amp//
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4 Icr =1.5* Imr;// c o n v e r t e r r a t e d c u r r e n t i n amp//
5 printf( ’ v a l u e o f c o n v e r t e r r a t e d c u r r e n t=I c r=%famp ’ ,

Icr);

6 Vdc =100; // c o n v e r t e r dc r a t i n g i n v o l t s //
7 Vac=Vdc /1.35; // c o n v e r t e r ac r a t i n g v o l t a g e r e q u i r e d

//
8 printf( ’ \ nva lue o f c o n v e r t e r r a t e d ac v o l t a g e=Vac=

% f v o l t s ’ ,Vac);
9 Pkva =(1.05*100*75) /1000; //KVA r a t i n g o f the

t r a n s f o r m e r //
10 printf( ’ \nKVA r a t i n g o f t r a n s f o r m e r=Pkva=%fKVA ’ ,Pkva

);

Scilab code Exa 15.3 Torque developed by the motor

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 3 / /
3 S1 =0.04; // v a l u e o f s l i p i n o f i n d u c t i o n motor //
4 Ns =1500; // v a l u e o f i n i t i a l speed i n rpm//
5 N2 =1300; // v a l u e o f speed reduced to i n rpm//
6 N1=Ns*(1-S1);// va lu o f speed N1 i n rpm//
7 printf( ’ v a l u e o f speed N1=%frpm ’ ,N1);
8 f=(Ns-N1)/(Ns -N2);

9 printf( ’ \ nva lue o f f=%f ’ ,f);
10 T1 =2000; // d e v e l o p i n g to r q u e i n i n d u c t i o n motor i n

watt s //
11 T2=T1/f;//new v a l u e o f t o r qu e deve l oped by the motor

i n watt s //
12 printf( ’ \ nva lue o f new t o r qu e deve l oped=T2=%fWatts ’ ,

T2);

Scilab code Exa 15.4 Torque developed by the motor
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1 //The ac Motor Cont ro l //
2 // Example 1 5 . 4 / /
3 f1a =50; // i n t i a l f r e q u e n c y i n h e r t z //
4 f1b =75; // v a l u e o f f r e q u e n c y i n c r e a s e d to i n h e r t z //
5 Ta =1500; // d e v e l o p i n g to r q u e i n i n d u c t i o n motor i n

watt s //
6 Tb=Ta*f1a/f1b;//new v a l u e o f t o r qu e deve l oped by the

motor i n watt s //
7 printf( ’ v a l u e o f new t o r q u e deve l oped=Tb=%fWatts ’ ,Tb

);

Scilab code Exa 15.5 Rotor Frequency

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 5 / /
3 V=415; // o p e r a t i n g input v o l t a g e o f i n d u c t i o n motor

i n v o l t s //
4 S=0.04; // input s l i p //
5 r2=1; // r o t o r r e s i s t a n c e r e f e r r e d to s t a t o r i n ohms//
6 T=(S*V^2)/r2;// t o r q ue deve l oped by motor i n watt s //
7 printf( ’ t o rq u e deve l oped by motor=T=%fwatts ’ ,T);
8 f1=75; // input s t a t o r f r e q u e n c y i n h e r t z //
9 f2=S*f1;// r o t o r f r e q u e n c y i n h e r t z //

10 printf( ’ \ nva lue o f r o t o r f r e q u e n c y=f 2=%fher t z ’ ,f2);

Scilab code Exa 15.6 Input voltage to the motor

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 6 / /
3 f1a =50; // i n t i a l f r e q u e n c y i n h e r t z //
4 f1b =30; // v a l u e o f f r e q u e n c y reduced to i n h e r t z //
5 Va=415; // o p e r a t i n g v o l t a g e o f i n d u c t i o n motor i n

v o l t s //
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6 Vb=Va*f1b/f1a;// input v o l t a g e to the motor i n v o l t s
//

7 printf( ’ v a l u e o f i nput v o l t a g e to the motor=Vb=
% f v o l t s ’ ,Vb);

8 Pa=100; // o p e r a t i n g power o f i n d u c t i o n motor i n KVA//
9 Pb=Pa*f1b/f1a;// input power to the motor i n KVA//
10 printf( ’ \ nva lue o f i nput power to the motor=Pb=%fKVA

’ ,Pb);

Scilab code Exa 15.7 Rotor copper loss

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 7 / /
3 f1a =40; // i n t i a l f r e q u e n c y i n h e r t z //
4 Pa=200; // input power o f s q u i r r e l cage motor i n KVA//
5 Pb=150; // input power to the motor a f t e r change i n

speed i n KVA//
6 f1b=f1a*Pb/Pa;// f r e q u e n c y changed to i n h e r t z //
7 printf( ’ v a l u e o f f r e q u e n c y changed to f1b=%fhz ’ ,f1b)

;

8 Nsa =1200; // motor i n i t i a l s ync ronous speed i n rpm//
9 Nsb=Nsa*f1b/f1a;

10 Sb =0.04;

11 Nb=Nsb*(1-Sb);// speed i n rpm at 4% s l i p //
12 printf( ’ \ nspeed at 4 p e r c e n t s l i p=Nb=%frpm ’ ,Nb);
13 Va=325; // o p e r a t i n g v o l t a g e o f i n d u c t i o n motor i n

v o l t s //
14 Vb=Va*f1b/f1a;// s t a t o r v o l t a g e to the motor i n v o l t s

//
15 printf( ’ \ nva lue o f s t a t o r v o l t a g e to the motor=Vb=

% f v o l t s ’ ,Vb);
16 Pag =150; // power t r a n s f e r r e d from s t a t o r to r o t o r at

30 hz i n KVA//
17 Ws =2*3.14* Nsb /60;

18 T=Pag *1000/ Ws;// t o r q u e i f s t a t o r drop i s n e g l i g i b l e
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i n watt s //
19 printf( ’ \ nto rque i f s t a t o r drop i s n e g l i g i b l e=T=

%fwatts ’ ,T);
20 P2=Sb*Pag;// r o t o r copper l o s s i n KVA//
21 printf( ’ \ n r o t o r copper l o s s=P2=%fKVA ’ ,P2);

Scilab code Exa 15.8 Stator frequency

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 8 / /
3 f1a =50; // i n t i a l i nput f r e q u e n c y i n h e r t z //
4 Ta =2000; // d e v e l o p i n g to r q u e i n i n d u c t i o n motor i n

watt s //
5 Tb =1500; //new v a l u e o f t o r qu e reduced to i n watt s //
6 f1b=f1a*sqrt(Ta/Tb);// v a l u e o f s t a t o r f r e q u e n c y

i n c r e a s e d to i n h e r t z //
7 printf( ’ v a l u e o f s t a t o r f r e q u e n c y i n c r e a s e d to f1b=

%fher t z ’ ,f1b);

Scilab code Exa 15.9 Distortion Factor

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 9 / /
3 Vom1=sqrt (2) *41.5; // s t a r t i n g rms v a l u e o f output

v o l t a g e //
4 Vom2=sqrt (2) *166; // end ing rms v a l u e o f output

v o l t a g e //
5 V=415; // o p e r a t i n g v o l t a g e o f c y c l o c o n v e r t e r //
6 A1=(acos(Vom1 /(1.35*V)))*180/ %pi;// f i r i n g a n g l e

s t a r t s from //
7 printf( ’ f i r i n g a n g l e s t a r t s from A1=%fdeg r e e s ’ ,A1);
8 A2=(acos(Vom2 /(1.35*V)))*180/ %pi;// f i r i n g a n g l e ends

at //
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9 printf( ’ \ n f i r i n g a n g l e ends at A2=%fdeg r e e s ’ ,A2);
10 PFl =0.8; // l oad power f a c t o r //
11 IPF=cos(%pi *7/15)*PFl/sqrt (2);// input power f a c t o r //
12 DF=0.7; // input d i s p l a c e m e n t f a c t o r //
13 printf( ’ \ n input power f a c t o r=IPF=%f ’ ,IPF);
14 Mh=cos(%pi *0.3627)*PFl/(sqrt (2)*DF);

15 printf( ’ \ n d i s t o r t i o n f a c t o r=Mh=%f ’ ,Mh);

Scilab code Exa 15.10 Range of variation

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 1 0 / /
3 Vo5m=sqrt (2) *41.5; // rms v a l u e o f output v o l t a g e //
4 V=415; // o p e r a t i n g v o l t a g e o f c y c l o c o n v e r t e r //
5 A5=(acos(Vo5m /(1.35*V)))*180/ %pi;// t r i g g e r a n g l e

r a n g e s from //
6 printf( ’ t r i g g e r a n g l e r a n g e s fromA5=%fdeg r e e s ’ ,A5);
7 A51=180-A5;// t r i g g e r a n g l e r a n g e s upto //
8 printf( ’ \ n t r i g g e r a n g l e r a n g e s upto A51=%fdeg r e e s ’ ,

A51 ’);

9 LPF =0.9; // l oad power f a c t o r //
10 CA15 =0.3132; //maximum c o s i n e v a l u e c o r r e s p o n d i n g to

o p e r a t i n g f r e q u e n c y 15 hz //
11 HIPF=CA15*LPF/sqrt (2);// h i g h e s t v a l u e o f i nput power

f a c t o r //
12 printf( ’ \ n h i g h e s t v a l u e o f i nput power f a c t o r=HIPF=

%f ’ ,HIPF);
13 LIPF=cos(A5*%pi /180)*LPF/sqrt (2);// l o w e s t v a l u e o f

i nput power f a c t o r //
14 printf( ’ \ n l o w e s t v a l u e o f i nput power f a c t o r=LIPF=%f

’ ,LIPF);
15 IDF =0.75; // input d i s p l a c e m e n t f a c t o r //
16 HDF=CA15*LPF/(sqrt (2)*IDF);// h i g h e s t v a l u e o f

d i s t o r t i o n f a c t o r //
17 printf( ’ \ n h i g h e s t v a l u e o f d i s t o r t i o n f a c t o r=HDF=%f ’
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,HDF);

18 LDF=HDF*cos(A5*%pi /180)/CA15;// l o w e s t v a l u e o f
d i s t o r t i o n f a c t o r //

19 printf( ’ \ n l o w e s t v a l u e o f d i s t o r t i o n f a c t o r=LDF=%f ’ ,
LDF);

Scilab code Exa 15.11 Load powerfactor

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 1 1 / /
3 PFm =0.5; // h i g h e s t v a l u e o f i nput f a c t o r //
4 Am =3.14/6; // h i g h e s t v a l u e o f i nput p o w e r f a c t o r

o c c u r s at 30 d e g r e e s //
5 A=cos(Am);// h i g h e s t v a l u e o f cosAm i f f i r i n g a n g l e

r a n g i n g from 30 to 150//
6 printf( ’ h i g h e s t v a l u e o f cosAm=%f ’ ,A);
7 PFl=(sqrt (2)*PFm)/A;

8 printf( ’ \ n laod power f a c t o r o f c y c l o c o n v e r t e r=%f ’ ,
PFl);

Scilab code Exa 15.12 Input displacement factor

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 1 2 / /
3 PFi =0.6; // input p o w e r f a c t o r //
4 DF=0.7; // d i s t o r t i o n f a c t o r //
5 IDF=PFi/DF;// input d i s p l a c e m e n t f a c t o r //
6 printf( ’ i npu t d i s p l a c e m e n t f a c t o r=%f ’ ,IDF);

Scilab code Exa 15.13 Firing angle
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1 //The ac Motor Cont ro l //
2 // Example 1 5 . 1 3 / /
3 PFi =0.1; // input p o w e r f a c t o r //
4 PFl =0.9; // l oad p o w e r f a c t o r //
5 A=(acos(sqrt (2)*PFi/PFl))*180/3.14; // f i r i n g a n g l e

i n d e g r e e s //
6 printf( ’ f i r i n g a n g l e o f c y c l o c o n v e r t e r d r i v e=A=

%fdeg r e e s ’ ,A);
7 IDF =0.7; // l e a d i n g input d i s p l a c e m e n t f a c t o r //
8 DF=PFi/IDF;// d i s t o r t i o n f a c t o r //
9 printf( ’ \ n d i s t o r t i o n f a c t o r=DF=%f ’ ,DF);

Scilab code Exa 15.14 Firing angle

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 1 4 / /
3 Ap=30; // t r i g g e r i n g a n g l e o f p o s i t i v e group i n

d e g r e e s //
4 An=180-Ap;// t r i g g e r i n g a n g l e o f n e g a t i v e group i n

d e g r e e s //
5 printf( ’ t r i g g e r i n g a n g l e o f n e g a t i v e group=An=

%fdeg r e e s ’ ,An);

Scilab code Exa 15.15 Input currents

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 1 5 / /
3 V=415; // input o p e r a t i n g v o l t a g e o f c y c l o c o n v e r t e r i n

v o l t s //
4 Pi=50; // input power o f the c y c l o c o n v e r t e r i n KVA//
5 PF=0.8; // input power f a c t o r //
6 A=0.785; // f i r i n g a n g l e i n r a d i a n s //
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7 I=(Pi *1000* sqrt (2))/(3*V*PF*cos(A));// input c u r r e n t
to the c o n v e r t e r i n amp//

8 printf( ’ i npu t c u r r e n t to the c o n v e r t e r=I=%famp ’ ,I);

Scilab code Exa 15.16 Load powerfactor

1 //The ac Motor Cont ro l //
2 // Example 1 5 . 1 5 / /
3 Vo=200; // input o p e r a t i n g v o l t a g e o f c y c l o c o n v e r t e r

i n v o l t s //
4 Po =50*10^3; // input power o f the c y c l o c o n v e r t e r i n VA

//
5 Io=100; // drawing c u r r e n t from motor i n amp//
6 PF=Po/(3*Vo*Io);// l oad power f a c t o r //
7 printf( ’ l o ad power f a c t o r o f motor=PF=%f ’ ,PF);
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Chapter 16

Faults and Protection

Scilab code Exa 16.1 Peak inverse voltage

1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 1 / /
3 V=415; //AC input v o l t a g e //
4 Vf =2.53; // v o l t a g e s a f e t y f a c t o r //
5 PIV =2* sqrt (2)*V*Vf;// peak i n v e r s e v o l t a g e o f the

d e v i c e //
6 printf( ’ peak i n v e r s e v o l t a g e o f the d e v i c e=PIV=

%fVolt s ’ ,PIV);

Scilab code Exa 16.2 Voltage safety factor

1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 2 / /
3 V=415; //AC input v o l t a g e i n v o l t s //
4 PIV =1350; // peak i n v e r s e v o l t a g e o f the d e v i c e i n

v o l t s //
5 Vf=PIV/(sqrt (2)*V);// v o l t a g e s a f e t y f a c t o r o f the

d e v i c e //
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6 printf( ’ v o l t a g e s a f e t y f a c t o r o f the d e v i c e=Vf=%f ’ ,
Vf);

Scilab code Exa 16.3 Choke power

1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 3 / /
3 P=100; // input power i n KVA//
4 Xt =0.04; // l i m i t i n g ac r e a c t a n c e v a l u e //
5 Fov =2; // c u r r e n t o v a r l o a d f a c t o r //
6 Pc=Xt*P*Fov;// choke power o f the c o n v e r t e r i n KVA//
7 printf( ’ choke power o f the c o n v e r t e r=Pc=%fKVA ’ ,Pc);

Scilab code Exa 16.4 Snubber circuit

1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 4 / /
3 Ls=0.1; // s t r a y i n d u c t a n c e i n the c i r c u i t i n m i l l i

Henry //
4 L=2*Ls;// i n d u c t a n c e r e q u i r e d f o r the snubber ck t f o r

p r o t e c t i o n i n mH//
5 Im=250; //mean v a l u e o f c u r r e n t i n amp//
6 C=2.5* Im;// c a p a c i t a n c e r e q u i r e d f o r the snubber ck t

i n nano Farads //
7 printf( ’ c a p a c i t a n c e i n snubber c i r c u i t=C=

%fnano fa rads ’ ,C);
8 R=2*100* sqrt(L/C);// r e s i s t a n c e i n snubber c i r c u i t i n

K i l o Ohms//
9 printf( ’ \ n R e s i s t a n c e i n snubber c i r c u i t=R=%fKi lo

Ohms ’ ,R);
10 Pdif =1*30; // p e r m i s s i b l e dv/ dt o f the c i r c u i t //
11 printf( ’ \ n P e r m i s s i b l e dv/ dt o f the c i r c u i t=%fMV/ s ’ ,

Pdif);
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Scilab code Exa 16.5 Suitable circuit

1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 5 / /
3 V=240; // dc input v o l t a g e i n v o l t s //
4 Vh=25; // each s e l e n i u m p l a t e h a n d l i n g v o l t a g e i n

v o l t s //
5 N=V/Vh;// number o f p l a t e s i n s e r i e s i n the c i r c u i t //
6 printf( ’ number o f p l a t e s i n s e r i e s i n the c i r c u i t=N=

%f ’ ,N);
7 printf( ’ \ nso we w i l l use 10 p l a t e s i n the c i r c u i t ’ );

Scilab code Exa 16.6 Suitable circuit

1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 6 / /
3 V=230; // ac input v o l t a g e i n v o l t s //
4 Vh=30; // each s e l e n i u m p l a t e h a n d l i n g v o l t a g e i n

v o l t s //
5 N=((V/Vh)+1);/ number of plates in series in each

direction in the ckt //
6 printf( ’ number o f p l a t e s i n s e r i e s i n each d i r e c t i o n

=N=%f ’ ,N);
7 Nt=2*N;// t o t a l number o f p l a t e s i n s e r i e s i n the

c i r c u i t //
8 printf( ’ \ n t o t a l number o f p l a t e s i n s e r i e s i n both

d i r e c t i o n s=Nt=%f ’ ,Nt);

Scilab code Exa 16.7 Energy dissipated per plate
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1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 7 / /
3 V=415; // ac input v o l t a g e i n v o l t s //
4 Vdc =440; // s u p p l i e d v o l t a g e to dc motor i n v o l t s //
5 Vh=30; // each s e l e n i u m p l a t e h a n d l i n g v o l t a g e i n

v o l t s //
6 N=Vdc/Vh;// number o f p l a t e s i n s e r i e s i n each

d i r e c t i o n i n the ck t //
7 N=15;

8 printf( ’ number o f p l a t e s i n each branch=N=%f ’ ,N);
9 Nt=3*N;// t o t a l number o f p l a t e s i n s e r i e s i n the

c i r c u i t //
10 printf( ’ \ n t o t a l number o f p l a t e s=Nt=%f ’ ,Nt);
11 Ipa =136; // peak armature c u r r e n t i n amperes //
12 T=30; // t ime c o n s t a n t i n m i l l i s e c o n d s //
13 R=0.175; // Armature r e s i s t a n c e i n Ohms//
14 L=T*R;// Armature c i r c u i t Induc tance i n m i l l i H e n r y //
15 printf( ’ \nArmature c i r c u i t i n d u c t a n c e=L=%fmH ’ ,L);
16 Es=0.5*L*Ipa ^2*10^ -3; // Energy s t o r e d i n armature

c i r c u i t i n w a t t s e c //
17 printf( ’ \nEnergy s t o r e d i n armature c i r c u i t=Es=

%fwatt sec ’ ,Es);
18 Ed=Es/N;// Energy d i s s i p a t e d per p l a t e i n w a t t s e c //
19 printf( ’ \nEnergy d i s s i p a t e d per p l a t e=Ed=%fwatt sec ’ ,

Ed);

Scilab code Exa 16.8 Protection circuit

1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 8 / /
3 printf( ’ As the t h y r i s t o r c o n v e r t e r i s r e q u i r e d f o r

both r e c t i f i c a t i o n / i n v e r s i o n and as the f u s e has
to p r o t e c t a g a i n s t i n v e r t e r f a u l t a l s o , f u s e s w i l l

have to be l o c a t e d i n branche s and minimum o f
s i x f u s e s w i l l be r e q u i r e d . ’ );
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4 Id=765; // dc c u r r e n t i n amps//
5 Ib =0.58* Id;// Current through each branch i n amps//
6 printf( ’ \n Current through each t h y r i s t o r branch=Ib=

%famps ’ ,Ib);
7 printf( ’ \n I n v e r t e r s h o r t through : ’ );
8 printf( ’ \n Vo l tage c a u s i n g i n v e r t e r shoo t through

c u r r e n t=E2+eb ’ );
9 printf( ’ \n Maximum v a l u e o f the v o l t a g e c a u s i n g

i n v e r t e r shoo t through c u r r e n t=s q r t ( 2 ) ∗E2+eb ’ );
10 //E2=Input v o l t a g e o f the t h y r i s t o r c o n v e r t e r //
11 // eb=Back emf o f the motor c a u s i n g r e g e n e r a t i o n //
12 printf( ’ \n Recovery v o l t a g e a c r o s s each f u s e=Ew=E2

/2+eb /(2∗ s q r t ( 2 ) ) ’ );
13 // eb=Edi ∗ co s (5∗%pi /6) //
14 // Edi=Maximum dc v a l u e o f the v o l t a g e on the

t h y r i s t o r c o n v e r t e r =1.35∗E2 f o r 6 p u l s e
c o n n e c t i o n under d i s c u s s i o n //

15 // Angle o f 5∗%pi /6 i s norma l ly taken as the l i m i t i n g
v a l u e o f the f i r i n g a n g l e beyond which i n v e r t e r

shoo t through w i l l t a k e s p l a c e //
16 printf( ’ \n Furthe r f u s e r a t e d v o l t a g e=En=E2+Eb/ s q r t

( 2 ) =2∗Ew ’ );
17 E2=500;

18 Ew =0.914* E2;

19 printf( ’ \n Ew=% f v o l t s ’ ,Ew);
20 En=2*Ew;

21 printf( ’ \n En=% f v o l t s ’ ,En);
22 printf( ’ \n Ew/En=455/1000=0.45 ’ );
23 printf( ’ \n I t a ˆ2=1.4∗ Itm ˆ2\n Tota l I t ˆ2 v a l u e o f

f u s e=I t a ˆ2+Itm ˆ2=2.4∗ Itm ˆ2=2.4∗65000Aˆ2 s =1 ,56 ,000
Aˆ2 s ’ );

24 printf( ’ \n I ˆ2 t o f t h y r i s t o r =1 ,90 ,000Aˆ2 s ’ );
25 printf( ’ \n I ˆ2 t o f t h y r i s t o r >I ˆ2 t o f f u s e or the

f u s e w i l l p r o t e c t the d e v i c e ’ );
26 printf( ’ \n Shor t c i r c u i t on dc Bushers ’ );
27 //The f a u l t i s shown i n f i g 1 6 . 9 ( c ) a l ong with path

o f the f a u l t c u r r e n t //
28 printf( ’ \n Maximum v o l t a g e c a u s i n g f a u l t c u r r e n t=
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s q r t ( 2 ) ∗E2 ’ );
29 printf( ’ \n Recovery v o l t a g e a c r o s s each f u s e =0.5∗E2

=0.5∗500=250 v o l t s ’ );
30 printf( ’ \n Ew/En=250/1000=0.25 and at t h i s v a l u e I t a

ˆ2=0.4∗ Itm ˆ2 ’ );
31 printf( ’ \n I t ˆ2 o f f u s e=I t a ˆ2+Itm ˆ2=1.4∗ Itm

ˆ2=1.4∗65000=91000Aˆ2 s ’ );
32 printf( ’ \n I t ˆ2 o f t h y r i s t o r =1 ,50 ,000Aˆ2 s \n I t ˆ2 o f

t h y r i s t o r >>I t ˆ2 o f f u s e \n the f u s e w i l l p r o t e c t
t h y r i s t o r ’ );

33 printf( ’ \n Puncture o f a d e v i c e : \ n In t h i s c a s e a l s o
maximum v o l t a g e c a u s i n g f a u l t c u r r e n t=s q r t ( 2 ) ∗E2
\n Thus as per c a s e I t ˆ2 v a l u e o f t h y r i s t o r w i l l
be more than tha t o f f u s e ’ );

34 printf( ’ \n Shor t c i r c u i t between phase and b r i d g e : \ n
In t h i s c a s e a l s o as per c a s e above f u s e w i l l

p r o t e c t d e v i c e \n Thus the f u s e w i l l p r o t e c t f o r
a l l f a u l t s ’ );

Scilab code Exa 16.9 Additional value of inductance

1 // F a u l t s and P r o t e c t i o n //
2 // Example 1 6 . 9 / /
3 printf( ’ Thus from the t a b l e we s e e at a v a l u e o f

c i r c u i t i n d u c t a n c e 1 . 5 9 2mH, I ˆ2 t v a l u e o f b r e a k e r
i s 4 . 9∗1 0ˆ 5Aˆ2 s and s e l e c t i v i t y between f u s e and
b r e a k e r i s I ˆ2 tFuse / I ˆ2 t Breaker

=4∗10ˆ5/4 .97∗10ˆ5=1.01 ’ );
4 printf( ’ \nAs t h i s i s j u s t the bo rde r c a s e we w i l l go

f o r the next v a l u e o f i n d u c t a n c e i . e , 1 . 9 1mH. where
s e l e c t i v i t y =5∗10ˆ5/4 .34∗10ˆ5=1.18 ’ );

5 printf( ’ \nThus the a d d i t i o n a l i n d u c t a n c e r e q u i r e d i s
=1.91−1.273=0.637mH’ );
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