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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 1

Control of DC Motor by Single
Phase Converters

Scilab code Exa 1.1 Ex1

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 af=0 // F i r i n g Angle o f Conve r t e r s i n F i e l d
5 Rf=200 // F i e l d R e s i s t a n c e i n ohm
6 T=50 //Load Torque i n N−m
7 Kt=0.8 //Torque Constant i n N−m/Aˆ2
8 N=900 //Motor Speed i n rpm
9 Ra=0.3 // Armature R e s i s t a n c e i n ohm
10

11 // S o l u t i o n
12 Vf=Vm*(1+ cos(af))*(1/ %pi)*1.414 // Vo l tage a c r o s s

F i e l d i n Vo l t s
13 If=Vf/Rf // F i e l d Current i n Amp
14 Ia=T/(Kt*If) //Armature Current i n Amp
15 w=(2* %pi*N)/60 // Angular Speed in rad / s e c
16 Eb=Kt*If*w //Back Emf i n Vo l t s
17 Va=Eb+Ia*Ra // Vo l tage a c r o s s Armature
18 A=%pi*Va*(1/Vm)*(1/1.414)
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19 aa=acosd(A-1) // F i r i n g Angle o f Semi Conver t e r i n
Armature C i r c u i t

20 VaIa=Va*Ia //Power output o f Conve r t e r s i n Armature
C i r c u i t i n Watts

21 I=sqrt ((180-aa)*(1/180))*Ia // Input Current
22 VA=Vm*I // Input VA
23 pf=VaIa/VA // Input Power Facto r
24 // Re su l t
25 printf( ’ \n\n The F i e l d Current=%0 . 1 f Amp\n\n ’ ,If)
26 printf( ’ \n\n The F i r i n g Angle o f Semi Conver t e r i n

Armature C i r c u i t=%0 . 1 f d e g r e e \n\n ’ ,aa)
27 printf( ’ \n\n The Power Facto r o f Semi Conver t e r i n

Armature C i r c u i t=%0 . 1 f \n\n ’ ,pf)

Scilab code Exa 1.2 Ex2

1 clc

2 // v a r i a b l e I n i t i a l i z a t i o n
3 Vm=208 // Supply Vo l tage In Vo l t s
4 af=0 // F i r i n g Angle Of Conve r t e r s In F i e l d
5 Rf=147 // F i e l d R e s i s t a n c e In Ohm
6 Ra=0.25 //Armature R e s i s t a n c e In Ohm
7 T=45 //Load Torque In N−m
8 Kv =0.7032 //Motor Vo l tage Constant
9 N=1000 //Motor Speed In Rpm
10

11 // S o l u t i o n
12 Vf=Vm*(1+ cos(af))*(1/ %pi)*1.414 // Vo l tage Acros s

F i e l d In Vo l t s
13 If=Vf/Rf // F i e l d Current In Amp
14 Ia=T/(Kv*If) //Armature Current In Amp
15 w=(2* %pi*N)/60 // Angular Speed In Rad/ Sec
16 Eb=Kv*If*w //Back Emf In Vo l t s
17 Va=Eb+Ia*Ra // Vo l tage Acros s Armature In Vo l t s
18 A=%pi*Va*(1/Vm)*(1/1.414)
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19 aa=acosd(A-1) // Delay Angle Of Semi Conver t e r In
Armature C i r c u i t

20 VaIa=Va*Ia //Power Output Of Conve r t e r s In Armature
C i r c u i t In Watts

21 I=sqrt ((180-aa)*(1/180))*Ia // Input Current
22 VA=Vm*I // Input VA
23 Pf=VaIa/VA // Input Power Facto r
24

25 // Re su l t
26 printf( ’ \n\n The F i e l d Current=%0 . 1 f Amp\n\n ’ ,If)
27 printf( ’ \n\n The Delay Angle Of Semi Conver t e r In

Armature C i r c u i t=%0 . 1 f d e g r e e \n\n ’ ,aa)
28 printf( ’ \n\n The Power Facto r Of Semi Conver t e r In

Armature C i r c u i t=%0 . 1 f \n\n ’ ,Pf)
29 //The answers vary due to round o f f e r r o r (2 nd and 3

rd )

Scilab code Exa 1.3 Ex3

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 V=120 // Supply Vo l tage In Vo l t s
4 Vm =120*1.414 //Max . Vo l tage In Vo l t s
5 Ra=10 //Armature R e s i s t a n c e In Ohm
6 af=0 // F i r i n g Angle Of Conver t e r
7 Eb=60 //Back Emf In Vo l t s
8

9 // S o l u t i o n
10 Va=Vm*(1+ cos(af))*(1/ %pi)// Vo l tage Acros s armature

In Vo l t s
11 Ia=(Va-Eb)/Ra // Average Value Of Armature Current In

Amp
12

13 // Re su l t
14 printf( ’ \n\n The Average Value Of Armature Current=
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%0. 1 f Amp\n\n ’ ,Ia)

Scilab code Exa 1.4 Ex4

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=320 // Input Vo l tage In Vo l t s
4 Eb=100 //Back Emf In Vo l t s
5 Ra=5 //Armature R e s i s t a n c e In Ohm
6 af=45 // F i r i n g Angle Of SCR In Degree
7 N=1200 // Speed Of Motor In RPM
8

9 // S o l u t i o n
10 Va=Vm* (1/%pi)* (1+ cosd(af)) // Vo l tage Acros s

Armature In v o l t s
11 Ia=(Va-Eb)/Ra //Armature Current Amp
12 W=(2* %pi*N)/60 // Angular Speed In rad / Sec .
13 K=Eb/W // Vo l tage Constant In V−rad / Sec
14 T=K*Ia //Torque Of Motor In N−m
15

16 // Re su l t
17 printf( ’ \n\n The Armature Current=%0 . 1 f Amp\n\n ’ ,Ia)
18 printf( ’ \n\n The Motor Torque=%0 . 1 f N−m\n\n ’ ,T)
19 //The answers vary due to round o f f e r r o r

Scilab code Exa 1.5 Ex5

1 clc

2 // v a r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Input Vo l tage In Vo l t s
4 Ra=0.5 //Armature R e s i s t a n c e In Ohm
5 Rf=190 // F i e l d r e s i s t a c e i n Ohm
6 N=1400 // Speed Of Motor In RPM
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7 Ka=0.8 //Motor v o l t a g e c on s t an t i n V/A−rad / s e c
8 T=50 //Load Torque In N−m
9

10 // S o l u t i o n
11 W=(2* %pi*N)/60 // Angular Speed In rad / Sec .
12 // S i n c e the maximum f i e l d v o l t a g e and cu r r e n t i s

ob ta i n ed at a F i r i n g Angle o f ’ 0 ’ d e g r e e
13 af=0 // F i r i n g Angle Of SCR In Degree
14 Vf=(Vm *1.414) *(1+ cosd(af))*(1/ %pi) // f i e l d Vo l tage

In v o l t s
15 If=Vf/Rf // F i e l d Current In Amp.
16 Ia=T/(Ka*If) //Armature c u r r e n t i n Amp.
17 Eb=(Ka*If*W)// t h i s va l u e i s wrong ly c a l c u l a t e d i n

book
18 Vdc=Eb+Ia*Ra // Vo l tage a c r o s s armature i n v o l t s
19 // f o r the semi c o n v e r t e r f e d dc motor the armature

v o l t a g e i s g i v en by . . .
20 A=%pi*Vdc *(1/Vm)*(1/1.414)

21 aa=acosd(A-1) // s l i g h t change o c cu r s i n ans as Eb i s
wrong ly c a l c u l a t e d i n book

22

23 // Re su l t s
24 printf( ’ \n\n The f i e l d Current =%0 . 1 f Amp\n\n ’ ,If)
25 printf( ’ \n\n The f i r i n g Angle Of Armature=%0 . 1 f

Degree \n\n ’ ,aa)
26 //The answer p rov id ed i n the t ex tbook i s wrong (2 nd

answer )

Scilab code Exa 1.6 Ex6

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=200 // Supply Vo l tage i n Vo l t s
4 N=1000 // speed o f motor i n RPM
5 I=13 //Motor c u r r e n t i n Ampere
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6 Ra=3 //Armature c i r c u i t r e s i s t a n c e i n Ohm
7 L=100e-3 //Armature c i r c u i t Induc tance i n mH
8 V=230 //Ac Source v o l t a g e i n Vo l t s
9 f=50 // s ou r c e Frequency in Hz
10 a=30

11 aa=(30* %pi)/180 // i n rad / s e c
12 N2=400

13 // S o l u t i o n
14 P=atand ((2* %pi*f*L)/Ra) // In Degree
15 Cot_P =1/( tand(P))

16 A=exp(-%pi*Cot_P)

17 B=exp((-aa)*Cot_P)

18 Z=sqrt((Ra^(2))+((2* %pi*f*L)^2)) // Impedance In Ohm
19 Eb=Vm -(I*Ra) // back emf i n Vo l t s
20 w=(2* %pi*N)/60 // Angular Speed i n rad / s e c
21 K=Eb/w

22 AA=(Ra*V*1.41) /(K*Z)

23 Wmc=AA*(( sind(P)*B)-(sind(a-P)*A))*(1/(1 -A)) //
C r i t i c a l Speed i n rad / Sec

24 Wrpm=(Wmc *60) /(2* %pi) // speed in rpm
25 //As the motor speed o f 400 rpm i s l e s s than the

c r i t i c a l speed , the d r i v e i s o p e r a t i n g under
c on t i nuou s conduc t i on mode

26 af=30 // f i r i n g ang l e i n Degree
27 Va=(V*1.414) *(1+ cosd(af))*(1/ %pi) //Armature v o l t a g e

i n v o l t s
28 //At 400 RPM
29 Eb1=Eb*(N2/N) // This Value I s Wrongly Ca l c u l a t e d i n

Textbook
30 T=K*(Va-Eb1)*(1/Ra) //Torque i n N−m
31 //Motor back emf f o r c r i t i c a l speed equa l to 1149 . 6 7

rpm
32 Ec=(Wrpm*Eb)/N // c r i t i c a l emf i n v o l t s
33 Tc=K*(Va-Ec)*(1/Ra) // C r i t i c a l Torque i n N−m
34 // S i n c e the motor t o rque o f 70 N−m i s g r e a t e r than

the c r i t i c a l t o rque Tc , the d r i v e i s o p e r a t i n g i n
c on t i nuou s conduc t i on

35 Ia=T/K //Armature c u r r e n t i n Amp
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36 Eb2=Va -(Ia*Ra) // Back emf i n Vo l t s
37 Nm=(Eb2*N)/161 //Answer changed due wrong va lu e i s

taken i n book o f Eb1
38

39 // Re su l t s
40 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
41 printf( ’ \n\n The motor Speed =%0 . 1 f RPM \n\n ’ ,Nm)
42 //The answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 1.7 Ex7

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 N=650 // speed o f motor i n RPM
5 I=100 //Motor cu r en t i n Ampere
6 Ra=0.08 //Armature c i r c u i t r e s i s t a n c e i n Ohm
7 L=8e-3 //Armature c i r c u i t Induc tance i n mH
8 V=230 //Ac Source v o l t a g e i n Vo l t s
9 f=50 // s ou r c e Frequency in Hz

10 a=60

11 aa=(60* %pi)/180 // i n rad / s e c
12 a1=120

13 aa1 =(120* %pi)/180 // i n rad / s e c
14 N2=400

15 T=1000

16

17 // S o l u t i o n
18 P=atand ((2* %pi*f*L)/Ra) // In Degree
19 Cot_P =1/( tand(P))

20 A=exp(-%pi*Cot_P)

21 B=exp((-aa)*Cot_P)

22 Z=sqrt((Ra^2) +((2* %pi*f*L)^2)) // Impedance In Ohm
23 Eb=Vm -(I*Ra) // back emf i n Vo l t s
24 w=(2* %pi*N)/60 // Angular Speed i n rad / s e c
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25 K=Eb/w

26 AA=(Ra*Vm *1.414) /(K*Z)

27 Wmc=AA*(( sind(P)*B)-(sind(a-P)*A))*(1/(1 -A)) //
C r i t i c a l Speed i n rad / Sec

28 Wrpm=(Wmc *60) /(2* %pi) // speed in rpm
29 //motor back emf f o r c r i t i c a l speed o f 148 RPM
30 Ec=(Wrpm*Eb)/N // C r i t i c a l emf i n Vo l t s
31 Va=(V*1.414) *(1+ cosd(a))*(1/ %pi) //Armature v o l t a g e

i n v o l t s
32 Tc=K*(Va-Ec)*(1/Ra) // C r i t i c a l Torque i n N−m
33 //The check c o nd i t i o n i s
34 Ia=T/K //Armature c u r r e n t i n Amp
35 Eb2=Va -(Ia*Ra) // Back emf i n Vo l t s
36 Nm=(Eb2*N)/Eb //Motor speed in Rpm
37

38 B1=exp((-aa1)*Cot_P)

39 Wmc1=AA*(( sind(P)*B1) -(sind(a1-P)*A))*(1/(1 -A)) //
C r i t i c a l Speed i n rad / Sec

40 Wrpm1=(Wmc1 *60) /(2* %pi) // speed in rpm
41 //motor back emf f o r c r i t i c a l speed o f 154 RPM
42 Ec1=(Wrpm1*Eb)/N // C r i t i c a l emf i n Vo l t s
43 Va1=(V*1.414) *(1+ cosd(a1))*(1/ %pi) //Armature

v o l t a g e i n v o l t s
44 Tc1=K*(Va1 -Ec1)*(1/Ra) // C r i t i c a l Torque i n N−m
45 //The check c o nd i t i o n i s
46 Ia1=-T/K //Armature c u r r e n t i n Amp
47 Eb3=Va1 -(Ia1*Ra) // Back emf i n Vo l t s
48 Nm1=(Eb3*N)/Eb //Motor speed in Rpm
49

50 // Re su l t s
51 printf( ’ \n\n The motor Speed =%0 . 1 f RPM \n\n ’ ,Nm)
52 printf( ’ \n\n The motor Speed =%0 . 1 f RPM \n\n ’ ,Nm1)
53 //The answers vary due to round o f f e r r o r (1 s t answer

)
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Scilab code Exa 1.8 Ex8

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 N=650 // speed o f motor i n RPM
5 I=100 //Motor cu r en t i n Ampere
6 Ra=0.08 //Armature c i r c u i t r e s i s t a n c e i n Ohm
7 L=8e-3 //Armature c i r c u i t Induc tance i n mH
8 V=230 //Ac Source v o l t a g e i n Vo l t s
9 f=50 // s ou r c e Frequency in Hz

10 a=60

11 aa=(60* %pi)/180 // i n rad / s e c
12 N2=200

13

14 // S o l u t i o n
15 P=atand ((2* %pi*f*L)/Ra) // In Degree
16 Cot_P =1/( tand(P))

17 A=exp(-%pi*Cot_P)

18 B=exp((-aa)*Cot_P)

19 Z=sqrt((Ra^2) +((2* %pi*f*L)^2)) // Impedance In Ohm
20 Eb=Vm -(I*Ra) // back emf i n Vo l t s
21 w=(2* %pi*N)/60 // Angular Speed i n rad / s e c
22 K=Eb/w

23 AA=(Ra*Vm *1.414) /(K*Z)

24 Wmc=AA*(( sind(P)*B)-(sind(a-P)*A))*(1/(1 -A)) //
C r i t i c a l Speed i n rad / Sec

25 Wrpm=(Wmc *60) /(2* %pi) // speed in rpm
26 // s i n c e the speed o f 200 rpm i s l e s s than the

c r i t i c a l speed , the d r i v e i s o p e r a t i n g under
c on t i nuou s conduc t i on . Hence

27 Va=(V*1.414) *(1+ cosd(a))*(1/ %pi) //Armature v o l t a g e
i n v o l t s

28 Ec=(N2*Eb)/N // C r i t i c a l emf i n Vo l t s
29 T=K*(Va-Ec)*(1/Ra) // C r i t i c a l Torque i n N−m
30

31 // For
32 a1=120
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33 aa1 =(120* %pi)/180 // i n rad / s e c
34 B1=exp((-aa1)*Cot_P)

35 Wmc1=AA*(( sind(P)*B1) -(sind(a1-P)*A))*(1/(1 -A)) //
C r i t i c a l Speed i n rad / Sec

36 Wrpm1=(Wmc *60) /(2* %pi) // speed in rpm
37 // s i n c e the motor speed o f 200 RPM i s g r e a t e r than

the c r i t i c a l speed the d r i v e i s o p e r a t i n g under
d i s c o n t i n u o u s c o n d i t i o n f o r which

38 AA1=(Ra*Vm *1.414) /(Ec*Z)

39 e1=AA1*(( sind(P)*A)-(sind(a1-P)*B1))+B1

40 b=(log(e1))/Cot_P

41 b=117.38

42 Va1 =((Vm *1.41*(1+ cosd(a1))+(%pi+((a1-b)*%pi /180))*Ec

))/%pi // squa r e r o o t o f 2 i s rounded o f f as 1 . 4
43 T1=K*(Va1 -Ec)/Ra // C r i t i c a l Torque i n N−m
44

45 // Re su l t s
46 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
47 printf( ’ \n\n The motor Torque=%0 . 1 f N−m \n\n ’ ,T1)
48 //The answers vary due to round o f f e r r o r

Scilab code Exa 1.9 Ex9

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ia=50 //Motor Armature c u r r e n t i n Ampere
5 Ra=0.25 //Armature c i r c u i t r e s i s t a n c e i n Ohm
6 Rf=200 // F i e l d c i r c u i t r e s i s t a n c e i n Ohm
7 f=50 // s ou r c e Frequency in Hz
8 a=45 // F i r i n g ang l e i n the armature c i r c u i t i n

d eg r e e
9 Vd=1 //Brush c on t a c t drop V/ brush
10 af=0 // F i r i n g ang l e i n the f i e l d c i r c u i t i n d eg r e e
11 Kf=1.1 //Torque and v o l t a g e c on s t an t
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12

13 // S o l u t i o n
14 Vf=(2*Vm *1.414)*cosd(af)*(1/ %pi) // Vo l tage i n f i e l d

c i r c u i t i n Vo l t s
15 //When a=45 deg r e e
16 Va=(2*Vm *1.414)*cosd(a)*(1/ %pi) // Vo l tage i n

Armature c i r c u i t i n Vo l t s
17 If=Vf/Rf // F i e l d c u r r e n t i n Amp.
18 T=Kf*Ia*If //Torque i n N−m
19 Eb=Va -(Ia*Ra)-Vd*2 //Back emf i n Vo l t s
20 W=Eb/(Kf*If) // Angular speed in Rad/ s e c
21 N=W*60/(2* %pi) //Motor speed in RPM
22

23 // Re su l t s
24 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
25 printf( ’ \n\n The motor Speed=%0 . 1 f RPM \n\n ’ ,N)

Scilab code Exa 1.10 Ex10

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 R=0.25 //Combined F i e l d and Armature c i r c u i t

r e s i s t a n c e i n Ohm
5 N=1000 //Motor speed in Rpm
6 Kaf =0.03 // Constant i n N−m/Aˆ2
7 Krcs =0.075 // Constant i n V−S/Rad
8 a=30 // f i r i n g ang l e i n Degree
9

10 // S o l u t i o n
11 // For a f u l l c o n v e r t e r c o n t r o l l e d dc motor d r i v e
12 W=(2* %pi*N)/60 // Angular speed in Rad/ s e c
13 Ia =((((2* Vm *1.414)/%pi)*cosd(a))-(Krcs*W))/(R+(Kaf*W

)) //Armature c u r r e n t i n Amp
14 T=Kaf*(Ia^2) //Torque i n N−m
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15 Va=(2*Vm *1.414)*cosd(a)*(1/ %pi)// Average v o l t a g e i n
v o l t s

16 Po=Va*Ia //Output power i n Watt
17 Irms=Ia*sqrt ((180 -a)/180) //Rms Current i n Amp
18 Pi=Vm*Irms

19 pf=Po/Pi //Power f a c t o r
20

21 // Re su l t s
22 printf( ’ \n\n The motor Current =%0 . 1 f Amp \n\n ’ ,Ia)
23 printf( ’ \n\n The motor Torque=%0 . 1 f N−m \n\n ’ ,T)
24 printf( ’ \n\n The Supply Power Facto r=%0 . 1 f Lag\n\n ’ ,

pf)

25 //The answers vary due to round o f f e r r o r

Scilab code Exa 1.11 Ex11

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=0.5 //Armature c i r c u i t r e s i s t a n c e i n Ohm
5 Irms =25 //Armature c u r r e n t i n Amp
6 Nr=800 //Motor speed in Rpm
7 Kaf =0.172 //Motor Vo l tage Constant i n V/rpm
8 a=60 // f i r i n g ang l e i n Degree
9

10 // S o l u t i o n
11 //CASE :A
12 // For motor ing a c t i o n
13 Ka=(Kaf *60) /(2* %pi)// Constant i n V−s / rad
14 T=Ka*Irms //Torque o f motor i n N−m
15 Va=(2*Vm *1.414)*cosd(a)*(1/ %pi)// Average v o l t a g e i n

Vo l t s
16 Eb=Va -(Irms*Ra)//Back Emf i n Vo l t s
17 N=Eb/Kaf // Speed o f motor i n Rpm
18 //The supp ly c u r r e n t i s s qua r e wave i f motor c u r r e n t
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i s c on s t an t and r i p p l e − f r e e with Amplitude 25A
19 P=Vm*Irms // Supply VA in Watt
20 //Power from supp ly i s r e a l power i f l o s s e s i n

c o n v e r t e r a r e n e g l e c t e d
21 Ps=Va*Irms //Power i n Watt
22 pf=Ps/P //Power f a c t o r l a g
23

24 //CASE :B
25 // For p o l a r i t y r e v e r s a l ( r e g e n e r a t i o n a c t i o n )
26 Eb1=-Eb //Back emf i n Vo l t s
27 Va1=Eb1+(Irms*Ra)

28 af=acosd((Va1*%pi)/(2*Vm *1.414))// F i r i n g ang l e i n
Degree

29 //Power f e d from DC Machine
30 Pdc=Eb*Irms //Power i n watt
31 //Power l o s t i n armature r e s i s t a n c e
32 PL=(( Irms)^2)*Ra //Power i n Watt
33 //Power f e d back to ac supp ly i s
34 PF=Pdc -PL //Power i n watt
35

36 // Re su l t s
37 printf( ’ \n\n The motor Torque=%0 . 1 f N−m \n\n ’ ,T)
38 printf( ’ \n\n The motor Speed =%0 . 1 f RPM \n\n ’ ,N)
39 printf( ’ \n\n The Supply Power Facto r=%0 . 1 f Lag\n\n ’ ,

pf)

40 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f Degree \n\n ’ ,af)
41 printf( ’ \n\n The Power f e d back to Supply=%0 . 1 f Watt

\n\n ’ ,PF)
42 //The answers vary due to round o f f e r r o r

Scilab code Exa 1.12 Ex12

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
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4 Ra=0.3 //Armature c i r c u i t r e s i s t a n c e i n Ohm
5 I=18 //Rated c u r r e n t i n Amp
6 Nr=1500 //Motor speed in Rpm
7 a=45 // f i r i n g ang l e i n Degree
8 Vs=220 // input i n v o l t s
9

10 // S o l u t i o n
11 Va=(2*Vm *1.414)*cosd(a)*(1/ %pi)// Average v o l t a g e i n

Vo l t s
12 Eb=Va -(I*Ra)//Back emf i n v o l t s
13 //When the p o l a r i t y o f the back emf i s r e v e r s e d , the

machine would ac t as g e n e r a t o r and hence the
gove rn i ng equa t i on

14 Va=-Eb+(I*Ra) //Armature v o l t a g e i n v o l t s
15 af=acosd((Va*%pi)/(2*Vs*sqrt (2)))// F i r i n g ang l e i n

Degree ( This va l u e i s Wrongly c a l c u l a t e d i n
Textbook )

16 Pg=Eb*I //Power g en e r a t ed i n Watt
17 Pl=((I)^2)*Ra //Power l o s s i n armature i n Watt
18 P=Pg -Pl //Power f e d to the supp ly i n Watt
19

20 // Re su l t s
21 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f Degree \n\n ’ ,af)
22 printf( ’ \n\n The Power f e d back to Supply=%0 . 1 f Watt

\n\n ’ ,P)
23 //The answer p rov id ed i n the t ex tbook i s wrong (1 s t

answer )

Scilab code Exa 1.13 Ex13

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=1 //Armature c i r c u i t r e s i s t a n c e i n Ohm
5 I=12 //Rated c u r r e n t i n Amp
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6 Nr=1500 //Motor speed in Rpm
7 Va=210 //Motor v o l t a g e i n v o l t s
8 N1=1200 // Speed in RPM
9

10 // S o l u t i o n
11 Eb=Va -(I*Ra) //Back emf i n v o l t s
12 N=(Nr*2*%pi)/60 // Speed in Rad/ s e c
13 Ka=Eb/N // Constant
14 // Current at r a t ed to rque
15 //At 1200 Rpm
16 Eb1=(N1*Eb)/Nr

17 af=acosd ((((I*Ra)+Eb1)*%pi)/(2*Vm *1.414))// F i r i n g
ang l e i n Degree

18 //At Eb=−198 V at speed 1500 RPM
19 af1=acosd ((((I*Ra)-Eb)*%pi)/(2*Vm *1.414))// F i r i n g

ang l e i n Degree
20 //But r e v e r s a l o f f i e l d o f armature f o rward

r e g e n e r a t i o n i s ob ta i n ed
21 Ka1=-Ka

22 W=-Eb/Ka1 // Angular speed in Rad/ s e c (Wrongly
c a l c u l a t e d i n book , wrong va lu e o f Eb i s taken )

23 N1=(W*60) /(2* %pi) // Speed i n Rpm
24

25 // Re su l t s
26 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f Degree \n\n ’ ,af)
27 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f Degree \n\n ’ ,af1)
28 printf( ’ \n\n The motor Speed =%0 . 1 f RPM \n\n ’ ,N1)
29 //The answer p rov id ed i n the t ex tbook i s wrong (3 rd

answer omly )

Scilab code Exa 1.14 Ex14

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
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4 Ra=0.75 //Armature c i r c u i t r e s i s t a n c e i n Ohm
5 I=8 //Armature c u r r e n t i n Amp
6 Nr=1200 //Motor speed in Rpm
7 Va=220 //Rated v o l t a g e o f motor i n Vo l t s
8 a=45 // f i r i n g ang l e i n Degree
9 T=8 //Motor t o rque i n N−m
10 Nr1 =800 // Speed in Rpm
11

12

13 // S o l u t i o n
14 N=(Nr*2*%pi)/60 // Speed in Rad/ s e c
15 Kaf=(Va -I*Ra)/N //Motor Constant
16 // (A) For t o rque o f 8 N−m
17 Ia=T/Kaf //Armature Current i n Amp
18 V=(2*Vm *1.414)*cosd(a)*(1/ %pi)// Average v o l t a g e i n

Vo l t s
19 W=(V-Ia*Ra)/Kaf // Angular speed in Rad/ s e c
20 N=(W*60) /(2* %pi) // Speed i n Rpm
21 // (B) a=45 Degree
22 N1=(Nr1*2* %pi)/60 // Speed in Rad/ s e c
23 Ia1=(V-Kaf*N1)/Ra // armature c u r r e n t i n amp
24 T1=Kaf*Ia1 //Torque i n N−m
25

26 // Re su l t s
27 printf( ’ \n\n The motor Speed =%0 . 1 f RPM \n\n ’ ,N)
28 printf( ’ \n\n The motor Torque=%0 . 1 f N−m \n\n ’ ,T1)
29 //The answers vary due to round o f f e r r o r

Scilab code Exa 1.15 Ex15

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=0.2 //Armature c i r c u i t r e s i s t a n c e i n Ohm
5 I=80 //Rated c u r r e n t i n Amp
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6 Nr=1200 //Motor speed in Rpm
7 V=220 //Rated v o l t a g e o f motor i n Vo l t s
8 a=150 // f i r i n g ang l e i n Degree
9 Nr1=-700 // Speed i n Rpm
10

11 // S o l u t i o n
12 N=(Nr*2*%pi)/60 // Speed in Rad/ s e c
13 Kaf=(V-I*Ra)/N //Motor Constant inN−m/A
14 // (A) For r a t ed motor t o rque
15 Va=(2*Vm *1.414)*cosd(a)*(1/ %pi)// Average v o l t a g e i n

Vo l t s
16 N1=(Nr1*2* %pi)/60 // Speed in Rad/ s e c
17 af=acosd ((( Kaf*N1)+(I*Ra))*%pi /(2*Vm *1.414))// F i r i n g

ang l e i n Degree
18 Eb1=V-(I*Ra)//Back emf i n Vo l t s
19 Eb2=(Nr1/Nr)*Eb1 //Back emf i n Vo l t s
20 Va1=Eb2+(I*Ra)//Armature v o l t a g e i n v o l t s
21 af1=acosd ((Va1*%pi)/(2*Vm *1.414))// F i r i n g ang l e i n

Degree
22 // (B) Ha l f r a t ed Torque
23 Ia =(1/2)*I //Armature c u r r e n t i n Amp
24 W=(Va -(Ia*Ra))/Kaf // Angular speed in Rad/ s e c
25 N=(W*60) /(2* %pi) // Speed in Rpm
26

27 // Re su l t s
28 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f Degree \n\n ’ ,af1)
29 printf( ’ \n\n The motor Speed=%0 . 1 f RPM \n\n ’ ,N)
30 //The answers vary due to round o f f e r r o r (2 nd on ly )

Scilab code Exa 1.16 Ex16

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=0.05 //Armature c i r c u i t r e s i s t a n c e i n Ohm
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5 L=0.85e-3 // Induc tance i n mH
6 N=750 //Motor speed in Rpm
7 V=220 //Rated v o l t a g e o f motor i n Vo l t s
8 a=60 // f i r i n g ang l e i n Degree
9 La=0.75e-3 // Ex t e rna l Induc tance i n mH
10 I=175 //motor c u r r e n t i n Amp
11 f=50 // s ou r c e Frequency in Hz
12

13 // S o l u t i o n
14 P=atand ((2* %pi*f*L)/Ra) // In Degree
15 Z=sqrt((Ra^2) +((2* %pi*f*L)^2)) // Impedance In Ohm
16 Eb=V-(I*Ra) // back emf i n Vo l t s
17 w=(2* %pi*N)/60 // Angular Speed i n rad / s e c
18 K=Eb/w

19 Cot_P =1/( tand(P))

20 A=exp(-%pi*Cot_P)

21 AA=(Ra*Vm *1.414) /(K*Z)

22 Wmc=AA*sind(a-P)*((1+A)/(A-1))// C r i t i c a l Speed in
rad / Sec

23 Wrpm=(Wmc *60) /(2* %pi) // speed in rpm
24 // S i n c e the motor Speed i s g r e a t e r than c r i t i c a l

Value Wmc ,The d r i v e i s o p e r a t i n g under
d i s c o n t i n u o u s conduc t i on

25 //At N=600 Rpm
26 N1=600 // Speed in Rpm
27 Eb1=(N1/N)*Eb //Back emf i n Vo l t s
28 //By t r i a l and e r r o r method
29 b=201.45 // Bi ta i n Degree
30 Va=((Vm *1.414) *(cosd(a)-cosd(b))+(%pi+(a-b)*(%pi

/180))*(Eb1))*(1/ %pi) //Armature v o l t a g e i n Vo l t s
31 Ia=(Va-Eb1)/Ra //Armature c u r r e n t i n Amp
32 T=K*Ia //Torque i n N−m
33

34 //La=2.85 mH
35 N2=-400

36 a1=120

37 P1=atand ((2* %pi*f*La)/Ra) // In Degree
38 Cot_P1 =1/( tand(P1))

25



39 Eb2=(N2/N)*Eb //Back emf i n Vo l t s
40 Z1=sqrt((Ra^2) +((2* %pi*f*La)^2)) // Impedance In Ohm
41 AA1=(Ra*Vm *1.414) /(K*Z1)

42 A1=exp(-%pi*Cot_P1)

43 Wmc1=AA1*sind(a1 -P1)*((1+A1)/(A1 -1))// C r i t i c a l Speed
i n rad / Sec

44 Wrpm1=(Wmc1 *60) /(2* %pi) // speed in rpm
45 //By t r i a l and e r r o r method
46 b1 =297.5 // Bi ta i n Degree
47 Va1 =((Vm *1.414) *(cosd(a1)-cosd(b1))+(%pi+(a1-b1)*(

%pi /180))*(Eb2))*(1/ %pi) //Armature v o l t a g e i n
Vo l t s

48 Ia1=(Va1 -Eb2)/Ra //Armature c u r r e n t i n Amp
49 T1=K*Ia1 //Torque i n N−m
50

51 // S i n c e the motor speed (−600 rpm) i s l e s s than
c r i t i c a l speed (−409.17 Rpm) the d r i v e ’ s o p e r t i o n
i s c on t i nuou s c o n d i t i o n

52 N3=-600

53 Va2 =(2*1.414* Vm)*(cosd(a1))*(1/ %pi)

54 Eb3=(N3/N)*Eb //Back emf i n Vo l t s
55 Ia2=(Va2 -Eb3)/Ra //Armature c u r r e n t i n Amp
56 T2=K*Ia2 //Torque i n N−m
57

58 // Re su l t s
59 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
60 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T1)
61 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T2)
62 //The answers vary due to round o f f e r r o r

Scilab code Exa 1.17 Ex17

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
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4 Ra=2 //Armature c i r c u i t r e s i s t a n c e i n Ohm
5 L=50e-3 // Induc tance i n mH
6 N=1500 //Motor speed in Rpm
7 V=220 //Rated v o l t a g e o f motor i n Vo l t s
8 a=60 // f i r i n g ang l e i n Degree
9 a1=120 // f i r i n g ang l e i n Degree

10 I=10 //motor c u r r e n t i n Amp
11 f=50 // s ou r c e Frequency in Hz
12

13 // S o l u t i o n
14 P=atand ((2* %pi*f*L)/Ra) // In Degree
15 Z=sqrt((Ra^2) +((2* %pi*f*L)^2)) // Impedance In Ohm
16 Eb=V-(I*Ra) // back emf i n Vo l t s
17 w=(2* %pi*N)/60 // Angular Speed i n rad / s e c
18 K=Eb/w// va lu e ob t a i n i s 1 . 2 732395 approx imat ing to

1 . 2 7
19 K=1.27 // Approximat ion o f K as per book and our

ob ta i n ed va lu e
20 //At No Load
21 Wo=(Vm *1.414)/K// Angular Speed i n rad / s e c ( For 0<a<

%pi /2)
22 No=Wo *(60/(2* %pi))// Speed in Rpm
23 Cot_P =1/( tand(P))

24 A=exp(-%pi*Cot_P)

25 AA=(Ra*Vm *1.414) /(K*Z)

26 Wmc=AA*sind(a-P)*((1+A)/(A-1))// C r i t i c a l Speed in
rad / Sec

27 Wrpm=(Wmc *60) /(2* %pi) // speed in rpm
28 Eb1=(Wrpm*Eb)/N

29 //By t r i a l and e r r o r method
30 b=240.45 // Beta i n Degree
31 bx =249.45 // Beta i n Degree
32 Va=((Vm *1.414) *(cosd(a)-cosd(bx))+(%pi+(a-b)*(%pi

/180))*(Eb1))*(1/ %pi) //Armature v o l t a g e i n Vo l t s
33 Ia=(Va-Eb1)/Ra //Armature c u r r e n t i n Amp
34 T=K*Ia //Torque i n N−m
35

36 //At a1=120
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37 Wmc1=AA*sind(a1 -P)*((1+A)/(A-1))// C r i t i c a l Speed in
rad / Sec

38 Wrpm1=(Wmc1 *60) /(2* %pi) // speed in rpm
39 Wo1=(Vm *1.414* sind(a1))/1.273 // Angular Speed i n rad /

s e c ( For 0<a<%pi /2)&K=1.273
40 No1=Wo1 *(60/(2* %pi))// Speed i n Rpm
41 Eb2=(Wrpm1*Eb)/N

42 //By t r i a l and e r r o r method
43 b1 =217.2 // Beta i n Degree
44 Va1 =((Vm *1.414) *(cosd(a1)-cosd(b1)) -((%pi+((a1-b1)

*(1/180))*%pi)*Eb2))*(1/ %pi) //Armature v o l t a g e
i n Vo l t s

45 Ia1=(Va1 -Eb2)/Ra //Armature c u r r e n t i n Amp
46 T1=K*Ia1 //Torque i n N−m
47

48 // Re su l t s
49 printf( ’ \n\n The motor No l oad Speed =%0 . 1 f RPM \n\n

’ ,No)
50 printf( ’ \n\n The motor C r i t i c a l Speed =%0 . 1 f RPM \n\

n ’ ,Wrpm)
51 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
52 printf( ’ \n\n The motor No l oad Speed =%0 . 1 f RPM \n\n

’ ,No1)
53 printf( ’ \n\n The motor C r i t i c a l Speed =%0 . 1 f RPM \n\

n ’ ,Wrpm1)
54 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T1)
55 //The answers vary due to round o f f e r r o r

Scilab code Exa 1.18 Ex18

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=1.8 //Armature c i r c u i t r e s i s t a n c e i n Ohm
5 L=32e-3 // Induc tance i n mH
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6 N=1200 //Motor speed in Rpm
7 V=220 //Rated v o l t a g e o f motor i n Vo l t s
8 a=60 // f i r i n g ang l e i n Degree
9 I=15 //motor c u r r e n t i n Amp
10 f=50 // s ou r c e Frequency in Hz
11

12 // S o l u t i o n
13 P=atand ((2* %pi*f*L)/Ra) // In Degree
14 Z=sqrt((Ra^2) +((2* %pi*f*L)^2)) // Impedance In Ohm
15 Eb=V-(I*Ra) // back emf i n Vo l t s
16 w=(2* %pi*N)/60 // Angular Speed i n rad / s e c
17 K=Eb/w

18 Cot_P =1/( tand(P))

19 A=exp(-%pi*Cot_P)

20 AA=(Ra*Vm *1.414) /(K*Z)

21 Wmc=AA*sind(a-P)*((1+A)/(A-1))// C r i t i c a l Speed in
rad / Sec

22 Wrpm=(Wmc *60) /(2* %pi) // speed in rpm
23 // S i n c e the motor Speed i s g r e a t e r than c r i t i c a l

Value Wmc ,The d r i v e i s o p e r a t i n g under
d i s c o n t i n u o u s conduc t i on

24 //At N=600 Rpm
25 N1=450 // Speed in Rpm
26 Eb1=(N1/N)*Eb //Back emf i n Vo l t s
27 //By t r i a l and e r r o r method
28 b=239.4 // Bi ta i n Degree
29 Va=((Vm *1.414) *(cosd(a)-cosd(b))*(%pi+(a-b)*(%pi

/180))*(Eb1))*(1/ %pi) //Armature v o l t a g e i n Vo l t s
30 Ia=(Va-Eb1)/Ra //Armature c u r r e n t i n Amp
31 T=K*Ia //Torque i n N−m
32 // S i n c e the motor Speed i s g r e a t e r than c r i t i c a l

Value Wmc ,The d r i v e i s o p e r a t i n g i n
d i s c o n t i n u o u s mode at

33 N2=1500

34 Eb2=(N2/N)*Eb //Back emf i n Vo l t s
35 //By t r i a l and e r r o r method
36 b1 =172.2 // Bi ta i n Degree
37 Va1 =((Vm *1.414) *(cosd(a)-cosd(b))*(%pi+(a-b)*(%pi
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/180))*(Eb2))*(1/ %pi) //Wromg c a l c u l a t i o n i n book
they have taken va lu e o f beta as 1 7 . 2 i n s t e a d o f
1 72 . 2

38 Ia1=(Va1 -Eb2)/Ra //Armature c u r r e n t i n Amp
39 T1=K*Ia1 //Torque i n N−m
40

41 // Re su l t s
42 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)//

The answers vary due to round o f f e r r o r
43 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T1)
44 //The answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 1.19 Ex19

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=0.05 //Armature c i r c u i t r e s i s t a n c e i n Ohm
5 La=3e-3 // Induc tance i n mH
6 N=750 //Motor speed in Rpm
7 V=220 //Rated v o l t a g e o f motor i n Vo l t s
8 a=60 // f i r i n g ang l e i n Degree
9 I=175 //motor c u r r e n t i n Amp

10 f=50 // s ou r c e Frequency in Hz
11

12 //La=2.85 mH
13 N2=-400

14 a1=120

15 P1=atand ((2* %pi*f*La)/Ra) // In Degree
16 Eb=V-(I*Ra) // back emf i n Vo l t s
17 w=(2* %pi*N)/60 // Angular Speed i n rad / s e c
18 K=Eb/w

19 Cot_P1 =1/( tand(P1))

20 Eb1=(N2/N)*Eb //Back emf i n Vo l t s
21 Z1=sqrt((Ra^2) +((2* %pi*f*La)^2)) // Impedance In Ohm
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22 AA1=(Ra*Vm *1.414) /(K*Z1)

23 A1=exp(-%pi*Cot_P1)

24 Wmc1=AA1*sind(a1 -P1)*((1+A1)/(A1 -1))// C r i t i c a l Speed
i n rad / Sec

25 Wrpm1=(Wmc1 *60) /(2* %pi) // speed in rpm
26 Eb2=(Wrpm1*Eb)/N

27 a2=150

28 Va =(2*1.414* Vm)*(cosd(a2))*(1/ %pi)

29 Ia=(Va-Eb2)/Ra

30 T=K*Ia //Torque i n N−m
31 //As the t o rque o f 400 N−m i s g r e a t e r than T , hence

the o p e r t i o n i s i n Cont inuous conduc t i on mode
32 T1=400

33 Ia1=T1/K

34 Eb3=Va -(Ia1*Ra)

35 Ns=(Eb3*N)/Eb

36 //As the t o rque o f 400 N−m i s l e s s than T , hence the
o p e r t i o n i s i n D i s c on t i nuou s conduc t i on mode

37 Z=0.2716

38 q=V*1.414/Z

39 // noth ing i s s o l v e d i n t ex tbook u s i n g nume r i c a l s
40 //By T r i a l and e r r o r method beta i s c a l c u l a t e d
41 b=233.240

42

43 // Re su l t s
44 printf( ’ \n\n The motor Speed =%0 . 1 f rpm \n\n ’ ,Ns)

Scilab code Exa 1.20 Ex20

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=0.25 //Combined F i e l d and Armature c i r c u i t

r e s i s t a n c e i n Ohm
5 N=1000 //Motor speed in Rpm
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6 V=210 //Rated v o l t a g e o f motor i n Vo l t s
7 a=30 // f i r i n g ang l e i n Degree
8 Kaf =0.03 // Constant i n N−m/Aˆ2
9 Kres =0.075 // Constant i n V−s /Rad
10

11 // S o l u t i o n
12 // For semi−c o n v e r t e r c o n t r o l l e d Dc Dr ive
13 W=(2* %pi*N)/60 // angu l a r speed i n Rad/ s e c
14 Ia=(((Vm *1.414)/%pi)*(1+ cosd(a))-(Kres*W))*(1/( Ra+

Kaf*W))//Armature c u r r e n t i n Amp
15 T=Kaf*(Ia)^2 //Torque i n N−m
16 Va=(Vm *1.414) *(1+ cosd(a))*(1/ %pi)// Average v o l t a g e

i n Vo l t s I
17 Irms=Ia*((180 -a)/180) ^(1/2) //RMS Current i n Amp
18 Pa=Va*Ia //Power i n Watt
19 Pi=Vm*Irms // Input power i n Watt
20 Pf=(Pa/Pi)//Power Facto r i n Lag
21

22 // Re su l t s
23 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
24 printf( ’ \n\n The motor Current =%0 . 1 f Amp \n\n ’ ,Irms

)

25 printf( ’ \n\n The Supply Power Facto r =%0 . 1 f Lag \n\n
’ ,Pf)

Scilab code Exa 1.21 Ex21

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=0.75 //Combined F i e l d and Armature c i r c u i t

r e s i s t a n c e i n Ohm
5 N=1300 //Motor speed in Rpm
6 V=210 //Rated v o l t a g e o f motor i n Vo l t s
7 a=45 // f i r i n g ang l e i n Degree
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8 Kaf =0.03 // Constant i n N−m/Aˆ2
9 Kres =0.075 // Constant i n V−s /Rad
10

11 // S o l u t i o n
12 // For semi−c o n v e r t e r c o n t r o l l e d Dc Dr ive
13 W=(2* %pi*N)/60 // angu l a r speed i n Rad/ s e c
14 Ia=(((Vm *1.414)/%pi)*(1+ cosd(a))-(Kres*W))*(1/(Ra+

Kaf*W))//Armature c u r r e n t i n Amp
15 T=Kaf*(Ia)^2 //Torque i n N−m
16 I=(T/Kaf)^(1/2) //motor c u r r e n t i n Amp
17 Va=(Vm *1.414) *(1+ cosd(a))*(1/ %pi)// Average v o l t a g e

i n Vo l t s
18 // Input Power i f l o s s e s a r e n e g l e c t e d
19 Ps=Va*I //Power l o s s i n Watt
20 Pi=Vm*I*(5/6) ^0.5 // power input i n watt
21 Pf=(Ps/Pi)//Power Facto r i n Lag
22

23 // Re su l t s
24 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
25 printf( ’ \n\n The motor Current =%0 . 1 f Amp \n\n ’ ,I)
26 printf( ’ \n\n The Supply Power Facto r =%0 . 1 f Lag \n\n

’ ,Pf)

Scilab code Exa 1.22 Ex22

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=240 // Supply Vo l tage i n Vo l t s
4 Ra=0.9 //Combined F i e l d and Armature c i r c u i t

r e s i s t a n c e i n Ohm
5 N=900 //Motor speed in Rpm
6 V=220 //Rated v o l t a g e o f motor i n Vo l t s
7 a=45 // f i r i n g ang l e i n Degree
8 Kaf =0.035 // Constant i n N−m/Aˆ2
9
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10 // S o l u t i o n
11 // For semi−c o n v e r t e r c o n t r o l l e d Dc Dr ive
12 Va=(Vm *1.414) *(1+ cosd(a))*(1/ %pi)// Average v o l t a g e

i n Vo l t s
13 W=(2* %pi*N)/60 // angu l a r speed i n Rad/ s e c
14 Ia=Va/(Ra+W*Kaf)// Current i n Amp
15 T=Kaf*(Ia)^2 //Torque i n N−m
16

17 // Re su l t s
18 printf( ’ \n\n The motor Current =%0 . 1 f Amp \n\n ’ ,Ia)
19 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)

Scilab code Exa 1.23 Ex23

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=250 // Supply Vo l tage i n Vo l t s
4 Ra=0.3 //Combined F i e l d and Armature c i r c u i t

r e s i s t a n c e i n Ohm
5 N=900 //Motor speed in Rpm
6 V=220 //Rated v o l t a g e o f motor i n Vo l t s
7 a=30 // f i r i n g ang l e i n Degree
8 Kaf =0.03 // Constant i n N−m/Aˆ2
9 Kres =0.075 // Constant i n V−s /Rad

10

11 // S o l u t i o n
12 W=(2* %pi*N)/60 // angu l a r speed i n Rad/ s e c
13 Ia=(((Vm *1.414)/%pi)*(1+ cosd(a))-(Kres*W))*(1/(Ra+

Kaf*W))//Armature c u r r e n t i n Amp
14 T=Kaf*(Ia)^2 //Torque i n N−m
15 I=(T/Kaf)^(1/2) //motor c u r r e n t i n Amp
16 //The motor Terminal v o l t a g e would be g i v en by the

output v o l t a g e o f the c o n v e r t e r
17 Va=(Vm *1.414) *(1+ cosd(a))*(1/ %pi)//Output v o l t a g e i n

Vo l t s
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18

19 // Re su l t s
20 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
21 printf( ’ \n\n The motor Current =%0 . 1 f Amp \n\n ’ ,I)
22 printf( ’ \n\n The motor output v o l t a g e =%0 . 1 f Vo l t s \n

\n ’ ,Va)

Scilab code Exa 1.24 Ex24

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=0.25 //Combined F i e l d and Armature c i r c u i t

r e s i s t a n c e i n Ohm
5 N=1000 //Motor speed in Rpm
6 V=210 //Rated v o l t a g e o f motor i n Vo l t s
7 a=30 // f i r i n g ang l e i n Degree
8 Kaf =0.03 // Constant i n N−m/Aˆ2
9 Kres =0.075 // Constant i n V−s /Rad

10

11 // S o l u t i o n
12 // For Fu l l−c o n v e r t e r c o n t r o l l e d Dc Dr ive
13 W=(2* %pi*N)/60 // angu l a r speed i n Rad/ s e c
14 Ia =(((2* Vm *1.414)/%pi)*(cosd(a))-(Kres*W))*(1/(Ra+

Kaf*W))//Armature c u r r e n t i n Amp
15 T=Kaf*(Ia)^2 //Torque i n N−m
16 Va=(2*Vm *1.414) *(cosd(a))*(1/ %pi)// Average v o l t a g e

i n Vo l t s
17 // Input Power i f l o s s e s a r e n e g l e c t e d
18 Ps=Va*Ia //Power l o s s i n Watt
19 Pi=Vm*Ia // power input i n watt
20 Pf=(Ps/Pi)//Power Facto r i n Lag
21

22 // Re su l t s
23 printf( ’ \n\n The motor Current =%0 . 1 f Amp \n\n ’ ,Ia)
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24 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
25 printf( ’ \n\n The Supply Power Facto r =%0 . 1 f Lag \n\n

’ ,Pf)//The answers vary due to round o f f e r r o r

Scilab code Exa 1.25 Ex25

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
4 Ra=2 //Combined F i e l d and Armature c i r c u i t r e s i s t a n c e

i n Ohm
5 Kaf =0.23 // Constant i n H
6 TL=20 //Load Torque i n N−m
7 a=65 // f i r i n g ang l e i n Degree
8

9 // S o l u t i o n
10 Ia=(TL/Kaf)^(1/2) // Average Armature c u r r e n t i n Amp
11 V=(2*Vm *1.414)*cosd(a)*(1/ %pi)// Average v o l t a g e i n

Vo l t s
12 W=(V-Ia*Ra)/(Kaf*Ia) // Angular speed in Rad/ s e c
13 N=(W*60) /(2* %pi) // Speed i n Rpm
14

15 // Re su l t s
16 printf( ’ \n\n The motor Average Armature Current =%0

. 1 f Amp \n\n ’ ,Ia)
17 printf( ’ \n\n The motor Average Speed =%0 . 1 f RPM \n\n

’ ,N)//The answers vary due to round o f f e r r o r

Scilab code Exa 1.26 Ex26

1 clc

2 // Va r i a b l e I n i t i a l i z a t i o n
3 Vm=230 // Supply Vo l tage i n Vo l t s
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4 Ra=0.75 //Combined F i e l d and Armature c i r c u i t
r e s i s t a n c e i n Ohm

5 N=1300 //Motor speed in Rpm
6 V=210 //Rated v o l t a g e o f motor i n Vo l t s
7 a=45 // f i r i n g ang l e i n Degree
8 Kaf =0.03 // Constant i n N−m/Aˆ2
9 Kres =0.075 // Constant i n V−s /Rad
10

11 // S o l u t i o n
12 // For Fu l l−c o n v e r t e r c o n t r o l l e d Dc Dr ive
13 W=(2* %pi*N)/60 // angu l a r speed i n Rad/ s e c
14 Ia =(((2* Vm *1.414)/%pi)*(cosd(a))-(Kres*W))*(1/( Ra+

Kaf*W))//Armature c u r r e n t i n Amp
15 T=Kaf*(Ia)^2 //Torque i n N−m
16 I=(T/Kaf)^(1/2) //motor c u r r e n t i n Amp
17 Va=(2*Vm *1.414) *(cosd(a))*(1/ %pi)// Average v o l t a g e

i n Vo l t s
18 // Input Power i f l o s s e s a r e n e g l e c t e d
19 Ps=Va*I//Power l o s s i n Watt
20 Pi=Vm*I// power input i n watt
21 Pf=(Ps/Pi)//Power Facto r i n Lag
22

23 // Re su l t
24 printf( ’ \n\n The motor Torque =%0 . 1 f N−m \n\n ’ ,T)
25 printf( ’ \n\n The Supply Power Facto r =%0 . 1 f Lag \n\n

’ ,Pf)
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Chapter 2

Control of DC Motor by Three
Phase Converters

Scilab code Exa 2.1 Ex1

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 a1=0 // I n i t i a l F i r i n g Angle o f Conver t e r
4 Vl=460 // Line to L ine Vo l tage i n Vo l t s
5 Ia=170 // armature Current i n Ampere
6 Ra =0.0999 //Armature R e s i s t a n c e i n ohm
7 K=0.33

8 a2=30

9 N1=1750 // Rotor Speed i n rpm
10

11 // s o l u t i o n
12 Vm=(sqrt (2)/sqrt (3))*Vl

13 Va=(3* sqrt (3)/%pi)*Vm*cosd(a1)

14 Ia1 =17

15 Eb1=Va -(Ia1*Ra)

16 N0=Eb1/K//no l oad Speed i n rpm
17 Va2=Va*cosd(a2)// For a lpha=30
18 Eb2=Va2 -(Ia1*Ra)

19 N01=Eb2/K//No load speed at a lpha=30
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20 Eb3=K*N1 // For Fu l l l o ad Cond i t i on
21 Va3=Eb3+(Ia*Ra)

22 a3=acosd(Va3/Va)

23 P=Va3*Ia

24 Irms=Ia*sqrt (((180 -a3)/180))

25 Vph=Vl/sqrt (3)

26 pf=P/(3* Vph*Irms)//Power Facto r
27 Eb4=Va3 -(Ia1*Ra)

28 N4=Eb4/K

29 R=(N4-N1)*100/ N1 // Speed Regu l a t i on
30 printf( ’ \n\n No load speed at a lpha 0=%0 . 1 f rpm\n\n ’

,N0)

31 printf( ’ \n\n No load speed at a lpha 30=%0 . 1 f rpm\n\n
’ ,N01)

32 printf( ’ \n\n The F i r i n g Angle f o r r a t ed speed=%0 . 1 f \
n\n ’ ,a3)

33 printf( ’ \n\n Power Facto r at r a t ed speed=%0 . 1 f \n\n ’ ,
pf)

34 printf( ’ \n\n Speed Regu l a t i on=%0 . 1 f \n\n ’ ,R)

Scilab code Exa 2.2 Ex2

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 a1=0 // I n i t i a l F i r i n g Angle o f Conver t e r
4 Vl=460 // Line to L ine Vo l tage i n Vo l t s
5 Ia=150 // armature Current i n Ampere
6 Ra =0.0999 //Armature R e s i s t a n c e i n ohm
7 K=0.33

8 N1=1650 // Rotor Speed i n rpm
9 Ia1 =15 // armature Current f o r 2nd ca s e i n Ampere

10 // s o l u t i o n
11 Vm=(sqrt (2)/sqrt (3))*Vl

12 Va=(3* sqrt (3)/%pi)*Vm*cosd(a1)

13 Eb1=Va -(Ia*Ra)
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14 N0=Eb1/K//no l oad Speed i n rpm
15 a2=45

16 Va2=Va*cosd(a2)

17 Eb2=Va2 -(Ia*Ra)

18 N01=Eb2/K//No load speed at a lpha=30
19 Eb3=K*N1

20 Va3=Eb3+(Ia*Ra)

21 a3=acosd(Va3/Va)

22 Irms=Ia*sqrt ((180 -a3)/180)

23 P1=3*(Vl/sqrt (3))*Irms // Supply VA
24 P=Va3*Ia //Power input to motor
25 Pa=Va3*Ia

26 pf=Pa/P//Power Facto r
27 Eb4=Va3 -(Ia1*Ra)

28 N4=Eb4/K

29 R=(N4-N1)*100/ N1 // Speed Regu l a t i on
30 printf( ’ \n\n No load speed at a lpha 0=%0 . 1 f rpm\n\n ’

,N0)

31 printf( ’ \n\n No load speed at a lpha 45=%0 . 1 f rpm\n\n
’ ,N01)

32 printf( ’ \n\n The F i r i n g Angle f o r r a t ed speed=%0 . 1 f \
n\n ’ ,a3)

33 printf( ’ \n\n Supply Power at r a t ed speed=%0 . 1 f watt s
\n\n ’ ,P)

34 printf( ’ \n\n Power Facto r at r a t ed speed=%0 . 1 f \n\n ’ ,
pf)

35 printf( ’ \n\n Speed Regu l a t i on=%0 . 1 f \n\n ’ ,R)
36 //The answers vary due to round o f f e r r o r

Scilab code Exa 2.3 Ex3

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Va=220 // supp ly v o l t a g e i n v o l t s
4 N1=1500 // speed in rpm
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5 I=50 // c u r r e n t i n ampere
6 Ra=0.5 // armature r e s i s t a n c e i n ohm
7 Vl=440 // l i n e v o l t a g e i n v o l t s
8 f=50 // f r e qu en cy i n Hz
9 N2=1200 // speed in rpm
10

11 // s o l u t i o n
12 Vm=(Va*%pi)/(3* sqrt (3))

13 Vph=(Vl*(sqrt (2)))/(sqrt (3))

14 Xmer_ratio=Vph/Vm

15 Eb1=Va -(Ra*I)

16 Eb2=(N2/N1)*Eb1

17 Va=Eb2+Ra*I

18 a=acosd((Va*%pi)/(3* sqrt (3)*Vm))

19 N3=800

20 Eb3=(-N3/N1)*Eb1

21 Va1=Eb3 +(2*I*Ra)

22 a1=acosd((Va1*%pi)/(3* sqrt (3)*Vm))

23 printf( ’ \n\n Trans fo rmer Turns Rat io=%0 . 1 f \n\n ’ ,
Xmer_ratio)

24 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a)
25 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a1)

Scilab code Exa 2.4 Ex4

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Va=220 // supp ly v o l t a g e i n v o l t s
4 N1=1500 // speed in rpm
5 Ra=2 // armature r e s i s t a n c e i n ohm
6 La =0.02836 // armature i nduc t an c e i n mH
7 f=50 // f r e qu en cy i n Hz
8

9 // s o l u t i o n
10 Vl=(Va*%pi)/(3* sqrt (2))
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11 Vm=sqrt (2)*Vl

12 printf( ’ \n\n The Source Vo l tage Requ i red=%0 . 1 f Vo l t s
\n\n ’ ,Vm)

Scilab code Exa 2.5 Ex5

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 V1=450 // t e rm i n a l v o l t a g e i n v o l t s
4 Vd=30 // v o l t a g e drop in v o l t s
5 V2=420 // input supp ly i n v o l t s
6 f=50 // f r e qu en cy i n Hz
7 a1=0 // F i r i n g Angle o f Conver t e r
8 // s o l u t i o n
9 Vt=V1+Vd

10 V0_0 =(3* sqrt (2))/(%pi)

11 V0_a =480

12

13 a2=acosd(V0_a/(V0_0*V2))

14 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a2)

Scilab code Exa 2.6 Ex6

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 N=800 // speed in rpm
4 P=80000 // power i n kw
5 V=440 // Supply v o l t a g e i n v o l t s
6 f=50 // Supply f r e qu en cy in Hz
7 Ra=0.8 // armature r e s i s t a n c e i n ohm
8 k=0.2 //machine c on s t an t i n V/rpm
9 Ia=160 // r a t ed c u r r e n t i n ampere

10
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11 // s o l u t i o n
12 Vp=V/(sqrt (3))// Phase Vo l tage
13 Eb=k*N//Back emf i n Vo l t s
14 V2=Eb+(Ia*Ra)

15 a=acosd((V2*%pi)/(3* sqrt (6)*Vp))

16 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a)

Scilab code Exa 2.7 Ex7

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 N=900 // speed in rpm
4 V=430 // Supply v o l t a g e i n v o l t s
5 Ia=20 // c u r r e n t i n ampere
6 N1=900 // speed in rpm
7 N2=450 // speed in rpm
8 Ra=0.2 // armature r e s i s t a n c e i n ohm
9

10 // s o l u t i o n
11 Vl=V/1.35

12 V2=((V-(Ia*Ra))/2)+Ia*Ra

13 a=acosd(V2/V)

14 printf( ’ \n\n The RMS Vol tage per phase=%0 . 1 f Vo l t s \n
\n ’ ,V2)

15 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a)

Scilab code Exa 2.8 Ex8

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Vs=220 // Supply Vo l tage i n Vo l t s
4 N=600 // Rotor Speed i n rpm
5 Ra=0.4 //Armature R e s i s t a n c e i n ohm
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6 Rf=150 // F i e l d R e s i s t a n c e i n ohm
7 af=0 // F i r i n g Angle f o r Maximum f i e l d c u r r e n t
8 aa=0 // F i r i n g Angle f o r maximum Armature c u r r e n t
9 N2=1200 // Speed in rpm
10 T=120 //Torque i n N−m
11 K=1.4 //Motor v o l t a g e Constant
12 // S o l u t i o n
13 Vm=Vs/sqrt (3)

14 W=2*%pi*N/60

15 Vf1 =3* sqrt (3)*sqrt (2)*Vm*cosd(af)/%pi

16 If1=Vf1/Rf // F i e l d Current i n Amp
17 Ia1=T/(K*If1)

18 Eb1=K*If1*W

19 Va1=Eb1+(Ia1*Ra)

20 aa1=acosd(Va1*%pi /(3* sqrt (3)*sqrt (2)*Vm))

21 Va2 =3* sqrt (3)*sqrt (2)*Vm*cosd(aa)/%pi

22 Eb2=Va2 -(Ia1*Ra)

23 N3=Eb2/(K*If1)// Speed i n rad / s
24 N3rpm=N3 *60/(2* %pi)// Speed i n Rpm
25 W2=N2*2* %pi /60

26 If2=Eb2/(K*W2)

27 Vf2=If2*Rf

28 af1=acosd(Vf2*%pi /(3* sqrt (3)*sqrt (2)*Vm))

29 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,aa1)
30 printf( ’ \n\n The F i e l d Current=%0 . 1 f Amp\n\n ’ ,N3rpm)
31 printf( ’ \n\n The F i e l d Current=%0 . 1 f Amp\n\n ’ ,af1)

Scilab code Exa 2.9 Ex9

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 V=440 // v o l t a g e i n v o l t s
4 P=100e+3 // power i n Watts
5 N=900 // speed in rpm
6 V1=415 // supp ly v o l t a g e i n v o l t s
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7

8 // s o l u t i o n
9 k=(3* sqrt (2))/%pi

10 a=acosd(V/(k*V1))

11 V2=0.5*V//At 50% o f r a t ed speed
12 a1=acosd(V2/(k*V1))

13 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a1)

Scilab code Exa 2.10 Ex10

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 P=80e+3 // power i n Watt
4 Va1 =440 // v o l t a g e i n v o l t s
5 N1=800 // speed in rpm
6 N2=600 // speed in rpm
7 Eb1 =410 //Given back emf i n v o l t s
8 Vrms =415 // v o l t a g e i n v o l t s
9

10 // s o l u t i o n
11 Eb2=Eb1*(N2/N1)

12 Ia1=P/Va1

13 Ra=(Va1 -Eb1)/Ia1

14 Ia2 =0.75* Ia1 //As motor i s o p e r a t i n g at 75% o f r a t ed
to rque

15 Va2=Eb2+(Ia2*Ra)

16 a=acosd(Va2*%pi /(3* sqrt (2)*Vrms))

17 printf( ’ \n\n The T r i g g e r i n g Angle=%0 . 1 f \n\n ’ ,a)

Scilab code Exa 2.11 Ex11

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
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3 P=100e+3 // power i n W
4 Va1 =440 // Supply v o l t a g e i n v o l t s
5 N1=1000 // speed in rpm
6 N2=800 // speed in rpm
7 Eb1 =410 // g i v en Back EMF in v o l t s
8 Vrms =415 //RMS vo l t a g e i n v o l t s
9 f=50 // Supply f r e qu en cy in Hz
10

11 // s o l u t i o n
12 Eb2=Eb1*(N2/N1)

13 Ia1=P/Va1

14 Ra=(Va1 -Eb1)/Ia1

15 Ia2 =0.75* Ia1 //At 75% o f r a t ed to rque
16 Va2=Eb2+(Ia2*Ra)

17 a=acosd((Va2*%pi)/(3* sqrt (2)*Vrms))

18 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a)

Scilab code Exa 2.12 Ex12

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 Php =100 // power i n hp
4 P=Php *735.5 // power i n Watts
5 Va1 =440 // v o l t a g e i n v o l t s
6 N1=1000 // speed in rpm
7 N2=500 // speed in rpm
8 Eb1 =430 //Given back EMF in v o l t s
9 Vrms =415 //RMS vo l t a g e i n v o l t s

10

11 // s o l u t i o n
12 Eb2=Eb1*(N2/N1)

13 Ia1=P/Va1

14 Ra=10/ Ia1

15 Ia2 =0.85* Ia1

16 Va2=Eb2+Ia2*Ra //At 85% load and 500 rpm
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17 a=acosd(Va2 /(1.35* Vrms))

18 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a)

Scilab code Exa 2.13 Ex13

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Va=230 // Supply v o l t a g e i n v o l t s
4 N1=1400 // speed in rpm
5 N2=600 // speed in rpm
6 N3=1400 // speed in rpm
7 Vdrop =15 // Vo l tage drop in Vo l t s
8 // s o l u t i o n
9 Eb1=Va -15

10 Eb2=Eb1*(N2/N1)

11 Va1=Eb2+Vdrop

12 a2=acosd(Va1/Va)

13 printf( ’ \n\n The F i r i n g Angle=%0 . 1 f \n\n ’ ,a2)
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Chapter 3

Four Quadrant Operations of
DC Drives

Scilab code Exa 3.1 Ex1

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 Vm= 220 // armature v o l t a g e i n v o l t s
4 N= 1000 // speed in rpm
5 N1= 900 // speed i n rpm
6 Ia= 60 // armature c u r r e n t i n ampere
7 Ra= 0.6 // armature r e s i s t a n c e i n ohm
8 a= 0

9 V= 165 // l i n e v o l t a g e i n v o l t s
10

11 // s o l u t i o n
12 Eb1= Vm-Ia*Ra // back emf i n v o l t s
13 Eb2= (N1/N)*Eb1 // back emf i n v o l t s
14 Ea=Eb2+(Ia*Ra) // armature v o l t a g e i n v o l t s
15 Em= V*sqrt (2)

16 A=(((Ea*%pi)/(3*Em)))

17 a1=acosd(A)

18 a2=180-a1

19 Ea1=V-(Ia*Ra) // armature v o l t a g e i n v o l t s
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20 cosa1 =((Ea/Em)*(%pi /3))

21 a11=acosd ((Ea1*%pi)/(3*Em))

22 a22=180-a1

23 printf( ’ \n\n F i r i n g Angle f o r motor ing o p e r a t i o n s at
r a t ed motor to rqu and 900 or −900 rpm=%0. 1 f \n\n

’ ,a1)
24 printf( ’ \n\n F i r i n g Angle f o r motor ing o p e r a t i o n s at

r a t ed motor to rqu and 900 or −900 rpm=%0. 1 f \n\n
’ ,a2)

25 printf( ’ \n\n F i r i n g Angle f o r b rak ing o p e r a t i o n s at
r a t ed motor to rqu and 900 or −900 rpm=%0. 1 f \n\n ’
,a11)

26 printf( ’ \n\n F i r i n g Angle f o r b rak ing o p e r a t i o n s at
r a t ed motor to rqu and 900 or −900 rpm=%0. 1 f \n\n ’
,a22)

27 //The answers vary due to round o f f e r r o r

Scilab code Exa 3.2 Ex2

1 clc

2 // Va r i a b l e I n i t i a l l i z a t i o n
3 Vm=220 // armature v o l t a g e i n v o l t s
4 f=50 // f r e qu en cy i n Hz
5 Ra=10 // armature r e s i s t a n c e i n ohm
6 Lr=50e-3 // c i r c u l a t i n g i nduc t an c e i n mH
7 a1=30

8 a2=150

9

10 // s o l u t i o n
11 w=2*%pi*f

12 Em=sqrt (2) *220 // v o l t a g e i n v o l t s
13 cosa1=cosd(a1)

14 cosa2=cosd(a2)

15 Irmax1 =((2*Em)/(w*Lr))*(1-cosa1)

16 Irmax2 =((2*Em)/(w*Lr))*(1-cosa2)
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17 Ip=(Em/Ra)

18 I1=Ip+Irmax1

19 I2=Ip+Irmax2

20 printf( ’ \n\n Peak Current o f Conver t e r 1=%0 . 1 f Amp\n
\n ’ ,I1)

21 printf( ’ \n\n Peak Current o f Conver t e r 2=%0 . 1 f Amp\n
\n ’ ,I2)

Scilab code Exa 3.3 Ex3

1

2 clc

3 // Va r i a b l e i n i t i a l i z a t i o n
4 F=50 // Supply Frequency In Hz
5 Vm=400 // Supply Vo l tage In Vo l t s
6 Ip=20 //Peak C i r c u l a t i n g Current In Ampere
7 A=60 // f i r i n g ang l e
8

9 // s o l u t i o n
10 Ea=Vm/(sqrt (3))

11 W=2*%pi*F

12 Lr=[(3* sqrt (2)*Ea)/(W*Ip)]*(1- sind(A))

13 Lr1=Lr*1000 // Induc tance i n mH
14 printf( ’ \n\n Induc tance Value Needed=%0 . 1 f mH\n\n ’ ,

Lr1)

15 //The answer vary due to round o f f e r r o r

Scilab code Exa 3.4 Ex4

1 clc

2 // Va r i a b l e I n i t i a l l i z a t i o n
3 F=50 // Supply Frequency In Hz
4 Erms =230 //RMS Vol tage Per Phase In Vo l t s
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5 L=0.015 // Induc tance In Henry
6 A1=60 // F i r i n g Angle
7 A2=120 // F i r i n g Angle
8

9

10

11

12 // s o l u t i o n
13 W=2*%pi*F

14 Icp =((3* sqrt (2)*Erms)/(W*L))*(1-sind(A1))

15 printf( ’ \n\n The Peak va lu e o f C i r c u l a t i n g Current=
%0 . 1 f Amp\n\n ’ ,Icp)

Scilab code Exa 3.5 Ex5

1 clc

2 // Va r i a b l e I n i t i a l l i z a t i o n
3 Vm=400 // Supply Vo l tage In Vol t
4 Ea1= 220 // Vo l tage Of Motor In Vol t
5 Ia=200 // Line Current In Ampere
6 Ra=0.05 //Armature R e s i s t a n c e In Ohm
7 N1=750 // Speed Of Motor In rpm
8 N2=600 // Speed Of Motor In rpm
9

10 // s o l u t i o n
11 Eb1=Ea1 -(Ia*Ra)

12 Eb2=(N2/N1)*Eb1

13 Ea2=Eb2+(Ia*Ra)

14 A=acosd((Ea2*%pi)/(Vm*3* sqrt (2)))

15 printf( ’ \n\n The F i r i n g Angle o f R e c t i f i e r=%0 . 1 f \n\n
’ ,A)

Scilab code Exa 3.6 Ex6

51



1 clc

2 // Va r i a b l e I n i t i a l l i z a t i o n
3 Ea=400 // Vo l tage Of MOtor In Vol t
4 Ia1 =70 // Line Current In Ampere
5 Ia2 =90 // Line Current In Ampere
6 Ra=0.3 //Armature R e s i s t a n c e In Ohm
7 N1=750 // Speed Of Motor In rpm
8 N2=300 // Speed Of Motor In rpm
9

10 // S o l u t i o n
11 Eb1=Ea -(Ia1*Ra)

12 Eb2=(N2/N1)*Eb1

13 Rb=-((Eb2 -Ea -Ia2*Ra)/Ia2)//Wrongly c a l c u l a t e d i n
book , wrong va lu e o f Eb2 i s taken

14 W1=(2* %pi*N1)/60

15 Kt1=Eb1/W1

16 T1=Kt1*Ia1

17 W2=(2* %pi*N2)/60

18 Kt2=Eb2/W2 //Wrongly computed i n t ex tbook
19 T2=Kt2*Ia2 //The answer p rov id ed i n the t ex tbook i s

wrong
20 printf( ’ \n\n Ext e rna l r e s i s t a n c e to be added=%0 . 1 f

ohm\n\n ’ ,Rb)
21 printf( ’ \n\n I n i t i a l b r ak ing to rque=%0 . 1 f N−m\n\n ’ ,

T1)

22 printf( ’ \n\n brak ing to rque at 300 rpm=%0. 1 f N−m\n\n
’ ,T2)

23 //The answer p rov id ed i n the t ex tbook i s wrong ( both )
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Chapter 4

Chopper Controlled DC Drives

Scilab code Exa 4.1 Ex1

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 V=230 // Input Vo l tage o f motor i n v o l t s
4 Vdc =240 //Dc e q u i v a l e n t input to motor i n Vo l t s
5 Po=746 //Power r a t i n g o f DC motor i n Watt
6 N=500 //Rated Speed o f Motor i n rpm
7 Ia=4.1 //Armature Current i n Ampere
8 Ra=7.56 //Armature r e s i s t a n c e i n ohm
9 La=55e-3 //Armature i nduc t an c e i n Henry
10 f=500 //Chopper Frequency
11 Tmin=5 //minimum load Torque i n N−m
12 // S o l u t i o n
13 T=(1/f)// Per i od o f Chopper
14 w=2*%pi*N*(1/60)

15 Eb=V-(Ia*Ra)//Back emf i n Vo l t s
16 k=Eb*(1/w)

17 Pin=V*Ia //Armature Power Input
18 L=Pin -Po -(Ia*Ia*Ra)// Ro t a t i o n a l Loss
19 Ta=L/w

20 Ta1=Tmin+Ta // Average i n t e r n a l Torque i n N−m
21 Ia1=Ta1/k
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22 E0=Eb+(Ia1*Ra)

23 ton=(E0/Vdc)*T

24 ton11=ton *1000 // ton i n m i c r o s e cond s
25 ta=(La/Ra)

26 A=log(((Eb/Vdc)*(%e^(T/ta) -1))+1)

27 ton1=A*ta

28 ton12=ton1 *1000 // ton in m i c r o s e cond s
29 E01=(ton1/T)*Vdc

30 Ia2=(E01 -Eb)/Ra

31 Ta2=k*Ia2

32 Tc=Ta2 -Ta

33 printf( ’ \n\n ton f o r minimum load to rque o f 500rpm=
%0 . 1 f 10ˆ(−3) s e c \n\n ’ ,ton11)

34 printf( ’ \n\n ton f o r c u r r e n t i s c on t i nuou s at 500rpm
=%0. 1 f 10ˆ(−3) s e c \n\n ’ ,ton12)

35 if ton >ton1 then

36 disp(” Current ( Ia ) i s c on t i nuou s ”)
37 else

38 disp(” Current ( Ia ) i s not c on t i nuou s ”)
39 end

40 printf( ’ \n\n The c oup l i n g Torque f o r minimum va lu e
o f ton ob ta i n=%0 . 1 f N−m\n\n ’ ,Tc)

Scilab code Exa 4.2 Ex2

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 V=230 // Input Vo l tage o f motor i n v o l t s
4 N=1750 //Rated Speed o f Motor i n rpm
5 Ia=74 //Armature Current i n Ampere
6 Ra =0.180 //Armature r e s i s t a n c e i n ohm
7 Vdc =240 //Dc e q u i v a l e n t input to motor i n Vo l t s
8 f=500 //Chopper Frequency
9 W0=2*f*%pi

10 la =2.93*10^( -3) //Armature i nduc t an c e i n Henry
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11 // S o l u t i o n
12 T=1/f// Per i od o f Chopper
13 I0=Ia

14 W=2*%pi*N/60

15 Eb=V-(Ia*Ra)//Back EMF in Vo l t s
16 k=Eb/W

17 Ea=Vdc/2 // Average Vo l tage
18 Eb1=Ea -(Ia*Ra)

19 W1=Eb1/k

20 N1=W1 *(60/(2* %pi))

21 ton=T/2

22 Irms =(( sqrt (2)*Vdc)/(%pi*W0*la))*sin(W0*ton /2)

23 Irms1=sqrt((I0^2)+(Irms ^2))

24 k1=Irms/I0

25 I01=Ia/2 // Average Value o f Source Current
26 Irms2=sqrt (2)*Ia/%pi

27 k2=Irms2/I01 // Source Current R ipp l e Facto r
28 printf( ’ \n\n The Motor Speed=%0 . 1 f rpm\n\n ’ ,N1)
29 printf( ’ \n\n The RMS Armature Current=%0 . 1 f Amp\n\n ’

,Irms1)

30 printf( ’ \n\n The RMS and l i n e c u r r e n t r i p p l e f a c t o r=
%0 . 1 f \n\n ’ ,k2)

Scilab code Exa 4.3 Ex3

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ia=50 //Armature Current i n Ampere
4 Ea=440 // Input Vo l tage to armature i n v o l t s
5 N=1000 //Rated Speed o f Motor i n rpm
6 Ra=0.5 //Armature r e s i s t a n c e i n ohm
7 Ra1 =10.5 //Armature r e s i s t a n c e i n ohm
8 Rf=100 // F i e l d r e s i s t a n c e i n ohm
9 N1=400 // Speed o f Motor i n rpm
10 N2=800 // Speed o f Motor i n rpm
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11 ton =2*10^( -3)

12 // S o l u t i o n
13 If=Ea/Rf

14 Eb=Ea -(Ia*Ra)

15 Eb1=(N1/N)*Eb

16 E01=Eb1+(Ia*Ra1)

17 t1=(Ea/E01)*2*10^3

18 f1=1/t1

19 Eb2=(N2/N)*Eb

20 E02=Eb2+(Ia*Ra)

21 t2=(Ea/E02)*ton

22 f2=1/t2

23 printf( ’ \n\n The Chopping Frequency 1=%0 . 1 f \n\n ’ ,f1)
24 printf( ’ \n\n The Chopping Frequency 2=%0 . 1 f \n\n ’ ,f2)
25 //The answers vary due to round o f f e r r o r

Scilab code Exa 4.4 Ex4

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 V=230 // Input Vo l tage o f motor i n v o l t s
4 Ra=1.5 //Armature r e s i s t a n c e i n ohm
5 La=1e-3 //Armature i nduc t an c e i n ohm
6 Ia=15 //Armature Current i n Ampere
7 k=0.05 // Vo l tage c on s t an t
8 // S o l u t i o n
9 Eb=0 //when d=0
10 Ea=Eb+(Ia*Ra)

11 d=Ea/V

12 Eb1=V-(Ia*Ra)

13 //when d1=1
14 N=Eb1/k

15 printf( ’ \n\n Range o f speed c o n t r o l i s from 0 to %0
. 1 f \n\n ’ ,N)

16 printf( ’ \n\n The Duty Cyc le i s from%0 . 1 f to 1\n\n ’ ,d
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)

17 //The answers vary due to round o f f e r r o r

Scilab code Exa 4.5 Ex5

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage to armature i n v o l t s
4 N1=1000 //Rated Speed o f Motor i n rpm
5 N2=500 // Speed o f Motor i n rpm
6 Ia=24 //Armature Current i n Ampere
7 Ra=2 //Armature r e s i s t a n c e i n ohm
8 Es=230 // Source v o l t a g e i n Vo l t s
9 // S o l u t i o n
10 Eb1=Ea -(Ia*Ra)

11 Eb2=(N2/N1)*Eb1

12 E0=Eb2 +(1.2* Ia*Ra)

13 d=E0/Es

14 printf( ’ \n\n The Duty Rat io=%0 . 1 f \n\n ’ ,d)
15 //The answers vary due to round o f f e r r o r

Scilab code Exa 4.6 Ex6

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=500 // Input Vo l tage to armature i n v o l t s
4 Ra=0.09 //Armature r e s i s t a n c e i n ohm
5 If=3 // F i e l d Current i n Ampere
6 K=1.527 // Vo l tage c on s t an t
7 T=560 //Torque Deve loped i n N−m
8 N1=0 // Speed o f Motor i n rpm
9 d2=1 // duty r a t i o

10 // S o l u t i o n
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11 Ia=T/(K*If)

12 Eb=K*N1

13 d1=(Eb+(Ia*Ra))/Ea

14 N2=((d2*Ea)-(Ia*Ra))/(K*If)

15 N2r=N2 *60/(2* %pi)

16 d3=[0.2 ,0.4 ,0.6 ,0.8 ,1.0]

17 N3r =[556.56 ,1181.92 ,1807.28 ,2432.6 ,3058.0]

18 plot(d3,N3r)

19 xlabel ( ’ Duty I n t e r v a l ’ )
20 ylabel ( ’ Speed i n RPM’ )

Scilab code Exa 4.7 Ex7

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ra=0.08 //Armature r e s i s t a n c e i n ohm
4 Ea=450 // Input Vo l tage to armature i n v o l t s
5 Ia=275 //Armature Current i n Ampere
6 If=3 // F i e l d Current i n Ampere
7 K=1.527 // Vo l tage c on s t an t
8 d=0.65 //Duty r a t i o
9 // S o l u t i o n

10 Pin=d*Ea*Ia

11 E0=d*Ea

12 Eb=E0 -(Ia*Ra)

13 W=Eb/(K*If)

14 N=W*60/(2* %pi)

15 T=K*If*Ia

16 printf( ’ \n\n The Input power from Generator Source=
%0 . 1 f Watt\n\n ’ ,Pin)

17 printf( ’ \n\n The Speed o f Motor=%0 . 1 f rpm\n\n ’ ,N)
18 printf( ’ \n\n The Torque deve l oped=%0 . 1 f N−m\n\n ’ ,T)
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Scilab code Exa 4.8 Ex8

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 ton =15

4 toff =10

5 Ea=220 // Input Vo l tage to armature i n v o l t s
6 Km=0.4 // Vo l tage c on s t an t
7 N=1400 //Rated Speed o f Motor i n rpm
8 Ra=2 //Armature r e s i s t a n c e i n ohm
9 // S o l u t i o n

10 d=ton/(ton+toff)

11 E0=d*Ea

12 W=2*%pi*N/60

13 Ia=(E0 -(Km*W))/Ra

14 printf( ’ \n\n The Average l oad Current=%0 . 1 f Amp\n\n ’
,Ia)

Scilab code Exa 4.9 Ex9

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=200 // Input Vo l tage to armature i n v o l t s
4 Ia=20 //Armature Current i n Ampere
5 Ra=0.4 //Armature r e s i s t a n c e i n ohm
6 k=0.1

7 N1=0 // Speed o f Motor i n rpm
8 // S o l u t i o n
9 Eb1=k*N1

10 d1=(Eb1+(Ia*Ra))/Ea

11 d2=1

12 Eb2=d2*Ea -(Ia*Ra)

13 N2=Eb2/k

14 printf( ’ \n\n Range o f speed c o n t r o l from 0 to %0 . 1 f \
n\n ’ ,N2)
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15 printf( ’ \n\n Range o f duty c y c l e from %0 . 1 f to 1\n\n
’ ,d1)

16 //The answers vary due to round o f f e r r o r

Scilab code Exa 4.10 Ex10

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 V=230 // Input Vo l tage o f motor i n v o l t s
4 f=300 //Chopper Frequency
5 Tl=40 //Load Torque i n N−m
6 N1=900 //Rated Speed o f Motor i n rpm
7 Ra=0 //Armature r e s i s t a n c e i n ohm
8 La=12e-3 // Induc tance i n Henry
9 k=2 //Motor Constant
10 // S o l u t i o n
11 Ia=Tl/k

12 W=2*%pi*N1/60

13 Eb=k*W

14 d=(Eb+(Ia*Ra))/V

15 t1=1/f

16 ton=d*t1

17 toff=(1-d)*t1

18 Z1=(V-Eb)/La

19 Z2=-Eb/La

20 A=Z1*ton //A=Imax−Imin
21 B=2*Ia //B=Imax+Imin
22 Imax=(A+B)/2

23 Imin=(B-A)/2

24

25 t=poly(0, ’ t ’ );
26 x=Imin+Z1*t

27 y=Imax+Z2*t

28

29 disp (Imax ,”Maximum Armature Current i n Amp i s ”)
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30 disp (Imin ,”Minimum Armature Current i n Amp i s ”)
31 disp (A ,”Armature Current Excur s i on i n Amp i s ”)
32 disp (x ,”Armature Current During Ton in Amp i s ”)
33 disp (y ,”Armature Current During To f f i n Amp i s ”)

Scilab code Exa 4.11 Ex11

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=200 // Input Vo l tage o f motor i n v o l t s
4 Ra=0.12 //Armature r e s i s t a n c e i n ohm
5 La=12e-3 //Armature Induc tance i n ohm
6 K=2 //Motor c on s t an t i n V−s / rad
7 Eb=150 //Motor back EMF
8 Ia=30 //Armature Current i n Ampere
9 f=300 //Chopper Frequency

10 // S o l u t i o n
11 T=1/f

12 d=(Eb+(Ia*Ra))/Ea

13 ton=d*T

14 toff=(1-d)*T

15 t=Ra/La

16 Ea1=Ea

17 Imin=poly(0, ’ Imin ’ );
18 Ia1 =((Ea1 -Eb)/Ra)*(1-%e^(-ton*t))+(Imin*%e^(-ton*t))

19 disp (Ia1 ,”Imax i s ”)
20 Ea2=0

21 Imax=poly(0, ’ Imax ’ );
22 Ia2 =((Ea2 -Eb)/Ra)*(1-%e^(-toff*t))+(Imax*%e^(-toff*t

))

23 disp (Ia2 ,” Imin i s ”)
24 a=poly(0, ’ a ’ );
25 b=poly(0, ’ b ’ );
26 Imax1 =(10.409+(0.975*( -9.96)))/(1 -(0.975*0.992))//

From above d i s p l a y e d v a l u e s and round ing o f f
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27 Imin1 =( -9.960) +(0.992* Imax1)

28 Im=Imax1 -Imin1 //Armature Current Excur s i on
29 printf( ’ \n\n Maximum Armature Current=%0 . 1 f Amp\n\n ’

,Imax1)

30 printf( ’ \n\n Minimum Armature Current=%0 . 1 f Amp\n\n ’
,Imin1)

31 printf( ’ \n\n Armature Current Excur s i on=%0 . 1 f Amp\n\
n ’ ,Im)

Scilab code Exa 4.12 Ex12

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 V=440 // Input Vo l tage o f motor i n v o l t s
4 Rf=100 // F i e l d r e s i s t a n c e i n ohm
5 Il=50 //Load Current i n Ampere
6 N1=900 //Rated Speed o f Motor i n rpm
7 N2=300 //Rated Speed o f Motor i n rpm
8 N3=400 //Rated Speed o f Motor i n rpm
9 N4=600 //Rated Speed o f Motor i n rpm
10 Ra=0.3 //Armature r e s i s t a n c e i n ohm
11 ton=4e-3 //On pe r i o d o f Chopper i n s e c
12 // S o l u t i o n
13 If=V/Rf //Motor F i e l d Current i n Amp
14 Ia=Il-If //Armature Current i n Amp
15 Eb1=V-(Ia*Ra)//Back EMF o f Motor
16 Eb2=(N2/N3)*Eb1

17 V2=Eb2+(Ia*Ra)// Requ i red Terminal Vo l tage i n v o l t s
18 T1=(V/V2)*ton //Chopping Per i od
19 f1=1/T1 // /Chopping Per i od
20 Eb3=(N4/N1)*Eb1 //Back Emf at 600 rpm
21 V3=Eb3+(Ia*Ra)// Requ i red Terminal Vo l tage i n v o l t s
22 T2=(V/V3)*ton //Chopping Per i od
23 f2=1/T2 //Chopping Per i od
24 printf( ’ \n\n Frequency o f chopper=%0 . 1 f Hz\n\n ’ ,f2)
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Scilab code Exa 4.13 Ex13

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 ton =10 //On time o f Chopper
4 toff =12 // Of f t ime o f Chopper
5 Ea=220 // Input Vo l tage o f motor i n v o l t s
6 k=0.495 //Motor Vo l tage c on s t an t
7 W=146.60 //Rated Speed o f Motor i n rad / s e c
8 Ra=2.87 //Armature r e s i s t a n c e i n ohm
9 // S o l u t i o n

10 d=ton/(ton+toff)//Duty c y c l e r a t i o
11 Ia=((d*Ea)-(k*W))/Ra

12 printf( ’ \n\n Average l oad Current=%0 . 1 f Amp\n\n ’ ,Ia)
13 //The answers vary due to round o f f e r r o r

Scilab code Exa 4.14 Ex14

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=450 // Input Vo l tage o f motor i n v o l t s
4 Ra=0.06 //Armature r e s i s t a n c e i n ohm
5 Kt=1.4 //Motor Vo l tage Constant
6 Ia=300 //Armature Current i n Ampere
7 If=3.3 //Motor F i e l d Current i n Amp
8 d=0.7 //Duty c y c l e o f Conver t e r
9 // S o l u t i o n
10 Pin1=Kt*Ea*Ia // Input Power
11 Re1=Ea/(Kt*Ia)// Equ i va l en t R e s i s t a n c e
12 E01=Kt*Ea

13 Eb1=E01 -(Ia*Ra)
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14

15 Pin2=d*Ea*Ia

16 Re2=Ea/(d*Ia)

17 E02=d*Ea

18 Eb2=E02 -(Ia*Ra)

19 N1=Eb2/(Kt*If)

20 N=N1 *60/(2* %pi)

21 T=Kt*Ia*If

22 printf( ’ \n\n Input Power=%0 . 1 f KW\n\n ’ ,Pin1 *10^ -3)
23 printf( ’ \n\n Equ i va l en t R e s i s t a n c e deve l oped=%0 . 1 f

ohm\n\n ’ ,Re1)
24 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,N)
25 printf( ’ \n\n Motor Torque=%0 . 1 f N−m\n\n ’ ,T)

Scilab code Exa 4.15 Ex15

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=210 // Input Vo l tage o f motor i n v o l t s
4 Ia=25 //Armature Current i n Ampere
5 Es=230

6 N1=1500 //Rated Speed o f Motor i n rpm
7 Ra=3 //Armature r e s i s t a n c e i n ohm
8 N2=800 //Rated Speed o f Motor i n rpm
9 // S o l u t i o n
10 Ia2 =1.5* Ia

11 Eb=Ea -(Ia*Ra)

12 Eb2=(N2/N1)*Eb

13 E0=Eb2+(Ia2*Ra)

14 d=E0/Es

15 printf( ’ \n\n Duty Rat io=%0 . 1 f \n\n ’ ,d)

Scilab code Exa 4.16 Ex16
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1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=200 // Input Vo l tage o f motor i n v o l t s
4 Ia=20 //Armature Current i n Ampere
5 Ra=0.33 //Armature r e s i s t a n c e i n ohm
6 La=11e-3 //Armature Induc tance i n ohm
7 N1=1200 //Rated Speed o f Motor i n rpm
8 N2=800 //Rated Speed o f Motor i n rpm
9 f=500 //Chopper Frequency i n Hz
10 // S o l u t i o n
11 T=1/f

12 t=Ra/La

13 t1=1/t

14 Eb1=Ea -(Ia*Ra)

15 Eb2=(N2/N1)*Eb1

16 E0=Eb2+(Ia*Ra)

17 d=E0/Ea

18 ton1=d*T

19 A=log (1+(( Eb2/Ea)*((%e^(T/t1)) -1)))// Ia2=0 & A=ton2 /
t

20 ton2=A*t1

21 printf( ’ \n\n Duty Cyc le=%0 . 1 f \n\n ’ ,ton2)
22 //The answer p rov id ed i n the t ex tbook i s wrong (

answer g i v en i n t ex tbook i s i n i n v a l i d range )
23 if ton2 <ton1 then disp( ’ Current i s Cont inuous ’ )
24 end

Scilab code Exa 4.17 Ex17

1

2 clc

3 // Va r i a b l e I n i t i a l i s a t i o n
4 Ea=220 // Input Vo l tage o f motor i n v o l t s
5 Ia=100 //Armature Current i n Ampere
6 Ra=0.01 //Armature r e s i s t a n c e i n ohm
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7 N1=1000 //Rated Speed o f Motor i n rpm
8 N2=500 //Rated Speed o f Motor i n rpm
9 // S o l u t i o n
10 Eb1=Ea -(Ia*Ra)

11 Eb2=(N2/N1)*Eb1

12 Ea2=Eb2+(Ia*Ra)

13 d1=Ea2/Ea

14 Ea3=Eb2 -(Ia*Ra)

15 d2=Ea3/Ea

16 printf( ’ \n\n Duty Rat io o f Chopper i n motor ing
op e r a t i o n=%0 . 1 f \n\n ’ ,d1)

17 printf( ’ \n\n Duty Rat io o f Chopper i n b r e ak i ng
op e r a t i o n=%0 . 1 f \n\n ’ ,d2)

18 //The answers vary due to round o f f e r r o r

Scilab code Exa 4.18 Ex18

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 Ia=50 //Armature Current i n Ampere
5 N1=800 //Rated Speed o f Motor i n rpm
6 Ra=0.4 //Armature r e s i s t a n c e i n ohm
7 d1=0.3 //Duty r a t i o f o r Motor ing Operat i on
8 d2=0.6 //Duty r a t i o f o r Motor ing Operat i on
9 d3=0.7 //Duty r a t i o f o r Brak ing Operat i on
10 d4=0.4 //Duty r a t i o f o r Brak ing Operat i on
11 // S o l u t i o n
12 E01=d1*Ea

13 Eb1=Ea -(Ia*Ra)

14 Eb2=E01 -(Ia*Ra)

15 N2=(Eb2/Eb1)*N1

16 E02=d2*Ea

17 Eb3=E02 -(Ia*Ra)

18 N3=(Eb3/Eb1)*N1
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19 E03=d3*Ea

20 Eb4=E03+(Ia*Ra)

21 N4=(Eb4/Eb1)*N1

22 E04=d4*Ea

23 Eb5=E04+(Ia*Ra)

24 N5=(Eb5/Eb1)*N1

25 printf( ’ \n\n Motor speed f o r Motor ing Operat i on 1 =
%0 . 1 f rpm\n\n ’ ,N2)

26 printf( ’ \n\n Motor speed f o r Motor ing Operat i on 2=%0
. 1 f rpm\n\n ’ ,N3)

27 printf( ’ \n\n Motor speed f o r Brak ing Operat i on 1=%0
. 1 f rpm\n\n ’ ,N4)

28 printf( ’ \n\n Motor speed f o r Brak ing Operat i on 2=%0
. 1 f rpm\n\n ’ ,N5)

Scilab code Exa 4.19 Ex19

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage o f motor i n v o l t s
4 d=0.95 //Maximum Duty Rat io
5 Ia1 =100 //Armature Current i n Ampere
6 Ia2 =150 //Armature Current i n Ampere
7 Ra=0.01 //Armature r e s i s t a n c e i n ohm
8 N1=1000 //Rated Speed o f Motor i n rpm
9 // S o l u t i o n
10 Eb1=Ea -(Ia1*Ra)

11 E0=d*Ea

12 Eb2=E0+(Ia2*Ra)

13 N2=(Eb2/Eb1)*N1

14 Pin=E0*Ia2

15 printf( ’ \n\n Maximum Pe rm i s s i b l e MOtor Speed=%0 . 1 f
rpm\n\n ’ ,N2)

16 //The answers vary due to round o f f e r r o r
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Scilab code Exa 4.20 Ex20

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 Ia=30 //Armature Current i n Ampere
5 Ia2 =60 //Armature Current i n Ampere
6 N1=1000 //Rated Speed o f Motor i n rpm
7 N2=800 //Rated Speed o f Motor i n rpm
8 Ra=0.7 //Armature r e s i s t a n c e i n ohm
9 d2=0.6 //Duty Rat io
10 d3=0.9 //Duty Rat io
11 d4=0.9 //Duty Rat io
12 // S o l u t i o n
13 Eb1=Ea -(Ia*Ra)

14 Eb2=(N2/N1)*Eb1

15 E01=Eb2 -(Ia*Ra)

16 d1=E01/Ea

17 E02=d2*Ea

18 Eb3=E02+(Ia*Ra)

19 N3=(Eb3/Eb1)*N1

20 E03=d3*Ea

21 Eb4=E03+(Ia2*Ra)

22 N4=(Eb4/Eb1)*N1

23 E04=d4*Ea

24 Pin=E04*Ia2

25 printf( ’ \n\n Duty Rat io Of Chopper=%0 . 1 f \n\n ’ ,d1)
26 printf( ’ \n\n Motor Speed f o r duty r a t i o 0.6=%0 . 1 f

rpm\n\n ’ ,N3)
27 printf( ’ \n\n Maximum Aloowable Speed=%0 . 1 f rpm\n\n ’ ,

N4)

28 printf( ’ \n\n Power Fed to Source=%0 . 1 f KW\n\n ’ ,Pin
*10^ -3)

29 //The answers vary due to round o f f e r r o r
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Scilab code Exa 4.21 Ex21

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage o f motor i n v o l t s
4 Ia=150 //Armature Current i n Ampere
5 Ra=0.06 //Armature r e s i s t a n c e i n ohm
6 N1=1000 //Rated Speed o f Motor i n rpm
7 N2=500 //Rated Speed o f Motor i n rpm
8 N4=1350 //Rated Speed o f Motor i n rpm
9 d3=0.91 //Duty Rat io
10 Ia2 =2*Ia

11 // S o l u t i o n
12 Eb1=Ea -(Ia*Ra)

13 Eb2=(N2/N1)*Eb1

14 E01=Eb2+(Ia*Ra)

15 d1=E01/Ea

16 E02=Eb2 -(Ia*Ra)

17 d2=E02/Ea

18 E03=d3*Ea

19 Eb3=E03+(Ia2*Ra)

20 N3=(Eb3/Eb1)*N1

21 Pin=E03*Ia2

22 R=N1/N4 // Rat io o f I f 1 and I f 2
23 printf( ’ \n\n Duty r a t i o f o r motor ing o p e r a t i o n=%0 . 1 f

\n\n ’ ,d1)
24 printf( ’ \n\n Duty r a t i o f o r b rak ing op e r a t i o n=%0 . 1 f \

n\n ’ ,d2)
25 printf( ’ \n\n Maximum p e rm i s s i b l e motor Speed=%0 . 1 f

rpm\n\n ’ ,N3)
26 printf( ’ \n\n Rat io o f I f 1 and I f 2=%0 . 1 f \n\n ’ ,R)
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Scilab code Exa 4.22 Ex22

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage o f motor i n v o l t s
4 Ia=100 //Armature Current i n Ampere
5 Ia2 =1.5* Ia

6 Ra=0.01 //Armature r e s i s t a n c e i n ohm
7 Rb=2

8 N1=1000 //Rated Speed o f Motor i n rpm
9 N2=500 //Rated Speed o f Motor i n rpm

10 d2=0.5

11 // S o l u t i o n
12 Eb1=Ea -(Ia*Ra)

13 Eb2=(N2/N1)*Eb1

14 d=(1 -((( Eb2/Ia2)-Ra)/Rb))//Wrongly s o l v e d i n
t ex tbook

15 Eb3=Ia2*(((1-d2)*Rb)+Ra)

16 N3=(Eb3/Eb1)*N1

17 printf( ’ \n\n Duty Rat io o f chopper=%0 . 1 f \n\n ’ ,d)//
The answer p rov id ed i n the t ex tbook i s wrong

18 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,N3)

Scilab code Exa 4.23 Ex23

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage o f motor i n v o l t s
4 Ia=150 //Armature Current i n Ampere
5 Ia2 =300 // to rque i s doubled
6 Ra=0.06 //Armature r e s i s t a n c e i n ohm
7 Rb=2.2

8 N1=1000 //Rated Speed o f Motor i n rpm
9 N2=700 //Rated Speed o f Motor i n rpm
10 d2=0.55
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11 // S o l u t i o n
12 Eb1=Ea -(Ia*Ra)

13 Eb2=(N2/N1)*Eb1

14 d=(1 -((( Eb2/Ia2)-Ra)/Rb))

15 Eb3=Ia2*(((1-d2)*Rb)+Ra)

16 N3=(Eb3/Eb1)*N1

17 printf( ’ \n\n Duty Rat io Of Chopper=%0 . 1 f \n\n ’ ,d)
18 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,N3)

Scilab code Exa 4.24 Ex24

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 N1=1200 //Rated Speed o f Motor i n rpm
5 N2=1000 //Rated Speed o f Motor i n rpm
6 Ia=15 //Armature Current i n Ampere
7 Ia2 =1.5* Ia

8 Ra=1.2 //Armature r e s i s t a n c e i n ohm
9 Rb=20

10 d2=0.5

11 // S o l u t i o n
12 Eb1=Ea -(Ia*Ra)

13 Eb2=(N2/N1)*Eb1

14 d1=(1 -((( Eb2/Ia2)-Ra)/Rb))

15 Eb3=Ia*(((1 -d2)*Rb)+Ra)

16 N3=(Eb3/Eb1)*N1

17 printf( ’ \n\n Duty Rat io Of Chopper=%0 . 1 f \n\n ’ ,d1)
18 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,N3)

Scilab code Exa 4.25 Ex25

1 clc
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2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ia=180 //Armature Current i n Ampere
4 Ra=0.06 //Armature r e s i s t a n c e i n ohm
5 Rb=8

6 If=2 // F i e l d Current i n Ampere
7 d=0.5

8 K=1.527

9 // S o l u t i o n
10 E0=Ia*Rb*(1-d)

11 Req=Rb*(1-d)+Ra

12 Pb=(Ia^2)*(Rb*(1-d))

13 Eb=E0+(Ia*Ra)

14 W=Eb/(K*If)

15 W1=(W*60) /(2* %pi)

16 Ep=Ia*Rb

17 printf( ’ \n\n The Average Vo l tage a c r o s s chopper=%0 . 1
f Vo l t s \n\n ’ ,E0)

18 printf( ’ \n\n Equ i va l en t R e s i s t a n c e o f motor=%0 . 1 f
ohm\n\n ’ ,Req)

19 printf( ’ \n\n Power d i s s i p a t e d i n b rak ing r e s i s t o r=%0
. 1 f KW\n\n ’ ,Pb*10^ -3)

20 printf( ’ \n\n The Motor Speed=%0 . 1 f rpm\n\n ’ ,W1)
21 printf( ’ \n\n Peak to Peak Vo l tage=%0 . 1 f Vo l t s \n\n ’ ,

Ep)

Scilab code Exa 4.26 Ex26

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=440 // Input Vo l tage o f motor i n v o l t s
4 d=0.5 //Duty Rat io
5 Ia=200 //Armature Current i n Ampere
6 Ra=0.15 //Armature r e s i s t a n c e i n ohm
7 K=1 //Motor Constant
8 // S o l u t i o n
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9 E0=(1-d)*Ea

10 Pr=E0*Ia

11 Wmin1=(Ia*Ra)/K

12 Wmin=Wmin1 *60/(2* %pi)

13 Wmax1=(Ea+(Ia*Ra))/K

14 Wmax=Wmax1 *60/(2* %pi)

15 Eb=E0+(Ia*Ra)

16 Wm1=Eb/K

17 Wm=Wm1 *60/(2* %pi)

18 printf( ’ \n\n The Power Returned=%0 . 1 f KW\n\n ’ ,Pr
*10^ -3)

19 printf( ’ \n\n Minimum brak ing Speed=%0 . 1 f rpm\n\n ’ ,
Wmin)

20 printf( ’ \n\n Maximum brak ing Speed=%0 . 1 f rpm\n\n ’ ,
Wmax)//The answers vary due to round o f f e r r o r

21 printf( ’ \n\n Speed dur ing Reg en e r a t i v e Brak ing=%0 . 1 f
rpm\n\n ’ ,Wm)

Scilab code Exa 4.27 Ex27

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ia1 =190 //Armature Current i n Ampere
4 Ia2 =0.9* Ia1

5 Ra=0.08 //Armature r e s i s t a n c e i n ohm
6 Ri=0.05

7 Ea=210 // Input Vo l tage o f motor i n v o l t s
8 N1=950 //Rated Speed o f Motor i n rpm
9 N2=750 //Rated Speed o f Motor i n rpm

10 // S o l u t i o n
11 Eb1=Ea -(Ia1*Ra)

12 Eb2=(N2/N1)*Eb1

13 Vi=Eb2 -(Ia2*(Ra+Ri))

14 printf( ’ \n\n I n t e r n a l Vo l tage o f Source=%0 . 1 f Vo l t s \
n\n ’ ,Vi)
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Scilab code Exa 4.28 Ex28

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=210 // Input Vo l tage o f motor i n v o l t s
4 Ia1 =140 //Armature Current i n Ampere
5 Ia2 =2*Ia1

6 Ra=0.08 //Armature r e s i s t a n c e i n ohm
7 N1=1100 //Rated Speed o f Motor i n rpm
8 N2=1200 //Rated Speed o f Motor i n rpm
9 // S o l u t i o n
10 Eb1=Ea -(Ia1*Ra)

11 Eb2=(N2/N1)*Eb1

12 Rb=((Eb2+Ea)/Ia2)-Ra

13 W=(2* %pi*N2)/60

14 T1=(Eb2*Ia2)/W

15 Ia3=Ea/(Ra+Rb)

16 T2=T1*(Ia3/Ia2)

17 printf( ’ \n\n Re s i s t a n c e to be p l a c ed=%0 . 1 f ohm\n\n ’ ,
Rb)

18 printf( ’ \n\n Brak ing to rque=%0 . 1 f N−m\n\n ’ ,T1)
19 printf( ’ \n\n to rque=%0 . 1 f N−m\n\n ’ ,T2)//The answers

vary due to round o f f e r r o r

Scilab code Exa 4.29 Ex29

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ra=0.08 //Armature r e s i s t a n c e i n ohm
4 Rb=1.5

5 Rf=12
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6 N=500 //Rated Speed o f Motor i n rpm
7 // S o l u t i o n
8 If0=poly(0, ’ I f 0 ’ )
9 Eb0=poly(0, ’ Eb0 ’ )
10

11 If=[4.16 ,6.2 ,8.33 ,10.5 ,12.5 ,14.6 ,16.6 ,18.8 ,20]

12 Eb=[41.6 ,61.2 ,75 ,85 ,92 ,96.6 ,101 ,105 ,125]

13 W=2*%pi*N/60

14 Ia=((Rb+Rf)/Rb)*If0

15 K=Eb0 *(1/W)

16 If1 =12.6

17 Eb1 =102.2

18 for If0=If1

19 disp(Ia)

20 end

21 for Eb0=Eb1

22 disp(K)

23 end

24 If2 =12.6

25 K2=1.75

26 Eb2 =102.2

27 K1=Eb2 *(1/W)

28 Ia2 =9*If2

29 Eb3=(If2*Rf)+(Ia2*Ra)//Wrongly c a l c u l a t e d i n book
30 N2=Eb3 *60/(K1*2*%pi)

31 printf( ’ \n\n Motor Speed at which l oad i s ho ld by
motor=%0 . 1 f rpm\n\n ’ ,N2)//The answer p rov id ed in
the t ex tbook i s wrong

Scilab code Exa 4.30 Ex30

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ra=0.08 //Armature r e s i s t a n c e i n ohm
4 T=300 //Torque i n N−m
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5 N=1000 //Rated Speed o f Motor i n rpm
6 Rf=12 // F i e l d Winding R e s i s t o r i n ohm
7 // S o l u t i o n
8 Eb=poly(0, ’Eb ’ )
9 W=2*%pi*N/60

10 Pd=T*W

11 Ea=Eb -((Pd*Ra)/Eb)

12 If=20 //From p r e v i o u s Example
13 Ea1=Rf*If

14 Eb1 =250 //From p r e v i o u s Example
15 Ia=(Eb1 -Ea1)/Ra

16 If1=Ea1/Rf

17 Ir=Ia-If

18 Rb=Ea1/Ir

19 printf( ’ \n\n Brak ing Re s i s t a n c e=%0 . 1 f ohm\n\n ’ ,Rb)

Scilab code Exa 4.31 Ex31

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 Ia=200 //Armature Current i n Ampere
5 Ra=0.02 //Armature r e s i s t a n c e i n ohm
6 N1=960 //Rated Speed o f Motor i n rpm
7 N2=350 //Rated Speed o f Motor i n rpm
8 N4=1200 //Rated Speed o f Motor i n rpm
9 d3=0.95

10 // S o l u t i o n
11 Ia2 =2*Ia

12 Eb1=Ea -(Ia*Ra)

13 Eb2=(N2/N1)*Eb1

14 E01=Eb2+(Ia*Ra)

15 d1=E01/Ea

16 Ea2=Eb2 -(Ia*Ra)

17 d2=Ea2/Ea
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18 Eam=d3*Ea

19 P=Eam*Ia2

20 Eb3=Eam+(Ia2*Ra)

21 N3=(Eb3/Eb1)*N1

22 Ifr=(N1/N4)

23 printf( ’ \n\n Duty r a t i o f o r motor ing o p e r a t i o n=%0 . 1 f
\n\n ’ ,d1)

24 printf( ’ \n\n Duty r a t i o f o r b rak ing op e r a t i o n=%0 . 1 f \
n\n ’ ,d2)

25 printf( ’ \n\n Maximum p e rm i s s i b l e motor Speed=%0 . 1 f
rpm\n\n ’ ,N3)

26 printf( ’ \n\n F i e l d Current as Rat io o f i t s r a t ed
va lu e=%0 . 1 f \n\n ’ ,Ifr)

Scilab code Exa 4.32 Ex32

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 Ia=10 //Armature Current i n Ampere
5 Ia2 =2*Ia //Given c o n d i t i o n f o r armature Current
6 Ia3 =2*Ia //Given c o n d i t i o n f o r armature Current
7 Ra=1.5 //Armature r e s i s t a n c e i n ohm
8 Rb=15 // Brak ing Re s i s t a n c e i n ohm
9 N1=1500 //Rated Speed o f Motor i n rpm
10 N2=1200 //Rated Speed o f Motor i n rpm
11 // S o l u t i o n
12 Eb1=Ea -(Ia*Ra)

13 Eb2=(N2/N1)*Eb1

14 d1=1-((( Eb2/Ia2)-Ra)/Rb)

15 d2=0.6 //Duty r a t i o
16 Eb3=Ia3*(((1-d2)*Rb)+Ra)

17 N3=(Eb3/Eb1)*N1

18 printf( ’ \n\n Duty r a t i o =%0 . 1 f \n\n ’ ,d1)
19 printf( ’ \n\n motor Speed=%0 . 1 f rpm\n\n ’ ,N3)
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Scilab code Exa 4.33 Ex33

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 Ia=50 //Armature Current i n Ampere
5 Ra=0.4 //Armature r e s i s t a n c e i n ohm
6 N1=800 //Rated Speed o f Motor i n rpm
7 // S o l u t i o n
8 T=poly(0, ’T ’ )
9 W=2*%pi*N1/60

10 Eb=Ea -(Ia*Ra)

11 K=Eb/W

12 d1=0.3

13 W1=((d1*Ea)/K)-(Ra/(K^2))*T

14 d2=0.6

15 W2=((d2*Ea)/K)-(Ra/(K^2))*T

16 d3=0.7

17 W3=((d3*Ea)/K)+(Ra/(K^2))*T

18 d4=0.4

19 W4=((d4*Ea)/K)+(Ra/(K^2))*T

20 disp(W1, ’ Speed i n terms o f t o rque f o r motor ing
op e r a t i o n f o r duty r a t i o 0 . 3 ’ )

21 disp(W2, ’ Speed i n terms o f t o rque f o r motor ing
op e r a t i o n f o r duty r a t i o 0 . 6 ’ )

22 disp(W3, ’ Speed i n terms o f t o rque f o r Brak ing
op e r a t i o n f o r duty r a t i o 0 . 7 ’ )

23 disp(W4, ’ Speed i n terms o f t o rque f o r Brak ing
op e r a t i o n f o r duty r a t i o 0 . 4 ’ )

Scilab code Exa 4.34 Ex34
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1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 Ia=15 //Armature Current i n Ampere
5 Ra=1.2 //Armature r e s i s t a n c e i n ohm
6 Rb=20 // Brak ing Re s i s t a n c e i n ohm
7 Ia2 =15*Ia

8 N1=1200 //Motor Speed in rpm
9 // S o l u t i o n
10 Eb=Ea -(Ia*Ra)

11 Eb1=Ea -(Ia2*Ra)

12 d1=1-((( Eb1/Ia2)-Ra)/Rb)

13 d2=0.5 //Duty r a t i o
14 Eb2=Ia*(((1 -d2)*Rb)+Ra)

15 N2=(Eb2/Eb)*N1

16 printf( ’ \n\n Duty r a t i o Of Chopper=%0 . 1 f \n\n ’ ,d1)
17 printf( ’ \n\n Motor Speed=%0 . 1 frpm\n\n ’ ,N2)

Scilab code Exa 4.35 Ex35

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=400 // Input Vo l tage o f motor i n v o l t s
4 Ia=200 //Armature Current i n Ampere
5 d=0.5 //Duty Rat io
6 Ra=0.03 //Armature r e s i s t a n c e i n ohm
7 Rs=0.05

8 K=3e-3 //Motor Constant
9 // S o l u t i o n
10 E0=d*Ea

11 Pin=E0*Ia // Input power i n watt
12 R=Ra+Rs

13 Eb=E0 -(Ia*R)

14 Wm=Eb/(K*Ia)

15 Wmrpm=Wm*30/ %pi
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16 T=K*(Ia^2)

17 printf( ’ \n\n Input Power From Source=%0 . 1 f KW\n\n ’ ,
Pin *10^ -3)

18 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,Wmrpm)
19 printf( ’ \n\n Motor Torque=%0 . 1 f N−m\n\n ’ ,T)

Scilab code Exa 4.36 Ex36

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=400 // Input Vo l tage o f motor i n v o l t s
4 Ia=200 //Armature Current i n Ampere
5 Ra=0.05 //Armature r e s i s t a n c e i n ohm
6 Rs=0.07

7 d=0.5 //Duty Rat io
8 K=5e-3 //Motor Constant
9 // S o l u t i o n
10 E0=d*Ea

11 Pin=E0*Ia

12 Wm=((E0-Ia*(Ra+Rs))/(K*Ia))*(30/ %pi)

13 T=K*(Ia^2)

14 printf( ’ \n\n Input Power From Source=%0 . 1 f KW\n\n ’ ,
Pin *10^ -3)

15 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,Wm)
16 printf( ’ \n\n Motor Torque=%0 . 1 f N−m\n\n ’ ,T)

Scilab code Exa 4.37 Ex37

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=210 // Input Vo l tage o f motor i n v o l t s
4 Ia1 =80 //Armature Current i n Ampere
5 N1=1200 //Rated Speed o f Motor i n rpm
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6 Ra=0.08 //Armature r e s i s t a n c e i n ohm
7 Rf=0.08

8 N2=1000

9 // S o l u t i o n
10 T1=poly(0, ’T1 ’ )
11 T2=2*T1

12 A=T2/T1

13 Ia2=Ia1*(sqrt (2))//A=2
14 Eb1=Ea -(Ia1*Ra)

15 Eb2=Ia2*N2*Eb1/(Ia1*N1)

16 Rb=(Eb2/Ia2)-Ra

17 printf( ’ \n\n Brak ing=%0 . 1 f Amp\n\n ’ ,Ia2)
18 printf( ’ \n\n Brak ing R e s i s t o r=%0 . 1 f ohm\n\n ’ ,Rb)

Scilab code Exa 4.38 Ex38

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=500 // Input Vo l tage o f motor i n v o l t s
4 Ra=0.06 //Armature r e s i s t a n c e i n ohm
5 Rf=0.09 // F i e l d R e s i s t a n c e i n ohm
6 K=35e-3 //Motor Constant
7 T=560 //Rated Torque i n N−m
8 N1=0 //Rated Speed o f Motor i n rpm
9 d2=1 //Duty r a t i o

10 // S o l u t i o n
11 Ia=sqrt(T/K)//Armature Current i n Ampere
12 d1=(Ia*(Ra+Rf)+K*Ia*N1)/Ea

13 N2=(d2*Ea-Ia*(Ra+Rf))/(K*Ia)

14 N2rpm=N2*30/ %pi

15 d3=0.6

16 N3=((d3*Ea-Ia*(Ra+Rf))/(K*Ia))*30/ %pi

17 d4=0.8

18 N4=((d4*Ea-Ia*(Ra+Rf))/(K*Ia))*30/ %pi

19 d=[d1 ,d3,d4,d2]
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20 N=[N1,N3,N4,N2rpm]

21 plot(d,N)

22 ylabel(” Speed i n rpm”, ” f o n t s i z e ”, 2)

23 xlabel(”Duty Rat io ”, ” f o n t s i z e ”, 2)

Scilab code Exa 4.39 Ex39

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=600 // Input Vo l tage o f motor i n v o l t s
4 Ia=500 //Armature Current i n Ampere
5 d1=0.6 //Duty Rat io
6 Ra=0.05 //Armature r e s i s t a n c e i n ohm
7 Rf=0.07 // F i e l d R e s i s t a n c e i n ohm
8 K=15.27e-3 //Motor Constant
9 // S o l u t i o n
10 E0=d1*Ea

11 Pin=E0*Ia

12 Re=Ea/(Ia*d1)

13 Eb=E0 -(Ia*(Ra+Rf))

14 W=Eb/(Ia*K)

15 N=W*60/(2* %pi)

16 T=K*(Ia^2)

17 printf( ’ \n\n Input Power From Source=%0 . 1 f KW\n\n ’ ,
Pin *10^ -3)

18 printf( ’ \n\n Equ i va l en t Output R e s i s t o r=%0 . 1 f ohm\n\
n ’ ,Re)

19 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,N)
20 printf( ’ \n\n Motor Torque=%0 . 1 f N−m\n\n ’ ,T)

Scilab code Exa 4.40 Ex40

1 clc
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2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage o f motor i n v o l t s
4 N1=700 //Rated Speed o f Motor i n rpm
5 T1=247

6 Ra=0.06 //Armature r e s i s t a n c e i n ohm
7 Rf=0.04

8 d1=0.7

9 T2=1.5*T1

10 Ia1 =133 //Armature Current i n Ampere
11 // S o l u t i o n
12 K=T2/Ia1

13 R=Ra+Rf

14 Eb=(d1*Ea)-(Ia1*R)//Wrong va lu e taken i n book f o r
Armature c u r r e n t

15 W=Eb/K

16 N2=W*60/(2* %pi)

17 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,N2)//The
answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 4.41 Ex41

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage o f motor i n v o l t s
4 Ia=125 //Armature Current i n Ampere
5 Eb=60 // Average Value o f Back EMF
6 f=200 //Chopper Frequency
7 Ra =0.025 //Armature r e s i s t a n c e i n ohm
8 Rf =0.015 // F i e l d r e s i s t a n c e i n ohm
9 // S o l u t i o n
10 d1=(Eb+(Ia*(Ra+Rf)))/Ea

11 T=(1/f)

12 ton=d1*T

13 printf( ’ \n\n The Pu l s e Width=%0 . 1 f msec\n\n ’ ,ton
*10^3)
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Scilab code Exa 4.42 Ex42

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage o f motor i n v o l t s
4 d1=0.8 //Duty Rat io
5 Ia1 =300 //Armature Current i n Ampere
6 Ra=0.04 //Armature r e s i s t a n c e i n ohm
7 N1=600 //Rated Speed o f Motor i n rpm
8 // S o l u t i o n
9 E0=d1*Ea

10 Eb1=E0 -(Ia1*Ra)

11 Eb2 =210

12 N2=(Eb1/Eb2)*N1

13 Ia3 =310

14 N3=500

15 Eb3 =142

16 T=Eb3*Ia3 /(2* %pi*N3/60) //Wrong c a l c u l a t e d i n book
used N=520 i n s t e a d o f 500

17 printf( ’ \n\n The Motor Speed=%0 . 1 f rpm\n\n ’ ,N2)
18 printf( ’ \n\n The Motor Torque=%0 . 1 f N−m\n\n ’ ,T)//The

answer p rov id ed i n the t ex tbook i s wrong )

Scilab code Exa 4.43 Ex43

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=220 // Input Vo l tage o f motor i n v o l t s
4 d1=0.8 //Duty Rat io
5 Ia1 =310 //Armature Current i n Ampere
6 Ra=0.04 //Armature r e s i s t a n c e i n ohm
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7 N4=1500 //Rated Speed o f Motor i n rpm
8 // S o l u t i o n
9 E0=d1*Ea

10 Eb1=E0+(Ia1*Ra)

11 N1=610 //Motor speed in rpm
12 Eb2 =215

13 N2=(Eb1/Eb2)*N1

14 d2=0.95

15 E02=d2*Ea

16 Eb3=E02+(Ia1*Ra)

17 N3=(Eb3/Eb2)*N1

18 Eb4=(N4/N1)*Eb2

19 Ra1 =((Eb4 -E02)/Ia1)

20 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,N2)
21 printf( ’ \n\n Maximum Al l owab l e Speed=%0 . 1 f rpm\n\n ’ ,

N3)//The answers vary due to round o f f e r r o r
22 printf( ’ \n\n Re s i s t a n c e to be I n s e r t e d=%0 . 1 f ohm\n\n

’ ,Ra1)

Scilab code Exa 4.44 Ex44

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Eb2 =215 // Average Value o f Back EMF
4 Ia=300 //Armature Current i n Ampere
5 Ia1 =310 //Armature Current i n Ampere
6 Ra=0.04 //Armature r e s i s t a n c e i n ohm
7 N1=610 //Rated Speed o f Motor i n rpm
8 N2=750 //Rated Speed o f Motor i n rpm
9 dmin =0.05 //Minimum Duty Rat io
10 // S o l u t i o n
11 Eb1=(N2/N1)*Eb2

12 Rbe=(Eb1/Ia)-Ra

13 Rb=Rbe/(1-dmin)

14 R=Rb*(1-dmin)+Ra
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15 K=Eb2 /(2* %pi*N1/60) //The answer p rov id ed i n the
t ex tbook i s wrong

16 T=K*Ia

17 printf( ’ \n\n Value o f Brak ing R e s i s t o r=%0 . 1 f ohm\n\n
’ ,Rb)

18 printf( ’ \n\n Maximum Ava i l a b l e Motor Torque=%0 . 1 f N−
m\n\n ’ ,T)

Scilab code Exa 4.45 Ex45

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ra=0.4 //Armature r e s i s t a n c e i n ohm
4 Rf=0.4 // F i e l d r e s i s t a n c e i n ohm
5 N1=400 //Rated Speed o f Motor i n rpm
6 N2=500 //Rated Speed o f Motor i n rpm
7 // S o l u t i o n
8 W1=2*%pi*N1/60

9 W2=2*%pi*N2/60

10 Ia=97.5

11 K=15.8

12 Eb=K*W2

13 Rb=(Eb/Ia)-Ra

14 printf( ’ \n\n Re s i s t a n c e a c r o s s motor t e rm i n a l=%0 . 1 f
ohm\n\n ’ ,Rb)

Scilab code Exa 4.46 Ex46

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 d1=0.8 //Duty Rat io
5 d2=0.75 //Duty Rat io
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6 Ia1 =80 //Armature Current i n Ampere
7 Ra=0.25 //Armature r e s i s t a n c e i n ohm
8 N2=750 //Rated Speed o f Motor i n rpm
9 N3=600 //Rated Speed o f Motor i n rpm
10 Ia2 =70

11 Eb2 =210 // Average Value o f Back EMF
12 // S o l u t i o n
13 E01=d1*Ea

14 Eb1=E01 -(Ia1*Ra)

15 N1=(Eb1/Eb2)*N2

16 Ia2 =86

17 E02=d2*Ea

18 Eb3=E02 -(Ia2*Ra)

19 Wm=2*%pi*N3/60

20 T=Eb3*Ia2/Wm

21 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,N1)
22 printf( ’ \n\n Torque produced=%0 . 1 f N−m\n\n ’ ,T)

Scilab code Exa 4.47 Ex47

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=230 // Input Vo l tage o f motor i n v o l t s
4 d1=0.4 //Duty Rat io
5 Ia1 =86 //Armature Current i n Ampere
6 Ra=0.25 //Armature r e s i s t a n c e i n ohm
7 N1=850 //Rated Speed o f Motor i n rpm
8 N4=1300 //Rated Speed o f Motor i n rpm
9 Eb1 =220 // Average Value o f Back EMF
10 // S o l u t i o n
11 E01=d1*Ea

12 Eb2=E01+(Ia1*Ra)

13 N2=(Eb2/Eb1)*N1

14 dmax =0.98 //Maximum a loowab l e duty r a t i o
15 E02=dmax*Ea
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16 Eb3=E02+(Ia1*Ra)

17 N3=(Eb3/Eb1)*N1 //Wrong va lu e o f N1 i s taken i n
t ex tbook

18 Eb4=(N4/N1)*Eb1

19 R=((Eb4 -E02)/Ia1)-Ra

20 E1=(N1/N4)*Eb3

21 n=E1/Eb1

22 printf( ’ \n\n Motor speed=%0 . 1 f rpm\n\n ’ ,N2)
23 printf( ’ \n\n Maximum a l l owab l e motor Speed=%0 . 1 f rpm

\n\n ’ ,N3)//The answer p rov id ed i n the t ex tbook i s
wrong

24 printf( ’ \n\n Re s i s t a n c e to be i n s e r t e d=%0 . 1 f ohm\n\n
’ ,R)

25 printf( ’ \n\n number o f t u rn s reduced to f r a c t i o n=%0
. 1 f \n\n ’ ,n)

Scilab code Exa 4.48 Ex48

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ia1 =86 //Armature Current i n Ampere
4 Ra=0.25 //Armature r e s i s t a n c e i n ohm
5 N1=1000 //Rated Speed o f Motor i n rpm
6 N2=850 //Rated Speed o f Motor i n rpm
7 Eb1 =220 // Average Value o f Back EMF
8 dmin =0.5 //Minimum Duty Rat io
9 dmax =0.95 //Maximum Duty Rat io

10 // S o l u t i o n
11 Eb2=(N1/N2)*Eb1

12 Rbe=(Eb2/Ia1)-Ra

13 Rb=Rbe/(1-dmin)

14 R=Rb*(1-dmax)+Ra

15 Eb3=Ia1*R

16 Eb4 =190

17 Ia2 =55
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18 K=Eb4 /(2* %pi*N2/60)

19 T=K*Ia2

20 printf( ’ \n\n Brak ing R e s i s t o r=%0 . 1 f ohm\n\n ’ ,Rb)
21 printf( ’ \n\n Maximum Ava i l a b l e Motor Torque=%0 . 1 f N−

m\n\n ’ ,T)

Scilab code Exa 4.49 Ex49

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=500 // Input Vo l tage o f motor i n v o l t s
4 d1=0.65 //Duty Rat io
5 Ra=0.06 //Armature r e s i s t a n c e i n ohm
6 Ia=300 //Armature Current i n Ampere
7 Rf=0.08 // F i e l d r e s i s t a n c e i n ohm
8 K=15.27e-3 //Motor Constant
9 // S o l u t i o n
10 E0=(1-d1)*Ea

11 R=Ra+Rf

12 Req=(1-d1)*(Ea/Ia)+R

13 Pgen=E0*Ia

14 Wmin=R/K

15 Wminr=Wmin *(30/ %pi)

16 Wmax=(Ea/(K*Ia))+(R*Ia/(K*Ia))

17 Wmaxr=Wmax *(30/ %pi)

18 Eb=E0+(Ia*Ra)

19 W=Eb/(K*Ia)

20 Wr=W*(30/ %pi)

21 printf( ’ \n\n Vo l tage a c r o s s Chopper=%0 . 1 f Vo l t s \n\n ’
,E0)

22 printf( ’ \n\n Equ i va l en t R e s i s t a n c e o f Motor=%0 . 1 f
ohm\n\n ’ ,Req)

23 printf( ’ \n\n Power Generated=%0 . 1 f KW\n\n ’ ,Pgen
*10^ -3)

24 printf( ’ \n\n Maximum Pe rm i s s i b l e Brak ing Speed=%0 . 1 f
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rpm\n\n ’ ,Wmaxr)
25 printf( ’ \n\n Minimum Pe rm i s s i b l e Brak ing Speed=%0 . 1 f

rpm\n\n ’ ,Wminr)
26 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,Wr)

Scilab code Exa 4.50 Ex50

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ea=500 // Input Vo l tage o f motor i n v o l t s
4 Ra=0.06 //Armature r e s i s t a n c e i n ohm
5 Rf=0.09 // F i e l d r e s i s t a n c e i n ohm
6 K=12e-3 //Motor Constant
7 Ia=400 //Armature Current i n Ampere
8 d1=0.6 //Duty Rat io
9 // S o l u t i o n
10 E0=(1-d1)*Ea

11 Pin=E0*Ia

12 R=Ra+Rf

13 Req=(E0/Ia)+R

14 Wmin=R/K

15 Wminr=Wmin *30/ %pi

16 Wmax=(R/K)+(Ea/(K*Ia))

17 Wmaxr=Wmax *30/ %pi

18 Eb=E0+(Ia*R)

19 W=Eb/(K*Ia)

20 Wr=W*30/ %pi

21 printf( ’ \n\n Vo l tage a c r o s s Conver t e r=%0 . 1 f Vo l t s \n\
n ’ ,E0)

22 printf( ’ \n\n Power Generated=%0 . 1 f KW\n\n ’ ,Pin
*10^ -3)

23 printf( ’ \n\n Equ i va l en t R e s i s t a n c e o f Motor=%0 . 1 f
ohm\n\n ’ ,Req)

24 printf( ’ \n\n Maximum Pe rm i s s i b l e Brak ing Speed=%0 . 1 f
rpm\n\n ’ ,Wmaxr)
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25 printf( ’ \n\n Minimum Pe rm i s s i b l e Brak ing Speed=%0 . 1 f
rpm\n\n ’ ,Wminr)

26 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,Wr)

Scilab code Exa 4.51 Ex51

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Ia=300 //Armature Current i n Ampere
4 Rb=8 // Brak ing r e s i s t a n c e i n ohm
5 Ra=0.05 //Armature r e s i s t a n c e i n ohm
6 Rf=0.08 // F i e l d r e s i s t a n c e i n ohm
7 d=0.5 //Duty Rat io
8 K=14e-3 //Motor Constant
9 // S o l u t i o n

10 E0=(1-d)*Ia*Rb

11 Pin=(Ia^2)*Rb*(1-d)

12 R=Ra+Rf

13 Req=Rb*(1-d)+R

14 Eb=E0+(Ia*R)

15 W=Eb/(K*Ia)

16 Wr=W*30/ %pi

17 Ep=Ia*Rb

18 printf( ’ \n\n Vo l tage a c r o s s Conver t e r=%0 . 1 f Vo l t s \n\
n ’ ,E0)

19 printf( ’ \n\n Power d i s s i p a t e d=%0 . 1 f KW\n\n ’ ,Pin
*10^ -3)

20 printf( ’ \n\n Equ i va l en t R e s i s t a n c e o f Motor=%0 . 1 f
ohm\n\n ’ ,Req)

21 printf( ’ \n\n Motor Speed=%0 . 1 f rpm\n\n ’ ,Wr)
22 printf( ’ \n\n Peak to Peak Vo l tage o f Conver t e r=%0 . 1 f

Vo l t s \n\n ’ ,Ep)
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Chapter 5

Stator Voltage Control of
Induction Motor Drives

Scilab code Exa 5.1 Ex1

1 clc

2 // Va r i a b l e I n i t i l i s a t i o n
3 Ns=1500 // Speed o f S q u i r r e l Cage I ndu c t i o n Motor i n

RPM
4 N1=1460 // Speed o f S q u i r r e l Cage I ndu c t i o n Motor i n

RPM
5 N2=1350 // Speed o f S q u i r r e l Cage I ndu c t i o n Motor i n

RPM
6

7 // At 1460 rpm the speed s l i p i s g i v en by
8 S1=(Ns-N1)/Ns // S l i p
9 I=(sqrt (1/3) *(2/3))/(sqrt(S1)*(1-S1))

10 // At 1350 rpm the speed s l i p i s g i v en by
11 S2=(Ns-N2)/Ns // S l i p
12 I1=(sqrt (1/3) *(2/3))/(sqrt(S2)*(1-S2))

13

14

15 // Re su l t s
16 printf( ’ \n\n The motor maximum Current i n terms o f
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r a t ed c u r r e n t at the above speed =%0 . 1 f \n\n ’ ,I)
17 printf( ’ \n\n The motor maximum Current i n terms o f

r a t ed c u r r e n t at the above speed =%0 . 1 f \n\n ’ ,I1)

Scilab code Exa 5.2 Ex2

1 clc

2 // v a r i a b l e I n i t i a l i s a t i o n
3 V=415 // Vo l tage Input i n Vo l t s
4 f=50 // supp ly f r e qu en cy in Hz
5 P=4 //No o f Po l e s
6 N1=1450 // Rotor Speed i n rpm
7 N2=1290 // Rotor Speed i n rpm f o r c a s e I I
8 R1=1.01

9 R2=0.69

10 X1=1.08

11 X2=1.60

12 Xm=36

13 Tl=42 //Rated to rque i n N−m
14 // S o l u t i o n
15 Vph=V/sqrt (3)

16 Ns=120*f/P

17 Ws=2*%pi*Ns/60

18 Wm=2*%pi*N1/60

19 K=Tl/(Wm^2)

20 s=(Ns -N2)/Ns // S l i p
21 Wm2=Ws*(1-s)

22 Tl=K*(Wm2 ^2) //Load Torque i n N−m
23 Tl2=Tl*Wm2 //Torque i n Synchronous Watts
24 I2=sqrt((Tl2*s)/(3*R2*(1-s)))

25 Z=R1+(R2/s)+(%i*(X1+X2))// Impedance at s l i p s
26 V2=I2*abs(Z)// Vo l tage app l i e d i n Vo l t s /Phase
27 Im=V2/(%i*Xm)

28 Im1=abs(Im)

29 Ir=V2/Z// Rotor Current
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30 Is=Ir+Im // S t a t o r Current
31 a=atand(imag(Is)/real(Is))

32 Pin =3*V2*abs(Is)*cosd(a)// Input Power
33 Smax =1/3 //Smax i s ob t a i n t h e o r o t i c a l l y
34 I2max=Ws*sqrt(Smax)*(1-Smax)*sqrt(K*Ws/(3*R2))

35 Nr=Ns*(1-Smax)// Speed at maximum Current
36 Wmax =2*%pi*Nr/60

37 T=3*( I2max ^2)*R2*(1-Smax)/(Smax*Wmax)//Torque at
maximum Current

38 printf( ’ \n\n The Load to rque=%0 . 1 f N−m\n\n ’ ,Tl)
39 printf( ’ \n\n The Rotor Current=%0 . 1 f Amp\n\n ’ ,Ir)
40 printf( ’ \n\n The S t a t o r Supply Vo l tage=%0 . 1 f Vo l t s \n

\n ’ ,V2)
41 printf( ’ \n\n The Motor input c u r r e n t=%0 . 1 f Amp\n\n ’ ,

Is)

42 printf( ’ \n\n The Motor input power=%0 . 1 f Watt\n\n ’ ,
Pin)//The answer p rov id ed i n the t ex tbook i s
wrong

43 printf( ’ \n\n Maximum r o t o r Current=%0 . 1 f Amp\n\n ’ ,
I2max)

44 printf( ’ \n\n The speed at maximum cu r r e n t=%0 . 1 f rad /
s e c \n\n ’ ,Wmax)

45 printf( ’ \n\n The to rque at maximum cu r r e n t=%0 . 1 f N−m
\n\n ’ ,T)

Scilab code Exa 5.3 Ex3

1 clc

2 // v a r i a b l e I n i t i a l i s a t i o n
3 Vl=440 // Vo l tage Input i n Vo l t s
4 f1=50 // supp ly f r e qu en cy in Hz
5 P=25e+3 // power r a t i n g i n Watts
6 N1=950 // Rotor Speed i n rpm
7 Z=0.1+( %i*3) // Rotor Impedance
8 pole=6 //No o f p o l e s
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9 f2=80 // Supply 2 f r e qu en cy i n Hz
10 // S o l u t i o n
11 V=Vl/sqrt (3) // Phase Vo l tage i n Vo l t s
12 Wm=2*%pi*N1/60

13 Tfl=P/Wm // Fu l l l o ad Torque i n N−m
14 Ns=120*f2/pole

15 Ws=2*%pi*Ns/60

16 Z2=Z*(f2/f1)// Rotor Impedance at 80 Hz
17 S=3*(V^2) *0.5/( Ws*(( abs(Z2))^2)*Tfl)

18 Nr=Ns*(1-S)

19 Rl=real(Z)

20 Xl=imag(Z2)

21 Smax=(Rl/Xl)

22 Tmax =3*(V^2)/(Ws*2*Xl)

23 printf( ’ \n\n The Motor speed=%0 . 1 f rpm\n\n ’ ,Nr)//The
answers vary due to round o f f e r r o r

24 printf( ’ \n\n The S l i p at which maximum to rque o c cu r s
=%0 . 1 f \n\n ’ ,Smax)

25 printf( ’ \n\n The maximum Torque=%0 . 1 f \n\n ’ ,Tmax)

Scilab code Exa 5.4 Ex4

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Vm=400 // Input Vo l tage i n v o l t
4 F=50 // supp ly f r e qu en cy in Hz
5 P1=4 //number o f p o l e s
6 R1=0.15 // r e s i s t a n c e o f s t a t o r i n ohm
7 R2=0.12 // r e s i s t a n c e o f r o t o r i n ohm
8 X1=0.45 // r e a c t a n c e o f Motor i n ohm
9 X2=0.45 // r e a c t a n c e o f Motor i n ohm
10 Xm=28.5 // r e a c t a n c e o f Motor i n ohm
11 S=0.04 // S l i p Of Motor
12

13 // S o l u t i o n
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14 Rl=R2 *((1/S) -1)

15 Vph=Vm/sqrt (3)

16 I2=Vph/((R1+R2+Rl)+%i*(X1+X2))

17 I0=Vph/(%i*Xm)

18 I1=I0+I2

19 y=imag(I1)

20 x=real(I1)

21 phi=atand(y/x)

22 pf=cosd(phi)

23 printf( ’ \n\n The S t a t o r Current=%0 . 1 f Amp\n\n ’ ,I1)
24 printf( ’ \n\n The Power Facto r=%0 . 1 f l a g \n\n ’ ,pf)

Scilab code Exa 5.5 Ex5

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Pout =37.3 //Motor Output In KW
4 Vm=440 //Motor Input i n v o l t
5 F=50 // supp ly f r e qu en cy in Hz
6 I0=20 //NO Load Line Current Of Motor
7 R1=0.1 // r e s i s t a n c e o f s t a t o r i n ohm
8 R2=0.15 // r e s i s t a n c e o f r o t o r i n ohm
9 X1=0.4 // r e a c t a n c e o f Motor i n ohm
10 X2=0.44 // r e a c t a n c e o f Motor i n ohm
11 S=0.03 // S l i p Of Motor
12 Ls=1250 // S t a t o r Core Lose s In Watt
13 Lr=1000 // Ro t a t i o n a l Lo s s e s In KW
14 Ns=1500 // Synchronous Speed Of Motor
15

16 // S o l u t i o n
17 Vph=Vm/sqrt (3)

18 I2=Vph/((R1+(R2/S))+%i*(X1+X2))

19 I21=abs(I2)

20 I21 =49.1 // round ing o f f to avo id computa t i ona l e r r o r
21 I0=1.78 -(%i *19.9) //Taken in book f o r No l oad motor
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c u r r e n t
22 I1=I0+I2

23 y=imag(I1)

24 x=real(I1)

25 phi=atand(y/x)

26 pf=cosd(phi)

27 P2=3*(( I21)^2)*(R2/S)

28 Tg =(9.55* P2)/Ns

29 Pm=(1-S)*P2

30 Pout1=Pm+Lr

31 Lcs =3*(( I21)^2)*R1 //Wrong va lu e o f I 2 i s taken i n
t ex tbook

32 Lcr=S*P2

33 Lt=Ls+Lr+Lcs+Lcr

34 Pin=Lt+Pout1

35 n=Pout1/Pin

36 printf( ’ \n\n The input l i n e Current=%0 . 1 f Amp\n\n ’ ,
I1)

37 printf( ’ \n\n The power f a c t o r=%0 . 1 f l a g \n\n ’ ,pf)
38 printf( ’ \n\n The E l e c t r omagn e t i c Torque Deve loped=%0

. 1 f N−m\n\n ’ ,Tg)
39 printf( ’ \n\n The output=%0 . 1 f Watts\n\n ’ ,Pm)
40 printf( ’ \n\n The e f f i c i e n c y o f Motor=%0 . 1 f \n\n ’ ,n)
41 //The answers vary due to round o f f e r r o r

Scilab code Exa 5.6 Ex6

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Vm=400 // Supply Vo l tage i n v o l t
4 F=50 // supp ly f r e qu en cy in h r t z
5 P=6 //Number Of Po l e s
6 R1=0.15 // r e s i s t a n c e o f s t a t o r i n ohm
7 R2=0.15 // r e s i s t a n c e o f r o t o r i n ohm
8 X1=0.8 // r e a c t a n c e o f Motor i n ohm
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9 X2=0.8 // r e a c t a n c e o f Motor i n ohm
10 S=0.04 // S l i p Of Motor
11

12 // S o l u t i o n
13 Ns =(120*F)/P

14 Ws=((2* %pi)/60) *1000

15 Sr=2-S

16 Vph=Vm/(sqrt (3))

17 I2=Vph/(sqrt (((R1+(R2/((2-S))))^2)+((X1+X2)^2)))

18 Tsb =(3*(( I2)^2)*(R2/(2-S)))/(Ws)

19 printf( ’ \n\n The I n i t i a l Brak ing Torque=%0 . 1 f N−m\n\
n ’ ,Tsb)

Scilab code Exa 5.7 Ex7

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Pout =7.5 // Output Of Motor In KW
4 Vm=230 // Supply Vo l tage i n v o l t
5 F=50 // supp ly f r e qu en cy in h r t z
6 R1=0.36 // r e s i s t a n c e o f s t a t o r i n ohm
7 R2 =0.222 // r e s i s t a n c e o f r o t o r i n ohm
8 X1=0.47 // r e a c t a n c e o f Motor i n ohm
9 X2=0.47 // r e a c t a n c e o f Motor i n

10 Xm=15.5 // r e a c t a n c e o f Motor i n ohm
11 S=0.4723 // S l i p Of Motor
12 P=4 //Number Of Po l e s
13

14 // S o l u t i o n
15 Vph=Vm/sqrt (3)

16 Z=((R1+(R2/S))+(%i*(X1+X2)))

17 I2=Vph/Z

18 I2r=abs(I2)

19 Lcr =3*(( I2r)^2)*R2

20 P2=Lcr/S
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21 Ns =(120*F)/P

22 Tst =(9.55* P2)/Ns

23 Sm=R2/X2

24 Z1=(R1+R2)+%i*(X1+X2)

25 Z2=abs(Z1)

26 I3=Vph/Z2

27 I4=abs(I3)

28 P3=3*((I4)^2)*R2

29 Tst1 =(9.55* P3)/(Ns)

30 printf( ’ \n\n The Maximum I n t e r n a l Torque=%0 . 1 f N−m\n
\n ’ ,Tst)

31 printf( ’ \n\n S l i p at Maximum Torque=%0 . 1 f \n\n ’ ,Sm)
32 printf( ’ \n\n The S t a r t i n g Torque=%0 . 1 f N−m\n\n ’ ,Tst1

)

Scilab code Exa 5.8 Ex8

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Vm=400 // input o f motor i n v o l t
4 F=50 // supp ly f r e qu en cy in h r t z
5 P=4 //Number Of Po l e s
6 R1=1 // r e s i s t a n c e o f s t a t o r i n ohm
7 R2=0.4 // r e s i s t a n c e o f r o t o r i n ohm
8 X1=1 // r e a c t a n c e o f Motor i n ohm
9 X2=1 // r e a c t a n c e o f Motor i n ohm
10 Xm=50 // r e a c t a n c e o f Motor i n ohm
11 Vc=231 // Constant Vo l tage Source In Vol t
12 I1=28 // Current from Constant Current Source i n Amp
13 // S o l u t i o n
14 Xe=(X1*Xm)/(X2+Xm)

15 Sm=R2/(Xe+X2)

16 Sm1=R2/(X2+Xm)

17 Ve=(Vc*Xm)/(X1+Xm)

18 Ws=(4* %pi*F)/(P)
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19 Test =(3/Ws)*(((Ve)^2)/(R2^2+(X2+Xe)^2))*R2

20 Tem =(3/Ws)*(((Ve)^2) /(2*(X2+Xe)))

21 Test1 =(3/Ws)*(((I1*Xm)^2)/(R2^2+(X2+Xm)^2))*R2

22 Tem1 =(3/Ws)*(((I1*Xm)^2) /(2*(X2+Xm)))

23 Im=I1*((R2/Sm1)+(%i*X2))/((R2/Sm1)+%i*(X2+Xm))

24 V1=sqrt (3)*abs(Im)*Xm

25 printf( ’ \n\n The S l i p f o r maximum to rque f o r Vo l tage
s ou r c e=%0 . 1 f \n\n ’ ,Sm)

26 printf( ’ \n\n The S l i p f o r maximum to rque f o r c u r r e n t
s ou r c e=%0 . 1 f \n\n ’ ,Sm1)

27 printf( ’ \n\n The S t a r t i n g Torque f o r Vo l tage s ou r c e=
%0 . 1 f N−m\n\n ’ ,Test)

28 printf( ’ \n\n The Maximum Torque f o r Vo l tage Source=
%0 . 1 f N−m\n\n ’ ,Tem)

29 printf( ’ \n\n The S t a r t i n g Torque f o r Current Source=
%0 . 1 f N−m\n\n ’ ,Test1)

30 printf( ’ \n\n The Maximum Torque f o r Current Source=
%0 . 1 f N−m\n\n ’ ,Tem1)

31 printf( ’ \n\n The Supply v o l t a g e r e q u i r e d=%0 . 1 f Vol t \
n\n ’ ,V1)

32 //The answers vary due to round o f f e r r o r

Scilab code Exa 5.9 Ex9

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Vph =2200 // Supply Vo l tage i n v o l t
4 F=50 // supp ly f r e qu en cy in Hz
5 Pout =2600 // Output Of Motor In KW
6 P=8 //Number Of Po l e s
7 N1=735 // Speed OF Motor In rpm
8 Rs =0.075 // Re s i s t a n c e o f s t a t o r i n ohm
9 Rr=0.1 // Re s i s t a n c e o f r o t o r i n ohm

10 Xs=0.45 // Reactance o f Motor i n ohm
11 Xr=0.55 // Reactance o f Motor i n ohm
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12

13 // S o l u t i o n
14 Ns =(120*F)/P

15 S=(Ns-N1)/Ns

16 Iph=Vph/sqrt((Rs+((Rr/S)^2))+((Xs+Xr)^2))

17 Il=sqrt (3)*Iph

18 Wms =(2* %pi*Ns)/60

19 Tl =(3*(( Iph)^2))/(S*(Wms))

20 Ilm=Vph/(sqrt (3)*sqrt (((Rs+Rr)^2)+((Xs+Xr)^2)))

21 S2=1

22 Tst =(3*((( Ilm)^2) *0.1))/(S2*Wms)

23 r1=Tst/Tl // r a t i o o f Tst and Tl
24 Tmax =(3/(2* Wms))*((( Vph/sqrt (3))^2) /((Rs+sqrt((Rs^2)

+((Xs+Xr)^2)))))

25 r2=Tmax/Tl // r a t i o o f Tmax and Tl
26 Rr2 =0.15

27 Xr2 =0.9

28 Il1=(sqrt (3)*Vph)/(sqrt (((Rs+Rr)^2) +((Xs+Xr2)^2)))

29 Iph1=Il1/(sqrt (3))

30 Tst1 =(3*(( Iph1)^2)*(Rr))/(Wms)

31 Rs1=Rs/3

32 Rr1=Rr/3

33 Xs1=Xs/3

34 Xr1=Xr/3

35 Inew =2*Il

36 X=sqrt ((( Vph/(sqrt (3)*Inew))^2) -((Rs1+Rr1)^2))

37 Xe=X-Xs1 -Xr1

38 printf( ’ \n\n Rat io o f s t a r t i n g t o rque and l oad
to rque=%0 . 1 f \n\n ’ ,r1)//The answer p rov id ed i n
the t ex tbook i s wrong

39 printf( ’ \n\n Rat io o f maximum to rque and l oad to rque
=%0 . 1 f \n\n ’ ,r2)

40 printf( ’ \n\n The Maximum l i n e c u r r e n t dur ing
s t a r t i n g=%0 . 1 f Amp\n\n ’ ,Il1)//The answer p rov id ed
i n the t ex tbook i s wrong

41 printf( ’ \n\n The maximum to rque at s t a r t i n g=%0 . 1 f N−
m\n\n ’ ,Tst1)//The answer p rov id ed i n the t ex tbook
i s wrong
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42 printf( ’ \n\n The r e q u i r e d va lu e o f r e a c t o r=%0 . 1 f ohm
\n\n ’ ,Xe)

Scilab code Exa 5.10 Ex10

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 Vm=400 //Rated Vo l tage o f motor i n v o l t
4 Vs=440 // Supply Vo l tage o f motor i n v o l t
5 F=50 // Supply f r e qu en cy in h r t z
6 P=4 //Number Of Po l e s
7 N1=1475 // Speed OF Motor In rpm
8 R1=0.35 // Re s i s t a n c e o f s t a t o r i n ohm
9 R2=0.18 // Re s i s t a n c e o f r o t o r i n ohm

10 X1=0.9 // Reactance o f Motor i n ohm
11 X2=0.7 // Reactance o f Motor i n ohm
12 Xm=25 // Reactance o f Motor i n ohm
13

14 // S o l u t i o n
15 Vph1=Vs/(sqrt (3))

16 Vph2=Vm/(sqrt (3))

17 Ns =(120*F)/(P)

18 S=(Ns-N1)/Ns

19 I2=(Vph2)/sqrt (((R1+(R2/S))^2) +((X1+X2)^2))

20 Pg=3*(I2^2)*(R2/S)

21 Sm=R2/sqrt((R1)^2+((X1+X2)^2))

22 Wms =(2* %pi*Ns)/60

23 Tm=3*( Vph1 ^2) /((2* Wms)*(R1+sqrt((R1)^2+((X1+X2)^2)))

)

24 Zi=%i*(Xm*((R1+(R2/S))+%i*(X1+X2)))/(R1+(R2/S)+%i*(

X1+X2+Xm))

25 Z=abs(Zi)

26 printf( ’ \n\n The S l i p=%0 . 1 f \n\n ’ ,S)
27 printf( ’ \n\n The Air gap Power Angle=%0 . 1 f Watts\n\n

’ ,Pg)
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28 printf( ’ \n\n The S l i p f o r maximum to rque=%0 . 1 f \n\n ’ ,
Sm)

29 printf( ’ \n\n The Maximum Torque=%0 . 1 f N−m\n\n ’ ,Tm)
30 printf( ’ \n\n The Input Impedance=%0 . 1 f \n\n ’ ,Z)
31 //The answers vary due to round o f f e r r o r

Scilab code Exa 5.11 Ex11

1 clc

2 // v a r i a b l e I n i t i a l i s a t i o n
3 Vm=240 // Terminal Vo l tage Of Motor In Volt
4 F=50 // Supply Frequency Of Motor
5 P=4 //Number Of Po le
6 R1=0.25 // Re s i s t a n c e Of Motor i n Ohm
7 R2=0.60 // Re s i s t a n c e Of Motor i n Ohm
8 X1=0.36 // Reactance i n Ohm
9 X2=0.36 // Reactance i n Ohm

10 Xm=17.3 // Reactance In Ohm
11 Nr1 =1400 // Speed Of Rotor In RPM
12 Nr2 =600 // Speed Of Rotor In RPM
13

14 // S o l u t i o n
15 #Case=1

16 W=((2* %pi)/60)*(Nr1)

17 Ns =(120*F)/(P)

18 S1=(Ns-Nr1)/Ns

19 S2=(Ns-Nr2)/Ns

20 Zr=(R2/S1)+%i*(X2)

21 Zs=R1+%i*(X1)

22 Zt=Zr+Zs

23 Zin=(%i*(Xm)*(Zt))/(%i*(Xm)+(Zt))

24 Tl =1.4*((10) ^-3)*(W)^2

25 n=Nr1/60

26 I2=sqrt((S1*Tl*2*%pi*n)/(3*R2*(1-S1)))

27 #Case=2
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28 Zr1=(R2/S2)+%i*(X2)

29 Zs1=R1+%i*(X1)

30 Zt1=Zr1+Zs1

31 Zin1=(%i*(Xm)*(Zt1))/(%i*(Xm)+(Zt1))

32 W1=((2* %pi)/60)*(Nr2)

33 Tl1 =1.4*((10) ^-3)*(W1)^2

34 n1=Nr2/60

35 I3=sqrt((S2*Tl1*2* %pi*n1)/(3*R2*(1-S2)))

36 //Given base c u r r e n t s i n Amp
37 Ib1 =17.55

38 Ib2 =100.27

39 Ip1=I2/Ib1

40 Ip2=I3/Ib2

41 printf( ’ \n\n The per un i t r o t o r Current f o r c a s e 1=
%0 . 1 f \n\n ’ ,Ip1)

42 printf( ’ \n\n The per un i t r o t o r Current f o r c a s e 2=
%0 . 1 f \n\n ’ ,Ip2)

Scilab code Exa 5.12 Ex12

1 clc

2 // v a r i a b l e I n i t i a l i s a t i o n
3 Vm=400 // Terminal Vo l tage Of Motor In Volt
4 F=50 // Supply Frequency Of Motor
5 P=6 //Number Of Po le
6 R1=0.2 // Re s i s t a n c e Of Motor i n Ohm
7 R2=0.2 // Re s i s t a n c e Of Motor i n Ohm
8 X1=0.5 // Reactance i n Ohm
9 X2=0.5 // Reactance i n Ohm

10 Xm=15 // Reactance In Ohm
11 S=0.05 // S l i p Of Motor
12

13 // S o l u t i o n
14 Ns =(120*F)/(P)

15 Ws=((2* %pi)/60)*(Ns)
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16 Vph=Vm/sqrt (3)

17 S1=2-S

18 I2=(Vph)/sqrt (((R1+(R2/S1))^2) +((X1+X2)^2))

19 Im=Vph/Xm

20 I1=Im+I2

21 Tb =((3*(( I2)^2))/(Ws))*(R2/S1)

22 printf( ’ \n\n The Primary Current=%0 . 1 f Amp\n\n ’ ,I1)
23 printf( ’ \n\n The Brak ing Torque=%0 . 1 f N−m\n\n ’ ,Tb)

Scilab code Exa 5.13 Ex13

1 clc

2 // v a r i a b l e I n i t i a l i s a t i o n
3 Vm=400 // Terminal Vo l tage Of Motor In Volt
4 F=50 // Supply Frequency
5 P=6 //Number Of Po le
6 R1=1.5 // Re s i s t a n c e Of Motor i n Ohm
7 R2=1.5 // Re s i s t a n c e Of Motor i n Ohm
8 X1=2.5 // Reactance i n Ohm
9 X2=2.5 // Reactance i n Ohm

10 Nr1 =900 // Speed Of Rotor In RPM
11 Nr2 =400 // Speed Of Rotor In RPM
12

13 // S o l u t i o n
14 Vph=Vm/sqrt (3)

15 Ns =(120*F)/(P)

16 S=(Ns -Nr1)/Ns

17 I2=(Vph)/sqrt (((R1+(R2/S))^2) +((X1+X2)^2))

18 Ws=((2* %pi)/60)*(Ns)

19 T=((3*(( I2)^2))/(Ws))*(R2/S)

20 //At Brak ing
21 Sb=2-S

22 I2b=(Vph)/sqrt (((R1+(R2/Sb))^2)+((X1+X2)^2))

23 Tb =((3*(( I2b)^2))/(Ws))*(R2/Sb)

24 S1=(Ns+Nr2)/Ns
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25 I3=(Vph)/sqrt (((R1+(R2/S1))^2) +((X1+X2)^2))

26 T1 =((3*(( I3)^2))/(Ws))*(R2/S1)

27 printf( ’ \n\n The Fu l l l o ad Torque=%0 . 1 f N−m\n\n ’ ,T)
28 printf( ’ \n\n The I n i t i a l b rak ing Torque=%0 . 1 f N−m\n\

n ’ ,Tb)
29 printf( ’ \n\n The brak ing Torque at 400 rpm=%0. 1 f N−m

\n\n ’ ,T1)

Scilab code Exa 5.14 Ex14

1

2 clc

3 // v a r i a b l e I n i t i a l i s a t i o n
4 Vm=400 // Terminal Vo l tage Of Motor In Vo l t s
5 Pout=3 //Output Of Motor In KW
6 F=50 // Supply Frequency
7 P=4 //Number Of Po le
8 R1=2.5 // Re s i s t a n c e Of Motor i n Ohm
9 R2=4.5 // Re s i s t a n c e Of Motor i n Ohm

10 X1=6 // Reactance i n Ohm
11 X2=6 // Reactance i n Ohm
12 Nr1 =1400 // Speed Of Rotor In RPM
13 Nr2 =1300 // Speed Of Rotor In RPM
14

15 // S o l u t i o n
16 Ns =(120*F)/(P)

17 S=(Ns-Nr1)/Ns

18 Vph=Vm/sqrt (3)

19 I2=(Vm)/sqrt (((R1+(R2/S))^2)+((X1+X2)^2))

20 Ws=((2* %pi)/60)*(Ns)

21 Tl =((3*(( I2)^2))/(Ws))*(R2/S)

22 K=Tl/((1-S)^2)

23 S1=(Ns-Nr2)/Ns

24 Tl1=K*((1-S1)^2)

25 Vs=sqrt(Tl1*S1*Ws*(((R1+(R2/S1))^2)+((X1+X2)^2))
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/((3)*(R2)))//Wrongly c a l c u l a t e d i n t ex tbook
26 printf( ’ \n\n The Vo l tage To be Appl i ed=%0 . 1 f Vo l t s \n

\n ’ ,Vs)
27 //The answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 5.15 Ex15

1 clc

2 // v a r i a b l e I n i t i a l i s a t i o n
3 Vm=400 // Terminal Vo l tage Of Motor In Volt
4 F=50 // Supply Frequency
5 P=6 //Number Of Po le
6 R1=0.6 // Re s i s t n c e Of Motor i n Ohm
7 R2=0.5 // Re s i s t n c e Of Motor i n Ohm
8 X1=1.3 // Reactance i n Ohm
9 X2=1.3 // Reactance i n Ohm

10 Xm=50 // Reactance In Ohm
11 Nr=950 // Speed Of Rotor In RPM
12

13 // S o l u t i o n
14 Ns =(120*F)/(P)

15 Wms =((2* %pi)/60)*(Ns)

16 S=(Ns -Nr)/Ns

17 Vph=Vm/sqrt (3)

18 I2=(Vph)/sqrt (((R1+(R2/S))^2) +((X1+X2)^2))

19 Im=Vph/Xm

20 I1=Im+I2

21 Z1=(%i*(Xm)*((R2/S)+%i*(X2)))/((R2/S)+(%i*(X2+Xm)))

22 Zf=R1+%i*(X1)+(Z1)

23 Z2=%i*Xm*((R2/(2-S))+(%i*(X2)))/((R2/(2-S))+(%i*(X2+

Xm)))

24 Zb=R1+%i*(X1)+(Z2)

25 Z3=Zf+Zb

26 Znew=abs(Z3)

27 I=Vph/Znew
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28 Tp =(3*((I)^2)*((Xm)^2)*(R2/S))/((Wms)*(((R2/S)^2)+((

X2+Xm)^2)))

29 Tn= -((3*((I)^2)*((Xm)^2)*(R2/(2-S)))/(( Wms)*(((R2

/(2-S))^2) +((X2+Xm)^2))))

30 T=Tp+Tn

31 Wm=Wms*(1-S)

32 Tl =(8.4/1000) *(Wm^2) //Given
33 printf( ’ \n\n The Motor Speed=%0 . 1 f rpm\n\n ’ ,Ns)
34 printf( ’ \n\n The motor Current=%0 . 1 f Amp\n\n ’ ,I)
35 disp(” S i n c e T=Tl , Motor w i l l run S a f e l y ”)
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Chapter 6

Control of Induction Motor
Drives through Stator
Frequency

Scilab code Exa 6.1 Ex1

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 Vm=415 // input o f motor i n v o l t
4 F1=50 // supp ly f r e qu en cy in h r t z
5 F2=35 // supp ly f r e qu en cy in h r t z
6 F3=10 // supp ly f r e qu en cy in h r t z
7 N=1460 // speed o f motor i n rpm
8 P=4 //number o f p o l e s
9 R1=0.65 // r e s i s t a n c e o f s t a t o r i n ohm

10 R2=0.35 // r e s i s t a n c e o f r o t o r i n ohm
11 X1=0.95 // r e a c t a n c e o f Motor i n ohm
12 X2=1.43 // r e a c t a n c e o f Motor i n ohm
13 Xm=28 // r e a c t a n c e o f Motor i n ohm
14

15

16

17 // S o l u t i o n
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18 V1ph=Vm/sqrt (3)

19 Ns1 =(120* F1)/P

20 Wsm1 =(2* %pi /60)*Ns1

21 Sm1=R2/sqrt((R1^2)+(X1+X2)^2) // S l i p f o r maximum
to rque

22 Nr1=Ns1*(1-Sm1)

23 Tm1 =3*(( V1ph)^2) /(2* Wsm1*(R1+sqrt((R1)^2+(X1+X2)^2))

)

24

25 V2ph=Vm/sqrt (3)

26 X3=X1*(F2/F1)

27 X4=X2*(F2/F1)

28 Sm2=R2/sqrt((R1^2)+(X3+X4)^2) // S l i p f o r maximum
to rque

29 Ns2 =(120* F2)/P

30 Wsm2 =(2* %pi /60)*Ns2

31 Nr2=Ns2*(1-Sm2)

32 Tm2 =3*(( V2ph*F2/F1)^2) /(2* Wsm2*(R1+sqrt((R1)^2+(X3+

X4)^2)))

33

34 V3ph=Vm/sqrt (3)

35 X5=X1*(F3/F1)

36 X6=X2*(F3/F1)

37 Sm3=R2/(sqrt((R1^2)+((X5+X6)^2)))// S l i p f o r maximum
to rque

38 Ns3 =(120* F3)/P

39 Wsm3 =(2* %pi /60)*Ns3

40 Nr3=Ns3*(1-Sm3)

41 Tm3 =3*(( V3ph*F3/F1)^2) /(2* Wsm3*(R1+sqrt((R1)^2+(X5+

X6)^2)))

42 printf( ’ \n\n speed at which maximum to rque o c cu r s
f o r 50 Hz=%0 . 1 f rpm\n\n ’ ,Nr1)

43 printf( ’ \n\n maximum to rque f o r 50 Hz=%0 . 1 f N−m\n\n ’
,Tm1)

44 printf( ’ \n\n speed at which maximum to rque o c cu r s
f o r 35 Hz=%0 . 1 f rpm\n\n ’ ,Nr2)

45 printf( ’ \n\n maximum to rque f o r 35 Hz=%0 . 1 f N−m\n\n ’
,Tm2)
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46 printf( ’ \n\n speed at which maximum to rque o c cu r s
f o r 10 Hz=%0 . 1 f rpm\n\n ’ ,Nr3)

47 printf( ’ \n\n maximum to rque f o r 10 Hz=%0 . 1 f N−m\n\n ’
,Tm3)

Scilab code Exa 6.2 Ex2

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 Pout =50 // output o f i n du c t i o n motor i n k i l ow a t t
4 Vm=400 // input o f motor i n v o l t
5 F0=50 // supp ly f r e qu en cy in h r t z
6 N1=1470 // speed o f motor i n rpm
7 P=4 //number o f p o l e
8 Rs=0.42 // r e s i s t a n c e o f s t a t o r i n ohm
9 Rr=0.23 // r e s i s t a n c e o f r o t o r i n ohm

10 Xs=0.95 // r e a c t a n c e o f s t a t o r i n ohm
11 Xr=0.85 // r e a c t a n c e o f r o t o r i n ohm
12 Xm=28 // r e a c t a n c e o f motor i n ohm
13 Sm=0.12 // s l i p o f motor
14 // S o l u t i o n
15 Vs=Vm/sqrt (3)

16 W0=2*%pi*F0

17 K=Rr/(Sm*(Xs+Xr))

18 F=K*F0 // Supply Frequency
19 Tdm =3*P*Vs ^2/(2*(K^2)*W0(Xs+Xr))

20 Ws=(K*W0*2)/(P)

21 Wm=Ws*(1-Sm)

22 N2=Wm *60/(2* %pi)

23 printf( ’ \n\n Supply Frequency=%0 . 1 f Hz\n\n ’ ,F)
24 printf( ’ \n\n The Breakdown Torque=%0 . 1 f N−m\n\n ’ ,Tdm

)

25 printf( ’ \n\n The Speed at maximum to rque=%0 . 1 f rpm\n
\n ’ ,N2)
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Scilab code Exa 6.3 Ex3

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 Pout =50 // output o f i n du c t i o n motor i n k i l ow a t t
4 Vm=400 // input o f motor i n v o l t
5 F0=50 // supp ly f r e qu en cy in h r t z
6 N1=1475 // speed o f motor i n rpm
7 P=4 //number o f p o l e s
8 Rs=0.42 // r e s i s t a n c e o f s t a t o r i n ohm
9 Rr=0.23 // r e s i s t a n c e o f r o t o r i n ohm

10 Xs=0.95 // r e a c t a n c e o f s t a t o r i n ohm
11 Xr=0.85 // r e a c t a n c e o f r o t o r i n ohm
12 Xm=30 // r e a c t a n c e o f motor i n ohm
13 Tdm =225 //Breakdown Torque In N−m
14 K=poly(0, ’K ’ )
15

16

17

18

19 // S o l u t i o n
20 W0=2*%pi*F0

21 Vp=Vm/sqrt (3)

22 K=sqrt ((3*2*( Vp^2))/(2* Tdm*W0*(Xs+Xr)))

23 W1=K*W0

24 F1=W1/(2* %pi)

25 Sm=Rr/(K*(Xs+Xr))

26 Ws=2*K*W0/(P)

27 Wm=Ws*(1-Sm)

28 N=Wm *60/(2* %pi)

29 printf( ’ \n\n The Supply Frequency=%0 . 1 f Hz\n\n ’ ,F1)
30 printf( ’ \n\n The s l i p at maximum to rque=%0 . 1 f \n\n ’ ,

Sm)

31 printf( ’ \n\n The speed at maximum to rque=%0 . 1 f rpm\n

112



\n ’ ,N)

Scilab code Exa 6.4 Ex4

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 Pout =50 // output o f i n du c t i o n motor i n k i l ow a t t
4 Vm=420 // input o f motor i n v o l t
5 F0=50 // supp ly f r e qu en cy in h r t z
6 F1=58 // f r e qu en cy in h r t z
7 N1=1475 // speed o f motor i n rpm
8 P=4 //number o f p o l e s
9 Rs=0.4 // r e s i s t a n c e o f s t a t o r i n ohm

10 Rr=0.21 // r e s i s t a n c e o f r o t o r i n ohm
11 Xs=0.95 // r e a c t a n c e o f s t a t o r i n ohm
12 Xr=0.85 // r e a c t a n c e o f r o t o r i n ohm
13 Xm=32 // r e a c t a n c e o f motor i n ohm
14

15 // S o l u t i o n
16 Vp=Vm/sqrt (3)

17 K=F1/F0

18 W0=2*%pi*F0

19 W=W0*K

20 Sm=Rr/(K*(Xs+Xr))

21 Ws=2*K*W0/P

22 Wm=Ws*(1-Sm)

23 N=Wm *60/(2* %pi)

24 Tdm1 =(3*2*( Vp^2))/(2*(K^2)*W0*(Xs+Xr))

25 printf( ’ \n\n The S l i p at maximum to rque=%0 . 1 f \n\n ’ ,
Sm)

26 printf( ’ \n\n The Speed at maximum to rque=%0 . 1 f rpm\n
\n ’ ,N)//The answers vary due to round o f f e r r o r

27 printf( ’ \n\n The Breakdown to rque=%0 . 1 f N−m\n\n ’ ,
Tdm1)
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Scilab code Exa 6.5 Ex5

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 Pout =30 // output o f i n du c t i o n motor i n k i l ow a t t
4 Vm=400 // input o f motor i n v o l t
5 F0=50 // supp ly f r e qu en cy in h r t z
6 F1=40 // f r e qu en cy in h r t z
7 P=4 //number o f p o l e s
8 Rs=0.33 // r e s i s t a n c e o f s t a t o r i n ohm
9 Rr=0.22 // r e s i s t a n c e o f r o t o r i n ohm

10 Xs=0.9 // r e a c t a n c e o f s t a t o r i n ohm
11 Xr=0.9 // r e a c t a n c e o f r o t o r i n ohm
12

13 // S o l u t i o n
14 Vs=Vm/sqrt (3)

15 Sm=Rr/(sqrt((Rs^2) +((Xs+Xr)^2)))

16 Ir=Vs/sqrt (((Rs+(Rr/Sm))^2)+((Xs+Xr)^2))

17 cos_P=cosd(atand((Xs+Xr)/(Rs+(Rr/Sm))))

18 Pi=sqrt (3)*Vm*Ir*cos_P

19 P0=3*(Ir^2)*Rr *((1/Sm) -1)

20 n=(P0/Pi)*100

21

22 K=F1/F0 // f o r f r e qu en cy o f 40 Hz
23 Xs2=K*Xs

24 Xr2=K*Xr

25 Sm2=Rr/(sqrt((Rs^2)+((Xs2+Xr2)^2)))

26 Vs2=K*Vs

27 Ir2=Vs2/sqrt (((Rs+(Rr/Sm2))^2)+((Xs2+Xr2)^2))

28 cos_p2=cosd(atand ((Xs2+Xr2)/(Rs+(Rr/Sm2))))

29 Pi2 =3*Vs2*Ir2*cos_p2

30 P02 =3*( Ir2^2)*Rr*((1/ Sm2) -1)

31 n2=(P02/Pi2)*100

32 printf( ’ \n\n The E f f i c i e n c y at breakdown to rque with
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50Hz=%0 . 1 f \n\n ’ ,n)
33 printf( ’ \n\n The E f f i c i e n c y at breakdown to rque with

40Hz=%0 . 1 f \n\n ’ ,n2)
34 //The answers vary due to round o f f e r r o r

Scilab code Exa 6.6 Ex6

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 Vm=400 // input o f motor i n v o l t
4 F=50 // supp ly f r e qu en cy in h r t z
5 N=1500 // speed o f motor i n rpm
6 P=6 //number o f p o l e s
7 R1=2 // r e s i s t a n c e o f s t a t o r i n ohm
8 R2=3 // r e s i s t a n c e o f r o t o r i n ohm
9 X1=4 // r e a c t a n c e o f Motor i n ohm
10 X2=4 // r e a c t a n c e o f Motor i n ohm
11 S=1 // S l i p Of Motor
12

13 // S o l u t i o n
14 Ns =(120*F)/P

15 Ws=(2* %pi /60)*Ns

16 Vph=Vm/sqrt (3)

17 Tst =(3/Ws)*(( Vph^2)/((R1+(R2/S))^2+(X1+X2)^2))*R2

18 Ist=Vph/sqrt((R1+R2)^2+(X1+X2)^2)

19 printf( ’ \n\n The S t a r t i n g Torque=%0 . 1 f N−m\n\n ’ ,Tst)
20 printf( ’ \n\n The s t a r t i n g Current=%0 . 1 f Amp\n\n ’ ,Ist

)
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Chapter 7

Control of Induction Motor
Drives from Rotor Side

Scilab code Exa 7.1 Ex1

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 V=440 // v o l t a g e i n v o l t s
4 P=6 //number o f p o l e s
5 f=50 // f r e qu en cy i n Hz
6 R=0.3 // r o t o r r e s i s t a n c e i n ohm
7 X=1 // l e a k a g e r e a c t a n c e i n ohm
8 s=0.03 // s l i p
9 N=800 // speed in rpm

10 K=2.2 // s t a t o r to r o t o r r a t i o
11

12 // s o l u t i o n
13 Ns =(120*f)/6

14 w=(2* %pi /60)*Ns

15 Tf=(3/w)*((V^(2))*(R/s))*(1/(((R/s)^(2))+(X^(2))))

16 k=Tf/((Ns*(1-s))^(2))

17 Tl=k*(N^(2))

18 s1=((Ns-N)/Ns)

19 Re=(X^(2))*(s*Tl*w)*(1/(3*(V^(2))-(Tl*w)))
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20 X1 =14.78

21 X2=0.07

22 Ree=(X1*0.2) -0.3

23 Ree1=(X2 *0.2) -0.3

24 // s i n c e n e g a t i v e va l u e o f r e s i s t a n c e i s not f e a s i b l e
25 Ree =2.656

26 // Rotor − r e f e r r e d va lu e o f e x t e r n a l r e s i s t a n c e
27 Rex=Ree/K^(2)

28 printf( ’ \n\n The Re s i s t a n c e to be i n s e r t e d i n r o t o r
c i r c u i t=%0 . 1 f ohm\n\n ’ ,Rex)

Scilab code Exa 7.2 Ex2

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 V=440 // Supply v o l t a g e i n v o l t s
4 P=4 //number o f p o l e s
5 f=50 // Supply f r e qu en cy in Hz
6 R=0.2 // r o t o r r e s i s t a n c e i n ohm
7 X=0.35 // l e a k a g e r e a c t a n c e i n ohm
8 N1=1450 // speed in rpm
9 N2=1200 // speed in rpm

10 S2=0.2

11 // s o l u t i o n
12 Vph=V/sqrt (3)

13 Ns =(120*f)/P// Synchronous Speed
14 Wms =2*%pi*Ns/60

15 S=(Ns -N1)/Ns

16 T=(3/ Wms)*(Vph^2)*(R/S)/((R/S)^2+(X)^2) //The answer
p rov id ed i n the t ex tbook i s wrong

17 K=T/(1-S)

18 T2=K*(1-S2)

19 Vph2=sqrt(T2*((R/S)^2+(X)^2) /((3/ Wms)*(R/S)))

20 Vl=Vph2*sqrt (3)

21 printf( ’ \n\n Torque=%0 . 1 f N−m\n\n ’ ,T)//The answer

117



prov id ed i n the t ex tbook i s wrong
22 printf( ’ \n\n Line Vo l tage to be imposed=%0 . 1 f Vo l t s \

n\n ’ ,Vph2)

Scilab code Exa 7.3 Ex3

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 V=440 // v o l t a g e i n v o l t s
4 P=6 //number o f p o l e s
5 f=50 // f r e qu en cy i n Hz
6 R1=2 // r e s i s t a n c e i n ohm
7 R2=2 // r e s i s t a n c e i n ohm
8 X1=3 // r e a c t a n c e i n ohm
9 X2=4 // r e a c t a n c e i n ohm
10 N1=945 // speed in rpm
11 N2=800 // speed in rpm
12

13 // s o l u t i o n
14 Ns =(120*f)/P

15 s=(Ns-N1)/Ns

16 w=2*%pi*Ns/60

17 T=(3/w)*((V^(2)*(R2/s))/(((R1+(R2/s))^(2))+(X1+X2)

^(2)))

18 k=T/(1-s)^2 //The answer p rov id ed i n the t ex tbook i s
wrong

19 s1=(Ns-N2)/Ns

20 Tl=k*((1-s1)^(2))//The answer p rov id ed i n the
t ex tbook i s wrong

21 V2=sqrt((Tl*w*(((R1+(R2/s1))^2) +((X1+X2)^2))/((R2/s1

)*3)))//The answer p rov id ed i n the t ex tbook i s
wrong

22 I=V2/((R1+(R2/s1))+(%i*(X1+X2)))//The answer
p rov id ed i n the t ex tbook i s wrong

23 Il=sqrt (3)*I//The answer p rov id ed i n the t ex tbook i s
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wrong
24 printf( ’ \n\n The Line Current=%0 . 1 f Amp\n\n ’ ,Il)

Scilab code Exa 7.4 Ex4

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 V=400 // Supply v o l t a g e i n v o l t s
4 P=24 //number o f p o l e s
5 f=50 // f r e qu en cy i n Hz
6 P1=100e+3 // power i n Watt
7 P2=100e+3 // power i n Watt
8 K=1.4 //Turns r a t i o
9 R=0.03 // r e s i s t a n c e i n ohmm

10 N1=240 // speed in rpm
11 N2=180 // speed in rpm
12

13 // s o l u t i o n
14 Vp=V/sqrt (3)

15 Ns =(120*f)/P

16 s=(Ns -N1)/Ns

17 w=(2* %pi*N1)/60

18 T=P1/w

19 R1=K^(2)*R

20 X=sqrt ((3*Vp^2*R1/(T*2* %pi*Ns*s/60)) -((R1/s)^(2)))

21 s1=(Ns-N2)/Ns

22 T1=T*(N2/N1)^2

23 A=(T*2*%pi*Ns*s1/60) /(3*( Vp^2))

24 R22=poly(0, ’ R22 ’ )
25 0==( R22^2)*(A/(s1^2))+(A*X^2)-R22 // Po lynomia l

e qua t i on ob ta i n ed f o r R22
26 R22 =0.745 // A f t e r s o l v i n g equa t i on va lu e o f R e s i s t o r
27 R2=(R22 -R1)/K^2

28 printf( ’ \n\n The Re s i s t a n c e to connec t i n s e r i e s=%0
. 1 f ohm\n\n ’ ,R2)
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Scilab code Exa 7.5 Ex5

1 clc

2 V= 100 // supp ly v o l t a g e i n v o l t s
3 f=50 // f r e qu en cy i n Hz
4 p=6 //number o f p o l e s
5 Rs=0.6 // paramete r s i n ohm
6 Rr=0.45 // paramete r s i n ohm
7 Xr=1.2 // paramete r s i n ohm
8 Xs=1.2 // paramete r s i n ohm
9 Xm=45 // paramete r s i n ohm

10 Sm=1

11 R=0.4495

12

13 // s o l u t i o n
14 Re=(((Rs^2)+(Xs+Xr)^2)*Sm -Rr) // e x t e r n a l r e s i s t a n c e

i n ohm
15 Ns=1000

16 N=poly(0, ’N ’ )
17 a=1 -(((((Rs^2)+(Xs+Xr)^2)*((Ns-N)/Ns)-Rr))/(4.5*R))

18 printf( ’ \n\n The Rat io o f Ex t e rna l R e s i s t a n c e=%0 . 1 f \
n\n ’ ,Re)

19 disp(a, ’ Duty Rat io a lpha i s ’ )
20 //The answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 7.6 Ex6

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 p=4 //number o f p o l e s
4 f=50 // f r e qu en cy i n Hz
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5 T1=40 // Torque i n N−m
6 s=0.04 // Average s l i p
7 T=35 //Torque i n N−m
8 N0=1250

9

10 // s o l u t i o n
11 Tav =35 // ave rage to rque i n N−m
12 Ns=1500 // synchronous speed i n rpm
13 N1=(1-s)*Ns

14 N2=sqrt ((( Tav/T1)*(N1)^2))

15 T2=T1*(N0^2)/(N1^2)

16 Tratio =((Tav -T2)/(T1-Tav))

17 printf( ’ \n\n The Average Torque=%0 . 1 f N−m\n\n ’ ,Tav)
18 printf( ’ \n\n The Speed=%0 . 1 f rpm\n\n ’ ,N2)
19 printf( ’ \n\n The r e q u i r e d r a t i o o f t o rque=%0 . 1 f \n\n ’

,Tratio)

Scilab code Exa 7.7 Ex7

1 clc

2 I2=poly(0, ’ I 2 ’ )// De f i n i n g I2
3 R2=poly(0, ’R2 ’ )// De f i n i n g R2
4 R=poly(0, ’R ’ )// De f i n i n g R
5 ra=(R2 -0.3*R2)/0.3 // Equat ion drawn by n e g l e c t i n g

s t a t o r impedance
6 Id=I2*sqrt (3/2) //From Copper Lo s s e s
7 R=2*ra

8

9 disp(R, ’ v a l u e o f r e s i s t a n c e = ’ )

Scilab code Exa 7.8 Ex8

1 clc
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2 // v a r i a b l e i n i t i a l l i t a t i o n
3 T1=50 // to rque i n N−m
4 s=0.3 // s l i p
5 p=4 //number o f p o l e s
6 f=50 // f r e qu en cy i n Hz
7 V=400 // supp ly v o l t a g e i n v o l t s
8 Toff=poly(0, ’ To f f ’ )
9 Ton =0.4* Toff

10 // s o l u t i o n
11 Tratio =0.4

12 Ns=1500 // synchronous speed i n rpm
13 N1=Ns*(1-s)

14 T2=40 // to rque i n N−m
15 N2=sqrt((T2/T1)*(Ns)^2)

16 Tav =((T1*Ton+T2*Toff)/(Ton+Toff))

17 disp(Tav , ’ The Average Torque Deve loped ’ )
18 Tav =60/1.4

19 printf( ’ \n\n The Average Torque Deve loped=%0 . 1 f N−m\
n\n ’ ,Tav)

Scilab code Exa 7.9 Ex9

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 V=400 // Supply Vo l tage i n Vo l t s
4 f=50 // Supply Frequency i n Hz
5 P=4 //No o f Po l e s
6 N=1460 // Rotor Speed i n rpm
7 d1=0.2 //Duty Rat io
8 s1=0.13 //Given S l i p
9 d2=0.6 //Duty Rat io

10 s2=0.04 //Given S l i p
11 s3 =0.0867 // S l i p o f motor
12 Rs=0.08 //Motor R e s i s t a n c e i n ohm
13 Xs=0.95 //Motor Reactance i n ohm
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14 Rr1 =0.055 //Motor R e s i s t a n c e i n ohm
15 X21 =0.5 //Motor Reactance i n ohm
16 Rd =0.0114 // Re s i s t a n c e o f l i n k Induc t o r i n ohm
17 K=2 // S t a t o r to Rotor Turns Rat io
18 // S o l u t i o n
19 V1=V/sqrt (3)

20 Ns=120*f/P

21 Ws=2*%pi*Ns/60

22 Sm=Rr1/(sqrt((Rs^2) +((Xs+X21)^2)))// S l i p at maximum
Torque

23 X2=X21*(K^2)

24 R2=Rs*(K^2)

25 Rr=Rr1*(K)//Wrongly Ca l c u l a t e d i n Textbook
26 Radd=R2-Rr

27 Rw=(Radd -Rd)/(1-d1)//The answers vary due to round
o f f e r r o r

28 Radd2=Rd+Rw*(1-d2)

29 R22=Radd2+Rr

30 Td=3*(V1^2)*R22/(s2*Ws*(((Rs+(R22/s2))^2) +((Xs+X2)

^2)))

31 printf( ’ \n\n Ext e rna l R e s i s t a n c e=%0 . 1 f ohm\n\n ’ ,Rw)
32 printf( ’ \n\n Torque at g i v en c o nd i t i o n=%0 . 1 f N−m\n\n

’ ,Td)
33 //The answers vary due to round o f f e r r o r

Scilab code Exa 7.10 Ex10

1 clc

2 // Va r i a b l e i n i t i a l i s a t i o n
3 V=400 // Supply v o l t a g e i n v o l t s
4 f=50 // Supply Frequency i n Hz
5 P=6 //No o f p o l e s
6 Rs=0.2 // s t a t o r r e s i s t a n c e i n ohm
7 Rr=0.07 // Rotor r e s i s t a n c e i n ohm
8 Xs=0.4 // S t a t o r impedance i n ohm
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9 Xr=0.4 // Rotor impedance i n ohm
10 Sm1 =0.25 //Maximum S l i p at 25% speed range
11 N1=750 // Speed i n rpm
12 a1=130

13 am=150 //maximum F i r i n g Angle
14 n=2 // S t a t o r to r o t o r t u rn s r a t i o
15 Rd=0.02 //Dc l i n k r e s i s t a n c e i n ohm
16 N2=950 // Speed i n rpm
17 N3=850 // Speed i n rpm
18 // S o l u t i o n
19 V1=V/sqrt (3)

20 Ns=120*f/P// Synchronous speed i n rpm
21 Wms=Ns*2*%pi/60

22 a=-Sm1/cosd(am)//At 25% speed Range
23 m=2/a// Trans fo rmer Turns Rat io
24 S1=(Ns-N1)/Ns

25 Vd11 =3* sqrt (6)*S1*V1/(%pi*n)

26 Vd21 =3* sqrt (6)*V1*cosd(a1)/(%pi*m)

27 Rs1=Rs/(n^2)

28 Rr1=Rr/(n^2)

29 Id1=(Vd11+Vd21)/(2*(( S1*Rs1)+Rr1)+Rd)//The answers
vary due to round o f f e r r o r

30 T1=abs(Vd21)*Id1/(S1*Wms)//The answers vary due to
round o f f e r r o r

31 S2=(Ns-N2)/Ns

32 Tr=(3/ Wms)*V1^2*(Rr/S2)/((Rs+(Rr/S2))^2+(Xs+Xr)^2) //
Rated to rque i n N−m

33 Thr=Tr/2 // Ha l f r a t ed Torque i n N−m
34 S3=(Ns-N3)/Ns

35 X=poly(0, ’X ’ )// l e t X=cos ( a2 )
36 Vd12 =3* sqrt (6)*S3*V1/(%pi*n)

37 Vd22 =3* sqrt (6)*V1*X/(%pi*m)

38 Id2=(Vd12+Vd22)/(2*(( S3*Rs1)+Rr1)+Rd)

39 T2=abs(Vd22)*Id2/(S3*Wms)

40 // Equat ing T2 to Thr
41 0==5547.31*X^2 -2878.788*X+349.52 // Po lynomia l

Equat ion i n X
42 X1 =(2878.788+ sqrt ((2878.788^2) -4*5547.31*349.52))
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/(2*5547.31) // Roots o f po l ynomia l eqn
43 X2 =(2878.788 - sqrt ((2878.788^2) -4*5547.31*349.52))

/(2*5547.31) // Roots o f po l ynomia l eqn
44 a11=acosd(-X1)

45 a22=acosd(-X2)

46 printf( ’ \n\n Trans fo rmer Turns Rat io=%0 . 1 f \n\n ’ ,m)
47 printf( ’ \n\n Torque f o r 750rpm and a lpha 130=%0 . 1 f N

−m\n\n ’ ,T1)
48 printf( ’ \n\n The F i e l d Current=%0 . 1 f \n\n ’ ,a11)
49 printf( ’ \n\n The F i e l d Current=%0 . 1 f \n\n ’ ,a22)
50 //The answers vary due to round o f f e r r o r

Scilab code Exa 7.11 Ex11

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
3 V=380 // l i n e v o l t a g e i n v o l t s
4 P=8 //number o f p o l e s
5 f=50 // f r e qu en cy i n Hz
6 n=1.25

7 N1=600 // speed in rpm
8 N2=400 // speed in rpm
9

10 // s o l u t i o n
11 Ns =(120*f/P)

12 s=(Ns -N1)/Ns

13 Vd1 =(3* sqrt (6)*s*(V/sqrt (3)))/(%pi*n)

14 m=(3* sqrt (6)*(V/sqrt (3)))/(%pi*Vd1)

15 a=acosd(-(s*(n/m)))

16 s1=(Ns-N2)/Ns

17 s1=0.4 //TRo avo id f u r t h e r Computat iona l e r r o r s
18 Vdc =(3* sqrt (6)*s1*(V/sqrt (3))/%pi)/n

19 Vd2 =(3* sqrt (6)*s1*(V/sqrt (3)))/(%pi*n)

20 m1 =(((3* sqrt (6))/%pi)*(V/sqrt (3)))/Vd2

21 a1=acosd(s1/(m1/n))
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22 w1=(2* %pi*Ns)/60

23 w2=w1 /(1+(m/n))// Speed in rad / s e c
24 w21=w2 *60/(2* %pi)

25 printf( ’ \n\n The F i r i n g Angle f o r 600rpm=%0. 1 f \n\n ’ ,
a)

26 printf( ’ \n\n The F i r i n g Angle f o r 400rpm=%0. 1 f \n\n ’ ,
a1)

27 printf( ’ \n\n Minimum Po s s i b l e Speed=%0 . 1 f rpm\n\n ’ ,
w21)

28 //The answers vary due to round o f f e r r o r

Scilab code Exa 7.12 Ex12

1 clc

2 // v a r i a b l e i n i t i a l i s a t i o n
3 V=440 // Supply v o l t a g e i n v o l t s
4 p=6 //number o f p o l e s
5 f=50 // Supply f r e qu en cy in Hz
6 N1=970 // speed in rpm
7 N2=750 // speed in rpm
8 N3=850 // speed in rpm
9 n=3.5 //Turns Rat io

10 R1=0.2

11 R2=0.15

12 X1=0.4

13 X2=0.4

14 aa1 =170 // F i r i n g Angle
15 aa2 =140 // F i r i n g Angle
16 s=0.3

17

18 // s o l u t i o n
19 Ns =(120*f)/p

20 a=-(s/cosd(aa1))

21 m=(n/a)

22 s1=(Ns-N2)/Ns
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23 Vd1 =(3* sqrt (6)*s1*(V/sqrt (3)))/(%pi*n)

24 Vd2 =(3* sqrt (6)*(V/sqrt (3)*cosd(aa2)))/(%pi*m)

25 Vd2 = -39.05 //To avo id f u r t h e r computa t i ona l e r r o r s
assuming Vd2

26 Rs1=R1*((1/n)^(2))

27 R3=(R2 *((1/n)^(2)))

28 Rd=0

29 Id=(Vd1+Vd2)/(2*(( s1*Rs1)+R3)+Rd)

30 w=Ns*((2* %pi)/60)

31 Td=(abs(Vd2)*Id/(s1*w))

32 s2=(Ns-N1)/N1

33 Tr=(3/w)*((((V/sqrt (3))^(2))*(R2/s2))/(R1+(R2/s2))

^(2)+(s2)^(2))

34 s3=(Ns-N3)/Ns

35 Vd3 =(3* sqrt (6)*s3*(V/sqrt (3)))/(%pi*n)

36 X=poly(0, ’X ’ )//X=−co s a lpha
37 0==1769.4*X^2 -884.02*X+51.5 // Po lynomia l Eqn ob ta i n ed
38 X1 =(884.02+ sqrt ((884.02^2) -4*1769.4*51.5))

/(2*1769.4) // Roots o f po l ynomia l eqn
39 X2=(884.02 - sqrt ((884.02^2) -4*1769.4*51.5))

/(2*1769.4) // Roots o f po l ynomia l eqn
40 a11=acosd(-X1)

41 a22=acosd(-X2)

42 printf( ’ \n\n Turns Rat io o f Trans fo rmer=%0 . 1 f \n\n ’ ,m
)

43 printf( ’ \n\n The Torqye f o r 750rpm=%0. 1 f N−m\n\n ’ ,Td
)

44 printf( ’ \n\n F i r i n g Angle 1=%0 . 1 f \n\n ’ ,a11)
45 printf( ’ \n\n F i r i n g Angle 2=%0 . 1 f \n\n ’ ,a22)
46 //The answers vary due to round o f f e r r o r

Scilab code Exa 7.13 Ex13

1 clc

2 // v a r i a b l e i n i t i a l i z a t i o n
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3 Vm=600 // Vo l tage o f motor i n v o l t
4 Pout =30000 // Output Of Motor In Watt
5 F=50 // Supply f r e qu en cy in h r t z
6 P=4 //Number Of Po l e s
7 N1=100 // Speed OF Motor In rpm
8 N2=1000 // Speed OF Motor In rpm
9 R1=0.05 // Re s i s t a n c e o f s t a t o r i n ohm
10 R2=0.07 // Re s i s t a n c e o f r o t o r i n ohm
11 R0=53 // Re s i s t a n c e o f r o t o r i n ohm
12 X=0.153 // Reactance o f Motor i n ohm
13 X0=23 // Reactance o f Motor i n ohm
14 n=1.3 // S t a t o r To Rotr Rat io
15 N3=300 // Speed OF Motor In rpm
16

17

18 // S o l u t i o n
19 Vph=Vm/(sqrt (3))

20 a=1/n

21 Ns =(120*F)/(P)

22 S=(Ns-N2)/Ns

23 Wm=(2* %pi)/60

24 Tl=(Pout)/(Wm*N3)

25 Id=(Tl*Wm*Ns)/(2.339*a*Vph)

26 I0=Vph/(X0)

27 I2=(sqrt (2/3))*(Id*a)

28 Pi=Pout+(R1*((I2)^2))+(R2*((I2)^2))

29 e=(Pout/Pi)*100

30 theta=-(atand(Vph /(0.779* Id*a*X0)))

31 pf=cosd(theta)

32 printf( ’ \n\n The Motor E f f i c i e n c y=%0 . 1 f \n\n ’ ,e)
33 printf( ’ \n\n The Power Facto r=%0 . 1 f l a g \n\n ’ ,pf)
34 //The answers vary due to round o f f e r r o r
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Chapter 8

Control of Synchronous Motor
Drives

Scilab code Exa 8.1 Ex1

1 clc

2 P=5e+6 // power r a t i n g i n Watts
3 Vl=11e+3 // l i n e v o l t a g e i n Vo l t s
4 f=50 // f r e qu en cy o f motor i n Hz
5 p1=0

6 N=6 // no . o f p o l e s
7 Rs=0 // r e s i s t a n c e o f motor i n ohm
8 Xs=10 // r e a c t a n c e o f motor i n ohm
9 If=60 // r a t ed f i e l d c u r r e n t i n amp

10

11 // S o l u t i o n
12 Vph=Vl/sqrt (3) // phase v o l t a g e i n Vo l t s
13 N1=750 // speed o f motor at r a t ed motor c u r r e n t I s
14 p2 =36.869898 //p2=acosd ( 0 . 8 )
15 Is=P/(sqrt (3)*Vl*cos(p1))

16 E=Vph -(Is*Xs*%i)

17 Ns=120*f/N// synchronous speed o f motor
18 f1=N1*f/Ns // f r e aqu en cy o f motor wh i l e runn ing at N1
19 Vph1=Vph*f1/(f)// phase v o l t a g e f o r speed N1 in V
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20 Xs1=(N1/Ns)*Xs // r e a c t a n c e o f motor at speed N1 in
ohm

21 E2=Vph1 -(Is*(cosd(p2)+%i*sind(p2))*(Xs1*%i))

22 E1=E*N1/Ns // i n V
23 If1=abs(E2)*If/abs(E1)// f i e l d c u r r e n t at N1 in amp
24 P1=3* Vph1*Is*cosd(p2)// output power i n kW
25 wm=N1*2* %pi /60 // angu l a r speed i n rad / s e c
26 T=P1/wm // to rque i n Nm
27 printf( ’ \n\n The F i e l d Current=%0 . 1 f Amp\n\n ’ ,If1)
28 printf( ’ \n\n The Torque f o r Rated Armature Current=

%0 . 1 f N−m\n\n ’ ,T)
29 //The answers vary due to round o f f e r r o r

Scilab code Exa 8.2 Ex2

1 clc

2 P=500e+3 // power o f motor i n Watts
3 V=6.6e+3 // r a t ed v o l t a g e i n Vo l t s
4 f=60 // f r e qu en cy i n Hz
5 n=6 //no . o f p o l e s
6 Rs=0 // r e s i s t n c e o f motor i n ohm
7 Xm=78 // r e a c t a n c e i n ohm
8 Xsr=3 // r e a c t a n c e i n ohm
9 p=0 // p f=1

10 k=5

11

12 // s o l u t i o n
13 Xsr1 =3*%i

14 Vph=V/sqrt (3)

15 Is=P/(3* Vph*cosd(p))

16 E=Vph -(Is*%i*Xsr)

17 E1=abs(E)

18 d=asind ((Is*1*Xsr/E1))

19 Pm=3*Vph*E*sind(d)/Xsr

20 Pm1=abs(Pm)//Power i n watt
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21 Pm2=Pm1 *10^( -3) //Power i n Kw
22 Ns=120*f/n

23 N=Ns/k

24 wm=N*2*%pi /60

25 T=Pm1/wm

26 If1=E/(%i*Xsr)

27 Im=Is+abs(If1)

28 printf( ’ \n\n Power Pm=%0. 1 f Kw\n\n ’ ,Pm2)
29 printf( ’ \n\n Torque T=%0 . 1 f N−m\n\n ’ ,T)
30 printf( ’ \n\n The F i e l d Current=%0 . 1 f Amp\n\n ’ ,abs(

If1))

31 printf( ’ \n\n The motor Current=%0 . 1 f Amp\n\n ’ ,Im)
32 //The answers vary due to round o f f e r r o r

Scilab code Exa 8.3 Ex3

1 clc

2 P=5e+5 // r a t ed power output i n Watts
3 P1=25e+4 // power at h a l f r a t ed to rque
4 f=50 // f r e qu en cy i n Hz
5 If=10 // r a t ed f i r l d c u r r e n t i n amp
6 Xs=10 // r e a c t a n c e i n ohm
7 p=4 //no . o f p o l e s
8 Vl=33e+2 // l i n e v o l t a g e i n v o l t s
9

10 Vph=Vl/sqrt (3) // phase v o l t a g e i n v o l t s
11 Is=P/(sqrt (3)*Vl *0.8) // Current i n amp
12 theta1=acosd (0.8)

13 E=Vph -(-%i*Xs*(Is*(%i*sind(theta1)+cosd(theta1))))

14 y=imag(E)

15 x=real(E)

16 Er=sqrt((y^2)+(x^2))

17 theta2=atand(y/x)

18 d1=asind(P1*Xs/(3* Vph*(abs(E))))

19 Is1=(Vph -Er*(cosd(d1)-%i*sind(d1)))/(%i*Xs)
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20 y1=imag(Is1)

21 x1=real(Is1)

22 Is1r=sqrt((y1^2)+(x1^2))

23 theta3=atand(y1/x1)

24 pf=cosd(theta3)

25 Is2=P/(Vph*3)

26 E2=Vph -(%i*Xs*(Is2*(%i*sind (0)+cosd (0))))

27 If1=abs(E2)*If/E

28 If1r=abs(If1)

29 If3 =15 // f i e l d c u r r e n t i n amp
30 E3=If3*(Er)/If // i n v o l t s
31 Is3=sqrt (((E3^2) -(Vph^2))/(Xs^2))

32 P3=3*Vph*Is3*cosd (0)

33 Ns=120*f/p// synchronous speed
34 wm=Ns*2* %pi/f// i n rad / s e c
35 T=P3/wm // i n Nm
36 printf( ’ \n\n The Armature Current at h a l f r a t ed

to rque and r a t ed f i e l d c u r r e n t=%0 . 1 f Amp\n\n ’ ,Is1
)

37 printf( ’ \n\n The power Facto r=%0 . 1 f \n\n ’ ,pf)
38 printf( ’ \n\n The F i e l d Current=%0 . 1 f Amp\n\n ’ ,abs(

If1))

39 printf( ’ \n\n The Torque f o r upf o p e r a t i o n f o r 15 amp
f i e l d c u r r e n t=%0 . 1 f N−m\n\n ’ ,T)

Scilab code Exa 8.4 Ex4

1 clc

2 P=5e+5 // r a t ed power output i n Watts
3 P1=25e+4 // power at h a l f r a t ed to rque
4 f=50 // f r e qu en cy i n Hz
5 If=10 // r a t ed f i r l d c u r r e n t i n amp
6 Xs=10 // r e a c t a n c e i n ohm
7 p=4 //no . o f p o l e s
8 Vl=33e+2 // l i n e v o l t a g e i n v o l t s
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9 N1=1500

10 // S o l u t i o n
11 Vph=Vl/sqrt (3) // phase v o l t a g e i n v o l t s
12 Is=P/(sqrt (3)*Vl *0.8) // Current i n amp
13 theta1=acosd (0.8)

14 E=Vph -(-%i*Xs*(Is*(%i*sind(theta1)+cosd(theta1))))

15 y=imag(E)

16 x=real(E)

17 Er=sqrt((y^2)+(x^2))

18 theta2=atand(y/x)

19 Ia=Is

20 E2=Vph+(%i*Ia*Xs)

21 y2=imag(E2)

22 x2=real(E2)

23 Er2=sqrt((y2^2)+(x2^2))

24 theta3=atand(y2/x2)

25 P=3*Vph*Er2*sind(-theta3)/Xs

26 Wms =2*%pi*N1/f

27 T=P/Wms

28 If1=Er2*If/Er

29 If2 =12

30 Er3=Er*If2/If

31 P2=-500e+3

32 d1=asind(P2*Xs/(3* Vph*Er3))

33 Is=(Vph -Er3*(cosd(d1)+(%i*sind(d1))))/(%i*Xs)

34 Isr=abs(Is)

35 u=imag(Is)

36 v=real(Is)

37 pf=cosd(atand(u/v))

38 printf( ’ \n\n The Break ing Torque f o r machine
o p e r a t i o n at r a t ed c u r r e n t and upf=%0 . 1 f N−m\n\n ’
,T)

39 printf( ’ \n\n The F i e l d Current f o r machine o p e r a t i o n
at r a t ed c u r r e n t and upf=%0 . 1 f Amp\n\n ’ ,If1)

40 printf( ’ \n\n The Armature Current at 12 A F i e l d
Current=%0 . 1 f Amp\n\n ’ ,Isr)

41 printf( ’ \n\n The power f a c t o r at 12 A F i e l d Current=
%0 . 1 f l e ad \n\n ’ ,pf)
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42 //The answers vary due to round o f f e r r o r

Scilab code Exa 8.5 Ex5

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Pm=5e+6 //motor r a t i n g i n Watt
4 V=11e+3 // Input v o l t a g e i n Vo l t s
5 f1=50 // Supply Frequency
6 pf=0.9 // power f a c t o r o f motor
7 N1=1000 // r a t ed speed
8 Rs=0 // r e s i s t a n c e i n ohm
9 Xs=10 // r e a c t a n c e i n ohm
10 N2=750

11 N3=1500

12 pf2 =0.8

13 If1 =50 // r a t ed f i e l d c u r r e n t
14 // S o l u t i o n
15 V1=V/sqrt (3)

16 Is=Pm/(3*V1*pf)

17 Is1=Is*(cosd (25.84) +(%i*sind (25.84)))

18 E=V1 -(Is1*%i*Xs)

19 y=imag(E)

20 x=real(E)

21 Er=sqrt((y^2)+(x^2))

22 theta=atand(y/x)

23 theta1=acosd (0.8)

24 f2=f1*N2/N1

25 V2=V1*f2/f1

26 Xs2=Xs*f2/f1

27 Is2=Is*(cosd(theta1)+(%i*sind(theta1)))

28 E2=V2 -(Is2*%i*Xs2)

29 t=imag(E2)

30 u=real(E2)

31 Er2=sqrt((t^2)+(u^2))
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32 theta3=atand(t/u)

33 E3=Er*N2/N1

34 If2=If1*Er2/E3

35 P2=3*V2*Is*pf2

36 W=2*%pi*N2/f1

37 T=P2/W

38 f3=f1*N3/N1

39 Xs3=f3/f1*Xs

40 E4=Er*f3/f1

41 P3 =0.75* Pm

42 k=asind(Xs3*P3/(3*V1*E4))

43 Is3=(V1 -(E4*(cosd(k)+(%i*sind(k)))))/(Xs3*%i)

44 y2=imag(Is3)

45 x2=real(Is3)

46 Is3r=sqrt((y2^2)+(x2^2))

47 theta4=atand(y2/x2)

48 pf3=cosd(theta4)

49 printf( ’ \n\n The to rque f o r Rated armature cu r r en t
, 7 5 0 rpm , 0 . 8 p f=%0 . 1 f N−m\n\n ’ ,T)

50 printf( ’ \n\n The F i e l d Current f o r Rated armature
cu r r en t , 7 5 0 rpm , 0 . 8 p f=%0 . 1 f Amp\n\n ’ ,If2)

51 printf( ’ \n\n The Armature Current f o r h a l f the Rated
torque , 1 500 rpm , r a t ed f i e l d c u r r e n t=%0 . 1 f Amp\n\n

’ ,Is3r)
52 printf( ’ \n\n The power f a c t o r f o r h a l f the Rated

torque , 1 5 00 rpm , r a t ed f i e l d c u r r e n t=%0 . 1 f \n\n ’ ,pf3
)

Scilab code Exa 8.6 Ex6

1 clc

2 // Va r i a b l e I n i t i a l i s a t i o n
3 Vs=6.6e+3 // Supply v o l t a g e i n Vo l t s
4 f1=50 // Supply Frequency
5 Ns=1000 // r a t ed motor speed
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6 Rd=0.2 // dc l i n k i ndu c t o r r e s i s t a n c e i n ohm
7 Xs=2.6 // Reactance i n ohm
8 P=10e+6 //motor r a t i n g i n Watt
9 pf1=1

10 al=150

11 // s o l u t i o n
12 V1=Vs/sqrt (3)

13 Is=P/(3*V1*pf1)

14 Id=Is*%pi/sqrt (6)

15 phi=180-al

16 N2=500

17 f2=f1*N2/Ns

18 Vph=V1*N2/Ns

19 P2=3*Vph*Is*cosd(phi)

20 Pd=P2*10^( -6) //Power d e l i v e r e d i n mega watt
21 Vdl =3* sqrt (6)*Vph*cosd(al)/%pi

22 Vds=(Id*Rd)-Vdl

23 A=Vds*%pi /(3* sqrt (6)*V1)

24 as=acosd(A)

25 N3=600

26 f3=f1*N3/Ns

27 Vph2=V1*N3/Ns

28 P3=3* Vph2*Is*pf1

29 Ps=P3 -((Id^2)*Rd)

30 Ps2=Ps*10^( -6)

31 Vdl2 =3* sqrt (6)*Vph2*pf1/%pi

32 Vds2=(Id*Rd)-Vdl2

33 B=Vds2*%pi /(3* sqrt (6)*V1)

34 as2=acosd(B)

35 printf( ’ \n\n The Power De l i v e r e d by Motor=%0 . 1 f
MWatt\n\n ’ ,Pd)

36 printf( ’ \n\n The F i r i n g ang l e f o r motor ing o p e r a t i o n
=%0 . 1 f \n\n ’ ,as)

37 printf( ’ \n\n The Power s u pp l i e d to s ou r c e =%0 . 1 f
MWatt\n\n ’ ,Ps2)

38 printf( ’ \n\n The F i r i n g ang l e f o r r e g e n e r a t i v e
b rak ing op e r a t i o n=%0 . 1 f \n\n ’ ,as2)
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