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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

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

Dynamics of Electric Drives

Scilab code Exa 2.1 Q1

1 // Chapter 2 : Dynamics o f E l e c t r i c Dr i v e s
2 //Example 1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Jo=0.2 // i n e r t i a o f the motor i n kg−m2
7 a1=0.1 // r e du c t i o n gea r
8 J1=10 // i n e r t i a o f the l oad i n kg−m2
9 Tl1 =10 // l oad to rque

10 v=1.5 // speed o f the t r a n s l a t i o n a l l o ad
11 M1=1000 // mass o f the t r a n s l a t i o n a l l o ad
12 N=1420 // speed o f the motor
13 n1=.9 // e f f i c i e n c y o f the r e du c t i o n gea r
14 n1_ =0.85 // e f f i c i e n c y o f the t r a n s l a t i o n a l l o ad

and the motor
15 F1=M1 *9.81 // f o r c e o f the t r a n s l a t i o n a l l o ad
16

17 // S o l u t i o n
18 Wm=N*%pi /30 // angu l a r speed
19 J=Jo+a1**2*J1+ M1*(v/Wm)**2 // t o t a l e q u i v a l e n t

moment o f i n e r t i a
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20 Tl= a1*Tl1/n1+F1/n1_*(v/Wm) // t o t a l e q u i v a l e n t
t o rque

21

22 // Re su l t
23 mprintf(”\ nEqu iva l en t moment o f i n e r t i a i s : %. 1 f kg

−m2”,J)
24 mprintf(”\ nEqu iva l en t l oad to rque : %. 2 f N−m”,Tl)

Scilab code Exa 2.2 Q2

1 // Chapter 2 : Dynamics o f E l e c t r i c Dr i v e s
2 //Example 2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 J=10 //moment o f i n e r t i a o f the d r i v e i n kg−m2
7 mprintf(” Pa s s i v e l oad to rque dur ing s t eady s t a t e i s

: Tl =0.05∗N in N−m”)
8 mprintf(”\nAnd load to rque : T=100−0.1∗N in N−m ”)
9 mprintf(”\nLoad to rque when the d i r e c t i o n i s

r e v e r s e d T=−100−0.1∗N in N−m”)
10

11 // S o l u t i o n
12 mprintf(”\nT−Tl=0”)
13 mprintf(”\n100 −0.1∗N−0.05∗N=0\n”)
14 N=100/0.15 // Requ i red speed o f the motor i n rpm

dur ing s t eady s t a t e
15 N2= -100/0.15 // During r e v e r s a l speed i s i n

o pp o s i t e d i r e c t i o n
16 mprintf(”\nJdWm/dt=−100−0.1∗N−0.05∗N dur ing

r e v e r s i n g ”)
17 mprintf(”\ndN/ dt=30/(J∗ p i ) ∗(−100−0.15∗N) ”)
18 mprintf(”\ndN/ dt =(−95.49−0.143∗N) \n”)
19 N1=N

20 N2=N2 *0.95 // f o r speed r e v e r s a l
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21 deff( ’ y=f ( x ) ’ , ’ y=1/(−95.49−0.143∗x ) ’ )
22 t=intg(N1,N2 ,f)

23

24 // Re su l t
25 mprintf(”\nHence Time o f r e v e r s a l i s : %. 2 f s ”,t)

Scilab code Exa 2.3 Q3

1 // Chapter 2 : Dynamics o f E l e c t r i c Dr i v e s
2 //Example 3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Tlh =1000 // l oad to rque i n N−m
7 Tmax =700 // maximum motor t o rque
8 Tll =200 // l i g h t l oad f o r the motor to r e g a i n

i t s s t e ady s t a t e
9 Tmin=Tll // minimum to rque
10 t_h =10 // p e r i o d f o r which a l oad to rque o f

1000 N−m i s a p l l i e d i n s e c
11 Jm=10 // moment o f i n e r t i a o f the motor i n Kg

−m2
12 No=500 // no l oad speed i n rpm
13 Tr=500 // to rque at a g i v en no l oad speed in N

−m
14

15 // S o l u t i o n
16 Wmo=No*2*%pi/60 // angu l a r no l oad speed in rad / s e c
17 s=0.05 // s l i p at a t o rque o f 500 N−m
18 Wmr=(1-s)*Wmo // angu l a r speed at a t o rque o f

500 N−m in rad / s e c
19

20 y=log((Tlh -Tmin)/(Tlh -Tmax))

21 x=Tr/(Wmo -Wmr)

22
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23 J=x*t_h/y

24 Jf=J-Jm

25

26 // Re su l t
27 //Answer Prov ided i n the t ex tbook i s wrong
28 mprintf(”\n\nMoment o f i n e r t i a o f the f l ywh e e l : %. 1

f Kg−m2”,Jf)
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Chapter 4

Selection of Motor Power
Rating

Scilab code Exa 4.1 Q1

1 // Chapter 4 : S e l e c t i o n o f Motor Power Rat ing
2 //Example 1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 t_min =40 // Minimum Temperature R i s e i n d eg r e e

C e l s i u s
7 t_ri =15 // Temperature R i s e i n d eg r e e

C e l s i u s
8 t_cl =10 // Clutched Time in s e c
9 t_de =20 // Dec lu tched Time in s e c

10 k= 60 // Heat ing and Coo l i ng t ime con s t an t
11

12 // S o l u t i o n
13

14 x=exp(-t_de/k)

15 y=exp(-t_cl/k)

16

17 th2= (t_min -t_ri*(1-x))/x // as t min=t r i (1−x )
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+th2 ∗x
18 th_s=(th2 -t_min*y)/(1-y) // as th2=t h s (1−y )+t min ∗

y
19

20 mprintf(”Maximum tempera tu r e dur ing the duty c y c l e :
%. 1 f C ”,th2)

21 mprintf(”\n Temperature when the l oad i s c l u t c h ed
c on t i n u ou s l y :%. 1 f C ”,th_s)

Scilab code Exa 4.2 Q2

1 // Chapter 4 : S e l e c t i o n o f Motor Power Rat ing
2 //Example 2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 N=200 // Speed i n rpm
7 Tc =25000 // Constant Torque i n N−m
8 J=10000 //Moment o f i n e r t i a i n Kg−m2
9

10 //Given Duty Cyc l e s
11 t1=10 // For f u l l speed and at c on s t an t

t o rque
12 t2=1 // For no l oad at f u l l speed
13 t3=5 // For speed r e v e r s a l from N to −N
14 t4=1 // For no l oad at f u l l speed
15 T5 =20000 //Torque i n N−m
16 t5=15 //At f u l l speed and at a to rque T1
17 t6=1 // For no op e r a t i o n at f u l l speed
18 t7=5 // For speed r e v e r s a l from −N to N
19 t8=1 // For no l oad op e r a t i o n
20

21

22 // S o l u t i o n
23
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24 Tr=J*(N-(-N))*2*%pi /60/5 // Rev e r s a l t o rque
25 x=Tc**2*t1+Tr**2*t3+T5**2*t5+Tr**2*t7

26 t=t1+t2+t3+t4+t5+t6+t7+t8 // Tota l Time
27 Trms=sqrt(x/t) // rms to rque
28

29 Trated=Trms //Rated to rque i s e qua l to
the rms to rque

30 Pr=Trated *2*%pi *200/60 //Power r a t i n g
31 r=Tr/Trms // Rat io o f r e v e r s a l t o rque to

the rms to rque
32 Pr=Pr*1e-3

33

34 mprintf(”Torque o f motor i s :%d N−m”,Trms)
35

36 if r < 2 then

37 disp(”Trms i s r a t ed equa l to the Motor ”)
38 mprintf(” Trms=%d N−m\n”,Trms)
39 end

40

41 mprintf(” Power r a t i n g :%. 3 f kW”,Pr)
42 //The answer p rov id ed i n the t ex tbook i s wrong

Scilab code Exa 4.3 Q3

1 // Chapter 4 : S e l e c t i o n o f Motor Power Rat ing
2 //Example 3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 P1=400 // l oad in kW
7 P2=500 // l oad in KW
8 Pmax=P2

9

10 //Duty Cyc l e s i n minutes
11 t1=5 // l oad r i s i n g from 0 to P1

12



12 t2=5 // un i fo rm load o f P2
13 t3=4 // r e g e n e r a t i v e power equa l to P1
14 t4=2 //motor rema ins i d l e
15

16 // S o l u t i o n
17 deff( ’ y=f ( x ) ’ , ’ y=(400/5∗x ) ∗∗2 ’ )
18 I=intg(0,5,f)

19 P11=sqrt(I/t1)

20 x=P11 **2*t1+P2**2*t2+P1**2*t3

21 t=t1+t2+t3+t4 // t o t a l t ime
22 Prms=sqrt(x/t)

23

24 y=2* Prms

25 if P2<y then

26 mprintf(” Hence Pmax :%d kW i s l e s s than tw i c e
Prms :%. 1 f kW”,Pmax ,2* Prms)

27 end

28 mprintf(”\n Hence Motor r a t i n g i s : %d kW\n”,Prms)

Scilab code Exa 4.4 Q4

1 // Chapter 4 : S e l e c t i o n o f Motor Power Rat ing
2 //Example 4
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Cr=60 // Heat ing t ime con s t an t i n minutes
7 Cs=90 // Coo l i ng t ime con s t an t i n minutes
8 P=20 // Fu l l l o ad i n kW
9

10 // S o l u t i o n
11

12 // Part− i
13 a=0

14 tr=10 //Time to d e l i v e r i n minutes
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15 x=exp(-tr/Cr)

16 K=sqrt (1/(1-x))

17 P1=K*P // Permit ted l oad
18

19 // Part− i i
20 a=0

21 tr=10 // I n t e rm i t t e n t l oad p e r i o d a l l owed in
minutes

22 ts=10 // Shutdown t ime p e r i o d i n minutes
23 x=exp(-(tr/Cr+ts/Cs))

24 y=exp(-tr/Cr)

25 K=sqrt((1-x)/(1-y))

26 P2=K*P // Permit ted l oad
27

28

29 mprintf(”\ n i ) Requ i red pe rm i t t ed l oad :%d kW”,P1)
30 mprintf(”\ n i i ) Requ i red pe rm i t t ed l oad :%. 2 f kW”,P2)

Scilab code Exa 4.5 Q5

1 // Chapter 4 : S e l e c t i o n o f Motor Power Rat ing
2 //Example 5
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 P=100 // Ha l f hour r a t i n g o f the motor
7 Cr=80 // Heat ing t ime con s t an t i n minutes
8 n=0.7 //Maximum e f f i c i e n c y at f u l l l o ad
9

10 // S o l u t i o n
11

12 Pcu=n**2 //Coppper l o s s
13 a=Pcu

14 K=sqrt ((1+a)/(1-%e**( -30/Cr))-a)

15 Pco=P/K

14



16 mprintf(” The r e f o r e the c on t i nuou s r a t i n g i s :%. 2 f kW”
,Pco)

Scilab code Exa 4.6 Q6

1 // Chapter 4 : S e l e c t i o n o f Motor Power Rat ing
2 //Example 6
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 I=500 // Eated Armature Current i n A
7 Ra=0.01 //Armature R e s i s t a n c e i n ohm
8 P=1000 //Core Loss i n W
9 B=0.5

10

11 //Duty Cyc l e s
12 tst =10 //Given I n t e r v a l f o r a c c e l a r a t i o n at

tw i c e the r a t ed c u r r e n t
13 tr=10 //Given I n t e r v a l f o r runn ing at f u l l

l o ad
14 tb=10 //Given I n t e r v a l f o r d e c e l e r a t i o n at

tw i c e the r a t ed armature c u r r e n t
15

16 // S o l u t i o n
17

18 Es=tst *(2*I)**2*Ra+P

19 Eb=Es

20 p1s_tr =(I**2*Ra+P)*tr

21 p1r=I**2*Ra+P

22 gamma =(1+B)/2

23 x=(Es+p1s_tr+Eb)/p1r

24 y=gamma*tst+tr+gamma*tb

25 ts=(x-y)/B // I d l i n g i n t e r v a l
26

27 fmax =3600/( tst+tr+tb+ts) //Maximum Frequency o f

15



d r i v e o p e r a t i o n
28

29 mprintf(”\nMaximum Frequency o f d r i v e o p e r a t i o n = %
. 2 f per hour ”,fmax)

30 //The answer p rov id ed i n the t ex tbook i s wrong
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Chapter 5

Dc Motor Drives

Scilab code Exa 5.1 Q1

1 // Chapter 5 :DC Motor Dr i v e s
2 //Example 1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 //Motor r a t i n g s
8 V1=200 // r a t ed v o l t a g e i n V
9 Ia1 =10.5 // r a t ed c u r r e n t i n A

10 N1=2000 // speed in rpm
11 Ra=0.5 // armature r e s i s t a n c e i n ohms
12 Rs=400 // f i e l d r e s i s t a n c e i n ohms
13 V2=175 // drop i n s ou r c e v o l t a g e i n V
14

15 // S o l u t i o n
16

17 flux2=V2/V1

18 Ia2 =1/ flux2*Ia1 // s i n c e l oad to rque
19 E1=V1-Ia1*Ra

20 E2=V2-Ia2*Ra

21 N2=(E2/E1)*(1/ flux2)*N1
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22

23 // Re su l t
24 mprintf(”\nMotor speed i s :%. 1 f rpm”,N2)
25 //Answer p rov id ed i n the book i s i n c o r r e c t

Scilab code Exa 5.2 Q2

1 // Chapter 5 :DC Motor Dr i v e s
2 //Example 2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 V1=220 // r a t ed v o l t a g e i n V
8 Ia1 =100 // r a t ed c u r r e n t i n A
9 N1=1000 // r a t ed speed i n rpm c l o c kw i s e

10 Ra=0.05 // armature r e s i s t a n c e i n ohms
11 Rs=0.05 // f i e l d r e s i s t a n c e i n ohms
12

13 // S o l u t i o n
14 //Turns i s r educed to 80% then f l u x i s a l s o reduced

by the same va lu e and hence c u r r e n t i s a l s o
reduced

15 T1=Ia1**2 // f l u x i s d i r e c t l y p r o p o r t i o n a l to
c u r r e n t Ia

16 T2 =0.8*1**2 // f l u x i s d i r e c t l y p r o p o r t i o n a l to
c u r r e n t Ia

17 Ia2=-Ia1/sqrt (0.8) // s i n c e T1=T2 and the d i r e c t i o n
i s o pp o s i t e

18

19 E1=V1-Ia1*(Ra+Rs)

20

21 Rs=.8*Rs //Rs=80% o f the f i e l d r e s i s t a n c e 0 . 0 5
ohm s i n c e the f l u x i s r educed to 80%

22 E2=-(V1+Ia2*(Ra+Rs))
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23

24 N2=(E2/E1)*(Ia1/Ia2)*(N1 /0.8) // s i n c e E=Kn∗ f l u x ∗N
25

26 // Re su l t
27 mprintf(”\nMotor speed i s : N2=%. 1 f rpm”,N2)

Scilab code Exa 5.3 Q3

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 //Motor r a t i n g s
8 V1=220 // r a t ed v o l t a g e i n V
9 Ia1 =200 // r a t ed c u r r e n t i n A

10 Ra=0.06 // armature r e s i s t a n c e i n ohms
11 Rb=0.04 // i n t e r n a l r e s i s t a n c e o f the v a r i a b l e

s ou r c e i n ohms
12 N1=800 // speed in rpm
13 N2=600 // speed when motor i s o p e r a t i n g i n

r e g e n e r a t i v e b rak ing i n rpm
14

15 // S o l u t i o n
16 Ia2 =0.8* Ia1 //motor i s o p e r e t i n g i n

r e g e n e r a t i v e b rak ing at 80% o f Ia1
17 E1=V1-Ia1*Ra // back emf at r a t ed op e r a t i o n
18 E2=(N2/N1)*E1 // back emf at the g i v en speed N2
19 V2=E2-Ia2*(Ra+Rb) // i n t e r n a l v o l t a g e o f t h e v a r i a b l e

s ou r c e
20

21 // Re su l t s
22 mprintf(”\n I n t e r n a l v o l t a g e o f the v a r i a b l e s ou r c e :

%. 1 f V”,V2)
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Scilab code Exa 5.4 Q4

1 // Chapter 5 :DC Motor Dr i v e s
2 //Example 4
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 //The r a t i n g s o f the motor a r e same as tha t o f Ex
−5.2

8 V1=220 // r a t ed v o l t a g e i n V
9 Ia1 =100 // r a t ed c u r r e n t i n A

10 N1=1000 // speed in rpm c l o c kw i s e
11 N2=800 // g i v en speed dur ing the dynamic b rak ing

i n rpm
12 Ra=0.05 // armature r e s i s t a n c e i n ohms
13 Rs=0.05 // f i e l d r e s i s t a n c e i n ohms
14

15 // S o l u t i o n
16

17 T2 = 2 // dynamic t o rque i s tw i c e the r a t ed to rque
18 Ia2=Ia1*sqrt(T2) // s i n c e T=Kf∗ I a ∗∗2
19 E1=V1-Ia1*(Ra+Rs)

20 E2=(Ia2/Ia1)*(N2/N1)*E1 // s i n c e E=Ke∗ I a ∗N
21 Rb=E2/Ia2 -(Ra+Rs) // s i n c e E2=Ia2 (Rb+Ra+Rs )

dur ing b rak ing
22

23 // Re su l t s
24 mprintf(”\n Brak ing c u r r e n t Ia2 : %. 1 f A”,Ia2)
25 mprintf(”\n Requ i red b rak ing r e s i s t a n c e Rb : %. 2 f ohm

”,Rb)
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Scilab code Exa 5.5 Q5

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 5
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the DC shunt motor which ope r a t ed under
dynamic b rak ing

8 Rb=1 // b rak ing r e s i s a n c e i n ohms
9 Ra=0.04 // armature r e s i s t a n c e i n ohms
10 Rf=10 // f i e l d r e s i s t a n c e i n ohms
11 T=400 // l oad to rque i n N−m
12

13 // Magne t i s a t i on curve at N1
14 N1=600 // speed in rpm
15 If=[2.5 ,5 ,7.5 ,10 ,12.5 ,15 ,17.5 ,20 ,22.5 ,25] // f i e l d

c u r r e n t i n A
16 E =[25 ,50 ,73.5 ,90 ,102.5 ,110 ,116 ,121 ,125 ,129] // back

emf i n V
17

18 // S o l u t i o n
19 disp(If,” F i e l d c u r r e n t I f : i n A”)
20 x=(Rb+Rf)/Rb

21 Ia = If * x // armature
c u r r e n t

22 Wm=2*%pi*N1/60

23 Ke_flux=E / Wm //Ke∗ f l u x=con s t an t
24 T=[]

25 for i=1:10

26 T($+1)=( Ke_flux(i))*(Ia(i)) // to rque
27 end

28 disp(Ke_flux ,” Ke f l ux : ”)
29 disp(T,”Torque : i n N−m”)
30

31

32 // Re su l t s
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33

34 // P l o t t i n g the v a l u e s o f Ke∗ f l u x vs I f
35 If=[2.5 ,5 ,7.5 ,10 ,12.5 ,15 ,17.5 ,20 ,22.5 ,25] // f i e l d

c u r r e n t i n A
36 subplot (2,1,1)

37 plot(If,Ke_flux , ’ y ’ )
38 xlabel( ’ f i e l d c u r r e n t I f ’ )
39 ylabel( ’Ke∗ f l u x ’ )
40 title( ’ I f vs Ke∗ f l u x ’ )
41 xgrid (2)

42

43 // P l o t t i n g the v a l u e s o f T vs I f
44 If=[2.5 ,5 ,7.5 ,10 ,12.5 ,15 ,17.5 ,20 ,22.5 ,25] // f i e l d

c u r r e n t i n A
45 subplot (2,1,2)

46 plot(T,If)

47 xlabel( ’ Torque T ’ )
48 ylabel( ’ f i e l d c u r r e n t I f ’ )
49 title( ’T vs I f ’ )
50 xgrid (2)

51

52

53 mprintf(”\nFrom the p l o t we can s e e tha t when the
t o rque i s 400 N−m, ”)

54 mprintf(”\ nthe f i e l d c u r r e n t i s I f =19.3 A, and Ke∗
f l u x =1.898 when I f =19.3 A”)

55 T=400 // b rak ing to rque i n N−m
56 If =19.13 // f i e l d c u r r e n t i n A
57 Ke_flux =1.898 // Ke∗ f l u x
58 Ia=x*If

59 E=If*Rf+Ia*Ra // s i n c e E=V+Ia ∗Ra
60 N2=(E/Ke_flux)*(60/(2* %pi)) // r e q u i r e d speed
61 mprintf(”\nHence the r e q u i r e d speed i n i s :%. 1 f rpm”

,N2)
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Scilab code Exa 5.6 Q6

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 6
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 //The motor r a t i n g i s same as tha t o f Ex−5.5
8 N=600 // va lu e o f the speed g i v en from the

magne t i z a t i on curve i n Ex−5.5
9

10 Ra=0.04 // armature r e s i s t a n c e i n ohms
11 Rf=10 // f i e l d r e s i s t a n c e i n ohms
12 T=400 // l oad to rque i n N−m
13 N1=1200 // g i v en speed i n rpm to ho ld the

o v e r h au l i n g t o rque
14

15 // S o l u t i o n
16 Wm=2*%pi*N1/60 // angu l a r speed at the g i v en speed

N1
17

18 // Magne t i s a t i on curve at N=600rpm
19 If=[2.5 ,5 ,7.5 ,10 ,12.5 ,15 ,17.5 ,20 ,22.5 ,25] //

f i e l d c u r r e n t i n A
20 E =[25 ,50 ,73.5 ,90 ,102.5 ,110 ,116 ,121 ,125 ,129] //

va lu e o f the back emf as g i v en i n Ex−5.5 f o r the
speed N in V

21

22 // Magne t i s a t i on curve at N=1200rpm
23 If=[2.5 ,5 ,7.5 ,10 ,12.5 ,15 ,17.5 ,20 ,22.5 ,25] //

f i e l d c u r r e n t i n A
24 E1=N1/N*E // back emf at

the speed N1
25 mprintf(”Hence the magne t i z a t i on curve at 1200 rpm i s

”)
26 disp(If,” F i e l d c u r r e n t I f : i n A”)
27 disp(E1,”Back emf i s E1 in V: ”)
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28

29 Pd=T*Wm // power
deve l oped

30 x=Pd*Ra

31 V=[]

32 for i=1:10

33 V($+1)=E1(i)-x/E1(i)

34 end

35 disp(V,”Terminal v o l t a g e V: i n V”)
36

37 // Re su l t s
38 // P l o t t i n g the v a l u e s o f V vs I f
39 subplot (2,1,1)

40 plot(V,If)

41 xlabel( ’ Terminal v o l t a g e V ’ )
42 ylabel( ’ F i e l d c u r r e n t I f ’ )
43 title( ’V vs I f ’ )
44 xgrid (2)

45

46 // P l o t t i n g the v a l u e s o f E vs I f
47 If=[2.5 ,5 ,7.5 ,10 ,12.5 ,15 ,17.5 ,20 ,22.5 ,25] //

f i e l d c u r r e n t i n A
48 E =[25 ,50 ,73.5 ,90 ,102.5 ,110 ,116 ,121 ,125 ,129] //

va lu e o f the back emf as g i v en i n Ex−5.5 f o r the
speed N in V

49 E1=N1/N*E // back emf at
the speed N1

50

51 subplot (2,1,2)

52 plot(E1,If, ’ y ’ )
53 xlabel( ’E ’ )
54 ylabel( ’ F i e l d c u r r e n t I f ’ )
55 title( ’E vs I f ’ )
56 xgrid (2)

57

58 mprintf(”\nFrom the p l o t we can s e e tha t when the
c u r r e n t I f =25 A the t e rm i n a l v o l t a g e i s V=250 V
with the back emf E=258V”)
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59

60 E=258 // va lu e o f the back emf i n V at from
the p l o t

61 V=250 // va lu e o f t e rm i n a l v o l t a g e i n V
from the p l o t at E=258 V

62 If=25 // va lu e o f I f i n A from the p l o t at
E=258 V

63 Ia=(E-V)/Ra // armature c u r r e n t
64 If=V/Rf // f i e l d c u r r e n t
65 Ir=Ia-If

66 Rb=V/Ir // b rak ing r e s i s t a n c e
67

68 mprintf(”\nHence the r q u i r e d b rak ing r e s i s t a n c e i s %
. 3 f ohm”,Rb)

Scilab code Exa 5.7 Q7

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 7
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the DC s e r i e s motor which ope r a t ed
under dynamic b rak ing

8 Ra=0.5 // t o t a l r e s i s t a n c e o f armature and
f i e l d w ind ing s i n ohms

9 Rf=10 // f i e l d r e s i s t a n c e i n ohms
10 T=500 // o v e r h au l i n g l oad to rque i n N−m
11 N=600 // speed at the o v e r h au l i n g t o rque T

in rpm
12

13 // Nagn e t i s a t i o n curve at a speed o f 500 rpm
14 N1=500 // speed in rpm
15 Ia=[20, 30, 40, 50, 60, 70, 80] // armature
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c u r r e n t i n A
16 E =[215 ,310 ,381 ,437 ,482 ,519 ,550] // back emf i n V
17

18 // S o l u t i o n
19 Wm1 =2*%pi*N1/60

20 disp(Ia,”Armature c u r r e n t : i n A”)
21 Ke_flux=E / Wm1 //Ke∗ f l u x=con s t an t
22 disp(Ke_flux ,” Ke f l ux : ”)
23 T=[]

24 for i=1:7

25 T($+1)=( Ke_flux(i))*(Ia(i)) // to rque
26 end

27 disp(T,”Torque : i n N−m”)
28

29

30 // Re su l t s
31 // P l o t t i n g the v a l u e s o f Ke∗ f l u x vs Ia and T vs Ia
32 subplot (2,1,1)

33 plot(Ia,Ke_flux , ’ y ’ )
34 xlabel( ’ Armature c u r r e n t I a ’ )
35 ylabel( ’Ke∗ f l u x ’ )
36 title( ’Ke∗ f l u x vs Ia ’ )
37 xgrid (2)

38

39 subplot (2,1,2)

40 plot(T,Ia)

41 xlabel( ’ Torque T ’ )
42 ylabel( ’ Armature c u r r e n t I a ’ )
43 title( ’T vs Ia ’ )
44 xgrid (2)

45

46 mprintf(”\nFrom the p l o t we can s e e tha t at the
g i v en to rque T=500 N−m the c u r r e n t Ia i s 56 A,
and Ke∗ f l u x i s 8 . 9 at Ia=56 A”)

47 Ke_flux =8.9 // va lu e o f Ke∗ f l u x at T=500 N−m from
the p l o t

48 Ia=56 // va lu e o f I a at at T=500 N−m from
the p l o t
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49 Wm=2*%pi*N/60

50 E=Ke_flux*Wm // r e q u i r e d emf
51 x=E/Ia //x=Ra+Rb
52 Rb=x-Ra // r e q u i r e d b rak ing r e s i s t a n c e
53 mprintf(”\nHence the r q u i r e d b rak ing r e s i s t a n c e i s %

. 3 f ohm”,Rb)

Scilab code Exa 5.8 Q8

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 8
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor
8 V=220 // r a t ed v o l t a g e i n V
9 N=970 // r a t ed speed in rpm

10 Ia=100 // r a t ed c u r r e n t i n A
11 Ra=0.05 // armature r e s i s t a n c e i n ohms
12 N1=1000 // i n i t i a l speed o f the motor i n rpm
13

14 // S o l u t i o n
15 E=V-Ia*Ra

16 E1=N1/N*E // va lu e o f back emf at the speed N1
17

18 // ( a )The r e s i s t a n c e to be p l a c ed
19 Ia1 =2*Ia // va lu e o f the b rak ing c u r r e n t i s

tw i c e the r a t ed c u r r e n t
20 Rb=(E1+V)/Ia1 -Ra // r e q u i r e d r e s i s t a n c e
21

22 // ( b )The brak ing to rque
23 Wm=(2* %pi*N1)/60

24 T=E1*Ia1/Wm

25
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26 // ( c )When the speed has f a l l e n to z e r o the back emf
i s z e r o

27 E2=0

28 Ia2=V/(Ra+Rb)

29 T2=Ia2/Ia1*T // s i n c e the t o rque i s d i r e c t l y
p r o p o r t i o n a l to the c u r r e n t

30

31

32 // Re su l t s
33 mprintf(” ( a ) Hence r e q u i r e d r e s i s t a n c e i s :%. 2 f ohm”,

Rb)

34 //Answer g i v en f o r the r e s i s t a n c e i n the book i s
wrong

35

36 mprintf(”\n ( b ) Hence the r e q u i r e d b rak ing to rque i s :
%. 1 f N−m”,T)

37 mprintf(”\n ( c ) Hence the r e q u i r e d to rque i s :%. 1 f N−m
”,T2)

Scilab code Exa 5.9 Q9

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 9
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor which
o p e r a t e s under r h e o s t a t i c b rak ing

8 V=220 // r a t ed v o l t a g e i n V
9 N=1000 // r a t ed speed in rpm
10 Ia=175 // r a t ed c u r r e n t i n A
11 Ra=0.08 // armature r e s i s t a n c e i n ohms
12 N1=1050 // i n i t i a l speed o f the motor i n rpm
13 J=8 // moment o f i n e r t i a o f the motor l oad
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system kg−m2
14 La=0.12 // armature c u r c u i t i nduc t an c e i n H
15

16 // S o l u t i o n
17 E=V-Ia*Ra

18 Wm=N*2*%pi /60 // r a t ed speed i n rad / s
19

20 // ( a )When the b rak ing c u r r e n t i s tw i c e the r a t ed
c u r r e n t

21 Ia1 =2*Ia

22 E1=N1/N*E

23 x=E1/Ia1 //x=Rb+Ra
24 Rb=x-Ra // r e q u i r e d b rak ing r e s i s t a n c e
25

26 // ( b )To ob ta i n the e x p r e s s i o n f o r the t r a n s i e n t
va lu e o f speed and cu r r e n t i n c l u d i n g the e f f e c t
o f armature i nduc t an c e

27 Ra=x // t o t a l armature c u r r e n t
28 K1=N1*2* %pi /60 // i n i t i a l speed i n rad / s
29 K=E/Wm

30 B=0

31 ta=La/Ra // t ime con s t an t i n s e c
32 Trated=E*Ia/Wm // r a t ed to rque
33 Tl =0.15* Trated // l oad to rque i s 15% o f

the r a t ed to rque
34 tm1= %inf //tm1=J/B and B=0 which i s equa l

to i n f i n i t y
35 tm2=J*Ra/(B*Ra+K**2)

36

37 a = ta

38 b = -(1+ta/tm1)

39 c = 1/tm2

40

41 // D i s c r im inan t
42 d = (b**2) - (4*a*c)

43

44 alpha1 = (-b-sqrt(d))/(2*a)

45 alpha2 = (-b+sqrt(d))/(2*a)
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46

47 K3=tm2*Tl/J

48 K4=tm2*K*Tl/J/Ra

49

50 // Tran s i e n t va lu e f o r speed
51 x1=((J*alpha2 -B)*K1 -(Tl -J*alpha2*K3))/(J*(alpha2 -

alpha1))

52 y1=((J*alpha1 -B)*K1 -(Tl -J*alpha1*K3))/(J*(alpha1 -

alpha2))

53

54 // Tran s i e n t va lu e f o r the c u r r e n t
55 x2=(K*K1+alpha2*La*K4)/(La*(alpha2 -alpha1))

56 y2=(K*K1+alpha1*La*K4)/(La*(alpha1 -alpha2))

57

58

59 // ( c ) To c a l c u l a t e the t ime taken by brak ing
op e r a t i o n and the maximum va lu e o f the armature
c u r r e n t

60 //now Wm=0 f o r the b rak ing op e r a t i o n and hence 151 . 5
exp (−0.963∗ t1 )− 8 . 2 47 = 0 from the p r e v i o u s

answer i n ( b )
61 a=K3/x1 // a=exp (−0.963∗ t1 )
62 t1=-alpha1*log(real(a)) // take l o g base e on

both s i d e s
63 //now d/ dt ( i a )=0 f o r themaximum cu r r e n t and hence d/

dt (26 .25 −593 .1 exp (−0.963∗ t ) +566.8 exp (−4.19∗ t ) = 0
from the p r e v i o u s answer i n ( b )

64 b=abs(alpha2*y2)/abs(alpha1*x2) //b=exp (−0.963∗ t )
/ exp (−4.19∗ t )

65 t2=log(b)/(-alpha1+alpha2) // take l o g base e on
both s i d e s

66 t2=abs(t2)

67 ia=K4-real(x2)*exp(real(-alpha1)*t2)-real(y2)*exp(

real(-alpha2)*t2)

68

69

70 // Re su l t s
71 mprintf(” ( a ) Hence the b rak ing r e s i s t a n c e i s :%. 3 f
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ohm”,Rb)
72 mprintf(”\nb )The va lu e o f a lpha1 :%. 3 f and a lpha2 :%

. 3 f ”,real(alpha1),real(alpha2))
73 mprintf(”\nHence the e x p r e s s i o n f o r the t r a n s i e n t

va lu e f o r the speed i s ”)
74 mprintf(”\nWm=%. 1 f exp ( −%. 3 f ∗ t )%. 1 f exp ( −%. 2 f ∗

t ) − %. 3 f ”,real(x1),real(alpha1),real(y1),real(
alpha2),K3)

75 mprintf(”\nHence the e x p r e s s i o n f o r the t r a n s i e n t
va lu e f o r the c u r r e n t i s ”)

76 mprintf(”\ n i a=%. 2 f −%. 1 f exp(−%. 3 f ∗ t ) +%. 1 f exp (%. 2 f
∗ t ) ”,K4 ,real(x2),real(alpha1),-real(y2),-real(
alpha2))

77 mprintf(”\n ( c ) Hence the t ime taken i s :%. 2 f s e c ”,t2)
78 mprintf(”\nHence the maximum cu r r e n t i s :%. 2 f A”,ia)
79 // There i s a s l i g h t d i f f e r e n c e i n the answers

because o f round ing

Scilab code Exa 5.10 Q10

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 10
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7

8 V=220 // r a t ed v o l t a g e i n v
9 N=1000 // r a t ed speed in rpm

10 Ia=175 // r a t ed c u r r e n t i n A
11 Ra=0.08 // armature r e s i s t a n c e i n ohms
12 N1=1050 // i n i t i a l speed o f the motor i n rpm
13 J=8 // moment o f i n e r t i a o f the motor l oad

system kg−m2
14 La=0.12 // armature c u r c u i t i nduc t an c e i n H
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15

16 // S o l u t i o n
17 E=V-Ia*Ra

18 Wm=N*2*%pi /60 // r a t ed speed i n rad / s
19 // ( a )When the b rak ing c u r r e n t i s tw i c e the r a t ed

c u r r e n t
20 Ia1 =2*Ia

21 E1=N1/N*E

22 x=(V+E1)/Ia1 //x=Rb+Ra
23 Rb=x-Ra // r e q u i r e d b rak ing r e s i s t a n c e
24

25 // ( b )To ob ta i n the e x p r e s s i o n f o r the t r a n s i e n t
va lu e o f speed and cu r r e n t i n c l u d i n g the e f f e c t
o f armature i nduc t an c e

26 //The v a l u e s g i v en below a r e taken from Ex−5.9
27 ta =0.194 // t ime con s t an t i n s e c
28 B=0

29 tm1= %inf //tm1=J/B and B=0 which i s equa l
to i n f i n i t y

30 tm2 =1.274

31 K=1.967

32 Trated=E*Ia/Wm // r a t ed to rque
33 Tl=0.5* Trated // l oad to rque i s 50% o f

the r a t ed to rque
34 Ra=Rb

35 K1=N1*2* %pi /60 // i n i t i a l speed i n rad / s
36 // Values o f the c o e f f i c i e n t o f the quad r a t i c

e qua t i on f o r Wm
37 x1=(1+ta/tm1)/ta

38 x2=1/tm2/ta

39 x3=-(K*V+Ra*Tl)/J/Ra/ta

40 // Values o f the c o e f f i c i e n t o f the quad r a t i c
e qua t i on i a

41 y1=(1+ta/tm1)/ta

42 y2=1/tm2/ta

43 y3=-B*V/J/Ra/ta+K*Tl/J/Ra/ta

44

45 // s o l v i n g the qu ad r a t i c e qua t i on
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46 a = 1

47 b = x1

48 c = x2

49 // D i s c r im inan t
50 d = (b**2) - (4*a*c)

51

52 alpha1 = (-b+sqrt(d))/(2*a)

53 alpha2 = (-b-sqrt(d))/(2*a)

54

55 K3=x3/x2

56 K4=y3/y2

57

58 Wm_0=K1 ;ia_0=0

59 d_Wm_dt_0 =(K*ia_0 -B*Wm -Tl)/J ;d_ia_dt_0 =(-V-Ra*ia_0

-K*K1)/La //Wm=K1 at t=0 and dur ing b rak ing
r a t ed v o l t a g e V i s equa l to −V

60

61 a = [1,1; real(alpha1),real(alpha2)]

62 b = [Wm_0;d_Wm_dt_0]

63 x = inv(a)*b

64 c = [1,1; real(alpha1),real(alpha2)]

65 d = [-K4;d_ia_dt_0]

66 y = inv(c)*d

67

68 // ( c )To c a l c u l a t e the t ime taken f o r the speed to
f a l l to z e r o va lu e

69 a=-K3/x(1) // a=exp (−0.966∗ t1 )
70 t1=alpha1*log(a) // take l o g base e on both

s i d e s
71

72

73 // Re su l t s
74 mprintf(” ( a ) Hence the b rak ing r e s i s t a n c e i s :%. 3 f

ohm”,Rb)
75 mprintf(”\n ( b )The s o l u t i o n s f o r a lpha a r e %. 3 f and %

. 3 f ”,real(alpha1),real(alpha2))
76 mprintf(”\nWm=%. 2 f + A∗ exp (%. 3 f ∗ t ) + B∗ exp (%. 2 f ∗ t ) ”,

K3 ,real(alpha1),real(alpha2))
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77 mprintf(”\ n i a=%. 2 f+ C∗ exp (%. 3 f ∗ t ) + D∗ exp (%. 2 f ∗ t ) ”,
K4 ,real(alpha1),real(alpha2))

78 mprintf(”\nWe have to f i n d the va l u e o f A,B,C and D
in the l i n e a r equa t i on u s i n g the i n i t i a l
c o n d i t i o n ”)

79 mprintf(”\nA=%. 2 f B=%. 2 f C=%. 2 f D=%. 2 f ”,x(1),x(2),y
(1),y(2))

80 mprintf(”\nHence the e x p r e s s i o n f o r the t r a n s i e n t
va lu e f o r the speed i s ”)

81 mprintf(”\nWm=%. 2 f+%. 2 f ∗ exp (%. 3 f ∗ t )%. 2 f ∗ exp (%. 2 f ∗ t ) ”
,K3 ,x(1),real(alpha1),x(2),real(alpha2))

82 mprintf(”\nHence the e x p r e s s i o n f o r the t r a n s i e n t
va lu e f o r the c u r r e n t i s ”)

83 mprintf(”\ n i a=%. 2 f %. 1 f ∗ exp (%. 3 f ∗ t ) +%. 2 f ∗ exp (%. 2 f ∗
t ) ”,K4 ,y(1),real(alpha1),y(2),real(alpha2))

84 mprintf(”\n ( c ) Hence the t ime taken i s :%. 2 f s e c ”,
real(t1))

85 // There i s s l i g h t d i f f e r e n c e i n the answer s due to
ac cu ra cy

Scilab code Exa 5.11 Q11

1

2 // Chapter 5 : Dc Motor Dr i v e s
3 //Example 11
4 clc;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7

8 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor
9 V=220 // r a t ed v o l t a g e i n V
10 N=600 // r a t ed speed in rpm
11 Ia=500 // r a t ed c u r r e n t i n A
12 Ra=0.02 // armature r e s i s t a n c e i n ohms
13 Rf=10 // f i e l d r e s i s t a n c e i n ohms
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14

15 // S o l u t i o n
16 Ia1 =2*Ia

17 E1=V-Ia*Ra // r a t ed back emf at r a t ed
op e r a t i o n

18 Wm1 =2*%pi*N/60 // angu l a r speed
19 Trated=E1*Ia1/Wm1 // r a t ed to rque
20

21 // ( i ) When the speed o f the motor i s 450rpm
22 N1=450 // g i v en speed i n rpm
23 Tl=2000 -2*N1 // l oad to rque i s a f u n c t i o n o f

the speed as g i v en
24 Ia2=Tl/Trated*Ia1 // f o r a t o rque o f Tl as a

f u n c t i o n o f c u r r e n t
25 E2=N1/N*E1 // f o r a g i v en speed o f 450rpm
26 V2=E2+Ia2*Ra // t e rm i n a l v o l t a g e f o r a g i v en

speed o f 450 rpm
27

28 // ( i i ) when the speed o f the motor i s 750rpm
29 N1=750 // g i v en speed i n rpm
30 Tl=2000 -2*N1 // l oad to rque i s a f u n c t i o n o f the

speed as g i v en
31 Wm_ =2*%pi*N1/60

32 Ke_phi1=E1/Wm1

33

34 // S i n c e we know tha t V=Ke∗ ph i ∗Wm+Ia ∗Ra by s o l v i n g
we ge t tha t 0 . 0 2 ∗ ( I a ) ∗∗2 −220∗ I a + 39270 = 0”

35 a = 0.02

36 b = -220

37 c = 39270

38

39 // D i s c r im inan t
40 d = (b**2) - (4*a*c)

41

42 Ia_1 = (-b-sqrt(d))/(2*a)

43 Ia_2 = (-b+sqrt(d))/(2*a)

44

45 Ke_phi=Tl/abs(Ia_1)
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46 V1=V*Ke_phi/Ke_phi1 // r e q u i r e d f i e l d v o l t a g e
47

48 // Re su l t s
49 mprintf(” ( i ) Hence motor t e rm i n a l v o l t a g e i s :%. 1 f V”

,V2)

50 mprintf(”\nAnd the armature c u r r e n t i s :%. 1 f A”,Ia2)
51 mprintf(”\n ( i i ) The s o l u t i o n s f o r I a a r e %. 1 f A and

%. 1 f A”,abs(Ia_1),abs(Ia_2))
52 mprintf(”\nWe i g n o r e %d A s i n c e i t i s i n f e a s i b l e , \ n

Hence armature c u r r e n t i s :%. 1 f A”,abs(Ia_2),
abs(Ia_1))

53 mprintf(”\nHence the r e q u i r e d f i e l d v o l t a g e i s :%. 1 f
V”,V1)

Scilab code Exa 5.12 Q12

1

2 // Chapter 5 : Dc Motor Dr i v e s
3 //Example 12
4 clc;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7

8 // Rat ing s o f the 2−po l e s e p a r a t e l y e x c i t e d DC motor
with the f i e l d s c o i l s connec t ed i n p a r a l l e l

9 V=220 // r a t ed v o l t a g e i n V
10 N=750 // r a t ed speed in rpm
11 Ia1 =100 // r a t ed c u r r e n t i n A
12 Ra=0.1 // armature r e s i s t a n c e i n ohms
13

14 // S o l u t i o n
15 E1=V-Ia1*Ra // r a t ed back emf at r a t ed

op e r a t i o n
16 Wm1 =2*%pi*N/60 // angu l a r speed
17 Trated=E1*Ia1/Wm1 // r a t ed to rque
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18 Ke_phi1=E1/Wm1

19

20 // ( i ) When the armature v o l t a g e i s r educed to 110V
21 Wm2 =2*%pi*N/60 // angu l a r speed
22 E2=Ke_phi1*Wm2

23 //Now th e r e a r e two l i n e a r e qu a t i o n s . . . t ha t we have
to s o l v e

24 //They a r e g i v en by 0 . 3∗N2+2.674∗ I a2=500 and 0 . 2 8∗N2
+0.1∗ I a2=110

25 a = [0.3 ,2.674;0.28 ,0.1]

26 b = [500;110]

27 x = inv(a)*b

28 N2=x(1) // l e t the motor speed be N2
29 Ia2=x(2) // l e t the motor c u r r e n t be Ia2
30

31 // ( i i )When the f i e l d c o i l s a r e connec t ed i n s e r i e s
32 K=Ke_phi1 /2

33 Wm3 =2*%pi*N/60 // angu l a r speed
34 E3=K*Wm3

35 //Now th e r e a r e two l i n e a r e qu a t i o n s . . . t ha t we have
to s o l v e ”

36 //They a r e g i v en by 0 . 3∗N3+1.337∗ I a3=500 and 0 . 1 4∗N3
+0.1∗ I a3 =220”

37 a = [0.3 ,1.337;0.14 ,0.1]

38 b = [500;220]

39 x = inv(a)*b

40 N3=x(1) // l e t the motor speed be N3
41 Ia3=x(2) // l e t the motor c u r r e n t be Ia3
42

43 // Re su l t s
44 mprintf(” ( i ) Hence the motor armature c u r r e n t i s I a2

:%. 1 f A”,Ia2)
45 mprintf(”\nAnd the r e q u i r e d speed i s N2 :%. 1 f rpm”,

N2)

46 mprintf(”\n ( i i ) Hence the motor armature c u r r e n t i s
I a3 :%. 1 f A”,Ia3)

47 mprintf(”\nAnd the r e q u i r e d speed i s N3 :%. 1 f rpm”,
N3)
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Scilab code Exa 5.13 Q13

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 13
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor
8 V=200 // r a t ed v o l t a g e i n V
9 N=875 // r a t ed speed in rpm

10 Ia=150 // r a t ed c u r r e n t i n A
11 Ra=0.06 // armature r e s i s t a n c e i n ohms
12 Vs=220 // s ou r c e v o l t a g e i n V
13 f=50 // f r e qu en cy o f the s ou r c e v o l t a g e i n Hz
14

15 // S o l u t i o n
16 E=V-Ia*Ra // back emf
17 Vm=sqrt (2)*Vs // peak v o l t a g e
18

19 // ( i )When the speed i s 750 rpm and at r a t ed to rque
20 N1=750 // g i v en speed i n rpm
21 E1=N1/N*E // back emf at the g i v en speed N1
22 Va=E1+Ia*Ra // t e rm i n a l v o l t a g e
23 cos_alpha=Va*%pi/2/Vm

24 alpha=acos(cos_alpha) // r e q u i r e d f i r i n g ang l e i n
r ad i an

25 alpha1=alpha *180/ %pi // r e q u i r e d f i r i n g ang l e i n
d e g r e e s

26

27 // ( i i )When the speed i s −500rpm and at r a t ed to rque
28 N1=-500 // g i v en speed i n rpm
29 E1=N1/N*E // back emf at the g i v en speed N1
30 Va=E1+Ia*Ra // t e rm i n a l v o l t a g e
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31 cos_alpha=Va*%pi/2/Vm

32 alpha=acos(cos_alpha) // r e q u i r e d f i r i n g ang l e i n
r ad i an

33 alpha2=alpha *180/ %pi // r e q u i r e d f i r i n g ang l e i n
d e g r e e s

34

35 // ( i i i )When the f i r i n g ang l e i s 160 d e g r e e s
36 alpha =160 // f i r i n g ang l e i n d e g r e e s
37 alpha=alpha*%pi /180

38 Va=2*Vm/%pi*cos(alpha)

39 E1=Va-Ia*Ra // s i n c e Va=E1+Ia ∗Ra
40 N1=E1/E*N // the r e q u i r e d speed at the g i v en

f i r i n g ang l e
41

42 // Re su l t s
43 mprintf(” ( i ) Hence the r e q u i r e d f i r i n g ang l e i s :%. 1 f

”,alpha1)
44 mprintf(”\n ( i i ) Hence the r e q u i r e d f i r i n g ang l e i s :%

. 1 f ”,alpha2)
45 mprintf(”\n ( i i i ) Hence the r e q u i r e d speed i s :%. 1 f

rpm”,N1)

Scilab code Exa 5.14 Q14

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 14
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor i s same as
tha t o f Ex−5.13

8 V=200 // r a t ed v o l t a g e i n v
9 N=875 // r a t ed speed in rpm
10 Ia=150 // r a t ed c u r r e n t i n A
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11 Ra=0.06 // armature r e s i s t a n c e i n ohms
12 Vs=220 // s ou r c e v o l t a g e i n v
13 f=50 // f r e qu en cy o f the s ou r c e v o l t a g e i n hz
14 La=0.85e-3 // armature c u r c u i t i nduc t an c e i n H
15

16 // S o l u t i o n
17 E=V-Ia*Ra // back emf
18 Vm=sqrt (2)*Vs // peak v o l t a g e
19 Wm=2*%pi*N/60 // synchronous angu l a r speed
20

21 // ( i )When the speed i s 400 rpm and f i r i n g ang l e i s
60 d e g r e e s

22 N1=400 // g i v en speed i n rpm
23 alpha =60 // f i r i n g ang l e i n d e g r e e s
24 W=2*%pi*f

25 x=W*La/Ra

26 phi=atan(x)

27 cot_phi =1/tan(phi)

28 Z=sqrt(Ra**2+(W*La)**2)

29 K=E/Wm

30

31 y=Ra*Vm/Z/K

32 a=(1+ exp(-(%pi*cot_phi)))/(exp(-(%pi*cot_phi)) -1)

33 alpha=alpha*%pi /180

34 Wmc=y*sin(alpha -phi)*a // r e q u i r e d angu l a r speed in
rp s

35 Nmc=Wmc *60/2/ %pi // r e q u i r e d angu l a r speed in rpm
36

37 E1=N1/N*E

38

39 //The equa t i on Vm/Z∗ s i n ( beta−ph i )−E/Ra+(E/Ra−Vm/Z∗
s i n ( alpha−ph i ) ) ∗ exp (−( beta−a lpha ) ∗ c o t p h i )=0

40 // can be s o l v e d u s i n g t r i a l method such tha t beta
=230 d e g r e e s

41 beta =230 // i n d e g r e e s
42 beta=beta*%pi /180 // i n r a d i a n s
43

44 Va=(Vm*(cos(alpha)-cos(beta))+(%pi+alpha -beta)*E1)/
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%pi

45 Ia=(Va-E1)/Ra

46 T1=K*Ia

47

48 // ( i i )When the speed i s −400 rpm and f i r i n g ang l e i s
120 d e g r e e s

49 Le=2e-3 // e x t e r n a l i nduc t an c e added to the
armature

50 L=La+Le

51 N2=-400 // g i v en speed i n rpm
52 alpha =120 // f i r i n g ang l e i n d e g r e e s
53 x=W*L/Ra

54 phi=atan(x)

55 cot_phi =1/tan(phi)

56 Z=sqrt(Ra**2+(W*L)**2)

57 K=E/Wm

58

59 y=Ra*Vm/Z/K

60 alpha=alpha*%pi /180

61 a=(1+ exp(-(%pi*cot_phi)))/(exp(-(%pi*cot_phi)) -1)

62 Wmc=y*sin(alpha -phi)*a // r e q u i r e d angu l a r speed in
rp s

63 Nmc1=Wmc *60/2/ %pi // r e q u i r e d angu l a r speed i n
rpm

64 //The motor i s o p e r a t i n g under d i s c o n t i n o u s
c o n d i t i o n ”

65 E2=N2/N*E

66

67 //The equa t i on Vm/Z∗ s i n ( beta−ph i )−E/Ra+(E/Ra−Vm/Z∗
s i n ( alpha−ph i ) ) ∗ exp (−( beta−a lpha ) ∗ c o t p h i )=0

68 // can be s o l v e d u s i n g t r i a l method such tha t beta
=281 d e g r e e s

69 beta =281 // i n d e g r e e s
70 beta=beta*%pi /180 // i n r a d i a n s
71

72 Va=(Vm*(cos(alpha)-cos(beta))+(%pi+alpha -beta)*E2)/

%pi

73 Ia=(Va-E2)/Ra

41



74 T2=K*Ia

75

76 // ( i i i )When the speed i s −600 rpm and f i r i n g ang l e
i s 120 d e g r e e s

77 N3=-600 // speed in rpm
78 alpha =120 // f i r i n g ang l e i n d e g r e e s
79 alpha=alpha*%pi /180

80 Va=2*Vm/%pi*cos(alpha)

81 E3=N3/N*E // s i n c e Va=E1+Ia ∗Ra
82 Ia=(Va-E3)/Ra

83 T3=K*Ia

84

85 // Re su l t s
86 mprintf(” ( i ) Hence the r e q u i r e d to rque i s :%. 2 f N−m”,

T1)

87 mprintf(”\n ( i i ) Hence the r e q u i r e d to rque i s :%. 1 f N−
m”,T2)

88 mprintf(”\n ( i i i ) Hence the r e q u i r e d to rque i s :%. 1 f N
−m”,T3)

89 // There i s a minor d i f f e r e n c e i n the answers because
o f a c cu ra cy

Scilab code Exa 5.15 Q15

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 15
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 V=200 // r a t ed v o l t a g e i n v
8 N=875 // r a t ed speed in rpm
9 Ia=150 // r a t ed c u r r e n t i n A

10 Ra=0.06 // armature r e s i s t a n c e i n ohms
11 Vs=220 // s ou r c e v o l t a g e i n v
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12 f=50 // f r e qu en cy o f the s ou r c e v o l t a g e i n hz
13 La=2.85e-3 // armature c u r c u i t i nduc t an c e i n H
14

15 // S o l u t i o n
16 E=V-Ia*Ra // back emf
17 Vm=sqrt (2)*Vs // peak v o l t a g e
18 Wm=2*%pi*N/60 // angu l a r speed
19 W=2*%pi*f

20

21 alpha =120 // f i r i n g ang l e i n d e g r e e s
22 x=W*La/Ra

23 phi=atan(x)

24 cot_phi =1/tan(phi)

25 Z=sqrt(Ra**2+(W*La)**2)

26 K=E/Wm

27

28 y=Ra*Vm/Z/K

29 a=(1+ exp(-(%pi*cot_phi)))/(exp(-(%pi*cot_phi)) -1)

30 alpha=alpha*%pi /180

31 Wmc=y*sin(alpha -phi)*a // r e q u i r e d angu l a r speed in
rp s

32 Nmc=Wmc *60/2/ %pi // r e q u i r e d angu l a r speed in rpm
33

34 Va=2*Vm/%pi*cos(alpha)

35 E1=Nmc/N*E // va lu e o f back emf at the c r i t i c a l
speed o f Nmc

36 Ia=(Va-E1)/Ra

37 Tc=K*Ia

38

39 // ( i )When the to rque i s 1200 N−m and f i r i n g ang l e i s
120 d e g r e e s

40 T2=1200 // g i v en to rque i n N−m
41 Ia2=T2/K // g i v en t e rm i n a l c u r r e n t f o r the

g i v en to rque and the answer i n the book i s wrong
42 E2=Va-Ia*Ra

43 N2=E2/E*N

44

45 // ( i i )When the to rque i s 300 N−m and f i r i n g ang l e i s
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120 d e g r e e s
46 T=300 // r e q u i r e d to rque i n N−m
47 beta =233.492 // r e q u i r e d ang l e i n d e g r e e s
48 beta=beta*%pi /180 // i n r a d i a n s
49 x=beta -alpha

50 E1=(Vm*(cos(alpha)-cos(beta)))/x-(%pi*Ra*T)/(K*x)

51 N1=E1/E*N // r e q u i r e d speed
52

53

54 // Re su l t s
55 mprintf(”\nThe motor i s o p e r a t i n g under c on t i nuou s

c o n d i t i o n ”)
56 mprintf(”\nThe to rque Tc i s :%. 2 f N−m”,Tc)
57 //The answer f o r t o rque Tc in the book i s wrong due

to ac cu racy which l e a d s to o th e r i n c o r r e c t
answers

58 mprintf(”\n ( i ) Hence the r e q u i r e d speed i s :%. 1 f rpm”
,N2)

59 mprintf(”\n ( i i ) The equa t i on Vm/Z∗ s i n ( beta−ph i )−s i n (
alpha−ph i ) ) ∗ exp (−( beta−a lpha ) ∗ c o t p h i )=”)

60 mprintf(”\n (Vm∗ ( c o s ( a lpha )−co s ( beta ) ) /Ra/( beta−a lpha
)−p i ∗T/K/( beta−a lpha ) ) ∗(1− exp (−( beta−a lpha ) ∗
c o t p h i ) ”)

61 mprintf(”\ncan be s o l v e d u s i n g t r i a l method such
tha t beta =233.492 d e g r e e s ”)

62 mprintf(”\n Hence the r e q u i r e d speed i s :%. 1 f rpm”,
N1)

Scilab code Exa 5.16 Q16

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 16
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
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6

7 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor
8 V=220 // r a t ed v o l t a g e i n v
9 N=960 // r a t ed speed in rpm
10 Ia=12.8 // r a t ed c u r r e n t i n A
11 Ra=2 // armature r e s i s t a n c e i n ohms
12 Vs=230 // s ou r c e v o l t a g e i n v
13 f=50 // f r e qu en cy o f the s ou r c e v o l t a g e i n hz
14 La=150e-3 // armature c u r c u i t i nduc t an c e i n H
15

16 // S o l u t i o n
17 E=V-Ia*Ra // back emf
18 Vm=sqrt (2)*Vs // peak v o l t a g e
19 Wm=2*%pi*N/60 // angu l a r speed
20 W=2*%pi*f

21

22 // ( i )When speed i s 600rpm and the f i r i n g ang l e i s 60
d e g r e e s

23 alpha =60 // f i r i n g ang l e i n d e g r e e s
24 N1=600 //motor speed i n rpm
25 x=W*La/Ra

26 phi=atan(x)

27 cot_phi =1/tan(phi)

28 Z=sqrt(Ra**2+(W*La)**2)

29 K=E/Wm

30

31 y=Ra*Vm/Z/K

32 alpha=alpha*%pi /180

33 b=sin(phi)*exp(-(alpha*cot_phi))

34 c=sin(alpha -phi)*exp(-(%pi*cot_phi))

35 a=1-exp(-(%pi*cot_phi))

36 Wmc=y*(b-c)/a // r e q u i r e d angu l a r speed in rp s
37 Nmc=Wmc *60/2/ %pi // r e q u i r e d angu l a r speed in rpm
38

39 Va=Vm/%pi *(1+ cos(alpha))

40 E1=N1/N*E // va lu e o f back emf at the speed o f N1
41 Ia=(Va-E1)/Ra

42 T=K*Ia
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43

44 // ( i i )When the to rque i s 20 N−m and f i r i n g ang l e i s
60 d e g r e e s

45 T1=20 // r e q u i r e d to rque i n N−m
46 alpha =60 // r e q u i r e d f i r i n g ang l e i n d e g r e e s
47 Ec=Nmc/N*E //motor back emf at c r i t i c a l speed o f Nmc
48 Tc=K*(Va-Ec)/Ra // to rque at the c r i t i c a l speed
49

50 Ia=T1/K

51 E1=Va-Ia*Ra

52 N1=E1/E*N // r e q u i r e d speed
53

54 // Re su l t s
55 // i f N1<Nmc then
56 mprintf(” ( i )The motor i s o p e r a t i n g under c on t i nuou s

c o n d i t i o n ”)
57 mprintf(”\nHence the r e q u i r e d to rque i s :%. 2 f N−m”,T

)

58 // end
59 // i f Tc<T1 then
60 mprintf(”\n ( i i ) The motor i s o p e r a t i n g under

c on t i nuou s c o n d i t i o n ”)
61 mprintf(”\nHence the r e q u i r e d speed i s :%. 1 f rpm”,N1

)

62 // end

Scilab code Exa 5.17 Q17

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 17
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor
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8 V=220 // r a t ed v o l t a g e i n V
9 N=1500 // r a t ed speed in rpm
10 Ia=50 // r a t ed c u r r e n t i n A
11 Ra=0.5 // armature r e s i s t a n c e i n ohms
12 Vl=440 // l i n e v o l t a g e inV with 3−phase ac supp ly
13 f=50 // f r e qu en cy o f the s ou r c e v o l t a g e i n Hz
14

15 // S o l u t i o n
16 // ( i ) Tranformer r a t i o
17 alpha=0 // f i r i n g ang l e i n d e g r e e s
18 Va=V //motor t e rm i n a l v o l t a g e i s equa l to the

r a t ed v o l t a g e when the f i r i n g ang l e i s 0 d e g r e e s
19 Vm=%pi/3*Va/cos(alpha)

20 Vrms=Vm/sqrt (2) // rms va lu e o f the c o n v e r t e r
i nput v o l t a g e

21 a=(Vl/sqrt (3))/Vrms // r e q u i r e d t r a n s f o rme r r a t i o
22

23 // ( i i ) Value o f the f i r i n g ang l e
24 E=V-Ia*Ra // back emf at the r a t ed speed
25

26 // ( a )When the speed o f the motor i s 1200 rpm and
ra t ed to rque

27 N1=1200 // speed o f the motor i rpm
28 E1=N1/N*E // back emf at the g i v en speed N1
29 Va=E1+Ia*Ra // t e rm i n a l v o l t a g e at the g i v en speed

N1
30 alpha=acos(%pi/3*Va/Vm) // r e q u i r e d f i r i n g ang l e i n

r a d i a n s
31 alpha1=alpha *180/ %pi // r e q u i r e d f i r i n g ang l e

i n d e g r e e s
32

33 // ( b )When the speed o f the motor i s −800 rpm and
tw i c e the r a t ed to rque

34 N1=-800 // speed o f the motor i n rpm
35 E1=N1/N*E // back emf at the g i v en speed N1
36 Ia=2*Ia // to rque i s d i r e c t l y p r o p o r t i o n a l to

the c u r r e n t hence tw i c e the r a t ed c u r r e n t
37 Va=E1+Ia*Ra // t e rm i n a l v o l t a g e at the g i v en speed
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N1
38 alpha=acos(%pi/3*Va/Vm) // r e q u i r e d f i r i n g ang l e i n

r a d i a n s
39 alpha2=alpha *180/ %pi // r e q u i r e d f i r i n g ang l e

i n d e g r e e s
40

41

42 // Re su l t s
43 mprintf(” ( i ) Hence the r e q u i r e d t r a n s f o rme r r a t i o i s

:%. 3 f ”,a)
44 mprintf(”\n ( i i ) ( a ) Hence the r e q u i r e d f i r i n g ang l e i s

:%. 2 f ”,alpha1)
45 mprintf(”\n ( b ) Hence the r e q u i r e d f i r i n g ang l e i s :%

. 2 f ”,alpha2)

Scilab code Exa 5.18 Q18

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 18
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 //The s e p a r a t e l y e x c i t e d motor i s f e d from a
c i r c u l a t i n g dua l c o n v e r t e r

8 V=220 // r a t ed v o l t a g e i n V
9 N=1500 // r a t ed speed in rpm

10 Ia=50 // r a t ed c u r r e n t i n A
11 Ra=0.5 // armature r e s i s t a n c e i n ohms
12 Vl=165 // l i n e v o l t a g e i n V
13 f=50 // f r e qu en cy o f the s ou r c e v o l t a g e i n Hz
14

15 // S o l u t i o n
16 E=V-Ia*Ra // back emf at the r a t ed speed
17 Vm=Vl*sqrt (2) // peak v o l t a g e
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18

19 // ( i ) During motor ing op e r a t i o n when the speed i s
1000 rpm and at r a t ed to rque

20 N1=1000 // speed o f the motor i n rpm
21 E1=N1/N*E // back emf at the g i v en speed N1
22 Va=E1+Ia*Ra // t e rm i n a l v o l t a g e at the g i v en speed

N1
23 alpha_A=acos(%pi /3*Va/Vm)

24 alpha_A=alpha_A *180/ %pi // r e q u i r e d c o n v e r t e r f i r i n g
ang l e i n d e g r e e s

25 alpha_B =180- alpha_A

26

27 // ( i i ) During b rak ing op e r a t i o n when the speed i s
1000 rpm and at r a t ed to rque

28 N1=1000 // speed o f the motor i n the book i s
g i v en as 100 rpm which i s wrong

29 E1=N1/N*E // back emf at the g i v en speed N1
30 Va=E1-Ia*Ra // t e rm i n a l v o l t a g e at the g i v en speed

N1
31 alpha_A1=acos(%pi/3*Va/Vm)

32 alpha_A1=alpha_A1 *180/ %pi // r e q u i r e d c o n v e r t e r f i r i n g
ang l e i n d e g r e e s

33 alpha_B1 =180- alpha_A1

34

35 // ( i i i ) During motor ing op e r a t i o n when the speed i s
−1000 rpm and at r a t ed to rque

36 N1= -1000 // speed o f the motor i n rpm
37 E1=N1/N*E // back emf at the g i v en speed N1
38 Va=E1-Ia*Ra // t e rm i n a l v o l t a g e at the g i v en speed

N1
39 alpha_A2=acos(%pi/3*Va/Vm)

40 alpha_A2=alpha_A2 *180/ %pi // r e q u i r e d c o n v e r t e r f i r i n g
ang l e i n d e g r e e s

41 alpha_B2 =180- alpha_A2

42

43 // ( i v ) During b rak ing op e r a t i o n when the speed i s
−1000 rpm and at r a t ed to rque

44 N1= -1000 // speed o f the motor i n the book i t
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i s g i v en as 100 rpm which i s wrong
45 E1=N1/N*E // back emf at the g i v en speed N1
46 Va=E1+Ia*Ra // t e rm i n a l v o l t a g e at the g i v en speed

N1
47 alpha_A3=acos(%pi/3*Va/Vm)

48 alpha_A3=alpha_A3 *180/ %pi // r e q u i r e d c o n v e r t e r f i r i n g
ang l e i n d e g r e e s

49 alpha_B3 =180- alpha_A3

50

51 // Re su l t s
52 mprintf(”\n ( i ) Hence the r e q u i r e d f i r i n g ang l e i s :%

. 1 f ”,alpha_B)
53 mprintf(”\n ( i i ) Hence the r e q u i r e d f i r i n g ang l e i s :%

. 1 f ”,alpha_B1)
54 mprintf(”\n ( i i i ) Hence f o r n e g a t i v e speed dur ing

motor ing op e r a t i o n the r e q u i r e d f i r i n g a n g l e s a r e
: ”)

55 mprintf(”\ nalpha A :%. 1 f and a lpha B :%. 1 f ”,
alpha_A2 ,alpha_B2)

56 mprintf(”\n ( i v ) Hence f o r n e g a t i v e speed dur ing
b rak ing op e r a t i o n the r e q u i r e d f i r i n g a n g l e s a r e
: ”)

57 mprintf(”\ nalpha A :%. 1 f and a lpha B :%. 1 f ”,
alpha_A3 ,alpha_B3)

Scilab code Exa 5.19 Q19

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 19
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor
8 V=230 // r a t ed v o l t a g e i n V
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9 N=960 // r a t ed speed in rpm
10 Ia=200 // r a t ed c u r r e n t i n A
11 Ra=0.02 // armature r e s i s t a n c e i n ohms
12 Vs=230 // s ou r c e v o l t a g e i n V
13

14 // S o l u t i o n
15 E=V-Ia*Ra // back emf
16

17 // ( i ) When the speed o f motor i s 350 rpm with the
r a t ed to rque dur ing motor ing op e r a t i o n

18 N1=350 // g i v en speed i n rpm
19 E1=N1/N*E // g i v en back emf at N1
20 Va=E1+Ia*Ra //motor t e rm i n a l v o l t a g e
21 delta=Va/V // duty r a t i o
22

23 // ( i i ) When the speed o f motor i s 350 rpm with the
r a t ed to rque dur ing b rak ing op e r a t i o n

24 Va=E1-Ia*Ra //motor t e rm i n a l v o l t a g e
25 delta1=Va/V // duty r a t i o
26

27 // ( i i i )Maximum duty r a t i o i s 0 . 9 5
28 delta2 =0.95 //maximum duty r a t i o
29 Va=delta2*V // t e rm i n a l v o l t a g e
30 Ia1 =2*Ia //maximum pe rm i s s a b l e c u r r e n t
31 E1=Va+Ia1*Ra // back emf
32 N1=E1/E*N //maximum p e rm i s s i b l e speed
33 Pa=Va*Ia1 // power f e d to the s ou r c e
34

35 // ( i v ) I f the speed o f the motor i s 1200 rpm and the
f i e l d o f the motor i s a l s o c o n t r o l l e d

36 N2=1200 // g i v en speed i n rpm
37 //Now the f i e l d c u r r e n t i s d i r e c t l y p r o p o r t i o n a l to

the speed o f the motor
38 If=N/N2 // f i e l d c u r r e n t as a r a t i o o f the r a t ed

c u r r e n t
39

40

41 // Re su l t s
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42 mprintf(” ( i ) Duty r a t i o i s :%. 3 f ”,delta)
43 mprintf(”\n ( i i ) Duty r a t i o i s :%. 2 f ”,delta1)
44 mprintf(”\n ( i i i )Maximum p e rm i s s i b l e speed i s :%d rpm

”,N1)
45 mprintf(”\nPower f e d to the s ou r c e i s :%. 1 f kW”,Pa

/1000)

46 mprintf(”\n ( i v ) F i e l d c u r r e n t as a r a t i o o f the r a t ed
c u r r e n t i s :%. 1 f ”,If)

Scilab code Exa 5.20 Q20

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 20
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s e p a r a t e l y e x c i t e d motor when i t i s
op e r a t ed i n dynamic b r e ak i ng

8 V=230 // r a t ed v o l t a g e i n V
9 N=960 // r a t ed speed in rpm

10 Ia=200 // r a t ed c u r r e n t i n A
11 Ra=0.02 // armature r e s i s t a n c e i n ohms
12 Vs=230 // s ou r c e v o l t a g e i n V
13 Rb=2 // b rak ing r e s i s t a n c e i n ohm
14

15 // S o l u t i o n
16 //When the motor speed i s 600 rpm and the b rak ing

to rque i s tw i c e the r a t ed va lu e
17 Ia1 =2*Ia // to rque i s d i r e c t l y p r o p o r t i o n a l to

c u r r e n t
18 N1=600 // speed o f the motor i n rpm
19 E=V-Ia*Ra // back emf
20 E1=N1/N*E

21 x=E1/Ia1 -Ra //x=(1− d e l t a ) ∗Rb
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22 y=x/Rb //y=1−d e l t a
23 delta=1-y // duty r a t i o
24

25 // ( i i ) I f the duty r a t i o i s 0 . 6 and and the b rak ing
to rque i s tw i c e the r a t ed va lu e

26 delta1 =0.6 // duty r a t i o
27 Ia1 =2*Ia // to rque i s d i r e c t l y p r o p o r t i o n a l to

c u r r e n t
28 E1=Ia1*((1- delta1)*Rb+Ra) // back emf
29 N1=E1/E*N

30

31

32 // Re su l t s
33 mprintf(” ( i ) Duty r a t i o i s :%. 2 f ”,delta)
34 mprintf(”\n ( i i ) Hence the motor speed i s :%. 1 f rpm”,

N1)

Scilab code Exa 5.21 Q21

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 21
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s e r i e s motor
8 N=600 // speed in rpm
9 Vs=220 // s ou r c e v o l t a g e i n V
10 Ra_Rf =0.12 // combine armature r e s i s t a n c e f i e l d

r e s i s t a n c e
11

12 // Magne t i s a t i on curve at N
13 If=[10, 20,30, 40, 50, 60, 70, 80] // f i e l d

c u r r e n t i n A
14 E =[64 ,118 ,150 ,170 ,184 ,194 ,202 ,210] // t e rm i n a l
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v o l t a g e i n V
15

16 // S o l u t i o n
17 // ( i )When the duty r a t i o i s 0 . 6 and motor c u r r e n t i s

60 A
18 delta =0.6 // duty r a t i o
19 Ia1 =60 //motor c u r r e n t i n A
20 Va1=delta*Vs // t e rm i n a l v o l t a g e f o r the g i v en duty

r a t i o
21 E1=Va1 -Ia1*Ra_Rf // back emf f o r the g i v en duty

r a t i o
22

23 // For Ia1=60 A the t e rm i n a l v o l t a g e i s 194 V as
g i v en i n the magne t i z a t i on curve

24 N1=E1/E(6)*N //motor speed f o r the g i v en
duty r a t i o

25

26 // ( i i )When the speed i s 400rpm and the duty r a t i o i s
0 . 6 5

27 delta =0.65 // duty r a t i o
28 N2=400 // speed in rpm
29 Va1=delta*Vs // t e rm i n a l v o l t a g e f o r the g i v en duty

r a t i o
30

31 //From the magne t i z a t i on c h a r a c t e r i s t i c f o r the
speed o f 400rpm the c u r r e n t Ia=70 A

32 E1=Va1 -If(7)*Ra_Rf // back emf f o r the g i v en
duty r a t i o

33 T=(E1*If(7))/N2/(2* %pi /60) // r e q u i r e d to rque
34

35

36 // Re su l t s
37 mprintf(” ( i ) Hence the motor speed i s :%. 1 f rpm”,N1)
38 mprintf(”\n ( i i ) Hence the r e q u i r e d to rque i s :%. 1 f N−

m”,T)
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Scilab code Exa 5.22 Q22

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 22
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 //The motor i s ope r a t ed u s i n g r e g e n a r a t i v e b rak ing
method

8 N=600 // speed in rpm
9 Vs=220 // s ou r c e v o l t a g e i n V
10 Ra_Rf =0.12 // combine armature r e s i s t a n c e f i e l d

r e s i s t a n c e
11

12 // Magne t i s a t i on curve at N
13 If=[10, 20,30, 40, 50, 60, 70, 80] // f i e l d

c u r r e n t i n A
14 E =[64 ,118 ,150 ,170 ,184 ,194 ,202 ,210] // t e rm i n a l

v o l t a g e i n V
15

16 // S o l u t i o n
17 // ( i )When the duty r a t i o i s 0 . 5 and the b rak ing

to rque i s equa l to the motor t o rque
18 delta =0.5 // duty r a t i o
19 Va1=delta*Vs // t e rm i n a l v o l t a g e
20 Ia1=If(7) // c u r r e n t at r a t ed motor t o rque
21 E1=Va1+Ia1*Ra_Rf // back emf f o r the g i v en duty

r a t i o
22 N1=E1/E(7)*N // f o r a c u r r e n t o f 70 A E=202

V from the magne t i z a t i on curve
23

24 // ( i i )When maximum p e rm i s s s i b l e duty r a t i o i s 0 . 9 5
and cu r r e n t i s 70A
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25 delta_max =0.95 //maximum duty r a t i o
26 Va1=delta_max*Vs // t e rm i n a l v o l t a g e
27 Ia1 =70 //maximum p e rm i s s i b l e c u r r e n t i n

A
28 E2=Va1+Ia1*Ra_Rf // back emf f o r the g i v en duty

r a t i o
29 N2=E2/E(7)*N // f o r a c u r r e n t o f 70 A E=202 V
30

31 // ( i i i )When the motor speed i s 1000 rpm and maximum
cu r r e n t i s 70A with duty r a t i o i n the range o f
0 . 0 5 to 0 . 9 5

32 Ia1 =70 //maximum p e rm i s s i b l e c u r r e n t i n
A

33 N3=1000 // g i v en speed i n rpm
34 delta_max =0.95 //maximum duty r a t i o
35 E3=N3/N*E(7) // t e rm i n a l v o l t a g e
36 x=(E3-delta_max*Vs)/Ia1 //x=R+Ra Rf where R i s

the r e q u i r e d e x t e r n a l r e s i s t a n c e
37 R=x-Ra_Rf // e x t e r n a l r e s i s t a n c e
38

39 // ( i v )when the motor i s runn ing at 1000rpm with
c u r r e n t at 70

40 Ia1 =70 //maximum p e rm i s s i b l e c u r r e n t i n
A

41 N4=1000 // g i v en speed i n rpm
42 Ra=Ra_Rf // t o t a l va l u e o f armature

r e s i s t a n c e i s assumed to be the same
43 E4=Va1+Ia1*Ra // back emf f o r the g i v en speed

N4
44 E_=N/N4*E4

45 ratio=E_/E(7) // f r a c t i o n o f the r e quu i r e d
number o f t u rn s to be reduced

46

47 // Re su l t s
48 mprintf(” ( i ) Hence the motor speed i s :%. 1 f rpm”,N1)
49 mprintf(”\n ( i i ) Hence the motor speed i s :%. 1 f rpm”,

N2)

50 mprintf(”\n ( i i i ) Hence the r e q u i r e d e x t e r n a l
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r e s i s t a n c e i s :%. 1 f ohm”,R)
51 mprintf(”\n ( i v ) Hence f r a c t i o n o f the number o f

t u rn s to be reduced i s :%. 3 f ”,ratio)

Scilab code Exa 5.23 Q23

1 // Chapter 5 : Dc Motor Dr i v e s
2 //Example 23
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 //The motor i s ope r a t ed u s i n g dynamic b rak ing method
8 N=600 // speed in rpm
9 Vs=220 // s ou r c e v o l t a g e i n v
10 Ra=0.12 // armature r e s i s t a n c e i n ohms
11 delta_min =0.1 //manimum va lu e o f duty r a t i o
12 delta_max =0.9 //maximum va lu e o f duty r a t i o
13

14 // Magne t i s a t i on curve at N
15 If=[10, 20,30, 40, 50, 60, 70, 80] // f i e l d

c u r r e n t i n A
16 E =[64 ,118 ,150 ,170 ,184 ,194 ,202 ,210] // t e rm i n a l

v o l t a g e i n V
17

18 // S o l u t i o n
19 // ( i ) Maximum brak ing speed i s 800rpm with armature

c u r r e n t o f 70 A
20 N1=800 //maximum brak ing speed in rpm
21 Ia=70 // armature c u r r e n t i n A
22 E1=N1/N*E(7) // at 70A motor back emf i s 202V
23 Rbe=E1/Ia-Ra // e f f e c t i v e va lu e o f b rak ing

r e s i s t a n c e
24 Rb=Rbe/(1- delta_min) // r e q u i r e d b rak ing r e s i s t a n c e
25
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26 // ( i i )When the speed o f the motor i s 87 rpm
27 //now to rque i s maximum when the duty r a t i o i s

maximum
28 N1=87 // speed in rpm
29 R=Rb*(1- delta_max)+Ra

30

31 Ia=If(5) // va lu e o f armature c u r r e n t f o r the g i v en
va lu e o f E=184V

32 Ke_phi=E(5) /(2* %pi*N)*60

33 T=Ke_phi*Ia // r e q u i r e d to rque
34

35

36 // Re su l t s
37 mprintf(” ( i ) Hence b rak ing r e s i s t a n c e i s :%. 2 f ohm”,Rb

)

38 mprintf(”\n ( i i ) Hence the r e q u i r e d to rque i s :%. 1 f N−
m”,T)
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Chapter 6

Induction Motor Drives

Scilab code Exa 6.1 Q1

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the Y−connec t ed i n du c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vl=440 // l i n e v o l t a g e i n V

10 P=6 // number o f p o l e s
11 N=950 // speed in rpm
12

13 // Parameters r e f e r r e d to the s t a t o r
14 Xr_ =1.2 // r o t o r wind ing r e a c t a n c e i n ohm
15 Rr_ =0.4 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
16 Rs=0.5 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
17 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
18 Xm=50 // no l oad r e a c t a n c e i n ohms
19
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20 // S o l u t i o n
21 Ns=120*f/P // synchronous speed i n rpm
22 s=(Ns-N)/Ns // f u l l l o ad s l i p
23 x=sqrt((Rs+Rr_/s)**2+(Xs+Xr_)**2) // t o t a l

impedance
24 Ir_=(Vl/sqrt (3))/x // f u l l l o ad

r o t o r c u r r e n t
25 angle=-atan((Xs+Xr_)/(Rs+Rr_/s)) // ang l e i n

r ad i an
26

27 Ir_=Ir_*(cos(angle)+sin(angle)*%i) //
f u l l l o ad r o t o r c u r r e n t i n r e c t a n g u l a r form

28 Im=Vl/sqrt (3)/Xm*(-%i) // magne t i z i ng
c u r r e n t

29 Is=Ir_+Im // f u l l l o ad
c u r r e n t

30

31 Zf=Rs+Xs*%i+%i*Xm*(Rr_/s+%i*Xr_)/(Rr_/s+%i*(Xr_+Xm))

32 Zb=Rs+Xs*%i+%i*Xm*(Rr_/(2-s)+%i*Xr_)/(Rr_/(2-s)+%i*(

Xr_+Xm))

33 Z=Zf+Zb

34 I=(Vl/sqrt (3))/abs(Z) //motor c u r r e n t
35 Wms =2*%pi*Ns/60

36

37 //Torque due to p o s i t i v e s equence
38 Tp=(1/ Wms)*(3*I**2*Xm**2* Rr_/s)/((Rr_/s)**2+( Xr_+Xm)

**2)

39

40 //Torque due to n e g a t i v e s equence
41 Tn=-(1/Wms)*(3*I**2*Xm**2* Rr_/(2-s))/(( Rr_/(2-s))

**2+( Xr_+Xm)**2)

42 T=Tp+Tn // net t o rque
43 Wm=Wms*(1-s) // r a t ed speed i n i n rad / s e c
44 Tl =0.0123* Wm**2 // r e q u i r e d to rque o f the l oad
45

46 // Re su l t s
47 var=phasemag(Is)

48 mprintf(” Fu l l l o ad motor c u r r e n t I s :%. 1 f %. 1 f A”,
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abs(Is),var)

49 mprintf(”\nTp :%. 2 f N−m”,Tp)
50 mprintf(”\nTn :%. 3 f N−m”,Tn)
51 mprintf(”\n\ nS ince I :%. 2 f A and N:%d rpm”,I,N)
52 mprintf(”\nAnd I :%. 2 f A< I s %. 2 f A, the motor w i l l

run s a f e l y ”,I,abs(Is))

Scilab code Exa 6.2 Q2

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 // Rat ing s o f the De l ta connec t ed I ndu c t i o n motor
7 f=50 // f r e qu en cy i n HZ
8 Vl=2200 // l i n e v o l t a g e i n V
9 P=8 //number o f p o l e s

10 N=735 // r a t ed speed i n rpm
11

12 // Parameters r e f e r r e d to the s t a t o r
13 Xr_ =0.55 // r o t o r wind ing r e a c t a n c e i n ohm
14 Xs=0.45 // s t a t o r wind ing r e a c t a n c e i n ohm
15 Rr_ =0.1 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
16 Rs =0.075 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
17

18 // S o l u t i o n
19 Ns=120*f/P // synchronous speed i n rpm
20 s=(Ns-N)/Ns // f u l l l o ad s l i p
21 x=sqrt((Rs+Rr_/s)**2+(Xs+Xr_)**2) // t o t a l

impedance
22 Ip=(Vl)/x // f u l l l o ad phase c u r r e n t
23 Il=sqrt (3)*Ip // f u l l l o ad l i n e c u r r e n t
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24 Wms =2*%pi*Ns/60

25 Tl=(1/ Wms)*(3*Ip**2* Rr_/s) // f u l l l o ad to rque
26

27 // ( i ) i f the motor i s s t a r t e d by s t a r−d e l t a sw i t c h i n g
28 y=sqrt((Rs+Rr_)**2+(Xs+Xr_)**2)

29 Ist=(Vl/sqrt (3))/y //Maximum l i n e
c u r r e n t dur ing s t a r t i n g

30 Tst =(1/ Wms)*(3* Ist **2* Rr_) // S t a r t i n g
t o rque

31 ratio1=Tst/Tl // r a t i o o f
s t a r t i n g t o rque to f u l l l o ad to rque

32 z=Rs+sqrt(Rs**2+( Xs+Xr_)**2)

33 Tmax =3/(2* Wms)*(Vl/sqrt (3))**2/z //maximum to rque
34 ratio2=Tmax/Tl // r a t i o o f

maximum to rque to f u l l l o ad to rque
35

36 // ( i i ) I f the motor i s s t a r t e d u s i n g auto
t r a n s f o rme r

37 y=sqrt((Rs+Rr_)**2+(Xs+Xr_)**2)

38 Ist1=Vl*sqrt (3)/y // s t a r t i n g c u r r e n t d i r e c t
o n l i n e

39 aT=sqrt (2*Il/Ist1) // t r a n s o f rma t i o n r a t i o
40 Ilst =2*Il/aT // s t a r t i n g motor l i n e

c u r r e n t
41 Ipst=Ilst/sqrt (3) // s t a r t i n g motor phase

c u r r e n t
42 Tst1 =(1/ Wms)*(3* Ipst **2* Rr_) // s t a r t i n g t o rque
43

44 // ( i i i ) I f motor i s s t a r t e d u s i n g pa r t wind ing
method

45 Rs_ =2*Rs

46 Xs_ =2*Xs

47 y=sqrt((Rs_+Rr_)**2+( Xs_+Xr_)**2)

48 Ist2=(Vl*sqrt (3))/y // s t a r t i n g l i n e c u r r e n t
49 Ip=Ist2/sqrt (3) // s t a r t i n g phase c u r r e n t
50 Tst2 =(1/ Wms)*(3*Ip**2* Rr_) // s t a r t i n g t o rque
51

52 // ( i v ) motor i s s t a r t e d u s i n g s e r i e s r e a c t o r s i n
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l i n e
53 Rs_=Rs/3 ; Rr_=Rr_/3

54 Xs_=Xs/3 ; Xr_=Xr_/3

55 Il=2*Il // l i n e c u r r e n t at s t a r t
56 x=(Vl/sqrt (3))**2/(Il**2) //x=(Rs +Rr ) ∗∗2+(Xs +

Xr +Xe) ∗∗2
57 y=x-(Rs_+Rr_)**2 //y=(Xs +Xr +Xe)

∗∗2
58 z=sqrt(y) // z=(Xs +Xr +Xe)
59 Xe=z-Xs_ -Xr_

60

61

62 // Re su l t s
63

64 mprintf(” ( i )Maximum va lu e o f l i n e c u r r e n t dur ing
s t a r t i n g I s t :%d A”,Ist)

65 mprintf(”\ nRat io o f s t a r t i n g t o rque to f u l l l o ad
to rque :%. 3 f ”,ratio1)

66 mprintf(”\ nRat io o f maximum to rque to f u l l l o ad
to rque :%. 2 f \n”,ratio2)

67 mprintf(”\n ( i i ) Trans f o rmat i on r a t i o aT :%. 3 f ”,aT)
68 mprintf(”\ nS t a r t i n g t o rque :%d N−m\n”,Tst1)
69 //Answer f o r the s t a r t i n g to rque i n the book i s

wrong due to ac cu ra cy
70

71 mprintf(”\n ( i i i )Maximum l i n e c u r r e n t dur ing s t a r t i n g
:%d A”,Ist2)

72 mprintf(”\ nS t a r t i n g t o rque :%d N−m\n”,Tst2)
73 //Answer f o r the s t a r t i n g to rque i n the book i s

wrong due to ac cu ra cy
74

75 mprintf(”\n ( i v ) Value o f the r e a c t o r Xe :%. 3 f ohm”,Xe)

Scilab code Exa 6.3 Q3
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1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V
10 P=6 // number o f p o l e s
11

12 // Parameters r e f e r r e d to the s t a t o r
13 Xr_=2 // r o t o r wind ing r e a c t a n c e i n ohm
14 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
15 Rr_=1 // r e s i s t a n c e o f the r o t o r w ind ing s i n

ohm
16 Rs=Rr_ // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
17

18 // S o l u t i o n
19 Ns=120*f/P // synchronous speed i n rpm
20 Wms =2*%pi*Ns/60

21

22 // ( i )
23 Sm=-Rr_/sqrt(Rs **2+(Xs+Xr_)**2) // s l i p at maximum

to rque
24 x=sqrt((Rs+Rr_/Sm)**2+(Xs+Xr_)**2)

25 Ir_=(Vl/sqrt (3))/x // c u r r e n t at maximum
to rque

26 Tmax =(1/ Wms)*3*Ir_ **2* Rr_/Sm //maximum to rque
27 N=(1-Sm)*Ns // range o f speed
28

29 // ( i i ) an o v e r h au l i n g t o rque o f 100Nm
30 Tl=100 // o v e r h au l i n g t o rque i n Nm
31 // Tl=(3/Wms) ∗ ( Vl ∗∗2∗Rr / s ) /y
32 // where y=(Rs+Rr / s ) ∗∗2+(Xs+Xr ) ∗∗2
33 a=(1/ Wms)*(Vl**2* Rr_)/(-Tl) // a=s ∗ (Rs+Rr / s ) ∗∗2+(

Xs+Xr ) ∗∗2
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34 a = 17

35 b = 17.3

36 c = 1

37

38 // D i s c r im inan t
39 d = (b**2) - (4*a*c)

40

41 // f i n d two s o l u t i o n s
42 s1 = (-b-sqrt(d))/(2*a)

43 s2 = (-b+sqrt(d))/(2*a)

44

45 N2=(1-s2)*Ns //motor speed and we n e g l e c t
s1

46

47 // s l i g h t d i f f e r e n c e i n the answer due to ac cu ra cy
48

49 // ( i i i ) when a c a p a c i t i v e r e a c t a n c e o f 2 ohm i s
i n s e r t e d i n each phase s t a t o r

50 Xc=2 // r e a c t a n c e o f the c a p a c i t o r i n ohms
51 Sm=-Rr_/sqrt(Rs **2+(Xs+Xr_ -Xc)**2) // s l i p at

maximum to rque
52 x=sqrt((Rs+Rr_/Sm)**2+(Xs+Xr_ -Xc)**2)

53 Ir_=(Vl/sqrt (3))/x // c u r r e n t at maximum
to rque

54 Tmax_ =(1/ Wms)*3*Ir_ **2* Rr_/Sm //maximum
ov e r h au l i n g t o rque with c a p a c i t o r

55 ratio=Tmax_/Tmax

56

57

58 // Re su l t s
59 mprintf(” ( i )Maximum ov e r h au l i n g to rque tha t the

motor can ho ld i s :%. 1 f N−m”,abs(Tmax))
60 mprintf(” \nRange o f speed i s from %d to %d rpm

\n”,Ns ,abs(N))
61 mprintf(”\n ( i i )Now s ∗(1+1/ s ) ∗∗2+16 s=%d”,a)
62 mprintf(”\n Or 17 s ∗∗ s +17.3 s+1=0”)
63 mprintf(”\nThe s o l u t i o n s f o r s a r e %. 3 f and %. 3 f \n”,

s1 ,s2)
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64 mprintf(”\ nThe r e f o r e Motor speed i s :%d rpm\n”,N2)
65 //Note : There i s a s l i g h t d i f f e r e n c e i n the answer

due to the dec ima l p l a c e ”
66 mprintf(”\n ( i i i ) Rat io o f maximum to rque with

c a p a c i t o r and to maximum to rque wi thout c a p a c i t o r
i s :%. 2 f ”,ratio)

Scilab code Exa 6.4 Q4

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 4
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the motor a r e same as tha t i n Ex−6.3
8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V

10 P=6 // number o f p o l e s
11

12 // Parameters r e f e r r e d to the s t a t o r
13 Xr_=2 // r o t o r wind ing r e a c t a n c e i n ohm
14 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
15 Rr_=1 // r e s i s t a n c e o f the r o t o r w ind ing s i n

ohm
16 Rs=Rr_ // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
17 N=950 // f u l l l o ad speed i n rpm
18 SR=2.3 // s t a t o r to r o t o r t u rn s r a t i o
19

20 // S o l u t i o n
21 Ns=120*f/P // synchronous speed i n rpm
22 Wms =2*%pi*Ns/60

23 s=(Ns -N)/Ns // f u l l l o ad s l i p
24 x=sqrt((Rs+Rr_/s)**2+(Xs+Xr_)**2)
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25 Irf_=(Vl/sqrt (3))/x // f u l l l o ad c u r r e n t
26 Tf=(1/ Wms)*3* Irf_ **2* Rr_/s // f u l l l o ad to rque
27

28 // ( i ) i n i t i a l b rak ing c u r r e n t and to rque
29 S=2-s // dur ing p l u gg i n g at 950rpm
30 y=sqrt((Rs+Rr_/S)**2+(Xs+Xr_)**2)

31 Ir_=(Vl/sqrt (3))/y // i n i t i a l b rak ing c u r r e n t
32 ratio1=Ir_/Irf_

33 T=(1/ Wms)*3* Ir_ **2* Rr_/S // i n i t i a l b rak ing
to rque

34 ratio2=T/Tf

35

36 // ( i i ) when an e x t e r n a l r e s i s t a n c e i s connec t ed such
37 // tha t maximum brak ing c u r r e n t i s 1 . 5 t imes the f u l l

l o ad c u r r e n t
38 Ir_ =1.5* Irf_

39 x=(Vl/sqrt (3))/Ir_ //x=s q r t ( ( Rs+(Rr +Re ) /S ) ∗∗2+(
Xs+Xr ) ∗∗2)

40 y=x**2 //y=(Rs+(Rr +Re ) /S ) ∗∗2+(
Xs+Xr ) ∗∗2

41 z=y-(Xs+Xr_)**2 // z=(Rs+(Rr +Re ) /S ) ∗∗2
42 a=sqrt(z) // a=(Rs+(Rr +Re ) /S )
43 b=(a-Rs)*S //b=(Rr +Re )
44 Re_=b-Rs

45 Re=Re_/SR**2

46 T=(1/ Wms)*3* Ir_ **2*( Rr_+Re_)/S // i n i t i a l
b rak ing to rque

47 ratio=T/Tf

48

49

50 // Re su l t s
51 mprintf(” ( i ) Rat io o f i n i t i a l b r ak ing c u r r e n t to f u l l

l o ad c u r r e n t i s :%. 1 f ”,ratio1)
52 mprintf(”\ nRat io o f i n i t i a l b r ak ing to rque to f u l l

l o ad to rque i s :%. 2 f \n”,ratio2)
53 mprintf(”\n ( i i ) Rat io o f i n i t i a l b r ak ing to rque to

f u l l l o ad to rque when the r e s i s t a n c e i s added i s :
%. 3 f ”,ratio)
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Scilab code Exa 6.5 Q5

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 4
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vl=440 // l i n e v o l t a g e i n V
10 P=6 // number o f p o l e s
11 Vp=Vl/sqrt (3) // phase v o l t a g e i n V
12

13 // Parameters r e f e r r e d to the s t a t o r
14 Xr_ =1.2 // r o t o r wind ing r e a c t a n c e i n ohm
15 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
16 Rr_ =0.4 // r e s i s t a n c e o f the r o t o r w ind ing s i n

ohm
17 Rs=0.5 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
18 Xm=50 // no l oad r e a c t a n c e i n ohms
19 N=950 // f u l l l o ad speed in rpm
20 Sm=2 // s l i p at maximum to rque
21

22 // S o l u t i o n
23 Rr_=Sm*sqrt(Rs**2+( Xs+Xr_)**2) // S i n c e Sm=Rr /

s q r t (Rs∗∗2+(Xs+Xr ) ∗∗2)
24 Ns=120*f/P // synchronous speed i n rpm
25 Wms =2*%pi*Ns/60

26 s=(Ns-N)/Ns // s l i p at 950 rpm
27

28 x=%i*Xm*(Rr_/s+%i*Xr_)

29 y=Rr_/s+%i*(Xr_+Xm)
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30 Zp=Rs+%i*Xs+x/y

31 Ip=Vp/sqrt (3)/Zp

32 //The va lu e o f Ip i s wrong which l e a d s to o th e r
wrong answer s

33

34 Irp_=Ip*(%i*Xm)/(Rr_/s+%i*(Xr_+Xm))

35 Tp=(1/ Wms)*3*abs(Irp_)**2* Rr_/s

36 x=%i*Xm*(Rr_/(2-s)+%i*Xr_)

37 y=Rr_/(2-s)+%i*(Xr_+Xm)

38 Zn=Rs+%i*Xs+x/y

39 In=Vp/sqrt (3)/Zn

40 Irn_=In*(%i*Xm)/(Rr_/(2-s)+%i*(Xr_+Xm))

41 Tn=-(1/Wms)*3*abs(Irn_)**2* Rr_/(2-s)

42 //The va lu e o f In i s wrong
43

44 T=Tp -Tn

45 I=abs(Ip)+abs(In)

46 Rr_ =0.4 // from the paramete r s o f the motor
r e f e r r e d to the s t a t o r

47 x=sqrt((Rs+Rr_/s)**2+(Xs+Xr_)**2)

48 If=(Vl/sqrt (3))/x // f u l l l o ad c u r r e n t
49 Tf=(1/ Wms)*3*If**2* Rr_/s // f u l l l o ad to rque
50

51 ratio1=I/If

52 ratio2=abs(T)/Tf

53

54 // Re su l t s
55 mprintf(” Rat io o f b rak ing c u r r e n t to f u l l l o ad

c u r r e n t i s :%. 3 f ”,ratio1)
56 mprintf(”\ nRat io o f b rak ing to rque to f u l l l o ad

to rque i s :%. 3 f ”,ratio2)
57 //Answer p rov id ed i n the book i s wrong

Scilab code Exa 6.6 Q6
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1

2 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
3 //Example 6
4 clc;

5

6 // Va r i a b l e I n i t i a l i z a t i o n
7

8 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor
which o p e r a t e s under dynamic b rak ing

9 f=50 // f r e qu en cy in HZ
10 P=6 // number o f p o l e s
11

12 // Parameters r e f e r r e d to the s t a t o r
13 Xr_ =3.01 // r o t o r wind ing r e a c t a n c e i n ohm
14 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
15 Rr_ =4.575 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
16 Rs=1.9 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
17 J=0.1 // moment o f i n e r t i a o f the motor

l oad system in kg−m2
18 Id=12 // g i v en DC cu r r e n t
19

20 N=1500 // g i v en asynchronous speed
21 // magne t i z a t i on c h a c r a t e r i s t i c at the g i v en

asynchronous speed
22 Im

=[0.13 ,0.37 ,0.6 ,0.9 ,1.2 ,1.7 ,2.24 ,2.9 ,3.9 ,4.9 ,6 ,8 ,9 ,9.5]

// magne t i z a t i on c u r r e n t
23 E

=[12.8 ,32 ,53.8 ,80 ,106 ,142 ,173 ,200 ,227 ,246 ,260 ,280 ,288 ,292]

// back emf
24

25 // S o l u t i o n
26 Ns=120*f/P // synchronous speed i n rpm
27 torque =[]

28 speed =[]

29 temp =[]
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30 Is=sqrt (2/3)*Id // va lu e o f s t a t o r c u r r e n t f o r two
l e ad c onn e c t i o n

31 Wms =2*%pi*N/60

32 for i=2:14

33 x=(Is**2-Im(i)**2) /(1+2* Xr_*Im(i)/E(i)) //x=I r ∗∗2
34 Ir_=sqrt(x) // r e q u i r e d r o t o r c u r r e n t
35 y=(E(i)/Ir_)**2-Xr_**2

36 S=Rr_/sqrt(y) // r e q u i r e d s l i p
37 N=S*Ns // r e q u i r e d speed
38 T=(3/ Wms)*(Ir_)**2* Rr_/S // r e q u i r e d to rque
39 speed($+1)=N

40 torque($+1)=T

41 temp($+1)=T

42 end

43 mprintf(”Hence the magne t i z a t i on curve i s ”)
44 disp(speed ,” Speed : i n rpm”)
45 for i=1:13

46 torque(i)=-1* torque(i)

47 end

48 disp(torque ,” Brak ing to rque : i n N−m”)
49

50 // Re su l t s
51

52 // P lo t o f o f t o rque vs speed
53 subplot (2,1,1)

54 plot(torque ,speed)

55 xlabel( ’ Torque , N−m’ )
56 ylabel( ’ Speed , rpm ’ )
57 title( ’ Torque vs Speed ’ )
58 xgrid (2)

59

60 // P lo t o f Wm vs J/T
61 inertia_over_torque =[]

62 for i=3:13

63 J_T =1000*J/temp(i)

64 inertia_over_torque($+1)=J_T

65 end

66 disp(inertia_over_torque ,”J/ t : ”)
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67

68 Wm=[1 ,4 ,8 ,12 ,16 ,20 ,25 ,55 ,95 ,125 ,160]

69 // the v a l u e s o f Wm are taken f o r the angu l a r
f r e qu en cy with maximum va lu e o f Wms=50∗ p i rad / s

70 subplot (2,1,2)

71 plot(Wm,inertia_over_torque)

72 xlabel( ’ $Angular speed \omega m$ ’ )
73 ylabel( ’ J/T, 1∗10 e−2 ’ )
74 title( ’ $J /T vs \omega m$ ’ )
75 xgrid (2)

76 x=[6.5 ,6.5]

77 y=[2 ,4.5]

78 plot(x,y, ’ b l u e ’ )
79 str=[”${A}$”]
80 str1=[”${B}$”]
81 str2=[”${C}$”]
82 str3=[”${D}$”]
83 str4=[”${E}$”]
84 xstring (6,2,str)

85 xstring (6,4.5,str1)

86 xstring (80,3.4, str2)

87 xstring (156,8.3, str3)

88 xstring (156,2,str4)

89

90 mprintf(”Hence from the p l o t the a r ea ABCDEA between
the curve and the speed a x i s f o r speed change ”)

91 mprintf(” f o r synchronous to 0 . 0 2 t imes synchrnous
speed i s the s t opp i ng t ime which i s equa l to :
9 . 3 6 s e c ”)

Scilab code Exa 6.7 Q7

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 7
3 clc;
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4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the S ta r connec t ed I ndu c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vl=2200 // l i n e v o l t a g e i n V
10 P=6 // number o f p o l e s
11

12 // Parameters r e f e r r e d to the s t a t o r
13 Xr_ =0.5 // r o t o r wind ing r e a c t a n c e i n ohm
14 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
15 Rr_ =0.12 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
16 Rs =0.075 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
17 J=100 // combine i n e r t i a o f motor and l oad

i n kg−m2
18

19 // S o l u t i o n
20

21 // ( i ) During s t a r t i n g o f the motor
22 Sm=Rr_/sqrt(Rs **2+(Xs+Xr_)**2) // s l i p at maximum

to rque
23 Wms =4*%pi*f/P // angu l a r

f r e qu en cy
24 x=Rs+sqrt(Rs**2+( Xs+Xr_)**2)

25 Tmax =(3/2/ Wms)*(Vl/sqrt (3))**2/x //maximum to rque
26 tm=J*Wms/Tmax // mechan i ca l

t ime con s t an t o f the motor
27 ts=tm *(1/4/ Sm+1.5*Sm) // t ime taken

dur ing s t a r t i n g
28 Es=1/2*J*Wms **2*(1+ Rs/Rr_) // ene rgy

d i s s p a t e d dur ing s t a r t i n g
29

30 // ( i i ) When the motor i s s topped by p l ugg i n g method
31 tb=tm *(0.345* Sm +0.75/ Sm) // t ime r e q u i r e d to

s t op by p l ugg i n g
32 Eb=3/2*J*Wms **2*(1+ Rs/Rr_) // ene rgy d i s s p a t e d
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dur ing b rak ing
33

34 // ( i i i ) Requ i red r e s i s t a n c e to be i n s e r t e d dur ing
p l u gg i n g

35 tb1 =1.027* tm //minimum va lu e o f s t opp i ng t ime
dur ing b rak ing

36 x=1.47*( Xs+Xr_) //x=Rr +Re
37 Re=x-Rr_ //Re i s the r e q u i r e d e x t e r n a l

r e s i s t a n c e to be connec t ed
38 Ee=3/2*J*Wms **2*(Re/(Re+Rr_)) // ene rgy

d i s s p a t e d i n the e x t e r n a l r e s i s t o r
39 Eb1=Eb -Ee // t o t a l ene rgy

d i s s p a t e d dur ing b rak ing
40

41

42 // Re su l t s
43

44 mprintf(” ( i ) Time taken dur ing s t a r t i n g i s t s :%. 4 f s ”
,ts)

45 mprintf(” \nEnergy d i s s i p a t e d dur ing s t a r t i n g i s
Es :%d k i l o−watt−s e c ”,Es /1000)

46 mprintf(”\n\n ( i i ) Time taken to s t op by p l ugg i n g i s
tb :%. 2 f s ”,tb)

47 mprintf(” \nEnergy d i s s i p a t e d dur ing b rak ing i s
Eb :%d k i l o−watt−s e c ”,Eb /1000)

48 mprintf(”\n\n ( i i i )Minimum Time taken to s t op by
p l ugg i n g i s tb :%. 2 f s ”,tb1)

49 mprintf(” \ nRequired e x t e r n a l r e s i s t a n c e to be
connec t ed i s Re :%. 2 f ohm”,Re)

50 mprintf(” \ nTota l Energy d i s s i p a t e d dur ing
b rak ing i s Eb :%. 2 f k i l o−watt−s e c ”,Eb1 /1000)

Scilab code Exa 6.8 Q8

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
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2 //Example 8
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the d e l t a connec t ed I ndu c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V
10 P=4 // number o f p o l e s
11 Pm =2.8*1000 // r a t ed mechan i ca l power deve l oped

i n W
12 N=1370 // r a t ed speed in rpm
13

14 // Parameters r e f e r r e d to the s t a t o r
15 Xr_=5 // r o t o r wind ing r e a c t a n c e i n ohm
16 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
17 Rr_=5 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
18 Rs=2 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
19 Xm=80 // no l oad r e a c t a n c e i n ohm
20

21 // S o l u t i o n
22 Ns=120*f/P // synchronous speed i n

rpm
23 Wms =2*%pi*Ns/60 // synchronous speed i n rad

/ s
24 s=(Ns -N)/Ns // f u l l l o ad s l i p
25 x=(Rs+Rr_/s)**2+( Xs+Xr_)**2 // t o t a l impedance
26 T=(3/ Wms)*(Vl**2* Rr_/s)/x // f u l l l o ad to rque
27 Tl=T

28 K=Tl/(1-s)**2 // s i n c e Tl=K∗(1− s ) ∗∗2
29

30 // ( i ) When the motor i s runn ing at 1200 rpm
31 N1=1200 // speed in rpm
32 s1=(Ns-N1)/Ns // s l i p at the g i v en speed N1
33 Tl=K*(1-s1)**2 // to rque at the g i v en speed N1
34
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35 y=(Rs+Rr_/s1)**2+(Xs+Xr_)**2 // t o t a l impedance
36 a=Tl*(Wms /3)*y*(s1/Rr_) // S i n c e T=(3/Wms) ∗ ( Vl

∗∗2∗Rr / s ) /x and a=V∗∗2
37 V=sqrt(a) // r e q u i r e d v o l t a g e at the

g i v en speed N1
38 Ir_=V/((Rs+Rr_/s1)+%i*(Xs+Xr_))// r o t o r c u r r e n t
39 Im=V/(%i*Xm) // magne t i z i ng c u r r e n t
40 Is=Ir_+Im // t o t a l c u r r e n t
41 Il=abs(Is)*sqrt (3) // l i n e c u r r e n t
42

43 // ( i i )When the t e rm i n a l v o l t a g e i s 300 V
44 V1=300 // t e rm i n a l v o l t a g e i n V
45 x=(Rs+Rr_)**2+( Xs+Xr_)**2

46 T=(3/ Wms)*(V1**2* Rr_)/x

47

48 //Now we have to s o l v e f o r the va lu e o f s l i p ’ s ’
from the g i v en equa t i on 104 s∗∗4− 188 s ∗∗3 + 89 s ∗∗2
− 179 s + 25=0”

49 coeff = [104 ,-188,89 ,-179,25] // c o e f f c i e n t o f the
po lynomia l e qua t i on

50 s=[]

51 s=roots(coeff) // r o o t s o f the
po lynomia l e qua t i on

52

53 T=K*(1-real(s(4)))**2 // to rque at the g i v en
t e rm i n a l v o l t a g e o f 300 V

54 N=Ns*(1-real(s(4))) // speed at the g i v en
t e rm i n a l v o l t a g e o f 300 V

55 Ir_=V1/((Rs+Rr_/real(s(4)))+%i*(Xs+Xr_))// r o t o r
c u r r e n t

56 Im=V1/(%i*Xm) // magne t i z i ng
c u r r e n t

57 Is=Ir_+Im // t o t a l c u r r e n t
58 Il1=abs(Is)*sqrt (3) // l i n e c u r r e n t
59

60

61 // Re su l t s
62 mprintf(” ( i ) Requ i red to rque i s Tl :%. 1 f N−m”,Tl)
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63 mprintf(”\ nRequired motor t e rm i n a l v o l t a g e i s V: %. 1
f V”,V)

64 mprintf(”\ nRequired l i n e c u r r e n t i s I l :%. 2 f A”,Il)
65 mprintf(”\n ( i i ) The r o o t s o f the po lynomia l e qua t i on

a r e s1 :%. 3 f s2 :%. 3 f s3 :%. 3 f s4 :%. 3 f ”,real(s(1)),
real(s(2)),real(s(3)),real(s(4)))

66 mprintf(”\nHence Only s4 : %. 3 f i s v a l i d ”,real(s(4)))
67 mprintf(”\ nRequired to rque i s Tl :%. 2 f N−m”,T)
68 mprintf(”\ nRequired speed i s N:%. 1 f rpm”,N)
69 mprintf(”\ nRequired l i n e c u r r e n t i s I l :%. 2 f A”,Il1)

Scilab code Exa 6.9 Q9

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 9
3 clc;

4 clf();

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed s q u i r r e l I ndu c t i o n
motor

8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V

10 P=4 // number o f p o l e s
11 N=1370 // r a t ed speed
12

13 // Frequency v a r i a t i o n i s from 10 Hz to 50 Hz
14 fmin =10

15 fmax =50

16

17 // Parameters r e f e r r e d to the s t a t o r
18 Xr_ =3.5 // r o t o r wind ing r e a c t a n c e i n ohm
19 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
20 Rr_=3 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
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21 Rs=2 // r e s i s t a n c e o f the s t a t o r w ind ing s
i n ohm

22

23 // S o l u t i o n
24 Ns=120*f/P // synchronous speed
25 N1=Ns-N // i n c r e a s e i n speed from no l oad to

f u l l t o rque rpm
26 Wms =2*%pi*Ns/60

27 s=(Ns-N)/Ns // f u l l l o ad s l i p
28

29 // ( i ) to ob t a i n the p l o t between the breakdown to rque
and the f r e qu en cy

30 K=0.1

31 k=[]

32 frequency =[]

33 torque =[]

34 for i=0:8

35 K=K+0.1

36 f1=K*f

37 x=Rs/K+sqrt((Rs/K)**2+(Xs+Xr_)**2)

38 Tmax =(3/2/ Wms)*(Vl/sqrt (3))**2/x

39 k($+1)=K

40 frequency($+1)=f1

41 torque($+1)=Tmax

42 end

43 disp(k,”K: ”)
44 disp(frequency ,” f : i n Hz”)
45 disp(torque ,”Tmax : i n N−m”)
46

47 // P l o t t i n g the v a l u e s o f Tmax vs f
48 plot(frequency ,torque)

49 xgrid (2)

50 xlabel( ’ f , Hz ’ )
51 ylabel( ’Tmax ,N−m’ )
52 title( ’ Torque vs f r e qu en cy c h a r a c t e r i s t i c ’ )
53

54 // ( i i ) to ob t a i n the s t a r t i n g t o rque and cu r r e n t at
r a t ed f r e qu en cy and v o l t a g e
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55 x=(Rs+Rr_)**2+( Xs+Xr_)**2

56 Tst =(3/ Wms)*(Vl/sqrt (3))**2* Rr_/x // s t a r t i n g
t o rque at 50 Hz f r e qu en cy

57 Ist=(Vl/sqrt (3))/sqrt(x) // s t a r t i n g c u r r e n t
at 50 Hz f r e qu en cy

58

59 K=fmin/fmax //minimum i s a v a i l a b l e at 10 Hz
60 y=((Rs+Rr_)/K)**2+(Xs+Xr_)**2

61 Tst_ =(3/ Wms)*(Vl/sqrt (3))**2* Rr_/K/y // s t a r t i n g
t o rque at 10 Hz f r e qu en cy

62 Ist_=(Vl/sqrt (3))/sqrt(y) // s t a r t i n g
c u r r e n t at 10 Hz f r e qu en cy

63

64 ratio1=Tst_/Tst // r a t i o o f s t a r t i n g t o rque to the
r a t ed s t a r t i n g t o rque

65 ratio2=Ist_/Ist // r a t i o o f s t a r t i n g c u r r e n t to
the r a t ed s t a r t i n g c u r r e n t

66

67 // Re su l t s
68 mprintf(”\n ( i ) Hence from the p l o t we can s e e tha t

f o r a c on s t an t (V/ f ) r a t i o breakdown to rque
d e c r e a s e s with f r e qu en cy ”)

69 mprintf(”\n ( i i ) Hence the r e q u i r e d r a t i o o f s t a r t i n g
t o rque to the r a t ed s t a r t i n g t o rque i s :%. 3 f ”,
ratio1)

70 mprintf(”\nHence the r e q u i r e d r a t i o o f s t a r t i n g
c u r r e n t to the r a t ed s t a r t i n g c u r r e n t i s :%. 2 f ”,
ratio2)

Scilab code Exa 6.10 Q10

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 10
3 clc;

4 clf();
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5 // Va r i a b l e I n i t i a l i z a t i o n
6 // r a t i n g s o f the s t a r connec t ed s q u i r r e l I ndu c t i o n

motor i s same as tha t o f Ex−6.9
7 f=50 // f r e qu en cy in HZ
8 Vl=400 // l i n e v o l t a g e i n V
9 P=4 // number o f p o l e s
10 N=1370 // r a t ed speed
11

12 // the f r e qu en cy v a r i a t i o n i s from 5 Hz to 50 Hz
13 fmin=5

14 fmax =50

15 // paramete r s r e f e r r e d to the s t a t o r
16 Xr_ =3.5 // r o t o r wind ing r e a c t a n c e i n ohm
17 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
18 Rr_=3 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
19 Rs=2 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
20

21 // c a l c u l a t i o n
22 Ns=120*f/P // synchronous speed
23 N1=Ns-N // i n c r e a s e i n speed from no l oad to

f u l l t o rque rpm
24 Wms =2*%pi*Ns/60

25 s=(Ns -N)/Ns // f u l l l o ad s l i p
26 Tmax =54.88 //maximum to rque as ob t a i n from Ex−6.9
27

28 // to ob t a i n the p l o t between the v o l t a g e and the
f r e qu en cy

29 K=0

30 k=[]

31 frequency =[]

32 line_voltage =[]

33 for i=0:9

34 K=K+0.1

35 f1=K*f

36 x=2*K*Wms*Tmax/3

37 y=Rs+sqrt((Rs)**2+(K*(Xs+Xr_))**2)
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38 Vl_square =3*x*y

39 Vl=sqrt(Vl_square)

40 k($+1)=K

41 frequency($+1)=f1

42 line_voltage($+1)=Vl

43 end

44 disp(k,”K: ”)
45 disp(frequency ,” f : i n Hz”)
46 disp(line_voltage ,”Vl : i n V”)
47

48 // P l o t t i n g the v a l u e s o f l i n e v o l t a g e Vl vs f
49 plot(frequency ,line_voltage , ’ b ’ )
50 xlabel( ’ f , Hz ’ )
51 ylabel( ’ L ine vo l t ag e , v o l t s ’ )
52 xgrid (2)

53 title( ’ L ine v o l t a g e vs Frequency c h a r a c t e r i s t i c ’ )
54 // f o r c on s t an t V/ f r a t i o
55 x=[0 ,10 ,20 ,30 ,40 ,50]

56 y=[0 ,80 ,160 ,240 ,320 ,400]

57 plot(x,y, ’−− ’ )
58 str=[”$\ und e r l e f t a r r ow {\ huge {Constant V/ f r a t i o }}$”

]

59 xstring (21,160,str)

60

61 mprintf(”\nHence f o r a c on s t an t breakdown to rque at
a l l f r e q u e n c i e s , ”)

62 mprintf(”\nV/ f r a t i o has to be p r o g r e s s i v e l y
i n c r e a s e d with i n c r e a s e i n f r e qu en cy ”)

Scilab code Exa 6.11 Q11

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 11
3 clc;

4

81



5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed s q u i r r e l I ndu c t i o n
motor a r e same as tha t o f Ex−6.9

8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V
10 P=4 // number o f p o l e s
11 N=1370 // r a t ed speed
12

13 // Parameters r e f e r r e d to the s t a t o r
14 Xr_ =3.5 // r o t o r wind ing r e a c t a n c e i n ohm
15 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
16 Rr_=3 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
17 Rs=2 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
18

19 // S o l u t i o n
20 Ns=120*f/P // synchronous speed
21 N1=Ns-N // i n c r e a s e i n speed from no l oad to

f u l l t o rque rpm
22 Wms =2*%pi*Ns/60 // synchronous speed
23 s=(Ns -N)/Ns // f u l l l o ad s l i p
24 D=Ns -N // drop i n speed from no l oad to f u l l

l o ad to rque at 50 Hz
25

26 // ( i )When the f r e qu en cy i s 30 Hz and 80% o f f u l l
l o ad to rque

27 f1=30 // g i v en f r e qu en cy i n Hz
28 d=D*0.8 // drop i n speed from no l oad to 80%

f u l l l o ad to rque
29 Ns1 =120* f1/P // synchronous speed at the g i v en

f r e qu en cy f 1=30 Hz
30 N1=Ns1 -d // r e q u i r e d motor speed
31

32 // ( i i )When the speed i s 1000 rpm f o r a f u l l l o ad
to rque

33 N2=1000 // g i v en speed i n rpm
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34 Ns2=N2+D // synchronous speed
35 f2=P*Ns2 /120 // r e q u i r e d f r e qu en cy
36

37 //When the speed i s 1100 rpm and the f r e qu en cy i s 40
Hz

38 N3=1100 // g i v en speed i n rpm
39 f3=40 // g i v en f r e qu en cy i n Hz
40 Ns3 =120* f3/P // synchronous speed at the g i v en

f r e qu en cy f 1=40 Hz
41 D1=Ns3 -N3 // drop i n speed from no l oad to N1

=1100 rpm
42 x=(Rs+Rr_/s)**2+( Xs+Xr_)**2

43 Tf=(3/ Wms)*(Vl/sqrt (3))**2*( Rr_/s)/x // f u l l
l o ad to rque

44 T1=D1/D*Tf // r e q u i r e d to rque
45

46

47 // r e s u l t s
48 mprintf(” ( i ) Hence the r e q u i r e d motor speed i s :%d

rpm”,N1)
49 mprintf(”\n ( i i ) Hence the r e q u i r e d f r e qu en cy i s :%. 2 f

Hz”,f2)
50 mprintf(”\n ( i i i ) Hence the r e q u i r e d to rque i s :%. 2 f N

−m”,T1)

Scilab code Exa 6.12 Q12

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 12
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor a r e
same as tha t o f Ex−6.9
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8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V
10 P=4 // number o f p o l e s
11 N=1370 // r a t ed speed
12

13 // Parameters r e f e r r e d to the s t a t o r
14 Xr_ =3.5 // r o t o r wind ing r e a c t a n c e i n ohm
15 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
16 Rr_=3 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
17 Rs=2 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
18

19 // S o l u t i o n
20 Ns=120*f/P // synchronous speed
21 N1=Ns-N // i n c r e a s e i n speed from no l oad to

f u l l t o rque rpm
22

23 // ( i )When f 1=30Hz and 80% o f f u l l l o ad
24 Ns=120*f/P

25 f1=30 // f r e qu en cy
26 N2=0.8*N1 // i n c r e a s e i n speed from no l oad to

80% o f f u l l t o rque rpm
27 Ns1=f1/f*Ns

28 N=Ns1+N2 //machine speed
29

30 // ( i i )At a speed o f 1000 rpm
31 N2=1000 // g i v en speed i n rpm
32 N3=N2-N1 // synchronous speed
33 f3=P*N3/120 // r e q u i r e d f r e qu en cy
34

35 // ( i i i )When f r e qu en cy i s 40Hz and speed i s 1300 rpm
36 f4=40 // f r e qu en cy i n hz
37 N2=1300 // speed in rpm
38 Ns=120*f4/P // r e q u i r e d synchronous speed i n rpm
39 N4=N2-Ns // i n c r e a s e i n speed from no l oad

speed i n rpm
40 Tf =25.37 // f u l l l o ad to rque as c a l c u l a t e d i n
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Ex−6.11
41 Tm=-N4/N1*Tf //motor t o rque
42

43 // ( i v ) when the motor i s under dynamic b rak ing
44

45

46 // Re su l t s
47

48 mprintf(” ( i ) Requ i red speed i s :%d rpm”,N)
49 mprintf(”\n ( i i ) Requ i red f r e qu en cy i s :%d Hz”,f3)
50 mprintf(”\n ( i i i ) Requ i red motor t o rque :%. 2 f N−m”,Tm)
51 mprintf(”\n ( i v )The va lu e o f the f r equency , speed and

motor t o rque c a l c u l a t e d i n ( i ) , ( i i ) and ( i i i ) ”)
52 mprintf(” \ nw i l l be the same when the motor i s

ope r a t ed under dynamic b rak ing ”)

Scilab code Exa 6.13 Q13

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 13
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor a r e
same as tha t o f Ex−6.9

8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V
10 P=4 // number o f p o l e s
11 N=1370 // r a t ed speed
12

13 // Parameters r e f e r r e d to the s t a t o r
14 Xr_ =3.5 // r o t o r wind ing r e a c t a n c e i n ohm
15 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
16 Rr_=3 // r e s i s t a n c e o f the r o t o r w ind ing s
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i n ohm
17 Rs=2 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
18

19 // S o l u t i o n
20 Wms =4*%pi*f/P

21 f1=60 // f r e qu en cy i n Hz dur ing speed
c o n t r o l o f the motor

22 K=f1/f // the va l u e o f K at 60Hz
23 x=Rs+sqrt(Rs**2+K**2*(Xs+Xr_)**2)

24 Tmax_ =3/(2*K*Wms)*(Vl/sqrt (3))**2/x // to rque
at 60 Hz f r e qu en cy

25 z=Rs+sqrt(Rs**2+( Xs+Xr_)**2)

26 Tmax =3/(2* Wms)*(Vl/sqrt (3))**2/z //maximum
to rque

27 ratio=Tmax_/Tmax // r a t i o
28

29 // Re su l t
30 mprintf(” Rat io o f Motor breakdown to rque at 60Hz to

r a t ed to rque at 50Hz i s :%. 3 f ”,ratio)

Scilab code Exa 6.14 Q14

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 14
3 clc;

4

5 mprintf(”When op e r a t i n g at a f r e qu en cy K t imes r a t ed
f r e qu en cy f then ”)

6 mprintf(”\nIm ∗∗2=[ ( ( Rr /Ksf ) ∗∗2+(2∗ p i ∗ Lr ) ∗∗2) / ( ( Rr
/Ksf ) ∗∗2+(2∗ p i ∗Lm+2∗Pi ∗ Lr ) ∗∗2) ] ∗ I s ∗∗2−−−−(1)”)

7 mprintf(”\ nS ince Im i s c on s t an t f o r c on s t an t f l ux , ”)
8 mprintf(”\nK∗ s ∗ f=cons tant−−−−−−−−(2)”)
9 mprintf(”\nK∗Wms∗ s=cons tant−−−−−−−(3) which i s the

s l i p speed ”)
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10 mprintf(”\ns ∗K=cons tant−−−−−−−−−−(4)”)
11 mprintf(”\ nThe r eo f r e f o r a f r e qu en cy K∗ f ”)
12 mprintf(”\nT=(3/K/Wms) ∗ [ ( I s ∗K∗Xm) ∗∗2∗ ( Rr / s ) / ( ( Rr / s

) ∗∗2+K∗∗2∗ (Xm+Xr ) ∗∗2 ] ”)
13 mprintf(”\nT=(3/K/Wms∗ s ) ∗ [ ( I s ∗Xm) ∗∗2∗ ( Rr ) / ( ( Rr / s /K

) ∗∗2+(Xm+Xr )∗∗2]−−−−−−−(5)”)
14 mprintf(”\nHence f o r a g i v en s l i p speed (K∗Wms∗ s ) ,K∗

s i s c on s t an t and from ( 1 ) f o r a g i v en K∗ s ∗ f and
con s t an t f l u x ”)

15 mprintf(”\ nop e r a t i o n I s i s f i x e d . Now from ( 5 ) T i s
a l s o f i x e d . Thus , motor d e v e l p s a c on s t an t t o rque
and draws a”)

16 mprintf(”\ ncon s t an t c u r r e n t from the i n v e r t e r at a l l
f r e q u e n c i e s f o r a g i v en s l i p speed ”)

Scilab code Exa 6.15 Q15

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 15
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V
10 P=4 // number o f p o l e s
11 N=1370 // r a t ed speed
12 // Parameters r e f e r r e d to the s t a t o r
13 Xr_ =3.5 // r o t o r wind ing r e a c t a n c e i n ohm
14 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
15 Rr_=3 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
16 Rs=2 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
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17 Xm=55 // magne t i z i ng r e a c t a n c e i n ohm
18

19 // S o l u t i o n
20 Wms =4*%pi*f/P

21 Ns=120*f/P // synchronous speed i n rpm
22 s=(Ns-N)/Ns // f u l l l o ad s l i p
23 x=%i*Xm*(Rr_/s+%i*Xr_)

24 y=Rr_/s+%i*(Xr_+Xm)

25 Z=Rs+%i*Xs+x/y // t o t a l motor impedance
26 Isf=(Vl/sqrt (3))/abs(Z) // f u l l l o ad

s t a t o r c u r r e n t
27 Irf_=Isf*(%i*Xm)/(Rr_/s+%i*(Xr_+Xm)) // f u l l

l o ad r o t o r c u r r e n t
28 Tf=(3/ Wms)*abs(Irf_)**2* Rr_/s // f u l l

l o ad to rque
29 N1=Ns-N // f u l l l o ad s l i p speed
30 // ( i ) When the motor i s o p e r a t i n g at 30Hz
31 f1=30 // g i v en f r e qu en cy i n Hz
32 //At r a t ed s l e p sp e edva l u e o f t o rque and s t a t o r

c u r r e n t i s same as the r a t ed va lu e
33 T=Tf

34 Is=abs(Isf)

35 Ns1=f1/f*Ns // synchronous at f 1=30Hz
36 N2=Ns1 -N1 // r e q u i r e d motor speed at 30Hz
37

38 // ( i i )At a speed o f 1200 rpm
39 N3=1200 // speed in rpm
40 Ns1=N3+N1 // r e q u i r e d synchronous speed
41 f1=Ns1/Ns*f // r e q u i r e d f r e qu en cy at N2=1200rpm
42

43 // ( i i i )When speed−t o rque cu r v e s a r e assumed to be
s t r a i g h t l i n e s at 30Hz at h a l f the r a t ed motor
t o rque

44 f2=30 // f r e qu en cy i n Hz
45 N1_=N1/2 // s l i p at h a l f the r a t ed to rque
46 Ns1=f2/f*Ns // synchronous at f 1=30Hz
47 N4=Ns1 -N1_ // r e q u i r e d motor speed
48

88



49 // ( i v ) When the motor i s o p e r a t i n g at 45 hz and
brak ing to rque i s e qua l to r a t ed to rque

50 f3=45 // g i v en f r e qu en cy i n Hz
51 N1_=-N1 // s l i p speed when brak ing at r a t ed

to rque
52 Ns1=f3/f*Ns // synchronous at f 1=45Hz
53 N5=Ns1 -N1_ // r e q u i r e d motor speed
54

55

56 // r e s u l t s
57 mprintf(” ( i )At 30Hz the r e q u i r e d va l u e o f Torque i s

T :%. 2 f N−m”,T)
58 mprintf(”\ nS ta t o r c u r r e n t i s I s :%. 4 f A”,Is)
59 mprintf(”\nMotor speed i s :%d rpm”,N2)
60 mprintf(”\n ( i i ) Requ i red i n v e r t e r f r e qu en cy i s :%. 2 f

Hz”,f1)
61 mprintf(”\n ( i i i ) Requ i red motor speed at 30Hz i s :%d

rpm”,N4)
62 mprintf(”\n ( i v ) Requ i red motor speed at 45Hz i s :%d

rpm”,N5)

Scilab code Exa 6.16 Q16

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 16
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the De l ta connec t ed s l i p r i n g I ndu c t i o n
motor

8 f=50 // f r e qu en cy in HZ
9 Vl=400 // l i n e v o l t a g e i n V
10 P=6 // number o f p o l e s
11 SR=2.2 // r a t i o o f s t a t o r to r o t o r
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12

13 // Parameters r e f e r r e d to the s t a t o r
14 Xr_=1 // r o t o r wind ing r e a c t a n c e i n ohm
15 Rr_ =0.2 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
16 s=0.04 // g i v en s l i p when motor runs at f u l l

l o ad
17

18 // S o l u t i o n
19 Ns=120*f/P // synchronous speed
20 Wms =2*%pi*Ns/60

21 x=(Rr_/s)**2+ Xr_**2

22 Tf=(3/ Wms)*(Vl)**2*( Rr_/s)/x // f u l l l o ad
to rque

23 K=Tf/(Ns*(1-s))**2

24 N=850 // speed o f the motor i n rpm
25 Tl=K*N**2 // to rque at the g i v en speed N
26 s=(Ns -N)/Ns // s l i p at the g i v en speed N
27 y=Tl*(Wms /3)/Vl**2 //y=X/(X∗∗2+Xr ∗∗2) and X=(Re

+Rr ) / s
28

29 mprintf(”\nThe to rque at the g i v en speed o f 850rpm
i s :%d N−m”,Tl)

30 mprintf(”\nWith a s l i p o f s :%. 2 f ”,s)
31 mprintf(”\nTo f i n d the e x t e r n a l r e s i s t a n c e connec t ed

the g i v en quad r a t i c e qua t i on i s X∗∗2−6.633X+1=0”
)

32 mprintf(”\nWith X=(Re−Rr ) / s where Re i s the
r e q u i r e d e x t e r n a l r e s i s t a n c e ”)

33

34 a = 1

35 b = -1/y

36 c = 1

37

38 // D i s c r im inan t
39 d = (b**2) - (4*a*c)

40

41 X1 = (-b-sqrt(d))/(2*a)
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42 X2 = (-b+sqrt(d))/(2*a)

43

44 // Re su l t s
45 mprintf(”\nThe s o l u t i o n s f o r X a r e %. 4 f and %. 4 f ”,X1

,X2)

46 Re1=X1*s-Rr_

47 Re2=X2*s-Rr_

48

49 if (Re1 >0) then :

50 mprintf(”\nThe number Re1 :%. 3 f ohm i s f e a s i b l e ”,abs(
Re1))

51 R=Re1/SR**2

52 mprintf(”\nRotor r e f e r r e d va l u e o f the e x t e r n a l
r e s i s t a n c e i s :%. 3 f ohm”,R)

53 end

54

55 if (Re2 >0) then

56 mprintf(”\nThen Re2 :%. 3 f ohm i s f e a s i b l e ”,abs(Re2))
57 R=Re2/SR**2

58 mprintf(”\nHence Rotor r e f e r r e d va l u e o f the
e x t e r n a l r e s i s t a n c e i s :%. 3 f ohm”,R)

59 end

Scilab code Exa 6.17 Q17

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 17
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vl=440 // l i n e v o l t a g e i n V
10 P=6 // number o f p o l e s
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11 Ns=120*f/P // synchronous speed
12

13 // Parameters r e f e r r e d to the s t a t o r
14 Xr_ =1.2 // r o t o r wind ing r e a c t a n c e i n ohm
15 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
16 Rr_ =0.4 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
17 Rs=0.5 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
18 Xm=50 // magne t i z i ng r e a t a n c e
19 a=3.5 // s t a t o r to r o t o r t u rn s r a t i o
20 delta=0 // duty r a t i o at the g i v en breakdown

to rque
21 Sm=1 // s l i p at s t a n d s t i l l
22

23 // S o l u t i o n
24

25 // S l i p at maximum to rque wi thout an e x t e r n a l
r e s i s t a n c e i s Sm=Rr / s q r t (Rs∗∗2+(Xs+Xr ) ∗∗2)

26 //When an e x t e r n a l r e s i s t a n c Re r e f e r r e d to the
s t a t o r i s connec t ed

27 x=Sm*sqrt(Rs**2+(Xs+Xr_)**2) //x=Re+Rr
28 Re=x-Rr_

29 y=0.5*a**2*(1 - delta) // y=0.5∗ a ∗∗2∗R∗(1− d e l t a )
//y=Re

30 R=Re/y

31

32 // (Ns−N) /Ns
33 // (Ns/Ns )−(N/Ns )
34 Sm=(Ns/Ns) -(1/Ns)

35 c=(x*Sm-Rr_)/(0.5*a**2*R) // c=(1− d e l t a )
36 delta=1-c // g i v en duty r a t i o
37

38 // Re su l t s
39 mprintf(” Va r i a t i o n o f the duty r a t i o i s :%. 3 f ∗N

∗10∗∗(−3) ”,delta *1000)
40 mprintf(”\nHence the duty r a t i o must change l i n e a r l y

with speed N”)
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Scilab code Exa 6.18 Q18

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 18
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vl=440 // l i n e v o l t a g e i n V
10 P=6 // number o f p o l e s
11 N=970 // r a t ed speed
12 n=2 // r a t i o o f s t a t o r to r o t o r
13 Sm=0.25 // i t i s g i v en the speed range i s 25%

below the synchronous speed which i s p r o p o r t i o n a l
to the S l i p

14

15 // Parameters r e f e r r e d to the s t a t o r
16 Xr_ =0.4 // r o t o r wind ing r e a c t a n c e i n ohm
17 Xs=0.3 // s t a t o r wind ing r e a c t a n c e i n ohm
18 Rr_ =0.08 // r e s i s t a n c e o f the r o t o r w ind ing s i n

ohm
19 Rs=0.1 // r e s i s t a n c e o f the s t a t o r w ind ing s i n

ohm
20 alpha =165 // maximum va lu e o f the f i r i n g ang l e i n

d e g r e s s
21

22 // S o l u t i o n
23 Ns=120*f/P // synchronous speed
24 Wms =2*%pi*Ns/60

25 // ( i ) t r a n s f o rme r tu rn s r a t i o
26 al=alpha*(%pi /180)

27 a=-Sm/cos(al) // s i n c e Sm=a∗math . co s ( a lpha )
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28 m=n/a // s i n c e a=n/m where m i s the
t r a n s f o rme r r a t i o

29

30 // ( i i )When speed i s 780 rpm and f i r i n g ang l e i s 140
d e g r e e s

31 N1=780 // g i v en speed
32 alpha1 =140 // g i v en f i r i n g ang l e
33 s1=(Ns-N1)/Ns // s l i p at the g i v en speed N1
34 Vd1 =(3* sqrt (6)/%pi)*s1*(Vl/sqrt (3))/n

35 al1=alpha1 *(%pi /180)

36 Vd2 =(3* sqrt (6)/%pi)*(Vl/sqrt (3))/m*cos(al1)

37 Rs_=Rs*(1/n)**2 // s t a t o r r e s i s t a n c e r e f e r r e d to
the r o t o r

38 Rr=Rr_ *(1/n)**2 // r o t o r r e s i s t a n c e r e f e r r e d to the
r o t o r

39 Rd=0.01 // e q u i v a l e n t r e s i s t a n c e o f the DC
l i n k i ndu c t o r

40 Id=(Vd1+Vd2)/(2*(s1*Rs_+Rr)+Rd)

41 T1=abs(Vd2)*Id/s1/Wms // r e q u i r e d to rque
42

43 // ( i i i ) when speed i s 800rpm and f i r i n g ang l e i s h a l f
the r a t ed motor t o rque

44 N1=800 // g i v en speed
45 s=(Ns -N)/Ns // r a t ed s l i p
46 x=(Rs+Rr_/s)**2+( Xs+Xr_)**2

47 Trated =(3/ Wms)*(Vl/sqrt (3))**2*( Rr_/s)/x //
r a t ed to rque

48 T_half=Trated /2 // h a l f r a t ed to rque
49 s1=(Ns-N1)/Ns // g i v en s l i p at speed N1=800

rpm
50 Vd1 =(3* sqrt (6)/%pi)*s1*(Vl/sqrt (3))/n

51 Vd2 =(3* sqrt (6)/%pi)*(Vl/sqrt (3))/m

52 Id=(Vd1+Vd2)/(2*(s1*Rs_+Rr)+Rd)

53 T=abs(Vd2)*Id/s1/Wms // r e q u i r e d to rque
54

55 // s i n c e the g i v en to rque i s h a l f o f the r a t ed va lu e
56 //To f i n d the f i n d the f i r i n g ang l e we assumed co s (

a lpha1 )=−X
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57 //The g i v en quad r a t i c e qua t i on i s X∗∗2−0.772X
+0.06425=0

58 a = 1

59 b = -0.772

60 c = 0.06425

61 // D i s c r im inan t
62 d = (b**2) - (4*a*c)

63

64 X1 = (-b-sqrt(d))/(2*a)

65 X2 = (-b+sqrt(d))/(2*a)

66 alpha1=-acos(X2) // s i n c e co s ( a lpha1 )=−X where
a lpha1 i s r a d i a n s

67 alpha1=alpha1 *(180/ %pi)

68 alpha1 =180+ alpha1 // r e q u i r e d f i r i n g ang l e
69

70

71 // Re su l t s
72 mprintf(” ( i ) Trans fo rmer r a t i o i s :%. 3 f ”,m)
73 mprintf(”\n ( i i ) Requ i red to rque i s :%. 2 f N−m”,T1)
74 // There i s a s l i g h t d i f f e r e n c e i n the answer f o r the

t o rque due to ac cu racy
75 mprintf(”\n ( i i i ) The h a l f r a t ed to rque at the g i v en

speed o f %d rpm i s :%. 2 f N−m”,N1 ,T_half)
76 mprintf(”\nWith a s l i p o f s :%. 1 f ”,s1)
77 mprintf(”\nThe s o l u t i o n s f o r X a r e %. 4 f and %. 4 f ”,X1

,X2)

78 mprintf(”\nFor X1 :%. 4 f the motor i s un s t ab l e so we
use X2 :%. 4 f ”,X1 ,X2)

79 mprintf(”\nHence the r e q u i r e d f i r i n g ang l e i s :%. 1 f
”,alpha1)

Scilab code Exa 6.19 Q19

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 19
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3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s t a r connec t ed I ndu c t i o n motor i s
same as tha t o f Ex−6.17

8 f=50 // f r e qu en cy in HZ
9 Vs=440 // l i n e v o l t a g e i n V
10 P=4 // number o f p o l e s
11 // Parameters r e f e r r e d to the s t a t o r
12 Xr_ =1.2 // r o t o r wind ing r e a c t a n c e i n ohm
13 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
14 Rr_ =0.4 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
15 Rs=0.5 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
16 Xm=50 // magne t i z i ng r e a t a n c e
17 a=3.5 // s t a t o r to r o t o r t u rn s r a t i o
18

19 // S o l u t i o n
20 Ns=120*f/P // synchronous speed in rpm
21 Wms =2*%pi*Ns/60 // synchronous speed in rad / s
22

23 // ( i )When motor speed i s 1200 rpm with a v o l t a g e o f
15+0 j V

24

25 V=15*( cos (0)+sin(0)*%i)

26 N1=1200 // speed in rpm
27 Vr_=a*V // r o t o r v o l t a g e
28 s1=(Ns-N1)/Ns // s l i p at the g i v en speed N1=1200

rpm
29 Z=Rs+Rr_/s1+%i*(Xs+Xr_) // t o t a l

impedance
30 Ir_=(Vs/sqrt (3)-Vr_/s1)/Z // r o t o r c u r r e n t
31 phi_r=atan(imag(Vr_),real(Vr_))-atan(imag(Ir_),real(

Ir_))// ang l e between Vr and I r
32 Pr=3*( abs(Ir_))**2* Rr_ // r o t o r

copper l o s s
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33 P1=3*abs(Vr_)*abs(Ir_)*cos(phi_r) // power
absorbed by Vr

34 Pg=(Pr+P1)/s1 // g r o s s power
35 T=Pg/Wms // r e q u i r e d motor t o rque
36

37 // ( i i ) when motor speed i s 1200 rpm with a un i t y power
f a c t o r

38 N1=1200 // speed in rpm
39 Ir_=abs(Ir_)

40 Ir_=Ir_*(cos(0)+sin(0)*%i)//machine i s o p e r a t i n g at
un i t y power f a c t o r

41 x=Ir_*Z //x=(Vs−Vr / s1 ) ∗ p h i r
where p h i r i s the ang l e between Vr and I r

42

43 //x=a+b
44 d=(Vs/sqrt (3)-Vr_/s1*cos(phi_r))**2

45 e=(Vr_/s1*sin(phi_r))**2

46 f=x/(d+e)

47 theta=atan(imag(f),real(f))// r e q u i r e d ang l e i n
r ad i an

48 theta=theta *180/ %pi

49 //Now we shou ld s o l v e f o r the qu ad r a t i c e equa t i on
f o r the r o t o r c u r r e n t

50 // 0 . 9∗ I r ∗∗2 + 50 . 8∗ I r + 90 . 1 2 = 0
51 a1 = 0.9

52 b1 = 50.8

53 c1 = 90.12

54

55 // D i s c r im inan t
56 d = (b1**2) - (4*a1*c1)

57

58 Ir_1 = (-b1-sqrt(d))/(2*a1)

59 Ir_2 = (-b1+sqrt(d))/(2*a1)

60

61 Ir_=Ir_2 // I r 2 i s chosen because f o r I r 1
the motor i s un s t a b l e

62 Vr_sin_phi_r=abs(Ir_)/2.083

63 Vr_cos_phi_r=s1*(Vs/sqrt (3) +2.5* Vr_sin_phi_r)
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64 Vr_=Vr_cos_phi_r+%i*Vr_sin_phi_r // t o t a l r o t o r
v o l t a g e r e f e r r e d to the s t a t o r

65 Vr_=Vr_/a // t o t a l r o t o r
v o l t a g e r e f e r r e d to the r o t o r

66 var=atan(imag(Vr_),real(Vr_))

67 phase=var *180/ %pi

68

69 // Re su l t s
70 mprintf(” ( i )The to rque i s :%. 2 f N−m and s i n c e i t i s

n e g a t i v e the motor i s o p e r a t i n g i n r e g e n e r a t i v e
b rak ing ”,T)

71 mprintf(”\n ( i i )Now the t a :%. 2 f ”,theta)
72 mprintf(”\nThe s o l u t i o n f o r I r a r e %. 3 f and %. 3 f ”,

Ir_1 ,Ir_2)

73 mprintf(”\nWe choos e I r :%. 3 f A s i n c e h i g h e r va l u e
c o r r e s p ond s to un s t a b l e r e g i o n ”,Ir_2)

74 mprintf(”\nHence the r e q u i r e d v o l t a g e magnitude i s
Vr :%. 2 f V, phase :%. 1 f ”,Vr_ ,phase)

75 // There i s a s l i g h t d i f f e r e n c e i n the answers due to
ac cu ra cy

Scilab code Exa 6.20 Q20

1 // Chapter 6 : I ndu c t i o n Motor Dr i v e s
2 //Example 20
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the s i n g l e phase I ndu c t i o n motor
8 f=50 // f r e qu en cy in HZ
9 Vs=220 // supp ly v o l t a g e i n V
10 P=4 // number o f p o l e s
11 N=1425 // r a t ed speed in rpm
12
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13 // Parameters r e f e r r e d to the s t a t o r
14 Xr_=6 // r o t o r wind ing r e a c t a n c e i n ohm
15 Xs=Xr_ // s t a t o r wind ing r e a c t a n c e i n ohm
16 Rr_=5 // r e s i s t a n c e o f the r o t o r w ind ing s

i n ohm
17 Rs=2 // r e s i s t a n c e o f the s t a t o r w ind ing s

i n ohm
18 Xm=60 // magne t i z i ng r e a t a n c e
19

20 // S o l u t i o n
21 N1=1200 //when the motor i s o p e r a t i n g at the

g i v en speed i n rpm
22 Ns=120*f/P // synchronous speed
23 Wms =2*%pi*Ns/60

24 s=(Ns -N)/Ns // r a t ed s l i p
25

26 Zf=%i*(Xm)*(Rr_/s+%i*Xr_)/2/( Rr_/s+%i*(Xr_+Xm))

27 Rf=real(Zf)

28 Xf=imag(Zf)

29 Zb=%i*(Xm)*(Rr_/(2-s)+%i*Xr_)/2/( Rr_/(2-s)+%i*(Xr_+

Xm))

30 Rb=real(Zb)

31 Xb=imag(Zb)

32 Zs=Rs+%i*Xs

33 Z=Zs+Zf+Zb

34 Is=(Vs)/Z

35 T=(abs(Is))**2/ Wms*(Rf-Rb)

36 Tl=T

37 K=Tl/N**2

38

39 // The r e f o r e f o r a speed o f o f N1=1200 rpm we ge t
40 Tl=K*N1**2 // r e q u i r e d l oad to rque f o r the g i v en

speed N1
41 s1=(Ns-N1)/Ns // s l i p f o r the g i v en speed N1
42

43 Zf=%i*(Xm)*(Rr_/s1+%i*Xr_)/2/( Rr_/s1+%i*(Xm))

44 Rf=real(Zf)

45 Xf=imag(Zf)
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46 Zb=%i*(Xm)*(Rr_/(2-s1)+%i*Xr_)/2/( Rr_/(2-s1)+%i*(Xr_

+Xm))

47 Rb=real(Zb)

48 Xb=imag(Zb)

49 x=(Wms*Tl)/(Rf -Rb) // s i n c e Tl=(abs ( I s ) ) ∗∗2/Wms∗ (
Rf−Rb) and x=I s ∗∗2

50 Is=sqrt(x)

51 Z=Zs+Zf+Zb

52 V=Is*abs(Z)

53

54 // Re su l t
55 mprintf(”Hence the motor t e rm i n a l v o l t a g e at the

speed of%d rpm i s :%. 1 f V”,N1 ,V)
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Chapter 7

Synchronous Motor and
Brushless Dc Motor Drives

Scilab code Exa 7.1 Q1

1 // Chapter 7 : Synchronous Motor and B ru s h l e s s DC Motor
Dr i v e s

2 //Example 1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the synchronous motor
8 Pm1 =500*1000 // power r a t i n g i n W
9 f=50 // f r e qu en cy in HZ
10 Vl =3.3*1000 // l i n e v o l t a g e i n V
11 pf=0.8 // power f a c t o r l a g g i n g
12 P=4 // number o f p o l e s
13 I=10 // f i e l d c u r r e n t i n A
14 Xs=15 // r e a c t a n c e o f the w ind ing s i n ohm
15 Rs=0 // r e s i s t a n c e o f the w ind ing s i n ohm
16 Wms =50* %pi // synchronous speed in rad / s e c
17 Pm=Pm1/2 // power at h a l f the r a t ed to rque

when the l o s s e s a r e n e g l e c t e d
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18

19 // S o l u t i o n
20 V=Vl/sqrt (3) // phase v o l t a g e
21 Is=Pm1/(sqrt (3)*Vl*pf) // r a t ed c u r r e n t
22 rad=acos(pf)

23

24 Is=Is * (cos(-rad) + sin(-rad)*%i) // r a t ed c u r r e n t
i n v e c t o r form

25 V=V * (cos(0) + sin(0)) // r a t ed phase v o l t a g e
i n r e c t a n g u l a r form

26 E=V-Is*%i*Xs // back emf
27

28 // ( i ) When f i e l d c u r r e n t has not changed
29 sin_delta=Pm*Xs/(3* abs(V)*abs(E))

30 delta=asin(sin_delta) // ang l e d e l t a
31 Is=(V-(abs(E) * (cos(-delta) + sin(-delta)*%i)))/(%i

*Xs) // armature c u r r e n t
32 Is1 =[]

33 Is1 (1)=abs(Is)

34 Isp=phasemag(Is)

35 x=Isp

36 n1=x*%pi /180

37 power_factor=cos(n1) // power f a c t o r
38

39 // ( i i ) At un i t y power f a c t o r and r a t ed to rque
40 cos_phi =1

41 Is=Pm1 /(3*V) // s i n c e Pm1=3∗V∗ I s
42 E1=V-Is*%i*Xs

43 If=abs(E1)/abs(E)*I // f i e l d c u r r e n t
44

45 // ( i i i ) At the f i e l d c u r r e n t o f 1 2 . 5 A
46 If1 =12.5 // f i e l d c u r r e n t
47 E2=If1/I*abs(E)

48 Is=sqrt(E2**2-abs(V)**2)/Xs // s i n c e E2=abs (V−I s ∗1 j ∗
Xs )

49 Pm=3*abs(V)*Is*cos_phi // power output at
the g i v en f i e l d c u r r e n t

50 T=Pm/Wms // r e q u i r e d to rque
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51

52 // r e s u l t s
53 mprintf(” i ) Armature c u r r e n t :%. 2 f %. 1 f A”,abs(Is1

),x)

54 mprintf(”\nPower f a c t o r :%. 2 f l a g g i n g ”,power_factor)
55 mprintf(”\ n i i ) F i e l d c u r r e n t at un i t y power f a c t o r at

r a t ed to rque :%. 2 f A”,If)
56 mprintf(”\ n i i i ) Requ i red to rque i s :%. 1 f N−m”,T)
57 // There i s a s l i g h t d i f f e r e n c e i n the answer

Scilab code Exa 7.2 Q2

1 // Chapter 7 : Synchronous Motor and B ru s h l e s s DC Motor
Dr i v e s

2 //Example 2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the synchronous motor i s same as tha t
o f Example−7.1

8 Pm1 =500*1000 // power r a t i n g i n W
9 f=50 // f r e qu en cy in HZ
10 Vl =3.3*1000 // l i n e v o l t a g e i n V
11 pf=0.8 // power f a c t o r l a g g i n g
12 P=4 // number o f p o l e s
13 I=10 // f i e l d c u r r e n t i n A
14 Xs=15 // r e a c t a n c e o f the w ind ing s i n ohm
15 Rs=0 // r e s i s t a n c e o f the w ind ing s i n ohm
16 Pm=Pm1/2 // power at h a l f the r a t ed to rque

when the l o s s e s a r e n e g l e c t e d
17

18 // S o l u t i o n
19 Wms =50* %pi // synchronous speed in rad / s e c
20 V=Vl/sqrt (3) // phase v o l t a g e
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21 Is=Pm1/(sqrt (3)*Vl*pf) // r a t ed c u r r e n t
22 rad=acos(pf)

23

24 Is=Is * (cos(-rad) + sin(-rad)*%i) // r a t ed c u r r e n t
i n v e c t o r form

25 V=V * (cos(0) + sin(0)) // r a t ed phase v o l t a g e
i n r e c t a n g u l a r form

26 E=V-Is*%i*Xs // back emf
27

28 // ( i ) a t r a t ed c u r r e n t and un i t y power f a c t o r
29 E1=V-abs(Is)*%i*Xs

30 delta=phasemag(E1) // phase ang l e o f E1
31 nd=delta*%pi /180

32 Pm=3*abs(V)*abs(E1)*sin(nd)/Xs // mechan i ca l power
deve l oped

33 T=Pm/Wms // b rak ing to rque
34 If=abs(E1)/abs(E)*I // f i e l d c u r r e n t
35

36 // ( i i ) a t f i e l d c u r r e n t o f 15A and 500kW output
37 If1 =15 // f i e l d c u r r e n t
38 Pm= -500*1000 // output power
39 E2=If1/I*abs(E)

40 sin_delta=Pm*Xs/(3* abs(V)*abs(E2))

41 delta=asin(sin_delta) // ang l e d e l t a
42 Is=((E2*(cos(abs(delta))+sin(abs(delta))*%i))-V)/(%i

*Xs) // armature c u r r e n t
43 Isn=phasemag(Is)

44 x=(Isn)*%pi /180 // phase ang l e o f I s
45 power_factor=cos(x) // power f a c t o r
46

47

48 // Re su l t s
49 mprintf(” i ) Brak ing to rque :%. 1 f N−m”,T)
50 mprintf(”\ nF i e l d c u r r e n t :%. 2 f A”,If)
51 mprintf(”\ n i i ) Armature c u r r e n t :%. 2 f %. 2 f A”,abs(

Is),Isn)

52 mprintf(”\nPower f a c t o r :%. 3 f l a g g i n g ”,power_factor)
53 //Note : There i s a s l i g h t d i f f e r e n c e i n the answers
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Scilab code Exa 7.3 Q3

1 // Chapter 7 : Synchronous Motor and B ru s h l e s s DC Motor
Dr i v e s

2 //Example 3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the synchronous motor
8 Pm1 =6*10**6 // power r a t i n g i n W
9 f=50 // f r e qu en cy in HZ
10 Vl =11*1000 // l i n e v o l t a g e i n V
11 pf=0.9 // power f a c t o r l e a d i n g
12 P=6 // number o f p o l e s
13 I=10 // r a t ed f i e l d c u r r e n t i n A
14 Xs=9 // r e a c t a n c e o f the w ind ing s i n ohm
15 Rs=0 // r e s i s t a n c e o f the w ind ing s i n ohm
16 N=120*f/P // synchronous speed
17

18 // S o l u t i o n
19 V=Vl/sqrt (3) // phase v o l t a g e
20 Is=Pm1/(sqrt (3)*Vl*pf) // r a t ed c u r r e n t
21 rad=acos(pf)

22

23 // ( i )To f i n d to rque and f i e l d c u r r e n t at r a t ed
armature c u r r e n t

24 // at 750 rpm and 0 . 8 l e a d i n g power f a c t o r
25 Is=Is * (cos(rad) + sin(rad)*%i) // r a t ed c u r r e n t

i n v e c t o r form
26 V=V *(cos(0)+sin (0)*%i)

27 E=V-Is*%i*Xs // back emf
28

29 N1=750 // speeed i n rpm
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30 pf1 =0.8 // g i v en l e a d i n g power f a c t o r
31 f1=N1/N*f // r e q u i r e d f r e qu en cy
32 V1=abs(V)*f1/f // r e q u i r e d v o l t a g e
33 Xs1=Xs*f1/f // r e q u i r e d f i e l d r e s i s t a n c e
34 E1=V1-Xs1*%i*(abs(Is) * (cos(acos(pf1))+sin(acos(pf1

))*%i)) // r a t ed back emf i n complex form
35 E1_polar=abs(E1) // r a t ed

back emf i n r e c t a n g u l a r form
36

37 //At r a t ed f i e l d c u r r e n t and 750 rpm
38 E2=abs(E)*N1/N // back emf at the g i v en

speed N1
39 If=abs(E1)/E2*f // f i e l d c u r r e n t at the

g i v en speed N1
40 Pm=3*abs(V1)*abs(Is)*pf1 // power input at the

g i v en speed N1
41 Wm1 =2*%pi*N1/60 // angu l a r motor speed i n rad /

s
42 T=Pm/Wm1

43

44 // ( i i ) At h a l f the r a t ed motor t o rque and 1500 rpm
and ra t ed f i e l d c u r r e n t

45 Pm =6*10**6 // r a t ed power r a t i n g i n W
46 N1=1500 // speeed i n rpm
47 f1=N1/N*f // r e q u i r e d f r e qu en cy
48 Xs1=f1/f*Xs // r e q u i r e d f i e l d r e s i s t a n c e
49 E1=abs(E)*f1/f // back emf at r a t ed f i e l d c u r r e n t
50

51

52 Wms=Pm

53 Wms_=N1/N*Wms

54 Pm_= (0.5)*Wms_ // r e q u i r e d power deve l oped at
N1=1500 rpm

55

56 sin_delta=Pm_*Xs1 /(3* abs(V)*abs(E1)) // s i n c e
Pm=3∗abs (V) ∗ abs (E1 ) ∗ s i n ( d e l t a ) /Xs

57 delta=asin(sin_delta) // ang l e d e l t a
58 Is=(abs(V)-(E1 * (cos(-delta)+sin(-delta)*%i)))/(%i*
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Xs1) // armature c u r r e n t
59 Is1=polar(Is) // aramture

c u r r e n t i n r e c t a n g u l a r form
60 x1=phasemag(Is)

61 x1n=x1*%pi /180

62 power_factor1=cos(x1n) // power f a c t o r
63

64 // ( i i i ) a t 750 rpm and ra t ed f i e l d c u r r e n t from par t
( i )

65 N1=750 // speeed i n rpm
66 pf1 =0.8 // g i v en l e a d i n g power f a c t o r
67 f1=N1/N*f // r e q u i r e d f r e qu en cy at N1=750 rpm
68 V1=abs(V)*f1/f // r e q u i r e d v o l t a g e at N1=750 rpm
69 Xs1=Xs*f1/f // r e q u i r e d f i e l d r e s i s t a n c e
70 E2=abs(E)*N1/N

71

72 Pm = -4.2*10**6 // b rak ing power output
73 sin_delta=Pm*Xs1 /(3* abs(V1)*abs(E2)) // s i n c e

Pm=3∗abs (V) ∗ abs (E1 ) ∗math . s i n ( d e l t a ) /Xs
74 delta=asin(sin_delta) // ang l e d e l t a
75 Is=(E2 * (cos(abs(delta))+sin(abs(delta))*%i)-V1)/(

%i*Xs1) // armature c u r r e n t
76 Is2=polar(Is) // aramture

c u r r e n t i n r e c t a n g u l a r form
77 x2=phasemag(Is)

78 x2n=x2*%pi /180

79 power_factor2=cos(x2n) // power f a c t o r
80

81 // ( i v ) from par t ( i i ) a t 1500 rpm and from par t ( i i i )
the armature c u r r e n t o f 3 4 9 . 9 A i s taken

82 Is=Pm1/(sqrt (3)*Vl*pf) // armature c u r r e n t as
g i v en from ( i )

83 N1=1500 // speeed i n rpm
84 f1=N1/N*f // r e q u i r e d f r e qu en cy at N1=1500

rpm
85 Xs1=f1/f*Xs // r e q u i r e d f i e l d r e s i s t a n c e
86 E1=abs(E)*f1/f // at r a t ed f i e l d c u r r e n t
87 E2=V-%i*Xs1*Is
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88 E2ph=abs(E2)

89 E2n=phasemag(E2)

90 E2na=E2n*%pi /180

91 If1=abs(E2ph)/abs(E1)*f // r e q u i r e d f i e l d c u r r e n t
92 Pm=3*abs(V)*(E2ph)*sin(abs(E2na))/Xs1 // power

input
93 Wm1 =2*%pi*N1/60 //motor speed i n rad / s e c
94 T1=Pm/Wm1

95

96 // Re su l t s
97 mprintf(”\ n i ) Requ i red to rque i s :%. 1 f N−m”,T)
98 mprintf(”\ nF i e l d c u r r e n t :%. 2 f A”,If)
99 mprintf(”\ n i i ) Armature c u r r e n t :%. 1 f %. 2 f A”,abs

(Is1),x1)

100 mprintf(” \nPower f a c t o r :%. 1 f l e a d i n g ”,
power_factor1)

101 mprintf(”\ n i i i ) Armature c u r r e n t :%. 2 f %. 2 f A”,abs
(Is2),x2)

102 mprintf(”\nPower f a c t o r :%. 3 f l a g g i n g ”,power_factor2
)

103 mprintf(”\ n iv ) F i e l d c u r r e n t :%. 2 f A”,If1)
104 mprintf(”\ nRequired to rque i s :%. 1 f N−m”,T1)
105 // There i s a s l i g h t d i f f e r e n c e i n the answers

Scilab code Exa 7.4 Q4

1 // Chapter 7 : Synchronous Motor and B ru s h l e s s DC Motor
Dr i v e s

2 //Example 4
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6

7 // Rat ing s o f the synchronous motor
8 Pm =8*10**6 // power r a t i n g i n W
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9 f=50 // f r e qu en cy in HZ
10 Vl=6600 // l i n e v o l t a g e i n V
11 pf=1 // un i t y power f a c t o r
12 P=6 // number o f p o l e s
13 I=10 // r a t ed f i e l d c u r r e n t i n A
14 Xs=2.8 // r e a c t a n c e o f the w ind ing s i n ohm
15 Rs=0 // r e s i s t a n c e o f the w ind ing s i n ohm
16 Rd=0.1 // Dc l i n k i ndu c t o r r e s i s t a n c e i n

ohms
17 alpha =140 // c on s t an t f i r i n g ang l e i n d e g r e e s
18

19 // S o l u t i o n
20 N=120*f/P // synchronous speed
21 V=Vl/sqrt (3) // phase v o l t a g e
22 Is=Pm/(sqrt (3)*Vl*pf) // r a t ed c u r r e n t
23

24 Id=%pi/sqrt (6)*Is //Dc l i n e c u r r e n t
25 phi=180- alpha // phase ang l e between I s and V in

d e g r e e s
26

27 // ( i ) When motor o p e r a t e s at r a t ed c u r r e n t and 500
rpm

28 N1=500 //motor speed i n rpm
29 f1=N1/N*f // f r e qu en cy at N1
30 V1=f1/f*V // v o l t g e at N1
31 phi=phi*%pi /180

32 Pm1 =3*V1*Is*cos(phi) // power deve l oped by the motor
33 // f o r the 3−phase l oad commutated i n v e r t e r
34 alpha=alpha*%pi /180

35 Vdl =(3* sqrt (6)/%pi)*V1*cos(alpha)

36 Vds=-Vdl+Id*Rd

37 cos_alpha_s=Vds /(3* sqrt (6)/%pi*V)

38 alpha_s=acos(cos_alpha_s) // i n r ad i an
39 alpha_s1=alpha_s *180/ %pi

40

41

42 // ( i i ) Reg en e r a t i v e b rak ing at 500rpm and at r a t ed
motor c u r r e n t
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43 alpha=0 // f i r i n g ang l e
44 //When f i r n g ang l e i s z e r o then power f a c t o r i s

un i t y
45 pf=1

46

47 Pm2 =3*V1*Is*pf // power deve l oped by the motor
48 Ps=Pm2 -Id**2*Rd // power s u pp l i e d to the s ou r c e
49 Vdl =(3* sqrt (6)/%pi)*V1*cos(alpha)

50 Vds=-Vdl+Id*Rd

51 cos_alpha_s=Vds /(3* sqrt (6)/%pi*V)

52 alpha_s=acos(cos_alpha_s) // i n r ad i an
53 alpha_s2=alpha_s *180/ %pi // i n d e g r e e s
54

55 // Re su l t s
56 disp( ’W’ ,Pm1 ,” i ) Power deve l oped by the motor i s : ”)
57 disp( ’ ’ ,alpha_s1 ,” Source s i d e c o n v e r t e r f i r i n g

ang l e i s ”)
58 disp( ’W’ ,Ps ,” i i ) Power s u pp l i e d to the s ou r c e i s : ”)
59 disp(” ”,alpha_s2 ,” Source s i d e c o n v e r t e r f i r i n g

ang l e i s ”)
60 //Answer g i v en f o r f i r i n g ang l e i n the book i s wrong

110



Chapter 10

Traction Drives

Scilab code Exa 10.1 Q1

1 // Chapter 1 0 : Tra c t i on Dr i v e s
2 //Example 1
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Ma=480 //mass o f each motor armature i n kg 0 . 4 8

tonne=480kg
7 Da=0.5 // ave rage d i amete r o f each motor i n m
8 m=450 //mass o f each whee l i n kg
9 R=0.54 // r a d i u s o f each whee l t r e ad i n m

10 M=40 // combine wight o f one motor and one
t r a i l e r coach i n ton

11 alpha=5 // a c c e l a r a t i o n i n metre s per second
12 N=4 //number o f DC motors
13 a=0.4 // gea r r a t i o
14 r=20 // t r a i n r e s i s t a n c e i n ohms
15

16 // S o l u t i o n
17 Jw=1/2*m*R**2 // i n e r t i a o f the each whee l i n kg

metre squa r e
18 nw=2*(N*2) // t o t a l number o f whee l s
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19 J1=nw*Jw // t o t a l i n e r t i a o f a l l the whee l s i n
kg metre squa r e

20

21 Jm=N*(1/2* Ma*(Da/2) **2) // approx imate i n e r t i a o f
a l l the motors i n kg metre squa r e

22 J2=Jm/a**2 // approx imate i n n e r t i a o f
the motor r e f e r r e d to the whee l s i n kg metre
squa r e

23

24 Fa2=(J1+J2)*alpha *1000/3600/R // Tr a c t i v e e f f o r t s
f o r d r i v i n g r o r a t i n g p a r t s

25 Fa1 =277.8*M*alpha // t r a c t i v e e f f o r t s
to a c c e l e r a t e the t r a i n mass h o r i z o n t a l l y

26 Fr=r*M // T r a c t i v e e f f o r t s
r e q u i r e d to overcome t r a i n r e s i s t a n c e

27 Ft=Fa1+Fa2+Fr // T r a c t i v e e f f o r t s
r e q u i r e d to move the t r a i n

28 Tm=a*R*Ft/N // to rque per motor
29

30 // Re su l t
31 mprintf(”\nTorque per motor : %. 1 f N−m”,Tm)

Scilab code Exa 10.2 Q2

1 // Chapter 1 0 : Tra c t i on Dr i v e s
2 //Example 2
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 M=100 //mass o f each motor armature i n tonne
7 Me=100

8 Tm=5000 // to rque o f each motor i n N−m
9 Da=0.5 // ave rage d i amete r o f each motor i n m

10 m=450 //mass o f each whee l i n kg
11 R=0.54 // r a d i u s o f each whee l t r e ad i n m
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12 N=4 //number o f DC motors
13 r=25 // t r a i n r e s i s t a n c e N/ tonne
14 a=0.25 // gea r r a t i o
15 nt=0.98 // gea r t r a n sm i s s i o n e f f i c i e n c y
16 G=50 //up g r a d i e n t
17 Vm=100 // speed in kmph
18

19 // S o l u t i o n
20 Ft=nt*Tm*N/a/R // T r a c t i v e e f f o r t s r e q u i r e d to

move the t r a i n
21 alpha=(Ft -(9.81*M*G+M*r))/(277.8*1.1* Me) //

a c c e l a r a t i o n i n metre per second
22 t=Vm/alpha // t ime taken to a t t a i n speed o f

Vm in s e c
23

24 // Re su l t
25 mprintf(”\n Time taken to r each a speed o f 100kmph

i s : t=%. 1 f s e c ”,t)

Scilab code Exa 10.3 Q3

1 // Chapter 1 0 : Tra c t i on Dr i v e s
2 //Example 3
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 G=8 //up g r a d i e n t
7 r=25 // t r a i n r e s i s t a n c e N/ tonne
8 M=500 //mass o f the e l e c t r i c t r a i n i n tonne
9 n=0.8 // combine e f f i e n c y o f t r a n sm i s s i o n and

motor
10

11 // Speed−Time curve c h a r a c t e r i s t i c s
12 t1=60 // c h a r a c t e r i s t i c f o r un i fo rm

a c c e l a r a t i o n at v1 i n s e c
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13 alpha =2.5 // g i v en a c c e l a r a t i o n i n km/hr / s e c at t1
14 t2=5*60 // c h a r a c t e r i s t i c f o r c on s t an t speed in

s e c
15 t3=3*60 // c h a r a c t e r i s t i c f o r c o a s t i n g i n s e c
16 B=3 // dynamic b rak ing d e c e l e r a t i o n i n km/hr /

s e c
17

18 // S o l u t i o n
19 Vm=alpha*t1 // peak v o l t a g e i n V
20 Fg =9.81*M*G // t r a c t i v e e f f o r t r e q u i r e d to overcome

the f o r c e o f g r a v i t y
21 Fr=M*r // t r a c t i v e e f f o r t r e q u i r e d to overcome

the t r a i n r e s i s t a n c e
22 F_bc=Fg+Fr // r e t a r d i n g f o r c e dur ing c o a s t i n g i n N
23

24 Me=1.1*M

25 B_c=F_bc /(277.8* Me) // d e c e l e r a t i o n dur ing c o a s t i n g
i n metre per second squa r e

26 V=Vm -B_c*t3 // speed a f t e r c o a s t i n g i n m/ s
27 t4=V/B // c h a r a c t e r i s t i c f o r a dynamic

b rak ing o f 3km/ hr / s e c
28

29 d1=1/2*Vm*t1/3600 // d i s t a n c e cove r ed dur ing
a c c e l a r a t i o n

30 d2=Vm*t2/3600 // d i s t a n c e cove r ed dur ing
c on s t an t speed

31 d3 =1/2*( Vm+V)*t3 /3600 // d i s t a n c e cove r ed c o a s t i n g
32 d4=1/2*V*t4/3600 // d i s t a n c e cove r ed dur ing

b rak ing
33 D=d1+d2+d3+d4 // d i s t a n c e dur ing s t o p s
34 D1=d1+d2

35 x=D1/D

36 y=1-x

37 E=(0.01072* Vm**2/D)*(Me/M)+2.725*G*x+0.2778*r*x //
s p e c i f i c ene rgy output i n Whptpkm

38 Eo=E/n // s p e c i f i c ene rgy consumption i n Whptpkm
39

40 // Re su l t
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41 mprintf(”\n S p e c i f i c ene rgy consumption i s : Eo= %. 1
f Whptpkm”,Eo)

Scilab code Exa 10.4 Q4

1 // Chapter 1 0 : Tra c t i on Dr i v e s
2 //Example 4
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 G=20 //up g r a d i e n t
7 r=25 // t r a i n r e s i s t a n c e N/ tonne
8 M=500 //mass o f the e l e c t r i c t r a i n i n

tonne
9 n=0.8 // combine e f f i e n c y o f t r a n sm i s s i o n

and motor
10

11 // Speed−Time curve c h a r a c t e r i s t i c s
12 t1=50 // c h a r a c t e r i s t i c f o r un i fo rm

a c c e l a r a t i o n at v1 i n s e c
13 alpha=3 // g i v en a c c e l a r a t i o n i n km/hr / s e c at t1
14 t2 =10*60 // c h a r a c t e r i s t i c f o r c on s t an t speed in

s e c
15 B=2.5 // un i fo rm brak ing d e c e l e r a t i o n i n kmphs

to r e s t
16

17 // S o l u t i o n
18 Vm=alpha*t1 // peak v o l t a g e i n V
19 t3=Vm/B // c h a r a c t e r i s t i c f o r a un i fo rm brak ing

o f B=2.5 kmphs
20

21 // ( i ) du r ing a c c e l a r a t i o n t o t a l t r a c t i v e e f f o r t
22 Me=1.1*M

23 Fta =277.8* Me*alpha -9.81*M*G+M*r // t o t a l t r a c t i v e
e f f o r t du r ing a c c e l a r a t i o n
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24 Da=1/2*Vm*t1/3600 // d i s t a n c e cove r ed dur ing
a c c e l a r a t i o n , and t1 i s i n s e c ond s

25 Ea=Fta*Da *1000/3600 // ene rgy output dur ing
a c c l e r a t i o n i n Wh

26

27 // ( i i ) du r ing un i fo rm speed net t r a c t i v e e f f o r t
28 Ftu = -9.81*M*G+M*r // t o t a l t r a c t i v e e f f o r t du r ing

un i fo rm speed
29 //Ftu in the book i s −105220 N which i s wrong ,

hence the o th e r answers a r e i n c o r r e c t
30

31 Du=Vm*t2/3600 // d i s t a n c e t r a v e l e d , and t2 i s
i n s e c ond s

32 Eu=Ftu*Du *1000/3600 // ene rgy output i n Wh
33

34 // ( i i i ) du r ing b rak ing net t r a c t i v e e f f o r t
35 Ftb = -277.8*Me*B -9.81*M*G+M*r // t o t a l t r a c t i v e

e f f o r t f o r the net b rak ing
36 Db=1/2*Vm*t3/3600 // d i s t a n c e cove r ed dur ing

b rak ing
37 Eb=Ftb*Db *1000/3600 // ene rgy output dur ing b rak ing

i n Wh
38

39 E=Ea/n+n*(Eu+Eb) // net ene rgy consumption i n Wh
40 D=Da+Du+Db // t o t a l d i s t a n c e t r a v e l e d i n

km
41 Eo=E/(M*D) // s p e c i f i c ene rgy consumption

i n Wh
42

43 // Re su l t s
44 mprintf(” ( i ) Energy consumption dur ing a c c e l a r a t i o n

i s : Ea : %. 1 f Wh”,Ea)
45 mprintf(”\n ( i i ) Energy consumption dur ing un i fo rm

speed i s : Eu : %d Wh”,Eu)
46 mprintf(”\n ( i i i ) Energy consumption dur ing b rak ing i s

: Eb : %. 1 f Wh”,Eb)
47 mprintf(”\n Net Energy consumption i s E : %. 1 f Wh”,

E)
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48 mprintf(”\n Tota l D i s t anc e t r a v e l e d i s D : %. 4 f km”,
D)

49 mprintf(”\n S p e c i f i c Energy consumption i s Eo : %. 2
f Whptpkm”,Eo),

50 //Answers p rov id ed in the t ex tbook a r e i n c o r r e c t

Scilab code Exa 10.5 Q5

1 // Chapter 1 0 : Tra c t i on Dr i v e s
2 //Example 5
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Mm=40 // we ight o f the motor coach i n tonne
7 Mt=35 // we ight o f the t r a i l e r i n tonne
8 u=0.2 // co− e f f i c i e n t o f adhe s i on
9 r=30 // t r a i n r e s i s t a n c e N/ tonne

10

11 // S o l u t i o n
12 // ( a )when the motor to t r a i l e r r a t i o i s 1 : 2
13 M=Mm+2*Mt // we ight o f one un i t
14 Me=1.1*M

15 Md=40 // we ight on the d r i v i n g whee l s
16 Fm =9810*u*Md // t o t a l t r a c t i v e e f f o r t w i thout the

whee l
17 Ft=Fm // at maximum a c c e l a r a t i o n
18 alpha=(Ft-M*r)/(277.8* Me) // r e q u i r e d a c c e l a r a t i o n

s i n c e Ft=277.8∗u∗ a lpha ∗M∗ r
19

20 // ( b )when the motor to t r a i l e r r a t i o i s 1 : 1
21 M=Mm+Mt // we ight o f one un i t
22 Me=1.1*M

23 Md=40 // we ight on the d r i v i n g whee l s
24 Fm =9810*u*Md // t o t a l t r a c t i v e e f f o r t wihout the

whee l
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25 Ft=Fm // at maximum a c c e l a r a t i o n
26 alpha1 =(Ft-M*r)/(277.8* Me) // r e q u i r e d a c c e l a r a t i o n

s i n c e Ft=277.8∗u∗ a lpha ∗M∗ r
27

28

29 // Re su l t s
30 mprintf(” ( a )Maximum a c c e l a r a t i o n on a l e v e l t r a c k

i s a lpha : %. 4 f kmphps”,alpha)
31 mprintf(”\n ( b )Maximum a c c e l a r a t i o n when motor to

t r a i l e r c oa che s r a t i o i s 1 : 1 i s a lpha : %. 3 f
kmphps”,alpha1)

Scilab code Exa 10.6 Q6

1 // Chapter 1 0 : Tra c t i on Dr i v e s
2 //Example 6
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 G=10 //up g r a d i e n t o f the l o c omo t i v e
7 Ml=110 // we ight o f the l o c omo t i v e coach i n

tonne
8 Mt=500 // we ight o f the t r a i n i n tonne
9 r=35 // t r a i n r e s i s t a n c e N/ tonne

10 n=0.8 // 80% o f the l o c omo t i v e we ight i s
c a r r i e d by the d r i v i n g whee l s

11 alpha=1 // a c e l a r a t i o n i n kmphps
12

13 // S o l u t i o n
14 //when on ly the 110 tonne l o c omo t i v e i s p r e s e n t
15 Md=Ml*n // we ight o f the motor
16 M=Mt+Ml // t o t a l mass o f the t r a i n
17 Me=1.1*M

18 Ft =277.8* Me*alpha +9.81*M*G+M*r // t o t a l t r a c t i v e
e f f o r t r e q u i r e d to move the t r a i n
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19 Fm=Ft

20 u=Fm /(9810* Md) // co− e f f i c i e n t o f adhe s i on , s i n c e
Fm=9810∗u∗Md

21

22 //when anothe r l o c omo t i v e o f 70 i s added t o g e t h e r
23 Md=Ml*n+70 // mass o f the motor
24 M_=Mt+Ml+70 // mass o f the t r a i n
25 Fm =9810*u*Md

26 Ft=Fm

27 M=Ft /(277.8*1.1* alpha +9.81*G+r) // t o t a l mass o f the
t r a i n , s i n c e Ft=277.8∗Me∗ a lpha +9.81∗M∗G+M∗ r

28 W=M-M_ // we ight o f a d d i t i o n a l b o g i e s to be
a t t a ched

29

30

31 // Re su l t s
32 mprintf(”\n Given co− e f f i c i e n t o f adhe s i on i s : %. 2 f ”

,u)

33 mprintf(”\n Weight o f a d d i t i o n a l b o g i e s to be
a t t a ched i s :%. 1 f T”,W)

Scilab code Exa 10.7 Q7

1 // Chapter 1 0 : Tra c t i on Dr i v e s
2 //Example 6
3 clc;

4

5 // Va r i a b l e I n i t i a l i z a t i o n
6 Ml=1000 // we ight o f the empty t r a i n i n tonne
7 Mt=5000 // we ight o f the f u l l y l oaded t r a i n i n

tonne
8 G=15 // g r a d i e n t o f the t r a c k
9 V=30 //maximum speed o f the t r a i n
10 r=40 // t r a i n r e s i s t a n c e i n N/ tonne
11 u=0.25 // co− e f f i c i e n t o f adhe s i on
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12 alpha =0.3 // a c e l a r a t i o n i n kmphps
13

14 W=100 // we ight o f each l o c omo t i v e
15

16 // S o l u t i o n
17 Md=W//Md=W∗n
18 Fm =9810*u*Md

19 //By expanding and c l ubb i ng s i m i l a r terms we ge t
20 // (G∗9 . 81∗Mt) +(9 .81∗W∗n∗G) −(( r ∗Mt)+( r ∗W∗n ) )
21 // (G∗9 . 81∗Mt)−( r ∗Mt) +(9 .81∗W∗n∗G)−( r ∗W∗n )
22 Fb1 =(9.81* Mt*G)-(r*Mt) //By expanding we

ge t
23 Fb2 =(9.81*W*G)-(r*W)//By expanding we ge t Mt∗ r+W∗n∗ r
24 mprintf(”\nFm=%d∗n”,Fm)
25 mprintf(”\nFb=%d∗n+%d”,Fb2 ,Fb1)
26 mprintf(”\ nEquat ing Fb and Fm we ge t ”)
27 n=535750/(245250 -10715)

28 if (n>2) then

29 n=3

30 end

31 mprintf(”\nThe number o f l o c omo t i v e s i s n :%d”,n)
32 Md=W*n

33 M=Ml+W*n

34 Ft =277.8*1.1*M*alpha +9.81*M*G+M*r

35 Fm =9810*0.3* Md

36 if (Fm >Ft) then

37 mprintf(”\nThe t r a i n can be a c c e l a r a t e d with %d
l o c omo t i v e s ”,n)

38 end
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