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Chapter 2

Power Diodes and Switched
RLC Circuits

Scilab code Exa 2.1 Finding the Saturation Current

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 2 . 1
7 // F ind ing the S a t u r a t i o n Current
8

9 clc;

10 clear;

11 VD=1.2; // Forward Vo l tage drop
o f Diode i n V o l t s .

12 ID=300; // Forward Current i n
Amps .

13 n=2; // Empr ica l Constant or
I d e a l i t y f a c t o r .

14 VT =25.7; // Thermal Vo l tage
c o n s t a n t i n mV.
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15 Is=ID/(exp(VD/(n*VT*10^ -3)) -1);// C a l c u a l a t i n g I s .
16 printf(”The r e v e r s e s a t u r a t i o n Current I s i s %0 . 5 e A

”,Is);

Scilab code Exa 2.2 Finding the Reverse Recovery Current

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 2 . 2
7 // F ind ing the r e v e r s e r e c o v e r y Current
8

9 clc;

10 clear;

11 trr =3; // Rever se r e c o v e r y t ime o f the
d i ode i n micro second .

12 di_by_dt =30; //The r a t e o f f a l l o f d i ode
c u r r e n t i n A/ micro second .

13 QRR =(0.5* di_by_dt *10^6*(( trr *10^ -6) ^2))*10^6;

// C a l c u l a t i n g S t o r a g e cha rge QRR;
14 IRR=sqrt (2*QRR *10^ -6* di_by_dt *10^6); //

C a l c u l a t i n g r e v e r s e r e c o v e r y c u r r e n t IRR .
15 printf(”\n\ tThe s t o r a g e cha rge QRR i s % i C ”,QRR);
16 printf(”\n\ tThe Peak Rever se c u r r e n t IRR i s %iA”,IRR

);

Scilab code Exa 2.3 Finding the Voltage Sharing Resistors

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid
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2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example 2 . 3
7 // F ind ing the v o l t a g e−Shar ing r e s i s t o r s
8

9 clc;

10 clear;

11 Is1 =30; Is2 =35; // Rever s e l e a k a g e Current
o f two d i o d e s i n m i l l i ampere .

12 R=100; R1 =100; // R e s i s t a n c e o f two d i o d e s
i n Ohm.

13 VD=5; //Dc Rever s e Vo l tage i n KV.
14 VD1=VD/2;VD2=VD/2; // Volage a c r s s o s the d i ode

i n v o l t s .
15 Vd1 =((VD *10^3) /2) +(((R*10^3) /2)*(( Is2 *10^ -3) -(Is1

*10^ -3))); // C a l c u l a t i n g the v o l t a g e a c r o s s
the do i ode .

16 Vd2=(VD *10^3) -Vd1;

17 r2=(VD2*R1)/(VD1 -(R1*((Is2 -Is1)*10^ -3)));

18 printf(”\n\ t ( a ) The Vo l tage a c r o s s d i ode D1 , VD1 i s
%iV”,Vd1);

19 printf(”\n\ t The Vo l tage a c r o s s d i ode D2 , VD2 i s
%iV”,Vd2);

20 printf(”\n\ t ( b ) The Vo l tage Shar ing R e s i s t a n c e R2 i s
%iKi lo Ohm”,r2);

Scilab code Exa 2.4 Finding the peak Current and energy loss in an RC Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
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5

6 // Example 2 . 4
7 // F ind ing the peak Current and ene rgy l o s s i n an RC

C i r c u i t .
8

9 clc;

10 clear;

11 Vc0 =220; // I n t i a l v o l t a g e o f the
c a p a c i t o r i n V o l t s .

12 R=44; // R e s i s t a n c e i n Ohm.
13 C=0.1; // Capac i t ance i n Micro Farad
14 Ip=Vc0/R; // C a l c u l a t i n g the peak d i ode

c u r r e n t .
15 W=0.5*C*10^ -6* Vc0^2; // C a l c u l a t i n g the ene rgy

d i s s i p a t e d .
16 printf(”\n\ t ( a ) The Peak d i ode c u r r e n t Ip i s %iA”,Ip

);

17 printf(”\n\ t ( b ) The Energy d i s s i p a t e d W i s %0 . 2 fmJ”,
W*10^3);

18 t=2; //Time i n Micro second ;
19 Vc=Vc0*exp(-t/(R*C)); // C a l c u l a t i n g the v a l u e o f

c a p a c i t o r v o l t a g e .
20 printf(”\n\ t ( c ) The C a p c i t o r Vo l tage at t=2 s i s %0

. 2 fV”,Vc);

Scilab code Exa 2.5 Finding the Steady State Current and the energy Stored in an Inductor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 2 . 5
7 // F ind ing the Steady−S t a t e Current and the ene rgy
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Sto r ed i n an I n d u c t o r
8

9 clc;

10 clear;

11 Vs=220; // Vo l tage a c r o s s the d i ode
i n v o l t s .

12 R=4; // R e s i s t a n c e i n Ohms .
13 L=5; // Induc tance i n m i l l i Henry

.
14 Ip=Vs/R; // C a l c u l a t i n g the peak

d i ode c u r r e n t .
15 printf(”\n\ t ( a ) . The s t e ady s t a t e peak d i ode c u r r e n t

Ip i s %iA”,Ip);
16 W=0.5*L*10^ -3*Ip^2; // C a l c u l a t i n g the ene rgy

s t o r e d i n i n d u c t o r .
17 printf(”\n\ t ( b ) . The ene rgy s t o r e d i n the I n d u c t o r L

, W i s %0 . 3 fmJ”,W);
18 di_by_dt=Vs/(L); // C a l c u l a t i n g the i n t i a l

d i / dt .
19 printf(”\n\ t ( c ) . The i n t i a l change i n c u r r e n t d i / dt

i s %iA/ms”,di_by_dt);
20 t=1; // t ime i n m i l l i s e cond .
21 i=(Vs/R)*(1-exp(-t*R/L));

22 printf(”\n\ t ( d ) . The i n d u c t o r c u r r e n t at t=1ms i s %0
. 3 fA”,i);

Scilab code Exa 2.6 Finding the voltage and Current in an LC Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 2 . 6
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7 // F ind ing the v o l t a g e and Current i n an LC C i r c u i t
8

9 clc;

10 clear

11 Vo=220; // I n t i a l v o l t a g e o f c a p a c i t o r i n
V o l t s .

12 C=20; // Capac i t ance i n mic re f a r a d .
13 L=80; // Induc tance i n micro Henry .
14 printf(”\n\ tThe c i r c u i t i s shown i n the F igu r e 2 . 1 9 a

”);
15 wo =10^6* sqrt(C*L);

16 Ip=Vo*sqrt(C/L);

17 t1=%pi*sqrt(L*C);

18 Vct=-Vo*cos(%pi);

19 printf(”\n\ t ( a ) . The peak c u r r e n t Ip i s %iA”,Ip);
20 printf(”\n\ t ( b ) . The conduc t i on t ime t1 i s %0 . 2 f s ”

,t1);

21 printf(”\n\ t ( c ) . The c a p c i t o r v o l t a g e at t ime t1 Vc (
t1 ) i s %iV”,Vct);

Scilab code Exa 2.7 Finding the Current in an RLC Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 2 . 7
7 // F ind ing the Current i n an RLC C i r c u i t .
8

9 clc;

10 clear;
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Figure 2.1: Finding the Current in an RLC Circuit
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11 Vs=220; // Source Vo l tage i n V o l t s .
12 L=2; // Induc tance i n m i l l i Henry .
13 C=0.05; // Capac i t ance i n micro Farad .
14 R=160; // R e s i s t a n c e i n Ohm.
15 alp=(R*10^3) /(2*L); // C a l c u l a t i o n o f the damping

f a c t o r a l p .
16 wo=1/( sqrt((L*10^ -3)*(C*10^ -6))); // C a l c u l a t i o n

o f r e s o n a n t f r e q u e n c y .
17 wr=sqrt(wo^2-alp^2); // C a l c u l a t i o n o f r i n g i n g

f r e q u n c y .
18 t1=%pi/wr; // C a l c u l a t i n g the

conduc t i on t ime o f d i ode .
19 printf(”\n\ tThe damping r a t i o a l p i s %irad / s ”,alp);
20 printf(”\n\ tThe r e s o n a n t f r e q u e n c y wo i s %0 . 0 f r a d / s ”

,wo);

21 printf(”\n\ tThe r i n g i n g f r e q u n c y wr i s %0 . 0 f r a d / s ”,
wr);

22 printf(”\n\ t ( b ) . The Conduct ion t ime o f d i ode when t
=0 , t1 i s %0 . 2 f s ”,t1 *10^6);

23 printf(”\n\ t ( c ) . The c u r r e n t waveform i s shown i n
f i g u r e . ”);

24 // P l o t i n g the c u r r e n t waveform i n the f i g u r e 2 . 2 1 .
25 t=[0:0.00001:0.0001];

26 // C a l c u l a t i n g the v a l u e s i n the graph with r e s p e c t
to t ime .

27 wrt=wr*t;

28 g1=1.2* exp(-alp*t);

29 g=-1.2*exp(-alp*t);

30 g2=sin(wr*t);

31 clf;

32 plot(wrt ,g1);

33 plot(wrt ,g);

34 xlabel(” Frequency i n Radians ”);
35 ylabel(” Current i n Ampere”);
36 title(” Current waveform ”);
37 plot(wrt ,g2);

38 xlabel(” Frequency i n Radians ”);
39 ylabel(” Current i n Ampere”);
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Figure 2.2: Finding the Stored energy in an Inductor with a Freewheeling
Diode

40 title(” Current waveform ”);
41 //The p l o t g i v e n i n the t ex tbook have some e r r o r .
42 //Some answers may v a r e i d due to round−o f f e r r o r .

Scilab code Exa 2.8 Finding the Stored energy in an Inductor with a Freewheeling Diode
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 2 . 8
7 // F ind ing the S to r ed ene rgy i n an I n d u c t o r with a

F r e e w h e e l i n g Diode .
8

9 clc;

10 clear;

11 Vs=220; // Source Vo l tage i n V o l t s .
12 L=220; // Load i n d u c t a n c e i n micro Henry

.
13 t1=100 //Time i n micro s e c o n d s .
14 Io=(Vs/L)*t1; // C a l c u l a t i n g the output c u r r e n t

.
15 // P l o t t i n g the Current waveform i n f i n g u r e 2 . 2 5 ( b )
16 t=[0 100 150];

17 I=[0 Io Io]

18 subplot (311);

19 plot2d(t,I,rect =[0 ,0 ,170 ,110]);

20 xlabel(”Time i n micro s e c o n d s ( Fig 2 . 2 5 ) ”);
21 ylabel(” Output c u r r e n t ( I o ) i n ampere ”);
22 title(” Waveforms f o r l oad c u r r e n t ”);
23 subplot (312)

24 t0=[0 ,100 ,100] ’

25 I1=[0,Io ,0];

26 plot2d(t0,I1,rect =[0 ,0 ,170 ,110]);

27 xlabel(”Time i n micro s e c o n d s ( Fig 2 . 2 5 ) ”);
28 ylabel(” Output c u r r e n t ( I o ) i n ampere ”);
29 subplot (313);

30 t2=[0 100 100 150];

31 I2=[0 0 Io Io]

32 plot2d(t2,I2,rect =[0 ,0 ,170 ,110]);

33 xlabel(”Time i n micro s e c o n d s ( Fig 2 . 2 5 ) ”);
34 ylabel(” Output c u r r e n t ( I o ) i n ampere ”);
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35 E=0.5*L*10^ -6*Io^2; // C a l c u l a t i n g ene rgy s t o r e d i n
i n d u c t o r .

36 printf(”\n\ t ( a ) . The output c u r r e n t Io i s %0 . 0 fA”,Io)
;

37 printf(”\n\ t The graph i s shown i n the f i g u r e ”);
38 printf(”\n\ t ( b ) . The ene rgy s t o r e d i n the i n d u c u t o r

Lo i s %0 . 1 f J ”,E);

Scilab code Exa 2.9 Finding the recovery energy in an Inductor with a Feedback Diode

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 2 . 9
7 // F ind ing the r e c o v e r y ene rgy i n an I n d u c t o r with a

Feedback Diode
8

9 clc;

10 clear;

11 Lm=250; // Magnet i z ing i n d u c t a n c e o f
t r a n s f o r m e r i n micro Hery .

12 N1=10;N2=100; // Primary and Secondry t u r n s o f
the t r a n s f o r m e r .

13 Vs=220; // Source v o l t a g e i n v o l t s .
14 t1=50 //Time f o r which s w i t c h S1 i s

c l o s e i n micro s e c o n d s .
15 a=N2/N1; // C a l c u l a t i n g the t u r n s r a t i o .
16 VD=Vs*(1+a); // C a l c u l a t i n g r e v e r s e v o l t a g e

o f the d i ode .
17 Io=(Vs/Lm)*(t1); // C a l c u l a t i n g the peak v a l u e o f

the pr imary c u r r e n t .
18 Io1=Io/a; // C a l c u l a t i n g the peak v a l u e o f
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the s e conda ry c u r r e n t .
19 t2=(a*Lm*Io)/(Vs); // C a l c u l a t i n g the conduc t i on

t ime o f the d i ode .
20 W=0.5*( Lm*10^ -6)*(Io^2); // C a l c u l a t i n g the

s o u r c e ene rgy .
21 printf(”\n\ tThe t u r n s r a t i o a = %i”,a);
22 printf(”\n\ t ( a ) . The r e v e r s e v o l t a g e o f the d i ode VD

i s %iV”,VD);
23 printf(”\n\ t ( b ) . The peak v a l u e o f the pr imary

c u r r e n t Io i s %iA”,Io);
24 printf(”\n\ t ( c ) . The peak v a l u e o f the s e conda ry

c u r r e n t Io1 i s %0 . 1 fA”,Io1);
25 printf(”\n\ t ( d ) . The conduc t i on t ime ot the d i ode t2

i s % i s ”,t2);
26 printf(”\n\ t ( e ) . The s o u r c e energy , W i s %0 . 3 f J ”,W);
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Chapter 3

Diode Rectifiers

Scilab code Exa 3.3 Finding the performance parameters of a full Wave rectifier with an RL load

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 3
7 // F ind ing the pe r f o rmance paramete r s o f a f u l l −Wave

r e c t i f i e r with an RL load .
8

9 clc;

10 clear;

11 L=6.5; // Induc tance i n m i l l i Henry .
12 R=2.5; // R e s i s t a n c e i n Ohm.
13 E=10; //The v o l t a g e o f the b a t t e r y

i n v o l t s .
14 Vs=120; // Supply v o l t a g e i n v o l t s .
15 f=60; // Frequency i n Hertz .
16 // C a l c u l a t i n g Diode paramete r s .
17 IS =(2.2*E) -(15);BV =1800;

18 w=2*%pi*f;
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19 Z=((R^2)+((w*(L*10^ -3))^2))^0.5;

20 theta=atan((w*(L*10^ -3))/(R));

21 printf(”\n\ t t h e t a = %0 . 2 f d e g r e e ”,theta *180/ %pi);
22 printf(”\n\tw = %0 . 0 f r a d / s e c ”,w);
23 printf(”\n\ tZ = %0 . 1 fOhm”,Z);
24 // C a l c u l a t i n g the l oad c u r r e n t .
25 a1=(R/(L*10^ -3))*(%pi/(w));a5=(sqrt (2)*Vs)/(Z);

26 a2=1-(exp(-a1));a3=1+( exp(-a1));a4=a3/a2;

27 I0=(a5*sin(theta)*a4)-(E/R);

28 // C a l c u l a t i n g the ave rage d i ode c u r r e n t .
29 funcprot (0)

30 function a=f(wt)

31 a=(a5*(sin(wt -theta)+((2/ a2)*sin(theta)*(exp(-((

R/(L*w*10^ -3))*wt))))))-(E/R)

32 endfunction

33 a=0;b=%pi;

34 b1=intg(a,b,f);

35 ID_av =(1/(2* %pi))*b1;

36 // C a l c u l a t i n g the rms d i ode c u r r e n t .
37 funcprot (0)

38 function b=f(wt)

39 b=((a5*(sin(wt -theta)+((2/ a2)*sin(theta)*(exp

(-((R/(L*w*10^ -3))*wt)))))) -(E/R))^2

40 endfunction

41 c1=intg(a,b,f);

42 ID_rms=sqrt ((1/(2* %pi))*c1);

43 I0_rms=sqrt (2)*ID_rms; // C a l c u l a t i n g
rms output v o l t a g e .

44 Pac=I0_rms ^2*R; // C a l c u l a t i n g
ac l oad power .

45 PF=Pac/(Vs*I0_rms); // C a l c u l a t i n g
input power f a c t o r .

46 printf(”\n\ tThe s t eady s t a t e c u r r e n t at wt = 0 , I 0 i s
%0 . 1 fA”,I0);

47 printf(”\n\ tThe ave rage d i ode c u r r e n t ID ( avg ) i s %0
. 2 fA”,ID_av);

48 printf(”\n\ tThe rms d i ode c u r r e n t ID ( rms ) i s %0 . 1 fA”
,ID_rms);
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49 printf(”\n\ tThe rms output power I0 ( rms ) i s %0 . 1 fA”,
I0_rms);

50 printf(”\n\ tThe ac l oad power Pac i s %0 . 2fKW”,Pac
*10^ -3);

51 printf(”\n\ tThe input power f a c t o r i s %0 . 2 f ( l a g g i n g )
”,PF);

Scilab code Exa 3.8 Finding the Performance Parameters of a Three Phase Bridge Rectifier with an RL Load

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 8
7 // F ind ing the Per formance Parameters o f a Three−

Phase Br idge R e c t i f i e r with an RL Load .
8

9 clc;

10 clear;

11 L=1.5; // Induc tance i n m i l l i
Henry .

12 R=2.5; // R e s i s t a n c e i n Ohm.
13 E=10; // Vo l tage o f the b a t t e r y

i n v o l t s .
14 Vab =208; // Input v o l t a g e i n v o l t s .
15 f=60; // Supply f r e q u e n c y i n Hz .
16 Vs=120; // Supply v o l t a g e i n v o l t s

.
17 w=2*%pi*f; // C a l c u l a t i n g f r e q u e n c y

i n rad / s e c .
18 Z=sqrt(R^2+(w*L*10^ -3) ^2); // C a l c u l a t i n g input

impedence .
19 theta=atan((w*L*10^ -3)/R); // C a l c u l a t i n g the
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s u p l y t h e t a l e .
20 // C a l c u l a t i n g the s t eady s t a t e c u r r e n t .
21 a1=(sqrt (2)*Vab)/Z;a2=sin (((2* %pi)/3)-theta);a3=(R/(

L*10^ -3))*(%pi /(3*w));

22 a4=exp(-a3);a5=sin((%pi/3)-theta)*a4;a7=exp(-a3);a6

=1-a7;

23 Io=(a1*((a2 -a5)/a6))-(E/R);

24 // C a l c u l a t i n g the ave rage d i ode c u r r e n t .
25 funcprot (0)

26 function a=f(wt)

27 a=(a1*((sin(wt -theta))+(((a2-sin((%pi/3)-theta))

/a6)*exp((R/(L*10^ -3))*((%pi /(3*w))-(wt/w))))

))-(E/R)

28 endfunction

29 a=%pi/3;b=(2* %pi)/3;

30 b1=intg(a,b,f);

31 ID_av =(2/(2* %pi))*b1;

32 // C a l c u l a t i n g rms d i ode c u r r e n t .
33 funcprot (0)

34 function b=f(wt)

35 b=((a1*((sin(wt -theta))+(((a2-sin((%pi/3)-theta)

)/a6)*exp((R/(L*10^ -3))*((%pi /(3*w))-(wt/w)))

)))-(E/R))^2

36 endfunction

37 c1=intg(a,b,f);

38 ID_rms=sqrt ((2/(2* %pi))*c1);

39 Io_rms=sqrt (3)*ID_rms; //
C a l c u l a t i n g output rms c u r r e n t .

40 Pac=Io_rms ^2*R; //
C a l c u l a t i n g ac l oad power .

41 PF=Pac /(3* sqrt (2)*Vs*ID_rms); //
C a l c u l a t i n g the power f a c t o r .

42 printf(”\n\ tThe s t eady s t a t e l oad c u r r e n t Io i s %0 . 2
fA”,Io);

43 printf(”\n\ tThe ave rage d i ode c u r r e n t ID ( av ) i s %0 . 1
fA”,ID_av);

44 printf(”\n\ tThe rms d i ode c u r r e n t ID ( rms ) i s %0 . 2 fA”
,ID_rms);
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Figure 3.1: Finding the Diode Ratings from the Diode Currents

45 printf(”\n\ tThe output rms c u r r e n t Io ( rms ) i s %0 . 1 fA
”,Io_rms);

46 printf(”\n\ tThe ac l oad power Pac i s %0 . 1fKW”,Pac
*10^ -3);

47 printf(”\n\ tThe power f a c t o r PF i s %0 . 2 f ( l a g g i n g ) ”,
PF);

48 //Some answers a r e v a r i e d due to round−o f f e r r o r .

Scilab code Exa 3.9 Finding the Diode Ratings from the Diode Currents

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 9
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7 // F ind ing the Diode Rat ing s from the Diode Cur r en t s .
8

9 clc;

10 clear;

11 Idc =60; // Average l oad c u r r e n t
i n ampere .

12 V=120; // Supply v o l t a g e i n
v o l t s .

13 f=60; // Supply f r e q u e n c y i n
Hz .

14 Id=Idc/3; // C a l c u l a t i n g ave rage
d i ode c u r r e n t .

15 Ir=Idc/sqrt (3); // C a l c u l a t i n g rms d i ode
c u r r e n t .

16 PIV=sqrt (3)*sqrt (2)*V; // C a l c u l a t i n g peak
i n v e r s e v o l t a g e .

17 printf(”\n\ tThe ave rage d i ode c u r r e n t Id i s %0 . 0 fA”,
Id);

18 printf(”\n\ tThe rms d iodoe c u r r e n t I r i s %0 . 2 fA”,Ir)
;

19 printf(”\n\ tThe peak i n v e r s e v o l t a g e PIV i s %0 . 0 fV”,
PIV);

20 // P l o t i n g the graph o f the c u r r e n t through the d i ode
21 a=[0,Idc ,Idc ,0];

22 b1=[%pi/3,%pi/3,%pi ,%pi];

23 b2=[2* %pi/3,2*%pi/3,4*%pi/3,4*%pi /3];

24 b3=[%pi ,%pi ,5*%pi/3,5*%pi /3];

25 b4=[4* %pi/3,4*%pi/3,2*%pi ,2*%pi];

26 a1=[0,Idc ,Idc ,0,0,Idc ,Idc]

27 b5=[0,0,%pi/3,%pi/3,5*%pi/3,5*%pi/3,2*%pi];

28 b6=[0,0,2*%pi/3,2*%pi /3];

29 subplot (511)

30 plot2d(b1,a,rect =[0,0 ,8,75]);

31 xlabel(”wt i n Radians ”);
32 title(” Current through d i o d e s ”);
33 ylabel(” Id1 (A) ”);
34 subplot (612)

35 plot2d(b2,a,rect =[0,0 ,8,75]);
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36 xlabel(”wt i n Radians ”);
37 ylabel(” Id2 (A) ”);
38 subplot (613)

39 plot2d(b3,a,rect =[0,0 ,8,75]);

40 xlabel(”wt i n Radians ) ”);
41 ylabel(” Id3 (A) ”);
42 subplot (614)

43 plot2d(b4,a,rect =[0,0 ,8,75]);

44 xlabel(”wt i n Radians ”);
45 ylabel(” Id4 (A) ”);
46 subplot (615)

47 plot2d(b5,a1,rect =[0,0 ,8,75]);

48 xlabel(”wt i n Radians ”);
49 ylabel(” Id5 (A) ”);
50 subplot (616)

51 plot2d(b6,a,rect =[0,0 ,8,75]);

52 xlabel(”wt i n Radians ”);
53 ylabel(” Id6 (A) ”);

Scilab code Exa 3.10 Finding the Diode Average and rms Currents from the Waveforms

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 1 0
7 // F ind ing the Diode Average and rms Cur r en t s from

the Waveforms .
8

9 clc;

10 clear;
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Figure 3.2: Finding the Diode Average and rms Currents from the Waveforms
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11 t1=100; //Time i n micro s e c o n d s .
12 t2=350; //Time i n micro s e c o n d s .
13 t3=500; //Time i n micro s e c o n d s .
14 f=250; // Resonant f r e q u e n c y i n

Hz .
15 fs=5; // Resonant f r e q u e n c y i n

KHz .
16 Im=450; // Magnet i z ing c u r r e n t i n

ampere .
17 Ia=150; // Average c u r r e n t i n

ampere .
18 ID_rms=sqrt (((Im^2*f*t1*10^ -6) /2)+(Ia^2*f*(t3-t2)

*10^ -6));// C a l c u l a t i n g rms d i ode c u r r e n t .
19 ID_av =((Im*f)/(%pi*fs *10^3))+(Ia*f*(t3-t2)*10^ -6);

// C a l c u l a t i n g ave rage d i ode c u r r e n t .
20 printf(”\n\ t ( a ) . The rms v a l u e o f d i ode c u r r e n t ID (

rms ) i s %0 . 2 fA”,ID_rms);
21 printf(”\n\ t ( b ) . The ave rage d i ode c u r r e n t ID ( av ) i s

%0 . 2 fA”,ID_av);
22 // P l o t i n g the Current waveform i n Fig 3 . 1 9 .
23 ws=2*%pi*fs *10^3;

24 t11 =[0:(( t1*10^ -6) /2):(t1*10^ -6)];

25 I11=Im*sin(ws*t11);

26 t22 =[0 (t2*10^ -6) (t2*10^ -6) (t3*10^ -6) (t3*10^ -6)]

27 I22 =[0 0 Ia Ia 0]

28 plot(t11 ,I11);

29 plot(t22 ,I22);

30 title(” Current waveform ( Fig 3 . 1 9 ) ”);
31 xlabel(”Time i n Micro s e c o n d s ”);
32 ylabel(” Current i n Ampere”);

Scilab code Exa 3.11 Finding the Load Inductance to Limit the Amount of Ripple Current

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid
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2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 1 1
7 // F ind ing the Load Induc tance to L imit the Amount o f

R ipp l e Current .
8

9 clc;

10 clear;

11 Vs=120; // Supply v o l t a g e i n
v o l t s .

12 f=60; // Supply f r e q u e n c y i n
Hz .

13 R=500; // R e s i s t a c e i n Ohm.
14 RF =0.05; // Ripp l e f a c t o r .
15 L=sqrt ((0.4714^2/ RF^2) -1)*(R/(2*2* %pi*f));//

C a l c u l a t i n g the v a l u e o f i n d u c t a n c e .
16 printf(”\n\ tThe v a l u e o f i n d u c t a n c e r e q u i r e d to

l i m i t the rms r i p p l e c u r r e n t I a c to l e s s than 5
Percen t o f Idc , L i s %0 . 2 fH”,L);

Scilab code Exa 3.12 Finding the Filter Capacitance to Limit the Amount of Output Ripple Voltage

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 1 2
7 // F ind ing the F i l t e r Capac i t ance to L imit the Amount

o f Output R ipp l e Vo l tage .
8

9 clc;
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10 clear;

11 Vs=120; // Supply v o l t a g e i n v o l t s
.

12 f=60; // Frequency i n Hz .
13 R=500; // R e s i s t a n c e i n Ohm.
14 RF =0.05; // Ripp l e f a c t o r .
15 Ce =(1/(4*f*R))*(1+(1/ RF)); // C a l c u l a t i n g the v a l u e

o f c a p a c i t a n c e .
16 Vo_av=(sqrt (2)*Vs/2) *(2 -(1/(R*2*f*Ce)));//

C a l c u l a t i n g the ave rage output v o l t a g e
17 printf(”\n\ t ( a ) . The v a l u e o f f i l t e r c a p a c i t a n e Ce i s

%0 . 0 f F ”,Ce *10^6);
18 printf(”\n\ t ( b ) . The ave rage output v o l t a g e Vo( av ) i s

%0 . 2 fV”,Vo_av);
19 // Book answer i s wrong .

Scilab code Exa 3.13 Finding the Values of an LC Output Filter to Limit the Amount of Output Ripple Voltage

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 1 3
7 // F ind ing the Values o f an LC Output F i l t e r to L imit

the Amount o f Output R ipp l e Vo l tage .
8

9 clc;

10 clear;

11 R=40; // R e s i s t a n c e i n Ohm.
12 L=10; // Induc tance i n m i l l i Henry

.
13 f=60; // Frequency i n Hz .
14 w=2*%pi*f; // Frequency i n rad / s e c .
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15 RF=10; // Ripp l e f a c t o r o f output
v o l t a g e i n p e r c e n t a g e .

16 Ce=RF/(2*w*sqrt(R^2+(2*w*L*10^ -3) ^2));// C a l c u l a t i n g
v a l u e o f f i l t e r c a p a c i t a n c e .

17 Le =(4.714+1) /((2*w)^2*Ce); // C a l c u l a t i n g
v a l u e o f f i l t e r i n d u c t a n c e .

18 printf(”\n\ t ( a ) . The v a l u e o f f i l t e r c a p a c i t a n c e Ce
i s %0 . 0 f F ”,Ce *10^6);

19 printf(”\n\ t The v a l u e o f f i l t e r c a p a c i t a n c e Le
i s %0 . 2 fmH”,Le *10^3);

20 //Some answers may be changed due to roundo f f−e r r o r .

Scilab code Exa 3.14 Finding the Values of an LC Input Filter to Limit the Amount of Input Ripple Current

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 1 4
7 // F ind ing the Values o f an LC Input F i l t e r to L imit

the Amount o f Input R ipp l e Current .
8

9 clc;

10 clear;

11 f=60; // Supply f r e q u e n c y i n Hz .
12 w=2*%pi*f; // C a l c u l a t i n g f r e q u e n c y

i n rad / s e c .
13 Ci =1000; //Asummed v a l u e o f

c a p a c i t a n c e i n micro f a r a d .
14 Li =(99/((100*w^2) -(3*(3*w)^2)))/(Ci*10^ -6);//

C a l c u l a t i n g the v a l u e o f c a p a c i t a n c e by asumming
the v a l u e o f c a p a c i t a n c e .

15 printf(”\n\ tThe v a l u e o f Induc tance at c a p a c i t a n c e (
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Ci =1000 F ) , L i i s %0 . 3 fmH”,Li *10^3);
16 // Answer i s change due to round o f f e r r o r .

Scilab code Exa 3.15 Finding the Critical Value of Inductor for Continuous Load Current

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 1 5
7 // F ind ing the C r i t i c a l Value o f I n d u c t o r f o r

Cont inuous Load Current .
8

9 clc;

10 clear;

11 Vs=120; // Supply v o l t a g e i n
v o l t s .

12 f=60; // Frequency i n Hz .
13 Vdc =100; //Dc output v o l t a g e i n

v o l t s .
14 Idc =10; //Dc output c u r r e n t i n

amoere .
15 k=0.2575; // Average c u r r e n t

r a t i o .
16 Le=6.5; // F i l t e r i n d u c t a n c e i n

m i l l i Henry .
17 Idc1 =15; //Dc output c u r r e n t i n

ampere .
18 kr =0.324; //RMS c u r r n t r a t i o .
19 w=2*%pi*f; // C a l c u l a t i n g

f r e q u e n c y i n rad / s e c .
20 Vm=sqrt (2)*Vs; // C a l c u l a t i n g phase

v o l t a g e .
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21 //When Vdc=100V and Idc =10A.
22 x=Vdc/Vm; // C a l c u l a t i n g v o l t a g e

r a t i o .
23 alp=asind(x); // C a l c u l a t i n g the

f i r i n g a n g l e .
24 Ipk=Idc/k; // C a l c u l a t i n g peak

c u r r e n t .
25 Lcr=Vm/(w*Ipk); // C a l c u l a t i n g c r i t i c a l

v a l u e o f i n d u c t a n c e .
26 Irms=kr*Ipk; // C a l c u l a t i n g rms

c u r r e n t .
27 //When Le =6.5mH and Idc =15A.
28 Idc1 =15; // Average output

c u r r e n t i n ampere .
29 Ipk1=Vm/(w*Le*10^ -3); // C a l c u l a t i n g peak

c u r r e n t .
30 k1=(Idc1/Ipk1)*100; // C a l c u l a t i n g c u r r e n t

r a t i o .
31 x12 =60; x13 =65; //The v o l t a g e r a t i o

from t a b l e 3 . 6 .
32 k12 =23.95; k13 =15.27; // Currnt r a t i o from

t a b l e 3 . 6 .
33 x1 =60+((x13 -x12)*(k1-k12))/(k13 -k12);// C a l c u l a t i n g

Vo l tage r a t i o .
34 Vdc1=x1*10^ -2*Vm; // C a l c u l a t i n g

dc output v o l t a g e .
35 alp12 =36.87; alp13 =40.54; // F i r i n g a n g l e

from t a b l e 3 . 6 .
36 alp1=alp12 +((( alp13 -alp12)*(k1-k12))/(k13 -k12));//

C a l c u l a t i n g the f i r i n g a n g l e .
37 bet12 =216.87; bet13 =220.54; //

C a l c u l a t i n g f i r i n g a n g l e .
38 bet=bet12 +((( bet13 -bet12)*(k1 -k12))/(k13 -k12));//

C a l c u l a t i n g f i r i n g a n g l e .
39 kr12 =31.05; kr13 =26.58; //

C a l c u l a t i n g rms c u r r e n t r a t i o i n t a b l e 3 . 6 .
40 kr1=kr12 +(((kr13 -kr12)*(k1 -k12))/(k13 -k12));//

C a l c u l a t i n g rms c u r r e n t r a t i o .
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41 Irms1=kr1 /100* Ipk1; //
C a l c u l a t i n g rms c u r r e n t .

42 printf(”\n\ t ( a ) . When Vdc=100V and Idc =10A”);
43 printf(”\n\ t The v o l t a g e r a t i o x i s %0 . 4 f ”,x);
44 printf(”\n\ t The f i r i n g a n g l e a l p i s %0 . 2 f d e g r e e

”,alp);
45 printf(”\n\ t The peak c u r r e n t Ipk i s %0 . 2 fA”,Ipk)

;

46 printf(”\n\ t The c r i t i c a l v a l u e o f i n d u c t a n c e Lcr
i s %0 . 2 fmH”,Lcr *10^3)

47 printf(”\n\ t The rms c u r r e n t Irms i s %0 . 2 fA”,Irms
);

48 printf(”\n\ t ( b ) . When Le =6.5mH and Idc =15A”);
49 printf(”\n\ t The peak c u r r e n t Ipk i s %0 . 2 fA”,Ipk1

);

50 printf(”\n\ t The c u r r e n t r a t i o k i s %0 . 2 f p e r c e n t ”
,k1);

51 printf(”\n\ t The v o l a t a g e r a t i o x i s %0 . 2 f p e r c e n t
”,x1);

52 printf(”\n\ t The dc v o l t a g e Vdc i s %0 . 2 fV”,Vdc1);
53 printf(”\n\ t The f i r i n g a n g l e a l p i s %0 . 2 f d e g r e e

”,alp1);
54 printf(”\n\ t The f i r i n g a n g l e bet i s %0 . 2 f d e g r e e

”,bet);
55 printf(”\n\ t The rms c u r r e n t r a t i o kr i s %0 . 2

f p e r c e n t ”,kr1);
56 printf(”\n\ t The rms output c u r r e n t Irms i s %0 . 2

fA”,Irms1);
57 //Some answers a r e changed due to round−o f f e r r o r .
58 //Some answers g i v e n i n the t ex tbook a r e wrong

Scilab code Exa 3.16 Finding the Effect of Line Inductance on the Output Voltage of a Rectifier

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid
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2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 1 6
7 // F ind ing the E f f e c t o f L ine Induc tance on the

Output Vo l tage o f a R e c t i f i e r .
8

9 clc;

10 clear;

11 V=208; // Supply v o l t a g e i n
v o l t s .

12 f=60; // Suppky f r e q u e n c y i n
Hz .

13 Idc =60; // Average l oad c u r r e n t
i n ampere .

14 Lc=0.5; // Induc tance per phase
i n m i l l i Henry .

15 Vs=V/sqrt (3); // C a c u l a t i n g v o l t a g e
per phase .

16 Vm=sqrt (2)*Vs // C a l c u l a t i n g phase
v o l t a g e .

17 Vdc =1.654* Vm; // C a l c u l a t i n g ave rage
output v o l t a g e .

18 Vx=6*Idc*Lc*10^ -3*f; // C a l c u l a t i n g the
r e d u c t i o n o f output v o l t a g e .

19 Vo=Vdc -Vx; // C a l c u l a t i n g
e f f e c t i n v e output v o l t a g e .

20 printf(”\n\ tThe ave rage output v o l t a g e Vdc i s %0 . 2 fV
”,Vdc);

21 printf(”\n\ tThe r d u c t i o n i n output v o l t a g e Vx i s %0
. 1 fV”,Vx);

22 printf(”\n\ tThe e f f e c t i v e output v o l t a g e Vo i s %0 . 2
fV”,Vo);

23 //Some answers a r e changed due to round−o f f e r r o r .
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Scilab code Exa 3.17 Finding the Effect of Diode Recovery Time on the Output Voltage of a Rectifier

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 3 . 1 7
7 // F ind ing the E f f e c t o f Diode Recovery Time on the

Output Vo l tage o f a R e c t i f i e r
8

9 clc;

10 clear;

11 trr =50; // Rever se r e c o v e r y t ime
i n micro s e c o n d s .

12 Vs=120; // Supply v o l t a g e i n
v o l t s .

13 fs1 =2; // Supply f r e q u e n c y i n
kHz .

14 fs2 =60; // Supply f r e q u e n c y i n Hz
.

15 Vm=sqrt (2)*Vs; // C a l c u l a t i n g the phase
v o l t a g e .

16 Vdc =0.6336* Vm; // C a l c u l a t i n g ave rage
output v o l t a g e .

17 //When f s =2000Hz ,
18 Vrr1=(Vm/%pi)*(1-cos(2* %pi*fs1 *10^3* trr *10^ -6));//

C a l c u l a t i n g the r e d u c t i o n o f ave rage output
v o l t a g e .

19 //When f s =60Hz ,
20 Vrr2=(Vm/%pi)*(1-cos(2* %pi*fs2*trr *10^ -6));//

C a l c u l a t i n g the r e d u c t i o n o f ave rage output
v o l t a g e .

41



21 printf(”\n\ t ( a ) . When f s =2000Hz”);
22 printf(”\n\ t The r e d u c t i o n o f ave rage output

v o l t a g e i s %0 . 1 fV or %0 . 2 f p e r c e n t o f Vdc”,Vrr1 ,
Vrr1/Vdc *100);

23 printf(”\n\ t ( b ) . When f s =60Hz”);
24 printf(”\n\ t The r e d u c t i o n o f ave rage output

v o l t a g e i s %0 . 1 eV or %0 . 2 e p e r c e n t o f Vdc”,Vrr2 ,
Vrr2/Vdc *100);

25 //Some answers a r e changed due to round−o f f e r r o r .
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Chapter 4

Power Transistors

Scilab code Exa 4.1 Finding the Saturation Parameters of a BJT

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 4 . 1
7 // F ind ing the S a t u r a t i o n Parameters o f a BJT .
8

9 clc;

10 clear;

11 Rc=11; // Load r e s i s t a n c e i n
Ohm.

12 Vcc =200; // Supply v o l t a g e i n
V o l t s .

13 VB=10; // Input Vo l tage to the
base i n V o l t s .

14 Vce_sat =1; // C o l l e c t o r e m i t t e r
Vo l tage i n V o l t s .

15 Vbe_sat =1.5; // Base e m i t t e r Vo l tage
i n V o l t s .
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16 ODF =5; // Over d r i v e f a c t o r .
17 bet_min =8; bet_max =40; //Maximum and

minimum c u r r e n t ga in .
18 Ics=(Vcc -Vce_sat)/(Rc); // C a l c u l a t i n g the

c o l l e c t o r c u r r e n t .
19 Ibs=Ics/bet_min; // C a l c u l a t i n g the

base c u r r e n t .
20 Ib=ODF*Ibs; // C a l c u l a t i n g the base

c u r r e n t with ODF.
21 Rb=(VB-Vbe_sat)/(Ib); // C a l c u l a t i n g the base

R e s i s t a n c e .
22 bet_forced=Ics/Ib; // C a l c u l a t i n g the

Forced c u r r e n t ga in .
23 PT=( Vbe_sat*Ib)+( Vce_sat*Ics); // c a l c u l a t i n g

the t o t a l power l o s s .
24 printf(”\n\ tThe C o l l e c t o r c u r r e n t I c s i s %0 . 1 fA”,Ics

);

25 printf(”\n\ tThe Base c u r r e n t I b s i s %0 . 4 fA”,Ibs);
26 printf(”\n\ tThe base c u r r e n t f o r an ODF o f 5 , Ib i s

%0 . 4 fA”,Ib);
27 printf(”\n\ t ( a ) . The v a l u e o f base r e s i s t a n c e Rb i s

%0 . 4 f Ohm”,Rb);
28 printf(”\n\ t ( b ) . The f o r c e d c u r r e n t ga in b e t a f o r c e d

i s %0 . 1 f ”,bet_forced);
29 printf(”\n\ t ( c ) . The t o t a l power l o s s Pt i s %0 . 2 fW”,

PT);

30 // Answers i n the book a r e v a r i e d due to r u o u n o f f
e r r o r .

Scilab code Exa 4.2 Finding the Switching Loss of a Transistor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid
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Figure 4.1: Finding the Switching Loss of a Transistor
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2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 4 . 2
7 // F ind ing the S w i t c h i n g Loss o f a T r a n s i s t o r .
8

9 clc;

10 clear;

11 Vcc =250; // C o l l e c t o r v o l t a g e i n
V o l t s .

12 Vbe_sat =3; // Base e m i t t e r Vo l tage
i n v o l t s .

13 Ib=8; // Base Current i n
Ampheres .

14 Vce_sat =2; // C o l l e c t o r e m i t t e r
v o l t a g e i n v o l t s .

15 Ics =100; // C o l l e c t o r c u r r e n t i n
v o l t s .

16 td=0.5; // Delay t ime o f
t r a n s i s t o r i n micro s e c o n d s .

17 tr=1; // Ri s e t ime o f t r a n s i s t o r
i n micro s e c o n d s .

18 ts=5; // Stop ing t ime o f
t r a n s i s t o r i n micro s e c o n d s .

19 tf=3; // F a l l t ime o f t r a n s i s t o r
i n micro s e c o n d s .

20 fs=10; // Frequency i n KHZ.
21 k=0.5; // Duty c y c l e .
22 Iceo =3; // C o l l e c t o r to e m i t t e r

l e a k a g e c u r r e n t i n m i l l Amps .
23 T=1/fs; // C a l c u l a t i n g the t o t a l

t ime .
24 tn=(50)-td-tr; // C a l c u l a t i n g the turn on

t ime .
25 to=(50)-ts-tf; // C a l c u l a t i n g the turn o f f

t ime .
26 Pct=Iceo *10^ -3* Vcc; // C a l c u l a t i n g the power
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due to c o l l e c t o r c u r r e n t dur ing d e l a y t ime .
27 Pd=Iceo *10^ -3* Vcc*td*10^ -6*fs *10^3; // C a l c u l a i n g the

ave rage power l o s s dur ing d e l a y t ime .
28 tm=(tr*Vcc)/(2*(Vcc -Vce_sat)); // C a l c u l a t i n g the

maximum time .
29 Pp=(Vcc^2* Ics)/(4*(Vcc -Vce_sat)); // C a l c u l a t i n g the

peak power .
30 Pr=fs *10^3* Ics*tr*10^ -6*(( Vcc /2) +(( Vce_sat -Vcc)/3));

// C a c u l a t i n g power l o s s dur ing r i s e t ime
31 Pon=Pd+Pr; // C a l c u l a t i n g the

t o t a l power l o s s dur ing turn on t ime .
32 Pn=Vce_sat*Ics*tn*10^ -6*fs *10^3; // C a l c u l a t i n g the

power l o s s dur ing the conduc t i on t ime .
33 Ps=Vce_sat*Ics*ts*10^ -6*fs *10^3; // C a l c u l a t i n g the

power l o s s dur ing the s t o r a g e t ime .
34 Pm=(Vcc*Ics)/4; // C a l c u l a t i n g the

peak power .
35 Pf=(Vcc*Ics*tf*10^ -6*fs *10^3) /(6);// C a l c u l a t i n g the

power l o s s dur ing peak t ime .
36 Poff=Ps+Pf; // C a l c u l a t i n g the

power l o s s dur ing turn o f f .
37 Po=Iceo *10^ -3* Vcc*to*10^ -6*fs *10^3; // C a l c u l a t i n g the

power l o s s due to c o l l e c t o r c u r r e n t dur ing turn
o f f .

38 Pt=Pon+Pn+Poff+Po; // C a l c u l a t i n g the
t o t a l power l o s s due to c o l l e c t o r c u r r e n t .

39 printf(”\n ( a ) . During d e l a y time , : ”);
40 printf(”\n\ tThe i n s t a n t a n e o u s power due to the

c o l l e c t o r c u r r e n t Pc ( t ) i s %0 . 2 fW”,Pct);
41 printf(”\n\ tThe ave rage power l o s s dur ing the d e l a y

t ime Pd i s %0 . 2fmW”,Pd *10^3);
42 printf(”\n\ tThe maximum time tm i s %0 . 3 f s ”,tm);
43 printf(”\n\ tThe power dur ing r i s e t ime Pr i s %0 . 2 fW”

,Pr);

44 printf(”\n\ tThe peak power l o s s dur ing r i s e t ime Pp
i s %iW”,Pp);

45 printf(”\n\ tThe t o t a l power l o s s dur ing turn on Pon
i s %0 . 2 fW”,Pon);
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46 printf(”\n ( b ) . During the conduc t i on pe r i od , ”);
47 printf(”\n\ tThe power l o s s dur ing conduc t i on time ,

Pn i s %iW”,Pn);
48 printf(”\n ( c ) . During the s t o r a g e pe r i od , ”);
49 printf(”\n\ tThe power l o s s dur ing s t o r a g e p e r i o d Ps

i s %iW”,Ps);
50 printf(”\n\ tThe maximum power d u r r i n g f a l l t ime Pm

i s %iW”,Pm);
51 printf(”\n\ tThe power l o s s dur ing the peak t ime Pf

i s %iW”,Pf);
52 printf(”\n\ tThe power l o s s dur ing turn o f f t ime P o f f

i s %iW”,Poff);
53 printf(”\n ( d ) . During o f f pe r i od , ”);
54 printf(”\n\ tThe power l o s s due to c o l l e c t o r c u r r e n t

dur ing turn o f f Po i s %0 . 3 fW”,Po);
55 printf(”\n ( e ) . The t o t a l power l o s s i n the t r a n s i s t o r

due to c o l l e c t o r c u r r e n t i s Pt i s %0 . 2 fW”,Pt);
56 // P l o t i n g graph u s i n g above v a l u e s .
57 clf;

58 t=[0.5 1 1.5 50 55 56.5 58 60];

59 p=[0.75 6300 200 200 200 6250 0.75 0.75];

60 plot(t,p);

61 xlabel(”Time i n Micro s e c o n d s ”);
62 ylabel(”Power i n Watts ”);
63 title(” I n s t a n t a n e o u s power ”);
64 printf(”\n ( f ) . The p l o t o f the i n s t a n t a n e o u s power i s

shown i n graph ”);

Scilab code Exa 4.3 Finding the Base Drive Loss of a Transistor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
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5

6 // Example : 4 . 3
7 // F ind ing the Base Dr ive Loss o f a T r a n s i s t o r .
8

9 clc;

10 clear;

11 Vcc =250; // C o l l e c t o r v o l t a g e i n
V o l t s .

12 Vbe_sat =3; // Base e m i t t e r Vo l tage
i n v o l t s .

13 Ib=8; // Base Current i n
Ampheres .

14 Vce_sat =2; // C o l l e c t o r e m i t t e r
v o l t a g e i n v o l t s .

15 Ics =100; // C o l l e c t o r c u r r e n t i n
v o l t s .

16 td=0.5; // Delay t ime o f
t r a n s i s t o r i n micro s e c o n d s .

17 tr=1; // Ri s e t ime o f t r a n s i s t o r
i n micro s e c o n d s .

18 ts=5; // Stop ing t ime o f
t r a n s i s t o r i n micro s e c o n d s .

19 tf=3; // F a l l t ime o f t r a n s i s t o r
i n micro s e c o n d s .

20 fs=10; // Frequency i n KHZ.
21 k=0.5; // Duty c y c l e .
22 Iceo =3; // C o l l e c t o r to e m i t t e r

l e a k a g e c u r r e n t i n m i l l Amps .
23 ton=td+tr; // C a l c u l a t i n g the turn on

t ime .
24 toff=ts+tf; // C a l c u l a t i n g the turn o f f

t ime .
25 T=1/fs; // C a l c u l a t i n g the t o t a l

t ime .
26 tn=(50)-td-tr; // C a l c u l a t i n g the turn on

t ime .
27 Pbt=Vbe_sat*Ib; // C a l c u l a t i n g the power

due to base c u r r e n t .
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28 Pb=Pbt*(ton+tn+ts+tf)*10^ -6*fs *10^3; // C a l c u l a t i n g
the ave rage power l o s s .

29 printf(”\n\ tThe i n s t a n t a n e o u s power due to the base
c u r r e n t Pb( t ) i s %iW”,Pbt);

30 printf(”\n\ tThe ave rage power l o s s Pb i s %0 . 2 fW”,Pb)
;

Scilab code Exa 4.4 Finding the Case Temperature of a Transistor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 4 . 4
7 // F ind ing the Case Temperature o f a T r a n s i s t o r .
8

9 clc;

10 clear;

11 Tj=150; //Maximum tempera tu r e o f
t r a n s i s t o r i n C .

12 Ta=25; //The ambient t empera tu r e
o f t r a n s i s t o r i n C .

13 Rjc =0.4; Rcs =0.1; Rsa =0.5; //The therma l impedences o f
t r a n s i s t o r i n C /W.

14 Pt=(Tj-Ta)/(Rjc+Rcs+Rsa);// C a l c u l a t i n g the maximum
power d i s s i p a t e d .

15 Tc=Tj -(Pt*Rjc); // C a l c u l a t i n g the c a s e
t empera tu re .

16 printf(”\n\ t ( a ) . The maximum power d i s s i p a t e d Pt i s
%iW”,Pt);

17 printf(”\n\ t ( b ) . The c a s e t empera tu r e Tc i s % i C ”,Tc
);
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Scilab code Exa 4.5 Finding the Snubber Values for Limiting voltage and current Values of a BJT Switch

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 4 . 5
7 // F ind ing the Snubber Values f o r L i m i t i n g dv/ dt and

d i / dt Values o f a BJT Switch .
8

9 clc;

10 clear;

11 fs=10; // Frequency i n
KHZ.

12 Vs=220; //Dc v o l t a g e o f
the chopper i n v o l t s .

13 I_L =100; // Load c u r r e n t
i n Amps .

14 Vce_sat =0; // C o l l e c t o r to
e m i t t e r v o l t a g e i n v o l t s .

15 td=0; // Turn on d e l a y
t ime i n micro s e c o n d s .

16 tr=3; // Turn on r i s e
t ime i n micro s e c o n d s .

17 tf=1.2; // F a l l t ime i n
micro s e c o n d s .

18 Ls=(Vs*tr)/(I_L); // C a l c u l a t i n g
the i n d u c t a n c e .

19 Cs=(I_L*tf)/(Vs); // C a l c u l a t i n g
the c a p a c i t a n c e .

20 Rs=2* sqrt(Ls/Cs); // C a l c u l a t i n g the
r e s i s t a n c e .
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21 Rs1 =1/(3* fs *10^3* Cs*10^ -6); // C a l c u l a t i n g the
r e s i s t a n c e .

22 Rs2=Vs /(0.1* I_L); // C a l c u l a t i n g
the r e s i s t a n c e .

23 Ps=0.5*Cs*10^ -6*Vs^2*fs *10^3; // C a l c u l a t i n g the power
l o s s i n d i ode .

24 printf(”\n\ t ( a ) . Induc tance o f the s w i t c h Ls i s %0 . 1
f H ”,Ls);

25 printf(”\n\ t ( b ) . Capac i t ance o f the s w i t c h Cs i s %0 . 2
f F ”,Cs);

26 printf(”\n\ t ( c ) . R e s i s t a n c e at c r i t i c a l l y damped
c o n d i t i o n s Rs i s %0 . 2 f ”,Rs);

27 printf(”\n\ t ( d ) . R e s i s t a n c e i f the d i s c h a r g e t ime i s
l i m i t e d to one t h i r d o f s w i t c h i n g p e r i o d Rs i s %0
. 1 f ”,Rs1);

28 printf(”\n\ t ( e ) . R e s i s t a n c e i f the peak c u r r e n t i s
l i m i t e d to 10 p e r c e n t o f l o ad c u r r e n t Rs i s % i ”
,Rs2);

29 printf(”\n\ tThe power l o s s Ps i s %0 . 1 fW”,Ps);
30 // Answer i s changed due to round o f e r r o r .

Scilab code Exa 4.6 Finding the Current Sharing by Two Parallel MOSFETs

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 4 . 6
7 // F ind ing the Current Shar ing by Two P a r a l l e l

MOSFETs .
8

9 clc;

10 clear;
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11 It=20; // Tota l c u r r e n t through
mos f e t i n amps .

12 Vds1 =2.5; // Drain to s o u r c e v o l t a g e o f
mos f e t 1 i n v o l t s .

13 Vds2 =3; // Drain to s o u r c e v o l t a g e o f
mos f e t 2 i n v o l t s .

14 Rs11 =0.3; Rs12 =0.2 // S e r i e s r e s i s t a n c e i n Ohms .
15 Rs21 =0.5 // S e r i e s r e s i s t a n c e i n ohms .
16 Id11=(Vds2 -Vds1+(It*Rs12))/(Rs11+Rs12);// C a l c u l a t i n g

c u r r e n t through t h y r i s t o r 1 .
17 Id12=It-Id11; // C a l c u l a t i n g

c u r r e n t through t h y r i s t o r 2 .
18 delI1 =((Id12 -Id11)/It)*100 // C a l c u l a t i n g

change i n c u r r e n t .
19 Id21=(Vds2 -Vds1+(It*Rs21))/(Rs21+Rs21);// C a l c u l a t i n g

c u r r e n t through t h y r i s t o r 1 .
20 Id22=It-Id21 // C a l c u l a t i n g

c u r r e n t through t h y r i s t o r 2 .
21 delI2 =((Id21 -Id22)/It)*100 // C a l c u l a t i n g

change i n c u r r e n t .
22 printf(”\n ( a ) . Drain c u r r e n t o f each t h y r i s t o r when

Rs1 =0.3 , Rs2 =0.2 i s , ”);
23 printf(”\n\ t I d 1 = %iA\n\ t I d 2 = %iA\n\ t I = %i

p e r c e n t ”,Id11 ,Id12 ,delI1);
24 printf(”\n ( b ) . Drain c u r r e n t o f each t h y r i s t o r when

Rs1=Rs2 =0.5 i s , ”);
25 printf(”\n\ t I d 1 = %0 . 1 fA\n\ t I d 2 = %iA\n\ t I = %i

p e r c e n t ”,Id21 ,Id22 ,delI2);

Scilab code Exa 4.7 Finding the Transistor Voltage and Current with Clamping

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
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4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 4 . 7
7 // F ind ing the T r a n s i s t o r Vo l tage and Current with

Clamping
8

9 clc;

10 clear;

11 Vcc =100; // C o l l e c t o r v o l t a g e i n
V o l t s .

12 Rc=1.5; // C o l l e c t o r r e s i s t a n c e
i n Ohms .

13 Vd1 =2.1; Vd2 =0.9; // Vo l tage a c r o s s
s w i n t c h e s i n V o l t s .

14 Vbe =0.7; // Base e m i t t e r v o l t a g e
i n v o l t s .

15 Vb=15; // Base v o l t a g e i n V o l t s .
16 Rb=2.5; // Base r e s i s t a n c e i n

Ohms .
17 bet =13.6 // Duty c y d l e .
18 I1=(Vb-Vd1 -Vbe)/Rb; // C a l c u l a t i n g the

c u r r e n t from the s o u r c e .
19 Ic1=bet*I1; // C a l c u l a t i n g the

c o l l e c t o r c u r r e n t .
20 Vce=Vbe+Vd1 -Vd2; // C a l c u l a t i n g the

c o l l e c t o r e m i t t e r v o l t a g e .
21 I_L=(Vcc -Vce)/Rc; // C a l c u l a t i n g the l oad

c u r r e n t .
22 Ic2=bet*((I1+I_L)/(bet+1)) // C a l c u l a t i n g the

c o l l e c t o r c u r r e n t .
23 printf(”\n\ t ( a ) . The c u r r e n t from the s o u r c e I1 i s %0

. 2 fA”,I1);
24 printf(”\n\ t The c o l l e c t o r c u r r e n t wi thout

c lamping I c i s %0 . 3 fA”,Ic1);
25 printf(”\n\ t ( b ) . The c o l l e c t o r e m i t t e r c lamping

v o l t a g e Vbe i s %0 . 1 fV”,Vce);
26 printf(”\n\ t ( c ) . The c u r r e n t through the l oad I L i s

%0 . 1 fA”,I_L);
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27 printf(”\n\ t The c o l l e c t o r c u r r e n t with c lamping
I c i s %0 . 3 fA”,Ic2);

28 //Some answers may be changed due to round−o f f e r r o r
.
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Chapter 5

DC to DC Converters

Scilab code Exa 5.1 Finding the Performances of a Dc to Dc Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 5 . 1
7 // F ind ing the Per fo rmances o f a D c Dc Conver t e r .
8

9 clc;

10 clear;

11 R=10; // Load r e s i s t a n c e i n Ohms .
12 Vs=220; // Input v o l t a g e i n V o l t s .
13 Vch =2; // Vo l tage drop a c r o s s the

chopper i n V o l t s .
14 f=1; // Chopper f r e q u e n c y i n KHZ.
15 k=0.5 // Duty c y c l e .
16 Va=k*(Vs-Vch); // C a l c u l a t i n g the ave rage

output v o l t a g e .
17 Vo=sqrt(k)*(Vs-Vch); // C a l c u l t i n g the rms output

v o l t a g e .
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18 Po=k*((Vs-Vch)^2/R); // C a l c u l a t i n g the ouput
power o f c o n v e r t e r .

19 Pi=k*Vs*((Vs -Vch)/R); // C a l c u l a t i n g the input
power to c o n v e r t e r .

20 eff=(Po/Pi); // C a l c u l a t i n g the c o n v e r t e r
e f f i c i e n c y .

21 Ri=Vs/(Va/R); // C a l c u l a t i n g the input
r e s i s t a n c e .

22 RFo=sqrt (((1/k) -1)); // C a l c u l a t i n g the r i p p l e
f a c t o r .

23 V1=(((Vs-Vch)*2)/%pi)/sqrt (2);// C a l c u l a t i n g the rms
v o l t a g e .

24 printf(”\n\ t ( a ) . The ave rage output v o l t a g e Va i s
%iV”,Va);

25 printf(”\n\ t ( b ) . The rms output v o l t a g e Vo i s %0 . 2 fV
”,Vo);

26 printf(”\n\ t ( c ) . The output power Po i s %0 . 1 fW”,Po);
27 printf(”\n\ t The input power Pi i s %iW”,Pi);
28 printf(”\n\ t The c o n v e r t e r e f f i c i e n c y i s %0 . 2 f

p e r c e n t ”,eff *100);
29 printf(”\n\ t ( d ) . The input r e s i s t a n c e Ri i s %0 . 2 f ”

,Ri);

30 printf(”\n\ t ( e ) . The r i p p l e f a c t o r RFo i s %i p e r c e n t
”,RFo *100);

31 printf(”\n\ t ( f ) . The r o o t mean squa r e v a l u e V1 i s %0
. 2 fV”,V1);

Scilab code Exa 5.2 Finding the Currents of a Dc Converter with an RL Load

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5
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6 // Example : 5 . 2
7 // F ind ing the Cur r en t s o f a Dc Conver t e r with an RL

Load .
8

9 clc;

10 clear;

11 Vs=220; // Supply v o l t a g e i n v o l t s .
12 R=5; // R e s i s t a n c e i n Ohms .
13 L=7.5; // Induc tance i n m i l l i Henry .
14 f=1; // Frequency i n KHZ.
15 k=0.5; // Duty c y c l e .
16 E=0; // Bat t e ry v o l t a g e i n v o l t s .
17 T=1/(f*10^3);

18 // C a l c u l a t i n g the c o n s t a t v a l u e o f the e q u a t i o n I1
and I2 from Eq ( 5 . 2 3 and 5 . 2 4 )

19 x1=exp(-((k*T*R)/(L*10^ -3)));x2=((Vs-E)/R)*(1-(exp

(-((k*T*R)/(L*10^ -3)))));

20 y1=exp(-(((1-k)*T*R)/(L*10^ -3)));y2=0;

21 A=[-x1 1;1 -y1];B=[x2;y2];

22 I=inv(A)*B; // C a l c u l a t i n g the v a l u e o f
c u r r e n t .

23 I1=I(1,1); //minimum load c u r r e n t .
24 I2=I(2,1); //The peak l oad c u r r e n t .
25 del_I=I2-I1; // C a l c u l a t i n g the peak to

peak r i p p l e c u r r e n t .
26 del_Imax1 =(Vs/R)*(tanh(R/(4*f*10^3*L*10^ -3)));//

C a l c u l a t i n g the maximum peak to peak r i p p l e
c u r r e n t .

27 del_Imax2 =(Vs)/(4*f*10^3*L*10^ -3);

28 Ia=(I2+I1)/2; // C a l c u l a t i n g the ave rage
l oad c u r r e n t .

29 Io=sqrt (((I1)^2) +(((I2 -I1)^2) /3)+(I1*(I2-I1)));//
C a l c u l a t i n g the rms v a l u e o f l o ad c u r r e n t

30 Is=k*Ia; //
C a l c u l a t i n g the ave rage s o u r c e c u r r e n t .

31 Ri=Vs/Is; //
C a l c u l a t i n g the e f e c t i v e input r e s i s t a n c e .

32 Ir=sqrt(k)*Io //
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C a l c u l a t i n g the rms v a l u e o f c o v e r t e r c u r r e n t .
33 z=52.5;

34 L1=(T*R)/z; //
C a l c u l a t i n g the v a l u e o f i n d u c t a n c e .

35 printf(”\n\ t ( a ) . The minimum i n s t a n t a n e o u s l oad
c u r r e n t I1 i s %0 . 2 fA”,I1);

36 printf(”\n\ t ( b ) . The peak i n s t a n t a n e o u s l oad c u r r e n t
I2 i s %0 . 2 fA”,I2);

37 printf(”\n\ t ( c ) . The maximum peak to peak r i p p l e
c u r r e n t d e l I i s %0 . 2 fA”,del_I);

38 printf(”\n\ t From Eq . ( 5 . 2 9 ) , de l Imax i s %0 . 2 fA”
,del_Imax1);

39 printf(”\n\ t From Eq . ( 5 . 3 0 ) , the approx imate
v a l u e o f de l Imax i s %0 . 2 fA”,del_Imax2);

40 printf(”\n\ t ( d ) . The ave rage l oad c u r r e n t Ia i s %0 . 0
fA”,Ia);

41 printf(”\n\ t ( e ) . The rms v a l u e o f l o ad c u r r e n t Io i s
%0 . 1 fA”,Io);

42 printf(”\n\ t ( f ) . The ave rage s o u r c e c u r r e n t I s i s %0
. 0 fA”,Is);

43 printf(”\n\ t The e f f e c t i v e input r e s i s t a n c e Ri i s
%i Ohm”,Ri);

44 printf(”\n\ t ( g ) . The rms v a l u e o f c o n v e r t e r c u r r e n t
I r i s %0 . 2 fA”,Ir);

45 printf(”\n\ t ( h ) . The c r i t i c a l v a l u e o f l o ad
i n d u c t a n c e f o r c o n t i n u o u s l oad c u r r e n t L i s %0 . 3
fmH”,L1 *10^3);

Scilab code Exa 5.3 Finding the Load Inductance to Limit the Load Ripple Current

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
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5

6 // Example : 5 . 3
7 // F ind ing the Load Induc tance to L imit the Load

Ripp l e Current .
8

9 clc;

10 clear;

11 R=0.25; // Load r e s i s t a n c e i n
Ohms .

12 Vs=550; // Input v o l t a g e i n
V o l t s .

13 E=0; // Bat t e ry v o l t a g e i n
V o l t s .

14 Ia=200; // Average l oad c u r r e n t
i n Amps .

15 f=250; // Chopping f r e q u e n c y
i n HZ .

16 T=1/f;

17 del_i=Ia*0.1;

18 // D i f f e r e n t i a t i n g d e l i with r e s p e c t to k and equate
i t to z e r o to o b t a i n the v a l u e o f k .

19 k=0.5; // Duty c y c l e .
20 L=(Vs*(1-k)*k*T)/del_i; // C a l c u l a t i n g the

v a l u e o f i n d u c t a n c e .
21 printf(”\n\ tThe r e q u i r e d v a l u e o f i n d u c t a n c e L i s %0

. 1 fmH”,L*10^3) ;;

Scilab code Exa 5.4 Finding the Currents of a Step up Dc Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5
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6 // Example : 5 . 4
7 // F ind ing the Cur r en t s o f a Step−up Dc Conver t e r .
8

9 clc;

10 clear;

11 Vs=10; // Input v o l t a g e i n V o l t s .
12 f=1; // Frequency i n KHZ.
13 R=5; // R e s i s t a n c e i n Ohm.
14 L=6.5; // Induc tance i n m i l l i Henry .
15 E=0; // Bat t e ry v o l t a g e i n V o l t s .
16 k=0.5; // Duty c y c l e .
17 T=1/(f*10^3);

18 z=(T*R)/(L*10^ -3);

19 I1=(((Vs*k*z)/R)*(( exp((-1+k)*z))/(1-(exp((-1+k)*z))

)))+((Vs-E)/R);// C a l c u a l t i n g the c u r r e n t I1 .
20 I2=(((Vs*k*z)/R)*((1) /(1-(exp((-1+k)*z)))))+((Vs-E)/

R); // C a l c u l a t i n g the c u r r e n t I2 .
21 del_I=I2-I1;

// C a l c u l a t i n g the change i n c u r r e n t .
22 printf(”\n\ tThe c u r r e n t I1 i s %0 . 2 fA”,I1);
23 printf(”\n\ tThe c u r r e n t I2 i s %0 . 2 fA”,I2);
24 printf(”\n\ tThe change i n c u r r e n t d e l I i s %0 . 2 fA”,

del_I);

Scilab code Exa 5.5 Finding the Values of LC Filter for the Buck Regulator

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 5 . 5
7 // F ind ing the Values o f LC F i l t e r f o r the Buck
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Regu l a t o r .
8

9 clc;

10 clear;

11 Vs=12; // Input v o l t a g e i n V o l t s .
12 Va=5; // Average output v o l t a g e i n

V o l t s .
13 R=500; // R e s i s t a n c e i n Ohm.
14 Vc=20; // Peak to peak r i p p l e output

v o l t a g e i n m i l l i v o l t s .
15 f=25; // Frequency i n kHz .
16 del_I =0.8; // Peak to peak r i p p l e c u r r e n t

o f i n d u c t o r i n Amps .
17 k=(Va/Vs); // C a l c u l a t i n g the duty c y c l e .
18 L=(Va*(Vs-Va))/( del_I*f*10^3* Vs);// C a l c u l a t i n g the

f i l t e r i n d u c t a n c e .
19 C=del_I /(8*Vc*10^ -3*f*10^3); // C a l c u l a t i n g the

f i l t e r c a p a c i t a n c e .
20 Lc=((1-k)*R)/(2*f*10^3); // C a l c u l a t i n g the

c r i t i c a l v a l u e o f i n d u c t a n c e .
21 Cc=(1-k)/(16*L*10^ -6*(f*10^3) ^2);// C a l c u l a t i n g the

c r i t i c a l v a l u e o f c a p a c i t a n c e .
22 printf(”\n\ t ( a ) . The Duty Cyc le k i s %0 . 2 f p e r c e n t ”,k

*100);

23 printf(”\n\ t ( b ) . The f i l t e r i n d u c t a n c e L i s %0 . 2
fmicroH ”,L*10^6);

24 printf(”\n\ t ( c ) . The f i l t e r c a p a c i t a n c e C i s %imicroF
”,C*10^6);

25 printf(”\n\ t ( d ) . The c r i t i c a l v a l u e o f i n d u c t a n c e Lc
i s %0 . 2 fmH”,Lc *10^3);

26 printf(”\n\ t The c r i t i c a l v a l u e o f c a p a c i t a n c e Cc
i s %0 . 1 fmic roF ”,Cc);

Scilab code Exa 5.6 Finding the Currents and Voltage in the Boost Regulator
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 5 . 6
7 // F ind ing the Cur r en t s and Vo l tage i n the Boost

Regu l a t o r .
8

9 clc;

10 clear;

11 Vs=5; // Input v o l t a g e i n V o l t s .
12 Va=15; // Average output v o l t a g e

i n V o l t s .
13 Ia=0.5; // Average output c u r r e n t

i n Amps .
14 f=25; // Frequency i n KHZ.
15 L=150; // Induc tance i n micro

Henry .
16 C=220; // Capac i t ance i n micro

Farad .
17 k=1-(Vs/Va); // C a l c u l a t i n g the duty

c y c l e .
18 del_I=(Vs*(Va-Vs))/(f*10^3*L*10^ -6*Va);// C a l c u l a t i n g

the r i p p l e c u r r e n t o f i n d u c t o r .
19 Is=Ia/(1-k); // C a l c u l a t i n g

the input c u r r e n t .
20 I2=Is+(del_I /2); // c a l c u l a t i n g

the peak i n d u c t o r c u r r e n t .
21 del_Vc =(Ia*k)/(f*10^3*C*10^ -6); // C a l c u l a t i n g

the r i p p l e v o l t a g e o f c a p a c i t o r
22 R=Va/Ia; // C a l c u l a t i n g

the input r e s i s t a n c e .
23 Lc=((1-k)*k*R)/(2*f*10^3); // C a l c u l a t i n g

the c r i t i c a l v a l u e o f i n d u c t o r .
24 Cc=k/(2*f*10^3*R); // C a l c u l a t i n g

the c r i t i c a l v a l u e o f c a p a c i t o r
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25 printf(”\n\ t ( a ) . The Duty Cyc le K i s %0 . 2 f p e r c e n t ”,k
*100);

26 printf(”\n\ t ( b ) . The r i p p l e c u r r e n t o f i n d u c t o r d e l I
i s %0 . 2 fA”,del_I);

27 printf(”\n\ t ( c ) . The peak c u r r e n t o f i n d u c t o r I2 i s
%0 . 3 fA”,I2);

28 printf(”\n\ t ( d ) . The r i p p l e v o l t a g e o f f i l t e r
c a p a c i t o r de l Vc i s %0 . 2 fmV”,del_Vc *10^3);

29 printf(”\n\ t ( e ) . The c r i t i c a l v a l u e o f i n d u c t o r Lc i s
%i microH ”,Lc *10^6);

30 printf(”\n\ t The c r i t i c a l v a l u e o f c a p a c i t o r Cc
i s %0 . 2 f microF ”,Cc *10^6);

Scilab code Exa 5.7 Finding the Currents and Voltage in the Buck Boost Regulator

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 5 . 7
7 // F ind ing the Cur r en t s and Vo l tage i n the

B u c k Boost Regu l a t o r .
8

9 clc;

10 clear;

11 Vs=12; // Input v o l t a g e i n
V o l t s .

12 k=0.25; // Duty c y c l e .
13 f=25; // Frequency i n KHZ.
14 L=150; // Induc tance i n micro

Henry .
15 C=220; // Capac i t ance i n micro

Farad .
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16 Ia =1.25; // Average l oad c u r r e n t
i n Amps .

17 Va=(-Vs*k)/(1-k); // C a l c u l a t i n g the
ave rage output v o l t a g e .

18 del_Vc =(Ia*k)/(f*10^3*C*10^ -6); // C a l c u l a t i n g the
peak output r i p p l e v o l t a g e .

19 del_I=(Vs*k)/(25*10^3*L*10^ -6); // C a l c u l a t i n g the
peak r i p p l e c u r r e n t o f i n d u c t o r .

20 Is=(Ia*k)/(1-k); // C a l c u l a t i n g the
ave rage output c u r r e n t .

21 Ip=(Is/k)+(del_I /2); // C a l c u l a t i n g the
peak c u r r e n t o f t r a n s i s t o r .

22 R=-Va/Ia; // C a l c u l a t i n g the
r e s i s t a n c e .

23 Lc=((1-k)*R)/(2*f*10^3); // C a l c u l a t i n g the
c r i t i c a l v a l u e o f i n d u c t a n c e .

24 Cc=(k)/(2*f*10^3*R); // C a l c u l a t i n g the
c r i t i c a l v a l u e o f c a p a c i t a n c e .

25 printf(”\n\ t ( a ) . The ave rage output v o l t a g e Va i s %iV
”,Va);

26 printf(”\n\ t ( b ) . The peak to peak output r i p p l e
v o l t a g e de l Vc i s %0 . 1 fmV”,del_Vc *10^3);

27 printf(”\n\ t ( c ) . The peak to peak r i p p l e c u r r e n t o f
i n d u c t o r d e l I i s %0 . 1 fA”,del_I);

28 printf(”\n\ t ( d ) . The input c u r r e n t I s i s %0 . 4 fA”,Is);
29 printf(”\n\ t The peak c u r r e n t o f t r a n s i s t o r Ip i s

%0 . 3 fA”,Ip);
30 printf(”\n\ t ( e ) . The R e s i s t a n c e R i s %0 . 1 f Ohm”,R);
31 printf(”\n\ t The c r i t i c a l v a l u e o f i n d u c t a n c e Lc

i s %i microH ”,Lc *10^6);// Book answer i s wrong .
32 printf(”\n\ t The c r i t i c a l v a l u e o f c a p a c i t a n c e Cc

i s %0 . 2 f microF ”,Cc *10^6);

Scilab code Exa 5.8 Finding the Current and Voltages in Chuk Regulator
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 5 . 8
7 // F ind ing the Cur r en t s and V o l t a g e s i n the C k

Regu l a t o r .
8

9 clc;

10 clear;

11 Vs=12; // Input Vo l tage i n V o l t s .
12 k=0.25; // Duty c y c l e .
13 f=25; // Frequency i n KHZ.
14 L2=150; //The f i l t e r i n d u c t a n c e i n

micro Henry .
15 C2=220; //The f i l t e r c a p a c i t a n c e i n

micro Farad .
16 C1=200; //The ene rgy t r a n s f e r

c a p a c i t a n c e i n micro Farad .
17 L1=180; //The ene rgy t r a n s f e r

i n d u c t a n c e i n micro Henry .
18 Ia =1.25; // Average l oad c u r r e n t i n

amps .
19 Va=(-k*Vs)/(1-k); // C a l c u l a t i n g the ave rage

l oad v o l t a g e .
20 Is=(k*Ia)/(1-k); // C a l c u l a t i n g the input

c u r r e n t .
21 del_I1 =(Vs*k)/(f*10^3* L1*10^ -6); // C a l c u l a t i n g

the peak to peak r i p p l e c u r r e n t o f i n d u c t o r L1
22 del_Vc1 =(Is*(1-k))/(f*10^3* C1*10^ -6);// C a l c u l a t i n g

the peak to peak r i p p l e c u r r e n t o f c a p a c i t o r C1 .
23 del_I2 =(k*Vs)/(f*10^3* L2*10^ -6); // C a l c u l a t i n g

the peak to peak r i p p l e c u r r e n t o f i n d u c t o r L2 .
24 del_Vc2=del_I2 /(8*f*10^3* C2*10^ -6); // C a l c u l a t i n g

the peak to peak r i p p l e c u r r e n t o f c a p a c i t o r C2 .
25 IL2=Ia; // Average output
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v a l u e o f c u r r e n t i n i n d u c t o r L2
26 Ip=(Is)+( del_I1 /2)+( del_I2 /2)+IL2; // C a l c u l a t i n g

the peak c u r r e n t o f t r a n s i s t o r
27 printf(”\n\ t ( a ) . The ave rage output v o l t a g e Va i s %iV

”,Va);
28 printf(”\n\ t ( b ) . The input c u r r e n t I s i s %0 . 2 fA”,Is);
29 printf(”\n\ t ( c ) . The peak to peak r i p p l e c u r r e n t o f

i n d u c t o r L1 , d e l I 1 i s %0 . 2 fA”,del_I1);
30 printf(”\n\ t ( d ) . The peak to peak r i p p l e v o l t a g e o f

c a p a c i t o r C1 , de l Vc1 i s %0 . 0 fmV”,del_Vc1 *10^3);
31 printf(”\n\ t ( e ) . The peak to peak r i p p l e c u r r e n t o f

i n d u c t o r L2 , d e l I 2 i s %0 . 1 fA”,del_I2);
32 printf(”\n\ t ( f ) . The peak to peak r i p p l e v o l t a g e o f

c a p a c i t o r C2 , de l Vc2 i s %0 . 2 fmV”,del_Vc2 *10^3);
33 printf(”\n\ t ( g ) . The peak c u r r e n t o f t r a n s i s t o r Ip i s

%0 . 3 fA”,Ip);

Scilab code Exa 5.9 Finding the Harmonic Input Current of a Dc Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 5 . 9
7 // F ind ing the Harmonic Input Current o f a Dc

Conver t e r .
8

9 clc;

10 clear;

11 Ia=100; // Average l oad c u r r e n t i n
V o l t s .

12 Le=0.3; // Induc tance i n m i l l i
Henry .
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13 Ce =4500; // Capac i t ance i n micro
Farad .

14 f=350; // Frequency i n Hertz .
15 k=0.5; // Duty c y c l e .
16 fo =1/(2* %pi*sqrt(Ce*10^ -6*10^ -3*Le));// C a l c u l a t i n g

the i n t i a l f r e q u c e n y .
17 I1h=(Ia/%pi)*(sqrt(1-cos (2*%pi*k)));// C a l c u l a t i n g

the rms v a l u e o f c u r r e n t .
18 I1s =(1/(1+(f/fo)^2))*I1h; // C a l c u l a t i n g

the c o n v e t e r g e n e r a t e d harmonic c u r r e n t .
19 printf(”\n\ tThe rms v a l u e o f c u r r e n t I1h i s %0 . 2 fA”,

I1h);

20 printf(”\n\ tThe fundamenta l component o f c o n v e r t e r−
g e n e r a t e d harmonic c u r r e n t i n the supp ly I 1 s i s
%0 . 2 fA”,I1s);

Scilab code Exa 5.10 Finding the parameters of buck converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 5 . 1 0
7 // F ind ing the paramete r s o f buck c o n v e r t e r
8

9 clc;

10 clear;

11 Vs=110; // Input v o l t a g e i n
v o l t s .

12 Va=60; // Average l oad
v o l t a g e i n v o l t s .

13 Ia=20; // Average l oad
c u r r e n t i n amperes .
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14 f=20; // Frequency i n KHZ.
15 Vl =0.025; // Peak to peak

r i p p l e f o r l oad v o l a t a g e .
16 Il =0.05; // Peak to peak

r i p p l e f o r l oad c u r r e n t .
17 ILc =0.1; // Peak to peak

r i p p l e f o r f i l t e r Lc c u r r e n t .
18 del_Vc=Vl*Va; // C a l c u l a t i n g the

change i n c a p a c i t o r v o l t a g e .
19 R=Va/Ia; // C a l c u l a t i n g the

l oad r e s i s t a n c e .
20 k=Va/Vs; // C a l c u l a t i n g the

duty c y c l e .
21 Is=k*Ia; // C a l c u l a t i n g the

s o u r c e c u r r e n t .
22 del_IL=Il*Ia; // C a l c u l a t i n g the

change i n i n d u c t o r c u r r e n t .
23 del_I=ILc*Ia; // C a l c u l a t i n g the

change i n l oad c u r r e n t .
24 Le=(Va*(Vs-Va))/( del_I*f*10^3* Vs); // C a l c u l a t i n g the

v a l u e o f i n d u c t a n c e Le .
25 Ce=( del_I)/( del_Vc *8*f*10^3); // C a l c u l a t i n g the

v a l u e o f c a p a c i t a n c e Ce .
26 L=(k*del_Vc)/( del_IL*f*10^3); // C a l c u l a t i n g the

approx imate v a l u e i c d u c t a n c e o f c i r c u i t
27 printf(”\n\ t ( a ) . The v a l u e o f i n d u c t a n c e Le i s %0 . 2 f

microH ”,Le *10^6);
28 printf(”\n\ t The v l a u e o f c a p a c i t a n c e Ce i s %0 . 2 f

microF ”,Ce *10^6);
29 printf(”\n\ t The approx imate v a l u e o f i n d u c t a n c e

o f the c i r c u i t L i s %0 . 2 f microH ”,L*10^6);
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Chapter 6

DC AC Converters

Scilab code Exa 6.1 Finding the Parameters of the Single Phase Half Bridge Inverter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 6 . 1
7 // F ind ing the Parameters o f the S i n g l e−Phase Hal f−

Br idge I n v e r t e r .
8

9 clc;

10 clear;

11 Vs=48; //Dc input v o l t a g e i n
v o l t s .

12 R=2.4; // R e s i s t a n c e i n Ohm.
13 k=0.5; // Duty c y c l e .
14 Vo1 =0.45* Vs; // C a l c u l a t i n g the rms

output v o l t a g e .
15 Vo=Vs/2; // C a l c u l a t i n t the output

v o l t a g e .
16 Po=Vo^2/R; // C a l c u l a t i n g the output
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power .
17 Ip=Vo/R; // C a l c u l a i t n g the peak

t r a n s i s t o r c u r r e n t .
18 Iq=k*Ip; // C a l c u l a t i n g t h e ave rage

c u r r e n t o f each t r a n s i s t o r .
19 Vbr =2*Vo; // C a l c u a t i n g the peak

r e v e r s e b l o c k i n g v o l t a g e .
20 Is=Po/Vs; // C a l c u l a t i n g the ave rage

supp ly c u r r e n t .
21 Vh =0.2176* Vs ; // C a l c u l a t i n g the rms

harmonic v o l t a g e .
22 THD=Vh/Vo1; // C a l c u l a t i n g the t o t a l

harmonic d i s t r o t i o n .
23 Von =0.024* Vs; // C a l c u l a t i n g the

i n s t a n t a n e o u s output v o l t a g e .
24 DF=Von/Vo1; // C a l c u l a t i n g the

d i s t r o t i o n f a c t o r .
25 LOH=Vo1/3;Vo3=LOH; // C a l c u l a t i n g the l o w e s t

o r d e r harmonic .
26 HF3=Vo3/Vo1; // C a l c u l a t i n g the harmonic

f a c t o r .
27 DF3=(Vo3 /3^2)/Vo1; // C a l c u l a t i n g the

d i s t r o t i o n f a c t o r .
28 printf(”\n\ t ( a ) . The rms output v o l t a g e Vo1 i s %0 . 1 fV

”,Vo1);
29 printf(”\n\ t ( b ) . The output v o l t a g e Vo i s %iV”,Vo);
30 printf(”\n\ t The output power Po i s %iW”,Po);
31 printf(”\n\ t ( c ) . The peak t r a n s i s t o r c u r r e n t Ip i s

%iA”,Ip);
32 printf(”\n\ t The ave rage c u r r e n t o f each

t r a n s i s t o r Iq i s %iA”,Iq);
33 printf(”\n\ t ( d ) . The peak r e v e r s e b l o c k i n g v o l t a g e

Vbr i s %iV”,Vbr);
34 printf(”\n\ t ( e ) . The ave rage supp ly c u r r e n t I s i s %iA

”,Is);
35 printf(”\n\ t ( f ) . The rms harmonic v o l t a g e Vh i s %0 . 4

fV”,Vh);
36 printf(”\n\ t The t o t a l harmonic d i s t r o t i o n f a c t o r
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THD i s %0 . 2 f p e r c e n t ”,THD *100);
37 printf(”\n\ t ( g ) . The i n s t a n t a n e o u s output v o l t a g e Von

i s %0 . 2 fV”,Von);
38 printf(”\n\ t The d i s t r o t i o n f a c t o r DF i s %0 . 2 f

p e r c e n t ”,DF *100);
39 printf(”\n\ t ( h ) . The l e a s t o r d e r harmonic LOH i s %0 . 2

f ”,LOH);
40 printf(”\n\ t The harmonic f a c r o t HF3 i s %0 . 2 f

p e r c e n t ”,HF3 *100);
41 printf(”\n\ t The d i s t r o t i o n f a c t o r DF3 i s %0 . 2 f

p e r c e n t ”,DF3 *100);
42 // Answers v a r i e s due to round o f f e r r o r .

Scilab code Exa 6.2 Finding the Parameters of the Single Phase Full Bridge Inverter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 6 . 2
7 // F ind ing the Parameters o f the S i n g l e−Phase Fu l l−

Br idge I n v e r t e r .
8

9 clc;

10 clear;

11 Vs=48; //Dc input v o l t a g e i n
v o l t s .

12 R=2.4; // R e s i s t a n c e i n Ohm.
13 k=0.5; // Duty c y c l e .
14 V1 =0.90* Vs; // C a l c u l a t i n g the rms

output v o l t a g e .
15 Po=Vs^2/R; // C a l c u l a t i n g the output

power .
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16 Ip=Vs/R; // C a l c u l a i t n g the peak
t r a n s i s t o r c u r r e n t .

17 Iq=k*Ip; // C a l c u l a t i n g t h e ave rage
c u r r e n t o f each t r a n s i s t o r .

18 Vbr=Vs; //The peak r e v e r s e
b l o c k i n g v o l t a g e i s e q u a l to Vs .

19 Is=Po/Vs; // C a l c u l a t i n g the ave rage
supp ly c u r r e n t .

20 Vh =0.4359* Vs; // C a l c u l a t i n g the rms
harmonic v o l t a g e .

21 THD=Vh/V1; // C a l c u l a t i n g the t o t a l
harmonic d i s t r o t i o n .

22 DF =(0.048* Vs)/V1; // C a l c u l a t i n g the
d i s t r o t i o n f a c t o r .

23 LOH=V1/3;Vo3=LOH; // C a l c u l a t i n g the l o w e s t
o r d e r harmonic .

24 HF3=Vo3/V1; // C a l c u l a t i n g the harmonic
f a c t o r .

25 DF3=(Vo3 /3^2)/V1; // C a l c u l a t i n g the
d i s t r o t i o n f a c t o r .

26 printf(”\n\ t ( a ) . The rms output v o l t a g e V1 i s %0 . 1 fV”
,V1);

27 printf(”\n\ t ( b ) . The output power Po i s %iW”,Po);
28 printf(”\n\ t ( c ) . The peak t r a n s i s t o r c u r r e n t Ip i s

%iA”,Ip);
29 printf(”\n\ t The ave rage c u r r e n t o f each

t r a n s i s t o r Iq i s %iA”,Iq);
30 printf(”\n\ t ( d ) . The peak r e v e r s e b l o c k i n g v o l t a g e

Vbr i s %iV”,Vbr);
31 printf(”\n\ t ( e ) . The ave rage supp ly c u r r e n t I s i s %iA

”,Is);
32 printf(”\n\ t ( f ) . The rms harmonic v o l t a g e Vh i s %0 . 4

fV”,Vh);
33 printf(”\n\ t The t o t a l harmonic d i s t r o t i o n f a c t o r

THD i s %0 . 2 f p e r c e n t ”,THD *100);
34 printf(”\n\ t ( g ) . The d i s t r o t i o n f a c t o r DF i s %0 . 2 f

p e r c e n t ”,DF*100);
35 printf(”\n\ t ( h ) . The l e a s t o r d e r harmonic LOH i s %0 . 2
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f ”,LOH);
36 printf(”\n\ t The harmonic f a c r o t HF3 i s %0 . 2 f

p e r c e n t ”,HF3 *100);
37 printf(”\n\ t The d i s t r o t i o n f a c t o r DF3 i s %0 . 3 f

p e r c e n t ”,DF3 *100);

Scilab code Exa 6.5 Finding the Allowable Limit of the Dc Input Source

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 6 . 5
7 // F ind ing the A l l owab l e L imi t o f the Dc Input Source

.
8

9 clc;

10 clear;

11 Vs=220; // Input v o l t a g e i n v o l t s .
12 del_a =30; // Width o f each p u l s e i n

d e g r e e .
13 p=5; //Number o f p u l s e s per h a l f

c y c l e .
14 Vo=Vs*sqrt(p*( del_a /180));// C a l c u l a t i n g the rms

v o l t a g e o f the l oad .
15 Vs1=Vs *(110/100);

16 del_b =((Vo/Vs1)^2) *(180/p);// C a l c u l a t i n g the p u l s e
width i f supp ly v o l t a g e i n c r e a s e d by 10
p e r c e n t a g e .

17 del_c =35; // Width o f each p u l s e i n
d e g r e e .

18 Vs2=Vo/sqrt(p*(del_c /180));// C a l c u l a t i n g the supp ly
v o l t a g e i f the p u l s e width i s 35 d e g r e e s
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19 printf(”\n\ t ( a ) . The rms v o l t a g e o f the l oad Vo i s %0
. 1 fV”,Vo);

20 printf(”\n\ t ( b ) . The p u l s e width to mainta in the same
l oad power i f supp ly i s i n c r e a s e d by 10 p e r c e n t

d e l i s %0 . 2 f d e g r e e ”,del_b);
21 printf(”\n\ t ( c ) . The dc supp ly v o l t a g e to ma inta in

p u l s e width at 35 degree , Vs i s %0 . 2 fV”,Vs2);
22 // Answers a r e changed due to round−o f f e r r o r .

Scilab code Exa 6.6 Finding the Number of Notches and Their Angles

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 6 . 3
7 // F ind ing the Number o f Notches and The i r Ang le s .
8

9 clc;

10 clear;

11 function [fval ,jac] = g(X)

12 b1=X(1);

13 b2=X(2);

14 b3=X(3);

15 b4=X(4);

16 fval (1,1)=1 -(2* cosd (5*b1))+(2* cosd (5*b2)) -(2*

cosd (5*b3))+(2* cosd (5*b4));

17 fval (2,1)=1 -(2* cosd (7*b1))+(2* cosd (7*b2)) -(2*

cosd (7*b3))+(2* cosd (7*b4));

18 fval (3,1)=1 -(2* cosd (11*b1))+(2* cosd (11*b2)) -(2*

cosd (11*b3))+(2* cosd (11*b4));

19 fval (4,1)=1 -(2* cosd (13*b1))+(2* cosd (13*b2)) -(2*

cosd (13*b3))+(2* cosd (13*b4));
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20 jac = [2*5* -( sind (5*b1)), 2*5*-( sind (5*b2))

,2*5*-( sind (5*b3)), 2*5* -( sind (5*b4));

21 2*7* -( sind (7*b1)), 2*7* -( sind (7*b2)), 2*7*-( sind

(7*b3)), 2*7* -( sind (7*b4));

22 2*11* -( sind (11*b1)), 2*11* -( sind (11*b2)),

2*11* -( sind (11*b3)), 2*11* -( sind (11*b4));

23 2*13* -( sind (13*b1)), 2*13* -( sind (13*b2)),

2*13* -( sind (13*b3)), 2*13* -( sind (13*b4))];

24 endfunction

25 X0 = [10; 16; 30; 32];

26 maxIter = 100;

27 tot = 0.9;

28 X = X0;

29 Xold = X0;

30 for i = 1: maxIter

31 [f,j] = g(X);

32 X =X- inv(j)*f;

33 a = abs(X-Xold);

34 Xold =X;

35 if (a<tot)

36 break;

37 end

38 end

39 printf(”\n\ tThe a n g l e s o f the nothche s are , ”)
40 printf(”\n\ t 1 = %0 . 2 f ”,X(1,1));
41 printf(”\n\ t 2 = %0 . 2 f ”,X(2,1));
42 printf(”\n\ t 3 = %0 . 2 f ”,X(3,1));
43 printf(”\n\ t 4 = %0 . 2 f ”,X(4,1));
44 // Answers a r e changed due to round o f f e r r o r .
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Chapter 7

Resonant Pulse Inverters

Scilab code Exa 7.1 Analysis of the Basic Resonant Inverter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 1
7 // A n a l y s i s o f the Bas i c Resonant I n v e r t e r .
8

9 clc;

10 clear;

11 L=50; // Induc tance i n
micro Henry .

12 C=6; // Capac i t ance i n
micro Farad .

13 R=2; // R e s i s t a n c e i n ohm .
14 Vs=220; // Input v o l t a g e i n

v o l t s .
15 fo=7; // Frequency i n KHZ.
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Figure 7.1: Analysis of the Basic Resonant Inverter
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16 toff =10; // Turn o f t ime o f
t a n s i s t o r s i n micro s e c o n d s .

17 wo=2*%pi*fo *10^3;

18 wr=sqrt ((1/(L*C*10^ -12)) -((R^2) /(4*(L^2) *10^ -12)));

// C a l c u l a t i n g the r e s o n a n t f r e q u e n c y i n r a d i a n s
per second .

19 fr=wr/(2* %pi); //
C a l c u l a t i n g the r e s o n a n t f r e q u c n c y i n HZ .

20 Tr=1/fr; //
C a l c u l a t i n g the t ime per c y c l e .

21 alp=R/(2*L*10^ -6);

22 toff1=(%pi/wo) -(%pi/wr); // C a l c u l a t i n g
the c i r c u i t turn o f f t ime .

23 fmax =(1/(2*(( toff *10^ -6)+(%pi/wr)))); // C a l c u l a t i n g
the maximum f r e q u e n c y .

24 Vc=Vs/(( exp((alp*%pi)/wr)) -1); // C a l c u l a t i n g
the c a p a c i t o r v o l t a g e .

25 Vc1=Vs+Vc; // C a l c u l a t i n g
the maximum c a p a c i t o r v o l t a g e .

26 Vpp=Vc+Vc1; // C a l c u l a t i n g
peak to peak c a p a c t o r v o l t a g e .

27 tm=(1/wr)*(atan(wr/alp)); // C a l c u l a t i n g
the t ime at peak l oad c u r r e n t .

28 Ip=((Vc1)*(exp(-(alp*tm)))*(sin(wr*tm)))/(wr*L

*10^ -6);// C a l c u l a t i n g the peak l oad c u r r e n t .
29 // P l o t i n g the graph f o r I ( t ) , Vc ( t ) , I s ( t ) .
30 to=[0 22.47 58 71.4 93.87 129.4]; //Time i n

micro s e c o n d s
31 Io1 =[0 70.82 0 0 -70.82 0]; // Output

c u r r e n t i n amphere
32 t1=[0 22.47 58 71.4 93.87 129.4]; //Time i n

micro s e c o n d s .
33 Is=[0 70.82 0 0 0 0]; // Supply

c u r r e n t i n amperes .
34 t2=[0 16 22.47 58 71.4 93.87 121.6]; //Time i n

micro s e c o n d s .
35 Vc11 =[ -100.4 0 78.36 320.4 310.2 78.36 0]; //

C a p a c i t o r v o l t a g e i n v o l t s .
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36 subplot (311);

37 plot(to,Io1) // P lo t o f
I o ( t ) .

38 xlabel(”Time i n mic ro s ”);
39 ylabel(” c u r r e n t Io ( t ) i n Amperes ”);
40 title(” P lo t o f I o ( t ) ”);
41 subplot (312);

42 plot(t1,Is); // P lo t o f I s ( t
) .

43 xlabel(”Time i n mic ro s ”);
44 ylabel(” I s ( t ) i n Amperes ”);
45 title(” P lo t o f I c ( t ) ”);
46 subplot (313);

47 plot(t2,Vc11); // P lo t o f Vc ( t
) ;

48 xlabel(”Time i n mic ro s ”);
49 ylabel(”Vc ( t ) i n v o l t s ”);
50 title(” P lo t o f Vc ( t ) ”);
51 // C a l c u l a t i n g the rms l oad c u r r e n t .
52 function Io2=f(t);

53 Io2 =(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*t)))*(sin

(wr*t)))^2;

54 endfunction

55 x=intg(0,Tr/2,f);

56 Io=sqrt (2*fo *10^3*x);

57 Po=Io^2*R; // C a l c u l a t i n g the
output power .

58 Is=Po/Vs // C a l c u l a t i n g the
ave rage supp ly c u r r e n t .

59 // C a l c u l a t i n g the ave rage t r a n s i s t o r c u r r e n t .
60 funcprot (0);

61 function Ia=f(t);

62 Ia=(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*t)))*(sin(

wr*t)));

63 endfunction

64 y=intg(0,Tr/2,f);

65 IA=fo *10^3*y;

66 Ipk=Ip; //The peak
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t r a n s i s t o r c u r r e n t .
67 IR=Io/sqrt (2); // C a l c u l a t i n g rms

t r a n s i s t o r c u r r e n t .
68 printf(”\n\ two=%irad / s \n\ twr=%irad / s \n\ t f r=%0 . 1 fHz \n

\ tTr=%0 . 0 f m i c ro s \n\ t a l p=%i”,wo ,wr,fr,Tr*10^6, alp
);

69 printf(”\n\ t ( a ) . The c i r c u i t turn o f f t ime t o f f i s %0
. 2 f micro s e c ”,toff1 *10^6);

70 printf(”\n\ t ( b ) . The maximum p o s s i b l e f r e q u e n c y fmax
i s %0 . 0 fHz ”,fmax);

71 printf(”\n\ t ( c ) . The c a p a c i t o r v o l t a g e Vc i s %0 . 1 fV”,
Vc);

72 printf(”\n\ t The maximum c a p a c i t o r v o l t a g e Vc1 i s
%0 . 1 fV”,Vc1);

73 printf(”\n\ t The peak to peak c a p a c i t o r v o l t a g e
Vpp i s %0 . 1 fV”,Vpp);

74 printf(”\n\ t ( d ) . The maximum time tm i s %0 . 2 f micro
s e c ”,tm *10^6);

75 printf(”\n\ t The peak l oad c u r r e n t Ip i s %0 . 2 fA”,
Ip);

76 printf(”\n\ t ( e ) . The s k e t e c h e s f o r i ( t ) , Vc ( t ) and i s
( t ) a r e shown i n graph ”);

77 printf(”\n\ t ( f ) . The rms v a l u e o f l o ad c u r r e n t Io i s
%0 . 1 fA”,Io);

78 printf(”\n\ t ( g ) . The output power Po i s %0 . 0 fW”,Po);
79 printf(”\n\ t ( h ) . The ave rage supp ly c u r r e n t I s i s %0

. 2 fA”,Is);
80 printf(”\n\ t ( i ) . The ave rage t r a n s i s t o r c u r r e n t IA i s

%0 . 2 fA”,IA);
81 printf(”\n\ t The peak t r a n s i s t o r c u r r e n t Ipk i s

%0 . 2 fA”,Ipk);
82 printf(”\n\ t The rms t r a n s i s t o r c u r r e n t IR i s %0

. 2 fA”,IR);

Scilab code Exa 7.2 Analysis of the Half Bridge Resonant Inverter
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 2
7 // A n a l y s i s o f the Hal f−Br idge Resonant I n v e r t e r .
8

9 clc;

10 clear;

11 Vs=220; // Supply v o l t a g e
i n v o l t s .

12 fo=7 // Ouput f r e q u e n c y
i n KHZ.

13 C=3; // Capac i t ance i n
micro f a r a d .

14 L=50; // Induc tance i n
micro Henry .

15 R=2; // R e s i s t a n c e i n
Ohm.

16 Ce=2*C; // C a l c u l a t i n g the
e f f e c t i v e r e s i s t a n c e .

17 wr=sqrt ((1/(2*L*10^ -6*C*10^ -6)) -((R^2) /(4*L

^2*10^ -12)));

18 alp=R/(2*L*10^ -6);

19 fr=wr/(2* %pi); // C a l c u l a t i n g
the r e s o n a n t f r e q u c n c y i n HZ .

20 Tr=1/fr; // C a l c u l a t i n g
t ime per c y c l e .

21 Vc=Vs/(( exp((alp*%pi)/wr)) -1); // C a l c u l a t i n g
the c a p a c i t o r v o l t a g e .

22 Vc1=Vs+Vc; // C a l c u l a t i n g
the maximum c a p a c i t o r v o l t a g e .

23 tm=(1/wr)*(atan(wr/alp)); // C a l c u l a t i n g
the t ime at peak l oad c u r r e n t

24 Ip=((Vc1)*(exp(-(alp*tm)))*(sin(wr*tm)))/(wr*L

*10^ -6);// C a l c u l a t i n g the peak l oad c u r r e n t .
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25 // C a l c u l a t i n g the rms l oad c u r r e n t .
26 function Io1=f(t);

27 Io1 =(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*t)))*(sin

(wr*t)))^2;

28 endfunction

29 x=intg(0,Tr/2,f);

30 Io=sqrt (2*fo *10^3*x);

31 Ips=Ip/2; // C a l c u l a t i n g the
peak supp ly c u r r e n t .

32 funcprot (0);

33 function Ia=f(t);

34 Ia=(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*t)))*(sin(

wr*t)));

35 endfunction

36 y=intg(0,Tr/2,f);

37 IA=fo *10^3*y;

38 Ipk=Ip; //The peak
t r a n s i s t o r c u r r e n t .

39 IR=Io/sqrt (2); // C a l c u l a t i n g rms
t r a n s i s t o r c u r r e n t .

40 printf(”\n\ twr=%irad / s e c \n\ t a l p=%i\n\ t f r=%0 . 1 f r a d \n\
tTr=%0 . 0 f micro s e c ”,wr ,alp ,fr ,Tr *10^6);

41 printf(”\n\ t ( a ) . The e f f e c t i v e c a p a c i t a n c e Ce i s %i
micro Farad ”,Ce);

42 printf(”\n\ t The maximum time tm i s %0 . 2 f micro
s e c ”,tm *10^6);

43 printf(”\n\ t The peak l oad c u r r e n t Ip i s %0 . 2 fA”,
Ip);

44 printf(”\n\ t The c a p a c i t o r v o l t a g e Vc i s %0 . 1 fV”,
Vc);

45 printf(”\n\ t The maximum c a p a c i t o r v o l t a g e Vc1 i s
%0 . 1 fV”,Vc1);

46 printf(”\n\ t The rms v a l u e o f l o ad c u r r e n t Io i s
%0 . 1 fA”,Io);

47 printf(”\n\ t Thr Peak supp ly c u r r e n t I p s i s %0 . 2
fA”,Ips)

48 printf(”\n\ t ( b ) . The ave rage t r a n s i s t o r c u r r e n t IA i s
%0 . 2 fA”,IA);
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49 printf(”\n\ t ( c ) . The rms t r a n s i s t o r c u r r e n t IR i s %0
. 2 fA”,IR);

Scilab code Exa 7.3 Finding the Currents and Voltages of a Simple Resonant Inverter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 3
7 // F ind ing the Cur r en t s and V o l t a g e s o f a S imple

Resonant I n v e r t e r .
8

9 clc;

10 clear;

11 Vs=220; // Supply v o l t a g e
i n v o l t s .

12 C=2; // Capac i t ance i n
micro f a r a d .

13 L=20; // Induc tance i n
micro henry .

14 tsw =12; // S w i t c h in g t ime
i n micro s e c o n d s .

15 fo=20; // Output
f r e q u e n c y i n KHZ.

16 wr=1/( sqrt(L*C*10^ -12)); // C a l c u l a t i n g
Resonant f r e q u e n c y i n rad per second

17 fr=wr/(2* %pi); // C a l c u l a t i n g
Resonant f r e q u n c y i n Hz .

18 Tr=1/fr; // C a l c u l a t i n g
t ime per c y c l e .

19 t1=Tr/2; // C a l c u l a t i n g
t ime per h a l f c y c l e .
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20 Vc1 =2*Vs; // C a l c u l a t i n g
maximum c a p a c i t a n c e v o l t a g e .

21 Vc=0; // I n t i a l
c a p a c i t a n c e v o l t a g e .

22 Ip=Vs*sqrt(C/L); // C a l c u l a t i n g peak
supp ly c u r r e n t .

23 IA=(Ip*fo *10^3) /(%pi*fr); // C a l c u l a t i n g
ave rgae d e v i c e c u r r e n t .

24 IR=Ip*(sqrt((fo *10^3* t1)/2)); // C a l c u l a t i n g rms
d e v i c e c u r r e n t .

25 Vpp=Vc1 -Vc // C a l c u l a t i n g peak
to peak c a p a c i t o r v o l t a g e .

26 fmax =1/(2* tsw *10^ -6); // C a l c u l a t i n g
maximum f r e q u e n c y .

27 Is=0; // Average supp ly
c u r r e n t .

28 printf(”\n\ twr=%0 . 0 f r a d / s e c \n\ t f r=%0 . 0 fHz \n\ tTr=%0 . 2
f s \n\ t t 1=%0 . 2 f s ”,wr ,fr,Tr*10^6 ,t1 *10^6);

29 printf(”\n\ tThe maximum c a p c i t o r c u r r e n t Vc1 i s %0 . 0
fV”,Vc1);

30 printf(”\n\ tThe i n t i a l c a p a c i t o r c u r r e n t Vc i s %i”,
Vc);

31 printf(”\n\ t ( a ) . The peak supp ly c u r r e n t Ip i s %0 . 2 fA
”,Ip);

32 printf(”\n\ t ( b ) . The ave rage d e v i c e c u r r e n t IA i s %0
. 1 fA”,IA);

33 printf(”\n\ t ( c ) . The rms d e v i c e c u r r e n t IR i s %0 . 2 fA”
,IR);

34 printf(”\n\ t ( d ) . The peak to peak c a p a c i t o r v o l e a t g e
Vpp i s %0 . 0 fV”,Vpp);

35 printf(”\n\ t ( e ) . The maximum output f r e q u e n c y fmax i s
%0 . 2 fKHz”,fmax *10^ -3);

36 printf(”\n\ t ( f ) . Because t h e r e i s no power l o s s i n
the c i r c u i t ave rage supp ly cuuren t I s i s %i”,Is);
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Scilab code Exa 7.4 Analysis of the Half Bridge Resonant Inverter with Bidirectional Switches

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 4
7 // A n a l y s i s o f the Hal f−Br idge Resonant I n v e r t e r with

B i d i r e c t i o n a l S w i t c h e s .
8

9 clc;

10 clear;

11 fo=3.5; // Frequency i n KHz .
12 C=3; // Capac i t ance i n micro

f a r a d .
13 L=50; // Induc tance i n micro

henry .
14 R=2; // R e s i s t a n c e i n Ohm.
15 Vs=220; // Supply v o l t a g e i n

v o l t s .
16 Ce=2*C; // C a l c u l a t i n g the

e f f e c t i v e c a p a c i t a n c e .
17 wr=sqrt ((1/(2*L*10^ -6*C*10^ -6)) -((R^2) /(4*L

^2*10^ -12)));// C a l c u l a t i n g r e s o n a n t f r e q u e n c y i n
rad per second from the Eq 7 . 2 1 .

18 fr=wr/(2* %pi); // C a l c u l a t i n g r e s o n a n t
f r q u e n c y i n Hz .

19 Tr=1/fr; // C a l c u l a t i n g t ime per
c y c l e .

20 t1=Tr/2; // C a l c u l a t i n g t ime per
h a l f c y l e .

21 To=1/(fo *10^3); // C a l c u l a t i n g t ime per
output c y c l e .

22 alp=R/(2*L*10^ -6);

23 td=To-Tr; // C a l c u l a t i n g turn o f f
p e r i o d o f l oad c u r r e n t .
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24 Vc=Vs/(( exp((alp*%pi)/wr)) -1); // C a l c u l a t i n g the
c a p a c i t o r v o l t a g e from Eq 7 . 1 4 .

25 Vc1=Vs+Vc; // C a l c u l a t i n g the
maximum c a p a c i t o r v o l t a g e from Eq 7 . 1 6 .

26 tm=(1/wr)*(atan(wr/alp)); // C a l c u l a t i n g the t ime
at peak l oad c u r r e n t from the Eq 7 . 7

27 Ip=((Vc1)*(exp(-(alp*tm)))*(sin(wr*tm)))/(wr*L

*10^ -6);// C a l c u l a t i n g the peak l oad c u r r e n t from
e a u a t i o n o f i o ( t ) , where t=tm .

28 // C a l c u l a t i n g ave rage d e v i c e c u r r e n t .
29 function Ia=f(t);

30 Ia=(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*t)))*(sin(

wr*t)));

31 endfunction

32 y=intg(0,t1,f);

33 IA=fo *10^3*y;

34 // C a l c u l a t i n g the rms d e v i c e c u r r e n t .
35 funcprot (0);

36 function Ir=f(t);

37 Ir=(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*t)))*(sin(

wr*t)))^2;

38 endfunction

39 x=intg(0,Tr/2,f);

40 IR=sqrt(fo *10^3*x);

41 Io=2*IR; // C a l c u l a t i n g
rms l oad c u r r e n t .

42 Po=Io^2*2 // C a l c u l a t i n g
the output power .

43 Is=Po/Vs; // C a l c u l a t i n g
the ave rage supp ly c u r r e n t .

44 printf(”\n\ twr=%0 . 0 f r a d / s e c \n\ t f r=%0 . 1 fHz \n\ tTr=%0 . 0
f micro s e c s \n\ t t 1=%0 . 0 f micro s e c \n\ tTo=%0 . 2 f
micro s e c ”,wr ,fr,Tr*10^6 ,t1*10^6,To *10^6);

45 printf(”\n\ tThe turn o f f p e r i o d o f l oad c u r r e n t td
i s %0 . 2 f micro s e c ”,td *10^6);

46 printf(”\n\ tThe i n t i a l c a p a c i t o r c u r r e n t Vc i s %0 . 1
fV”,Vc);

47 printf(”\n\ tThe maximum c a p a c i t o r c u r r e n t Vc1 i s %0
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. 1 fV”,Vc1);
48 printf(”\n\ t ( a ) . The t ime at which peak l oad o c c u r s

tm i s %0 . 2 f micro s e c ”,tm *10^6);
49 printf(”\n\ t The peak l oad c u r r e n t Ip i s %0 . 2 fA”,

Ip);

50 printf(”\n\ t ( b ) . The ave rage d e v i c e c u r r e n t IA i s %0
. 2 fA”,IA);

51 printf(”\n\ t ( c ) . The rms d e v i c e c u r r e n t IR i s %0 . 2 fA”
,IR);

52 printf(”\n\ t ( d ) . The rms l oad c u r r e t I o i s %0 . 1 fA”,Io
);

53 printf(”\n\ t ( e ) . The output power Po i s %0 . 0 fW”,Po);
54 printf(”\n\ t The ave rage supp ly c u r r e n t I s i s %0

. 2 fA”,Is);

Scilab code Exa 7.5 Analysis of the Full Bridge Resonant Inverter with Bidirectional Switches

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 5
7 // A n a l y s i s o f the Fu l l−Br idge Resonant I n v e r t e r with

B i d i r e c t i o n a l S w i t c h e s .
8

9 clc;

10 clear;

11 fo=3.5; // Frequency i n KHz .
12 C=6; // Capac i t ance i n

micro f a r a d .
13 L=50; // Induc tance i n micro

henry .
14 R=2; // R e s i s t a n c e i Ohm.
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15 Vs=220; // Supply v o l t a g e i n
v o l t s .

16 wr=sqrt ((1/(L*C*10^ -12)) -((R^2) /(4*(L^2) *10^ -12)));

// C a l c u l a t i n g the r e s o n a n t f r e q u e n c y i n r a d i a n s
per second from the Eq 7 . 2 1 .

17 fr=wr/(2* %pi); // C a l c u l a t i n g r e s o n a n t
f r q u e n c y i n Hz .

18 Tr=1/fr;

19 t1=Tr/2;

20 To=1/(fo *10^3);

21 td=To-Tr; // C a l c u l a t i n g turn o f f
p e r i o d o f l oad c u r r e n t .

22 alp=R/(2*L*10^ -6);

23 z=(alp*%pi)/wr

24 Vc=Vs*((( exp((alp*%pi)/wr))+1) /((exp((alp*%pi)/wr))

-1));// C a l c u l a t i n g the c a p a c i t o r v o l t a g e from the
Eq 7 . 1 4 .

25 tm=(1/wr)*(atan(wr/alp)); //
C a l c u l a t i n g the t ime at peak l oad c u r r e n t from
the Eq 7 . 7

26 Ip=(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*tm)))*(sin(wr*

tm)));// C a l c u l a t i n g the peak l oad c u r r e n t from Eq
7 . 2 8 .

27 // C a l c u l a t i n g ave rage d e v i c e c u r r e n t .
28 function Ia=f(t);

29 Ia=(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*t)))*(sin(

wr*t)));

30 endfunction

31 y=intg(0,t1,f);

32 IA=fo *10^3*y;

33 // C a l c u l a t i n g the rms d e v i c e c u r r e n t .
34 funcprot (0);

35 function Ir=f(t);

36 Ir=(((Vs+Vc)/(wr*L*10^ -6))*(exp(-(alp*t)))*(sin(

wr*t)))^2;

37 endfunction

38 x=intg(0,Tr/2,f);

39 IR=sqrt(fo *10^3*x);
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40 Io=2*IR; // C a l c u l a t i n g
rms l oad c u r r e n t .

41 Po=Io^2*2 // C a l c u l a t i n g
the output power .

42 Is=Po/Vs; // C a l c u l a t i n g
the ave rage supp ly c u r r e n t .

43 printf(”\n\ twr=%0 . 0 f r a d / s e c \n\ t f r=%0 . 1 fHz \n\ tTr=%0 . 0
f micro s e c \n\ t t 1=%0 . 0 f micro s e c \n\ tTo=%0 . 2 f
micro s e c ”,wr ,fr,Tr*10^6 ,t1*10^6,To *10^6);

44 printf(”\n\ tThe turn o f f p e r i o d o f l oad c u r r e n t td
i s %0 . 2 f micro s e c ”,td *10^6);

45 printf(”\n\ tThe i n t i a l c a p a c i t o r c u r r e n t Vc i s %0 . 1
fV”,Vc);

46 printf(”\n\ t ( a ) . The t ime at which peak l oad o c c u r s
tm i s %0 . 2 f micro s e c ”,tm *10^6);

47 printf(”\n\ t The peak l oad c u r r e n t Ip i s %0 . 2 fA”,
Ip);

48 printf(”\n\ t ( b ) . The ave rage d e v i c e c u r r e n t IA i s %0
. 2 fA”,IA);

49 printf(”\n\ t ( c ) . The rms d e v i c e c u r r e n t IR i s %0 . 1 fA”
,IR);

50 printf(”\n\ t ( d ) . The rms l oad c u r r e t I o i s %0 . 1 fA”,Io
);

51 printf(”\n\ t ( e ) . The output power Po i s %0 . 0 fW”,Po);
52 printf(”\n\ t The ave rage supp ly c u r r e n t I s i s %0

. 2 fA”,Is);

Scilab code Exa 7.6 Finding the Values of L and C for a Series Loaded Resonant Inverter to Yield Specific Output Power

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5
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6 // Example : 7 . 6
7 // F ind ing the Values o f L and C f o r a S e r i e s−Loaded

Resonant I n v e r t e r to Y i e l d S p e c i f i c Output Power .
8

9 clc;

10 clear;

11 PL=1; // Load power i n k i l l o
watt s .

12 R=10; // Load r e s i s t a n c e i n
Ohm.

13 fo=20; // Resonant f r e q u e n c y i n
KHz .

14 P1=250; // Power i n watt s .
15 u=0.8;

16 // C a l c u l a t i n g the supp ly v o l t a g e .
17 Vp1=round(sqrt(PL *10^3*2*R));

18 Vs=floor((Vp1*%pi)/4);

19 Qs=sqrt ((((PL *10^3)/P1) -1)/(((u) -(1/u))^2));//
C a l c u l a t i n g the q u a l i t y f a c t o r .

20 L=(Qs*R)/(2* %pi*fo *10^3); //
C a l c u l a t i n g the i n d u c t a n c e .

21 C=((1/( fo *10^3*2* %pi))^2) *(1/L); // C a l c u l a t i n g
the c a p a c i t a n c e .

22 printf(”\n\ t ( a ) . The input supp ly c u r r e n t Vs i s %iV”,
Vs);

23 printf(”\n\ t ( b ) . The Qua l i t y f a c t o r i f the power i s
to be reduced to 250w, Qs i s %0 . 2 f ”,Qs);

24 printf(”\n\ t ( c ) . The i n d u c t o r L i s %0 . 1 f H ”,L*10^6);
25 printf(”\n\ t ( d ) . The c a p a c i t o r C i s %0 . 4 f F ”,C*10^6)

;

Scilab code Exa 7.7 Finding the Values of L and C for a Parallel Loaded Resonant Inverter to Yield Specific Output Power

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid
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2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 7
7 // F ind ing the Values o f L and C f o r a P a r a l l e l −

Loaded Resonant I n v e r t e r to Y i e l d S p e c i f i c Output
Power

8

9 clc;

10 clear;

11 PL=1; // Load power i n k i l l o
watt s .

12 R=10; // Load r e s i s t a n c e i n
Ohm.

13 fo=20; // Resonant f r e q u e n c y i n
KHz .

14 Vp=330; // Peak l oad v o l t a g e i n
v o l t s .

15 // C a l c u l a t i n g the supp ly v o l t a g e .
16 Vp1=round(sqrt(PL *10^3*2*R));

17 Vs=floor((Vp1*%pi)/4);

18 Vi_pk =(4*Vs)/%pi; // C a l c u l a t i n g the peak
input v o l t a g e .

19 Q=Vp/Vi_pk; // C a l c u l a t i n g the
q u a l i t y f a c t o r .

20 // C a l c u l a t i n g the v a l u e o f f r e q u e n c y r a t i o from Eq
7 . 3 6 .

21 x=poly(0,”u”);
22 u1=((1-x^2) ^2)+(x/Q)^2-4;

23 u2=roots(u1);

24 u=u2(2,1);

25 L=R/(2* %pi *20*10^3*Q); // C a l c u l a t i n g
the Induc tance .

26 C=((1/( fo *10^3*2* %pi))^2) *(1/L); // C a l c u l a t i n g
the c a p a c i t a n c e .

27 printf(”\n\ t ( a ) . The dc supp ly v o l t a g e Vs i s %iV”,Vs)
;
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28 printf(”\n\ t . The peak input v o l t a g e Vi ( pk ) i s %0
. 2 fV”,Vi_pk);

29 printf(”\n\ t ( b ) . The q u a l i t y f a c t o r Q i s %0 . 3 f ”,Q);
30 printf(”\n\ t The f r e q u e n c y r a t i o u i s %0 . 3 f ”,u);
31 printf(”\n\ t ( c ) . The i n d u c t a n c e L i s %0 . 2 f H ”,L

*10^6);

32 printf(”\n\ t ( d ) . The c a p a c i t a n c e C i s %0 . 3 f F ”,C
*10^6);

Scilab code Exa 7.8 Finding the Values of L and C for a Parallel Resonant Inverter to Yield Specific Output Power

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 8
7 // F ind ing the Values o f L and C f o r a P a r a l l e l

Resonant I n v e r t e r to Y i e l d S p e c i f i c Output Power .
8

9 clc;

10 clear;

11 PL=1; // Load power i n K i l l o
watt .

12 Vp=170; // Peak l oad v o l t a g e i n
v o l t s

13 R=10; // R e s i s t a n c e i n Ohm.
14 fo=20; // Resonant f r e q u e n c y

i n KHz .
15 u=1.25; // Frequency r a t i o
16 Is=sqrt((PL *10^3*2* %pi^2) /(4^2*R)); // C a l c u l a t i n g

the supp ly c u r r e n t .
17 Qp=sqrt ((4 -1)/(u-(1/u))^2); // C a l c u l a t i n g

the q u a l i t y f a c t o r .
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18 C=Qp/(2* %pi*fo *10^3*R); // C a l c u l a t i n g
the v a l u e o f c a p a c i t a n c e .

19 L=((1/( fo *10^3*2* %pi))^2) *(1/C); // C a l c u l a t i n g
the i n d u c t a n c e .

20 printf(”\n\ t ( a ) . The dc supp ly c u r r e n t I s i s %0 . 1 fA”,
Is);

21 printf(”\n\ t ( b ) . The Qua l i t y f a c t o r i f the power i s
to be reduced to 250w, Qp i s %0 . 2 f ”,Qp);

22 printf(”\n\ t ( c ) . The c a p a c i t a n c e C i s %0 . 2 f F ”,C
*10^6);

23 printf(”\n\ t ( d ) . The Induc tance L i s %0 . 2 f H ”,L
*10^6);

Scilab code Exa 7.9 Finding the Optimum Values of C and L for a Class E Inverter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 9
7 // F ind ing the Optimum Values o f C s and L s f o r

a C l a s s E I n v e r t e r .
8

9 clc;

10 clear;

11 Vs=12; // Supply v o l t a g e i n
v o l t s .

12 R=10; // R e s i s t a n c e i n Ohm.
13 fs=25; // S w i t c h in g f r e q u e n c y i n

KHz .
14 Q=7; // Qua l i t y f a c t o r .
15 a1 =0.4001; a2 =2.165; a3 =0.3533; // Constant v a l u e s

c a l c u l a t e d from mode 3 o p e r a t i o n o f the c i r c u i t
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i n Fig 7 . 2 0 ;
16 ws=2*%pi*fs *10^3; // C a l c u l a t i n g the

s w i t c h i n g f r e q u e n c y i n rad / s e c .
17 Le=(a1*R)/ws; // C a l c u l a t i n g the e f f e c t i v e

i n d u c t a n c e .
18 Ce=a2/(R*ws); // C a l c u l a t i n g the e f f e c t i v e

c a p a c i t a n c e .
19 L=(Q*R)/(ws); // C a l c u l a t i n g the

I n d u c t a c e .
20 C=1/((( ws*L)-(a3*R))*ws);// C a l c u l a t i n g the v a l u e o f

c a p a c i t a n c e .
21 del=(R/2)*(sqrt(C/L)); // C a l c u l a t i n g the

damping f a c t o r .
22 fo =1/(2* %pi*sqrt(L*C)); // C a l c u l a t i n g the

r e s o n a n t f r e q u e n c y .
23 printf(”\n\ t ( a ) . The e f f e c t i v e i n d u c t a n c e Le i s %0 . 2 f

micro Henry ”,Le *10^6);
24 printf(”\n\ t The e f f e c t i v e c a p a c i t a n c e Ce i s %0 . 2

f micro Farad ”,Ce *10^6);
25 printf(”\n\ t The i n d u c t a n c e L i s %0 . 2 f micro

Henry ”,L*10^6);
26 printf(”\n\ t The e f f e c t i v e c a p a c i t a n c e C i s %0 . 4 f

micro Farad ”,C*10^6);
27 printf(”\n\ t The damping f a c t o r d e l i s %0 . 4 f ”,del

);

28 printf(”\n\ t The r e s o n a n t f r e q u e n c y f o i s %0 . 2
fkHz ”,fo*10^ -3);

Scilab code Exa 7.10 Finding the Values of L and C for a Class E Rectifier

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
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5

6 // Example : 7 . 1 0
7 // F ind ing the Values o f L s and C s f o r a C l a s s

E R e c t i f i e r .
8

9 clc;

10 clear;

11 PL=400; // Load power i n m i l l i
wat t s .

12 Vo=4; // Load v o l t a g e i n v o l t s
.

13 Vm=10; // Peak supp ly v o l t a g e
i n v o l t s .

14 f=250; // Supply f r e q u e n c y i n
KHz .

15 del_Vo =40; // Peak to peak
r i p p l e output v o l t a g e i n m i l l i v o l t s .

16 C=10; // Chosed s u i t a b l e v a l u e
o f c a p a c i t a n c e nano f a r a d .

17 L=(1/(2* %pi*f*10^3))^2/(C*10^ -9); //
C a l c u l a t i n g the i n d u c t a n c e from the e q u a t i o n o f
r e s o n a n t f r e q u e n c y f o .

18 R=Vo^2/(PL*10^ -3); //
C a l c u l a t i n g the R e s i s t a n c e from the e q u a t i o n o f
l oad power PL .

19 Io=Vo/R; //
C a l c u l a t i n g the output c u r r e n t .

20 Cf=(Io *10^3) /(2*f*10^3* del_Vo *10^ -3); //
C a l c u l a t i n g the c a p a c i t a n c e .

21 Im=Vm/R; //
C a l c u l a t i n g the peak supp ly c u r r e n t .

22 IL_rms=sqrt (((Io *10^3) ^2)+(f^2/2)); //
C a l c u l a t i n g the rms i n d u c t o r c u r r e n t .

23 IL_dc=Io //The
I n d u c t o r c u r r e n t .

24 IC_rms=f/sqrt (2); //
C a l c u l a t i n g the rms c a p a c i t o r c u r r e n t .

25 IC_dc =0; //The
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c a p a c i t o r c u r r e n t .
26 printf(”\n\ t ( a ) . The s u i t a b l e v a l u e o f c a p a c i t a n c e

choosen i s %inF”,C);
27 printf(”\n\ t The i n d u c t a n c e L i s %0 . 1 f micro

Henry ”,L*10^6);
28 printf(”\n\ t The r e s i s t a n c e R i s %0 . 0 f Ohm”,R);
29 printf(”\n\ t The output c u r r e n t Io i s %0 . 0 fmA”,Io

*10^3);

30 printf(”\n\ t The c a p a c i t a n c e Cf i s %0 . 0 f micro
Farad ”,Cf *10^3);

31 printf(”\n\ t ( b ) . The peak supp ly c u r r e n t Im i s %0 . 0
fmA”,Im *10^3);

32 printf(”\n\ t The rms i n d u c t o r c u r r e n t IL ( rms ) i s
%0 . 1 fmA”,IL_rms);

33 printf(”\n\ t The i n d c t a n c e c u r r e n t IL ( dc ) i s %0 . 0
fmA”,IL_dc *10^3);

34 printf(”\n\ t The rms c a p a c i t o r c u r r e n t IC ( rms ) i s
%0 . 2 fmA”,IC_rms);

35 printf(”\n\ t The c a p a c i t o r c u r r e n t IC ( dc ) i s %i”,
IC_dc);

Scilab code Exa 7.11 Finding the Values of L and C for a Zero Current Switching Inverter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 7 . 1 1
7 // F ind ing the Values o f L and C f o r a Zero−Current−

S w i t c h i n g I n v e r t e r .
8

9 clc;

10 clear;
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11 PL=400; // Load power i n m i l l i
wat t s .

12 Vo=4; // Load v o l t a g e i n
v o l t s .

13 Vs=12; // Supply v o l t a g e i n
v o l t s .

14 fmax =50; //Maximum f r e q u e n c y i n
KHz .

15 x=1.5;

16 T=1/( fmax *10^3);

17 Io=(PL*10^ -3)/Vo; // C a l c u l a t i n g
output c u r r e n t .

18 C=T/((( %pi*Vs)/(x*Io))+(2*Vs/Io));// C a l c u l a t i n g the
v a l u e o f c a p a c i t a n c e .

19 L=(Vs/(x*Io))^2*C; // C a l c u l a t i n g the
v a l u e o f i n d u c t a n c e .

20 printf(”\n\ tThe output c u r r e n t Io i s %0 . 0 fmA”,Io
*10^3);

21 printf(”\n\ tThe Capac i t ance C i s %0 . 4 f F ”,C*10^6);
22 printf(”\n\ tThe i n d u c t a n c e L i s %0 . 2 f H ”,L*10^6);
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Chapter 9

Thyristors

Scilab code Exa 9.1 Finding the Critical Value of deviation in voltage for a Thyristor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 9 . 1
7 // F ind ing the C r i t i c a l Value o f dv/ dt f o r a

T h y r i s t o r .
8

9 clc;

10 clear;

11 Cj2 =20; // Capac i t ance o f
t h y r i s t o r J2 i n p i c o f a r a d .

12 Ij2 =16; // Charg ing c u r r e n t
o f t h y r i s t o r i n m i l l i Ampere .

13 dv=(Ij2 *10^ -3)/(Cj2 *10^ -12); // C a l c u l a t i n g the
change i n v o l t a g e .

14 printf(”\n\ tThe c r i t i c a l v a l u e o f dv/ dt i s %0 . 0 fV/
s ”,dv*10^ -6);
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Scilab code Exa 9.2 Finding the Average On State Current of a Thyristor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 9 . 2
7 // F ind ing the Average On−S t a t e Current o f a

T h y r i s t o r .
8

9 clc;

10 clear;

11 fs=50; // Supply f r e q u e n c y i n
Hz .

12 Itm =1000; // T h y r i s t o r c u r r e n t
i n Ampere .

13 t1=5; // Ontime o f t h y r i s t o r
i n micro s e c o n d s .

14 T=1/fs; // C a l c u l a t i n g the
t ime per c y c l e .

15 // C a l c u l a t i n g the ave rage on s t a t e c u r r e n t from
f i g u r e 9 . 2 8

16 It =((0.5*( t1*10^ -6)*(Itm *10^ -3))+((T -(2*(t1*10^ -6)))

*Itm)+(Itm*(t1*10^ -6) *0.5))/T;

17 printf(”The ave rage on s t a t e c u r r e n t I t i s %0 . 1 fA”,
It);

18 // Answer i s Changed due to round−o f f e r r o r .

Scilab code Exa 9.3 Finding the Voltage Sharing of Series Connected Thyristors
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 9 . 3
7 // F ind ing the Vo l tage Shar ing o f S e r i e s−Connected

T h y r i s t o r s .
8

9 clc;

10 clear;

11 Vs=15; // Supply v o l t a g e
i n k i l o v o l t s .

12 del_Id =10; //Maximum
l e a k a g e c u r r e n t i n m i l l i Ampere .

13 del_Q =150; // / Recovery
cha rge d i f f e r e n c e i n micro coloumb .

14 R=56; // R e s i s t a n c e i n
k i l l o Ohm.

15 C1=0.5; // Capac i t ance i n
micro Farad .

16 ns=10; //No o f
t h y r i s t o r s i n the s t r i n g .

17 Vds_max =((Vs *10^3) +((ns -1)*R*10^3* del_Id *10^ -3))/ns;

// C a l c u l a t i n g the maximum st e ady s t a t e v o l t a g e
s h a r i n g .

18 DRF=1-((Vs *10^3) /(ns*Vds_max)); //
C a l c u l a t i n g s t eady s t a t e d e r a t i n g f a c t o r .

19 Vdt_max =((Vs *10^3) +(((ns -1)*del_Q *10^ -6)/(C1*10^ -6))

)/ns;// C a l c u l a t i n g maximum t r a n s i e n t v o l t a g e
s h a r i n g .

20 DRF1 =1-((Vs *10^3) /(ns*Vdt_max));

// C a l c u l a t i n g t r a n s i e n t
d e r a t i n g f a c t o r

21 printf(”\n\ t ( a ) . The maximum s t eady s t a t e v o l t a g e
s h a r i n g Vde (max) i s %0 . 0 fV”,Vds_max);

22 printf(”\n\ t ( b ) . The s t eady s t a t e d e r a t i n g f a c t o r i s
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DRF i s %0 . 2 f p e r c e n t ”,DRF *100);
23 printf(”\n\ t ( c ) . The maximum t r a n s i e n t v o l t a g e

s h a r i n g Vdt (max) i s %0 . 0 fV”,Vdt_max);
24 printf(”\n\ t ( d ) . The t r a n s i e n t d e r a t i n g f a c t o r i s DRF

i s %0 . 2 f p e r c e n t ”,DRF1 *100);

Scilab code Exa 9.4 Finding the Values of the Snubber Circuit for a Thyristor Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 9 . 4
7 // F ind ing the Values o f the Snubber C i r c u i t f o r a

T h y r i s t o r C i r c u i t .
8

9 clc;

10 clear;

11 Vs=200; // Input v o l t a g e i n
v o l t s .

12 R=5; // Load R e s i s t a n c e i n
Ohm.

13 fs=2; // Supply f r e q u e n c y i n
kHz .

14 dv=100; // Change i n v o l t a g e i n
V/ s .

15 Itd =100; // D i s c h a r g e c u r r e n t i n
Ampere .

16 Rs=Vs/Itd; // C a l c u l a t i n g the
snubber r e s i s t a n c e .

17 Cs =(0.632*R*Vs)/((dv *10^6) *(R+Rs)^2);// C a l c u l a t i n g
the snubber c a p a c i t a n c e .

18 Ps=0.5*Cs*Vs^2*fs *10^3; // C a l c u l a t i n g

102



the snubber l o s s .
19 Psr=Ps; // C a l c u l a t i n g

power r a t i n g o f snuber r e s i s t n a c e .
20 printf(”\n\ t ( a ) . The snubber r e s i s t a n c e Rs i s %0 . 0

f ”,Rs);
21 printf(”\n\ t The snubber c a p a c i t a n c e Cs i s %0 . 3

f F ”,Cs *10^6);
22 printf(”\n\ t ( b ) . The snubber l o s s Ps i s %0 . 1 fW”,Ps);
23 printf(”\n\ t ( c ) . The power r a t i n g o f snubber

r e s i s t o r i s %0 . 1 fW”,Psr);

Scilab code Exa 9.5 Finding the Circuit Values of a UJT Triggering Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 9 . 5
7 // F ind ing the C i r c u i t Va lues o f a UJT T r i g g e r i n g

C i r c u i t .
8

9 clc;

10 clear;

11 Vs=30; // Suply v o l t a g e i n
v o l t s .

12 eff =0.51; // E f f i c i e n c y o f
the c i r c u i t .

13 Vv=3.5; // Vo la tage i n
v o l t s .

14 Iv=10; // Current i n m i l l i
Ampere .

15 Ip=10; // Peak i n p i u t
c u r r e n t Ip i n Ampere .
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16 Io=10; // Output c u r r e n t
i n Ampere .

17 f=60; // O s c i l l a t i o n
f r e q u e n c y i n Hz .

18 tg=50; // Width o f the
t r i g g e r i n g p u l s e i n micro s e c o n d s .

19 Vd=0.5;

20 C=0.5; //Asumed v a l u e o f
c a p a c i t a n c e i n micro f a r a d .

21 T=1/f; // C a l c u l a t i n g the
t ime per c y c l e .

22 Vp=eff*Vs+Vd; // C a l c u l a t i n g the
peak v o l t a g e .

23 R1=(Vs-Vp)/(Ip*10^ -6);R2=(Vs-Vv)/(Iv*10^ -3);//
C a l c u l a t i n g the l i m i t i n g v a l u e o f r e s i s t a n c e .

24 R=T/((C*10^ -6)*log(1/(1-eff))); //
C a l c u l a t i n g the v a l u e o f r e s i s t a n c e .

25 Vb1=Vp; //
C a l c u l a t i n g the peak ga t e v o l t a g e .

26 RB1=tg/C; //
C a l c u l a t i n g the R e s i s t a n c e o f ga t e 1 .

27 RB2 =10^4/( eff*Vs); //
C a l c u l a t i n g the r e s i s t a n c e o f ga t e 2 .

28 printf(”\n\ tThe v a l u e o f peak r e s i s t a n c e vp i s %0 . 1
fV”,Vp);

29 printf(”\n\ tThe l i m i t i n g v l a u e o f R a r e %0 . 2 fMega
Ohm > R > %0. 2 f K i l o Ohm”,R1*10^-6,R2*10^ -3);

30 printf(”\n\ tThe v a l u e o f R e s i s t a n c e R i s %0 . 1 f K i l o
Ohm”,R*10^ -3);

31 printf(”\n\ tThe peak ga t e v o l t a g e VB1 i s %0 . 1 fV”,Vb1
);

32 printf(”\n\ tThe r e s i s t a n c e o f ga t e1 RB1 i s %0 . 0 f Ohm
”,RB1);

33 printf(”\n\ tThe r e s i s t a n c e o f ga t e2 RB2 i s %0 . 0 f Ohm
”,RB2);
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Scilab code Exa 9.6 Finding the Circuit Values of a Programmable UJT Triggering Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 9 . 6
7 // F ind ing the C i r c u i t Va lues o f a Programmable UJT

T r i g g e r i n g C i r c u i t .
8

9 clc;

10 clear;

11 Vs=30; // Supply v o l t a g e i n
v o l t s .

12 Ig=1; // Gate c u r r e n t i n
m i l l i Ampere .

13 f=60; // O s c i l l a t i o n
f r e q u e n c y i n Hz .

14 tg=50; // Pu l s e width i n
micro second .

15 Vrk =10; // Peak t r i g g e r i n g
v o l t a g e i n v o l t s .

16 T=1/f; // C a l c u l a t i n g the
width o f a c y c l e .

17 C=0.5; // Assumed v a l u e o f
c a p a c i t a n c e i n micro f a r a d .

18 Rk=tg/C; // C a l c u l a t i n g the
t r i g g e r i n g r e s i s t a n c e .

19 Vp=Vrk; // C a l c u l a t i n g the
peak v o l t a g e .

20 eff=Vp/Vs; // C a l c u l a t i n g the
e f f i c i e n c y .
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21 R=T/((C*10^ -6)*log(1/(1-eff))); // C a l c u l a t i n g the
v a l u e o f r e s i s t a n c e .

22 Rg=(1 -(1/3))*(Vs/(Ig*10^ -3)); // C a l c u l a t i n g the
ga t e r e s i s t a n c e .

23 R1=(Rg/eff); // C a l c u l a t i n g the
v a l u e o f r e s i s t a n c e R1 .

24 R2=Rg/(1-eff); // C a l c u l a t i n g the
v a l u e o f r e s i s t a n c e R2 .

25 printf(”\n\ tThe v a l u e o f t r i g g e r i n g r e s i s t a n c e Rk i s
%0 . 0 f Ohm”,Rk);

26 printf(”\n\ tThe v a l u e o f peak v o l t a g e Vp i s %iV”,Vp)
;

27 printf(”\n\ tThe e f f i c i e n c y e f f i s %0 . 2 f ”,eff);
28 printf(”\n\ tThe v a l u e o f R e i s t a n c e R i s %0 . 3 f k i l o

Ohm”,R*10^ -3);
29 printf(”\n\ tThe v a l u e o f ga t e r e s i s t a n c e Rg i s %0 . 0 f

K i l o Ohm”,Rg*10^ -3);
30 printf(”\n\ tThe v a l u e o f r e s i s t a n c e R1 i s %0 . 0 f k i l o

Ohm”,R1*10^ -3);
31 printf(”\n\ tThe v a l u e o f r e s i s t a n c e R2 i s %0 . 0 f K i l o

Ohm”,R2*10^ -3);
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Chapter 10

Controlled Rectifiers

Scilab code Exa 10.2 Finding the Current Ratings of Single Phase Full Converter with an RL load

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 0 . 2
7 // F ind ing the Current Rat ing s o f S i n g l e−Phase F u l l

Conve r t e r with an RL load .
8

9 clc;

10 clear;

11 L=6.5; // Load i n d u c t a n c e
i n m i l l i Henry .

12 R=0.5; // Load r e s i s t a n c e
i n Ohm.

13 E=10; // Vo l tage o f
b a t t e r y i n v o l t s .

14 Vs=120; // Supply v o l t a g e
i n v o l t s .

15 f=60; // Frequency i n Hz .
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16 alp =60; // F i r i n g a n g l e i n
d e g r e e .

17 w=2*%pi*f; // C a l c u l a t i n g
f r e q u e n c y i n rad / s e c .

18 theta=atan((w*L*10^ -3)/R); // C a l c u l a t i n g the
l oad a n g l e .

19 Z=sqrt(R^2+(w*L*10^ -3) ^2); // C a l c u l a t i n g l oad
impedence .

20 alp1=alp*%pi /180; // Conver t ing the
f i r i n g a n g l e i n t o r a d i a n s

21 ILo =(( sqrt (2)*Vs/Z)*((-(sin(alp1 -theta))-(sin(alp1 -

theta)*(exp(-((R/(L*10^ -3))*(%pi/w))))))/(1-(exp

(-((R/(L*10^ -3))*(%pi/w)))))))-(E/R);//
C a l c u l a t i n g the s t eady s t a t e l oad c u r r e n t .

22 // C a l c u l a t i n g the e q u a t i o n o f ave rage t h y r i s t o r
c u r r e n t from Eq 1 0 . 8 .

23 funcprot (0)

24 function a=f(wt)

25 a=(( sqrt (2)*Vs/Z)*sin(wt -theta))-(E/R)+((( ILo)+(

E/R) -((sqrt (2)*Vs/Z)*(sin(alp1 -theta))))*exp

((R/(L*10^ -3))*(( alp1/w)-(wt/w))))

26 endfunction

27 a=alp1;b=%pi+alp1; // L i m i t s o f
i n t e g e r a t i o n o f eq 1 0 . 8 f o r c a l c u l a t i n g t y r i s t o r
c u r r e n t .

28 IA =(1/(2* %pi))*(intg(a,b,f)); // C a l c u l a t i n g the
t h y r i s t o r c u r r e n t by i n t e g r a t i n g eq 1 0 . 8

29 // C a l c u l a t i n g the e q a t i o n o f rms t h y r i s t o r c u r r e n t
from Eq 1 0 . 8 .

30 funcprot (0)

31 function b=f(wt)

32 b=((( sqrt (2)*Vs/Z)*sin(wt -theta))-(E/R)+((( ILo)

+(E/R) -((sqrt (2)*Vs/Z)*(sin(alp1 -theta))))*

exp((R/(L*10^ -3))*(( alp1/w)-(wt/w)))))^2

33 endfunction

34 IR=sqrt ((1/(2* %pi))*(intg(a,b,f))); // C a l c u l a t i n g
the t h y r i s t o r rms c u r r e n t .

35 Irms=sqrt (2)*IR; // C a l c u l a t i n g
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rms output c u r r e n t .
36 Idc =2*IA; // C a l c u l a t i n g

ave rage dc output c u r r e n t .
37 // C a l c u l a t i n g c r i t i c a l v a l u e o f d e l a y a n g l e from Eq

1 0 . 1 0 .
38 alp_c=theta -asin (((1 -(exp(-(%pi/tan(theta)))))/(1+(

exp(-(%pi/tan(theta))))))*(((E/(sqrt (2)*Vs))/cos(

theta))));

39 printf(”\n\ t ( a ) . The s t eady s t a t e l oad c u r r e t ILo i s
%0 . 2 fA”,ILo);

40 printf(”\n\ t ( b ) . The ave rage t h y r i s t o r c u r r e n t IA i s
%0 . 2 fA”,IA);

41 printf(”\n\ t ( c ) . The rms t h y r i s t o r c u r r e n t IR i s %0 . 2
fA”,IR);

42 printf(”\n\ t ( d ) . The rms output c u r r e n t Irms i s %0 . 1
fA”,Irms);

43 printf(”\n\ t ( e ) . The ave rage output c u r r e n t Idc i s %0
. 1 fA”,Idc);

44 printf(”\n\ t Tht c r i t i c a l d e l a y a n g l e a l p c i s %0
. 2 f d e g r e e ”,alp_c *180/ %pi);

45 //Some answers a r e changed due to r o u n d o f f e r r o r .

Scilab code Exa 10.3 Finding the Peak Currents of a Single Phase Dual Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 0 . 3
7 // F ind ing the Peak Cur r en t s o f a S i n g l e−Phase Dual

Conver t e r .
8

9 clc;
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10 clear;

11 Vs=120; // Supply v o l t a g e i n
v o l t s .

12 f=60; // Supply f r e q u e n c y i n
Hz .

13 R=10; // R e s i s t a n c e i n Ohm.
14 Lr=40; // C i r c u l a t i n g

i n d u c t a n c e i n m i l l i Henry .
15 alp1 =60; alp2 =120; // Delay a n g l e s i n

d e g r e e .
16 w=2*%pi*f; // C a l c u l a t i n g

f r e q u e n c y i n rad / s e c .
17 Vm=sqrt (2)*Vs; // C a l c u l a t i n g the

c o n v e r t e r v o l t a g e .
18 Ir_max =((2*Vm)/(w*Lr*10^ -3))*(1-cosd(alp1));//

C a l c u l a t i n g the peak c i r c u l a t i n g c u r r e n t .
19 Ip=Vm/(R); //

C a l c u l a t i n g the peak l oad c u r r e n t .
20 Ip1=Ip+Ir_max; //

C a l c u l a t i n g the peak c u r r e n t o f c o n v e r t e r 1 .
21 printf(”\n\ tThe peak c i r c u l a t i n g c u r r e n t I r (max) i s

%0 . 2 fA”,Ir_max);
22 printf(”\n\ tThe peak l oad c u r r e n t Ip i s %0 . 2 fA”,Ip);
23 printf(”\n\ tThe peak c u r r e n t o f c o n v e r t e r 1 i s %0 . 2 fA

”,Ip1);

Scilab code Exa 10.4 Finding the Performances of a Three Phase Full Wave Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 0 . 3
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7 // F ind ing the Per fo rmances o f a Three−Phase Fu l l−
Wave Conver t e r .

8

9 clc;

10 clear;

11 V=208; // Three phase Supply
v o l t a g e i n v o l t s .

12 f=60; // Supply f r e q u e n c y i n Hz
.

13 R=10; // Load r e s i s t a n c e i n Ohm
.

14 Vs=V/sqrt (3); // C a l c u l a t i n g the s i n g l e
phase supp ly v o l t a g e .

15 Vm=sqrt (2)*Vs; // C a l c u l a t i n g the
c o n v e r t e r v o l t a g e .

16 Vn=50; // Average output v o l t a g e
to be improved i n p e r c e n t a g e .

17 Vdm =(3* sqrt (3)*Vm)/%pi; // C a l c u l a t i n g the
maximum output v o l t a g e .

18 Vdc=(Vn/100)*Vdm; // C a l c u l a t i n g the
ave rage output v o l t a g e .

19 alp=acosd(Vdc/Vdm); // C a l c u l a t i n g the
d e l a y a n g l e .

20 Idc=Vdc/R; // C a l c u l a t i n g the ave rage
output c u r r e n t .

21 Vrms=(sqrt (3)*Vm)*(sqrt (0.5+(((3* sqrt (3))/(4* %pi))*(

cosd (2*alp)))));// C a l c u l a t i n g rms v o l t a g e
22 Irms=Vrms/R; // C a l c u l a t i n g rms

c u r r e n t .
23 IA=Idc/3; // C a l c u l a t i n g ave rage

t h y r i s t o r c u r r e n t .
24 IR=Irms*(sqrt (2/6)); // C a l c u l t a i n g rms

c u r r e n t o f t h y r i s t o r .
25 eff=(Vdc*Idc)/(Vrms*Irms); // C a l c u l a t i n g

r e c t i f i c a t i o n e f f i c i e n c y .
26 Is=Irms*(sqrt (4/6)); // C a l c u l a t i n g the rms

l i n e c u r r e n t .
27 VI=3*Vs*round(Is); // c a l c u l a t i n g the input
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VAR r a t i n g .
28 TUF=(Vdc*Idc)/VI; // C a l c u l a t i n g

t r a n s f o r m e r u t i l i z a t i o n f a c t o r .
29 Po=Irms ^2*R; // C a l c u l a t i n g the output

power .
30 PF=Po/VI; // C a l c u l a t i n g the power

f a c t o r .
31 printf(”\n\ tThe s i n g l e phase supp ly v o l t a g e Vs i s %0

. 1 fV”,Vs);
32 printf(”\n\ tThe c o n v e r t e r v o l t a g e Vm i s %0 . 2 fV”,Vm);
33 printf(”\n\ tThe maximum output v o l t a g e Vdm i s %0 . 1 fV

”,Vdm);
34 printf(”\n\ tThe ave rage output v o l t a g e Vdc i s %0 . 2 fV

”,Vdc);
35 printf(”\n\ t ( a ) . The d e l a y a n g l e a l p i s %0 . 0 f d e g r e e ”

,alp);

36 printf(”\n\ t ( b ) . The ave rage output c u r r e n t Idc i s %0
. 2 fA”,Idc);

37 printf(”\n\ t The rms output v o l t a g e Vrms i s %0 . 2
fV”,Vrms);

38 printf(”\n\ t The rms output c u r r e n t Irms i s %0 . 2
fA”,Irms);

39 printf(”\n\ t ( c ) . The ave rage c u r r e n t o f a t h y r i s t o r
IA i s %0 . 2 fA”,IA);

40 printf(”\n\ t The rms c u r r e n t o f t h y r i s t o r IR i s
%0 . 1 fA”,IR);

41 printf(”\n\ t ( d ) . The r e c t i f i c a t i o n e f f i c i e n c y e f f i s
%0 . 1 f p e r c e n t ”,eff *100);

42 printf(”\n\ t ( e ) . The rms input l i n e c u r r e n t I s i s %0
. 0 fA”,Is);

43 printf(”\n\ t The input VAR r a t i n g VI i s %0 . 1 fVA”,
VI);

44 printf(”\n\ t The t r a n s f o r m e r u t i l i z a t i o n f a c t o r
TUF i s %0 . 3 f ”,TUF);

45 printf(”\n\ t ( f ) . The output power Po i s %0 . 1 fW”,Po);
46 printf(”\n\ t The power f a c t o r PF i s %0 . 3 f ( l a g g i n g

) ”,PF);
47 // Answers may vary due to round−o f f e r r o r .
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Scilab code Exa 10.6 Finding the Current Ratings of Three Phase Full Converter with an RL Load

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 0 . 6
7 // F ind ing the Current Rat ing s o f Three−Phase Fu l l−

Conver t e r with an RL Load .
8

9 clc;

10 clear;

11 L=1.5; // Load i n d u c t a n c e i n
m i l l i Henry .

12 R=2.5; // Load r e s i s t a n c e i n
Ohm.

13 E=10; // Bat t e ry v o l t a g e i n
V o l t s .

14 Vab =208; // Line to l i n e input
v o l t a g e .

15 f=60; // Supply f r e q u e n c y i n
Hz .

16 alp=%pi/3; // Delay a n g l e i n
r a d i a n s .

17 w=2*%pi*f; // C a l c u l a t i n g the
r e s o n a n t f r e q u e n c y .

18 Z=sqrt(R^2+(w*L*10^ -3) ^2); // C a l c u l a t i n g the
l oad impedence .

19 theta=atan((w*L*10^ -3)/R); // C a l c u l a t i n g the
l oad a n g l e .

20 // C a l c u l a t i n g the s t eady s t a t e l oad c u r r e n t from the
Eq . 1 0 . 2 1 .
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21 IL1 =((( sqrt (2)*Vab)/Z)*((( sin (((2* %pi)/3)+alp -theta)

) -((sin((%pi /3)+alp -theta))*(exp(-((R/(L*10^ -3))

*(%pi /(3*w)))))))/(1-(exp(-((R/(L*10^ -3))*(%pi

/(3*w))))))))-(E/R);

22 // C a l c u l a t i n g the e q u a t i o n o f ave rage t h y r i s t o r
c u r r e n t from Eq . 1 0 . 2 0

23 funcprot (0)

24 function a=f(wt)

25 a=((( sqrt (2)*Vab)/Z)*sin(wt-theta))-(E/R)+((( IL1

)+(E/R) -(((sqrt (2)*Vab)/Z)*(sin((%pi/3)+alp -

theta))))*(exp((R/(L*10^ -3))*(((( %pi/3)+alp)/

w)-(wt/w)))))

26 endfunction

27 a=(%pi/3)+alp;b=((2* %pi)/3)+alp;// L i m i t s f o r
i n t e g r a t i n g ave rage t h y r i s t o r c u r r e n t

28 IA=(1/( %pi))*(intg(a,b,f)); // C a l c u l a t i n g
ave rage t y r i s t o r c u r r e n t

29 // C a l c u l a t i n g the e q u a t i o n o f rms t h y r i s t o r c u r r e n t
from the Eq 1 0 . 2 0 .

30 funcprot (0)

31 function b=f(wt)

32 b=(((( sqrt (2)*Vab)/Z)*sin(wt-theta))-(E/R)+(((

IL1)+(E/R) -(((sqrt (2)*Vab)/Z)*(sin((%pi/3)+

alp -theta))))*(exp((R/(L*10^ -3))*(((( %pi /3)+

alp)/w)-(wt/w))))))^2

33 endfunction

34 IR=sqrt ((1/ %pi)*(intg(a,b,f))); // C a l c u l a t i n g rms
t h y r i s t o r c u r r e n t .

35 Irms=sqrt (3)*IR; // C a l c u l a t i n g rms
output c u r r e n t .

36 Idc =3*IA; // C a l c u l a t i n g
ave rage output c u r r e n t .

37 printf(”\n\ t ( a ) . The s t eady s t a t e l oad c u r r e n t IL1 i s
%0 . 2 fA”,IL1);

38 printf(”\n\ t ( b ) . The ave rage t h y r i s t o r c u r r e n t IA i s
%0 . 1 fA”,IA);

39 printf(”\n\ t ( c ) . The rms t h y r i s t o r c u r r e n t IR i s %0 . 2
fA”,IR);
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40 printf(”\n\ t ( d ) . The rms output c u r r e n t Irms i s %0 . 2
fA”,Irms);

41 printf(”\n\ t ( e ) . The ave rage output c u r r e n t Idc i s %0
. 2 fA”,Idc);

42 //Some answers a r e v a r i e d due to round−−o f f e r r o r .

Scilab code Exa 10.8 Finding the Thyristor Ratings of a Three Phase Full Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 0 . 8
7 // F ind ing the T h y r i s t o r Rat ing s o f a Three−Phase

F u l l Conve r t e r .
8

9 clc;

10 clear;

11 V=230; // Three phase input
v o l t a g e i n v o l t s .

12 f=60; // Supply f r e q u e n c y i n Hz
.

13 Ia=150; // Average l oad c u r r e n t
i n ampere .

14 alp=%pi/3; // Delay a n g l e i n
r a d i a n s .

15 Vs=V/sqrt (3); // C a l c u l a t i n g the s i n g l e
phase v o l t a g e .

16 Vm=sqrt (2)*Vs; // C a l c u l a t i n g phase
v o l t a g e .

17 Vdc =3*( sqrt (3)/%pi)*Vm*cos(alp);// C a l c u l a t i n g
ave rage output v o l t a g e .

18 Pdc=Vdc*Ia; // C a l c u l a t i n g output
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power .
19 IA=Ia/3; // C a l c u l a t i n g ave rage

c u r r e n t through t h y r i s t o r .
20 IR=Ia*sqrt (2/6); // C a l c u l a t i n g rms

t h y r i s t o r c u r r e n t .
21 IPT=Ia; // C a l c u l a t i n g peak

c u r r e n t through t h y r i s t o r .
22 PIV=sqrt (3)*Vm; // C a l c u l a t i n g peak

i n v e r s e v o l t a g e .
23 printf(”\n\ tThe s i n g l e phase v o l t g e Vm i s %0 . 2 fV”,Vm

);

24 printf(”\n\ tThe ave rage output v o l t a g e Vdc i s %0 . 1 fV
”,Vdc);

25 printf(”\n\ tThe output power Pdc i s %0 . 0 fW”,Pdc);
26 printf(”\n\ tThe ave rage c u r r e n t through t h y r i s t o r IA

i s %0 . 0 fA”,IA);
27 printf(”\n\ tThe rms c u r r e n t through a t h y r i s t o r IR

i s %0 . 1 fA”,IR);
28 printf(”\n\ tThe peak i n v e r s e v o l t a g e PIV i s %0 . 2 fV”,

PIV);

29 // Answers may vary due to round−o f f e r r o r .

Scilab code Exa 10.10 Finding the Overlap Angle for a Three Phase Full Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 0 . 1 0
7 // F ind ing the Over lap Angle f o r a Three−Phase F u l l

Conve r t e r .
8

9 clc;
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10 clear;

11 Vs=230; // Supply v o l t a g e i n
v o l t s .

12 fs=60; // Frequency i n Hz .
13 Idc =150; // Average l oad

c u r r e n t i n ampere .
14 Lc=0.1; // Commutatting

i n d u c t a n c e i n m i l l i henry .
15 alp0 =10; // Over lap a n g l e i n

d e g r e e .
16 alp1 =30; // Over lap a n g l e i n

d e g r e e .
17 alp2 =60; // Over lap a n g l e i n

deg r e .
18 Vm=sqrt (2)*Vs/sqrt (3); // C a l c u l a t i n g phase

v o l t a g e .
19 Vdm =(3* sqrt (3)*Vm)/%pi; // C a l c u l a t i n g d i ode

v o l t a g e .
20 // C a l c u l a t i n g the o v e r l a p a n g l e s .
21 mu0=(acosd(cosd(alp0) -((6*fs*Idc*Lc*10^ -3)/Vdm)))-

alp0;

22 mu1=(acosd(cosd(alp1) -((6*fs*Idc*Lc*10^ -3)/Vdm)))-

alp1;

23 mu2=(acosd(cosd(alp2) -((6*fs*Idc*Lc*10^ -3)/Vdm)))-

alp2;

24 printf(”\n\ t The o v e r l a p a n g l e s a r e ”)
25 printf(”\n\ t ( a ) . For a l p = %0 . 0 f , mu = %0 . 2 f d e g r e e

”,alp0 ,mu0);
26 printf(”\n\ t ( b ) . For a l p = %0 . 0 f , mu = %0 . 2 f d e g r e e

”,alp1 ,mu1);
27 printf(”\n\ t ( c ) . For a lp = %0 . 0 f , mu = %0 . 2 f d e g r e e

”,alp2 ,mu2);
28 //Some answers a r e changed due to round−o f f e r r o r .

Scilab code Exa 10.11 Finding the Minimum Value of Gate Pulse Width for a Single Phase Full Converter
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 0 . 1 1
7 // F ind ing the Minimum Value o f Gate Pu l s e Width f o r

a S i n g l e−Phase F u l l Conve r t e r .
8

9 clc;

10 clear;

11 IH=0.5; // Hold ing c u r r e n t o f
t h y r i s t o r i n ampere .

12 td=1.5; // Delay t ime i n micro
s e c o n d s .

13 Vs=120; // Supply v o l t a g e i n
v o l t s .

14 f=60; // Frequency i n Hz .
15 L=10; // Induc tance i n m i l l i

Henry .
16 R=10; // R e s i s t a n c e i n Ohm.
17 alp =30; // Delay a n g l e i n

d e g r e e .
18 Vm=sqrt (2)*Vs; // C a l c u l a t i n g the phase

v o l t a g e .
19 V1=Vm*sin(%pi/6); // C a l c u l a t i n g the

v o l t a g e at d e l a y a n g l e a l p .
20 di=V1/(L*10^ -3); // C a l c u l a t i n g the r a t e

o f r i s e o f anode v o l t a g e at a lp .
21 t1=IH/(di*10^ -6); // C a l c u l a t i n g the t ime

r e q u i r e d f o r anode c u r r e n t to r i s e to h o l d i n g
c u r r e t .

22 tG=t1+td; // C a l c u l a t i n g the
minimum width o f the ga t e p u l s e .

23 printf(”\n\ tThe v o l t a g e at wt=a lp =30 , V1 i s %0 . 2 fV
”,V1);

24 printf(”\n\ tThe r a t e o f r i s e o f d i / dt at i n s t a n t o f
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t r i g g e r i n g i s %0 . 0 fA/ s ”,di);
25 printf(”\n\ tThe t ime r e q u i r e d f o r anode c u r r e n t to

r i s e to h o l d i n g c u r r e n t t1 i s %0 . 2 f micro s e c o n d s
”,t1);

26 printf(”\n\ tThe minimum width o f the ga t e p u l s e i s
%0 . 2 f micro s e c o n d s ”,tG);

119



Chapter 11

AC Voltage Controllers

Scilab code Exa 11.1 Finding the Performance Parameters of a Single Phase Full Wave Controller

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 1 . 1
7 // i n d i n g the Per formance Parameters o f a S i n g l e−

Phase Fu l l−Wave C o n t r o l l e r
8

9 clc;

10 clear;

11 R=10; // R e s i s t a n c e i n Ohm.
12 Vs=120; // Supply v o l a t a g e i n

v o l t s .
13 f=60; // Frequency i n Hz .
14 alp=%pi/2; // Delay a n g l e i n

d e g r e e .
15 Vm=sqrt (2)*Vs; // C a l c u l a t i n g the

c o n v e r t e r v o l t a g e .
16 Vo=Vs/sqrt (2); // C a l c u l a t i n g rms v a l u e
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o f output v o l t a g e .
17 Io=Vo/R; // C a l c u l a t i n g rms v a l u e

o f l o ad c u r r e n t .
18 Po=Io^2*R; // C a l c u l a t i n g l oad

power .
19 VA=Vs*Io; // C a l c u l a t i n g the VA

r a t i n g .
20 PF=Po/VA; // C a l c u l a t i n g the power

f a c t o r .
21 IA=(sqrt (2)*Vs*(cos(alp)+1))/(2* %pi*R);// C a l c u l a t i n g

ave rage t h y r i s t o r c u r r e n t .
22 IR=(Vs/(sqrt (2)*R))*(sqrt ((1/ %pi)*(%pi -alp+(sin(2*

alp)/2))));// C a l c u l a t i n g rms v a l u e o f t h r y s i t o r
c u r r e n t .

23 printf(”\n\ t ( a ) . The rms output v o l t a g e Vo i s %0 . 2 fV”
,Vo);

24 printf(”\n\ t ( b ) . The rms v a l u e o f l o ad c u r r e n t Io i s
%0 . 3 fA”,Io);

25 printf(”\n\ t The l oad power Po i s %0 . 2 fW”,Po);
26 printf(”\n\ t The input r a t i n g VA i s %0 . 1 fW”,VA);
27 printf(”\n\ t The input power f a c t o r i s %0 . 3 f (

l a g g i n g ) ”,PF);
28 printf(”\n\ t ( c ) . The ave rage t h y r i s t o r c u r r e n t IA i s

%0 . 1 fA”,IA);
29 printf(”\n\ t ( d ) . The rms v a l u e o f t h y r i s t o r c u r r e n t

IR i s %iA”,IR);
30 // // Answers may vary due to round−o f f e r r o r .

Scilab code Exa 11.2 Finding the Performance Parameters of a Single Phase Full Wave Controller with an RL Load

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
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5

6 // Example : 1 1 . 2
7 // F ind ing the Per formance Parameters o f a S i n g l e−

Phase Fu l l−Wave C o n t r o l l e r with an RL Load .
8

9 clc;

10 clear;

11 Vs=120; // Input rms v o l t a g e i n
v o l t s .

12 L=6.5; // Load i n d u c t a n c e i n
m i l l i Henry .

13 R=2.5; // Load i n d u c t a n c e i n Ohm.
14 alp =(90* %pi)/180; // Delay a n g l e i n d e g r e e .
15 f=60;

16 w=2*%pi*f; // C a l c u l a t i n g the
r e s o n a n t f r e q u e n c y .

17 ang=atan((w*L*10^ -3)/R); // C a l c u l a t i n g l oad a n g l e .
18 Z=sqrt(R^2+(w*L*10^ -3) ^2);// C a l c u l a t i n g l oad

impedence .
19 // C a l c u l a t i n g the v a l u e s o f Eq 1 1 . 1 1 to f i n d the

e x c i t a t i o n a n g l e .
20 function a=f(bet)

21 a=((sin(alp -ang))*(exp (((R/(L*10^ -3))*(alp -bet))

/w)))-sin(bet -ang)

22 endfunction

23 bet0=3 // I n t i a l c o n d i t i o n f o r
s o l v i n g Eq 1 1 . 8 to f i n d e x c i t a t i o n a n g l e

24 bet=fsolve(bet0 ,f); // S o l v i n g the Eq 1 1 . 9 to
f i n d the e x c i t a t i o n a n g l e .

25 del=bet -alp; // C a l c u l a t i n g the
conduc t i o n a n g l e .

26 Vo=Vs*sqrt ((1/ %pi)*(( del)+(sin (2*alp)/2) -(sin(2*bet)

/2)));// C a l c u l a t i n g output v o l t a g e . ( Book answer
i s wrong ) .

27 // C a l c u l a t i n g the Equat ion to f i n d rms t h y r i s t o r
c u r r e n t from the Eq 1 1 . 1 1 .

28 funcprot (0)

29 function a=f(wt)
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30 a=(sin(wt-ang)-(sin(alp -ang)*exp((R/(L*10^ -3))

*(( alp/w)-(wt/w)))))^2

31 endfunction

32 a=alp;b=bet; // Values o f l i m i t s to i n t e g r a t e the
Eq 1111 to f i n d rms t h y r i s t o r c u r r e n t .

33 IR=sqrt ((1/ %pi)*(intg(a,b,f)))*(Vs/Z);// I n t e g r a t i n g
the Eq 1 1 . 1 1 to f i n d the rms t h y r i s t o r c u r r e n t .

34 Io=sqrt (2)*IR; // C a l c u l a t i n g t h y r i s t e r
output c u r r e t n t .

35 // C a l c u l a t i n g the Equat ion ave rage t h y r i s t o r
c u r r e n t from Eq 1 1 . 1 2 .

36 funcprot (0)

37 function b=f(wt)

38 b=(sin(wt-ang)-(sin(alp -ang)*exp((R/(L*10^ -3))

*(( alp/w)-(wt/w)))))

39 endfunction

40 IA=(( sqrt (2)*Vs)/(2* %pi*Z))*(intg(a,b,f));//
I n t e g r a t i n g the Eq 1 1 . 1 2 to f i n d the ave rage
t h y r i s t o r c u r r e n t .

41 Po=Io^2*R; // C a l c u l a t i n g the
output power .

42 VA=Vs*Io; // C a l c u l t i n g the input
VA r a t i n g .

43 PF=Po/VA; // C a l c u l a t i n g the power
f a c t o r .

44 printf(”\n\ t ( a ) . The e x c i t a t a t i o n a n g l e bet i s %0 . 1 f
d e g r e e ”,bet *180/ %pi);

45 printf(”\n\ t The conduc t i o n a n g l e d e l i s %0 . 1 f
d e g r e e ”,del *180/ %pi);

46 printf(”\n\ t ( b ) . The rms output v o l t a g e Vo i s %0 . 2 fV”
,Vo);

47 printf(”\n\ t ( c ) . The rms t h y r i s t o r c u r r e n t IR i s %0 . 2
fA”,IR);

48 printf(”\n\ t ( d ) . The output c u r r e n t Io i s %0 . 1 fA”,Io)
;

49 printf(”\n\ t ( e ) . The ave rage t h y r i s t o r c u r r e n t IA i s
%0 . 2 fA”,IA);

50 printf(”\n\ t ( f ) . The output power Po i s %0 . 1 fW”,Po);
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51 printf(”\n\ t The input VA r a t i n g i s %0 . 0 fW”,VA);
52 printf(”\n\ t The power f a c t o r PF i s %0 . 3 f ( l a g g i n g

) ”,PF);
53 //Some answers a r e changed due to round o f f e r r o r .

Scilab code Exa 11.3 Finding the Performance Parameters of a Three Phase Full Wave Controller

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 1 . 3
7 // F ind ing the Per formance Parameters o f a Three−

Phase Fu l l−Wave C o n t r o l l e r .
8

9 clc;

10 clear;

11 R=10; // Load r e s i s t a n c e i n
Ohm.

12 VL=208; // Line to l i n e input
v o l t a g e i n v o l t s .

13 f=60; // Frequency i n Hz .
14 alp=%pi/3; // Delay a n g l e i n

r a d i a n s .
15 Vs=VL/sqrt (3); // C a l c u l a t i n g th

phase v o l t a g e .
16 Vo=sqrt (6)*Vs*(sqrt ((1/ %pi)*(( %pi/6) -(alp /4)+(sin(2*

alp)/8))));// C a l c u l a t i n g the rms output v o l t a g e
from the Eq 1 1 . 1 9 .

17 Ia=Vo/R; //
C a l c u l a t i n g rms l oad c u r r e n t .

18 Po=3*Ia^2*R; //
C a l c u l a t i n g output power .
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19 VA=3*Vs*Ia; //
C a l c u l a t i n g the input VA r a t i n g .

20 PF=Po/VA; //
C a l c u l a t i n g the power f a c t o r .

21 printf(”\n\ t ( a ) . The rms phase output v o l t a g e Vo i s
%0 . 2 fV”,Vo);

22 printf(”\n\ t ( b ) . The rms phase l oad c u r r e n t Ia i s %0
. 2 fA”,Ia);

23 printf(”\n\ t The output power Po i s %0 . 2 fW”,Po);
24 printf(”\n\ t The input Vol t ampere r a t i n g VA i s

%0 . 1 fVA”,VA);
25 printf(”\n\ t The power f a c t o r PF i s %0 . 2 f ( l a g g i n g

) ”,PF);
26 // Answers a r e changed due to round o f f e r r o r .

Scilab code Exa 11.4 Finding the Performance Parameters of a Three Phase Delta Connected Controller

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 1 . 4
7 // F ind ing the Per formance Parameters o f a Three−

Phase Delta−Connected C o n t r o l l e r .
8

9 clc;

10 clear;

11 R=10; // R e s i s t a n c e i n
Ohm.

12 Vs=208; // Supply
v o l t a g e i n v o l t s .

13 f=60; // Frequency i n
Hz .
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14 alp =2*%pi/3; // Delay a n g l e
i n r a d i a n s .

15 Im=sqrt (2)*Vs/R; // C a l c u l a t i n g
peak v a l u e o f phase c u r r e n t .

16 Vo=Vs*sqrt ((1/ %pi)*(%pi -alp+(sin (2*alp)/2)));//
C a l c u l a t i n g output v o l t a g e from Eq 1 1 . 2 2 .

17 Iab =9.2; Ia =13.01; // Fundamental
component o f c u r r e n t .

18 Po=3*Iab ^2*R; // C a l c u l a t i n g
output power .

19 VA=3*Vs*Iab; // C a l c u l a t i n g
the VA r a t i n g .

20 PF=Po/VA; // C a l c u l a t i n g
the power f a c t o r .

21 IR=Iab/sqrt (2); // C a l c u l a t i n g
the t h y r i s t o r c u r r e n t .

22 printf(”\n\ t ( a ) . The output v o l a t a g e Vo i s %0 . 0 fV”,Vo
);

23 printf(”\n\ t ( c ) . The output power Po i s %0 . 0 fW”,Po);
24 printf(”\n\ t The VA r a t i n g i s %0 . 0 f ”,VA);
25 printf(”\n\ t The power f a c t o r PF i s %0 . 3 f ( l a g g i n g

) ”,PF);
26 printf(”\n\ t ( e ) . The t h y r i s t o r c u r r e n t IR i s %0 . 1 fA”,

IR);

27 //Some answers a r e v a r i e d due to round−o f f e r r o r .

Scilab code Exa 11.5 Finding the Performance Parameters of a Single Phase Connection Changer

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 1 . 5
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7 // F ind ing the Per formance Parameters o f a S i n g l e−
Phase Connect ion Changer .

8

9 clc;

10 clear;

11 V=240; // Primary rms v o l t a g e
i n v o l t s .

12 f=60; // Primary f r e q u e n c y i n
Hz .

13 V1=120;V2=120; //The s e conda ry
v o l t a g e s i n v o l t s .

14 R=10; // R e s i s t a n c e i n Ohm.
15 V0=180; //RMS load v o l t a g e i n

v o l t s .
16 s=98; // Delay a n g l e i n

d e g r e e .
17 // C a l c u l a t i n g the e q u a t i o n f o r d e l a y a n g l e a l p from

the r e f e r e n c e Eq 1 1 . 3 0 .
18 function a=f(b)

19 a=(sqrt (((V1^2/%pi)*(b-((sin(2*b))/2)))+((((V1+

V2)^2/%pi)*(%pi -b+(( sin(2*b))/2))))))-V0

20 endfunction

21 alpha=fsolve (0.1,f) // S o l v i n g the Eq 1 1 . 3 0 to
f i n d the v a l u e o f a lpha .

22 IR1 =((V1+V2)/(sqrt (2)*R))*sqrt ((1/ %pi)*(%pi -alpha +(

sin (2* alpha)/2)));// C a l c u l a t i n g the rms c u r r e n t
o f t h y r i s t o r s T1 and T2 .

23 IR3=(V1/(sqrt (2)*R))*sqrt ((1/ %pi)*(alpha -(sin (2*

alpha)/2))); // C a l c u l a t i n g the rms c u r r e n t
o f t h y r i s t o r T3 and T4 .

24 I2=sqrt (2)*IR1; // C a l c u l a t i n g the rms
c u r r e n t o f s e conda ry winding .

25 I1=sqrt((sqrt (2)*IR1)^2+( sqrt (2)*IR3)^2);//
C a l c u l a t i n g the t o t a l rms c u r r e n t .

26 VA=(V1*I1)+(V2*I2); //
C a l c u l a t i n g the VA r a t i n g .

27 Po=V0^2/R; //
C a l c u l a t i n g the output power .
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28 PF=Po/VA; //
C a l c u l a t i n g the power f a c t o r .

29 printf(”\n\ t ( a ) . The d e l a y a n g l e a l p i s %0 . 0 f d e g r e e ”
,alpha *180/ %pi);

30 printf(”\n\ t ( b ) . The rms c u r r e n t o f t h y r i s t o r T1 and
T2 IR1 i s %0 . 1 fA”,IR1);

31 printf(”\n\ t The rms c u r r e n t o f t h y r i s t o r T3 and
T4 IR3 i s %0 . 1 fA”,IR3);

32 printf(”\n\ t ( c ) . The rms c u r r e n t o f s e conda ry winding
I2 i s %0 . 1 fA”,I2);

33 printf(”\n\ t The t o t a l rms c u r r e n t I1 i s %0 . 2 fA”,
I1);

34 printf(”\n\ t The VA r a t i n g o f pr imary and
se condary VA i s %0 . 1 f ”,VA);// Book answer i s wrong
.

35 printf(”\n\ t The output power Po i s %0 . 0 fW”,Po);
36 printf(”\n\ t The power f a c t o r PF i s %0 . 4 f ( l a g g i n g

) ”,PF);// Book answer i s wrong .
37 //Some answers a r e changed due to round o f f e r r o r .

Scilab code Exa 11.6 Finding the Performance Parameters of a Single Phase Cycloconverter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 1 . 6
7 // F ind ing the Per formance Parameters o f a S i n g l e−

Phase C y c l o c o n v e r t e r .
8

9 clc;

10 clear;

11 Vs=120; // Supply v o l t a g e i n
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v o l t s .
12 fs=60; // Frequency i n Hz .
13 R=5; // Load r e s i s t a n c e i n

Ohm.
14 L=40; // Load i n d u c t a n c e i n

m i l l i Henry .
15 fo=20; // Frequency o f the

output v o l t a g e .
16 alp =(2* %pi)/3; // Delay a n g l e i n

r a d i a n s .
17 wo=2*%pi*fo; // C a l c u l a t i n g f r e q u e n c y

i n rad / s e c .
18 XL=wo*L*10^ -3; // C a l c u l a t i n g the

r e a c t a n c e .
19 Vo=Vs*sqrt ((1/ %pi)*(%pi -alp+(sin (2*alp)/2)));//

C a l c u l a t i n g rms output v o l t a g e .
20 Z=sqrt(R^2+(wo*L*10^ -3) ^2); //

C a l c u l a t i n g input impedence .
21 theta=atan((wo*L*10^ -3)/R); //

C a l c u l a t i n g power a n g l e .
22 Io=Vo/Z; //

C a l c u l a t i n g output c u r r e n t .
23 Ip=Io/sqrt (2); //

C a l c u l a t i n g rms c u r r e n t o f each c o n v r t e r .
24 IR=Ip/sqrt (2); //

C a l c u l a t i n g rms c u r r e n t o f each t h y r i s t o r .
25 Is=Io; //

C a l c u a t i n g rms input c u r r e n t .
26 VA=Vs*Is; //

C a l c u l a t i n g VA r a t i n g o f c o n v e r t e r .
27 Po=Vo*Io*cos(theta); //

C a l c u l a t i n g output power .
28 PF=Po/(Vs*Is); //

C a l c u l a t i n g power f a c t o r .
29 printf(”\n\ t ( a ) . The rms output v o l t a g e Vo i s %0 . 0 fV”

,Vo);

30 printf(”\n\ t ( b ) . The input impedence Z i s %0 . 2 f ”,Z
);
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31 printf(”\n\ t The a n g l e ang i s %0 . 1 f ”,theta *180/
%pi);

32 printf(”\n\ t The l oad c u r r e n t Io i s %0 . 2 fA”,Io);
33 printf(”\n\ t The rms c u r r e n t through each

c o n v e r t e r Up i s %0 . 2 fA”,Ip);
34 printf(”\n\ t The rms c u r r e n t through each

t h y r i s t o r IN IR i s %0 . 2 fA”,IR);
35 printf(”\n\ t ( c ) . The rms input c u r r e n t I s i s %0 . 2 fA”,

Is);

36 printf(”\n\ t The VA r a t i n g i s %0 . 1 fVA”,VA);
37 printf(”\n\ t The output power Po i s %0 . 2 fW”,Po);
38 printf(”\n\ t The power f a c t o r PF i s %0 . 3 f ( l a g g i n g

) ”,PF);
39 //Some answers may change due to round−o f f e r r o r .

Scilab code Exa 11.7 Finding the Performance Parameters of a Single Phase Cycloconverter with a Cosine Reference Signal

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 1 . 7
7 // F ind ing the Per formance Parameters o f a S i n g l e−

Phase C y c l o c o n v e r t e r with a Cos ine R e f e r e n c e
S i g n a l .

8

9 clc;

10 clear;

11 Vs=120; // Supply v o l t a g e i n
v o l t s .

12 fs=60; // Supply f r e q u e n c y
i n Hz .

13 fo=20; // Frequency i n Hz .

130



14 R=5; // R e s i s t a n c e i n Ohm.
15 L=40; // Induc tance i n

m i l l i Henry .
16 alp =(2* %pi)/3; // Delay a n g l e i n

r a d i a n s .
17 wo=2*%pi*fo; // C a l c u l a t i n g

f r e q u e n c y i n rad / s e c .
18 XL=wo*L*10^ -3; // C a l c u l a t i n g the

r e a c t a n c e .
19 Vo=((2*Vs)/%pi); // C a l c u l a t i n g output

v o l t a g e .
20 Z=sqrt(R^2+(wo*L*10^ -3) ^2); // C a l c u l a t i n g input

impedence .
21 theta=atan((wo*L*10^ -3)/R); // C a l c u l a t i n g

power a n g l e .
22 Io=Vo/Z; // C a l c u l a t i n g output

c u r r e n t .
23 Ip=Io/sqrt (2); // C a l c u l a t i n g rms

c u r r e n t o f each c o n v r t e r .
24 IR=Ip/sqrt (2); // C a l c u l a t i n g rms

c u r r e n t o f each t h y r i s t o r .
25 Is=Io; // C a l c u a t i n g rms

input c u r r e n t .
26 VA=Vs*Is; // C a l c u l a t i n g VA

r a t i n g o f c o n v e r t e r .
27 Po=Vo*Io*cos(theta); // C a l c u l a t i n g

output power .
28 PF=Po/(Vs*Is); // C a l c u l a t i n g power

f a c t o r .
29 printf(”\n\ t ( a ) . The rms output v o l t a g e Vo i s %0 . 2 fV”

,Vo);

30 printf(”\n\ t ( b ) . The input impedence Z i s %0 . 2 f Ohm”,
Z);

31 printf(”\n\ t The a n g l e ang i s %0 . 1 f d e g r e e ”,theta
*180/ %pi);

32 printf(”\n\ t The l oad c u r r e n t Io i s %0 . 2 fA”,Io);
33 printf(”\n\ t The rms c u r r e n t through each

c o n v e r t e r Up i s %0 . 2 fA”,Ip);
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34 printf(”\n\ t The rms c u r r e n t through each
t h y r i s t o r IN IR i s %0 . 2 fA”,IR);

35 printf(”\n\ t ( c ) . The rms input c u r r e n t I s i s %0 . 2 fA”,
Is);

36 printf(”\n\ t The VA r a t i n g i s %0 . 1 fVA”,VA);
37 printf(”\n\ t The output power Po i s %0 . 2 fW”,Po);
38 printf(”\n\ t The power f a c t o r PF i s %0 . 3 f ( l a g g i n g

) ”,PF);
39 //Some Answers may vary due to round−o f f e r r o r .

Scilab code Exa 11.8 Finding the Device Ratings of the Single Phase Full Wave Controller

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 1 . 8
7 // F ind ing the Dev ice Rat ing s o f the S i n g l e−Phase

Fu l l−Wave C o n t r o l l e r .
8

9 clc;

10 clear;

11 Vs=230; // Supply v o l t a g e i n
v o l t s .

12 f=60; // Supply f r e q u e n c y i n
Hz .

13 Po=10; // Output power i n k i l l o
watt s .

14 Vm=sqrt (2)*Vs; // C a l c u l a t i n g phase
v o l t a g e .

15 Vo=Vs; // C a l c u l a t i n g the
output v o l t a g e .

16 R=Vo^2/(Po *10^3); // C a l c u l a t i n g l oad
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r e s i s t a n c e .
17 Iom=Vo/R; // C a l c u l a t i n g maximum

rms v a l u e o f l o ad c u r r e n t .
18 Irm=Iom/sqrt (2); // C a l c u l a t i n g maximum

rms v a l u e o f t h y r i s t o r c u r r e n t .
19 Iam=(sqrt (2)*Vo)/(%pi*R); // C a l c u l a t i n g maximum

ave rage c u r r e n t o f t h y r i s t o r .
20 Ip=Vm/R; // C a l c u l a t i n g peak

t h r i s t o r c u r r e n t .
21 Vp=Vm; // C a l c u l a t i n g peak

t h y r i s t o r v o l t a g e .
22 printf(”\n\ t The R e s i s t n a c e R i s %0 . 2 f ”,R)
23 printf(”\n\ t ( a ) . The maximum v a l u e o f rms l oad

c u r r e n t Iom i s %0 . 2 fA”,Iom);
24 printf(”\n\ t The maximum v a l u e o f rms t h y r i s t o r

c u r r e n t Irm i s %0 . 2 fA”,Irm);
25 printf(”\n\ t ( b ) . The maximum ave rage c u r r e n t o f

t h y r i s t o r Iam i s %0 . 2 fA”,Iam);
26 printf(”\n\ t ( c ) . The peak t h y r i s t o r c u r r e n t Ip i s %0

. 1 fA”,Ip);
27 printf(”\n\ t ( d ) . The peak t h y r i s t o r v o l t a g e Vp i s %0

. 1 fV”,Vm);
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Chapter 12

Flexible AC Transmission
Systems

Scilab code Exa 12.1 Finding the Inductive Reactance and the Delay Angle of TCR

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 2 . 1
7 // F ind ing the I n d u c t i v e Reactance and the Delay

Angle o f TCR.
8

9 clc;

10 clear;

11 V=220; // Supply v o l t a g e i n v o l t s .
12 f1=60; // Frequency i n Hz .
13 Pp=56; // Power i n k i l o Wats .
14 IL_max =100; //Maximum load c u r r e n t i n

ampere .
15 w=2*%pi*f1; // C a l p c u l a t i n g f r e q u e n c y

i n rad / s e c .
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16 k=0.6;X=1.2;

17 del =2* asind((X*Pp *10^3) /(2*V^2));// C a l p c u l a t i n g
phase a n g l e .

18 I=((4*V)/X)*sind(del /4); // C a l p c u l a t i n g
l i n e a r c u r r e n t .

19 Qp=((4*V^2)/X)*(1-cosd(del/2)); // C a l p c u l a t i n g
r e a c t i v e power o f shunt compensator .

20 IQ=Qp/V; // C a l p c u l a t i n g
c u r r e n t through TCR.

21 XL=V/( IL_max); // C a l p c u l a t i n g the
i n d u c t a n c e .

22 IL=k*IL_max; // C a l p c u a l p a t i n g the
60% o f l oad c u r r e n t .

23 // C a l p c u l a t i n g d e l a y a n g l e
24 function a=f(alp)

25 a=(V/XL)*(1 -((2/ %pi)*alp) -((1/%pi)*sin(2* alp)))-

IL

26 endfunction

27 a0=18

28 alp=fsolve(a0,f);

29 printf(”\n\ t ( a ) . The phase a n g l e d e l i s %0 . 2 f d e g r e e ”
,del);

30 printf(”\n\ t ( b ) . The l i n e a r c u r r e n t I i s %0 . 1 fA”,I);
31 printf(”\n\ t ( c ) . The r e a c t i v e power o f shunt

compensator Qp i s %0 . 1 fA”,Qp);
32 printf(”\n\ t ( d ) . The c u r r e n t through TCR IQ i s %0 . 3 fA

”,IQ);
33 printf(”\n\ t ( e ) . The i n d u c t a n c e r e a c t a n c e XL i s %0 . 1 f

Ohm”,XL);
34 printf(”\n\ t ( f ) . The d e l a y a n g l e a l p i s %0 . 2 f ”,alp

*180/ %pi)

Scilab code Exa 12.2 Finding the Series Compensating Reactance and the Delay Angle of TCSC
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 2 . 2
7 // F ind ing the S e r i e s Compensating Reactance and the

Delay Angle o f TCSC
8

9 clc;

10 clear;

11 V=220; // Supply v o l t a g e i n v o l t s .
12 f=60; // Frequency i n Hz .
13 X=12; // Reactance i n Ohm
14 Pp=56; // Power i n K i l l o watt .
15 del =80; // Delay a n g l e i n d e g r e e .
16 C=20; // Capac i t ance i n micro f a r a d

.
17 L=0.4; // Induc tance i n m i l l i Henry .
18 w=2*%pi*f; // C a l c u l a t i n g f r e q u e n c y i n

rad per second .
19 Xc=-1/(w*C*10^ -6); // C a l c u l a t i n g c a p a c i t i v e

r e a c t a n c e .
20 XL=w*L*10^ -3; // C a l c u l a t i n g i n c d u c t i v e

r e a c t a n c e .
21 r=1-(((V^2)/(X*Pp *10^3))*sind(del));// C a l c u l a t i n g

d e g r e e o f compensar ion from Eq 1 2 . 2 5 .
22 X_comp=r*X; // C a l c u l a t i n g compensat ing

c a p a c i t a n c e r e a c t a n c e .
23 I=((2*V)/((1-r)*X))*(sind(del/2)); //

C a l c u l a t i n g l i n e c u r r e n t from Eq 1 2 . 2 4 .
24 Qc=((2*V^2)/X)*(r/(1-r)^2)*(1-cos(del));//

C a l c u l a t i n g r e a c t i v e power from Eq 1 2 . 2 6 .
25 // C a l c u l a t i n g the e q u t i o n to f i n d d e l a y a n g l e from

Eq 1 2 . 2 7 b .
26 function a=f(alp)

27 a=((Xc*(XL*(( %pi)/(%pi -(2* alp)-sin (2*alp)))))/((
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XL*((%pi)/(%pi -(2* alp)-sin(2* alp))))-Xc))+50

28 endfunction

29 alp=fsolve (1.5,f)// S o l v i n g the Eq 1 2 . 2 7 b to f i n d the
d e l a y a n g l e a lpha .

30 printf(”\n\tw=%irad / s e c \n\ tXc=%0 . 2 f Ohm\n\tXL=%0 . 3 f
Ohm”,w,Xc,XL);

31 printf(”\n\ t ( a ) . The d e g r e e o f compensat ion r i s %0 . 3
f ”,r);

32 printf(”\n\ t ( b ) . The compensat ing c a p a c i t i v e
r e a c t a n c e Xcomp i s %0 . 1 f Ohm”,X_comp);

33 printf(”\n\ t ( c ) . The l i n e c u r r e n t I i s %0 . 2 fA”,I);
34 printf(”\n\ t ( d ) . The r e a c t i v e power Qc i s %0 . 3 e ”,Qc);
35 printf(”\n\ t ( e ) . The d e l a y a n g l e a l p i s %0 . 2 f d e g r e e ”

,alp *180/ %pi);

36 //Some anwers a r e changed due to round o f f e r r o r .
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Chapter 13

Power Supplies

Scilab code Exa 13.1 Finding the Performance Parameters of a Flyback Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 3 . 1
7 // F ind ing the Per formance Parameters o f a Flyback

Conver t e r .
8

9 clc;

10 clear;

11 Vo=24; // Output v o l t a g e i n
v o l t s .

12 R=0.8; // R e s i s t a n c e i n Ohm.
13 k=50; // Duty c y c l e r a t i o i n

p e r c e n t a g e .
14 f=1; // S w i t c h i ng f r e q u e n c y

i n KHz .
15 Vt=1.2; //On s t a t e v o l t a g e

drop o f t r a n s i s t o r i n V o l t s .
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16 Vd=0.7; //On s t a t e v o l t a g e
drop o f d i ode i n V o l t s .

17 a=0.25; // Turns r a t i o o f the
t r a n s f o r m e r .

18 Io=Vo/R; // C a l c u l a t i n g output
c u r r e n t .

19 Po=Vo*Io; // C a l c u l a t i n g the
output power .

20 V2=Vo+Vd; // C a l c u l a t i n g the
s e condary v o l t a g e .

21 V1=V2/a; // C a l c u l a t i n g the
pr imary v o l t a g e .

22 Vs=V1+Vt; // C a l c u l a t i n g the
input v o l t a g e .

23 Is=((Vd*Io)+Po)/(Vs-Vt); // C a l c u l a t i n g the
input c u r r e n t .

24 Pi=Vs*Is; // C a l c u l a t i n g the
input power .

25 eff=Po/Pi; // C a l c u l a t i n g the
e f f i c i e n c y .

26 IA=Is; // C a l c u l a t i n g the
ave rage t r a n s i s t o r c u r r e n t .

27 Ip=(2*IA)/(k/100); // C a l c u l a t i n g the peak
t r a n s i s t o r c u r r e n t .

28 IR=(sqrt((k/100) /3))*Ip; // C a l c u l a t i n g the rms
t r a n s i s t o r c u r r e n t .

29 Voc=Vs+(V2/a); // C a l c u l a t i n g open
c i r c u i t t r a n s i s t o r v o l t a g e .

30 Lp=(Vs*(k/100))/(f*10^3* Ip); // C a l c u l a t i n g the
pr imary magne t i z i ng i n d u c t a n c e .

31 printf(”\n\ t ( a ) . The output c u r r e n t Io i s %0 . 0 fA”,Io)
;

32 printf(”\n\ t The output power Po i s %0 . 0 fW”,Po);
33 printf(”\n\ t The s e condry v o l t a g e V2 i s %0 . 1 fV”,

V2);

34 printf(”\n\ t The pr imary v o l t a g e V1 i s %0 . 1 fV”,V1
);

35 printf(”\n\ t The input v o l t a g e Vs i s %0 . 0 fV”,Vs);
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36 printf(”\n\ t The ave rage input c u r r e n t I s i s %0 . 1
fA”,Is);

37 printf(”\n\ t ( b ) . The input power Pi i s %0 . 0 fW”,Pi);
38 printf(”\n\ t The e f f i c i e n c y e f f i s %0 . 1 f P e r c e n t ”,

eff *100);

39 printf(”\n\ t ( c ) . The ave rage t r a n s i s t o r c u r r e n t IA i s
%0 . 1 fA”,IA);

40 printf(”\n\ t ( d ) . The peak t r a n s i s t o r c u r r e n t Ip i s %0
. 0 fA”,Ip);

41 printf(”\n\ t ( e ) . The rms t r a n s i s t o r c u r r e n t IR i s %0
. 2 fA”,IR);

42 printf(”\n\ t ( f ) . The open c i r c u i t t r a n s i s t o r c u r r e n t
Voc i s %0 . 1 fV”,Voc);

43 printf(”\n\ t ( g ) . The pr imary magne t i z i ng i n d u c t a n c e
Lp i s %0 . 2 fmH”,Lp *10^3);

Scilab code Exa 13.2 Finding the Performance Parameters of a Forward Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 3 . 2
7 // F ind ing the Per formance Parameters o f a Forward

Conver t e r .
8

9 clc;

10 clear;

11 Vo=24; // Output v o l t a g e i n
v o l t s .

12 R=0.8; // R e s i s t a n c e i n Ohm
.

13 Vt=1.2; //On s t a t e v o l t a g e
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drop o f t r a n s i s t o r i n v o l t s .
14 Vd=0.7; //On s t a t e v o l t a g e

drop o f d i ode i n v o l t s .
15 k=0.4; // Duty c y c l e .
16 f=1; // S w i t c h i ng

f r e q u e n c y i n KHz .
17 Vs=12; // Supply v o l t a g e i n

v o l t s .
18 a=0.25; // Turns r a t i o o f

the t r a n s f o r m e r .
19 Ip1 =4; // Pe r c en tage o f

r i p p l e c u r r e n t to be ma inta ined o f i t s ave rage
v a l u e .

20 Ip2 =3; // Ripp l e c u r r e n t
o f output v o l t a g e i n p e r c e n t a g e .

21 Io=Vo/R; // C a l c u l a t i n g
output c u r r e n t .

22 Po=Vo*Io; // C a l c u l a t i n g the
output power .

23 V2=Vo+Vd; // C a l c u l a t i n g the
s e condary v o l t a g e .

24 V1=Vs-Vt; // C a l c u l a t i n g the
pr imary v o l t a g e .

25 a1=V2/V1; // C a l c u l a t i n g the
t u r n s r a t i o .

26 Is=((Vd*Io)+Po)/(Vs -(Vt*k) -(Vd*(1-k)));// C a l c u l a t i n g
the supp ly c u r r e n t .

27 Pi=Vs*Is; // C a l c u l a t i n g
the input power .

28 eff=Po/Pi; //
C a l c u l a t i n g the e f f i c i e n c y .

29 IA=k*Is; // C a l c u l a t i n g
the ave rage t r a n s i s t o r c u r r e n t .

30 Ip=Is; // C a l c u l a t i n g
the peak t r a n s i s t o r c u r r e n t .

31 del_Ip =0.05* Is; //
C a l c u l a t i n g change i n peak t r a n s i s t o r c u r r e n t .

32 IR=sqrt(k)*((Ip^2)+( del_Ip /3)+( del_Ip*Ip))^0.5; //
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C a l c u l a t i n g rms t r a n s i s t o r c u r r e n t .
33 Voc=Vs+(V2/a1); //

C a l c u l a t i n g open c i r c u i t t r a n s i s t o r v o l t a g e .
34 del_IL1 =(Ip1 /100)*Io; //

C a l c u l a t i n g change i n i n d u c t o r c u r r e n t .
35 del_Vo =(Ip2 /100)*Vo; //

C a l c u l a t i n g change i n output v o l t a g e .
36 L1=( del_Vo*k)/(f*10^3* del_IL1); //

C a l c u l a t i n g the v a l u e o f i n d u c t a n c e .
37 Lp=((Vs-Vt)*k)/((f*10^3) *(del_Ip -(a1*del_IL1)));//

C a l c u l a t i n g v a l u e o f peak i n d u c t a n c e .
38 printf(”\n\ t ( a ) . The output c u r r e n t Io i s %0 . 0 fA”,Io)

;

39 printf(”\n\ t The output power Po i s %0 . 0 fW”,Po);
40 printf(”\n\ t The s e condry v o l t a g e V2 i s %0 . 1 fV”,

V2);

41 printf(”\n\ t The pr imary v o l t a g e V1 i s %0 . 1 fV”,V1
);

42 printf(”\n\ t The t u r n s r a t i o a i s %0 . 3 f ”,a1);
43 printf(”\n\ t The ave rage input c u r r e n t I s i s %0 . 2

fA”,Is);
44 printf(”\n\ t ( b ) . The input power Pi i s %0 . 0 fW”,Pi);
45 printf(”\n\ t The e f f i c i e n c y e f f i s %0 . 1 f P e r c e n t ”,

eff *100);

46 printf(”\n\ t ( c ) . The ave rage t r a n s i s t o r c u r r e n t IA i s
%0 . 1 fA”,IA);

47 printf(”\n\ t ( d ) . The change i n peak t r a n s i s t o r
c u r r e n t d e l I p i s %0 . 3 fA”,del_Ip);

48 printf(”\n\ t ( e ) . The rms t r a n s i s t o r c u r r e n t IR i s %0
. 1 fA”,IR);// Book answer i s wrong .

49 printf(”\n\ t ( f ) . The open c i r c u i t t r a n s i s t o r v o l t a g e
Voc i s %0 . 1 fV”,Voc);

50 printf(”\n\ t ( g ) . The change i n i n d u c t o r c u r r e n t
d e l I L 1 i s %0 . 2 fV”,del_IL1);

51 printf(”\n\ t The change i n output v o l t a g e de l Vo
i s %0 . 2 fV”,del_Vo);

52 printf(”\n\ t The i n d u c t a n c e L1 i s %0 . 2 fmH”,L1
*10^3);
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53 printf(”\n\ t ( h ) . The v a l u e o f peak i n d u c t a n c e Lp i s
%0 . 2 fmH”,Lp *10^3);

54 //Some answers may change due to round−o f f e r r o r .

Scilab code Exa 13.3 Finding the Performance Parameters of a Push Pull Converter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 3 . 3
7 // F ind ing the Per formance Parameters o f a

P u s h Pull Conve r t e r .
8

9 clc;

10 clear;

11 Vo=24; // Output v o l t a g e i n
v o l t s .

12 R=0.8; // R e s i s t a n c e i n Ohm
.

13 Vt=1.2; //On s t a t e v o l t a g e
drop o f t r a n s i s t o r i n v o l t s .

14 Vd=0.7; //On s t a t e v o l t a g e
drop o f d i ode i n v o l t s .

15 a=0.25; // Turns r a t i o o f
the t r a n s f o r m e r .

16 k=0.5; // Duty c y c l e .
17 Io=Vo/R; // C a l c u l a t i n g the

output c u r r e n t .
18 Po=Vo*Io; // C a l c u l a t i n g the

output power .
19 V2=Vo+Vd; // C a l c u l a t i n g the

s e condary v o l t a g e .
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20 V1=V2/a; // C a l c u l a t i n g the
pr imary v o l t a g e .

21 Vs=V1+Vt; // C a l c u l a t i n g the
supp ly v o l t a g e .

22 Is=((Vd*Io)+(Po))/(Vs -Vt); // C a l c u l a t i n g the
supp ly c u r r e n t .

23 Pi=Vs*Is; // C a l c u l a t i n g the
input power .

24 eff=Po/Pi; // C a l c u l a t i n g the
e f f i c i e n c y .

25 IA=Is/2; // C a l c u l a t i n g the
ave rage t r a n s i s t o r c u r r e n t .

26 Ip=Is; // C a l c u l a t i n g the
peak t r a n s i s t o r c u r r e n t .

27 IR=sqrt(k)*Ip; // C a l c u l a t i n g the
rms t r a n s i s t o r c u r r e n t .

28 Voc =2*Vs; // C a l c u l a t i n g open
c i r c u i t t r a n s i s t o r v o l t a g e .

29 printf(”\n\ t ( a ) . The output c u r r e n t Io i s %0 . 0 fA”,Io)
;

30 printf(”\n\ t The output power Po i s %0 . 0 fW”,Po);
31 printf(”\n\ t The s e condry v o l t a g e V2 i s %0 . 1 fV”,

V2);

32 printf(”\n\ t The pr imary v o l t a g e V1 i s %0 . 1 fV”,V1
);

33 printf(”\n\ t The input v o l t a g e Vs i s %0 . 0 fV”,Vs);
34 printf(”\n\ t The ave rage input c u r r e n t I s i s %0 . 1

fV”,Is);
35 printf(”\n\ t ( b ) . The input power Pi i s %0 . 0 fW”,Pi);
36 printf(”\n\ t The e f f i c i e n c y e f f i s %0 . 1 f P e r c e n t ”,

eff *100);

37 printf(”\n\ t ( c ) . The ave rage t r a n s i s t o r c u r r e n t IA i s
%0 . 2 fA”,IA);

38 printf(”\n\ t ( d ) . The peak t r a n s i s t o r c u r r e n t Ip i s %0
. 1 fA”,Ip);

39 printf(”\n\ t ( e ) . The rms t r a n s i s t o r c u r r e n t IR i s %0
. 2 fA”,IR);

40 printf(”\n\ t ( f ) . The open c i r c u i t t r a n s i s t o r c u r r e n t
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Voc i s %0 . 0 fV”,Voc);

Scilab code Exa 13.4 Finding the Performance Parameters of a Half Bridge Resonant Inverter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 3 . 4
7 // F ind ing the Per formance Parameters o f a Hal f−

Br idge Resonant I n v e r t e r .
8

9 clc;

10 clear;

11 Vo=24; // Output v o l t a g e i n
v o l t s .

12 RL=0.8; // Load r e s i s t a n c e
i n Ohm.

13 C=1; // Capac i t ance i n
micro Farad .

14 L=20; // Induc tance i n
micro Henry .

15 R=0; // R e s i s t a n c e i n ohm
.

16 Vs=100; // Supply v o l t a g e i n
v o l t s .

17 a=0.25; // Turns r a t i o o f
t r a n s f o r m e r .

18 Ce=2*C; // C a l c u l a t i n g
e f f e c t i v e c a p a c i t a n c e .

19 wr=1/ sqrt(Ce*10^ -6*L*10^ -6); // C a l c u l a t i n g
r e s o n a n t f r e q u e n c y i n rad / s e c .

20 fr=wr/(2* %pi); // C a l c u l a t i n g
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r e s o n a n t f r e q u e c n y i n Hz .
21 Io=Vo/RL; // C a l c u l a t i n g

output c u r r e n t .
22 Po=Vo*Io; // C a l c u l a t i n g

output power .
23 V2=(%pi*Vo)/(2* sqrt (2)); // C a l c u l a t i n g

s e condary v o l t a g e .
24 Is=Po/Vs; // C a l c u l a t i n g

supp ly c u r r e n t .
25 IA=Is; // C a l c u l a t i n g

ave rage t r a n s i s t o r c u r r e n t .
26 Ip=IA*%pi; // C a l c u l a t i n g peak

t r a n s i s t o r c u r r e n t .
27 IR=Ip/2; // C a l c u l a t i n g rms

t r a n s i s t o r c u r r e n t .
28 Voc=Vs; // C a l c u l a t i n g open

c i r c u i t t r a s i s t o r v o l t a g e .
29 printf(”\n\ twr=%0 . 1 f r a d / s e c \n\ t f r=%0 . 1 fHz ”,wr ,fr);
30 printf(”\n\ t ( a ) . The output c u r r e n t Io i s %0 . 0 fA”,Io)

;

31 printf(”\n\ t The output power Po i s %0 . 0 fW”,Po);
32 printf(”\n\ t The s e conda ry rms v o l t a g e V2 i s %0 . 2

fV”,V2);
33 printf(”\n\ t The ave rage input c u r r e n t I s i s %0 . 1

fA”,Is);
34 printf(”\n\ t ( b ) . The ave rage t r a n s i s t o r c u r r e n t IA i s

%0 . 1 fA”,IA);
35 printf(”\n\ t ( c ) . The peak t r a n s i s t o r c u r r e n t Ip i s %0

. 2 fA”,Ip);
36 printf(”\n\ t ( d ) . The rms t r a n s i s t o r c u r r e n t IR i s %0

. 2 fA”,IR);
37 printf(”\n\ t ( e ) . The open c i r c u i t t r a n s i s t o r v o l t a g e

Voc i s %0 . 0 fV”,Voc);

Scilab code Exa 13.5 Finding the Performance Parameters of an AC Power Supply with a PWM Control
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 3 . 5
7 // F ind ing the Per formance Parameters o f an AC Power

Supply with a PWM Cont ro l .
8

9 clc;

10 clear;

11 R=2.5; // R e s i s t a n c e i n Ohm.
12 Vs=100; // Supply v o l t a g e i n

v o l t s .
13 f=20; // Input f r e q u e n c y i n

KHz .
14 a=0.5; // Turns r a t i o o f the

t r a n s f o r m e r ;
15 del =18; // Width o f each p u l s e

i n d e g r e e .
16 p=4; //Number o f p u l s e s per

h a l f c y c l e .
17 V1=Vs; // C a l c u l a t i n g rms

pr imary v o l t a g e .
18 V2=a*V1; // C a l c u l a t i n g rms

s e condary v o l t a g e .
19 Vo=V2; // C a l c u l a t i n g the

output power .
20 VL=Vo*(sqrt((p*del)/180)); // C a l c u l a t i n g the

l oad v o l t a g e .
21 IL=VL/R; // C a l c u l a t i n g the l oad

c u r r e n t .
22 printf(”\n\ tThe rms pr imary v o l t a g e V1 i s %0 . 0 fV”,V1

);

23 printf(”\n\ tThe rms s e conda ry v o l t a g e V2 i s %0 . 0 fV”,
V2);

24 printf(”\n\ tThe output v o l t a g e Vo i s %0 . 0 fV”,Vo);
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25 printf(”\n\ tThe rms l oad v o l t a g e VL i s %0 . 1 fV”,VL);
26 printf(”\n\ tThe rms l oad c u r r e n t IL i s %0 . 2 fA”,IL);

Scilab code Exa 13.6 Design of a Transformer

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 3 . 6
7 // Des ign o f a Trans fo rmer .
8

9 clc;

10 clear;

11 f=60; // Supply f r e q u e n c y i n Hz .
12 V1=120; // Trans fo rmer pr imary

v o l t a g e i n v o l t s .
13 Vo=40; // Output v o l t a g e i n V o l t s .
14 Io=6.5; // Output c u r r e n t i n Ampere

.
15 eff =0.95; // Trans fo rmer e f f i c i e n c y

.
16 Ku=0.4; //Window f a c t o r .
17 Kt =4.44; // Sapce f a c t o r f o r squ a r e

wave .
18 Po=Vo*Io; // C a l c u l a t i n g output power

.
19 Pt =(1+(1/ eff))*Po; // C a l c u l a t i n g

t r a n s f o r m e r appea r en t power . .
20 kj=366;x= -0.14; // Magnet ic c o r e c o s t a n t s

f o r E−l am ina t ed c o r e .
21 Bm=1.4; // Peak f l u x d e n s i t y .
22 Ap=((Pt *10^4) /(Kt*f*Bm*Ku*kj))^(1/(1+x));//
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C a l c u l a t i n g a r ea product .
23 Wt =3.901; // Core we ight

choosed based on Ap .
24 Ac =24.4; // Core a r ea i n

cm ˆ 2 .
25 Iml =27.7; //Mean l e n g t h

o f a turn i n cm .
26 Np=(V1 *10^4) /(Kt*f*Bm*Ac); // C a l c u l a t i n g

pr imary number o f t u r n s .
27 Ns=(Np*Vo)/(V1); // C a l c u l a t i n g

s e condary number o f t u r n s .
28 J=kj*(Ap^x);

29 I1=(Pt-Po)/V1; // C a l c u l a t i n g
pr imary c u r r e n t .

30 Awp=I1/J; // C a l c u l a t i n g
Primary bare w i r e c r o s s s e c t i o n a l a r ea .

31 den_p =131.8; // Primary
c u r r e n t d e n s i t y i n micro ohm per cm .

32 Rp=Iml*Np*den_p *10^ -6; // C a l c u l a t i n g
pr imary winding r e s i s t a n c e .

33 Pp=I1^2*Rp; // C a l c u l a t i n g
pr imary copper l o s s .

34 Aws=Io/J; // C a l c u l a t i n g
s e condary bare w i r e c r o s s s e c t i o n a l a r ea .

35 den_s =41.37; // Secondary
c u r r e n t d e n s i t y i n micro ohm per cm

36 Rs=Iml*Ns*den_s *10^ -6; // C a l c u l a t i n g
s e condary wind ing r e s i s t a n c e .

37 Ps=Io^2*Rs; // C a l c u l a t i n g
s e condary copper l o s s .

38 Pfe =(0.557*10^ -3) *(f^1.68) *(Bm *1.86); //
C a l c u l a t i n g t r a n s f o r m e r c o r e l o s s .

39 eff=Po/(Po+Pp+Ps+Pfe); // C a l c u l a t i n g
t r a n s f o r m e r e f f i c i e n c y .

40 printf(”\n\ tThe output power Po i s %0 . 0 fW”,Po);
41 printf(”\n\ tThe t r a n s f o r m e r apparent power Pt i s %0

. 1 fW”,Pt);
42 printf(”\n\ tFrom t a b l e 1 3 . 1 , f o r E−l am ina t ed core ,
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Magnet ic c o r e c o n s t a n t s a r e ”);
43 printf(”\n\ tKj=%0 . 0 f \n\ tx=%0 . 2 f \n\tBm=%0. 1 f ”,kj ,x,Bm

);

44 printf(”\n\ tThe a r ea product Ap i s %0 . 1 fcm ˆ4 ”,Ap);
45 printf(”\n\ tChoose E−c o r e type ”);
46 printf(”\n\ tThe c o r e we ight Wt i s %0 . 3 f k g ”,Wt);
47 printf(”\n\ tThe c o r e a r ea Ac i s %0 . 1 fcm ˆ2 ”,Ac);
48 printf(”\n\ tThe mean c o r e l e n g t h Iml i s %0 . 1 fcm ”,Iml

);

49 printf(”\n\ tThe pr imary number o f t u r n s Np i s %0 . 0 f ”
,Np);

50 printf(”\n\ tThe s e conda ry number o f t u r n s Ns i s %0 . 0
f ”,Ns);

51 printf(”\n\ tThe pr imary c u r r e n t I1 i s %0 . 2 fA”,I1);
52 printf(”\n\ tThe pr imary bare w i r e c r o s s s e c t i o n a l

a r ea Awp i s %0 . 3 fcm ˆ2 ”,Awp);
53 printf(”\n\ tThe pr imary winding r e s i s t a n c e Rp i s %0

. 2 f Ohm”,Rp);
54 printf(”\n\ tThe pr imary copper l o s s Pp i s %0 . 1 fW”,Pp

);

55 printf(”\n\ tThe s e conda ry bare w i r e c r o s s s e c t i o n a l
a r ea Aws i s %0 . 3 fcm ˆ2 ”,Aws);

56 printf(”\n\ tThe s e conda ry r e s i s t a n c e Rs i s %0 . 2 f Ohm
”,Rs);

57 printf(”\n\ tThe s e conda ry copper l o s s Ps i s %0 . 1 fW”,
Ps);

58 printf(”\n\ tThe t r a n s f o r m e r copper l o s s Pfe i s %0 . 2
fW”,Pfe);// Book answer i s wrong

59 printf(”\n\ tThe t r a n s f o r m e r e f f e c i e n c y e f f i s %0 . 0
f p e r c e n t ”,eff *100);// Book answer i s wrong

Scilab code Exa 13.7 Designing a Dc Inductor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid
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2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 3 . 7
7 // D e s i g n i n g a Dc I n d u c t o r .
8

9 clc;

10 clear;

11 L=450; // Induc tance i n micro
henry .

12 IL=7.2; // I n d u c t o r c u r r e n t i n
ampere .

13 del_I =1; // Ripp l e i n d u c t o r
c u r r e n t i n ampere .

14 Ku=0.4; //Window f a c t o r .
15 Im=IL+del_I; // C a l c u l a t i n g peak

i n d u c t o r c u r r e n t .
16 Wt=(L*10^ -6*Im^2)/2; // C a l c u l a t i n g i n d u c t o r

ene rgy .
17 Kj=403;x= -0.12;Bm =0.3; // Maagnet ic c o n s t a n t f o r

power c o r e .
18 Ap=((2*Wt *10^4) /(Bm*Ku*Kj))^(1/(1+x));// C a l c u l a t i n g

a r ea product .
19 Wi =1.131; // Core we ight i n kg .
20 Ac =1.32; // Core a r ea i n cm ˆ 2 .
21 lc =11.62; // magnet i c path l e n g t h i n

cm .
22 lmt =6.66; //Mean l e n g t h o f a turn

i n cm .
23 J=Kj*Ap^x;

24 ur=(Bm*lc *10^5) /(4* %pi*(Ap/Ac)*J*Ku); // C a l c u l a t i n g
the r e l a t i v e p e r m i a b i l i t y .

25 Lc=86; // Core i n d u c t a n c e i n
m i l l i Henry .

26 Nc =1000; //Number o f t u r n s o f the
c o i l .

27 N=Nc*sqrt((L*10^ -6)/(Lc*10^ -3)); // C a l c u l a t i n g
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the no o f t u r n s .
28 Aw=Im/J; // C a l c u l a t i n g

bare−wi r e c r o s s s e c t i o n a l a r ea .
29 den =82.8; // Current

d e n s i t y i n micro ohm per cm .
30 R=lmt*N*den *10^ -6; //

C a l c u l a t i n g the w i n d i d i n g r e s i s t a n c e .
31 Pcu=IL^2*R; // C a l c u l a t i n g

copper l o s s .
32 lg =(((4* %pi *10^ -7*Ac*N^2)/(L*10^ -6)) -(lc/ur))*10^ -2;

// C a l c u l a t i n g the a i r gap l e n g t h .
33 printf(”\n\ tThe peak i n d u c t o r c u r r e n t Im i s %0 . 1 fA”,

Im);

34 printf(”\n\ tThe i n d u c t o r ene rgy Wt i s %0 . 0 fmJ”,Wt
*10^3);

35 printf(”\n\ tFrom the t a b l e 1 3 . 1 , f o r power c o r e the
magnet i c c o n s t a n t s are , ”);

36 printf(”\n\ tKj=%0 . 0 f \n\ tx=%0 . 2 f \n\tBm=%0. 1 f ”,Kj ,x,Bm
);

37 printf(”\n\ tThe Area product Ap i s %0 . 2 fcm ˆ4 ”,Ap);
38 printf(”\n\ tThe c o r e we ight Wt i s %0 . 3 f k g ”,Wi);
39 printf(”\n\ tThe c o r e a r ea Ac i s %0 . 2 fcm ˆ2 ”,Ac);
40 printf(”\n\ tThe magnet i c path l e n g t h l c i s %0 . 2 fcm ”,

lc);

41 printf(”\n\ tThe mean l e n g t h o f a turn lmt i s %0 . 2 fcm
”,lmt);

42 printf(”\n\ tThe r e l a t i v e p e r m i t i v i t y ur i s %0 . 1 f ”,ur
);

43 printf(”\n\ tTht m a t e r i a l with ur >36.3 i s MPP−330T,
which g i v e s ”);

44 printf(”\n\ tLc=%0 . 0 fmH\n\ tNc=%0 . 0 f t u r n s ”,Lc ,Nc);
45 printf(”\n\ tThe number r e q u i r e d t u r n s N i s %0 . 0 f ”,N)

;

46 printf(”\n\ tThe bare w i r e c r o s s s e c t i o n a l a r ea Aw i s
%0 . 3 fcm ˆ2 ”,Aw);

47 printf(”\n\ tThe winding r e s i s t a n c e R i s %0 . 2 f Ohm”,R
);

48 printf(”\n\ tThe copper l o s s Pcu i s %0 . 1 fW”,Pcu);
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49 printf(”\n\ tThe a i r gap l e n g t h l g i s %0 . 2 fcm ”,lg);
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Chapter 14

Dc Drives

Scilab code Exa 14.1 Finding the Voltage and Current of a Seperately Excited Motor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 1
7 // F ind ing the Vo l tage and Current o f a S e p e r a t e l y

Exc i t ed Motor .
8

9 clc;

10 clear;

11 P=15; // Rated Capac i ty o f the
motor i n hp .

12 N=2000; // Rated Speed o f motor i n
rpm .

13 TL=45; // Load t o r g u e i n Nm.
14 N1 =1200; // Running speed o f motor .
15 Rf=147; // F i e l d r e s i s t a n c e i n Ohm.
16 Ra =0.25; // Armature R e s i s t a n c e i n

Ohm.
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17 Kv =0.7032; // Vo l tage c o n s t a n t o f the
motor i n V/Arad/ s e c .

18 Vf=220; // F i e l d v o l t a g e i n v o l t s .
19 w=(N1*%pi)/(30); // C a l c u l a t i n g the r e s o n a n t

f r e q u e n c y .
20 If=Vf/Rf; // C a l c u l a t i n g f i e l d c u r r e n t

.
21 Ia=TL/(Kv*If); // C a l c u l a t i n g armature

c u r r e n t .
22 Eg=Kv*w*If; // C a l c u l a t i n g the back emf .
23 Va=(Ra*Ia)+Eg; // C a l c u l a t i n g the armature

v o l t a g e .
24 Irated =(P*746)/Vf; // C a l c u l a t i n g the r a t e d

armature c u r r e n t o f motor .
25 printf(”\n\ tThe r e s o n a n t f r e q u e n c y w i s %0 . 2 f r a d / s e c

”,w);
26 printf(”\n\ tThe f i e l d c u r r e n t I f i s %0 . 3 fA”,If);
27 printf(”\n\ t ( a ) . The armature c u r r e n t Ia i s %0 . 2 fA”,

Ia);

28 printf(”\n\ tThe back emf Eg i s %0 . 2 fV”,Eg);
29 printf(”\n\ t ( b ) . The armature v o l t a g e Va i s %0 . 2 fV”,

Va);

30 printf(”\n\ t ( c ) . The r a t e d armature c u r r e n t o f motor
I r a t e d i s %0 . 2 fA”,Irated);

31 // Answers a r e changed due to round o f f e r r o r .

Scilab code Exa 14.2 Determining the Effects of Gear Ratio on the Effective Motor Torque and Inertia

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 2
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7 // Determin ing the E f f e c t s o f Gear Rat io on the
E f f e c t i v e Motor Torque and I n e r t i a

8

9 clc;

10 clear;

11 B1 =0.025; // Load s i d e f r i c t i o n
c o e f f i c i e n t i n Nm/ rad / s e c .

12 w1=210; // Motor Resonant
f r e q u e n c y i n rad / s e c .

13 Bm =0.045; // Motor s i d e f r i c t i o n
c o e f f i c i e n t i n kg−mˆ 2 .

14 Jm =0.32; // Motor s i d e i n e r t i a
i n kg−mˆ 2 .

15 J1 =0.25; // Load s i d e i n e r t i a
i n kg−mˆ 2 .

16 T2=20; // Load t o rq u e
17 w2=21; // Load r e s o n a n t

f r e q u e n c y i n rad / s e c .
18 GR=w1/w2; // C a l c u l a t i n g gea r

r a t i o .
19 T1=T2/GR^2; // C a l c u l a t i n g

e f f e c t i v e motor t o r q u e .
20 J=Jm+(J1/GR^2); // C a l c u l a t i n g

e f f e c t i v e i n e r t i a .
21 B=Bm+(B1/GR^2); // C a l c u l a t i n g

e f f e c t i v e f r i c t i o n c o e f f i c i e n t .
22 printf(”\n\ t ( a ) . The gea r r a t i o GR i s %0 . 0 f ”,GR);
23 printf(”\n\ t ( b ) . The e f f e c t i v e motor t o r q u e T1 i s %0

. 1 fNm”,T1);
24 printf(”\n\ t ( c ) . The e f f e c t i v e i n e r t i a J i s %0 . 3 fKg−m

ˆ2 ”,J);
25 printf(”\n\ t ( d ) . The e f f e c t i v e f r i c t i o n c o e f f i c i e n t B

i s %0 . 3 fNm/ rad / s e c ”,B);

Scilab code Exa 14.3 Finding the Performance Parameters of a Single Phase Semiconverter Drive
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 3
7 // F ind ing the Per formance Parameters o f a S i n g l e−

Phase S e m i c o n v e r t e r Dr ive
8

9 clc;

10 clear;

11 Vs=208; // Supply v o l t a g e i n
v o l t s .

12 f=60; // Frequency i n Hz .
13 Ra =0.25; // Armature

r e s i s t a n c e i n Ohm.
14 Rf=147; // F i e l d r e s i s t a n c e

i n Ohm.
15 Kv =0.7032; // Motor v o l t a g e

c o n s t a n t V/Arad/ s e c .
16 TL=45; // Load t o rq u e i n Nm

.
17 N=1000; // Motor speed i n

rpm .
18 Vm=sqrt (2)*Vs; // C a l c u l a t i n g Phase

v o l t a g e .
19 Td=TL; // C a l c u l a t i n g

deve l oped t o r q u e .
20 w=(N*%pi)/30; // C a l c u l a t i n g

r e s o n a n t f r e q u e n c y .
21 Vf=(2*Vm)/%pi; // C a l c u l a t i n g f i e l d

v o l t a g e .
22 If=Vf/Rf; // C a l c u l a t i n g f i e l d

c u r r e n t .
23 Ia=Td/(Kv*If); // C a l c u l a t i n g

armature c u r r e n t .
24 Eg=Kv*w*If; // C a l c u l a t i n g back
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emf .
25 Va=Eg+(Ia*Ra); // C a l c u l a t i n g

armature v o l t a g e .
26 alpha_a=acosd (((Va*%pi)/Vm) -1); // C a l c u l a t i n g

the d e l a y a n g l e .
27 Po=Va*Ia; // C a l c u l a t i n g

output power .
28 Isa=Ia*sqrt ((180- alpha_a)/180); // Ca l cu l a tung

the rms input c u r r e n t .
29 VI=Vs*Isa; // C a l c u l a t i n g the

input VA r a t i n g .
30 PF=Po/VI; // C a l c u l a t i n g the

power f a c t o r .
31 printf(”\n\ t ( a ) . The f i e l d v o l t a g e Vf i s %0 . 2 fV”,Vf);
32 printf(”\n\ t The f i e l d c u r r e n t I f i s %0 . 3 fA”,If);
33 printf(”\n\ t ( b ) . The armature c u r r e n t Ia i s %0 . 2 fA”,

Ia);

34 printf(”\n\ t The back emf Eg i s %0 . 2 fV”,Eg);
35 printf(”\n\ t The d e l a y a n g l e a l p h a a i s %0 . 1 f ”,

alpha_a);

36 printf(”\n\ t ( c ) . The output power Po i s %0 . 1 fW”,Po);
37 printf(”\n\ t The rms input c u r r e n t I s a i s %0 . 2 fA”

,Isa);

38 printf(”\n\ t The input vo l t−ampere r a t i n g VI i s
%0 . 1 fA”,VI);

39 printf(”\n\ t The power f a c t o r PF i s %0 . 3 f ( l a g g i n g
) ”,PF);

40 //Some answers a r e v a r i e d due to round−o f f e r r o r .

Scilab code Exa 14.4 Finding the Performance Parameters of a Single Phase Full Converter Drive

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
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4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 4
7 // F ind ing the Per formance Parameters o f a S i n g l e−

Phase Fu l l−Conver t e r Dr ive .
8

9 clc;

10 clear;

11 Vs=440; // Supply v o l t a g e i n
v o l t s .

12 f=60; // Frequency i n Hz .
13 Ra =0.25; // Armature R e s i s t a n c e i n

Ohnm.
14 Rf=175; // F i e l d r e s i s t a n c e i n

Ohm.
15 Kv=1.4; // Motor v o l t a g e c o n s t a n t

i n V/Arad/ s .
16 Ia=45; // Armature c u r r e n t i n

ampere .
17 alpha_a =60; // Delay a n g l e i n

d e g r e e .
18 Vm=sqrt (2)*Vs; // C a l c u l a t i n g phase

v o l t a g e .
19 Vf=(2*Vm)/%pi; // C a l c u l a t i n g f e i l d

v o l t a g e .
20 If=Vf/Rf; // C a l c u l a t i n g f i e l d

c u r r e n t .
21 Td=Kv*If*Ia; // C a l c u l a t i n g the

deve l oped t o r q u e .
22 Va=((2*Vm)/%pi)*cosd(alpha_a); // C a l c u l a t i n g

armature v o l t a g e .
23 Eg=Va -(Ia*Ra); // C a l c u l a t i n g back emf .
24 w=Eg/(Kv*If); // C a l c u l a t i n g the speed .
25 Pt=(Va*Ia)+(Vf*If); // C a l c u l a t i n g the input

power .
26 Isa=Ia; // C a l c u l a t i n g rms v a l u e

o f armature c u r r e n t .
27 Isf=If; // C a l c u l a t i n g rms v a l u e
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o f f i e l d c u r r e n t .
28 Is=sqrt(Isa^2+Isf^2); // C a l c u l a t i n g the supp ly

c u r r e n t .
29 VI=Vs*Is; // C a l c u l a t i n g VI r a t i n g .
30 PF=Pt/VI; // C a l c u l a t i n g power

f a c t o r .
31 printf(”\n\ t ( a ) . The f i e l d v o l t a g e Vf i s %0 . 2 fV”,Vf);
32 printf(”\n\ t The f i e l d c u r r e n t I f i s %0 . 2 fA”,If);
33 printf(”\n\ t The deve l oped t o r q u e Td i s %0 . 1 fNm”,

Td);

34 printf(”\n\ t The armature v o l t a g e Va i s %0 . 2 fV”,
Va);

35 printf(”\n\ t The back emf Eg i s %0 . 2 fV”,Eg);
36 printf(”\n\ t ( b ) . The speed w i s %0 . 2 f r a d / s e c ”,w);
37 printf(”\n\ t ( c ) . The t o t a l i nput power Pt i s %0 . 1 fW”,

Pt);

38 printf(”\n\ t The rms v a l u e o f armature c u r r e n t
I s a i s %0 . 2 fA”,Isa);

39 printf(”\n\ t The rms v a l u e o f f i e l d c u r r e n t I s f
i s %0 . 2 fA”,Isf);

40 printf(”\n\ t The e f f e c t i v e rms supp ly c u r r e n t I s
i s %0 . 2 fA”,Is);

41 printf(”\n\ t The Vol t ampere r a t i n g VI i s %0 . 1 fVA
”,VI);

42 printf(”\n\ t The power f a c t o r PF i s %0 . 3 f ( l a g g i n g
) ”,PF);

43 //Some answers a r e changed due to round o f f e r r o r .

Scilab code Exa 14.5 Finding the Delay Angle and Feedback Power in Regenerative Braking

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
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5

6 // Example : 1 4 . 5
7 // F ind ing the Delay Angle and Feedback Power i n

R e g e n e r a t i v e Brak ing .
8

9 clc;

10 clear;

11 Vs=440; // Supply v o l t a g e
i n v o l t s .

12 Eg= -186.82; //From par t ( a )
o f Example 1 4 . 4 , the back emf at the t ime o f
p o l a r i t y r e v e r s a l i s Back i n V o l t s .

13 Ia=45; // Armature
c u r r e n t i n ampere .

14 Ra =0.25; // Armature
r e s i s t a n c e i n Ohm.

15 Vm=sqrt (2)*Vs; // C a l c u l a t i n g
phase v o l t a g e .

16 Va=Eg+(Ia*Ra); // C a l c u l a t i n g the
armature v o l t a g e .

17 alpha_a=acosd((Va*%pi)/(2*Vm)); //
C a l c u l a t i n g the d e l a y a n g l e .

18 Pa=Va*Ia; // C a l c u l a t i n g the
armature power .

19 printf(”\n\ t ( a ) . The armature v o l t a g e Va i s %0 . 2 fV”,
Va);

20 printf(”\n\ t The d e l a y a n g l e a lpa i s %0 . 2 f ”,
alpha_a);

21 printf(”\n\ t ( b ) . The power f e d back to supp ly Pa i s
%0 . 1 fW”,Pa);

22 // P o l a r i t y o f Pa g i v e n i n the t ex tbook i s wrong .

Scilab code Exa 14.6 Finding the Performance Parameters of a Three Phase Full Converter Drive
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 6
7 // F ind ing the Per formance Parameters o f a Three−

Phase Fu l l−Conver t e r Dr ive .
8

9 clc;

10 clear;

11 P=20; // Rated Capac i ty o f the
motor i n hp .

12 V=300; // Rated v o l t a g e i n
v o l t s .

13 N=1800; // Rated speed o f the
motor .

14 VL=208; // Load v o l t a g e i n v o l t s
.

15 f=60; // Frequency i n Hz .
16 Ra =0.25; // Armature r e s i s t a n c e

i n Ohm.
17 Rf=245; // F i e l d r e s i s t a n c e i n

Ohm.
18 Kv=1.2; // Motor v o l t a g e

c o n s t a n t V/Arad/ s e c .
19 w=(N*%pi)/30; // C a l c u l a t i n g the spped

i n rad / s e c .
20 Vp=VL/sqrt (3); // C a l c u l a t i n g the phase

v o l t a g e .
21 Vm=sqrt (2)*Vp; // C a l c u l a t i n g c o n v e r t e r

v o l t a g e .
22 Irated =(P*746)/V; // C a l c u l a t i n g r a t e d

armature c u r r e n t .
23 Vf=(3* sqrt (3)*Vm)/%pi; // C a l c u l a t i n g f i e l d

v o l t a g e .
24 If=Vf/Rf; // C a l c u l a t i n g f i e l d
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c u r r e n t .
25 Ia=Irated; // C a l c u l a t i n g armature

c u r r e n t .
26 Eg=Kv*If*w; // C a l c u l a t i n g back emf .
27 Va=Eg+(Ia*Ra); // C a l c u l a t i n g armature

v o l t a g e .
28 alpa=acosd((Va*%pi)/(3* sqrt (3)*Vm));// C a l c u l a t i n g

d e l a y a n g l e .
29 Ia1 =0.1* Ia; // C a l c u l a t i n g 10%

o f aramature c u r r e n t .
30 Ego=Va -(Ra*Ia1); // C a l c u l a t i n g the

back emf at no l oad .
31 wo=Ego/(Kv*If); // C a l c u l a t i n g the

no l oad speed .
32 N1=wo *(30/ %pi); // C a l c u l a t i n g no

l oad speed i n rpm .
33 reg=(N1 -N)/N; // C a l c u l a t i n g the

speed r e g u l a t i o n .
34 printf(”\n\ tThe phase v o l t a g e Vp i s %0 . 0 fV”,Vp);
35 printf(”\n\ tThe r a t e d c u r r e n t I r a t e d i s %0 . 2 fA”,

Irated);

36 printf(”\n\ tThe f i e l d v o l t a g e Vf i s %0 . 1 fV”,Vf);
37 printf(”\n\ tThe f i e l d c u r r e n t I f i s %0 . 3 fA”,If);
38 printf(”\n\ t ( a ) . The armature c u r r e n t Ia i s %0 . 2 fA”,

Ia);

39 printf(”\n\ t The back emf Eg i s %0 . 1 fV”,Eg);
40 printf(”\n\ t The armatue v o l t a g e Va i s %0 . 2 fV”,Va

);

41 printf(”\n\ t The d e l a y a n g l e a lpa i s %0 . 2 f ”,
alpa);

42 printf(”\n\ t ( b ) . When Ia =10 p e r c e n t o f 4 9 . 7 3 Ia i s %0
. 3 fA”,Ia1);

43 printf(”\n\ t The back emf at no l oad Ego i s %0 . 2
fV”,Ego);

44 printf(”\n\ t The no l oad speed wo i s %0 . 2 f r a d / s e c
”,wo);

45 printf(”\n\ t ( c ) . The speed r e g u l a t i o n i s %0 . 1 f p e r c e n t
”,reg *100);
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46 //Some answers a r e changed due to round o f f e r r o r .

Scilab code Exa 14.7 Finding the Performance of a Three Phase Full Converter Drive with Field Control

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 7
7 // F ind ing the Per formance o f a Three−Phase Fu l l−

Conver t e r Dr ive with F i e l d Cont ro l .
8

9 clc;

10 clear;

11 P=20; // Rated Capac i ty o f the
motor i n hp .

12 V=300; // Rated v o l t a g e i n
v o l t s .

13 N=900; // Rated speed o f the
motor .

14 VL=208; // Load v o l t a g e i n v o l t s
.

15 f=60; // Frequency i n Hz .
16 Ra =0.25; // Armature r e s i s t a n c e

i n Ohm.
17 Rf=145; // F i e l d r e s i s t a n c e i n

Ohm.
18 Kv=1.2; // Motor v o l t a g e

c o n s t a n t V/Arad/ s .
19 Td=116; // Deve loped to r q u e i n

Nm.
20 Vp=VL/sqrt (3); // C a l c u l a t i n g phase

v o l t a g e .
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21 Vm=sqrt (2)*Vp; // C a l c u l a t i n g c o n v e r t e r
v o l t a g e .

22 w=(N*%pi)/30; // C a l c u l a t i n g the spped
i n rad / s e c .

23 Vf=(3* sqrt (3)*Vm)/%pi; // C a l c u l a t i n g f i e l d
v o l t a g e .

24 If=Vf/Rf; // C a l c u l a t i n g f i e l d
c u r r e n t .

25 Ia=Td/(Kv*If); // C a l c u l a t i n g armature
c u r r e n t .

26 Eg=Kv*If*w; // C a l c u l a t i n g back emf .
27 Va=Eg+(Ia*Ra); // C a l c u l a t i n g armature

v o l a t g e .
28 alpa=acosd((Va*%pi)/(3* sqrt (3)*Vm));// C a l c u l a t i n g

d e l a y a n g l e .
29 //When a lpa =0;
30 Va1 =(3* sqrt (3)*Vm)/%pi; // C a l c u l a t i n g

armature c u r r e n t .
31 Eg1=Va1 -(Ia*Ra); // C a l c u l a t i n g back

emf .
32 w1=Eg1/(Kv*If); // C a l c u l a t i n g the

spped i n rad / s e c .
33 //When speed N=1800 rpm ;
34 N2 =1800; // Speed i n rpm .
35 w2=(N2*%pi)/30; // C a l c u l a t i n g the

speed i n rad / s e c .
36 If2=Eg1/(Kv*w2); // C a l c u l a t i n g

f i e l d c u r r e n t .
37 Vf2=If2*Rf; // C a l c u l a t i n g

f i e l d v o l t a g e .
38 alpf2=acosd ((Vf2*%pi)/(3* sqrt (3)*Vm));// C a l c u l a t i n g

the d e l a y a n g l e .
39 printf(”\n\tVp=%0 . 0 fV\n\tVm=%0. 1 fV”,Vp ,Vm);
40 printf(”\n\ t ( a ) . The f i e l d v o l t a g e Vf i s %0 . 1 fV”,Vf);
41 printf(”\n\ t The f i e l d c u r r e n t I f i s %0 . 3 fA”,If);
42 printf(”\n\ t The armature c u r r e n t Ia i s %0 . 1 fA”,

Ia);

43 printf(”\n\ t The back emf Eg i s %0 . 2 fV”,Eg);
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44 printf(”\n\ t The armature v o l t a g e Va i s %0 . 2 f v ”,
Va);

45 printf(”\n\ t The d e l a y a n g l e a lpa i s %0 . 2 f ”,
alpa);

46 printf(”\n\ t ( b ) . When a lpa =0; ”);
47 printf(”\n\ t The armature v o l t a g e Va i s %0 . 1 fV”,

Va1);

48 printf(”\n\ t The back emf Eg i s %0 . 2 fV”,Eg1);
49 printf(”\n\ t The speed i n rad / s e c w i s %0 . 2 f r a d /

s e c ”,w1);
50 printf(”\n\ t ( c ) . When speed i s N=1800rpm ; ”);
51 printf(”\n\ t The f i e l d c u r r e n t I f i s %0 . 3 fA”,If2)

;

52 printf(”\n\ t The f i e l d v o l t a g e Vf i s %0 . 2 fV”,Vf2)
;

53 printf(”\n\ t The d e l a y a n g l e a l p f i s %0 . 2 f ”,
alpf2);

54 //Some answers may be change due to round o f f e r r o r .

Scilab code Exa 14.8 Finding the Performance Parameters of a Dc dc Converter Drive

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 8
7 // F ind ing the Per formance Parameters o f a D c dc

Conver t e r Dr ive .
8

9 clc;

10 clear

11 Vs=600; //Dc supp ly v o l t a g e
i n v o l t s .
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12 Ra =0.05; // Armature
r e s i s t a n c e i n Ohm.

13 Kv =1.527; // Back emf c o n s t a n t
o f motor i n V/A rad / s .

14 Ia=250; // Average armature
c u r r e n t i n ampere .

15 If=2.5; // F i e l d c u r r e n t i n
ampere .

16 k=0.6; // Duty c y c l e .
17 Rm=Ra; // C a l c u l a t i n g

t o t l a l c i r c u i t r e s i s t a n c e .
18 Pt=k*Vs*Ia; // C a l c u l a t i n g t o t a l

power .
19 Req=Vs/(Ia*k); // C a l c u l a t i n g

e q u i v a l e n t r e s i s t a n c e .
20 Va=k*Vs; // C a l c u l a t i n g

armature v o l a t a g e .
21 Eg=Va -(Rm*Ia); // C a l c u l a t i n g back

emf .
22 w=Eg/(Kv*If); // C a l c u l a t i n g speed

i n rad / s e c .
23 N=(w*30)/%pi; // C a l c u l a t i n g speed

i n rpm .
24 Td=Kv*Ia*If; // C a l c u l a t i n g the

deve l oped t o r q u e .
25 printf(”\n\ t ( a ) . The t o t a l power Pf i s %0 . 0 fkW”,Pt

*10^ -3);

26 printf(”\n\ t ( b ) . The e q u i v a l e n t r e i s i t a n c e Req i s %0
. 0 f ”,Req);

27 printf(”\n\ t ( c ) . The armature v o l a t g e Va i s %0 . 0 fV”,
Va);

28 printf(”\n\ t The back emf Eg i s %0 . 1 fV”,Eg);
29 printf(”\n\ t The motor speed i n rad / sed w i s %0 . 2

f r a d / s e c ”,w);
30 printf(”\n\ t The motor speed i n rpm N i s %0 . 1 frpm

”,N);
31 printf(”\n\ t ( d ) . The deve l oped t o r q ue Td i s %0 . 2 fN−m”

,Td);
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Scilab code Exa 14.9 Finding the Performance of a Dc dc Converter Fed Drive in Regenerative Braking

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 9
7 // F ind ing the Per formance o f a D c dc Converter−Fed

Dr ive i n R e g e n e r a t i v e Brak ing .
8

9 clc;

10 clear;

11 Vs=600; //Dc supp ly v o l t a g e
i n v o l t s .

12 Ra =0.02; // Armature
r e s i s t a n c e i n Ohm.

13 Kv =15.27; // Back emf c o n s t a n t
o f motor i n mV/A rad / s .

14 Ia=250; // Average armature
c u r r e n t i n ampere .

15 Rf =0.03; // F i e l d r e s i s t a n c e
i n Ohm.

16 k=0.6; // Duty c y c l e .
17 Rm=Ra+Rf; // C a l c u l a t i n g t o t a l

c i r c u i t r e s i s t a n c e .
18 Vch=(1-k)*Vs; // C a l c u l a t i n g the

v o l t a g e a c r o s s dc−dc c o n v e r t e r from Eq 1 4 . 3 7 .
19 Pg=Ia*Vs*(1-k); // C a l c u l a t i n g the

power r e g e n e r a t e d to dc supp ly from Eq 1 4 . 3 8 .
20 Req =((Vs/Ia)*(1-k))+(Rm); // C a l c u l a t i n g the

e q u i v a l e n t r e s i s t a n c e from Eq 1 4 . 4 0 .
21 wmin=Rm/(Kv*10^ -3); Nmin=(wmin *30)/%pi //
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C a l c u l a t i n g minimum brak ing speed form Eq 1 4 . 4 2 .
22 wmax=(Vs/(Kv*10^ -3*Ia))+(Rm/(Kv*10^ -3));Nmax=(wmax

*30)/%pi // C a l c u l a t i n g maximum brak ing speed from
Eq 1 4 . 4 3 .

23 Eg=Vch+(Rm*Ia); //
C a l c u l a t i n g back emf from Eq 1 4 . 3 9 .

24 w=Eg/(Kv*10^ -3*Ia);N=(w*30)/%pi; //
C a l c u l a t i n g speed o f the motor .

25 printf(”\n\ tThe s e r i e s r e s i s t a n c e Rm i s %0 . 2 f ”,Rm
);

26 printf(”\n\ t ( a ) . The v o l t a g e a c r o s s dc−dc c o n v e r t e r
Vch i s %0 . 0 fV”,Vch);

27 printf(”\n\ t ( b ) . The power r e g e n e r a t e d to dc supp ly
Pg i s %0 . 0fKW”,Pg*10^ -3);

28 printf(”\n\ t ( c ) . The e q u i v a l e n t r e s i s t a n c e Req i s %0
. 2 f ”,Req);

29 printf(”\n\ t ( d ) . The minimum p e r m i s s i b l e b rak ing
speed wmin i s %0 . 3 f r a d / s e c = %0 . 2 frpm ”,wmin ,Nmin)
;

30 printf(”\n\ t The maximim p e r m i s s i b l e b rak ing
speed wmax i s %0 . 3 f r a d / s e c = %0 . 2 frpm ”,wmax ,Nmax)
;

31 printf(”\n\ t ( f ) . The back emf Eg i s %0 . 1 fV”,Eg);
32 printf(”\n\ t The speed o f the motor w i s %0 . 2 f r a d

/ s e c = %0 . 1 frpm ”,w,N);
33 //Some answers a r e v a r i e d due to round−o f f e r r o r .

Scilab code Exa 14.10 Finding the Performance of a Dc dc Converter Fed Drive in Rheostatic Braking

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5
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6 // Example : 1 4 . 1 0
7 // F ind ing the Per formance o f a D c dc Converter−Fed

Dr ive i n R h e o s t a t i c Brak ing .
8

9 clc;

10 clear;

11 Ra =0.05; // Armature
r e s i s t a n c e i n Ohm.

12 Rb=5; // Brak ing r s i s t a n c e
i n Ohm.

13 Kv =1.527; // Back emf c o n s t a n t
i n V/A rad / s e c .

14 Ia=150; // Armature c u r r e n t
i n ampere .

15 If=1.5; // F i i e l d c u r r e n t i n
ampere .

16 k=0.4; // Duty c y c l e .
17 Rm=Ra; // C a l c u l a t i n g t o t a l

c i r c u i t r e s i s t a n c e .
18 Vch=Rb*Ia*(1-k); // C a l c u l a t i n g

v o l t a g e a c r o s s dc−dc c o n v e r t e r .
19 Pb=Ia^2*Rb*(1-k); // C a l c u l a t i n g the

pwer d e s s i p a t e d i n b rak ing r e s i s t o r .
20 Req=(Rb*(1-k))+Ra; // C a l c u l a t i n g

e q u i v a l e n t r e s i s t a n c e .
21 Eg=Vch+(Ra*Ia); // C a l c u l a t i n g back

emf .
22 w=Eg/(Kv*If);N=(w*30)/%pi; // C a l c u l a t i n g the

b r k i n g speed .
23 Vp=Ia*Rb; // C a l c u l a t i n g peak

c o n v e r t e r v o l t a g e .
24 printf(”\n\ t ( a ) . The ave rage v o l t a g e a c r o s s dc−dc

c o n v e r t e r Vch i s %0 . 0 fV”,Vch);
25 printf(”\n\ t ( b ) . The power d e s s i p a t e d i n b rak ing

r e s i s t o r Pb i s %0 . 1fKW”,Pb*10^ -3);
26 printf(”\n\ t ( c ) . The e q u i v a l e n t r e s i s t a n c e Req i s %0

. 2 f ”,Req);
27 printf(”\n\ t ( d ) . The back emf Eg i s %0 . 1 fV”,Eg);
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28 printf(”\n\ t The b rak ing speed w i s %0 . 2 f r a d / s e c
= %0 . 1 frpm ”,w,N);

29 printf(”\n\ t ( e ) . The peak dc−dc c o n v e r t e r v o l t a g e Vp
i s %0 . 0 fV”,Vp);

Scilab code Exa 14.11 Finding the Peak Load Current Ripple of Two Multiphase Dc dc Converters

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 1 1
7 // F ind ing the Peak Load Current R ipp l e o f Two

Mul t iphase D c dc C o n v e r t e r s .
8

9 clc;

10 clear;

11 Vs=220; // Supply v o l t a g e i n
v o l t s .

12 Rm=4; // Tota l armature
r e s i s t a n c e i n Ohm.

13 Lm=15; // Tota l armature
c i r c u i t i n d u c t a n c e i n m i l l i henry .

14 f=350; // Frequency o f each
c o n v e r t e r i n Hz .

15 fe=2*f; // C a l c u l a t i n g chopper
f r e q u e n c y .

16 u=2; //Number o f dc−dc
c o n v e r t e r s .

17 x=4*u*f*Lm*10^ -3; // Checking the
c o n d i t o n i f 4ufLm>>Rm.

18 delI_max=Vs/x; // C a l c u l a t i n g the
peak to peak r i p p l e c u r r e n t from Eq 1 4 . 4 9 .
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19 printf(”\n\ tThe e f f e c t i v e chopping f r e q u e n c y f e i s
%0 . 0 fHz ”,fe);

20 printf(”\n\ tBecause 4ufLm = %0. 0 f>>R; ”,x);
21 printf(”\n\ tThe maximum peak to peak l oad r i p p l e

c u r r e n t de l Imax i s %0 . 2 fA”,delI_max);

Scilab code Exa 14.12 Finding the Line Harmonic Current of Two Multiphase Dc dc Converters with an Input Filter

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 1 2
7 // F ind ing the L ine Harmonic Current o f Two

Mul t iphase D c dc C o n v e r t e r s with an Input
F i l t e r

8

9 clc;

10 clear;

11 Ia=100; // Armature c u r r e n t i n
ampere .

12 Le=0.3; // Induc tance i n m i l l i
Henry .

13 Ce =4500; // Capc i t ance i n micro
f a r a d .

14 f=350; // Frequency i n Hz .
15 u=2; //Number o f c o n v e r t e r s

.
16 fo =1/(2* %pi*sqrt(Le*10^ -3*Ce*10^ -6));// C a l c u l a t i n g

the i n t i a l f r e q u e n c y .
17 fe=2*f; // C a l c u l a t i n g

the e f e c t i v e c o n v e r t e r f r e q u e n c y .
18 k=0.5; // C a l c u l a t i n g the
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v o l t a g e c o n s t a n t .
19 I1h=(Ia/%pi)*(sqrt(1-cos (2*%pi*k)));// C a l c u l a t i n g

fundamenta l component o f c u r r e n t .
20 I1s=I1h /(1+(2*(f/fo))^2); // C a l c u l a t i n g

the fundamenta l component o f harmonic c u r r e n t .
21 printf(”\n\ tThe i n t i a l f r e q u e n c y f o i s %0 . 2 fHz ”,fo);
22 printf(”\n\ tThe e f f e c t i v e c o n v e r t e r f r e q u e n c y f e i s

%0 . 0 f ”,fe);
23 printf(”\n\ tThe fundamenta l component o f dc−dc

c o n v e r t e r c u r r e n t I1h i s %0 . 2 fA”,I1h);
24 printf(”\n\ tThe fundamenta l component o f dc−dc

c o n v e r t e r g e n e r a t e d harmonic c u r r e n t I 1 s i s %0 . 2
fA”,I1s);

Scilab code Exa 14.13 Finding the Speed and Torque Response of a Converter Fed Drive

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 1 3
7 // F ind ing the Speed and Torque Response o f a

Converter−Fed Dr ive .
8

9 clc;

10 clear;

11 P=50; // Rated c a p a c i t y o f
the motor i n KW.

12 V=240; // Rated v o l t a g e o f the
motor i n v o l t s .

13 N=1700; // Rated speed o f the
motor i n rpm .

14 If=1.4; // F i e l d c u r r e n t i n
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ampere .
15 Kv =0.91; // Back emf c o n s t a n t i n

V/A rad / s e c .
16 Rm=0.1; // Armature r e s i s t a n c e

i n Ohm.
17 B=0.3; // V i s cou s f r i c t i o n

c o n s t a n t i n N−m/ rad / s e c .
18 K1=95; //The a m p l i f i c a t i o n o f

the speed s e n s o r i n mV/ rad / s e c .
19 K2=100; //The ga in o f the

power c o n t r o l l e r .
20 w_rated =(N*%pi)/30; // C a l c u l a t i n g the

r a t e d speed i n rad / s e c .
21 TL=(P*10^3)/w_rated; // C a l c u l a t i n g the

r a t e d to r q u e .
22 Va=( w_rated *((Rm*B)+(Kv*If)^2))/(Kv*If);//

C a l c u l a t i n g the armature v o l t a g e .
23 Vb=K1*w_rated *10^ -3; //

C a l c u l a t i n g the f e e d b a c k v o l t a g e .
24 Vr=(Va+(Vb*K2))/K2; //

C a l c u l a t i n g the r e f e r e n c e v o l t a g e .
25 //When del TL=TL ;
26 del_w=-(Rm*TL)/((Rm*B)+(Kv*If)^2+(K1*10^ -3*K2*Kv*If)

);// C a l c u l a t i n g the change i n speed .
27 w=w_rated+del_w;No=(w*30)/%pi

// C a l c u l a t i n g speed at
r a t e d to r q u e

28 //When del TL =1.1TL ;
29 del_TL =1.1*TL;

//
C a l c u a l t i n g the change i n t o r q ue .

30 del_w1=-(Rm*del_TL)/((Rm*B)+(Kv*If)^2+(K1*10^ -3*K2*

Kv*If));// C a l c u l a t i n g the change i n speed .
31 w1=w_rated+del_w1;N1=(w1*30)/%pi

// C a l c u l a t i n g the speed .
32 //When d e l V r =−0.1Vr ;
33 del_Vr = -0.1*Vr;

//
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C a l c u l a t i n g change i n r e f e r e n c e v o l t a g e .
34 del_w2 =(K2*Kv*If*del_Vr)/((Rm*B)+(Kv*If)^2+(K1

*10^ -3*K2*Kv*If));// C a l c u l a t i n g the change i n
speed .

35 w2=w_rated+del_w2;N2=(w2*30)/%pi

// C a l c u l a t i n g the
speed .

36 w3=w_rated+del_w1+del_w2;N3=(w3*30)/%pi;

// C a l c u l a t i n g motor speed
u s i n g s u p e r p o s i t i o n .

37 //When d e l V r =2.31V;
38 del_Vr3 =2.31;

// Change
i n r e f e r e n c e v o l t a g e .

39 del_w3 =(K2*Kv*If*del_Vr3)/((Rm*B)+(Kv*If)^2);N3=(

del_w3 *30)/%pi;// C a l c u l a t i n g change i n speed .
40 del_w4=-(Rm*TL)/((Rm*B)+(Kv*If)^2);

// C a l c u l a t i n g no l oad speed .
41 w4=w_rated+del_w4;N4=(w4*30)/%pi;

// C a l c u l a t i n g the f u l l l o ad
speed .

42 reg=(N3 -N4)/N4; //
C a l c u l a t i n g the speed r e g u l a t i o n .

43 reg1=(N3-No)/No; //
C a l c u l a t i n g speed r e g u l a t i o n .

44 printf(”\n\ tThe r a t e d speed W rated i s %0 . 2 f r a d / s e c ”
,w_rated);

45 printf(”\n\ t ( a ) . The r a t e d t o r q ue TL i s %0 . 2 fN−m”,TL)
;

46 printf(”\n\ t ( b ) . At r a t e d speed armature v o l t a g e Va
i s %0 . 2 fV”,Va);

47 printf(”\n\ t The f e e d b a c k v o l t a g e Vb i s %0 . 2 fV”,
Vb);

48 printf(”\n\ t The r e f e r e n c e v o l t a g e Vr i s %0 . 3 fV”,
Vr);

49 printf(”\n\ t ( c ) . I f the r e f e r e n c v o l t a g e i s unchanged
, ”);

50 printf(”\n\ t The change i n speed de l w i s %0 . 2
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f r a d / s ”,del_w);
51 printf(”\n\ t The speed at r a t e d t o rq u e w i s %0 . 2

f r a d / s e c = %0 . 2 frpm ”,w,No);
52 printf(”\n\ t ( d ) . I f the t o r q u e i s i n c e r s e d by 10

pe r cent , ”);
53 printf(”\n\ t The change i n l oad to r q u e del TL i s

%0 . 2 fN−m”,del_TL);
54 printf(”\n\ t The change i n speed de l w i s %0 . 3

f r a d / s ”,del_w1);
55 printf(”\n\ t The motor speed w i s %0 . 3 f r a d / s = %0

. 1 frpm ”,w1 ,N1);
56 printf(”\n\ t ( e ) . I f the r e f e r e n c e v o l t a g e i s d e c r e s e d

by 10 pe r cent , ”);
57 printf(”\n\ t The change i n r e f r e n c e v o l t a g e

d e l V r i s %0 . 2 fV”,del_Vr);
58 printf(”\n\ t The change i n speed de l w i s %0 . 1

f r a d / s e c ”,del_w2);
59 printf(”\n\ t The speed o f the motor w i s %0 . 2 f r a d

/ s = %0 . 1 frpm ”,w2 ,N2);
60 printf(”\n\ t ( f ) . I f the t o r q u e i s i n c r e s e d and

r e f e r c e v o l t a g e i s d e c r e a s e d by 10 p e r c e n t
r e s p e c i v e l y , ”);

61 printf(”\n\ t The motor speed can be o b t a i n e d by
s u p e r p o s t i o n as w i s %0 . 0 f r a d / s =%0 . 1 frpm ”,w3 ,N3)
;

62 printf(”\n\ t ( g ) . I f r e f r e n c e v o l t a g e d e l V r i s %0 . 2 fV
, ”,del_Vr3);

63 printf(”\n\ t The no l oad speed de l w i s %0 . 2 f r a d
/ s = %0 . 0 frpm ”,del_w3 ,N3);

64 printf(”\n\ t The chnge i n speed at f u l l l o ad
t o rq u e de l w i s %0 . 2 f r a d / s ”,del_w4);

65 printf(”\n\ t The f u l l l o ad speed w i s %0 . 2 f r a d / s
= %0 . 1 frpm ”,w4 ,N4);

66 printf(”\n\ t The speed r e g u l a t i o n with open l oop
c o n t r o l i s %0 . 2 f p e r c e n t ”,reg *100);

67 printf(”\n\ t ( h ) . The speed r e g u l a t i o n with c l o s e d
l oop c o n t r o l i s %0 . 2 f p e r c e n t ”,reg1 *100);
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Scilab code Exa 14.14 Determining the Optimized Gains and Time Constants of the Current and Speed Loop Controllers

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 4 . 1 4
7 // Determin ing the Optimized Gains and Time Constant s

o f the Current and Speed Loop C o n t r o l l e r s .
8

9 clc;

10 clear;

11 Vdc =220; // Rated v o l t a g e o f
i n v o l t s .

12 Idc =6.4; // Rated c u r r e n t o f
motor i n ampere .

13 N=1570; // Rated speed o f
motor i n rpm .

14 Rm=6.5; // R e s i s t a n c e i n Ohm.
15 J=0.06; // I e r t i a o f the

motor i n Kg−mˆ 2 .
16 Lm=67; // Induc tance i n

m i l l i Henry .
17 B=0.087; // V i s cou s f r i c t i o n

c o n s t a n t i n N−m/ rad / s .
18 Kb =1.24; // Back emf c o n s t a n t

i n V/ rad / s .
19 VL=220; // Supply v o l t a g e i n

v o l t s .
20 fs=60; // Supply f r e q u e n c y

i n Hz .
21 Vcm =10; //Maximum c o n t r o l
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i npu t v o l t a g e i n v o l t s .
22 Vs=VL/sqrt (3); // C a l c u l a t i n g the

phase v o l t a g e .
23 Kr =(2.339* Vs)/Vcm; // C a l c u l a t i n g ga in

o f the c o n v e r t e r .
24 Kw =0.074; // Gain c o n s t a n t .
25 tau_w =0.002; //Time c o n s t a n t .
26 Ia_max =20; //Maximum p e r m i s a b l e

motor c u r r e n t i n ampere .
27 Vdc_max=Kr*Vcm; // C a l c u l a t i n g

maximum dc v o l t a g e .
28 Vc=(Vdc*Vcm)/Vdc_max; // C a l c u l a t i n g

c o n v e r t e r c o n t r o l v o l t a g e .
29 tau_r =1/(12* fs); // C a l c u l a t i n g the

t ime c o n s t a n t .
30 Hc=Vc/Ia_max; // C a l c u l a t i n g

c u r r e n t f e e d b a c k ga in .
31 Km=B/(Kb^2+(Rm*B)); // C a l c u l a t i n g ga in

c o n s t a n t o f motor .
32 // C a l c u l a t i n g the t ime c o n s t a n t s o f motor .
33 r=poly(0,” r ”);
34 a=r^2+((Rm/(Lm*10^ -3))+(B/J))*r+(((( Rm*B)+Kb^2)/(J*

Lm*10^ -3)));

35 a1=roots(a);

36 r1=a1(2,1);r2=a1(1,1);

37 tau_1=-1/r1;tau_2=-1/r2;

38 tau_m=J/B;

39 tau_c=tau_2; // C a l c u l a t i n g
t ime c o n s t a n t o f c u r r e n t c o n t r o l l e r .

40 Kc=( tau_1*tau_c)/(2* tau_r*Km*Kr*Hc*tau_m); //
C a l c u l a t i n g ga in c o n s t a n t o f c u r r e n t c o n t r o l l e r .

41 K1=(Km*Kc*Kr*Hc*tau_m)/tau_c; // C a l c u l a t i n g
the ga in c o n s t a n t .

42 Ki=(1/Hc)*(K1/(1+K1)); // C a l c u l a t i n g ga in
c o n s t a n t o f c u r r e n t l oop .

43 tau_3=tau_1+tau_r; //
C a l c u l a t i n g t ime c o n s t a n t .

44 tau_i=tau_3 /(1+K1); // C a l c u l a t i n g
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t ime c o n s t a n t o f c u r r e n t l oop .
45 tau_e=tau_i+tau_w; //

C a l c u l a t i n g the t ime c o n s t a n t .
46 Kw=(Ki*Kb*Kw)/(B*tau_m); // C a l c u l a t i n g

ga in c o n s t a n t .
47 Ks =1/(2* Kw*tau_e); // C a l c u l a t i n g

the g i an c o n s t a n t o f speed c o n t r o l l e r .
48 tau_s =4* tau_e; // C a l c u l a t i n g

the t ime c o n s t a n t o f speed c o n t r o l l e r .
49 printf(”\n\ t ( a ) . The phase v o l t a g e Vs i s %0 . 2 fV”,Vs);
50 printf(”\n\ t The maximum dc v o l t a g e Vdc (max) i s

%0 . 2 fV”,Vdc_max);
51 printf(”\n\ t The c o n v e r t e r c o n t r o l v o l t a g e Vc i s

%0 . 2 fV”,Vc);
52 printf(”\n\ t The ga in o f the c o n v e r t e r Kr i s %0 . 2

fV”,Kr);
53 printf(”\n\ t The t ime c o n s t a n t o f the c o n v e r t e r

t a u r i s %0 . 2 fms ”,tau_r *10^3);
54 printf(”\n\ t ( b ) . The c u r r e n t f e e d b a c k ga in Hc i s %0 . 2

fV/A”,Hc);
55 printf(”\n\ t ( c ) . The motor ga in Km i s %0 . 2 f ”,Km);
56 printf(”\n\ t r1 = %0 . 2 f \n\ t r2 = %0 . 2 f ”,r1 ,r2)

;

57 printf(”\n\ t The t ime c o n s t a n t o f motor a r e ; ”);
58 printf(”\n\ t t1=%0 . 2 f s \n\ t t a u 2=%0 . 1 f s \n\ t

tau m=%0. 2 f s ”,tau_1 ,tau_2 ,tau_m);
59 printf(”\n\ t ( d ) . The t ime c o n s t a n t o f the c u r r e n t

c o n t r o l l e r t a u c i s %0 . 2 f s ”,tau_c);
60 printf(”\n\ t The ga in o f the c u r r e n t c o n t r o l l e r

Kc i s %0 . 2 f ”,Kc);
61 printf(”\n\ t ( e ) . The ga in c o n s t n t o f s i m p l i f i e d

c u r r e n t l oop are , ”);
62 printf(”\n\ t K1=%0 . 2 f \n\ t Ki=%0 . 2 f ”,K1 ,Ki);
63 printf(”\n\ t The t ime c o n s t a n t o f s i m p l i f i e d

c u r r e n t l oop are , ”);
64 printf(”\n\ t t a u 3=%0 . 2 f s \n\ t t a u i=%0 . 2 fms ”,

tau_3 ,tau_i *10^3);

65 printf(”\n\ t ( f ) . The ga in c o n s t a n t o f c u r r e n t
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c o n t r o l l e r are , ”);
66 printf(”\n\ t Kw=%0. 2 f \n\ t Ks=%0 . 2 f ”,Kw ,Ks);
67 printf(”\n\ t The t ime c o n s t a n t o f speed

c o n t r o l l e r are , ”);
68 printf(”\n\ t t a u e=%0 . 2 fms\n\ t t a u s=%0 . 2 fms ”,

tau_e *10^3, tau_s *10^3);

69 //Some answers may change due to round−o f f e r r o r .
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Chapter 15

Ac Drives

Scilab code Exa 15.1 Finding the Performance Parameters of a Three Phase Induction Motor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 1
7 // F ind ing the Per formance Parameters o f a Three−

Phase I n d u c t i o n Motor .
8

9 clc;

10 clear;

11 VL=460; // Rated v o l t a g e o f
the motor .

12 f=60; // Frequency i n Hz .
13 Rs =0.42; // Supply R e s i s t a n c e

i n Ohm.
14 Rr_dash =0.23; // R e i s t n a c e o f

motor i n Ohm.
15 Xr_dash =0.82; // Reactance i n

Ohm.
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16 Xm=22; // Reactance o f
motor i n Ohm.

17 P_noload =60; //No load l o s s i n
Watts .

18 N=1750; // Rotor speed i n
rpm .

19 Vs=VL/sqrt (3); // C a l c u l a t i n g the
phase v o l t a g e .

20 w=2*%pi*f; // C a l c u l a t i n g the
f r e q u e n c y i n rad / s e c .

21 wm=(N*%pi)/30; // C a l c u l a t i n g the
speed i n rad / s e c .

22 ws=(2*w)/4; // C a l c u l a t i n g
synchronous speed .

23 s=(ws-wm)/ws; // C a l c u l a t i n g the
s l i p .

24 Zi=((-Xm*( Xr_dash+Xr_dash))+(%i*Xm*(Rs+( Rr_dash/s)))

)/(Rs+( Rr_dash/s)+(%i*(Xm+Xr_dash+Xr_dash)));//
C a l c u l a t i n g the input impedence .

25 [a1 a2]=polar(Zi);a21=a2 *180/ %pi;// Conver t ing
complex to p o l a r form .

26 Ii=Vs/Zi; // C a l c u l a t i n g input
c u r r e n t .

27 [b1 b2]=polar(Ii);b21=b2 *180/ %pi;// Conver t ing
complex to p o l a r form .

28 PFm=cos(b21); // C a l c u l a t i n g power
f a c t o r .

29 Pt=3*Vs*(b1)*0.858; // C a l c u l a t i n g
t o t a l power .

30 PFs=PFm; // C a l c u l a t i n g power
f a c t o r o f i nput supp ly .

31 Ir1=Vs/sqrt((Rs+( Rr_dash/s))^2+( Xr_dash+Xr_dash)^2);

// C a l c u l a t i n g rms r o o t c u r r e n t .
32 Pg=(3* Ir1 ^2* Rr_dash)/s; //

C a l c u l a t i n g the gap power .
33 Pru =3*Ir1^2* Rr_dash; //

C a l c u l a t i n g r o t o r copper l o s s .
34 Psu =3*Ir1^2*Rs; //
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C a l c u l a t i n g s t a t o r copper l o s s .
35 Td=Pg/ws; //

C a l c u l a t i n g deve l oped t o rq u e .
36 Po=Pg-Pru -P_noload; //

C a l c u l a t i n g output power .
37 eff=(Pt -Po)/Po; //

C a l c u l a t i n g the e f f e c i e n c y .
38 Irs=Vs/((Rs+Rr_dash)^2+( Xr_dash+Xr_dash)^2) ^0.5;

// C a l c u l a t i n g s t a r t i n g c u r r e n t .
39 Ts=(3* Rr_dash*Irs^2)/ws; //

C a l c u l a t i n g s t a r t i n g to r q u e .
40 sm=Rr_dash /((Rs)^2+( Xr_dash+Xr_dash)^2) ^0.5;

// C a l c u l a t i n g s l i p f o r maximum t o r q u e .
41 Tmm =(3*Vs^2) /(2*ws*(Rs+(sqrt(Rs^2+( Xr_dash+Xr_dash)

^2))));// C a l c u l a t i n g maximum t o r qu e deve l oped .
42 Tmr=-(3*Vs^2) /(2*ws*(-Rs+(sqrt(Rs^2+( Xr_dash+Xr_dash

)^2))));// C a l c u l a t i n g maximum r e g e n e r a t i v e t o r q u e
.

43 sm1=Rr_dash /( Xr_dash+Xr_dash);

// C a l c u l a t i n g s l i p f o r maximum t o r q u e by
n e g l e t i n g supp ly r e s i s t a n c e Rs .

44 Tmm1 =(3*Vs^2) /(2*ws*(sqrt(( Xr_dash+Xr_dash)^2)));//
C a l c u l a t i n g maximum t o r q u e deve l oped .

45 Tmr1=Tmm1; // C a l c u l a t i n g
r e g e n e r a t i v e motor t o r qu e .

46 printf(”\n\ tThe phase v o l t a g e Vs i s %0 . 2 fV”,Vs);
47 printf(”\n\ tFrequency i n rad / s e c w i s %0 . 0 f r a d / s ”,w)

;

48 printf(”\n\ tThe motor speed i n rad / s e c i s %0 . 2 f r a d / s
”,wm);

49 printf(”\n\ t ( a ) . The synchronous speed ws i s %0 . 1 f r a d
/ s . ”,ws);

50 printf(”\n\ t ( b ) . The s l i p s i s %0 . 3 f ”,s);
51 printf(”\n\ t ( c ) . The input impedence Z i i s %0 . 3 f %0

. 2 f ”,a1 ,a21);
52 printf(”\n\ t The input c u r r e n t I i i s %0 . 2 f %0 . 2

f A ”,b1 ,b21);
53 printf(”\n\ t ( d ) . The power f a c t o r o f the motor PFm i s
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%0. 2 f ( l a g g i n g ) ” ,(PFm));
54 printf(”\n\ t The t o t a l power Pt i s %0 . 0 fW”,Pt);
55 printf(”\n\ t ( e ) . The power f a c t o r o f the input supp ly

Pf s i s %0 . 3 f ( l a g g i n g ) ”,PFs);
56 printf(”\n\ t The rms r o t o r c u r r e n t I r 1 i s %0 . 1 fA”

,Ir1);

57 printf(”\n\ t The gap power Pg i s %0 . 0 fW”,Pg);
58 printf(”\n\ t ( g ) . The r o t o r copper l o s s Pru i s %0 . 1 fW”

,Pru);

59 printf(”\n\ t ( h ) . The s a t o r copper l o s s Psu i s %0 . 0 fW”
,Psu);

60 printf(”\n\ t ( i ) . The deve l oped t o r q ue Td i s %0 . 1 fN−m”
,Td);

61 printf(”\n\ t ( j ) . The output power Po i s %0 . 0 fW”,Po);
62 printf(”\n\ t The e f f e c i e n c y e f f i s %0 . 2 f p e r c e n t ”,

eff *100);

63 printf(”\n\ t ( k ) . The s t a r t i n g rms r o t o r c u r r e n t I r s
i s %0 . 1 fA”,Irs);

64 printf(”\n\ t The s t a r t i n g to r q u e Ts i s %0 . 1 fN−m”,
Ts);

65 printf(”\n\ t ( l ) . The s l i p f o r maximum to r q u e sm i s %0
. 4 f ”,sm);

66 printf(”\n\ t (m) . The maximum deve l oped t o rq u e Tmm i s
%0 . 2 fN−m”,Tmm);

67 printf(”\n\ t ( n ) . The maximum r e g e n e r a t i v e t o r q ue Tmr
i s %0 . 2 fN−m”,Tmr);

68 printf(”\n\ t ( o ) . I f the s u p l y r e s i s t a n c e Rs i s
n e g l e t e d ; ”);

69 printf(”\n\ t The s l i p o f maximum t o r q u e sm i s %0
. 4 f ”,sm1);

70 printf(”\n\ t The maximum t o r q u e deve l oped Tmm = −
Tmr i s %0 . 1 fN−m”,Tmm1);

71 // Answers a r e changed due to round o f f e r r o r .

Scilab code Exa 15.2 Finding the Performance Parameters of a Three Phase Induction Motor with Stator Voltage Control
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 2
7 // F ind ing the Per formance Parameters o f a Three−

Phase I n d u c t i o n Motor with S t a t o r Vo l tage Cont ro l
.

8

9 clc;

10 clear;

11 VL=460; // Rated v o l t a g e o f the
motot i n v o l t s .

12 f=60; // Frequency i n Hz .
13 Rs =1.01; // Supply r e s i s t a n c e i n

Ohm.
14 Xs=1.3; // Supply r e a c t a n c e i n

ohm .
15 Rr_dash =0.69; // Rotor r e s i s t a n c e

i n Ohm.
16 Xr_dash =1.94; // Rotor r e a c t a c e i n

Ohm.
17 Xm =43.5; // Motor r e a c t a n c e i n

Ohm.
18 TL=41; // Load t o rq u e at r a t e d

speed i n N−m.
19 Nm =1740; // Rated speed o f the

motor i n rpm .
20 N=1550; // Motor runn ing speed

i n rpm .
21 Vs=VL/sqrt (3); // C a l c u l a t i n g phase

v o l t a g e .
22 w=2*%pi *60; // C a l c u l a t i n g

f r e q u e c n c y i n rad / s .
23 ws=w*2/4; // C a l c u l a t i n g speed i n

rad / s e c .
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24 wm=Nm*%pi /30; // C a l c u l a t i n g r a t e d
motor speed i n rad / s e c .

25 Km=TL/wm^2 // C a l c u l a t i n g motor
c o n s t a n t .

26 wm1=N*%pi /30; // C a l c u l a t i n g runn ing
speed o f motor i n rad / s .

27 s=(ws-wm1)/ws; // C a l c u l a t i n g the s l i p .
28 TL1=Km*wm1^2; // C a l c u l a t i n g the l oad

t o rq u e .
29 Ir_dash=sqrt((s*TL1*wm1)/(3* Rr_dash *(1-s)));//

C a l c u l a t i n g the r o t o r c u r r e n t .
30 Va=Ir_dash*sqrt((Rs+( Rr_dash/s))^2+(Xs+Xr_dash)^2);

// C a l c u l a t i n g s t a t o r supp ly v o l t a g e .
31 Zi=((-Xm*(Xs+Xr_dash))+(%i*Xm*(Rs+( Rr_dash/s))))/(Rs

+( Rr_dash/s)+(%i*(Xm+Xs+Xr_dash)))

32 [a1 a2]=polar(Zi);a21=a2 *180/ %pi;// Conver t ing
complex to p o l a r form .

33 Ii=Va/Zi; // C a l c u l a t i n g input
c u r r e n t .

34 [b1 b2]=polar(Ii);b21=b2 *180/ %pi;// Conver t ing
complex to p o l a r form .

35 PFm=cosd(abs(b21)); // C a l c u l a t i n g
power f a c t o r .

36 Pi=3*Va*PFm*b1; // C a l c u l a t i n g
t o t a l power .

37 sa1 =1/3;

38 Ir_dash_max=ws*sqrt ((4*Km*ws)/(81* Rr_dash)); //
Caku la t i ng maximum r o t o r c u r r e n t .

39 wa =(2/3)*ws; // C a l c u l a t i n g
speed at maximum c u r r e n t .

40 Ta=9* Ir_dash_max ^2*( Rr_dash/ws); //
C a l c u l a t i n g t o r q u e at maximum c u r r e n t .

41 printf(”\n\ t ( a ) . The l oad t o rq u e TL i s %0 . 1 fN−m”,TL1)
;

42 printf(”\n\ t ( b ) . The no l oad l o s s I r i s %0 . 2 fA”,
Ir_dash);

43 printf(”\n\ t ( c ) . The s t a t o r supp ly v o l t a g e Va i s %0 . 2
fV”,Va);
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44 printf(”\n\ t ( d ) . The motor input impedence Z i i s %0 . 2
f %0 . 2 f ”,a1 ,a21);

45 printf(”\n\ t The motor input c u r r e n t I i i s %0 . 0
f %0 . 2 f ”,b1 ,b21);

46 printf(”\n\ t ( e ) . The motor power f a c t o r PFm i s %0 . 3 f (
l a g g i n g ) ”,PFm);

47 printf(”\n\ t The t o t a l i nput power Pi i s %0 . 3 fW”,
Pi);

48 printf(”\n\ t ( f ) . The s l i p at which r o t o r c u r r e n t i s
maximum sa i s %0 . 3 f ”,sa1);

49 printf(”\n\ t ( g ) . The maximum r o t o r c u r r e n t I r i (max)
i s %0 . 1 fA”,Ir_dash_max);

50 printf(”\n\ t ( h ) . The speed at the maximum c u r r e n t wa
i s %0 . 2 f r a d / s e c ”,wa);

51 printf(”\n\ t ( i ) . The t o r q ue at maximum c u r r e n t Ta i s
%0 . 2 fN−m”,Ta);

52 //Some answers may change due to round−o f f e r r o r .

Scilab code Exa 15.3 Finding the Performance Parameters of a Three Phase Induction Motor with Rotor Voltage Control

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 3
7 // F ind ing the Per formance Parameters o f a Three−

Phase I n d u c t i o n Motor with Rotor Vo l tage Cont ro l .
8

9 clc;

10 clear;

11 V=460; // Three phase
supp ly v o l t a g e i n v o l t s .

12 f=60; // Frequency i n Hz .
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13 p=6; //Number o f p o l e s
o f the motor .

14 Rs =0.041; // S t a t o r r e s i s t a n c e
i n Ohm.

15 Rr_dash =0.044; // Rotor
r e s i s t a n c e i n Ohm.

16 Xs =0.29; // S t a t o r r e a c t a n c e
i n Ohm.

17 Xr_dash =0.044; // Rotor
r e a c t a n c e i n Ohm.

18 Xm=6.1; // Motor r e s i t a n c e
i n Ohm.

19 nm=0.9; // Rat io o f s t a t o r
to r o t o r windidng .

20 T=750; // Load t o rq u e i n N−
m.

21 N=1175; // Rated Motor speed
i n rpm .

22 N1 =1050; //Maximum runn ing
speed o f motor i n rpm .

23 Nm=800; //Minimum speed o f
motor i n rpm .

24 Vs=V/sqrt (3); // C a l c u l a t i n g phase
v o l t a g e .

25 w=2*%pi*f; // C a l c u l a t i n g
f r e q u e n c y i n rad / s e c .

26 ws=2*w/p; // C a l c u l a t i n g the
f r e q u e n c y per c y c l e .

27 wm=Nm*%pi /30; // C a l c u l a t i n g
mimimum motor speed i n rad / s .

28 //At speed N=800 rpm .
29 TL=T*(Nm/N)^2; // C a l c u l a t i n g l oad

t o rq u e at mimimum speed .
30 Id=(TL*ws)/(2.3394* Vs*nm); // C a l c u l a t i n g the

i n d u c t o r c u r r e n t .
31 R=(1-(wm/ws))*((2.3394* Vs*nm)/(Id));// C a l c u l a t i n g

the r e s i s t a n c e at minimum speed .
32 //At speed N=1050 rpm .
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33 TL1=T*(N1/N)^2; // C a l c u l a t i n g the
l oad t o r q ue .

34 Id1=(TL1*ws)/(2.3394* Vs*nm); // C a l c u l a t i n g the
i n d u c t o r c u r r e n t .

35 wm1=N1*%pi /30; // C a l c u l a t i n g the
runn ing speed i n rad / s e c .

36 k=1-((1-(wm1/ws))*((2.3394* Vs*nm)/(Id1*R)));//
C a l c u l a t i n g the duty c y c l e .

37 s=(ws-wm1)/ws; //
C a l c u l a t i n g the s l i p .

38 Vd =2.3394*s*Vs*nm; //
C a l c u l a t i n g the i n d u c t o r v o l t a g e .

39 P1=Vd*Id1; //
C a l c u l a t i n g the power l o s s .

40 Po=TL1*wm1; //
C a l c u l a t i n g the ouptut power .

41 Ir1=sqrt (2/3)*Id1*nm; //
C a l c u l a t i n g the rms s t a t o r c u r r e n t .

42 Psu =3*Rs*Ir1^2; //
C a l c u l a t i n g s t a t o r copper l o s s .

43 Pru =3* Rr_dash*Ir1^2; //
C a l c u l a t i n g r o t o r copper l o s s .

44 Pi=Po+P1+Pru+Psu; //
C a l c u l a t i n g input power .

45 eff=Po/Pi; //
C a l c u l a t i n g the e f f e c i e n c y .

46 Ir1_dash =0.7797* Id1*nm; //
C a l c u l a t i n g fundamenta l component o f r o t o r
c u r r e n t .

47 Im=Vs/Xm; //
C a l c u l a t i n g magne t i z i ng c u r r e n t .

48 Ii1=sqrt(Ir1_dash ^2+Im^2); //
C a l c u l a t i n g fundamenta l component o f i nput
c u r r e n t .

49 theta_m=-atand(Im/Ir1_dash);

// C a l c u l a t i n g power
f a c t o r a n g l e .

50 PF=cos(( theta_m)); //
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C a l c u l a t i n g the power f a c t o r .
51 printf(”\n\ t At N=800 rpm”);
52 printf(”\n\ t ( a ) . The l oad t o rq u e at 800 rpm TL i s %0

. 2 fN−m”,TL);
53 printf(”\n\ t The i n d u c t o r c u r r e n t Id i s %0 . 2 fA”,

Id);

54 printf(”\n\ t The r e s i t a n c e at minimum speed R i s
%0 . 4 f ”,R);

55 printf(”\n\ t At N=1050 rpm”);
56 printf(”\n\ t ( b ) . The l oad to r q u e TL i s %0 . 2 fN−m”,TL1)

;

57 printf(”\n\ t The i n d u c t o r c u r r e n t Id i s %0 . 1 fA”,
Id1);

58 printf(”\n\ t ( c ) . The duty c y c l e k i s %0 . 3 f ”,k);
59 printf(”\n\ t ( d ) . The s l i p s i s %0 . 3 f ”,s);
60 printf(”\n\ t The i n d u c t o r v o l t a g e Vd i s %0 . 1 fV”,

Vd);

61 printf(”\n\ t ( e ) . The power l o s s P1 i s %0 . 0 fW”,P1);
62 printf(”\n\ t The output power Po i s %0 . 0 fW”,Po);
63 printf(”\n\ t The rms r o t o r c u r r e n t o f s t a t o r I r 1

i s %0 . 1 fA”,Ir1);
64 printf(”\n\ t The r o t o r copper l o s s Pru i s %0 . 0 fW”

,Pru);

65 printf(”\n\ t The s a t o r copper l o s s Psu i s %0 . 0 fW”
,Psu);

66 printf(”\n\ t The input power Pi i s %0 . 0 fW”,Pi);
67 printf(”\n\ t The e f f e c i e n c y i s %0 . 0 f p e r c e n t a g e ”,

eff *100);

68 printf(”\n\ t ( f ) . The fundamenta l component o f r o t o r
c u r r e n t r e f f e r e d to s t a t o r I r 1 d a s h i s %0 . 2 fA”,
Ir1_dash);

69 printf(”\n\ t The magne t i z i ng c u r r e n t Im i s %0 . 2 fA
”,Im);

70 printf(”\n\ t The fundamenta l component o f the
input c u r r e n t I i 1 i s %0 . 0 fA”,Ii1);

71 printf(”\n\ t The PF a n g l e ang m i s %0 . 2 f d e g r e e ”,
theta_m);

72 printf(”\n\ t The power f a c t o r PF i s %0 . 3 f ( l a g g i n g
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) ”,PF);
73 //Some answers a r e changed due to round o f f e r r o r .

Scilab code Exa 15.4 Finding the Performance Parameters of a Static Kramer Drive

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 4
7 // F ind ing the Per formance Parameters o f a S t a t i c

Kramer Dr ive .
8

9 clc;

10 clear;

11 nc =0.40; // Turns r a t i o o f
c o n v e r t e r v o l t a g e .

12 TL=750; // Load t o rq u e i n N
−m.

13 N=1175; // Rated Speed i n
rpm .

14 N1 =1050; // Running speed o f
motor i n rpm .

15 V=460; // Three phase
supp ly v o l t a g e i n v o l t s .

16 f=60; // Frequency i n Hz .
17 Rs =0.041; // S t a t o r r e s i s t a n c e

i n Ohm.
18 Rr_dash =0.044; // Rotor

r e s i s t a n c e i n Ohm.
19 Xs =0.29; // S t a t o r r e a c t a n c e

i n Ohm.
20 Xr_dash =0.044; // Rotor

191



r e a c t a n c e i n Ohm.
21 Xm=6.1; // Motor r e s i t a n c e

i n Ohm.
22 nm=0.9; // Rat io o f s t a t o r

to r o t o r windidng .
23 p=6; //Number o f p o l e s

o f the motor .
24 Vs=V/sqrt (3); // C a l c u l a t i n g phase

v o l t a g e .
25 w=2*%pi*f; // C a l c u l a t i n g

f r e q u e n c y i n rad / s e c .
26 ws=2*w/p; // C a l c u l a t i n g the

f r e q u e n c y per c y c l e .
27 wm=N1*%pi /30; // C a l c u l a t i n g

mimimum motor speed i n rad / s .
28 s=(ws -wm)/ws; // C a l c u l a t i n g the

s l i p .
29 //At speed N=1050rpm ;
30 TL1=TL*(N1/N)^2; // C a l c u l a t i n g the

l oad t o r qu e .
31 Id1=(TL1*ws)/(2.3394* Vs*nm); // C a l c u l a t i n g the

i n d u c t o r c u r r e n t .
32 Vd1 =2.3394*s*Vs*nm; // C a l c u l a t i n g

i n d u c t o r v o l t a g e .
33 alp=acosd (((wm/ws) -1)*(nm/nc)); // C a l c u l a t i n g the

d e l a y a n g l e .
34 P1=Vd1*Id1; // C a l c u l a t i n g the

power f e e d b a c k .
35 Po=TL1*wm; // C a l c u l a t i n g the

output power .
36 Ir_dash=sqrt (2/3)*Id1*nm; // C a l c u l a t i n g

the rms r o t o r c u r r e n t r e f f e r d to s t a t o r .
37 Pru =3* Rr_dash*Ir_dash ^2; //

C a l c u l a t i n g r o t o r copper l o s s .
38 Psu =3*Rs*Ir_dash ^2; // C a l c u u l a t i n g

s t a t o r copper l o s s .
39 Pi=Po+Pru+Psu; // C a l c u l a t i n g input

power .
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40 eff=Po/Pi; // C a l c u l a t i n g the
e f f i c i e n c y .

41 Ir_dash1 =0.7798* Id1*nm; // C a l c u l a t i n g
fundamenta l component on r o t o r c u r r e n t due to
s t a t o r c u r r e n t .

42 Im=Vs/Xm; // C a l c u l a t i n g
magne t i z i ng c u r r e n t .

43 Ii1=sqrt(Ir_dash1 ^2+Im^2); // C a l c u l a t i n g
fundamenta l component o f i nput c u r r e n t .

44 ang_m=-atand(Im/Ir_dash1); //
C a l c u l a t i n g power f a c t o r a n g l e .

45 a1=Ii1*cos(ang_m);a2=Ii1*sin(ang_m);// Conver t ing to
p o l a r form .

46 Ii2=sqrt (2/3)*Id1*nc; // C a l c u l a t i n g the rms
c u r r e n t f e e d b a c k to supp ly .

47 b1=Ii2*cos(-alp);b2=Ii2*sin(-alp);disp(complex(b1,b2

))

48 Ii=complex(a1 ,a2)+complex(b1,b2);disp((Ii))

// C a l c u l a t i n g e f f e c t i v e
input c u r r e n t .

49 [c1 ,c2]= polar(Ii);c21=c2*180/ %pi; // Conver t ing to
p o l a r form .

50 PF=cos(c21); // C a l c u l a t i n g
power f a c t o r .

51 printf(”\n\ tThe s l i p s i s %0 . 3 f ”,s);
52 printf(”\n\ tThe l oad t o rq u e TL i s %0 . 2 fN−m”,TL1);
53 printf(”\n\ t ( a ) . The i n d u c t o r c u r r e n t Id i s %0 . 1 fA”,

Id1);

54 printf(”\n\ t ( b ) . The i n d u c t o r v o l t a g e Vd i s %0 . 1 fV”,
Vd1);

55 printf(”\n\ t ( c ) . The d e l a y a n g l e a l p i s %0 . 1 f ”,alp)
;

56 printf(”\n\ t ( d ) . The power f e e d b a c k P1 i s %0 . 0 fW”,P1)
;

57 printf(”\n\ t The output power Po i s %0 . 0 fW”,Po);
58 printf(”\n\ t The r o t o r c u r r e n t r e f e r r e d to s t a t o r

I r d a s h i s %0 . 1 fA”,Ir_dash);
59 printf(”\n\ t The r o t o r copper l o s s Pru i s %0 . 0 fW”
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,Pru);

60 printf(”\n\ t The s t a t o r copper l o s s Psu i s %0 . 0 fW
”,Psu);

61 printf(”\n\ t The t o t a l power Pi i s %0 . 0 fW”,Pi);
62 printf(”\n\ t The e f f i c i e n c y i s %0 . 0 f p e r c e n t a g e ”,

eff *100);

63 printf(”\n\ t ( e ) . The r o t o r c u r r e n t r e f f e r e d to s t a t o r
I r d a s h 1 i s %0 . 2 fA”,Ir_dash1);

64 printf(”\n\ t The magne t i z i ng c u r r e n t Im i s %0 . 2 fA
”,Im);

65 printf(”\n\ t The fundamenta l component o f i nput
c u r r e n t I i 1 i s %0 . 2 f %0 . 2 f ”,Ii1 ,ang_m);

66 printf(”\n\ t The rms c u r r e n t f e e d b a c k to supp ly
I i 2 i s %0 . 2 f %0 . 2 f ”,Ii2 ,-alp);

67 printf(”\n\ t The e f f e c t i v e c u r r e n t o f the d r i v e
I i i s %0 . 2 f %0 . 2 f ”,Ii ,c21);

68 printf(”\n\ t The input power power f a c t o r PF i s
%0 . 3 f ( l a g g i n g ) ”,PF);

69 //Some answers may be changed due to round−o f f e r r o r
.

Scilab code Exa 15.5 Finding the Performance Parameters of a Three Phase Induction Motor with Frequency Control

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 5
7 // F ind ing the Per formance Parameters o f a Three−

Phase I n d u c t i o n Motor with Frequency Cont ro l .
8

9 clc;

10 clear;
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11 Po =11.2; // Rated c a p a c i t y
o f the motor i n k i l o watt s .

12 N=1750; // Rated speed o f
the motor i n rpm .

13 V=460; // Rated v o l t a g e
o f the motor i n v o l t s .

14 f=60; // Rated f r e q u e n c y
i n Hz .

15 p=4; //Number o f p o l e s
o f motor .

16 Rr_dash =0.38; // Rotor
r e s i s t a n c e i n Ohm

17 Xs =1.14; // S t a t o r
r e a c t a n c e i n Ohm.

18 Xr_dash =1.71; // Rotor
r e a c t a n c e i n Ohm.

19 Xm =33.2; // Magnet i z ing
r e a c t a n c e i n Ohm.

20 Tm=35; // Breakdown
t o rq u e i n N−m.

21 Vs=V/sqrt (3); // C a l c u l a t i n g the
s u p l y v o l t a g e .

22 wb=2*%pi*f; // C a l c u l a t i n g
f r e q u e n c y i n rad / s e c .

23 Tmb=(Po *10^3) /(N*%pi /30); // C a l c u l a t i n g
r a t e d motor t o r q u e i n N−m.

24 bet=sqrt(Tmb/Tm); // C a l c u l a t i n g
the f r e q u e n c y .

25 ws=bet*wb; // C a l c u l a t i n g
f r e q u e n c y i n rad / s e c .

26 w=4*ws/2; // C a l c u l a t i n g the
supp ly f r e q u e n c y .

27 sm=( Rr_dash/bet)/(Xs+Xr_dash); //
C a l c u l a t i n g s l i p f o r maximum t o r q ue .

28 wm=ws*(1-sm); // C a l c u l a t i n g
runn ing speed o f motor .

29 printf(”\n\ t ( a ) . The f r e q u e n c y c o n s t a n t bet i s %0 . 3 f ”
,bet);
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30 printf(”\n\ t The f r e q u e n c y ws i s %0 . 2 f r a d / s ”,ws);
31 printf(”\n\ t The supp ly f r e q e n c y w i s %0 . 0 f r a d /

s e c = %0 . 2 fHz ”,w,w/(2* %pi));
32 printf(”\n\ t ( b ) . The s l i p f o r maximum to r q u e sm i s %0

. 3 f ”,sm);
33 printf(”\n\ t The motor speed wm i s %0 . 2 f r a d / s ”,wm

);

34 //Some answers may be changed due to round−o f f e r r o r
.

Scilab code Exa 15.6 Finding the Performance Parameters of a Three Phase Induction Motor with Voltage and Frequency Control

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 6
7 // F ind ing the Per formance Parameters o f a Three−

Phase I n d u c t i o n Motor with Vo l tage and Frequency
Cont ro l .

8

9 clc;

10 clear;

11 Po =11.2; // Rated c a p a c i t y
o f the motor i n k i l o watt s .

12 N=1750; // Rated speed o f
the motor i n rpm .

13 V=460; // Rated v o l t a g e
o f the motor i n v o l t s .

14 f1=60; // Rated f r e q u e n c y
i n Hz .

15 f2=30; // Frequency i n
rad / s e c .
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16 Rs =0.66; // S t a t o r
r e s i s t a n c e i n Ohm.

17 p=4; //Number o f p o l e s
o f motor .

18 Rr_dash =0.38; // Rotor
r e s i s t a n c e i n Ohm

19 Xs =1.14; // S t a t o r
r e a c t a n c e i n Ohm.

20 Xr_dash =1.71; // Rotor
r e a c t a n c e i n Ohm.

21 Xm =33.2; // Magnet i z ing
r e a c t a n c e i n Ohm.

22 Vs=V/sqrt (3); // C a l c u l a t i n g the
s u p l y v o l t a g e .

23 w=2*%pi*f1; // C a l c u l a t i n g
f r e q u e n c y i n rad / s e c .

24 wb=2*w/p; // C a l c u l a t i n g the
synchronous speed .

25 //At f r e q u e n c y f =60Hz ;
26 d=Vs/wb; // C a l c u l a t i n g

v o l t a g e to f r e q u e n c y r a t i o .
27 Va=d*wb; // C a l c u l a t i n g

motor runn ing v o l t a g e .
28 sm=Rr_dash/sqrt(Rs^2+(Xs+Xr_dash)^2); //

C a l c u l t i n g s l i p o f the motor .
29 wm=wb*(1-sm); // C a l c u l a t i n g the

motor speed .
30 Tm=(3*Vs^2) /(2*wb*(Rs+sqrt(Rs^2+(Xs+Xr_dash)^2)));//

C a l c u l a t i n g the maximum to r q u e .
31 //At f r e q u e n c y f =30Hz ;
32 ws1 =2*2* %pi *30/p; //

C a l c u l a t i n g f r e q u e n c y i n rad / s e c .
33 bet=f2/f1; //

C a l c u l a t i n g the f r e q u e n c y r a t i o .
34 Va1=d*ws1 // C l c u l a t i n g

motor v o l t a g e .
35 sm1=Rr_dash/sqrt(Rs^2+( bet ^2*(Xs+Xr_dash)^2)); //

C a l c u l t i n g s l i p o f the motor .
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36 wm1=ws1*(1-sm1); //
C a l c u l a t i n g the s p e e s

37 Tm1 =(3* Va1^2) /(2* ws1*(Rs+sqrt(Rs^2+( bet ^2*(Xs+

Xr_dash)^2))));// C a l c u l a t i n g the maximum t o r qu e .
38 //At f r e q u e n c y f =60Hz ;
39 sm2=Rr_dash /(Xs+Xr_dash);

// C a l c u l a t i n g the
s l i p .

40 wm2=wb*(1-sm2);

//
C a l c u l a t i n g motor speed .

41 Tm2 =((3* Va^2) /(2*wb*(Xs+Xr_dash)));

// C a l c u l a t i n g maximum t o r qu e .
42 //At f r e q u e n c y f =30Hz ;
43 sm3=( Rr_dash/bet)/(Xs+Xr_dash);

// C a l c u l a t i n g the s l i p .
44 wm3=ws1*(1-sm3);

// C a l c u l a t i n g the speed .
45 Tm3 =((3* Va^2) /(2*wb*(Xs+Xr_dash)));

// C a l c u l a t i n g maximum t o r qu e .
46 printf(”\n\ t ( a ) . At f r e q u e n c y f=%iHz”,f1);
47 printf(”\n\ t The f r e q u e n c y ws i s %0 . 1 f r a d / s e c ”,wb

);

48 printf(”\n\ t The v o l t a g e Va i s %0 . 2 fV”,Va);
49 printf(”\n\ t The s l i p sm i s %0 . 4 f ”,sm);
50 printf(”\n\ t The speed wm i s %0 . 2 f r a d / s e c ”,wm);
51 printf(”\n\ t The maximum t o r q u e Tm i s %0 . 2 fN−m”,

Tm);

52 printf(”\n\ t At f r e q u e n c y f=%iHz”,f2);
53 printf(”\n\ t The f r e q u e n c y ws i s %0 . 2 f r a d / s e c ”,

ws1);

54 printf(”\n\ t The v o l t a g e Va i s %0 . 2 fV”,Va1);
55 printf(”\n\ t The s l i p sm i s %0 . 4 f ”,sm1);
56 printf(”\n\ t The speed wm i s %0 . 2 f r a d / s e c ”,wm1);
57 printf(”\n\ t The maximum t o r q u e Tm i s %0 . 2 fN−m”,

Tm1);

58 printf(”\n\ t ( b ) . At f r e q u e n c y f=%iHz”,f1);
59 printf(”\n\ t The f r e q u e n c y ws i s %0 . 1 f r a d / s e c ”,wb
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);

60 printf(”\n\ t The v o l t a g e Va i s %0 . 2 fV”,Va);
61 printf(”\n\ t The s l i p sm i s %0 . 4 f ”,sm2);
62 printf(”\n\ t The speed wm i s %0 . 2 f r a d / s e c ”,wm2);
63 printf(”\n\ t The maximum t o r q u e Tm i s %0 . 2 fN−m”,

Tm2);

64 printf(”\n\ t At f r e q u e n c y f=%iHz”,f2);
65 printf(”\n\ t The f r e q u e n c y ws i s %0 . 1 f r a d / s e c ”,

ws1);

66 printf(”\n\ t The v o l t a g e Va i s %0 . 2 fV”,Va1);
67 printf(”\n\ t The s l i p sm i s %0 . 4 f ”,sm3);
68 printf(”\n\ t The speed wm i s %0 . 2 f r a d / s e c ”,wm3);
69 printf(”\n\ t The maximum t o r q u e Tm i s %0 . 2 fN−m”,

Tm3);

70 //Some answers may be changed due to round−o f f e r r o r
.

Scilab code Exa 15.7 Finding the Performance Parameters of a Three Phase Induction Motor with Current Control

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 7
7 // F ind ing the Per formance Parameters o f a Three−

Phase I n d u c t i o n Motor with Current Cont ro l .
8

9 clc;

10 clear;

11 Po =11.2; // Rated c a p a c i t y
o f the motor i n k i l o watt s .

12 N=1750; // Rated speed o f
the motor i n rpm .
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13 V=460; // Rated v o l t a g e
o f the motor i n v o l t s .

14 f1=60; // Rated f r e q u e n c y
i n Hz .

15 f2=40; // Supply
f r e q u e n c y i n Hz .

16 Rs =0.66; // S t a t o r
r e s i s t a n c e i n Ohm.

17 p=4; //Number o f p o l e s
o f motor .

18 Rr_dash =0.38; // Rotor
r e s i s t a n c e i n Ohm

19 Xs =1.14; // S t a t o r
r e a c t a n c e i n Ohm.

20 Xr_dash =1.71; // Rotor
r e a c t a n c e i n Ohm.

21 Xm =33.2; // Magnet i z ing
r e a c t a n c e i n Ohm.

22 Ii=20; // Input c u r r e n t
to the i n v e r t e r .

23 Td=55; // Deve loped
t o rq u e i n N−m.

24 Va_rated =460/ sqrt (3); // C a l c u l a t i n g the
r a t e d phase v o l t a g e .

25 w=2*%pi*f2; // C a l c u l a t i n g
supp ly f r e q u e n c y i n rad / s e c .

26 ws=2*w/p; // C a l c u l a t i n g
f r e q u e n c y .

27 Xs1=Xs*(f2/f1);Xr=Xr_dash *(f2/f1); // C a l c u l a t i n g
the r e a c t a n c e .

28 Xm1=Xm*(f2/f1); // C a l c u l a t i n g
magne t i z i ng r e a c t a n c e .

29 sm=Rr_dash/sqrt(Rs^2+( Xm1+Xr+Xs1)^2);// C a l c u l t i n g
s l i p o f the motor .

30 Tm=((3* Xm1 ^2) /(2*ws*(Xm1+Xr)))*Ii^2; // C a l c u l a t i n g
maximum t o rq u e .

31 // C a l c u l a t i n g the s l i p .
32 R=poly(0,”Rr”);
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33 RR=R^2 -83.74*R+578.04; // Equat ion
o b t a i n e d by s o l v i n g the Eq 1 5 . 9 2 .

34 Rr=roots(RR);a1=Rr(1,1);a2=Rr(2,1);

35 s1=Rr_dash/a1;s2=Rr_dash/a2; // C a l c u l a t i n g the
approx imate v a l u e s o f s l i p .

36 wm=ws*(1-s2); // C a l c u l a t i n g
the speed .

37 Ri=(Xm1 ^2*(Rs+( Rr_dash/s2)))/((Rs+( Rr_dash/s2))^2+(

Xm1+Xs1+Xr)^2);// C a l c u l a t i n g the input r e s i s t a n c e
.

38 Xi=(Xm1*((Rs+( Rr_dash/s2))^2+(( Xs1+Xr)*(Xm1+Xs1+Xr))

))/((Rs+( Rr_dash/s2))^2+( Xm1+Xs1+Xr)^2);//
C a l c u l a t i n g the input r e a c t a n c e .

39 theta_m=atan(Xi/Ri); //
C a l c u l a t i n g the a n g l e .

40 Zi=sqrt(Ri^2+Xi^2); // C a l c u l a t i n g
the input impedence .

41 Va=Zi*Ii; // C a l c u a t i n g the
input v o l t a g e .

42 PFm=cos(theta_m); //
C a l c u l a t i n g the power f a c t o r .

43 printf(”\n\ t ( a ) . The maximum s l i p sm i s %0 . 4 f ”,sm);
44 printf(”\n\ t The maximum t o r q u e Tm i s %0 . 2 fN−m”,

Tm);

45 printf(”\n\ t ( b ) . The s l i p s i s %00 . 5 f or %0 . 4 f ”,s1 ,s2
);

46 printf(”\n\ t The s l e c t e d v a l u e o f s l i p s i s %0 . 4 f
”,s2);

47 printf(”\n\ t ( c ) . The speed wm i s %0 . 2 f r a d / s e c ”,wm);
48 printf(”\n\ t ( d ) . The input r e s i s t a n c e Ri i s %0 . 2 f Ohm

”,Ri);
49 printf(”\n\ t The input r e a c t a n c e Xi i s %0 . 2 f Ohm”

,Xi);

50 printf(”\n\ t The a n g l e theta m i s %0 . 1 f ”,
theta_m *180/ %pi);

51 printf(”\n\ t The input impedence Z i i s %0 . 2 f Ohm”
,Zi);

52 printf(”\n\ t The input v o l t a g e Va i s %0 . 1 fV”,Va);
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53 printf(”\n\ t ( e ) . The power f a c t o r PFm i s %0 . 3 f (
l a g g i n g ) ”,PFm)

54 //Some answers a r e changed due to round o f f e r r o r .

Scilab code Exa 15.8 Finding the Relationship between the Dc Link Voltage and the Stator Frequency

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 8
7 // F ind ing the R e l a t i o n s h i p between the Dc−Link

Vo l tage and the S t a t o r Frequency .
8

9 clc;

10 clear;

11 HP=6; // Capac i ty o f the motor
i n hp .

12 VL=220; // Rated v o l t a g e o f motor
i n v o l t s .

13 f=60; // supp ly f r e q u e n c y i n Hz
.

14 PF =0.86; // Power f a c t o r .
15 eff_i =0.84; // Input e f f e c i e n c y .
16 Rs =0.28; // S t a t o r r e s i s t a n c e i n

Ohm.
17 Rr =0.17; // Rotor r e s i s t a n c e i n

Ohm.
18 Xm =24.3; // Magnet i z ing r e a c t a n c e

i n Ohm.
19 Xs =0.56; // S t a t o r r e a c t a n c e i n

Ohm.
20 Xr =0.83; // Rotor r e a c t a n c e i n Ohm
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.
21 w=2*%pi*f; // C a l c u l a t i n g f r e q u e n c y

i n rad / s e c .
22 Po=HP *746; // C a l c u l a t i n g c a p a c i t y

o f motor i n watt s
23 Vph=VL/sqrt (3); // C a l c u l a t i n g the phase

v o l t a g e .
24 wd=(Rr*w)/(Xs+Xr); // C a l c u l a t i n g the s l i p

speed .
25 Is=Po/(3* Vph*PF*eff_i); // C a l c u l a t i n g the

s t a t o r c u r r e n t .
26 Vo=Is*Rs; // C a l c u l a t i n g output

v o l t a g e .
27 Kvf=(Vph -Vo)/f; // C a l c u l a t i n g vo l t−

f r e q u e n c y c o n s t a n t .
28 Vdc=(Vo+(Kvf*f))/0.45; // C a l c u l a t i n g the dc

v o l t a g e .
29 printf(”\n\ t ( a ) . The s l i p speed wd i s %0 . 3 f r a d / s e c ”,

wd);

30 printf(”\n\ t ( b ) . The s t a t o r phase c u r r e n t I s i s %0 . 3
fA”,Is);

31 printf(”\n\ t The s t a t o r output v o l t a g e Vo i s %0 . 3
fV”,Vo);

32 printf(”\n\ t ( c ) . The vo l t−f r e q u e n c y c o n s t a n t Kvf i s
%0 . 3 fV/Hz”,Kvf);

33 printf(”\n\ t ( d ) . The dc v o l t a g e Vdc i s %0 . 2 fV”,Vdc);
34 //Some answers a r e changed due to r o u n d o f f e r r o r .

Scilab code Exa 15.9 Finding the Dimension Factors of the Control Variables

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
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5

6 // Example : 1 5 . 9
7 // F ind ing the Dimension F a c t o r s o f the Cont ro l

V a r i a b l e s .
8

9 clc;

10 clear;

11 HP=6; // Capac i ty o f the motor
i n hp .

12 N=1760; // Motor speed i n rpm .
13 Vcm =10; // Commutator v o l t a g e i n

v o l t s .
14 VL=220; // Rated v o l t a g e o f motor

i n v o l t s .
15 f=60; // supp ly f r e q u e n c y i n Hz

.
16 PF =0.86; // Power f a c t o r .
17 eff_i =0.84; // Input e f f e c i e n c y .
18 Rs =0.28; // S t a t o r r e s i s t a n c e i n

Ohm.
19 Rr =0.17; // Rotor r e s i s t a n c e i n

Ohm.
20 p=4; //Number o f p o l e s o f

motor .
21 w=2*%pi*f; // C a l c u l a t i n g f r e q u e n c y

i n rad / s e c .
22 wm=2*%pi*N/60; // C a l c u l a t i n g speed i n

rad / s e c .
23 wr=(p/2)*wm; // C a l c u l a t i n g the r o t o r

speed .
24 //The v a l u e s o f Kvf , Po , Vph , Vo , wr a r e taken from

Example 1 5 . 8 as ment ioned i n the t ex tbook .
25 wr_max=wr; // C a l c u l a t i n g the

maximum r o t o r speed .
26 Po=HP *746; // C a l c u l a t i n g c a p a c i t y

o f motor i n watt s .
27 Vph=VL/sqrt (3); // C a l c u l a t i n g the phase

v o l t a g e .
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28 Is=Po/(3* Vph*PF*eff_i); // C a l c u l a t i n g the
s t a t o r c u r r e n t .

29 Vo=Is*Rs; // C a l c u l a t i n g output
v o l t a g e .

30 Kvf=(Vph -Vo)/f; // C a l c u l a t i n g vo l t−
f r e q u e n c y c o n s t a n t .

31 k_star=Vcm/wr_max; // C a l c u l a t i n g the
p r o p o t i o n a l i t y c o n s t a n t .

32 Ktg=(p/2)*k_star; // C a l c u l a t i n g t o r q u e
c o n s t a n t .

33 Kf =1/(2* %pi*k_star); // C a l c u l a t i n g
f r e q u e n c y c o n s t a n t .

34 ws1=w/(2* %pi*Kf*k_star);

35 Vr =2.22*( Vo+(Kvf*Kf*k_star *(ws1)));// C a l c u l a t i n g the
r o t o r v o l t a g e .

36 printf(”\n\ t The speed o f the motor wm i s %0 . 2
f r a d / s e c ”,wm);

37 printf(”\n\ t The maximum r o t o r speed wr max i s %0
. 3 f r a d / s e c ”,wr_max);

38 printf(”\n\ t The r o t o r speed wr i s %0 . 3 f r a d / s e c ”,
wr);

39 printf(”\n\ t ( a ) . The v o l t a g e g e−f r e q u e n c y r a t i o Kvf i s
%0 . 3 fV/Hz”,Kvf);

40 printf(”\n\ t The p r o p o t i o n a l i t y c o n s t a n t K∗ i s %0
. 3 fV/ rad / s ”,k_star);

41 printf(”\n\ t The t o r q u e c o n s t a n t Ktg i s %0 . 3 fV/
rad / s ”,Ktg);

42 printf(”\n\ t The f r e q u e n c y c o n s t a n t Kf i s %0 . 0 fHz
/ rad / s ”,Kf);

43 printf(”\n\ t ( b ) . The r e c t i f i e r output v o l t a g e Vr i s
%0 . 3 fV”,Vr);

44 //Some answers g i v e n i n the book i s wrong .

Scilab code Exa 15.10 Finding the Rotor Flux Linkages
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1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Verps i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 1 0
7 // F ind ing the Rotor Flux L inkage s .
8

9 clc;

10 clear;

11 HP=6; // Rated c a p a c i t y o f
the motor i n Hp .

12 f=60; // Frequency i n Hz .
13 p=4; //Number o f p o l e s o f

the motor .
14 VL=220; // Rated v o l t a g e o f the

motor i n v o l t s .
15 Rs =0.28; // S t a t o r r e p s i s t a n c e

i n Ohm.
16 Rr =0.17; // Rotor r e p s i s t a n n c e

i n Ohm.
17 Lm=61; // Magnetz ing

i n d u c t a n c e i n m i l l i Henry .
18 Lr=56; // Rotor i n d u c t a n c e i n

m i l l i Henry .
19 Ls=53; // S t a t o r i n d u c t a n c e i n

m i l l i Henry .
20 J=0.01667; //Work done by the

motor i n Kg−mˆ 2 .
21 N=1800; // Rated spedd o f the

motor i n rpm .
22 Po =745.7* HP; // C a l c u l a t i n g c a p a c i t y

o f motor i n watt s .
23 w=2*%pi*f; // C a l c u l a t i n g

f r e q u e n c y i n rad / s e c .
24 wm=(2* %pi*N)/60; // C a l c u l a t i n g motor

speed i n rad / s e c .
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25 wr=(p/2)*wm; // C a l c u l a t i n g the
r o t o r speed .

26 wc_max=wr; // C a l c u l a t i n g maximum
r o t o r speed .

27 Vqs=(sqrt (2)*VL)/sqrt (3) // C a l c u l a t i n g the
s t a t o r v o l t a g e

28 Vds =0;ws1=0; // C a l c u l a t i n g the
s t a t o r v o l t a g e .

29 // C a l c u l a t i n g the s t a t o r c u r r e t ;
30 B=[Rs w*Ls*10^-3 0 w*Lm*10^ -3;

31 -w*Ls*10^-3 Rs -w*Lm*10^ -3 0;

32 0 ws1*Lm*10^-3 Rr ws1*Lr*10^ -3;

33 -ws1*Lm*10^ -3 0 -ws1*Lr*10^-3 Rr];

34 X=[Vqs; Vds; 0; 0;];

35 A=inv(B)*X;

36 iqs=A(1,1);ids=A(2,1);iqr=A(3,1);idr=A(4,1);

37 // C a l c u l a t i n g the s t a t o r f l u x l i n k a g e s ;
38 psi_qs =(Ls*10^ -3* iqs)+(Lm*10^ -3* iqr);

39 psi_ds =(Ls*10^ -3* ids)+(Lm*10^ -3* idr);

40 psi_s=sqrt(psi_qs ^2+ psi_ds ^2);

41 // C a l c u l a t i n g the r o t o r f l u x l i n k a g e s ;
42 psi_Qr =(Lr*10^ -3* iqr)+(Lm*10^ -3* iqs);// Answer g i v e n

i n the book i s wrong .
43 psi_dr =(Lr*10^ -3* idr)+(Lm*10^ -3* ids);

44 psi_r=sqrt(psi_Qr ^2+ psi_dr ^2);

45 // C a l c u l a t i n g the magne t i z i ng f l u x l i n k a g e s ;
46 psi_mq =(Lm*10^ -3)*(iqs+iqr);

47 psi_md =(Lm*10^ -3)*(ids+idr);

48 psi_m=sqrt(psi_mq ^2+ psi_md ^2);

49 If=sqrt(ids ^2+iqs^2); // C a l c u l a t i n g f l u x
produc ing s t a t o r c u r r e n t .

50 Td=(3*p/4) *(( psi_ds*iqs)-(psi_ds*ids));// C a l c u l a t i n g
the deve l oped t o r q u e .

51 Td1 =(3*p/4) *(((Lm*10^ -3) ^2*ids*iqs)/(Lr*10^ -3));//
C a l c u l a t i n g deve l oped t o rq u e .

52 Te=Po/wm; //
C a l c u l a t i n g the t o r q u e f o r output power .

53 Ke=(3*p/4)*(Lm/Lr); //
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C a l c u l a t i n g t o rq u e c o n s t a n t .
54 Ir=Te/(Ke*psi_r); //

C a l c u l a t i n g r o t o r c u r r e n t .
55 Is=sqrt(If^2+Ir^2); //

C a l c u l a t i n g s t a t o r c u r r e n t .
56 theta_T=atand(Is/If);

// C a l c u l a t i n g the t o r q u e a n g l e .
57 ws1=(Rr/(Lr*10^ -3))*(Is/If); //

C a l c u l a t i n g the s l i p speed .
58 Ks1=(Lm*10^ -3*Rr)/( psi_r*Lr*10^ -3); //

C a l c u l a t i n g s l i p ga in .
59 printf(”\n\ t ( a ) . Ths s t a t o r c u r r e n t s a r e ”);
60 printf(”\n\ t i q s = %0 . 3 fA\n\ t i d s = %0 . 3 fA\n\ t

i q r = %i\n\ t i d r = %i”,iqs ,ids ,iqr ,idr);
61 printf(”\n\ t The s t a t o r f l u x l i n k a g e s a r e ”);
62 printf(”\n\ t p s i q s = %0 . 3 fmWb−turn \n\ t p s i d s

= %0 . 3 fWb−turn \n\ t p s i s = %0 . 3 fWb−turn ”,
psi_qs *10^3, psi_ds ,psi_s);

63 printf(”\n\ t The r o t o r f l u x l i n k a g e s a r e ”);
64 printf(”\n\ t p s i q r = %0 . 3 fmWb−turn \n\ t p s i d r

= %0 . 3 fWb−turn \n\ t p s i r = %0 . 3 fWb−turn ”,
psi_Qr *10^3, psi_dr ,psi_r);

65 printf(”\n\ t The magne t i z i ng f l u x l i n k a g e s a r e ”);
66 printf(”\n\ t ps i mq = %0 . 3 fmWb−turn \n\ t ps i md

= %0 . 3 fWb−turn \n\ t ps i m = %0 . 3 fWb−turn ”,
psi_mq *10^3, psi_md ,psi_m);

67 printf(”\n\ t ( b ) . The f l u x produc ing s t a t o r c u r r e n t I f
i s %0 . 3 fA”,If);

68 printf(”\n\ t From Eq ( 1 5 . 1 3 2 ) g i v e s deve l oped
t o rq u e Td i s 0”);

69 printf(”\n\ t From Eq ( 1 5 . 1 4 9 ) the v a l u e o f
deve l oped t o r q u e Td i s %0 . 3 fN−m”,Td1);

70 printf(”\n\ t ( c ) . The t o rq u e needed to produce output
power Po , Te i s %0 . 3 fN−m”,Te);

71 printf(”\n\ t The t o r q u e c o n s t a n t Ke i s %0 . 3 f ”,Ke)
;

72 printf(”\n\ t The r o t o r c u r r e n t I r i s %0 . 3 fA”,Ir);
73 printf(”\n\ t The s t a t o r c u r r e n t I s i s %0 . 2 fA”,Is)
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;

74 printf(”\n\ t The t o r q u e a n g l e the ta T i s %0 . 2 f ”
,theta_T);

75 printf(”\n\ t ( d ) . The s l i p speed ws l i s %0 . 2 f r a d / s e c ”,
ws1);

76 printf(”\n\ t The s l i p ga ing Ks1 i s %0 . 3 f ”,Ks1);
77 //Some answers may change due to round−o f f e r r o r .

Scilab code Exa 15.11 Finding the Performance Parameters of a Cylindrical Rotor Synchronous Motor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 1 1
7 // F ind ing the Per formance Parameters o f a

C y l i n d r i c a l Rotor Synchronous Motor .
8

9 clc;

10 clear;

11 VL=460; // Rated v o l t a g e i n v o l t s .
12 f=60; // Frequency i n Hz .
13 p=6; //Number o f p o l e s o f the

motor .
14 Xs=2.5; // S t a t o r r e a c t a n c e i n Ohm

.
15 TL=398; // Load t o rq u e i n N−m.
16 N=1200; // Rated speed o f motor i n

rpm .
17 PF=1; // Power f a c t o r .
18 Nm=720; // Running speed o f the

motor .
19 fi=36; // I n v e r t e r f r e q u e n c y i n
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Hz .
20 Vs=VL/sqrt (3); // C a l c u l a t i n g the phase

v o l t a g e .
21 w=2*%pi*f; // C a l c u l a t i n g f r e q u e n c y

i n rad / s e c .
22 wm=2*w/p; // C a l c u l a t i n g speed i n

rad / s e c .
23 d=Vs/wm; // C a l c u l a t i n g v o l t a g e−

f r e q u e n c y c o n s t a n t .
24 TL1=TL*(Nm/N)^2; // C a l c u l a t i n g l oad t o r q u e

at 720 rpm .
25 ws=Nm*(%pi /30); // C a l c u l a t i n g speed i n

rad / s e c .
26 Po=TL1*ws; // C a l c u l a t i n g the output

power .
27 Va=d*ws; // C a l c u l a t i n g input

v o l t a g e .
28 Ia=Po/(3*Va*PF); // C a l c u l a t i n g input

c u r r e n t .
29 Vf=Va -((Ia *(1+0* %i))*(Xs*%i)); // C a l c u l a t i n g

e x c i t a t i o n v o l t a g e .
30 [a1 ,a2]= polar(Vf);a21=a2*180/ %pi;// Conver t ing i n t o

r e c t a n g u l a r form .
31 del=a21; // C a l c u l a t i n g

t o rq u e a n g l e .
32 Tp=(3*Vf*a1)/(Xs*ws); // C a l c u l a t i n g p u l l

out t o rq u e .
33 printf(”\n\ tThe l oad t o rq u e TL i s %0 . 2 fN−m”,TL1);
34 printf(”\n\ tThe output power Po i s %0 . 0 fW”,Po);
35 printf(”\n\ t ( a ) . The input v o l t a g e Va i s %0 . 2 fV”,Va);
36 printf(”\n\ t ( b ) . The input c u r r e n t Ia i s %0 . 1 fA”,Ia);
37 printf(”\n\ t ( c ) . The e x c i t a t i o n v o l t a g e Vf i s %0 . 2

f %0 . 2 f ”,a1 ,a21);
38 printf(”\n\ t ( d ) . The t o r q ue a n g l e d e l i s %0 . 2 f ”,del

);

39 printf(”\n\ t ( e ) . The p u l l out t o r q e Tp i s %0 . 2 fN−m”,
Tp);
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Scilab code Exa 15.12 Finding the Performance Parameters of a Reluctance Motor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 1 2
7 // F ind ing the Per formance Parameters o f a Re luc tance

Motor .
8

9 clc;

10 clear;

11 VL=230; // Rated v o l t a g e o f
the motor .

12 f=60; // Frequency i n Hz .
13 p=4; //Number o f p o l e s

o f the motor .
14 Xd =22.5; // Motor r e a c t a n c e

i n Ohm.
15 Xq=3.5; // Motor r e a c t a n c e

i n Ohm.
16 TL =12.5; // Load t o rq u e i n N

−m.
17 Va=VL/sqrt (3); // C a l c u l a t i n g

r a t e d phase v o l t a g e . S i n c e Va=Va rated=Vb
18 w=2*%pi*f; // C a l c u l a t i n g

f r e q u e n c y i n rad / s e c .
19 ws=2*w/p; // C a l c u l a t i n g

motor speed . S i n c e ws=wm.
20 del=asind ((TL*2*ws*Xd*Xq)/(3*Va^2*(Xd -Xq)))/2; //

C a l c u l a t i n g the t o rq u e a n g l e .
21 Po=TL*ws; //
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C a l c u l a t i n g output power .
22 a=Po/(3*Va);

23 theta_m=atand((Va -((3.5*a)/tand(del)))/(3.5*a)); //
C a l c u l a t i n g the l oad a n g l e .

24 Ia=Po/(3*Va*cosd(theta_m)); //
C a l c u l a t i n g the l oad c u r r e n t .

25 PF=cosd(theta_m); //
C a l c u l a t i n g the power f a c t o r .

26 printf(”\n\ t ( a ) . The to r q u e a n g l e d e l i s %0 . 2 f ”,del
);

27 printf(”\n\ t ( b ) . The output power Po i s %0 . 0 fW”,Po);
28 printf(”\n\ t The l oad a n g l e theta m i s %0 . 1 f ”,

theta_m);

29 printf(”\n\ t The l oad c u r r e n t Ia i s %0 . 1 fA”,Ia);
30 printf(”\n\ t ( c ) . The power f a c t o r PF i s %0 . 3 f ”,PF);

Scilab code Exa 15.13 Finding the Speed Control Parameters of a PMSM Drive System

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 1 3
7 // F ind ing the Speed Cont ro l Parameters o f a PMSM

Drive System .
8

9 clc;

10 clear;

11 VL=220; // Rated v o l t a g e i n v o l t s .
12 f=60; // Frequency i n Hz .
13 p=6; //Number o f p o l e s o f the

motor .
14 Rs=1.2; // S t a t o r r e s i s t a n c e i n
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Ohm.
15 Ld=5; // Induc tance i n m i l l i

Henry .
16 Lq=8.4; // Induc tance i n m i l l i

Henry .
17 psi_r =0.14; // Rotor f l u x l i n k a g e

i n Wb−t u r n s .
18 BT =0.01; // Torque i n N.mn/ rad / s .
19 J=0.006; //Work done by the motor

i n kg−mˆ 2 .
20 fc=2.5; // Conver t e r f r e q u e n c y i n

kHz .
21 Vcm =10; // Commutator v o l t a g e i n

v o l t s .
22 Hw =0.05; // Feedback o f speed

c o n t r o l l e r i n V/A.
23 Hc=0.8; // Feebback o f c u r r e n t

c o n t r o l l e r i n V/A.
24 Vdc =200; //Dc output v o l t a g e i n

v o l t s .
25 Vph=VL/sqrt (3); // C a l c u l a t i n g the phase

v o l t a g e .
26 Kin =0.65* Vdc/Vcm; // C a l c u l a t i n g i n v e r t e r

ga in .
27 Tin =1/(2* fc *10^3); // C a l c u l a t i n g t ime

c o n s t a n t .
28 s=poly(0,” s ”);
29 Gr_s=Kin /(1+s*Tin); // C a l c u l a t i n g i n v e r t e r

t r a n s f e r f u n c t i o n .
30 Ka=1/Rs; // C a l c u l a t i n g motor

e l e c t r i n c a l ga in .
31 Ta=Lq*10^ -3/Rs; // C a l c u l a t i n g motor t ime

c o n s t a n t .
32 Ga_s=Ka/(1+s*Ta); // C a l c u l a t i n g the motor

t r a n s f e r f u n c t i o n .
33 KT =(3/2) *(p/2)^2* psi_r; // C a l c u l a t i n g t o r q u e

c o n s t a n t o f induced emf .
34 Km=1/BT; // C a l c u l a t i n g mechan i ca l
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ga in .
35 Tm=J/BT; // C a l c u l a t i n g mechan i ca l

t ime c o n s t a n t .
36 Kb=KT*Km*psi_r; // C a l c u l a t i n g emf

f e e d b a c k c o n s t a n t .
37 Gb_s=Kb/(1+s*Tm); // C a l c u l a t i n g emf

f e e d b a c k t r a n s f e r f u n c t i o n .
38 Gm_s=(KT*Km)/(1+s*Tm); // C a l c u l a t i n g motor

mechan i ca l t r a n s f e r f u n c t i o n .
39 // C a l c u l a t i n g e l e c t r i c a l t ime c o n s t a n t s .
40 a=Tm*(Ta+Tin);

41 b=Tm+(Ka*Kin*Tm*Hc);

42 c=Ka*Kb;

43 T=a*s^2-b*s+c;T11=roots(T)

44 T1=1/T11(1,1);T2=1/ T11(2,1);

45 Tt=T1; // C a l c u l a t i n g cu r r en t−
l o op t ime c o n s t a n t .

46 Ki=(Tm*Kin)/(T2*Kb); // C a l c u l a t i n g cu r r en t−
l o op ga in .

47 Gts_s=Ki/(1+s*Tt); // C a l c u l a t i n g c r r e n t−l o op
t r a n s f e r f u n c t i o n .

48 Kg=(Ki*Km*KT*Hw)/Tm; // C a l c u l a t i n g speed
c o n t r o l l e r c o n s t a n t .

49 Tw =0.002; //The t ime c o n s t a n t i n
s e c .

50 Twi=Tw+Tt; // C a l c u l a t i n g t ime
c o n s t a n t .

51 Ts=6*Twi; // C a l c u l a t i n g t ime
c o n s t a n t .

52 Ks =4/(9* Kg*Twi); // C a l c u l a t i n g ga in
cons tant ,

53 Gs_s=(Ks/Ts)*((1+ Ts*s)/s); // C a l c u l a t i n g speed−l o op
t r a n s f e r f u n c t i o n .

54 Gw_s=Hw/(1+s*Tw); // C a l c u l a t i n g speed−l o op
t r a n s f e r f u n c t i o n .

55 printf(”\ n I n v e r t e r ga in Ktm i s %0 . 0 fV/V”,Kin);
56 printf(”\nTime c o n s t a n t Tin i s %0 . 1 fms ”,Tin *10^3);
57 disp(Gr_s ,”The i n v e r t e r t r a n s f e r f u n c t i o n Gr ( s ) i s ”
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);

58 printf(”\nMotor e l e c t r i c l g a in Ka i s %0 . 4 f s ”,Ka);
59 printf(”\nMotor t ime c o n s t a n t Ta i s %0 . 3 f s ”,Ta);
60 disp(Ga_s ,”The motor t r a n s f e r f u n c t i o n Ga( s ) i s ”);
61 printf(”\nTorque c o n s t a n t o f induced emf l oop i s %0

. 2 fN .m/A”,KT);
62 printf(”\ nMechan ica l ga in Km i s %0 . 0 f r a d / s /N.m”,Km);
63 printf(”\ nMechan ica l t ime c o n s t a n t Tm i s %0 . 1 f s ”,Tm)

;

64 printf(”\nEmf f e e d b a c k c o n s t a n t Kb i s %0 . 2 f ”,Kb);
65 disp(Gb_s ,”The emf f e e d b a c k t r a n s f e r f u n c t i o n Gb( s )

i s ”);
66 disp(Gm_s ,”The motor mechan i ca l t r a n s f e r f u n c t i o n Gm

( s ) i s ”);
67 disp(T,” E l e c t r i c a l t ime c o n s t a n t o f motor can be

s o l v e d from r o o t s o f f o l l o w i n g e q u a t i o n ”);
68 printf(”The e l c t r i c a l t ime c o n s t a n t s a r e \nT1 = %0 . 4

fms\nT2 = %0 . 4 fms ”,T1*10^3,T2 *10^3);
69 printf(”\nThe cu r r en t−l o op t ime c o n s t a n t Tt i s %0 . 4

fms ”,Tt *10^3);
70 printf(”\nThe c u r r e t−l o op ga in Ki i s %0 . 5 f ”,Ki);
71 disp(Gts_s ,”The cu r r en t−l o op t r a n s f e r f u n c t i o Gts ( s )

i s ”);
72 printf(”\nThe speed c o n t r o l l e r c o n s t a n t Kg i s %0 . 5 f ”

,Kg);

73 printf(”\nThe t ime c o n s t a n t Twi i s %0 . 4 fms ”,Twi
*10^3);

74 printf(”\nThe t ime c o n s t a n t Ts i s %0 . 2 fms ”,Ts *10^3);
75 printf(”\nThe ga in c o n s t a n t Ks i s %0 . 4 f ”,Ks);
76 disp(Gs_s ,”The speed l oop t r a n s f e r f u n c t i o n Gs ( s ) i s

”);
77 disp(Gw_s ,”The speed l oop t r a n s f e r f u n c t i o n Gw( s ) i s

”);
78 //Some answers may change due to round−o f f e r r o r .
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Scilab code Exa 15.14 Finding the Developed Power by the Linear Inductor Motor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 5 . 1 4
7 // F ind ing the Deve loped Power by the L i n e a r I n d u c t o r

Motor .
8

9 clc;

10 clear;

11 Lamda =0.5; // Po le p i t c h o f motor
i n metre .

12 f=60; // Supply f r e q u e n c y i n
Hz .

13 v=210; // Speed o f pr imary
s i d e i n Km/h .

14 Fa=120; // Thrust deve l oped i n
motor i n kN .

15 vm=v*10^3/3600; // C a l c u l a t i n g motor
speed .

16 Pd=Fa *10^3* vm; // C a l c u l a t i n g the
deve l oped power .

17 vs=2* Lamda*f; // C a l c u l a t i n g the
synchronous speed .

18 s=(vs -vm)/vm; // C a l c u l a t i n g the
s l i p i n speed .

19 Pcu=Fa *10^3*s*vs; // C a l c u l a t i n g the
copper l o s s .

20 printf(”\n\ t ( a ) . The motor speed vm i s %0 . 3 fm/ s ”,vm);
21 printf(”\n\ t ( b ) . The deve l oped power Pd i s %0 . 0fMW”,

Pd*10^ -6);

22 printf(”\n\ t ( c ) . The synchronous speed vs i s %0 . 0 fm/ s
”,vs);

23 printf(”\n\ t ( d ) . The s l i p s i s %0 . 3 f ”,s);
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24 printf(”\n\ tThe copper l o s s Pcu i s %0 . 0 fkW”,Pcu
*10^ -3);

25 //Some answers a r e changed due to r o u n d o f f e r r o r .
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Chapter 16

Introduction to Renewable
Energy

Scilab code Exa 16.1 Determining the Power Density and the Solar Efficiency

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 1
7 // Determin ing the Power Dens i ty and the S o l a r

E f f i c i e n c y .
8

9 clc;

10 clear;

11 theta =35; // Zen i th a n g l e i n
d e g r e e .

12 alp_dt =75; // Transmitance o f
a l l g a s e s i n p e r c e n t a g e .

13 bet_wa =5; // Water vapour
a b s o r b t i o n i n p e r c e n t a g e .

14 alp_p =85; // Transmi t tance o f
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a e r o s o l s i n p e r c e n t a g e .
15 sigma =3.5; // Standard

d e v i a t i o n o f s o l a r d i s t r i b u t i o n f u n c t i o n .
16 t=2; //Time i n hours .
17 rho_o =1353; //The

e x t r a t e r r e s t r i a l power d e n s i t y i n W/mˆ 2 .
18 rho_ir=rho_o*cosd(theta)*(( alp_dt /100) -(bet_wa /100))

*(alp_p /100);// C a l c u l a t i n g s o l a r power d e n s i t y .
19 eta_s=cosd(theta)*(( alp_dt /100) -(bet_wa /100))*( alp_p

/100);// C a l c u l a t i n g s o l a r e f f i c i e n c y .
20 rho_max=rho_o*cos (0)*(( alp_dt /100) -(bet_wa /100))*(

alp_p /100);// C a l c u l a t i n g maximum power d e n s i t y .
21 rho=rho_max *(exp((-t)/(2* sigma ^2))); //

C a l c u l a t i n g power d e n s i t y at t=2pm. / / Book answer
i s wrong .

22 printf(”\n\ t ( a ) . The s o l a r power d e n s i t y r h o i r i s %0
. 2 fW/mˆ2 ”,rho_ir);

23 printf(”\n\ t The s o l a r e f f i c i e n c y e t a s i s %0 . 2
f p e r c e n t a g e ”,eta_s *100);

24 printf(”\n\ t ( b ) . The maximum power d e n s i t y rho max i s
%0 . 2 fW/mˆ2 ”,rho_max);

25 printf(”\n\ t The power d e n s i t y at t=2pm, rho i s
%0 . 2 fW/mˆ2 ”,rho);// Book answer i s wrong .

26 //Some answers may change due to round−o f f e r r o r .

Scilab code Exa 16.2 Determining the Output Voltage and Power of a PV Cell

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 2
7 // Determin ing the Output Vo l tage and Power o f a PV
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C e l l .
8

9 clc;

10 clear;

11 Tem =30; // Temperature o f the PV
c e l l i n d e g r e e C e l s i u s .

12 Is=10; // Revese s a t u r a t i o n
c u r r e n t i n nano Ampere .

13 Ic=1.2; // S o l a r c u r r e n t i n ampere
.

14 k=273; // Abso lu t e t empera tu r e
c o n s t a n t i n k e l v i n

15 T=1.38*10^ -23; // Boltzman ’ s c o n s t a n t i n
J o u l e per k e l v i n .

16 q=1.602*10^ -19; // Charge o f a e l e c t r o n
i n Columb .

17 iL=0.6; // Load c u r r e n t i n ampere .
18 VT=(T*(k+Tem))/(q); // C a l c u l a t i n g the the rma l

v o l t a g e , Fro Eq 2 . 2 .
19 Vd=VT*log (((Ic-iL)/(Is*10^ -9))+1); // C a l c u l a t i n g

PV v o l t a g e .
20 // C a l c u l a t i n g the l oad v o l t a g e .
21 function a=f(Vmp)

22 a=((1+( Vmp/VT))*exp(Vmp/VT)) -(1+(Ic/(Is*10^ -9)))

23 endfunction

24 Vmp0 =0.4

25 Vmp=fsolve(Vmp0 ,f);

26 Imp=Ic -((Is*10^ -9)*(exp(Vmp/VT) -1));// C a l c u l a t i n g
l oad c u r r e n t . / / ( Book answer a r e wrong )

27 Pmax=Vmp*Imp; // C a l c u l a t i n g maximum
power .

28 RL=Vmp/Imp; // C a l c u l a t i n g l oad
r e s i s t a n c e .

29 printf(”\n\ tThe therma l v o l t a g e VT i s i s %0 . 0 fmV”,VT
*10^3);

30 printf(”\n\ t ( a ) . The PV v o l t a g e Vd i s %0 . 3 fV”,Vd);
31 printf(”\n\ t ( b ) . The v o l t a g e Vmp i s %0 . 3 fV”,Vmp);
32 printf(”\n\ t The l oad c u r r e n t Imp i s %0 . 3 fA”,Imp)
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;

33 printf(”\n\ t The maximum output power Pmax i s %0
. 3 fW”,Pmax);

34 printf(”\n\ t The l oad r e s i t a n c e RL i s %0 . 3 fOhm”,
RL);

35 // Book answers a r e wronng .
36 //Some answers a r e changed due to round−o f f e r r o r .

Scilab code Exa 16.3 Determining the Effects of Practical Model Parameters on Output Voltage and the Output Power of PV Cells

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 3
7 // Determin ing the E f f e c t s o f P r a c t i c a l Model

Parameters on Output Vo l tage and the Output Power
o f PV C e l l s .

8

9 clc;

10 clear;

11 Tem =30; // Temperature o f the PV
c e l l i n d e g r e e C e l s i u s .

12 Is=10; // Revese s a t u r a t i o n
c u r r e n t i n nano Ampere .

13 Ic=1.2; // S o l a r c u r r e n t i n ampere
.

14 iL=0.6; // Load c u r r e n t i n ampere .
15 Rs=20; // S e i e s r e s i s t a n c e i n

m i l l i Ohm.
16 Rp=2; // P a r a l l e l r e s i s t a n c e i n

K i l o Ohm.
17 k=273; // Abso lu t e t empera tu r e
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c o n s t a n t i n k e l v i n
18 T=1.38*10^ -23; // Boltzman ’ s c o n s t a n t i n

J o u l e per k e l v i n .
19 q=1.602*10^ -19; // Charge o f a e l e c t r o n

i n Columb .
20 VT=(T*(k+Tem))/(q); // C a l c u l a t i n g the the rma l

v o l t a g e , Fro Eq 2 . 2 .
21 // C a l c u l a t i n g the d i ode v o l t a g e .
22 function a=f(vd)

23 a=iL -Ic+(Is*10^ -9*( exp(vd/VT) -1))+(vd/(Rp *10^3))

24 endfunction

25 vd0 =0.4

26 Vd=fsolve(vd0 ,f);

27 VL=Vd -(Rs*10^ -3)*(Ic -(Is*10^ -9*( exp(Vd/VT) -1))-(Vd/(

Rp *10^3)));// C a l c u l a t i n g the l oad v o l t a g e .
28 PL=VL*iL; // C a l c u l a t i n g output l oad

power .
29 printf(”\n\ tThe Thermal v o l t a g e VT i s %0 . 0 fmV”,VT

*10^3);

30 printf(”\n\ t ( a ) . The v o l t a g e Vd i s %0 . 3 fV”,Vd);
31 printf(”\n\ t The l oad v o l t a g e VL i s %0 . 3 fA”,VL);
32 printf(”\n\ t The output power PL i s %0 . 3 fW”,PL);
33 //Some answers a r e changed due to round−o f f e r r o r .

Scilab code Exa 16.4 Determining the Voltage Current and Power at the MPPT Point

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 4
7 // Determin ing the Voltage , Current , and Power at the

MPPT Point .
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8

9 clc;

10 clear;

11 // Ip Vs Vp c h a r a c t e r i s t i c o f a Pv c e l l can be
d e s c r i b e d by below two segments .

12 Vp1=poly(0,”Vp”);Vp2=poly(0,”Vp”);
13 Ip1 = -0.01* Vp1 +1;Ip2= -3.5* Vp2 +2.8

14 // Constnt s o b t a i n e d from the g i v e n e q u a t i o n
15 C1=1;C2=2.8;

16 m1= -0.1;m2=-3.5;

17 Vp=(C2-C1)/(m1-m2); // C a l c u l a t i n g the
v o l t a g e Vp .

18 Ip=( -0.1*Vp)+1; // C a l c u l a t i n g the
c u r r e n t Ip .

19 Po=Vp*Ip; // C a l c u l a t i n g output
power .

20 printf(”\n\ tThe v o l t a g e Vp i s %0 . 3 fV”,Vp);
21 printf(”\n\ tThe c u r r e n t Ip i s %0 . 3 fA”,Ip);
22 printf(”\n\ tThe output power Po i s %0 . 3 fV”,Po);

Scilab code Exa 16.5 Determining the Power Density and the Available Power of a Wind Farm

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 5
7 // Determin ing the Power Dens i ty and the A v a i l a b l e

Power o f a Wind Farm .
8

9 clc;

10 clear;

11 T=30; // Air t empera tu r e i n d e g r e e .
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12 h=320; // E l e v a t i o n o f wind farm i n
metre .

13 r=12; // Length o f the b l ade i n
metre .

14 d=24; // Sweep d iamete r o f the
t u r b i n e i n meter .

15 v=10; // Speed o f the wind i n m/ s e c .
16 g=9.8; // Grav i ty c i n s t a n t i n m/ s ˆ 2 .
17 k=273; // Abso lu t e t empera tu r e

c o n s t a n t i n k e l v i n ;
18 Kg =29.3; // S p e c i f i c gas c o n s t a n t f o r

a i r .
19 Pat =353; // Standard a t m o s p e r i c

p e r s e u r e i n s ea l e v e l i n bar .
20 density =(Pat/(T+k))*(exp(-h/(Kg*(T+k))));//

C a l c u l a t i n g a i r d e n s i t y o f wind from Eq 1 6 . 4 2 .
21 rho =0.5* density *10^3; //

C a l c u l a t i n g wind d e n s i t y f rp ,m Eq 1 6 . 3 7 .
22 As=%pi*r^2; //

C a l c u l a t i n g swep a r ea p f b l ade from Eq 1 6 . 8 .
23 P_wind=As*rho; //

C a l c u l a t i n g the wind power from Eq 1 6 . 3 7 .
24 printf(”\n\ t ( a ) . The a i r d e n s i t y o f the wind i s %0 . 3

f kg /mˆ3 ”,density);
25 printf(”\n\ t ( b ) . The wind d e n s i t y p i s %0 . 2 fW/mˆ3 ”,

rho);

26 printf(”\n\ t ( c ) . The sweep a r ea o f the b l ade As i s %0
. 3 fmˆ2 ”,As);

27 printf(”\n\ t The wind power Pwind i s %0 . 1 fkw ”,
P_wind *10^ -3);

Scilab code Exa 16.6 Determining the Speed and the Turbine Speed and the Gear Ratio

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid
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2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 6
7 // Determin ing the Speed and the Turbine Speed and

the Gear Rat io .
8

9 clc;

10 clear;

11 Ng=870; // Generated speed i n
rpm .

12 va=6; //Wind speed i n m/ s e c .
13 TSR =8; // Speed r a t i o o f the

t u r b i n e .
14 d=12; // Sweep d iamete r o f

t u r b i n e i n meter .
15 r=d/2; // C a l c u l a t i n g the

r a d i u s o f the b l ade .
16 v_tip=TSR*va; // C a l c u l a t i n g the t i p

speed .
17 Nt=( v_tip /(2* %pi*r))*60; // C a l c u l a t i n g l owe r

speed o f the gea r .
18 GRt=Ng/Nt; // C a l c u l a t i n g the gea r

r a t i o
19 printf(”\n\ t ( a ) . The t i p speed Vtip i s %0 . 0 fm/ s ”,

v_tip);

20 printf(”\n\ t The low speed o f the gea r Nt i s %0 . 2
frpm ”,Nt);

21 printf(”\n\ t ( b ) . The gea r r a t i o GRt i s %0 . 2 f ”,GRt);

Scilab code Exa 16.7 Determining the Potential Energy in the Tidal Wave

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid
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2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 7
7 // Determin ing the P o t e n t i a l Energy i n the T ida l Wave

.
8

9 clc;

10 clear;

11 R=1; // Radius o f base o f the
l agoon i n km .

12 H_high =25; //The maximum h e i g h t o f
t i d e i n metre .

13 H_low =15; //The l o w e s t h e i g h t o f
t i d e i n metre .

14 g=9.807; // G r a v i t a t i o n a l c o n s t a n t
i n m/ s ˆ 2 .

15 Cp =0.35; // Power c o e f f i c i e n t o f
the b l ade .

16 eff_t =0.9; // E f f i c i e n c y o f the
t u r b i n e .

17 eff_g =0.95; // E f f i c i e n c y o f the
g e n e r a t o r .

18 rho =1000; // Dens i ty o f s e a water
i n kg //mˆ 3 .

19 del_H=(H_high -H_low)/2; // D i f f e r e n c e i n h e i g h t
o f the water .

20 vol =0.5* %pi*(R*10^3) ^2* del_H; // C a l c u l a t i n g the
t o t a l volume o f water .

21 PE=vol*g*rho*del_H; // C a l c u l a t i n g the
p o t e n t i a l ene rgy .

22 Eout=PE*Cp*eff_t*eff_g; //
C a l c u l a t i n g e l e c t r i c a l ene rgy o f t i d a l system .

23 printf(”\n\ t ( a ) . The change i n h e i g h t o f water de l H
i s %0 . 0 fm”,del_H);

24 printf(”\n\ t The t o t a l volume o f water v o l i s %0
. 3 emˆ2 ”,vol);
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25 printf(”\n\ t The p o t e n t i a l ene rgy i s %0 . 3 eJ ”,PE);
26 printf(”\n\ t The e l e c t r i c a l ene rgy o f the t i d a l

system Eout i s %0 . 3 eJ ”,Eout);

Scilab code Exa 16.8 Determining the Electrical Energy of a Small Hydroelectric and the Water Velocity

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 8
7 // Determin ing the E l e c t r i c a l Energy o f a Smal l

H y d r o e l e c t r i c and the Water V e l o c i t y .
8

9 clc;

10 clear;

11 f=100; // Rate o f p a s s a g e o f water
through pens to ck i n kg / s .

12 h=5; // He ight o f the r e s e r v o i r .
13 eff_p =0.95; // E f f i c i e n c y o f pen s to ck .
14 Cp =0.47; //The power c o e f f i c i e n t .
15 eff_t =0.85; // E f f i c i e n c y o f t u r b i n e .
16 eff_g =0.9; // E f f i c i e n c y o f g e n e r a t o r .
17 c=0.15; // Cost o f ene rgy i n d o l l a r

per Kwh .
18 t=30; //Time o f o p e r a t i o n o f

g e n e r a t o r i n days .
19 g=9.807; // Grav i ty c o n s t a n t .
20 Eg=f*g*h*t*24*Cp*eff_p*eff_t*eff_g;// C a l c u l a t i n g the

ene rgy g e n e r a t e r per month .
21 Inc=Eg*c*10^ -3; // C a l c u l a t i n g the aount o f

ene rgy c o s t .
22 m=f; // C a l c u l a t i n g the mass o f
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water f o r a f l o w o f 1 s e c .
23 PEp_in=m*g*h; // C a l c u l a t i n g the

p o t e n t i a l ene rgy o f pen s to ck .
24 KEp_out=eff_p*PEp_in; // C a l c u l a t i n g the

k i n e t i c ene rgy o f pen s to ck .
25 v=sqrt ((2* KEp_out)/m)

26 printf(”\n\ t ( a ) . The ene rgy g e n e r a t e d per month Eg i s
%0 . 3 eJ ”,Eg);

27 printf(”\n\ t The amount o f c o s t i s %0 . 3 f d o l l a r s ”,
Inc);

28 printf(”\n\ t ( b ) . The input p o t e n t i a l enegy o f
pen s to ck KEp−i n i s %0 . 3 fKg ”,PEp_in *10^ -3);

29 printf(”\n\ t The k i n e t i c ene rgy o f the pen s to ck
iKEp−out i s %0 . 3 fKJ”,KEp_out *10^ -3);

30 printf(”\n\ t The speed o f the water v i s %0 . 3 fm/ s
”,v);

Scilab code Exa 16.9 Determining the Output Voltage of a PAFC

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 9
7 // Determin ing the Output Vo l tage o f a PAFC.
8

9 clc;

10 clear;

11 q=1.602*10^ -19; // Charge o f one e l e c t o n .
12 NA =0.6002*10^24; // Avagadro ’ s number .
13 GH =237.13*10^3; // Gibbs f r e e ene rgy

c o n s t a n t .
14 Nm=100; //Number o f moles o f
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hydrogen .
15 qe=NA*q; // C a l c u l a t i n g the amount o f

cha rge i n mol o f e l e c t r o n
16 Ne=2*NA; // C a l c u l a t i n g no f o

e l e c t r o n i c s f o r 1 mol o f H2 .
17 qm=Ne*q; // C a l c u l a t i n g t o t a l cha rge

o f e k e c t r o n i n 1mol o f H2 .
18 Vc=GH/qm; // C a l c u l a t i n g output

v o l t a g e o f a s i n g l e FC .
19 Vo=Nm*Vc; // C a l c u l a t i n g the t o t a l

output v o l t a g e .
20 printf(”\n\ tThe amount o f cha rge i n mol o f e l e c t r o n s

qe i s %0 . 3 eC”,qe);
21 printf(”\n\ tThe number o f e l e c t r o n i c s f o r 1 mol o f

H2 Ne i s %0 . 1 e ”,Ne);
22 printf(”\n\ tThe t o t a l cha rge o f e l e c t r o n s i n 1 mol

o f H2 qm i s %0 . 3 eC”,qm);
23 printf(”\n\ tThe output v o l t a g e o f a s i n g l e FC, Vc i s

%0 . 3 fV”,Vc);
24 printf(”\n\ tThe output v o l t a g e Vo i s %0 . 1 fV”,Vo);

Scilab code Exa 16.10 Determining the Maximum Power of a Fuel Cell

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 6 . 1 0
7 // Determin ing the Maximum Power o f a Fue l C e l l .
8

9 clc;

10 clear;

11 // C a l c u l a t i n g the c u r r e n t .
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12 function a=f(t)

13 a=0.75 -(0.125* tan(t -1.2)) -(0.125*t*(1/( cos(t

-1.2))^2))

14 endfunction

15 t0=2;

16 Imp=fsolve(t0,f);

17 Vmp =0.75 -(0.125* tan(Imp -1.2));// C a l c u l a t i n g the
v o l t a g e

18 Pmax=Vmp*Imp; // C a l c u l a t i n g maximum
power .

19 printf(”\n\ tThe c u r r e n t o f the c e l l Imp i s %0 . 2 fA”,
Imp);

20 printf(”\n\ tThe v o l t a g e o f the c e l l Vmp i s %0 . 4 fV”,
Vmp);

21 printf(”\n\ tThe maximum power o f the c e l l Pmax i s %0
. 3 fW”,Pmax);
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Chapter 17

Protections of Devices and
Circuits

Scilab code Exa 17.1 Plot the Instantaneous Junction Temperature

1

2 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

3 // P u b l i s h e r : Pearson Educat ion .
4 // E d i t i o n : Fourth .
5 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
6

7 // Example : 1 7 . 1
8 // P lo t the I n s t a n t a n e o u s Jun c t i on Temperature
9

10 clc;

11 clear

12 P1=800; // Power i n wats .
13 P3 =1200; // Power i n watt s .
14 P5=600; // Power i n watt s .
15 t=1; //Time i n m i l l i s e c o n d s .
16 Z_td =0.035; // Temperature r i s e i n
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Figure 17.1: Plot the Instantaneous Junction Temperature
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d e g r e e c e l s i u s per watt s .
17 Z_te =0.025; // Temperature r i s e i n

d e g r e e c e l s i u s per watt s .
18 // C a l c u l a t i n g the j u n c t i o n t empera tu r e r i s e .
19 del_TJ_t1=Z_td*P1;

20 del_TJ_t2=del_TJ_t1 -(Z_te*P1);

21 del_TJ_t3=del_TJ_t2 +(Z_td*P3);

22 del_TJ_t4=del_TJ_t3 -(Z_te*P3);

23 del_TJ_t5=del_TJ_t4 +(Z_td*P5);

24 del_TJ_t6=del_TJ_t5 -(Z_te*P5);

25 printf(”\nThe j u n c t i o n t empera tu r e r i s e a r e ; ”);
26 printf(”\n\ t d e l T J ( t=1ms) = %0 . 0 f C ”,del_TJ_t1);
27 printf(”\n\ t d e l T J ( t =1.5ms) = %0 . 0 f C ”,del_TJ_t2);
28 printf(”\n\ t d e l T J ( t =2.5ms) = %0 . 0 f C ”,del_TJ_t3);
29 printf(”\n\ t d e l T J ( t=3ms) = %0 . 0 f C ”,del_TJ_t4);
30 printf(”\n\ t d e l T J ( t=4ms) = %0 . 0 f C ”,del_TJ_t5);
31 printf(”\n\ t d e l T J ( t =4.5ma) = %0 . 0 f C ”,del_TJ_t6);
32 // P l o t i n g the v a l u e s o f j u n c t i o n t empera tu r e r i s e .
33 t1=[0 1 1.5 2.5 3 4 4.5]; //

Time i n ms
34 del_TJ =[0 del_TJ_t1 del_TJ_t2 del_TJ_t3 del_TJ_t4

del_TJ_t5 del_TJ_t6 ]; // Ju nc t i o n t empera tu r e r i s e
i n C

35 subplot (1,1,1);

36 plot(t1,del_TJ);

37 xlabel(”Time ( t ) i n m i l l i s e c o n d s ”);
38 ylabel(” Temperature r i s e ( de l TJ ) i n d e g r e e C e l c i u s ”

);

39 title(” P lo t o f Junt i on Temperature r i s e with t ime ”);

Scilab code Exa 17.2 Calculating the Parameters of the Thermal Equivalent Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
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3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 7 . 2
7 // C a l c u l a t i n g the Parameters o f the Thermal

E q u i v a l e n t C i r c u i t .
8

9 clc;

10 clear;

11 d_foil =0.3; // T i c k n e s s o f the
f o i l i n mm.

12 Rth_kk =25; // Thermal r e s i s t a n c e
o f the heat s i n k i n K/W.

13 msk =2; // Mass o f heat s i n k
i n gram .

14 Ask =1; // S u r f a c e a r e o f TO
−220 package i n cm ˆ 2 ;

15 Acu =10; // S u r f a c e a r ea o f
d e v i c e ch ip i n mmˆ 2 .

16 mcu =1; //Amount o f copper
around pyramind stunp i n g

17 dcu =0.8; // Th i ckne s s o f
copper i n mm.

18 csk =0.95; // S p e c i f i c heat o f
aluminium m a t e r i a l i n J/gK .

19 Cth_kk=csk*msk; // C a l c u l a t i n g
c a p a c i t a n c e o f heat s i n k .

20 Lamda_th_foil =1.1; // Area c o n s t a n t
o f alminium i n W/mk .

21 Lamda_th =390; // Area c o n s t a n t
o f copper i n W/mk .

22 Rth_foil =( d_foil *10^ -3)/( Lamda_th_foil*Ask *10^ -4);

// C a l c u l a t i n g therma l r e s i s t a n c e o f f o i l .
23 Ccu =0.39; // Capc i t ance

c o n s t a n t o f copper i n J/ gk .
24 Cth7=Ccu*mcu; // C a l c u l a t i n g

therma l c a p a c i t a n c e o f ch ip .
25 Rth7=(dcu *10^ -3)/( Lamda_th*Acu *10^ -6); //
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C a l c u l a t i n g therma l c a p a c i t a n c e o f ch ip .
26 printf(”\n\ tThe therma l c a p a c i t a n c e o f the heat s i n k

Cth kk i s %0 . 1 f g ”,Cth_kk);
27 printf(”\n\ tThe therma l r e s i s t a n c e o f the f o i l

R t h f o i l i s %0 . 1 fK/W”,Rth_foil);
28 printf(”\n\ tThe therma l c a p a c i t a n c e o f the ch ip Cth7

i s %0 . 2 f J /K”,Cth7);
29 printf(”\n\ tThe therma l r e s i s t a n c e o f the ch ip i s %0

. 3 fK/W”,Rth7);

Scilab code Exa 17.3 Finding the Values of the Snubber Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 7 . 3
7 // F ind ing the Values o f the Snubber C i r c u i t .
8

9 clc;

10 clear;

11 IR=20; // Recovery c u r r e n t o f the
d i ode i n ampere .

12 L=50; // Induc tance i n micro
henry .

13 Vs=220; // Input v o l t a g e i n c o l t s .
14 Vp=1.5*Vs; // C a l c u l a t i n g peak

t r a n s i e n t v o l t a g e .
15 d0 =0.75; //Optimum c u r r e n t f a c t o r

from f i g ( 1 7 . 9 ) .
16 del_o =0.4; //Optimum damping

f a c t o r from f i g ( 1 7 . 9 ) .
17 C=(L)*(IR/(d0*Vs))^2; // C a l c u l a t i n g snubber
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c a p a c i t a n c e .
18 R=2* del_o*sqrt(L/C); // C a l c u l a t i n g snubber

r e s i s t a n c e .
19 wo =10^6/ sqrt(L*C); // C a l c u l a t i n g r e s o n a n t

f r e q u n c y .
20 dv =0.88* Vs*wo; // C a l c u l a t i n g the change

i n v o l t a g e .
21 v_t0=R*IR; // C a l c u l a t i n g i n t i a l

r e v e r s e v o l t a g e .
22 printf(”\n\ t ( a ) . The optimum c u r r e n t f a c t o r do i s %0

. 2 f ”,d0);
23 printf(”\n\ t ( b ) . The optimum damping f a c t o r d e l o i s

%0 . 1 f ”,del_o);
24 printf(”\n\ t ( c ) . The snubber c a p a c i t a n c e C i s %0 . 3

f F ”,C);
25 printf(”\n\ t ( d ) . The snubber r e s i s t a n c e R i s %0 . 1 f

”,R);
26 printf(”\n\ t ( e ) . The r e s o n a n t f r e q u e n c y wo i s %irad / s

”,wo);
27 printf(”\n\ t The change i n v o l t a g e dv/ dt i s %0 . 1

fV/ s ”,dv*10^ -6);
28 printf(”\n\ t ( f ) . The i n t i a l r e v e r s e v o l t a g e v ( t =0) i s

%0 . 0 fV”,v_t0);

Scilab code Exa 17.4 Finding the Peak Value the change in current and voltage Values of the Snubber Circuit

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 7 . 4
7 // F ind ing the Peak Value , the d i / dt , and the dv/ dt

Values o f the Snubber C i r c u i t .
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8

9 clc;

10 clear;

11 C=0.75; // Capc i t ance i n micro
f a r a d .

12 R=6.6; // R e s i s t a n c e i n Ohm.
13 Vs=220; // Supply v o l t a g e i n

v o l t s .
14 L=50; // Induc tance i n micro

henry .
15 alp=R/(2*L*10^ -6); // C a l c u l a t i n g damping

c o n s t a n t from Eq 1 7 . 1 3 .
16 wo =10^6/ sqrt(L*C); // C a l c u l a t i n g

undamped n a t u r a l f r e q u e n c y from Eq 1 7 . 1 4 .
17 del=(R/2)*sqrt(C/L); // C a l c u l a t i n g damping

r a t i o from Eq 1 7 . 1 5 .
18 w=wo*sqrt(1-del^2); // C a l c u l a t i n g

underdamped n a t u r a l f r e q u e n c y from Eq 1 7 . 1 6 .
19 t1=(%pi -(atan (((2* del)*(sqrt(1-del^2)))/(1 -(2* del^2)

))))/w;// C a l c u l a t i n g the i n t i a l t ime from Eq
1 7 . 3 3 .

20 Vp=Vs*(1+ exp(-alp*t1)); // C a l c u l a t i n g peak
v o l t a g e from Eq 1 7 . 3 2 .

21 dv_by_dt=Vs*(R/L); // C a l c u l a t i n g the
i n t i a l change i n v o l t a g e from Eq 1 7 . 2 8 .

22 tm=(atan((w*(w^2 -(3* alp^2)))/(alp *((3*w^2)-alp^2))))

/w;// C a l c u l a t i n g the maximum c i r c u i t t ime from Eq
1 7 . 3 4 .

23 dv_by_dt_max=Vs*sqrt(w^2+( alp^2))*(exp(-alp*tm));//
C a l c u l a t i n g maximum change i n v o l t a g e from Eq
1 7 . 3 5 .

24 printf(”\n\ t ( a ) . The damping c o n s t a n t a l p i s %0 . 0 f ”,
alp);

25 printf(”\n\ t The undamped n a t u r a l f r e q u e n c y wo i s
%0 . 0 f r a d / s ”,wo);

26 printf(”\n\ t The damping r a t i o d e l i s %0 . 3 f ”,del)
;

27 printf(”\n\ t The underdamped n a t u r a l f r e q u e n c y w
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i s %0 . 0 f r a d / s ”,w);// Answer o f underdamped n a t u r a l
f r e q u e n c y i s wrong .

28 printf(”\n\ t The i n i t i a l t ime t1 i s %0 . 2 f s ”,t1
*10^6);

29 printf(”\n\ t The peak v o l t a g e Vp i s %0 . 1 fV”,Vp);
30 printf(”\n\ t ( b ) . The i n i t i a l change i n v o l t a g e dv/ dt

i s %0 . 0 fV/ s ”,dv_by_dt);
31 printf(”\n\ t ( c ) . The maximum time tm i s %0 . 2 f s ”,tm

*10^6);

32 printf(”\n\ t The maximum dv/ dt i s %0 . 1 fV/ s ”,
dv_by_dt_max *10^ -6);

33 //Some answers a r e changed due to round−o f f e r r o r .

Scilab code Exa 17.5 Finding the Performance Parameters of Switching Transients

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 7 . 5
7 // F ind ing the Per formance Parameters o f S w i t c h i n g

T r a n s i e n t s .
8

9 clc;

10 clear;

11 Vs=120; // Secondary v o l t a g e i n
v o l t s .

12 Lm=2; // Secondary magne t i z i ng
i n d u c t a n c e i n m i l l i Henry .

13 f=60; // Frequency i n Hz .
14 theta =180; // Supply Angle at which

pr imary i s d i s c o n n e c t e d i n d e g r e e .
15 Vp=300; //Maximum t r a n s i e n t
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v o l t a g e .
16 Vm=sqrt (2)*Vs; // C a l c u l a t i n g phase

v o l t a g e .
17 w=2*%pi*f; // C a l c u l a t i n g f r e q u e n c y

i n rad / s e c .
18 Vc=Vm*sin(%pi); // C a l c u l a t i n g the

c a p a c i t o r v o l t a g e .
19 Io=(Vm/(w*Lm*10^ -3))*cosd(%pi); // C a l c u l a t i n g

the m a g e t i z i n g c u r r n e t .
20 C=Io*(Vm/(Vp^2*w)); // C a l c u l a t i n g the

r e q u i r e d c a p a c i t a n c e .
21 printf(”\n\ t ( a ) . The c a p a c i t o r v o l t a g e Vc i s %0 . 1 fV”,

Vc);

22 printf(”\n\ t ( b ) . The magne t i z i ng c u r r e n t Io i s %0 . 0 fA
”,Io);

23 printf(”\n\ t ( c ) . The r e q u i r e d c a p a c i t a n c e C i s %0 . 1
f F ”,C*10^6);

24 // Answeres a r e changed due to round o f f e r r o r .

Scilab code Exa 17.6 Selecting a Fast Acting Fuse for Protecting a Thyristor

1 // Power E l e c t r o n i c s Dev ices , C i r c u i t s , and
A p p l i c a t i o n s . By M.H. Rashid

2 // P u b l i s h e r : Pearson Educat ion .
3 // E d i t i o n : Fourth .
4 // S c i l a b Ve r s i on : 6 . 0 . 2 ; OS : Windows .
5

6 // Example : 1 7 . 6
7 // S e l e c t i n g a Fast−Act ing Fuse f o r P r o t e c t i n g a

T h y r i s t o r .
8

9 clc;

10 clear;

11 Vs=240; // Input v o l t a g e i n v o l t s .
12 f=60; // Frequency i n Hz .
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13 Ia=400; // Average t h y r i s t o r c u r r e n t
i n ampere .

14 IT_av =540; // Rated ave rage c u r r e n t o f
t h y r i s t o r i n ampere .

15 IT_rms =850; // Rated rms c u r r e n t o f
t h y r i s t o r i n ampere .

16 P=300; // Power r a t i n g o f t h y r i s t o r
at kAˆ2 s .

17 t=8.33; // Operat ing t i n e o f
t h y r i s t o r i n m i l l i s e cond .

18 it =4650; //R
19 Itsm =10; //
20 I=540; // Current r a t i n g o f f u s e i n

ampere .
21 Imax =8500; //Maximum f u s e c u r r e n t i n

ampere .
22 Pt=280; // Power r a t i n g o f f u s e i n

KAˆ 2 .
23 tc=8; // Tota l c l e a r i n g t ime i n

m i l l i s e cond .
24 L=0.07; // Induc tance i n m i l l i Henry

.
25 Isc=Vs/(2* %pi*f*L*10^ -3);// C a l c u l a t i n g the s h o r t

c i r c u i t c u r r e n t .
26 printf(”\n\ tThe s h o r t c i r c u i t c u r r e n t I s c i s %0 . 0 fA”

,Isc);

27 //Some answere s a r e changed due to round o f f e r r o r .
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