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Chapter 1

ELECTROMECHANICAL
FUNDAMENTALS

Scilab code Exa 1.1 calculate average voltage

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 t = 50e-3; // t = time i n m i l l i s e cond
13 phi = 8 * 10 ^ 6; // ph i = uni fo rm magnet i c f i e l d i n

maxwel l s
14

15 // C a l c u l a t i o n s
16 E_av = (phi / t) * 10 ^ -8; // E av = ave rage

v o l t a g e g e n e r a t e d i n the conduc to r
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17 // i n v o l t
18

19 // D i s p l ay the r e s u l t
20 disp(” Example 1−1 S o l u t i o n : ”);
21 disp(” Average v o l t a g e g e n e r a t e d i n the conduc to r i s

: ”);
22 printf(” E av = %. 2 f V”, E_av);

Scilab code Exa 1.2 calculate e and E

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 l = 18; // l = l e n g t h o f the conduc to r i n i n c h e s
13 B = 50000; // B = uni fo rm magnet i c f i e l d i n l i n e s / sq

−i n c h e s
14 d = 720; // d = d i s t a n c e t r a v e l l e d by conduc to r i n

i n c h e s
15 t = 1; // t =time taken f o r the conduc to r to move

i n second
16

17 // C a l c u l a t i o n s
18 v = d/t; // v = v e l o c i t y i n i n c h e s / second with which

the conduc to r moves
19

20 // pa r t a
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21 e = B * l * v * 10 ^ -8; // e = i n s t a n t a n e o u s
induced EMF i n v o l t

22 // pa r t b
23 A = d * l; // Area swept by the conduc to r w h i l e

moving
24 phi = B * A; // ph i = uni fo rm magnet i c f i e l d
25 E = ( phi / t ) * 10 ^ -8; // E = ave rage induced

EMF
26

27 // D i s p l ay the r e s u l t
28 disp(” Example 1−2 S o l u t i o n : ”);
29

30 printf(” \n a : e = %. 2 f V ”, e);

31 printf(” \n b : E = %. 2 f V ”, E);

Scilab code Exa 1.3 calculate E

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 l = 18; // l = l e n g t h o f the conduc to r i n i n c h e s
13 B = 50000; // B = uni fo rm magnet i c f i e l d i n l i n e s / sq

−i n c h e s
14 d = 720; // d = d i s t a n c e t r a v e l l e d by conduc to r i n

i n c h e s
15 t = 1; // t =time taken f o r the conduc to r to move
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i n s econd
16 theta = 75 // t h e t a = a n g l e between the motion o f

the conduc to r and f i e l d
17 // i n r a d i a n s
18

19 // C a l c u l a t i o n s
20 v = d/t; // v = v e l o c i t y i n i n c h e s / second with which

the conduc to r moves
21

22 E = B * l * v * 10 ^ -8 * sind(theta); // E =
Average induced EMF i n v o l t

23

24 // D i s p l ay the r e s u l t
25 disp(” Example 1−3 S o l u t i o n : ”);
26

27 disp(” Average induced EMF i n v o l t i s : ”)
28 printf(” E = %. 2 f V ”, E);

Scilab code Exa 1.4 calculate E for different theta

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 v = 1.5; // v = v e l o c i t y i n m/ s with which the

conduc to r i s moving
13 l = 0.4; // l = l e n g t h o f the conduc to r
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14 B = 1; // B = uni fo rm f i e l d i n t e n s i t y i n t e s l a
15 theta_a = 90; // t h e t a a = a n g l e between the motion

o f the conduc to r and f i e l d
16 theta_b = 35; // t h e t a b = a n g l e between the motion

o f the conduc to r and f i e l d
17 theta_c = 120; // t h e t a c = a n g l e between the motion

o f the conduc to r and f i e l d
18

19 // C a l c u l a t i o n s
20 E_a = B * l * v * sind(theta_a); // Vo l tage induced

i n the conduc to r f o r t h e t a a
21 E_b = B * l * v * sind(theta_b); // Vo l tage induced

i n the conduc to r f o r t h e t a b
22 E_c = B * l * v * sind(theta_c); // Vo l tage induced

i n the conduc to r f o r t h e t a c
23

24 // D i s p l ay the r e s u l t
25 disp(” Example 1−1 S o l u t i o n : ”);
26

27 printf(”\n a : E = %. 2 f V ”, E_a);

28 printf(”\n b : E = %. 3 f V ”, E_b);

29 printf(”\n c : E = %. 2 f V ”, E_c);

Scilab code Exa 1.5 calculate Eperpath Eg Ia Ra Vt P

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

15



10

11 // Given data
12 no_of_conductors = 40;

13 A = 2; // A = P a r a l l e l paths
14 path = A;

15 flux_per_pole = 6.48 * 10 ^ 8; // f l u x l i n e s
16 S = 30; // S = Speed o f the pr ime mover i n rpm
17 R_per_path = 0.01; // R e s i s t a n c e per path
18 I = 10; // Current c a r r i e d by each condutco r
19 P = 2; // No . o f p o l e s
20

21 // C a l c u l a t i o n s
22 total_flux = P * flux_per_pole; // Tota l f l u x l i n k e d

i n one r e v o l u t i o n
23 t = ( 1 / 30 ) * ( 60 ); // t ime f o r one r e v o l u t i o n
24

25 e_av_per_conductor = ( total_flux / t ) * 10^-8; //
Average v o l t a g e g e n e r a t e d

26 // per conduc to r
27 E_path = ( e_av_per_conductor ) * ( no_of_conductors

/ path ); // Average
28 // v o l t a g e g e n e r a t e d per path
29

30 E_g = E_path; // Generated armature v o l t a g e
31

32 I_a =( I / path ) * ( 2 * path ); // Armature
c u r r e n t d e l i v e r e d to an e x t e r n a l

33 // l oad
34

35 R_a = ( R_per_path) / path * 20; // Armature
r e s i s t a n c e

36

37 V_t = E_g - I_a * R_a; // Terminal v o l t a g e o f
g e n e r a t o r

38

39 P = V_t * I_a; // Genrator power r a t i n g
40

41 // D i s p l ay the r e s u l t s
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42 disp(” Example 1−5 S o l u t i o n ”);
43

44 printf(” \n a : E/ path = %. 2 f V/ path ”, E_path );

45 printf(” \n b : Eg = %. 2 f V ”, E_g );

46 printf(” \n c : I a = %. 2 f A ”, I_a );

47 printf(” \n d : Ra = %. 2 f ohm ”, R_a );

48 printf(” \n e : Vt = %. 2 f V ”, V_t );

49 printf(” \n f : P = %. 2 f W ”, P );

Scilab code Exa 1.6 repeated previous eg with 4poles

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 no_of_conductors = 40;

13 I = 10; // Current c a r r i e d by each condutco r
14 R_per_path = 0.01; // R e s i s t a n c e per path
15 flux_per_pole = 6.48 * 10 ^ 8; // f l u x l i n e s
16 P = 2; // No . o f p o l e s
17 path = 4; // No . o f p a r a l l e l paths
18 total_flux = P * flux_per_pole; // Tota l f l u x l i n k e d

i n one r e v o l u t i o n
19 t = 2; // t ime f o r one r e v o l u t i o n
20 e_av_per_conductor = 6.48; // Average v o l t a g e

g e n e r a t e d per conduc to r
21
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22 // C a l c u l a t i o n s
23 E_path = ( e_av_per_conductor ) * ( no_of_conductors

/ path ); // Average
24 // v o l t a g e g e n e r a t e d per path
25

26 E_g = E_path; // Generated armature v o l t a g e
27

28 I_a =( I / path ) * ( 4 * path ); // Armature
c u r r e n t d e l i v e r e d to an e x t e r n a l

29 // l oad
30

31 R_a = ( ( R_per_path) / path ) * 10; // Armature
r e s i s t a n c e

32

33 V_t = E_g - I_a * R_a; // Terminal v o l t a g e o f
g e n e r a t o r

34

35 P = V_t * I_a; // Genrator power r a t i n g
36

37 // D i s p l ay the r e s u l t s
38 disp(” Example 1−6 S o l u t i o n ”);
39

40 printf(” \n a : E/ path = %. 2 f V/ path ”, E_path );

41 printf(” \n b : Eg = %. 2 f V ”, E_g );

42 printf(” \n c : I a = %. 2 f A ”, I_a );

43 printf(” \n d : Ra = %. 3 f ohm ”, R_a );

44 printf(” \n e : Vt = %. 2 f V ”, V_t );

45 printf(” \n f : P = %. 2 f W ”, P );

Scilab code Exa 1.7 calculate Eav per coil and per coilside

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
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5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 N = 1; // no . o f t u r n s
13 phi = 6.48 * 10 ^ 8; // Magnet ic f l u x i n l i n e s
14 s = 30 / 60; // No . o f r e v o l u t i o n o f the c o i l pe r

second ( r e f e r s e c t i o n 1−14)
15

16 // C a l c u l a t i o n s
17 E_av_per_coil = 4 * phi * N * s * 10 ^ -8; //

ave rage v o l t a g e per c o i l
18 // f o r above e q u a t i o n r e f e r s e c t i o n 1−14
19

20 E_av_per_coil_side = E_av_per_coil * ( 1 / 2); //
ave rage v o l t a g e per conduc to r

21

22 // D i s p l ay the r e s u l t s
23 disp(” Example 1−7 S o l u t i o n : ”)
24 printf(” \n Eav/ c o i l = % . 2 f V/ c o i l ”, E_av_per_coil

);

25 printf(” \n Eav/ c o i l s i d e = % . 2 f V/ conduc to r ”,
E_av_per_coil_side);

Scilab code Exa 1.8 verify previous eg with phi in webers

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−8
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 phi_lines = 6.48 * 10 ^ 8; // magnet i c f l u x i n l i n e s
13 N = 1; // no . o f t u r n s
14

15 // C a l c u l a t i o n s
16 phi = phi_lines * 10 ^ -8; // Magnet ic f l u x i n weber
17

18 omega = ( 30 ) * ( 2 * %pi ) * ( 1 / 60 ); //
a n g u l a r v e l o c i t y i n rad / s

19

20 E_av_per_coil = 0.63662 * omega * phi * N; //
ave rage v o l t a g e per c o i l

21 // f o r the above fo rmu la r e f e r s e c t i o n 1−14 eqn (1−4
b )

22

23 // D i s p l ay the r e s u l t
24 disp(” Example 1−8 S o l u t i o n : ”);
25 printf(”\n Eav/ c o i l = % 0 . 2 f V/ c o i l ”,

E_av_per_coil);

Scilab code Exa 1.9 verify eg1 5b with eq1 5a

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−9
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8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 2; // No . o f p o l e s
13 Z = 40; // no o f c o n d u c t o r s
14 a = 2; // a = P a r a l l e l paths
15 phi = 6.48 * 10 ^ 8; // magnet i c f l u x
16 S = 30; // Speed o f the prime mover
17

18 // C a l c u l a t i o n s
19 E_g = ( ( phi * Z * S * P ) / ( 60 * a) ) * 10 ^ -8;

// ave rage v o l t a g e between
20 // the b r u s h e s
21

22 // D i s p l ay the r e s u l t
23 disp(” Example 1−9 S o l u t i o n : ”);
24 printf(”\n Eg = %. 2 f V between the b r u s h e s ”, E_g);

Scilab code Exa 1.10 calculate Z and Eg

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 no_of_coils = 40;
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13 N = 20; // no o f t u r n s i n each c o i l
14 omega = 200; // a n g u l a r v e l o c i t y o f armature i n rad /

s
15 phi = 5 * 10 ^ -3; // f l u x per p o l e
16 a = 4; // No . o f p a r a l l e l paths
17 P = 4; // No . o f p o l e s
18

19 // C a l c u l a t i o n s
20 Z = no_of_coils * 2 * N; // No . o f c o n d u c t o r s
21

22 E_g = ( phi * Z * omega * P ) / ( 2 * %pi * a ); //
Vo l tage g e n e r a t e d by the

23 // armature between b r u s h e s
24

25 // D i s p l ay the r e s u l t s
26 disp(” Example 1−10 S o l u t i o n : ”);
27 printf(”\n Z = % d c o n d u c t o r s ”, Z);

28 printf(”\n Eg = % . 2 f V between the b r u s h e s ”, E_g);

Scilab code Exa 1.11 calculate F and find its direction

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−11
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 l = 0.5; // l e n g t h o f the conduc to r
13 A = 0.1 * 0.2; // a r ea o f the p o l e f a c e
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14 phi = 0.5 * 10 ^ -3; // magnet i c f l u x i n weber
15 I = 10; // Current i n the conduc to r
16

17 // C a l c u l a t i o n s
18 B = ( phi ) / ( A ); // Flux d e n s i t y
19

20 F = B * I * l; // Magnitude o f f o r c e
21

22 // D i s p l ay the r e s u l t
23 disp(” Example 1−11 S o l u t i o n : ”);
24

25 printf(”\n a : F = % . 3 f N”, F );

26

27 printf(”\n b : The f o r c e on the conduc to r i s % . 3 f N
i n an upward d i r e c t i o n as shown i n f i g 1−13c ”,

F );

Scilab code Exa 1.12 repeat previous eg with angle 75

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−12
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 l = 0.5; // l e n g t h o f the conduc to r
13 A = 0.1 * 0.2; // a r ea o f the p o l e f a c e
14 phi = 0.5 * 10 ^ -3; // magnet i c f l u x i n weber
15 I = 10; // Current i n the conduc to r
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16 theta = 75; // a n g l e between the conduc to r and the
f l u x d e n s i t y B

17

18 // C a l c u l a t i o n s
19 B = ( phi ) / ( A ); // Flux d e n s i t y
20

21 F = B * I * l * sind(theta); // Magnitude o f f o r c e
22

23 // D i s p l ay the r e s u l t
24 disp(” Example 1−12 S o l u t i o n : ”);
25

26 printf(”\n F =% f N i n a v e r t i c a l l y upward d i r e c t i o n
”, F );

Scilab code Exa 1.13 calculate counter emf

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−13
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 R_a = 0.25; // Armature r e s i s t a n c e
13 V_a = 125; // dc bus v o l t a g e
14 I_a = 60; // Armature c u r r e n t
15

16 // C a l c u l a t i o n s
17 E_c = V_a - I_a * R_a; // Counter EMF g e n e r a t e d i n

the armature c o n d u c t o r s o f motor
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18

19 // D i s p l ay the r e s u l t
20 disp(” Example 1−13 S o l u t i o n : ”);
21 printf(”\n Ec = % d V ”, E_c );

Scilab code Exa 1.14 calculate Eg phi in linesperpole and mWb

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 : E l e c t r o m e c h a n i c a l Fundamentals
7 // Example 1−13
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_a = 110; // v o l t a g e a c r o s s armature
13 I_a = 60; // Armature c u r r e n t
14 R_a = 0.25; // Armature r e s i s t a n c e
15 P = 6; // No . o f p o l e s
16 a = 12; // No . o f paths
17 Z = 720; // No . o f armature c o n d u c t o r s
18 S = 1800; // Speed i n rpm
19

20 // C a l c u l a t i o n s
21 E_g = V_a + I_a * R_a; // Generated EMF i n the

armature
22

23 phi_lines = ( E_g * ( 60 * a ) ) / ( ( Z * S * P ) *

10 ^ -8 );

24 // Flux per p o l e i n l i n e s
25
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26 phi_Wb = phi_lines * 10 ^ -8; // Flux per p o l e i n
webers

27

28 // D i s p l ay the r e s u l t s
29 disp(” Example 1−14 S o l u t i o n : ”);
30

31 printf(”\n a : Eg = %d V ”, E_g );

32

33 printf(”\n b : ph i = %f l i n e s / p o l e ”, phi_lines );

34

35 printf(”\n c : ph i = %f Wb ”, phi_Wb );
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Chapter 2

DYNAMO CONSTRUCTION
AND WINDINGS

Scilab code Exa 2.1 calculate a for lap and wave windings

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 2 : Dynamo C o n s t r u c t i o n and Windings
7 // Example 2−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 m = 3; // M u l t i p i c i t y o f the armature
13 P = 14; // No . o f p o l e s
14

15 // C a l c u l a t i o n s
16 a_lap = m * P; // No . o f p a r a l l e l paths i n the

armature f o r a l a p wind ing
17 a_wave = 2 * m; // No . o f p a r a l l e l paths i n the
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armature f o r a wave wind ing
18

19 // D i s p l ay the r e s u l t
20 disp(” Example 2−1 S o l u t i o n : ”);
21

22 printf(”\n a : a = %d paths ”, a_lap);

23 printf(”\n b : a = %d paths ”, a_wave);

Scilab code Exa 2.2 calculate generated emf

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 2 : Dynamo C o n s t r u c t i o n and Windings
7 // Example 2−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 14; // No . o f p o l e s
13 phi = 4.2e6; // Flux per p o l e
14 S = 60; // Generator speed
15 coils = 420; // No . o f c o i l s
16 turns_per_coil = 20;

17 conductors_per_turn = 2;

18 a_lap = 42; // No . o f p a r a l l e l paths i n the armature
f o r a l ap wind ing

19 a_wave = 6; // No . o f p a r a l l e l paths i n the armature
f o r a wave winding

20

21 // C a l c u l a t i o n s
22 Z = coils * turns_per_coil * conductors_per_turn; //
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No . o f c o n d u c t o r s
23 E_g_lap = (( phi * Z * S * P ) / ( 60 * a_lap )) *

10 ^ -8; // Generated EMF f o r
24 // l a p wind ing ( Eq 1−5a )
25 E_g_wave = ( phi * Z * S * P ) / ( 60 * a_wave ) *

10 ^ -8; // Generated EMF f o r
26 // wave winding ( Eq 1−5a )
27

28 // D i s p l ay the r e s u l t
29 disp(” Example 2−2 S o l u t i o n : ”);
30

31 printf(”\n a : Eg = %0 . 1 f V ”, E_g_lap);

32 printf(”\n b : Eg = %0 . 1 f V ”, E_g_wave);

Scilab code Exa 2.3 calculate polespan p kp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 2 : Dynamo C o n s t r u c t i o n and Windings
7 // Example 2−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 slots = 72; // No . o f s l o t s
13 P = 4; // No . o f p o l e s
14 coils_spanned = 14; // 14 s l o t s a r e spanned w h i l e

wind ing the c o i l s
15

16 // C a l c u l a t i o n s
17 Pole_span = slots / P; // Po le span
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18 p_not = coils_spanned / Pole_span * 180; // Span o f
the c o i l i n

19 // e l e c t r i c a l d e g r e e s
20 funcprot (0) ; // Use to avo id t h i s message ” Warning

: r e d e f i n i n g f u n c t i o n : beta ”
21 beta = (180 - p_not);

22 k_p1 = cosd( beta / 2 ); // P i t ch f a c t o r u s i n g eq
(2−7)

23 k_p2 = sind( p_not / 2 ); // P i t ch f a c t o r u s i n g eq
(2−8)

24

25 // D i s p l ay the r e s u l t s
26 disp(” Example 2−3 S o l u t i o n : ”)
27 printf(” \n a : Fu l l−p i t c h c o i l span = %d s l o t s / p o l e

”, Pole_span );

28 printf(” \n b : p = %d d e g r e e s ”, p_not );

29 printf(” \n c : kp = %. 2 f \ t \ t eq (2−7) ”, k_p1 );

30 printf(” \n d : kp = %. 2 f \ t \ t eq (2−8) ”, k_p2 );

Scilab code Exa 2.4 calculate kp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 2 : Dynamo C o n s t r u c t i o n and Windings
7 // Example 2−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 fractional_pitch = 13 / 16;

13 slot =96; // No . o f s l o t s
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14 P = 6; // No . o f p o l e s
15

16 // C a l c u l a t i o n
17 k_p = sind( ( fractional_pitch * 180 ) / 2 ); //

P i t ch f a c t o r
18

19 // D i s p l ay the r e s u l t
20 disp(” Example 2−4 S o l u t i o n : ”)
21 printf(”\n kp = %. 4 f ”, k_p );

Scilab code Exa 2.5 find alpha n theta

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 2 : Dynamo C o n s t r u c t i o n and Windings
7 // Example 2−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 12; // No . o f p o l e s
13 theta = 360; // No . o f mechan i ca l d e g r e e s o f

r o t a t i o n
14 alpha_b = 180; // No . o f e l e c t r i c a l d e g r e e s f o r

f i n d i n g c a s e b i n the q u e s t i o n
15

16 // C a l c u l a t i o n s
17 alpha = ( P * theta ) / 2; // No . o f e l e c t r i c a l

d e g r e e s i n one r e v o l u t i o n
18 n = alpha / 360; // No . o f ac c y c l e s
19 theta_b = ( 2 * alpha_b ) / P; // No . o f mechan i ca l
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d e g r e e s o f r o t a t i o n
20 // f o r f i n d i n g c a s e b i n the q u e s t i o n
21

22 // D i s p l ay the r e s u l t s
23 disp(” Example 2−5 S o l u t i o n : ”)
24 printf(”\n a : a lpha = %d d e g r e e s ”, alpha);

25 printf(”\n n = %d c y c l e s ”, n);

26 printf(”\n b : t h e t a = %d mechan i ca l d e g r e e s ”,
theta_b );

Scilab code Exa 2.6 find n alpha kd for different number of slots

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 2 : Dynamo C o n s t r u c t i o n and Windings
7 // Example 2−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 4; // No . o f p o l e s
13 phi = 3; // No . o f phase s
14 slots_ (1) = 12; // No . o f s l o t s f o r c a s e 1
15 slots_ (2) = 24; // No . o f s l o t s f o r c a s e 2
16 slots_ (3) = 48; // No . o f s l o t s f o r c a s e 3
17 slots_ (4) = 84; // No . o f s l o t s f o r c a s e 4
18

19 // C a l c u l a t i o n s
20 electrical_degrees = 180 * 4;

21 i=1; // where i i s c a s e s u b s c r i p t . eg case1 , case2 ,
e t c
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22

23 while i<=4

24 alpha_(i) = electrical_degrees / slots_(i); //
e l e c t r i c a l d e g r e e s

25 // per s l o t s f o r c a s e i
26 n_(i) = slots_(i) / ( P * phi ); // No . o f ac

c y c l e s f o r c a s e 1
27 k_d(i) = sind( n_(i)*( alpha_(i) / 2 ) ) / ( n_(

i) * sind( alpha_(i) / 2));

28 i=i+1;

29 end;

30

31 // D i s p l ay the r e s u l t s
32 disp(” Example 2−6 S o l u t i o n : ”)
33 printf(”\n a : ”);
34 i=1; // where i i s c a s e s u b s c r i p t . eg case1 , case2 ,

e t c
35

36 while i<=4

37 printf(”\n \ t %d : a lpha = %. 2 f d e g r e e s / s l o t ”
, i , alpha_(i) );

38 printf(”\n\ t n = %d s l o t s / po le−phase ”,
n_(i) );

39 printf(”\n\ t kd = %. 3 f ”, k_d(i));

40 printf(”\n”);
41 i=i+1;

42 end;

43

44 printf(”\n\n\n b : ”);
45 printf(”\n \ t \ t n \ t a lpha i n d e g r e e s \ t \ t kd ”);
46 printf(”\n \ t

” );

47 i=1;

48

49 while i<=4

50 printf(”\n \ t \ t %d \ t %. 2 f \ t \ t \ t \t% . 3 f ”, n_(i

) , alpha_(i) , k_d(i) );
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51 i = i +1;

52 end;

53 printf(”\n \ t

” );

Scilab code Exa 2.7 calculate Eg Np kd kp Egp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 2 : Dynamo C o n s t r u c t i o n and Windings
7 // Example 2−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 slots = 72; // No . o f s l o t s
13 P = 6; // No . o f p o l e s
14 phase =3; // t h r e e phase s t a t o r armature
15 N_c = 20; // Number o f t u r n s per c o i l
16 pitch = 5 / 6;

17 phi = 4.8e+6; // f l u x per p o l e i n l i n e s
18 S = 1200; // Rotor speed
19

20 // C a l c u l a t i o n s
21 f = ( P * S )/ 120; // Frequency o f r o t o r
22

23 E_g_percoil = 4.44 * phi * N_c * f *10 ^ -8; //
Generated e f f e c t i v e v o l t a g e

24 // per c o i l o f a f u l l p i t c h c o i l
25
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26 N_p = ( slots / phase ) * N_c; // Tota l number o f
t u r n s per phase

27

28 n = slots / ( phase * P ); // No . os s l o t s per p o l e
per phase

29

30 alpha = ( P * 180 ) / slots; // No . o f e l e c t r i c a l
d e g r e e s between a d j a c e n t s l o t s

31

32 k_d = sind( n * alpha / 2 ) / ( n * sind( alpha / 2

) ); // D i s t r i b u t i o n f a c t o r
33

34 span = pitch * 180; // Span o f the c o i l i n
e l e c t r i c a l d e g r e e s

35

36 k_p = sind( span / 2 ); // P i t ch f a c t o r
37

38 E_gp = 4.44 * phi * N_p * f * k_p * k_d * 10 ^ -8;

// Tota l g e n e r a t e d v o l t a g e
39 // per phase c o n s i d e r i n g kp and kd
40

41 // D i s p l ay the r e s u l t
42 disp(” Example 2−7 S o l u t i o n : ”)
43 printf(”\n a : Eg/ c o i l = %. 2 f V/ c o i l ”, E_g_percoil );

44 printf(”\n b : Np = %d t u r n s / phase ”, N_p );

45 printf(”\n c : kd = %. 3 f ”, k_d );

46 printf(”\n d : kp = %. 3 f ”, k_p );

47 printf(”\n e : Egp = %. 2 f V/ phase ”, E_gp );

Scilab code Exa 2.8 calculate f S omega

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
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5

6 // Chapter 2 : Dynamo C o n s t r u c t i o n and Windings
7 // Example 2−8
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 8; // No . o f p o l e s
13 S = 900; // Speed i n r e v o l u t i o n s / minute
14 f_1 = 50; // Frequency o f g e n e r a t e d v o l t a g e from

g e n e r a t o r 1
15 f_2 = 25; // Frequency o f g e n e r a t e d v o l t a g e from

g e n e r a t o r 2
16

17 // C a l c u l a t i o n s
18 f = ( P * S ) / 120; // Frequency o f the g e n e r a t e d

v o l t a g e
19 S_1 = ( 120 * f_1 ) / P; // Speed o f g e n e r a t o r ( rpm )

1 to g e n e r a t e 50 Hz v o l t a g e
20 S_2 = ( 120 * f_2 ) / P; // Speed o f g e n e r a t o r ( rpm )

2 to g e n e r a t e 25 Hz v o l t a g e
21 omega_1 = ( 4 * %pi * f_1 ) / P; // Speed o f

g e n e r a t o r 1 i n rad / s
22 omega_2 = ( 4 * %pi * f_2 ) / P; // Speed o f

g e n e r a t o r 2 i n rad / s
23

24 // D i s p l ay the r e s u l t
25 disp(” Example 2−8 S o l u t i o n : ”)
26 printf(”\n a : f = %d Hz ”, f );

27 printf(”\n b : S1 = %d rpm \n S2 = %d rpm ”, S_1 ,

S_2 );

28 printf(”\n c : omega1 = %f rad / s \n omega2 = %f
rad / s ”, omega_1 , omega_2 );
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Chapter 3

DC DYNAMO VOLTAGE
RELATIONS DC
GENERATORS

Scilab code Exa 3.1 calculate I1 If Ia Eg

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kW = 150; // Power r a t i n g o f Shunt g e n e r a t o r i n kW
13 V_1 = 250; // Vo l tage r a t i n g o f Shunt g e n e r a t o r i n V
14 V_a = V_1; // Vo l tage r a t i n g o f Shunt g e n e r a t o r i n V
15 R_f = 50; // F i e l d r e s i s t a n c e i n ohm
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16 R_a = 0.05; // Armature r e s i s t a n c e i n ohm
17

18 // C a l c u l a t i o n s
19 I_1 = ( kW * 1000 ) / V_1; // Fu l l−l o ad l i n e c u r r e n t

f l o w i n g to the l oad i n A
20 I_f = V_1 / R_f; // F i e l d c u r r e n t i n A
21 I_a = I_f + I_1; // Armature c u r r e n t i n A
22 E_g = V_a + I_a * R_a; // F u l l l o ad g e n e r a t e d

v o l t a g e i n V
23

24 // D i s p l ay the r e s u l t s
25 disp(” Example 3−1 S o l u t i o n : ”)
26 printf(”\n a : I 1 = %d A ”, I_1 );

27 printf(”\n b : I f = %d A ”, I_f );

28 printf(”\n c : I a = %d A ”, I_a );

29 printf(”\n d : Eg = %. 2 f A ”, E_g );

Scilab code Exa 3.2 calculate Rd Eg

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kW =100; // Power r a t i n g o f the g e n e r a t o r i n kW
13 V_1 = 500; // Vo l tage r a t i n g o f hte g e n e r a t o r i n V
14 R_a = 0.03; // Armature r e s i s t a n c e i n ohm
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15 R_f = 125; // Shunt f i e l d r e s i s t a n c e i n ohm
16 R_s = 0.01; // S e r i e s f i e l d r e s i s t a n c e i n ohm
17 I_d = 54; // D i v e r t e r c u r r e n t i n A
18

19 // C a l c u l a t i o n s
20 I_1 = ( kW * 1000 ) / V_1; // Fu l l−l o ad l i n e c u r r e n t

f l o w i n g to the l oad i n A
21 I_f = V_1 / R_f; // Shunt F i e l d c u r r e n t i n A
22 I_a = I_f + I_1; // Armature c u r r e n t i n A
23 I_s = I_a - I_d; // S e r i e s F i e l d c u r r e n t i n A
24 R_d = ( I_s * R_s ) / I_d; // D i v e r t e r r e s i s t a n c e i n

ohm
25 E_g = V_1 + I_a * R_a + I_s * R_s; // Generated

v o l t a g e at f u l l l o ad i n V
26

27 // D i s p l ay the r e s u l t s
28 disp(” Example 3−2 S o l u t i o n : ”)
29 printf(”\n a : Rd = %. 4 f ohm ”, R_d );

30 printf(”\n b : Eg = %. 2 f V ”, E_g );

Scilab code Exa 3.3 calculate Vnoload

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
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12 E_orig = 150; // Armature v o l t a g e o f the g e n e r a t o r
i n V

13 S_orig = 1800; // Speed o f the g e n e r a t o r i n rpm
14 S_final_a =2000; // I n c r e a s e d Speed o f the g e n e r a t o r

i n rpm f o r c a s e a
15 S_final_b =1600; // I n c r e a s e d Speed o f the g e n e r a t o r

i n rpm f o r c a s e b
16

17 // C a l c u l a t i o n s
18 E_final_a = E_orig * ( S_final_a / S_orig ); // No−

l o ad v o l t a g e o f the g e n e r a t o r
19 // g e n e r a t o r i n V f o r c a s e a
20 E_final_b = E_orig * ( S_final_b / S_orig ); // No−

l o ad v o l t a g e o f the g e n e r a t o r
21 // g e n e r a t o r i n V f o r c a s e b
22

23 // D i s p l ay the r e s u l t s
24 disp(” Example 3−3 S o l u t i o n : ”)
25 printf(”\n a : E f i n a l = %. 1 f V ”, E_final_a );

26 printf(”\n b : E f i n a l = %. 1 f V ”, E_final_b );

Scilab code Exa 3.4 calculate E

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10
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11 // Given data
12 S_final = 1200; // Speed o f th g e n e r a t o r i n rpm
13 E_orig_a = 64.3; // Armature v o l t a g e o f the

g e n e r a t o r i n V f o r c a s e a
14 E_orig_b = 82.9; // Armature v o l t a g e o f the

g e n e r a t o r i n V f o r c a s e b
15 E_orig_c = 162.3; // Armature v o l t a g e o f the

g e n e r a t o r i n V f o r c a s e c
16

17 S_orig_a = 1205; // Var i ed Speed o f the g e n e r a t o r i n
rpm f o r c a s e a

18 S_orig_b = 1194; // Var i ed Speed o f the g e n e r a t o r i n
rpm f o r c a s e b

19 S_orig_c = 1202; // Var i ed Speed o f the g e n e r a t o r i n
rpm f o r c a s e c

20

21 // C a l c u l a t i o n s
22 E_1 = E_orig_a * ( S_final / S_orig_a ); // No− l o ad

v o l t a g e o f the g e n e r a t o r
23 // g e n e r a t o r i n V f o r c a s e a
24 E_2 = E_orig_b * ( S_final / S_orig_b ); // No− l o ad

v o l t a g e o f the g e n e r a t o r
25 // g e n e r a t o r i n V f o r c a s e b
26 E_3 = E_orig_c * ( S_final / S_orig_c ); // No− l o ad

v o l t a g e o f the g e n e r a t o r
27 // g e n e r a t o r i n V f o r c a s e c
28

29 // D i s p l ay the r e s u l t s
30 disp(” Example 3−4 S o l u t i o n : ”)
31 printf(”\n a : E1 = %. 1 f V at %d rpm ”, E_1 , S_final

);

32 printf(”\n b : E2 = %. 1 f V at %d rpm ”, E_2 , S_final

);

33 printf(”\n c : E3 = %. 1 f V at %d rpm ”, E_3 , S_final

);
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Scilab code Exa 3.5 calculate Ia Eg

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 125; // Rated v o l t a g e o f the shunt g e n e r a t o r i n

V
13 R_a = 0.15; // Armature r e s i s t a n c e i n ohm
14 V_a = 0; // Shunt g e n e r a t o r i s l oaded p r o g r e s s i v e l y

u n t i l the t e r m i n a l v o l t a g e
15 // a c r o s s the l oad i s z e r o v o l t
16 I_1 = 96; // Load c u r r e n t i n A
17 I_f = 4; // F i e l d c u r r e n t i n A
18

19 // C a l c u l a t i o n s
20 I_a = I_f + I_1; // Armature c u r r e n t i n A
21 E_g = V_a + I_a * R_a ; // Vo l tage g e n e r a t e d i n the

armature i n V
22

23 // D i s p l ay the r e s u l t s
24 disp(” Example 3−5 S o l u t i o n : ”)
25 printf(”\n Ia = %d A ”, I_a );

26 printf(”\n Eg = %d V ”, E_g );

42



Scilab code Exa 3.6 calculate VR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_n1 = 135; // No load v o l t a g e o f the shunt

g e n e r a t o r i n V
13 V_f1 = 125; // F u l l l o ad v o l t a g e o f the shunt

g e n e r a t o r i n V
14

15 // C a l c u l a t i o n
16 VR = ( V_n1 - V_f1 ) / V_f1 * 100; // Pe r c en tage

v o l t a g e r e g u l a t i o n
17

18 // D i s p l ay the r e s u l t
19 disp(” Example 3−6 S o l u t i o n : ”)
20 printf(” \n VR = %d p e r c e n t ”, VR );

Scilab code Exa 3.7 calculate Vnoload

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
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3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 VR = 0.105; // v o l t a g e r e g u l a t i o n
13 V_f1 = 250; // F u l l l o ad v o l t a g e o f the shunt

g e n e r a t o r i n V
14

15 // C a l c u l a t i o n
16 V_n1 = V_f1 + ( V_f1 * VR ); // No−l o ad v o l t a g e o f

the g e n e r a t o r i n V
17

18 // D i s p l ay the r e s u l t
19 disp(” Example 3−7 S o l u t i o n : ”)
20 printf(”\n Vn1 = %. 1 f V ”, V_n1 );

Scilab code Exa 3.8 calculate IsNs Rd

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−8
8

9 clear; clc; close; // C l ea r the work space and
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c o n s o l e .
10

11 // Given data
12 N_f = 1000; // Shunt f i e l d wind ing t u r n s
13 N_s = 4; // S e r i e s f i e l d wind ing t u r n s
14 I_f = 0.2; // F i e l d c u r r e n t i n A
15 I_a = 80; // F u l l l o ad armature c u r r e n t i n A
16 R_s =0.05; // S e r i e s f i e l d r e s i s t a n c e i n ohm
17

18 // C a l c u l a t i o n s
19 deba_I_f_N_f = I_f * N_f;

20 I_s_N_s = deba_I_f_N_f; // S e r i e s f i e l d ampere−t u r n s
21 I_s =( I_s_N_s ) / N_s; // D e s i r e d c u r r e n t i n A i n

the s e r i e s f i e l d r e q u i r e d to
22 // produce v o l t a g e r i s e
23 I_d = I_a - I_s; // D i v e r t e r c u r r e n t i n A
24 R_d = ( I_s * R_s ) / I_d; // D i v e r t e r r e s i s t a n c e i n

ohm
25

26 // D i s p l ay the r e s u l t
27 disp(” Example 3−8 S o l u t i o n : ”)
28 printf(”\n a : I sNs = %d At ”, I_s_N_s );

29 printf(”\n b : Rd = %. 4 f ohm ”, R_d );

Scilab code Exa 3.9 calculate Rd Vnl Vfl

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−9
8
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9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kW = 60; // Power r a t i n g o f the g e n e r a t o r i n kW
13 V = 240; // Vo l tage r a t i n g o f the g e n e r a t o r i n V
14 I_f = 3; // I n c r e a s e i n the f i e l d c u r r e n t i n A
15 OC_V = 275; // Over Compounded Vo l tage i n V
16 I_l = 250; // Rated l oad c u r r e n t i n A
17 N_f = 200; // No . o f t u r n s per p o l e i n the shunt

f i e l d wind ing
18 N_s = 5; // No . o f t u r n s per p o l e i n the s e r i e s

f i e l d wind ing
19 R_f = 240; // Shunt f i e l d r e s i s t a n c e i n ohm
20 R_s = 0.005; // S e r i e s f i e l d r e s i s t a n c e i n ohm
21

22 // C a l c u l a t i o n s
23 deba_I_f_N_f = I_f * N_f;

24 I_s_N_s = deba_I_f_N_f; // S e r i e s f i e l d ampere−t u r n s
25 I_s =( I_s_N_s ) / N_s; // D e s i r e d c u r r e n t i n A i n

the s e r i e s f i e l d r e q u i r e d to
26 // produce v o l t a g e r i s e
27 I_d = I_l - I_s; // D i v e r t e r c u r r e n t i n A
28 R_d = ( I_s * R_s ) / I_d; // D i v e r t e r r e s i s t a n c e i n

ohm
29 NL_MMF = ( V / R_f )* N_f; // No−l o ad MMF
30 I_f_N_f = NL_MMF;

31 FL_MMF = I_f_N_f + I_s_N_s; // Fu l l−l o ad MMF
32

33 // D i s p l ay the r e s u l t
34 disp(” Example 3−9 S o l u t i o n : ”)
35 printf(”\n a : Rd = %. 5 f ohm ”, R_d );

36 printf(”\n b : No−l o ad MMF = %d At/ p o l e ”, NL_MMF );

37 printf(”\n Ful l−l o ad MMF = %d At/ p o l e ”, FL_MMF )

;
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Scilab code Exa 3.10 determine approx size of dynamo

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 3 : DC Dynamo Vo l tage R e l a t i o n s − DC
Gene ra to r s

7 // Example 3−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kW= 50; // Power r a t i n g o f the dynamo
13 V = 125; // Rated v o l t a g e i n V
14 S = 1800; // Speed o f the dynamo i n rpm
15 I_f =20; // E x c i t i n g f i e l d c u r r e n t
16 Max_temp_rise = 25; // Maximum Temperature r i s e i n

d e g r e e c e l s i u s
17 I_l = 400; // Load Current i n A
18 // INSULATION CLASS A
19 // COMPOUND WINDING
20

21 // D i s p l ay the r e s u l t
22 disp(” Example 3−10 S o l u t i o n : ”)
23 printf(”\n a : S i n c e the speed i s r educed i n h a l f , we

must r educe the kW r a t i n g i n h a l f . Consequent ly ,
the 25kW, 900 rpm dynamo has the same s i z e . ”);

24 printf(”\n\n b : S i n c e we have cut the speed i n h a l f
but ma inta ined the same kW r a t i n g , the dynamo has

t w i c e the s i z e as the o r i g i n a l . ”);
25 printf(”\n\n c : Ha l f the s i z e . ”);
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26 printf(”\n\n d : Same s i z e . ”);
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Chapter 4

DC DYNAMO TORQUE
RELATIONS DC MOTORS

Scilab code Exa 4.1 calculate force and torque

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 d = 0.5; // d iamete r o f the c o i l i n m
13 l = 0.6; // a x i a l l e n g t h o f the c o i l i n m
14 B = 0.4; // f l u x d e n s i t y i n T
15 I = 25; // c u r r e n t c a r r i e d by the c o i l i n A
16 theta = 60; // a n g l e between the u s e f u l f o r c e & the

i n t e r p o l a r r e f a x i s i n deg
17
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18 // C a l c u l a t i o n s
19 F = B * I * l; // f o r c e deve l oped on each c o i l s i d e

i n N
20 f = F * sind(theta); // f o r c e deve l oped at the

i n s t a n t the c o i l l i e s a t an a n g l e
21 // o f 60 w. r . t the i n t e r p o l a r r e f a x i s
22 r = d / 2; // r a d i u s o f the c o i l i n m
23 T_c = f * r; // t o rq u e deve l oped i n N−m
24 T_c1 = T_c * 0.2248 * 3.281 ; // t o rq u e deve l oped i n

lb− f t by f i r s t method
25 T_c2 = T_c * 0.737562 ; // t o rq u e deve l oped i n lb− f t

by second method
26

27 // D i s p l ay the r e s u l t s
28 disp(” Example 4−1 S o l u t i o n : ”)
29 printf(”\n a : F = %d N ”, F );

30 printf(”\n b : f = %. 2 f N ”, f );

31 printf(”\n c : Tc = %. 2 f N−m ”, T_c );

32 printf(”\n d : 1 . 3 N−m ∗ 0 . 2 2 4 8 l b /N ∗ 3 . 2 8 1 f t /m =
%. 2 f lb− f t ”, T_c1 );

33 printf(”\n 1 . 3 N−m ∗ 0 . 7 3 7 5 6 2 l b . f t /N.m = %. 2 f
lb− f t ”, T_c2 );

Scilab code Exa 4.2 calculate force and torque

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .
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10

11 // Given data
12 d = 18 ; // d iamete r o f hte c o i l i n i n c h e s
13 l = 24 ; // a x i a l l e n g t h o f the c o i l i n i n c h e s
14 B = 24000 ; // Flux d e n s i t y i n l i n e s / sq . i n c h e s
15 I = 26 ; // Current c a r r i e d by the c o i l i n A
16 theta = 60 ; // a n g l e between the u s e f u l f o r c e & the

i n t e r p o l a r r e f a x i s i n deg
17

18

19 // C a l c u l a t i o n s
20 F = ( B * I * l * 10 ^ -7 ) / 1.13 ; // f o r c e

deve l oped on each c o i l s i d e i n l b
21 f = F * sind(theta); // f o r c e deve l oped at the

i n s t a n t the c o i l l i e s a t an a n g l e
22 // o f 60 w. r . t the i n t e r p o l a r r e f a x i s
23 r = d / 2; // r a d i u s o f the c o i l i n i n c h e s
24 T_c = f * ( r * 1 / 12); // t o rq u e deve l oped i n l b .

f t / conduc to r
25

26 // D i s p l ay the r e s u l t s
27 disp(” Example 4−2 S o l u t i o n : ”)
28 printf(”\n a : F = %. 3 f l b ”, F );

29 printf(”\n b : f = %. 2 f l b ”, f );

30 printf(”\n c : Tc = %. 3 f lb− f t / conduc to r ”, T_c );

Scilab code Exa 4.3 calculate average force and torque

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−3
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8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 Z = 700 ; // no . o f c o n d u c t o r s
13 d = 24 ; // d iamete r o f the armature o f the dc motor

i n i n c h e s
14 l = 34 ; // a x i a l l e n g t h o f the c o i l i n i n c h e s
15 B = 50000 ; // Flux d e n s i t y i n l i n e s / sq . i n c h e s
16 I = 25 ; // Current c a r r i e d by the c o i l i n A
17

18 // C a l c u l a t i o n s
19 F_av = ( B * I * l * 10 ^ -7 ) / 1.13 * ( 700 * 0.7

) ; // ave rage f o r c e
20 // deve l oped on each c o i l s i d e i n l b
21 r = d / 2; // r a d i u s o f the c o i l i n i n c h e s
22 T_av = F_av * ( r /12 ) ; // armature ave rage t o r q u e

i n lb− f t
23

24 // D i s p l ay the r e s u l t s
25 disp(” Example 4−3 S o l u t i o n : ”)
26 printf(”\n a : Fav = %. 2 f l b ”, F_av );

27 printf(”\n b : Tav = %. 2 f lb− f t ”, T_av );

Scilab code Exa 4.4 calculate torque developed

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−4
8

52



9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 slots = 120 ; // No . o f armature s l o t s
13 conductors_per_slot = 6 ;

14 B = 60000 ; // Flux d e n s i t y i n l i n e s / sq . i n c h e s
15 d = 28 ; // d iamete r o f the armature
16 l = 14 ; // a x i a l l e n g t h o f the c o i l i n i n c h e s
17 A = 4 ; // No . o f p a r a l l e l paths
18 span = 0.72 ; // Po le a r c s span 72% o f the armature

s u r f a c e
19 I = 133.5 ; // Armature c u r r e n t i n A
20

21 // C a l c u l a t i o n s
22 Z_Ta = slots * conductors_per_slot * span ; // No .

o f armature c o n d u c t o r s
23 F_t = ( B * I * l )/ ( 1.13 * 10 ^ 7 * A ) * Z_Ta ;

// Force deve l oped i n l b
24 r = ( d / 2 ) / 12 ; // r a d i u s o f the armature i n

f e e t
25 T = F_t * r ; // T i t a l t o r q ue deve l oped
26

27 // D i s p l ay the r e s u l t
28 disp(” Example 4−4 S o l u t i o n : ”)
29 printf(” \n T = %d lb− f t ”, T );

Scilab code Exa 4.5 calculate armature current

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
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7 // Example 4−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 slots = 120 ; // No . o f armature s l o t s
13 conductors_per_slot = 6 ;

14 B = 60000 ; // Flux d e n s i t y i n l i n e s / sq . i n c h e s
15 d = 28 ; // d iamete r o f the armature
16 l = 14 ; // a x i a l l e n g t h o f the c o i l i n i n c h e s
17 A = 4 ; // No . o f p a r a l l e l paths
18 span = 0.72 ; // Po le a r c s span 72% o f the armature

s u r f a c e
19 T_a = 1500 ; // t o t a l armature t o r q u e i n lb− f t
20

21 // C a l c u l a t i o n
22 Z = slots * conductors_per_slot ; // No . o f armature

c o n d u c t o r s
23 r = ( d / 2 ) / 12 ; // r a d i u s o f the armature i n

f e e t
24 I_a = ( T_a * A * 1.13e7 ) / ( B * l * Z * r * span

) ; // Armature c u r r e n t i n A
25

26 // D i s p l ay the r e s u l t
27 disp(” Example 4−5 S o l u t i o n : ”)
28 printf(” \n Ia = %. 1 f A ”, I_a );

Scilab code Exa 4.6 calculate torque due to change in field flux

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 T_old = 150 ; // Torque deve l oped by a motor i n N−m.
13 disp(” Example 4−6”)
14 disp(” Given data : ”)
15 printf(”\n \ t \ t \ t ph i \ t I a \ t T ”);
16 printf(”\n \ t \ t \ t ”);
17 printf(”\n O r i g i n a l c o n d i t i o n \ t 1 \ t 1 \ t 150 N−m ”

);

18 printf(”\n New c o n d i t i o n \ t \ t 0 . 9 \ t 1 . 5 \ t ? ”);
19

20 // C a l c u l a t i o n
21 T_new = T_old * ( 0.9 / 1 ) * ( 1.5 / 1 ) ; // New

t o rq u e produced i n N−m
22

23 // D i s p l ay the r e s u l t
24 printf(”\n\n S o l u t i o n : ”)
25 printf(”\n Using the r a t i o method , the new to r q u e i s

the product ”);
26 printf(”\n o f two new r a t i o changes : ”);
27 printf(”\n T = %. 1 f N−m ”, T_new );

Scilab code Exa 4.7 calculate Ia and percentage change in Ia and E

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
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7 // Example 4−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 R_a = 0.25 ; // Armature r e s i s t a n c e i n ohm
13 BD = 3 ; // Brush c o n t a c t drop i n v o l t
14 V = 120 ; // Appl i ed v o l t a g e i n v o l t
15 E_a = 110 ; // EMF i n v o l t at a g i v e n l oad
16 E_b = 105 ; // EMF i n v o l t due to a p p l i c a t i o n o f

e x t r a l oad
17

18 // C a l c u l a t i o n s
19 I_a_a = ( V - ( E_a + BD ) ) / R_a ; // Armature

c u r r e n t f o r E a
20 I_a_b = ( V - ( E_b + BD ) ) / R_a ; // Armature

c u r r e n t f o r E b
21 del_E = ( ( E_a - E_b ) / E_a ) * 100 ; // % change

i n c o u n t e r EMF
22 del_I = ( ( I_a_a - I_a_b ) / I_a_a ) * 100 ; // %

change i n armature c u r r e n t
23

24 // D i s p l ay the r e s u l t
25 disp(” Example 4−7 S o l u t i o n : ”)
26 printf(”\n a : I a = %d A ” , I_a_a );

27 printf(”\n b : At i n c r e a s e d l oad \n Ia = %d A ”
, I_a_b );

28 printf(”\n c : d e l E c = %. 2 f p e r c e n t \n d e l I a =
%. 2 f p e r c e n t ” , del_E , del_I);

Scilab code Exa 4.8 calculate speed at different loads

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
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3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−8
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_a = 120 ; // Rated t e r m i n a l v o l t a g e o f the DC

motor i n v o l t
13 R_a = 0.2 ; // Armature c i r c u i t r e s i s t a n c e i n ohm
14 R_sh = 60 ; // Shunt f i e l d r e s i s t a n c e i n ohm
15 I_l = 40 ; // Line c u r r e n t i n A @ f u l l l o ad
16 BD = 3 ; // Brush v o l t a g e drop i n v o l t
17 S_orig = 1800 ; // Rated f u l l −l o ad speed i n rpm
18

19 // C a l c u l a t i o n s
20 I_f = V_a / R_sh ; // F i e l d c u r r e n t i n A
21 I_a = I_l - I_f ; // Armature c u r r e n t @ f u l l l o ad
22 E_c_orig = V_a - ( I_a * R_a + BD ) ; // Back EMF @

f u l l l o ad
23

24 I_a_a = I_a / 2 ; // Armature c u r r e n t @ h a l f l o ad
25 E_c_a = V_a - ( I_a_a * R_a + BD ) ; // Back EMF @

h a l f l o ad
26 S_a = S_orig * ( E_c_a / E_c_orig ) ; // Speed @

f u l l l o ad
27

28 I_a_b = I_a * ( 5 / 4 ) ; // Armature c u r r e n t @ 125%
o v e r l o a d

29 E_c_b = V_a - ( I_a_b * R_a + BD ) ; // Back EMF @
125% o v e r l o a d

30 S_b = S_orig * ( E_c_b / E_c_orig ) ; // Speed @ 125
% o v e r l o a d

31

32 // D i s p l ay the r e s u l t
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33 disp(” Example 4−8 S o l u t i o n : ”);
34

35 printf(” \n a : At f u l l l o ad ”);
36 printf(” \n S = %. 1 f rpm ” , S_a );

37

38 printf(” \n b : At 125 p e r c e n y t o v e r l o a d ”);
39 printf(” \n S = %. 1 f rpm ” , S_b );

Scilab code Exa 4.9 calculate speed with increased line current

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−9
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 I_l_orig = 40; // o r i g i n a l L ine c u r r e n t i n A
13 I_l_final = 66; // F i n a l L ine c u r r e n t i n A
14

15 phi_orig = 1;

16 // f i e l d f l u x i s i n c r e a s e d by 12% so EMF produced
and t e r m i n a l

17 // v o l t a g e w i l l a l s o i n c r e a s e by 12%
18 phi_final = 1.12;

19

20 V_a = 120;

21 R_sh_orig = 60; // O r i g i n a l F i e l d ck t r e s i s t a n c e i n
ohm

22 R_sh_final = 50 ; // Decreased f i n a l f i e l d ck t
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r e s i s t a n c e i n ohm
23

24 R_a = 0.2; // Armature r e s i s t a n c e i n ohm
25 BD = 3; // Brush v o l t a g e drop i n v o l t
26 S_orig = 1800; // Rated f u l l −l o ad speed
27

28 // C a l c u l a t i o n s
29 I_f_orig = V_a / R_sh_orig ; // O r i g i n a l F i e l d

c u r r e n t i n A
30 I_a_orig = I_l_orig - I_f_orig ; // O r i g i n a l

Armature c u r r e n t @ f u l l l o ad
31 E_c_orig = V_a - ( I_a_orig * R_a + BD ) ; // Back

EMF @ f u l l l o ad
32

33 I_f_final = V_a / R_sh_final ; // F i n a l f i e l d
c u r r e n t i n A

34 I_a_final = I_l_final - I_f_final ; // F i n a l
Armature c u r r e n t i n A

35 E_c_final = V_a - ( I_a_final * R_a + BD ) ; //
F i n a l EMF induced

36 S = S_orig * ( E_c_final / E_c_orig ) * ( phi_orig /

phi_final ) ;

37 // F i n a l speed o f the motor
38

39 // D i s p l ay the r e s u l t
40 disp(” Example 4−9 S o l u t i o n : ”);
41 printf(” \n S = %. 1 f rpm ”, S );

Scilab code Exa 4.10 calculate power developed

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 I_a_1 = 38 ; // Armature c u r r e n t i n A @ f u l l −l o ad as

per example 4−8a
13 E_c_1 = 109.4 ; // Back EMF i n v o l t @ f u l l −l o ad as

per example 4−8a
14 S_1 = 1800 ; // Speed i n rpm @ f u l l −l o ad as per

example 4−8a
15

16 I_a_2 = 19 ; // Armature c u r r e n t i n A @ h a l f−l o a d a s
per example 4−8a

17 E_c_2 = 113.2 ; // Back EMF i n v o l t @ h a l f−l o ad as
per example 4−8a

18 S_2 = 1863 ; // Speed i n rpm @ h a l f−l o ad as per
example 4−8a

19

20 I_a_3 = 47.5 ; // Armature c u r r e n t i n A @ 125%
o v e r l o a d as per example 4−8b

21 E_c_3 = 107.5 ; // Back EMF i n v o l t @ 125% o v e r l o a d
as per example 4−8b

22 S_3 = 1769 ; // Speed i n rpm @ 125% o v e r l o a d as per
example 4−8b

23

24 I_a_4 = 63.6 ; // Armature c u r r e n t i n A @ o v e r l o a d
as per example 4−9

25 E_c_4 = 104.3 ; // Back EMF i n v o l t @ o v e r l o a d as
per example 4−9

26 S_4 = 1532 ; // Speed i n rpm @ o v e r l o a d as per
example 4−9

27

28 // C a l c u l a t i o n s
29 P_d_1 = E_c_1 * I_a_1 ; // Armature power deve l oped

@ f u l l −l o ad

60



30

31 P_d_2 = E_c_2 * I_a_2 ; // Armature power deve l oped
@ h a l f−l o ad

32

33 P_d_3 = E_c_3 * I_a_3 ; // Armature power deve l oped
@ 125% o v e r l o a d

34

35 P_d_4 = E_c_4 * I_a_4 ; // Armature power deve l oped
@ o v e r l o a d

36

37 // D i s p l ay the r e s u l t s
38 disp(” Example 4−10 S o l u t i o n : ”);
39 printf(”\n Example \ t I a \ t Ec \ t Speed \ t Pd or ( Ec

∗ I a ) ”);
40 printf(”\n

”);
41 printf(”\n 4−8a \ t \ t %d \ t %. 1 f \ t %d \ t %d W at

f u l l −l o ad ”, I_a_1 ,E_c_1 ,S_1 ,P_d_1);

42 printf(”\n 4−8a \ t \ t %d \ t %. 1 f \ t %d \ t %. 1 f W at
h a l f−l o ad ”,I_a_2 , E_c_2 , S_2 , P_d_2);

43 printf(”\n 4−8b \ t \ t %. 1 f \ t %. 1 f \ t %d \ t %d W at
125 p e r c e n t o v e r l o a d ”,I_a_3 ,E_c_3 ,S_3 ,P_d_3);

44 printf(”\n 4−9 \ t \ t %. 1 f \ t %. 1 f \ t %d \ t %d W at
o v e r l o a d ”,I_a_4 ,E_c_4 ,S_4 ,P_d_4);

45 printf(”\n

”);

Scilab code Exa 4.11 convert torque readings into Nm and lbft

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
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5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−11
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 T_a = 6.5; // Torque i n dyne−c e n t i m e t e r s
13 T_b = 10.6; // Torque i n gram−c e n t i m e t e r s
14 T_c = 12.2; // Torque i n ounce−i n c h e s
15

16 // C a l c u l a t i o n s
17 T_a_Nm = T_a * 1.416e-5 * 7.0612e-3 ; // Torque T a

i n N−m
18 T_b_Nm = T_b * ( 1 / 72.01 ) * 7.0612e-3 ; // Torque

T b i n N−m
19 T_c_Nm = T_c * 7.0612e-3 ; // Torque T c i n N−m
20

21 T_a_lbft = T_a * 1.416e-5 * 5.208e-3; // Torque T a
i n lb− f t

22 T_b_lbft = T_b * ( 1 / 72.01 ) * 5.208e-3; // Torque
T b i n lb− f t

23 T_c_lbft = T_c * 5.208e-3; // Torque T c i n lb− f t
24

25 // D i s p l ay the r e s u l t s
26 disp(” Example 4−11 S o l u t i o n : ”);
27 printf(” \n a : T = %. 1 e N−m ”, T_a_Nm );

28 printf(” \n T = %. 1 e lb− f t \n ”, T_a_lbft );

29

30 printf(” \n b : T = %. 2 e N−m ”, T_b_Nm );

31 printf(” \n T = %. 1 e lb− f t \n ”, T_b_lbft );

32

33 printf(” \n c : T = %. 3 e N−m ”, T_c_Nm );

34 printf(” \n T = %. 2 e lb− f t \n ”, T_c_lbft );
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Scilab code Exa 4.12 calculate Ist and percentage of load current

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−12
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_a = 120 ; // Rated t e r m i n a l v o l t a g e o f dc shunt

no to r i n v o l t
13 R_a = 0.2 ; // Armature r e s i s t a n c e i n ohm
14 BD = 2 ; // Brush drop i n v o l t
15 I_a = 75 ; // F u l l l o ad armature c u r r e n t i n A
16

17 // C a l c u l a t i o n s
18 I_st = ( V_a - BD ) / R_a ; // Current @ the i n s t a n t

o f s t a r t i n g i n A
19 percentage = I_st / I_a * 100 ; // Pe r c en tage at

f u l l l o ad
20

21 // D i s p l ay the r e s u l t s
22 disp(” Example 4−12 S o l u t i o n : ”);
23 printf(” \n I s t = %d A ( Back EMF i s z e r o ) ”,I_st );

24 printf(” \n Per c en tage at f u l l l o ad = %d p e r c e n t ”,
percentage );
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Scilab code Exa 4.13 calculate Rs at various back Emfs and Ec at zero
Rs

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−13
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_a = 120 ; // Rated t e r m i n a l v o l t a g e o f dc shunt

no to r i n v o l t
13 R_a = 0.2 ; // Armature r e s i s t a n c e i n ohm
14 BD = 2 ; // Brush drop i n v o l t
15 I_a = 75 ; // F u l l l o ad armature c u r r e n t i n A
16 I_a_new = 1.5 * I_a ; // armature c u r r e n t i n A at

150% r a t e d l oad
17

18 E_c_a = 0 ; // Back EMF at s t a r t i n g
19 E_c_b = ( 25 / 100 ) * V_a ; // Back EMF i n v o l t i s

25% o f Va @ 150% r a t e d l oad
20 E_c_c = ( 50 / 100 ) * V_a ; // Back EMF i n v o l t i s

50% o f Va @ 150% r a t e d l oad
21

22 // C a l c u l a t i o n s
23 R_s_a = ( V_a - E_c_a - BD ) / I_a_new - R_a ; // Ra

tapp ing v a l u e at s t a r t i n g
24 // i n ohm
25 R_s_b = ( V_a - E_c_b - BD ) / I_a_new - R_a ; // Ra

tapp ing v a l u e @ 25% o f Va
26 // i n ohm
27 R_s_c = ( V_a - E_c_c - BD ) / I_a_new - R_a ; // Ra

tapp ing v a l u e @ 50% o f Va
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28 // i n ohm
29 E_c_d = V_a - ( I_a * R_a + BD ) ; // Back EMF @

f u l l −l o ad wi thout s t a r t i n g r e s i s t a n c e
30

31 // D i s p l ay the r e s u l t s
32 disp(” Example 4−13 S o l u t i o n : ”);
33 printf(” \n a : At s t a r t i n g , Ec i s z e r o ”);
34 printf(” \n Rs = %. 2 f ohm \n ”, R_s_a );

35

36 printf(” \n b : When back EMF i n v o l t i s 25 p e r c e n t
o f Va @ 150 p e r c e n t r a t e d l oad ”);

37 printf(” \n Rs = %. 3 f ohm \n ”, R_s_b );

38

39 printf(” \n c : When back EMF i n v o l t i s 50 p e r c e n t
o f Va @ 150 p e r c e n t r a t e d l oad ”);

40 printf(” \n Rs = %. 3 f ohm \n ”, R_s_c );

41

42 printf(” \n d : Back EMF at f u l l −l o ad wi thout
s t a r t i n g r e s i s t a n c e ”);

43 printf(” \n Ec = %d V ”, E_c_d );

Scilab code Exa 4.14 calculate field flux in percent and final torque de-
veloped

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−14
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10
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11 // Given data
12 // Cumulat ive DC compound motor a c t i n g as shunt

motor
13 T_orig = 160 ; // O r i g i n a l t o r q u e deve l oped i n l b . f t
14 I_a_orig = 140 ; // O r i g i n a l armature c u r r e n t i n A
15 phi_f_orig = 1.6e+6 ; // O r i g i n a l f i e l d f l u x i n

l i n e s
16

17 // Reconnected as a cumu la t i v e DC compound motor
18 T_final_a = 190 ; // F i n a l t o r q ue deve l oped i n l b . f t

( c a s e a )
19

20 // C a l c u l a t i o n s
21 phi_f = phi_f_orig * ( T_final_a / T_orig ) ; //

F i e l d f l u x i n l i n e s
22 percentage = ( phi_f / phi_f_orig ) * 100 - 100 ; //

p e r c e n t a g e i n c r e a s e i n f l u x
23

24 phi_f_final = 1.1 * phi_f ; // 10% i n c r e a s e i n l oad
c a u s e s 10% i n c r e a s e i n f l u x

25 I_a_b = 154 ; // F i n a l armature c u r r e n t i n A ( c a s e b
)

26 T_f = T_final_a * ( I_a_b / I_a_orig ) * (

phi_f_final / phi_f ) ;

27 // F i n a l t o r q ue deve l oped
28

29 // D i s p l ay the r e s u l t s
30 disp(” Example 4−14 S o l u t i o n : ”);
31 printf(” \n a : p h i f = %. 1 e l i n e s \n ”, phi_f );

32 printf(” \n Per c en tage o f f l u x i n c r e a s e = %. 1 f
p e r c e n t \n ”, percentage );

33

34 printf(” \n b : The f i n a l f i e l d f l u x i s 1 . 1 ∗ 1 . 9 ∗
10 ˆ 6 l i n e s ” );

35 printf(” \n ( due to the 10 p e r c e n t i n c r e a s e i n
l oad ) . The f i n a l t o r q u e i s \n”);

36 printf(” \n T f = %. 1 f lb− f t ”, T_f );
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Scilab code Exa 4.15 calculate torque developed for varying flux and Ia

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−15
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 I_a_orig = 25 ; // O r i g i n a l armature c u r r e n t i n A
13 I_a_final = 30 ; // F i n a l armature c u r r e n t i n A
14 T_orig = 90 ; // O r i g i n a l t o r q u e deve l oped i n l b . f t
15 phi_orig = 1.0 ; // O r i g i n a l f l u x
16 phi_final = 1.1 ; // F i n a l f l u x
17

18 // C a l c u l a t i o n s
19 T_a = T_orig * ( I_a_final / I_a_orig ) ^ 2 ; //

F i n a l t o r qu e deve l oped i f f i e l d
20 // i s u n s a t u r a t e d
21 T_b = T_orig * ( I_a_final / I_a_orig ) * (

phi_final / phi_orig ) ;

22 // F i n a l t o r q ue deve l oped when Ia r i s e s to 30 A and
f l u x by 10%

23

24 // D i s p l ay the r e s u l t s
25 disp(” Example 4−15 S o l u t i o n : ” );

26 printf(” \n a : T = %. 1 f lb− f t \n ”, T_a );

27 printf(” \n b : T = %. 1 f lb− f t ”, T_b );
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Scilab code Exa 4.16 calculate speed at rated load and P and hp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−16
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_a = 230 ; // Rated armature v o l t a g e i n v o l t
13 P = 10 ; // Rated power i n hp
14 S = 1250 ; // Rated speed i n rpm
15 R_A = 0.25 ; // Armature r e s i s t a n c e i n ohm
16 R_p = 0.25 ; // I n t e r p o l a r r e s i s t a n c e
17 BD = 5 ; // Brush v o l t a g e drop i n v o l t
18 R_s = 0.15 ; // S e r i e s f i e l d r e s i s t a n c e i n ohm
19 R_sh = 230 ; // Shunt f i e l d r e s i s t a n c e i n ohm
20

21 // shunt c o n n e c t i o n
22 I_l = 54 ; // Line c u r r e n t i n A at r a t e d l oad
23 I_ol = 4 ; // No−l o ad l i n e c u r r e n t i n A
24 S_o = 1810 ; // No−l o ad speed i n rpm
25

26 // C a l c u l a t i o n s
27 R_a = R_A + R_p ; // E f f e c t i v e armature r e s i s t a n c e

i n ohm
28 I_f = V_a / R_sh ; // F i e l d c u r r e n t i n A ( Shunt

c o n n e c t i o n )
29 I_a = I_ol - I_f ; // Armature c u r r e n t i n A
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30

31 E_c_o = V_a - ( I_a * R_a + BD ); // No−l o ad BACK
EMF i n v o l t

32 E_c_full_load = V_a - ( I_l * R_a + BD ); // No−l o ad
BACK EMF i n v o l t at f u l l −l o ad

33

34 S_r = S_o * ( E_c_full_load / E_c_o ); // Speed at
r a t e d l oad

35

36 P_d = E_c_full_load * I_l ; // I n t e r n a l power i n
watt s

37 hp = P_d / 746 ; // I n t e r n a l h o r s e power
38

39 // D i s p l ay the r e s u l t s
40 disp(” Example 4−16 S o l u t i o n : ”);
41 printf(” \n a : S r = %d rpm\n ”, S_r );

42 printf(” \n b : P d = %d W ”, P_d );

43 printf(” \n hp = %. 1 f hp ”, hp );

Scilab code Exa 4.17 calculate speed torque and horsepower

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−17
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_a = 230 ; // Rated armature v o l t a g e i n v o l t
13 P = 10 ; // Rated power i n hp
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14 S = 1250 ; // Rated speed i n rpm
15 R_A = 0.25 ; // Armature r e s i s t a n c e i n ohm
16 R_p = 0.25 ; // I n t e r p o l a r r e s i s t a n c e
17 BD = 5 ; // Brush v o l t a g e drop i n v o l t
18 R_s = 0.15 ; // S e r i e s f i e l d r e s i s t a n c e i n ohm
19 R_sh = 230 ; // Shunt f i e l d r e s i s t a n c e i n ohm
20 phi_1 = 1 ;// O r i g i n a l f l u x per p o l e
21

22 // Long−shunt cumu la t i v e c o n n e c t i o n
23 I_l = 55 ; // Line c u r r e n t i n A at r a t e d l oad
24 phi_2 = 1.25 ; // Flux i n c r e a s e d by 25% due to long−

shunt cumu la t i v e c o n n e c t i o n
25 I_ol = 4 ; // No−l o ad l i n e c u r r e n t i n A
26 S_o = 1810 ; // No−l o ad speed i n rpm
27

28 // C a l c u l a t i o n s
29 R_a = R_A + R_p ; // E f f e c t i v e armature r e s i s t a n c e

i n ohm
30 I_f = V_a / R_sh ; // F i e l d c u r r e n t i n A i n shunt

wind ing
31 I_a = I_ol - I_f ; // Armature c u r r e n t i n A f o r

shunt c o n n e c t i o n
32 E_c_o = V_a - ( I_a * R_a + BD ); // No−l o ad BACK

EMF i n v o l t f o r shunt c o n n e c t i o n
33 E_c_o1 = V_a - ( I_a * R_a + I_a * R_s + BD ); // No

−l o ad BACK EMF i n v o l t f o r
34 // l ong shunt cumu la t i v e c o n n e c t i o n
35 S_n1 = S_o * ( E_c_o1 / E_c_o ); // Speed at no l oad
36

37 I_f = V_a / R_sh ; // F i e l d c u r r e n t i n A i n shunt
wind ing

38 I_a_lsh = I_l - I_f ; // Armature c u r r e n t i n A
39 E_c_full_load = V_a - ( I_a_lsh * R_a + BD ); // No−

l o ad BACK EMF i n v o l t at
40 // f u l l −l o ad f o r long−shunt cumu la t i v e c o n n e c t i o n
41

42 E_c_full_load_lsh = V_a - ( I_a_lsh * R_a + I_a_lsh

* R_s + BD ); // BACK EMF i n v o l t
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43 // at f u l l −l o ad f o r long−shunt cumu la t i v e motor
44

45 S_r = S_o * ( E_c_full_load / E_c_o ); // Speed at
r a t e d l oad f o r shunt c o n n e c t i o n

46 S_r_lsh = S_n1 * ( E_c_full_load_lsh / E_c_o1 ) * (

phi_1 / phi_2 );

47 // Speed at r a t e d l oad f o r shunt c o n n e c t i o n
48

49 P_d = E_c_full_load * I_a_lsh ; // I n t e r n a l power i n
watt s

50 hp = P_d / 746 ; // I n t e r n a l h o r s e power
51

52 T_shunt = ( hp * 5252 ) / S_r ; // I n t e r n a l t o r q u e @
f u l l −l o ad f o r shunt motor

53

54 I_a1 = I_a_lsh; // Armature c u r r e n t f o r shunt motor
i n A

55 I_a2 = I_a_lsh; // Armature c u r r e n t f o r long−shunt
cumu la t i v e motor i n A

56 T_comp = T_shunt * ( phi_2 / phi_1 ) * ( I_a2 / I_a1

); // I n t e r n a l t o r q u e
57 // at f u l l −l o ad f o r long−shunt cumu la t i v e motor i n A
58

59 Horsepower = ( E_c_full_load_lsh * I_a_lsh ) / 746 ;

// I n t e r n a l hor sepower o f
60 // compound motor based on f l u x i n c r e a s e
61

62 // D i s p l ay the r e s u l t s
63 disp(” Example 4−17 S o l u t i o n : ”);
64 printf(” \n a : S n1 = %d rpm \n”, S_n1 );

65 printf(” \n b : S r = %d rpm \n”, S_r_lsh );

66 printf(” \n c : I n t e r n a l t o r q ue o f shunt motor at
f u l l −l o ad : ”);

67 printf(” \n T shunt = %. 2 f lb− f t ”, T_shunt );

68 printf(” \n T comp = %. 2 f lb− f t \n”, T_comp );

69 printf(” \n d : Horsepower = %. 1 f hp \n”, Horsepower

);

70 printf(” \n e : The i n t e r n a l hor sepower e x c e e d s the

71



r a t e d hor sepower because ”);
71 printf(” \n the power deve l oped i n the motor must

a l s o overcome the i n t e r n a l ”);
72 printf(” \n mechan i ca l r o t a t i o n a l l o s s e s . ”);

Scilab code Exa 4.18 calculate speed with and without diverter

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−18
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 25 ; // Power r a t i n g o f a s e r i e s motor i n hp
13 V_a = 250 ; // Rated v o l t a g e i n v o l t
14 R_a = 0.1 ; // Armature ck t r e s i s t a n c e i n ohm
15 BD = 3 ; // Brush v o l t a g e drop i n v o l t
16 R_s = 0.05 ; // S e r i e s f i e l d r e s i s t a n c e i n ohm
17 I_a1 = 85 ; // Armature c u r r e n t i n A ( c a s e a )
18 I_a2 = 100 ; // Armature c u r r e n t i n A ( c a s e b )
19 I_a3 = 40 ; // Armature c u r r e n t i n A ( c a s e c )
20 S_1 = 600 ; // Speed i n rpm at c u r r e n t I a 1
21 R_d = 0.05 ; // D i v e r t o r r e s i s t a n c e i n ohm
22

23 // C a l c u l a t i o n s
24 E_c2 = V_a - I_a2 * ( R_a + R_s ) - BD ; // BACK EMF

i n v o l t f o r I a 2
25 E_c1 = V_a - I_a1 * ( R_a + R_s ) - BD ; // BACK EMF

i n v o l t f o r I a 1
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26

27 S_2 = S_1 * ( E_c2 / E_c1 ) * ( I_a1 / I_a2 ); //
Speed i n rpm at c u r r e n t I a 2

28

29 E_c3 = V_a - I_a3 * ( R_a + R_s ) - BD ; // BACK EMF
i n v o l t f o r I a 3

30

31 S_3 = S_1 * ( E_c3 / E_c1 ) * ( I_a1 / I_a3 ); //
Speed i n rpm at c u r r e n t I a 3

32

33 // When d i v e r t o r i s connec t ed i n p a r a l l e l to R s
34 R_sd = ( R_s * R_d ) / ( R_s + R_d ); // E f f e c t i v e

s e r i e s f i e l d r e s i s t a n c e i n ohm
35

36 E_c2_new = V_a - I_a2 * ( R_a + R_sd ) - BD ; //
BACK EMF i n v o l t f o r I a 2

37 S_2_new = S_1 * ( E_c2_new / E_c1 ) * ( I_a1 / (

I_a2 / 2 ) ); // Speed i n rpm
38 // at c u r r e n t I a 2
39

40 E_c3_new = V_a - I_a3 * ( R_a + R_sd ) - BD ; //
BACK EMF i n v o l t f o r I a 3

41 S_3_new = S_1 * ( E_c3_new / E_c1 ) * ( I_a1 / (

I_a3 / 2 ) ); // Speed i n rpm
42 // at c u r r e n t I a 3
43

44 // D i s p l ay the r e s u l t s
45 disp(” Example 4−18 S o l u t i o n : ”);
46 printf(” \n a : S 2 = %d rpm \n”, S_2 );

47 printf(” \n b : S 3 = %d rpm \n”, S_3 );

48 printf(” \n c : The e f f e c t o f the d i v e r t o r i s to
r educe the s e r i e s f i e l d c u r r e n t ”);

49 printf(” \n ( and f l u x ) to h a l f t h e i r p r e v i o u s
v a l u e s . ”);

50 printf(” \n S 2 = %d rpm ”, S_2_new );

51 printf(” \n S 3 = %d rpm \n”, S_3_new );

52

53 printf(” \n The r e s u l t s may be t a b u l a t e d as
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f o l l o w s : \n ”);
54 printf(” \n Case \ t I a i n A \ t S o i n rpm \ t

S d i n rpm ”);
55 printf(” \n

”);
56 printf(” \n 1 \ t %d \ t %d

\ t ”, I_a1 , S_1 );

57 printf(” \n 2 . \ t %d \ t %d
\ t %d ”, I_a2 , S_2 , S_2_new );

58 printf(” \n 3 . \ t %d \ t %d \ t
%d ”, I_a3 , S_3 , S_3_new );

Scilab code Exa 4.19 calculate percentage speed regulation

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−19
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // From the c a l c u l a t i o n s o f Ex.4−16 , Ex.4−17 , Ex

.4−18 we g e t no−l o ad and
13 // f u l l −l o ad s p e e d s as f o l l o w s
14 S_n1 = 1810 ; // No−l o ad speed i n rpm (Ex.4−16)
15 S_f1 = 1603 ; // Fu l l−l o ad speed i n rpm (Ex.4−16)
16

17 S_n2 = 1806 ; // No−l o ad speed i n rpm (Ex.4−17)
18 S_f2 = 1231 ; // Fu l l−l o ad speed i n rpm (Ex.4−17)
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19

20 S_n3 = 1311 ; // No−l o ad speed i n rpm (Ex.4−18)
21 S_f3 = 505 ; // Fu l l−l o ad speed i n rpm (Ex.4−18)
22

23 // C a l c u l a t i o n s
24 SR_1 = ( S_n1 - S_f1 ) / S_f1 * 100 ; // Speed

r e g u l a t i o n f o r shunt motor
25

26 SR_2 = ( S_n2 - S_f2 ) / S_f2 * 100 ; // Speed
r e g u l a t i o n f o r compound motor

27

28 SR_3 = ( S_n3 - S_f3 ) / S_f3 * 100 ; // Speed
r e g u l a t i o n f o r s e r i e s motor

29

30 // D i s p l ay the r e s u l t s
31 disp(” Example 4−19 S o l u t i o n : ”);
32 printf(” \n a : SR( shunt ) = %. 1 f p e r c e n t \n ”, SR_1 )

;

33 printf(” \n b : SR( compound ) = %. 1 f p e r c e n t \n ”,
SR_2 );

34 printf(” \n c : SR( s e r i e s ) = %. 1 f p e r c e n t \n ”, SR_3

);

Scilab code Exa 4.20 calculate no load speed

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−20
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .
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10

11 // Given data
12 SR = 0.1 ; // Given p e r c e n t speed r e g u l a t i o n 10% o f

a shunt motor
13 omega_f1 = 60 * %pi ; // Fu l l−l o ad speed i n rad / s
14

15 // C a l c u l a t i o n s
16 omega_n1 = omega_f1 * ( 1 + SR ); // No−l o ad speed

i n rad / s
17

18 S = omega_n1 * ( 1 / ( 2 * %pi )) * ( 60 / 1 ); //
No−l o ad speed i n rpm

19

20 // D i s p l ay the r e s u l t s
21 disp(” Example 4−20 S o l u t i o n : ”);
22 printf(” \n a : omega n1 = %. 2 f \n ”, omega_n1);

23 printf(” \n b : S = %d rpm ”, S );

Scilab code Exa 4.21 calculate internal and external torque

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−21
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 S_int = 1603 ; // I n t e r n a l r a t e d speed i n rpm (Ex

.4−16)
13 S_ext = 1250 ; // E x t e r n a l r a t e d speed i n rpm (Ex
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.4−16)
14 hp_int = 14.3 ; // I n t e r n a l hor sepower
15 hp_ext = 10 ; // E x t e r n a l hor sepower
16

17 // C a l c u l a t i o n s
18 T_int = ( hp_int * 5252 ) / S_int ; // I n t e r n a l

t o rq u e i n lb− f t
19

20 T_ext = ( hp_ext * 5252 ) / S_ext ; // E x t e r n a l
t o rq u e i n lb− f t

21

22 // D i s p l ay the r e s u l t s
23 disp(” Example 4−21 S o l u t i o n : ”);
24 printf(” \n a : T i n t = %. 2 f lb− f t \n ”, T_int );

25 printf(” \n b : T ext = %. 2 f lb− f t \n ”, T_ext );

26 printf(” \n c : I n t e r n a l hor sepower i s deve l oped as a
r e s u l t o f e l e c t r o m a g n e t i c ”);

27 printf(” \n to r q u e produced by ene rgy c o n v e r s i o n .
Some o f the mechan i ca l ene rgy ”);

28 printf(” \n i s used i n t e r n a l l y to overcome
mechan i ca l l o s s e s o f the motor , ”);

29 printf(” \n r e d u c i n g the t o r q ue a v a i l a b l e at i t s
s h a f t to per fo rm work . ”);

Scilab code Exa 4.22 calculate output torque in ounceinches

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−22
8

9 clear; clc; close; // C l ea r the work space and
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c o n s o l e .
10

11 // Given data
12 P = 50 ; // Power r a t i n g o f the se rvo−motor i n W
13 S = 3000 ; // Fu l l−l o ad speed o f the se rvo−motor i n

rpm
14

15 // C a l c u l a t i o n
16 T_lbft = ( 7.04 * P ) / S ; // Output t o r qu e i n lb−

f t
17 T_ounceinch = T_lbft * 192 ; // Output t o r q ue i n

ounce−i n c h e s
18

19 // D i s p l ay the r e s u l t
20 disp(” Example 4−22 S o l u t i o n : ”);
21 printf(” \n T = %. 1 f oz . i n ”, T_ounceinch );

Scilab code Exa 4.23 calculate speed and torque

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 4 : DC Dynamo Torque R e l a t i o n s−DC Motors
7 // Example 4−23
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 50 ; // Power r a t i n g o f the se rvo−motor i n W
13 S_rpm = 3000 ; // Fu l l−l o ad speed o f the se rvo−motor

i n rpm
14
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15 // C a l c u l a t i o n s
16 S_rad_per_sec = S_rpm * 2 * %pi / 60 ; // Fu l l−l o ad

speed o f the se rvo−motor
17 // i n rad / s
18 omega = 314.2 ; // Angular f r e q u e n c y i n rad / s
19 T_Nm = P / omega ; // Output t o r q ue i n Nm
20 T_ounceinch = T_Nm * ( 1 / 7.0612e-3 ) ; // Output

t o rq u e i n oz . i n
21

22 // D i s p l ay the r e s u l t s
23 disp(” Example 4−23 S o l u t i o n : ”);
24 printf(” \n a : Speed i n rad / s = %. 1 f rad / s \n ”,

S_rad_per_sec );

25 printf(” \n b : T = %. 4 f N−m \n ”, T_Nm );

26 printf(” \n c : T = %. 1 f oz . i n \n ”, T_ounceinch );

27 printf(” \n d : Both answer s a r e the same . ”);
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Chapter 5

ARMATURE REACTION
AND COMMUTATION IN
DYNAMOS

Scilab code Exa 5.1 calculate Zp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 5 : ARMATURE REACTION AND COMMUTATION IN
DYNAMOS

7 // Example 5−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 conductors = 800 ; // No . o f c o n d u c t o r s
13 I_a = 1000 ; // Rated armature c u r r e n t i n A
14 P = 10 ; // No . o f p o l e s
15 pitch = 0.7 ; // Pole−f a c e c o v e r s 70% o f the p i t c h
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16 a = P ; // No . o f p a r a l l e l paths ( S implex lap−wound
)

17

18 // C a l c u l a t i o n s
19 // Using Eq .(5−1)
20 Z = conductors / P ; // No . o f armature c o n d u c t o r s /

path under each p o l e
21 Z_a = Z * pitch ; // Act i v e armature c o n d u c t o r s / p o l e
22

23 // S o l v i n g f o r Z p u s i n g Z p = Z a / a
24 Z_p = Z_a / a ; // No . o f p o l e f a c e c o n d u c t o r s / p o l e
25

26 // D i s p l ay the r e s u l t s
27 disp(” Example 5−1 S o l u t i o n : ”);
28 printf(” \n No . o f p o l e f a c e c o n d u c t o r s / p o l e to g i v e

f u l l armature r e a c t i o n ”);
29 printf(” \n compensat ion , i f the p o l e c o v e r s 70

p e r c e n t o f the p i t c h i s : \n ”);
30 printf(” \n Z p = %. 1 f c o n d u c t o r s / p o l e ”, Z_p );

Scilab code Exa 5.2 calculate cross and de magnetising ampereconduc-
torsperpole and ampereturnsperpole

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 5 : ARMATURE REACTION AND COMMUTATION IN
DYNAMOS

7 // Example 5−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10
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11 // Given data
12 conductors = 800 ; // No . o f c o n d u c t o r s
13 I_a = 1000 ; // Rated armature c u r r e n t i n A
14 I_l = I_a ; // l oad or t o t a l c u r r e n t e n t e r i n g the

armature i n A
15 P = 10 ; // No . o f p o l e s
16 pitch = 0.7 ; // Pole−f a c e c o v e r s 70% o f the p i t c h
17 a = P ; // No . o f p a r a l l e l paths ( S implex lap−wound

)
18 alpha = 5 ; // No . o f e l e c t r i c a l d e g r e s s tha t the

b r u s h e s a r e s h i f t e d
19

20 // C a l c u l a t i o n s
21 Z = conductors / P ; // No . o f armature c o n d u c t o r s /

path under each p o l e
22 A_Z_per_pole = ( Z * I_l ) / ( P * a ); // Cross

magne t i z i ng
23 // ampere−c o n d u c t o r s / p o l e
24

25 At_per_pole = ( 1 / 2 ) * ( 8000 / 1 ); // Ampere−
t u r n s / p o l e

26

27 frac_demag_At_per_pole = (2* alpha) / 180 * (

At_per_pole);

28 // F r a c t i o n o f demagne t i z i ng ampere−t u r n s / p o l e
29

30 funcprot (0); // to avo id r e d e f i n i n g f u n c t i o n : beta
warning message

31

32 beta = 180 - 2*alpha ; // c r o s s−magne t i z i ng
e l e c t r i c a l d e g r e e s

33

34 cross_mag_At_per_pole = (beta /180)*( At_per_pole);

35 // c r o s s−magne t i z i ng ampere−t u r n s / p o l e
36

37 // D i s p l ay the r e s u l t s
38 disp(” Example 5−2 S o l u t i o n : ”);
39 printf(” \n a : With the b r u s h e s on the GNA, the
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e n t i r e armature r e a c t i o n e f f e c t ”);
40 printf(” \n i s c o m p l e t e l y c r o s s−magne t i z i ng . The

c r o s s−magne t i z i ng ”);
41 printf(” \n ampere−c o n d u c t o r s / p o l e a r e ”);
42 printf(” \n = %d ampere−c o n d u c t o t s / p o l e \n”,

A_Z_per_pole);

43

44 printf(” \n and s i n c e t h e r e a r e 2 c o n d u c t o r s / turn
, the c r o s s−magne t i z i ng ”);

45 printf(” \n ampere−t u r n s / p o l e a r e \n = %d At/
p o l e \n\n”, At_per_pole );

46

47

48 printf(” \n b : Let a lpha = the no . o f e l e c t r i c a l
d e g r e e s tha t the b r u s h e s a r e ”);

49 printf(” \n s h i f t e d . Then the t o t a l no . o f
d emagne t i z i ng e l e c t r i c a l d e g r e e s ”);

50 printf(” \n a r e 2∗ alpha , w h i l e the ( r ema in ing )
c r o s s−magne t i z i ng e l e c t r i c a l ”);

51 printf(” \n deg r e e s , beta , a r e 180 − 2∗ a lpha . The
r a t i o o f demagne t i z i ng to ”);

52 printf(” \n c r o s s−magne t i z i ng ampere−t u r n s i s
a lways 2∗ a lpha / beta . The ”);

53 printf(” \n f r a c t i o n o f demagne t i z i ng ampere−
t u r n s / p o l e i s ”);

54 printf(” \n = %. 1 f At/ p o l e \n\n”,
frac_demag_At_per_pole );

55 printf(” \n Note : S l i g h t c a l c u l a t i o n mi s take i n
the t ex tbook f o r c a s e b\n”)

56

57

58 printf(” \n c : S i n c e beta = 180−2∗ a lpha = 170 , the
c r o s s−magne t i z i ng ampere−t u r n s / p o l e ”);

59 printf(” \n a r e \n = %. 1 f At/ p o l e ”,
cross_mag_At_per_pole );
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Chapter 6

AC DYNAMO VOLTAGE
RELATIONS ALTERNATORS

Scilab code Exa 6.1 calculate Eg at unity PF and point75 lagging PF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 6 : AC DYNAMO VOLTAGE RELATIONS−
ALTERNATORS

7 // Example 6−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 1000 ; // kVA r a t i n g o f the 3−phase a l t e r n a t o r
13 V_L = 4600 ; // Rated l i n e v o l t a g e i n v o l t
14 // 3−phase , Y−connec t ed a l t e r n a t o r
15 R_a = 2 ; // Armature r e s i s t a n c e i n ohm per phase
16 X_s = 20 ; // Synchronous armature r e a c t a n c e i n ohm

per phase
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17 cos_theta_a = 1 ; // Unity power f a c t o r ( c a s e a )
18 cos_theta_b = 0.75 ; // 0 . 7 5 power f a c t o r l a g g i n g (

c a s e b )
19 sin_theta_b = sqrt( 1 - (cos_theta_b)^2 );

20

21 // C a l c u l a t i o n s
22 V_P = V_L / sqrt (3) ; // Phase v o l t a g e i n v o l t
23 I_P = ( kVA * 1000 ) / ( 3*V_P ) ; // Phase c u r r e n t

i n A
24 I_a = I_P ; // Armature c u r r e n t i n A
25

26 // a : At u n i t y PF
27 E_g_a = ( V_P + I_a * R_a ) + %i*(I_a*X_s);

28 // Fu l l−l o ad g e n e r a t e d v o l t a g e per−phase ( c a s e a )
29 E_g_a_m=abs(E_g_a);// E g a m=magnitude o f E g a i n

v o l t
30 E_g_a_a=atan(imag(E_g_a) /real(E_g_a))*180/ %pi;//

E g a a=phase a n g l e o f E g a i n d e g r e e s
31

32 // b : At 0 . 7 5 PF l a g g i n g
33 E_g_b = ( V_P*cos_theta_b + I_a * R_a ) + %i*( V_P*

sin_theta_b + I_a*X_s );

34 // Fu l l−l o ad g e n e r a t e d v o l t a g e per−phase ( c a s e b )
35 E_g_b_m=abs(E_g_b);// E g b m=magnitude o f E g b i n

v o l t
36 E_g_b_a=atan(imag(E_g_b) /real(E_g_b))*180/ %pi;//

E g b a=phase a n g l e o f E g b i n d e g r e e s
37

38

39 // D i s p l ay the r e s u l t s
40 disp(” Example 6−1 S o l u t i o n : ”);
41 printf(”\n r o o t 3 v a l u e i s taken as %f , so s l i g h t

v a r i a t i o n s i n the answer . ”, sqrt (3));

42 printf(”\n\n a : At u n i t y PF , \n ”);
43 printf(”\n Rec tangu l a r form : \ n E g = ”); disp

(E_g_a);

44 printf(”\n Po la r form : ”);
45 printf(” \n E g = %d <%. 2 f V/ phase ”, E_g_a_m ,
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E_g_a_a );

46 printf(” \n where %d i s magnitude and %. 2 f i s
phase a n g l e \n”,E_g_a_m ,E_g_a_a);

47

48 printf(” \n b : At 0 . 7 5 PF l a g g i n g , \n ”);
49 printf(”\n Rec tangu l a r form : \ n E g = ”); disp

(E_g_b);

50 printf(”\n Po la r form : ”);
51 printf(” \n E g = %d <%. 2 f V/ phase ”, E_g_b_m ,

E_g_b_a );

52 printf(” \n where %d i s magnitude and %. 2 f i s
phase a n g l e \n”,E_g_b_m ,E_g_b_a);

Scilab code Exa 6.2 calculate Eg at point75 PF and point4 lead

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 6 : AC DYNAMO VOLTAGE RELATIONS−
ALTERNATORS

7 // Example 6−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 1000 ; // kVA r a t i n g o f the 3−phase a l t e r n a t o r
13 V_L = 4600 ; // Rated l i n e v o l t a g e i n v o l t
14 // 3−phase , Y−connec t ed a l t e r n a t o r
15 R_a = 2 ; // Armature r e s i s t a n c e i n ohm per phase
16 X_s = 20 ; // Synchronous armature r e a c t a n c e i n ohm

per phase
17 cos_theta_a = 0.75 ; // 0 . 7 5 PF l e a d i n g ( c a s e a )
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18 cos_theta_b = 0.40 ; // 0 . 4 0 PF l e a d i n g ( c a s e b )
19 sin_theta_a = sqrt( 1 - (cos_theta_a)^2 ); // ( c a s e

a )
20 sin_theta_b = sqrt( 1 - (cos_theta_b)^2 ); // ( c a s e

b )
21

22 // C a l c u l a t i o n s
23 V_P = V_L / sqrt (3) ; // Phase v o l t a g e i n v o l t
24 I_P = ( kVA * 1000 ) / ( 3*V_P ) ; // Phase c u r r e n t

i n A
25 I_a = I_P ; // Armature c u r r e n t i n A
26

27 // a : At 0 . 7 5 PF l e a d i n g
28 E_g_a = ( V_P*cos_theta_a + I_a * R_a ) + %i*( V_P*

sin_theta_a - I_a*X_s);

29 // Fu l l−l o ad g e n e r a t e d v o l t a g e per−phase ( c a s e a )
30 E_g_a_m=abs(E_g_a);// E g a m=magnitude o f E g a i n

v o l t
31 E_g_a_a=atan(imag(E_g_a) /real(E_g_a))*180/ %pi;//

E g a a=phase a n g l e o f E g a i n d e g r e e s
32

33 // b : At 0 . 4 0 PF l e a d i n g
34 E_g_b = ( V_P*cos_theta_b + I_a * R_a ) + %i*( V_P*

sin_theta_b - I_a*X_s );

35 // Fu l l−l o ad g e n e r a t e d v o l t a g e per−phase ( c a s e b )
36 E_g_b_m=abs(E_g_b);// E g b m=magnitude o f E g b i n

v o l t
37 E_g_b_a=atan(imag(E_g_b) /real(E_g_b))*180/ %pi;//

E g b a=phase a n g l e o f E g b i n d e g r e e s
38

39

40 // D i s p l ay the r e s u l t s
41 disp(” Example 6−2 S o l u t i o n : ”);
42 printf(”\n r o o t 3 v a l u e i s taken as %f , so s l i g h t

v a r i a t i o n s i n the answer . ”, sqrt (3));

43 printf(”\n\n a : 0 . 7 5 PF l e a d i n g , \n ”);
44 printf(”\n Rec tangu l a r form : \ n E g = ”); disp

(E_g_a);
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45 printf(”\n Po la r form : ”);
46 printf(” \n E g = %d <%. 2 f V/ phase ”, E_g_a_m ,

E_g_a_a );

47 printf(” \n where %d i s magnitude and %. 2 f i s
phase a n g l e \n”,E_g_a_m ,E_g_a_a);

48

49 printf(” \n b : At 0 . 4 0 PF l e a d i n g , \n ”);
50 printf(”\n Rec tangu l a r form : \ n E g = ”); disp

(E_g_b);

51 printf(”\n Po la r form : ”);
52 printf(” \n E g = %d <%. 2 f V/ phase ”, E_g_b_m ,

E_g_b_a );

53 printf(” \n where %d i s magnitude and %. 2 f i s
phase a n g l e \n”,E_g_b_m ,E_g_b_a);

Scilab code Exa 6.3 calculate percent voltage regulation

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 6 : AC DYNAMO VOLTAGE RELATIONS−
ALTERNATORS

7 // Example 6−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // From Ex.6−1 and Ex.6−2 we have V P and E g v a l u e s

as f o l l o w s
13 // Note : approx imated v a l u e s a r e c o n s i d e r e d when

r o o t 3 v a l u e i s taken as 1 . 7 3
14 // as i n t ex tbook
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15 V_P = 2660 ; // Phase v o l t a g e
16 E_g_a1 = 3836 ; // E g at u n i t y PF (Ex.6−1 c a s e a )
17 E_g_b1 = 4814 ; // E g at 0 . 7 5 PF l a g g i n g (Ex.6−1

c a s e b )
18

19 E_g_a2 = 2364 ; // E g at 0 . 7 5 PF l e a d i n g (Ex.6−2
c a s e a )

20 E_g_b2 = 1315 ; // E g at 0 . 4 0 PF l e a d i n g (Ex.6−2
c a s e b )

21

22 // C a l c u l a t i o n s
23 VR_a = ( E_g_a1 - V_P )/V_P * 100 ; // v o l t a g e

r e g u l a t i o n at u n i t y PF (Ex.6−1 c a s e a )
24 VR_b = ( E_g_b1 - V_P )/V_P * 100 ; // v o l t a g e

r e g u l a t i o n at 0 . 7 5 PF l a g g i n g (Ex.6−1 c a s e b )
25

26 VR_c = ( E_g_a2 - V_P )/V_P * 100 ; // v o l t a g e
r e g u l a t i o n at 0 . 7 5 PF l e a d i n g (Ex.6−2 c a s e a )

27 VR_d = ( E_g_b2 - V_P )/V_P * 100 ; // v o l t a g e
r e g u l a t i o n at 0 . 4 0 PF l e a d i n g (Ex.6−2 c a s e b )

28

29 // D i s p l ay the r e s u l t s
30 disp(” Example 6−3 S o l u t i o n : ”);
31 printf(” \n a : At u n i t y PF : ”);
32 printf(” \n VR = %. 1 f p e r c e n t \n ”, VR_a );

33

34 printf(” \n b : At 0 . 7 5 PF l a g g i n g : ”);
35 printf(” \n VR = %. 2 f p e r c e n t \n ”, VR_b );

36

37 printf(” \n c : At 0 . 7 5 PF l e a d i n g : ”);
38 printf(” \n VR = %. 2 f p e r c e n t \n ”, VR_c );

39

40 printf(” \n d : At 0 . 4 0 PF l e a d i n g : ”);
41 printf(” \n VR = %. 1 f p e r c e n t \n ”, VR_d );
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Scilab code Exa 6.4 calculate Rdc Rac Zp Xs VR at point8 PF lag and
lead

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 6 : AC DYNAMO VOLTAGE RELATIONS−
ALTERNATORS

7 // Example 6−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 100 ; // kVA r a t i n g o f the 3−phase a l t e r n a t o r
13 V_L = 1100 ; // Line v o l t a g e o f the 3−phase

a l t e r n a t o r i n v o l t
14

15 // dc−r e s i s t a n c e t e s t data
16 E_gp1 = 6 ; // g e n e r a t e d phase v o l t a g e i n v o l t
17 V_l = E_gp1 ; // g e n e r a t e d l i n e v o l t a g e i n v o l t
18 I_a1 = 10 ; // f u l l −l o ad c u r r e n t per phase i n A
19 cos_theta_b1 = 0.8 ; // 0 . 8 PF l a g g i n g ( c a s e b )
20 cos_theta_b2 = 0.8 ; // 0 . 8 PF l e a d i n g ( c a s e b )
21 sin_theta_b1 = sqrt( 1 - (cos_theta_b1)^2 ); // (

c a s e b )
22 sin_theta_b2 = sqrt( 1 - (cos_theta_b2)^2 ); // (

c a s e b )
23

24 // open−c i r c u i t t e s t data
25 E_gp2 = 420 ; // g e n e r a t e d phase v o l t a g e i n v o l t
26 I_f2 = 12.5 ; // F i e l d c u r r e n t i n A
27

28 // shor t−c i r c u i t t e s t data
29 I_f3 = 12.5 ; // F i e l d c u r r e n t i n A
30 // Line c u r r e n t I l = r a t e d v a l u e i n A
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31

32 // C a l c u l a t i o n s
33 // Assuming tha t the a l t e r n a t o r i s Y−connec t ed
34 // c a s e a :
35 I_a_rated = (kVA *1000) /(V_L*sqrt (3)); // Rated

c u r r e n t per phase i n A
36 I_a = sqrt (3)*I_a_rated ; // Rated Line c u r r e n t i n A
37

38 R_dc = V_l /(2* I_a1); // e f f e c t i v e dc armature
r e s i s t a n c e i n ohm/ winding

39 R_ac = R_dc * 1.5 ; // e f f e c t i v e ac armature
r e s i s t a n c e i n ohm . phase

40 R_a = R_ac ; // e f f e c t i v e ac armature r e s i s t a n c e i n
ohm . phase from dc r e s i s t a n c e t e s t

41

42 Z_p = E_gp2 / I_a ; // Synchronous impedance per
phase

43 X_s = sqrt( Z_p^2 - R_a^2 ); // Synchronous
r e a c t a n c e per phase

44

45 // c a s e b :
46 V_p = V_L / sqrt (3); // Phase v o l t a g e i n v o l t (Y−

c o n n e c t i o n )
47

48 // At 0 . 8 PF l a g g i n g
49 E_gp1 = ( V_p*cos_theta_b1 + I_a_rated * R_a ) + %i

*( V_p*sin_theta_b1 + I_a_rated * X_s);

50 E_gp1_m=abs(E_gp1);// E gp1 m=magnitude o f E gp1 i n
v o l t

51 E_gp1_a=atan(imag(E_gp1) /real(E_gp1))*180/ %pi;//
E gp1 a=phase a n g l e o f E gp1 i n d e g r e e s

52 V_n1 = E_gp1_m ; // No−l o ad v o l t a g e i n v o l t
53 V_f1 = V_p ; // Fu l l−l o ad v o l t a g e i n v o l t
54 VR1 = ( V_n1 - V_f1 )/ V_f1 * 100; // p e r c e n t

v o l t a g e r e g u l a t i o n at 0 . 8 PF l a g g i n g
55

56

57 // At 0 . 8 PF l e a d i n g

91



58 E_gp2 = ( V_p*cos_theta_b2 + I_a_rated * R_a ) + %i

*( V_p*sin_theta_b2 - I_a_rated*X_s);

59 E_gp2_m=abs(E_gp2);// E gp2 m=magnitude o f E gp2 i n
v o l t

60 E_gp2_a=atan(imag(E_gp2) /real(E_gp2))*180/ %pi;//
E gp2 a=phase a n g l e o f E gp2 i n d e g r e e s

61 V_n2 = E_gp2_m ; // No−l o ad v o l t a g e i n v o l t
62 V_f2 = V_p ; // Fu l l−l o ad v o l t a g e i n v o l t
63 VR2 = ( V_n2 - V_f2 )/V_f2 * 100 ; // p e r c e n t

v o l t a g e r e g u l a t i o n at 0 . 8 PF l e a d i n g
64

65 // D i s p l ay the r e s u l t s
66 disp(” Example 6−4 S o l u t i o n : ”);
67 printf(” \n Assuming tha t the a l t e r n a t o r i s Y−

connec t ed ”);
68 printf(” \n a : R dc = %. 1 f ohm/ winding ”, R_dc );

69 printf(” \n R ac = %. 2 f ohm/ phase ”, R_ac );

70 printf(” \n Z p = %. 2 f ohm/ phase ”, Z_p );

71 printf(” \n X s = %. 2 f ohm/ phase \n”, X_s );

72

73 printf(” \n b : At 0 . 8 PF l a g g i n g ”);
74 printf(” \n Percent v o l t a g e r e g u l a t i o n = %. 1 f

p e r c e n t \n”, VR1 );

75

76 printf(” \n At 0 . 8 PF l e a d i n g ”);
77 printf(” \n Percent v o l t a g e r e g u l a t i o n = %. 1 f

p e r c e n t ”, VR2 );

Scilab code Exa 6.5 calculate prev eg values for delta connection

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 6 : AC DYNAMO VOLTAGE RELATIONS−
ALTERNATORS

7 // Example 6−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 100 ; // kVA r a t i n g o f the 3−phase a l t e r n a t o r
13 V_L = 1100 ; // Line v o l t a g e o f the 3−phase

a l t e r n a t o r i n v o l t
14

15 // dc−r e s i s t a n c e t e s t data
16 E_gp1 = 6 ; // g e n e r a t e d phase v o l t a g e i n v o l t
17 V_l = E_gp1 ; // g e n e r a t e d l i n e v o l t a g e i n v o l t
18 I_a1 = 10 ; // f u l l −l o ad c u r r e n t per phase i n A
19 cos_theta_b1 = 0.8 ; // 0 . 8 PF l a g g i n g ( c a s e b )
20 cos_theta_b2 = 0.8 ; // 0 . 8 PF l e a d i n g ( c a s e b )
21 sin_theta_b1 = sqrt( 1 - (cos_theta_b1)^2 ); // (

c a s e b )
22 sin_theta_b2 = sqrt( 1 - (cos_theta_b2)^2 ); // (

c a s e b )
23

24 // open−c i r c u i t t e s t data
25 E_gp2 = 420 ; // g e n e r a t e d phase v o l t a g e i n v o l t
26 I_f2 = 12.5 ; // F i e l d c u r r e n t i n A
27

28 // shor t−c i r c u i t t e s t data
29 I_f3 = 12.5 ; // F i e l d c u r r e n t i n A
30 // Line c u r r e n t I l = r a t e d v a l u e i n A
31

32 // C a l c u l a t i o n s
33 // Assuming tha t the a l t e r n a t o r i s d e l t a−connec t ed
34 // c a s e a :
35 I_a_rated = (kVA *1000) /(V_L*sqrt (3)); // Rated

c u r r e n t per phase i n A
36 I_L = I_a_rated ; // Line c u r r e n t i n A
37
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38 V_p = E_gp2 ; // Phase v o l t a g e i n v o l t
39 V_l = V_p ; // Line v o l t a g e i n v o l t ( from s h o r t

c i r c u i t data )
40

41 I_p = I_L / sqrt (3) ; // Phase c u r r e n t i n A ( d e l t a
c o n n e c t i o n )

42 I_a = I_p ; // Rated c u r r e n t i n A
43

44 Z_s = V_l / I_p ; // Synchronous impedance per phase
45 R_dc = E_gp1 /(2* I_a1); // e f f e c t i v e dc armature

r e s i s t a n c e i n ohm/ winding
46 R_ac = R_dc * 1.5 ; // e f f e c t i v e ac armature

r e s i s t a n c e i n ohm . phase
47

48 // R e f f i n d e l t a = 3 ∗ R e f f i n Y
49 R_eff = 3 * R_ac ; // E f f e c t i v e armature r e s i s t a n c e

i n ohm
50 R_a = R_eff ; // e f f e c t i v e ac armature r e s i s t a n c e i n

ohm . phase from dc r e s i s t a n c e t e s t
51

52 X_s = sqrt( Z_s^2 - R_a^2 ); // Synchronous
r e a c t a n c e per phase

53

54 V_p = V_L ; // Phase v o l t a g e i n v o l t ( d e l t a−
c o n n e c t i o n )

55

56 // At 0 . 8 PF l a g g i n g
57 E_gp1 = ( V_p*cos_theta_b1 + I_a * R_a ) + %i*( V_p*

sin_theta_b1 + I_a*X_s);

58 E_gp1_m=abs(E_gp1);// E gp1 m=magnitude o f E gp1 i n
v o l t

59 E_gp1_a=atan(imag(E_gp1) /real(E_gp1))*180/ %pi;//
E gp1 a=phase a n g l e o f E gp1 i n d e g r e e s

60 V_n1 = E_gp1_m ; // No−l o ad v o l t a g e i n v o l t
61 V_f1 = V_p ; // Fu l l−l o ad v o l t a g e i n v o l t
62 VR1 = ( V_n1 - V_f1 )/ V_f1 * 100; // p e r c e n t

v o l t a g e r e g u l a t i o n at 0 . 8 PF l a g g i n g
63
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64

65 // At 0 . 8 PF l e a d i n g
66 E_gp2 = ( V_p*cos_theta_b2 + I_a * R_a ) + %i*( V_p*

sin_theta_b2 - I_a*X_s);

67 E_gp2_m=abs(E_gp2);// E gp2 m=magnitude o f E gp2 i n
v o l t

68 E_gp2_a=atan(imag(E_gp2) /real(E_gp2))*180/ %pi;//
E gp2 a=phase a n g l e o f E gp2 i n d e g r e e s

69 V_n2 = E_gp2_m ; // No−l o ad v o l t a g e i n v o l t
70 V_f2 = V_p ; // Fu l l−l o ad v o l t a g e i n v o l t
71 VR2 = ( V_n2 - V_f2 )/V_f2 * 100 ; // p e r c e n t

v o l t a g e r e g u l a t i o n at 0 . 8 PF l e a d i n g
72

73 // D i s p l ay the r e s u l t s
74 disp(” Example 6−5 S o l u t i o n : ”);
75 printf(” \n Assuming tha t the a l t e r n a t o r i s d e l t a−

connec t ed : \n ”);
76 printf(” \n a : I p = %. 3 f A ”, I_p );

77 printf(” \n Z s = %. 2 f ohm/ phase ”, Z_s );

78 printf(” \n R e f f i n d e l t a = %. 2 f ohm/ phase ”,
R_eff );

79 printf(” \n X s = %. 1 f ohm/ phase \n”, X_s );

80 printf(” \n R e f f , r e a c t a n c e and impedance per
phase i n d e l t a i s 3 t imes ”)

81 printf(” \n the v a l u e when connec t ed i n Y. \n”)
82

83 printf(” \n b : At 0 . 8 PF l a g g i n g ”);
84 printf(” \n Percent v o l t a g e r e g u l a t i o n = %. 1 f

p e r c e n t \n”, VR1 );

85

86 printf(” \n At 0 . 8 PF l e a d i n g ”);
87 printf(” \n Percent v o l t a g e r e g u l a t i o n = %. 1 f

p e r c e n t \n”, VR2 );

88 printf(” \n Per c en tage v o l t a g e r e g u l a t i o n rema ins
the same both i n Y and d e l t a c o n n e c t i o n . ”);
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Scilab code Exa 6.6 calculate Imax overload and Isteady

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 6 : AC DYNAMO VOLTAGE RELATIONS−
ALTERNATORS

7 // Example 6−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3−phase Y−connec t ed a l t e r n a t o r
13 E_L = 11000 ; // Line v o l t a g e g e n e r a t e d i n v o l t
14 kVA = 165000 ; // kVA r a t i n g o f the a l t e r n a t o r
15 R_p = 0.1 ; // Armature r e s i s t a n c e i n ohm/ per phase
16 Z_p = 1.0 ; // Synchronous r e a c t a n c e / phase
17 Z_r = 0.8 ; // Reactor r e a c t a n c e / phase
18

19 // C a l c u l a t i o n s
20 E_p = E_L / sqrt (3); // Rated phase v o l t a g e i n v o l t
21 I_p = (kVA * 1000) /(3* E_p); // Rated c u r r e n t per

phase i n A
22

23 // c a s e a
24 I_max_a = E_p / R_p ; // Maximum shor t−c i r c u i t

c u r r e n t i n A ( c a s e a )
25 overload_a = I_max_a / I_p ; // Over load ( c a s e a )
26

27 // c a s e b
28 I_steady = E_p / Z_p ; // S u s t a i n e d shor t−c i r c u i t
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c u r r e n t i n A
29 overload_b = I_steady / I_p ; // Over load ( c a s e b )
30

31 // c a s e c
32 Z_t = R_p + %i*Z_r ; // Tota l r e a c t a n c e per phase
33 I_max_c = E_p / Z_t ; // Maximum shor t−c i r c u i t

c u r r e n t i n A ( c a s e b )
34 I_max_c_m=abs(I_max_c);// I max c m=magnitude o f

I max c i n A
35 I_max_c_a=atan(imag(I_max_c) /real(I_max_c))*180/ %pi

;// I m a x c a=phase a n g l e o f I max c i n d e g r e e s
36 overload_c = I_max_c_m / I_p ; // Over load ( c a s e a )
37

38 // D i s p l ay the r e s u l t s
39 disp(” Example 6−6 S o l u t i o n : ”);
40 printf(”\n r o o t 3 v a l u e i s taken as %f , so s l i g h t

v a r i a t i o n s i n the answer . \ n”, sqrt (3));

41 printf(” \n a : I max = %d A ”, I_max_a );

42 printf(” \n o v e r l o a d = %. 1 f ∗ r a t e d c u r r e n t \n”,
overload_a );

43

44 printf(” \n b : I s t e a d y = %d A ”, I_steady );

45 printf(” \n o v e r l o a d = %. 2 f ∗ r a t e d c u r r e n t \n”,
overload_b );

46

47 printf(” \n c : Rec tangu l a r form : \ n I max = ”);
disp(I_max_c);

48 printf(” \n Po la r form : ”);
49 printf(” \n I max = %d <%. 2 f A ”, I_max_c_m ,

I_max_c_a );

50 printf(” \n where %d i s magnitude and %. 2 f i s
phase a n g l e \n”,I_max_c_m ,I_max_c_a);

51 printf(” \n o v e r l o a d = %. 3 f ∗ r a t e d c u r r e n t \n”,
overload_c );
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Scilab code Exa 6.7 calculate P and Pperphase and Egp magnitude phase
angle and torque angle

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 6 : AC DYNAMO VOLTAGE RELATIONS−
ALTERNATORS

7 // Example 6−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 100 ; // kVA r a t i n g o f the 3−phase a l t e r n a t o r
13 V_L = 1100 ; // Line v o l t a g e o f the 3−phase

a l t e r n a t o r i n v o l t
14

15 // dc−r e s i s t a n c e t e s t data
16 E_gp1 = 6 ; // g e n e r a t e d phase v o l t a g e i n v o l t
17 V_l = E_gp1 ; // g e n e r a t e d l i n e v o l t a g e i n v o l t
18 I_a1 = 10 ; // f u l l −l o ad c u r r e n t per phase i n A
19 cos_theta = 0.8 ; // 0 . 8 PF l a g g i n g
20 sin_theta = sqrt( 1 - (cos_theta)^2 ); //
21

22 // open−c i r c u i t t e s t data
23 E_gp2 = 420 ; // g e n e r a t e d phase v o l t a g e i n v o l t
24 I_f2 = 12.5 ; // F i e l d c u r r e n t i n A
25

26 // shor t−c i r c u i t t e s t data
27 I_f3 = 12.5 ; // F i e l d c u r r e n t i n A
28 // Line c u r r e n t I l = r a t e d v a l u e i n A
29

30 // C a l c u l a t e d data from Ex.6−4
31 I_L = 52.5 ; // Rated l i n e c u r r e n t i n A
32 I_a = I_L ; // Rated c u r r e n t per phase i n A
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33 E_gp = 532 + %i*623 ; // Generated v o l t a g e at 0 . 8 PF
l a g g i n g

34 X_s = 4.6 ; // Synchronous r e a c t a n c e per phase
35 V_p = 635 ; // Phase v o l t a g e i n v o l t
36

37 // C a l c u l a t i o n s
38 // c a s e a
39 P_T = sqrt (3) * V_L * I_L * cos_theta ; // Tota l

output 3−phase power
40

41 // c a s e b
42 P_p_b = P_T / 3 ; // Tota l output 3−phase power per

phase
43

44 // c a s e c
45 E_gp_m=abs(E_gp);// E gp m=magnitude o f E gp i n v o l t
46 E_gp_a=atan(imag(E_gp) /real(E_gp))*180/ %pi;// E gp a

=phase a n g l e o f E gp i n d e g r e e s
47

48 // c a s e d
49 theta = acos (0.8) *180/ %pi; // phase a n g l e f o r PF i n

d e g r e e s
50 theta_plus_deba = E_gp_a ; // phase a n g l e o f E gp i n

d e g r e e s
51 deba = theta_plus_deba - theta ; // Torque a n g l e i n

d e g r e e s
52

53 // c a s e e
54 P_p_e = (E_gp_m/X_s)*V_p*sind(deba); // Approximate

output power / phase (Eq .(6−10) )
55

56 // c a s e f
57 P_p_f = E_gp_m * I_a * cosd(theta_plus_deba); //

Approximate output power / phase (Eq .(6−9) )
58

59 // D i s p l ay the r e s u l t s
60 disp(” Example 6−7 S o l u t i o n : ”);
61 printf(”\n r o o t 3 v a l u e i s taken as %f , so s l i g h t
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v a r i a t i o n s i n the answer . \ n”, sqrt (3));

62 printf(” \n a : P T = %d W \n”, P_T );

63 printf(” \n b : P p = %. 2 f W \n”, P_p_b );

64 printf(” \n c : E gp = %d <%. 2 f V \n”, E_gp_m , E_gp_a

);

65 printf(” \n where %d i s magnitude i n V and %. 2 f
i s phase a n g l e i n d e g r e e s . \ n”,E_gp_m ,E_gp_a);

66 printf(” \n d : Torque ang le , deba = %. 2 f d e g r e e s \n”
, deba );

67 printf(” \n e : P p = %d W \n”, P_p_e );

68 printf(” \n f : P p = %d W ”, P_p_f );

Scilab code Exa 6.8 calculate torqueperphase and total torque

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 6 : AC DYNAMO VOLTAGE RELATIONS−
ALTERNATORS

7 // Example 6−8
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12

13 kVA = 100 ; // kVA r a t i n g o f the 3−phase a l t e r n a t o r
14 V_L = 1100 ; // Line v o l t a g e o f the 3−phase

a l t e r n a t o r i n v o l t
15 S = 1200 ; // Synchronous speed i n rpm
16

17 // dc−r e s i s t a n c e t e s t data
18 E_gp1 = 6 ; // g e n e r a t e d phase v o l t a g e i n v o l t
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19 V_l = E_gp1 ; // g e n e r a t e d l i n e v o l t a g e i n v o l t
20 I_a1 = 10 ; // f u l l −l o ad c u r r e n t per phase i n A
21 cos_theta = 0.8 ; // 0 . 8 PF l a g g i n g
22 sin_theta = sqrt( 1 - (cos_theta)^2 ); //
23

24 // open−c i r c u i t t e s t data
25 E_gp2 = 420 ; // g e n e r a t e d phase v o l t a g e i n v o l t
26 I_f2 = 12.5 ; // F i e l d c u r r e n t i n A
27

28 // shor t−c i r c u i t t e s t data
29 I_f3 = 12.5 ; // F i e l d c u r r e n t i n A
30 // Line c u r r e n t I l = r a t e d v a l u e i n A
31

32 // C a l c u l a t e d data from Ex.6−4 & Ex.6−7
33 I_L = 52.5 ; // Rated l i n e c u r r e n t i n A
34 I_a = I_L ; // Rated c u r r e n t per phase i n A
35 E_gp = 532 + %i*623 ; // Generated v o l t a g e at 0 . 8 PF

l a g g i n g
36 E_g = 819 ; // E g = magnitude o f E gp i n v o l t
37 X_s = 4.6 ; // Synchronous r e a c t a n c e per phase
38 V_p = 635 ; // Phase v o l t a g e i n v o l t
39 deba = 12.63 ; // Torque a n g l e i n d e g r e e s
40

41 // C a l c u l a t i o n s
42 // c a s e a
43 T_p_a = ( 7.04 * E_g * V_p * sind(deba) ) / (S*X_s)

; // Output t o r q ue per phase i n l b . f t
44 T_3phase_a = 3 * T_p_a ; // Output t o r q ue f o r 3−

phase i n l b . f t
45

46 // c a s e b
47 omega = S * 2*%pi *(1/60); // Angular f r e q u e n c y i n

rad / s
48 T_p_b = ( E_g * V_p * sind(deba))/( omega*X_s); //

Output to r q u e per phase i n l b . f t
49 T_3phase_b = 3 * T_p_b ; // Output t o r qu e f o r 3−

phase i n l b . f t
50
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51 // c a s e c
52 T_p_c = T_p_a * 1.356 ; // Output t o r q ue per phase

i n N.m
53 T_3phase_c = 3 * T_p_c ; // Output t o r q ue f o r 3−

phase i n N.m
54

55 // D i s p l ay the r e s u l t s
56 disp(” Example 6−8 S o l u t i o n : ”);
57 pi = %pi;

58 printf(” \n S l i g h t v a r i a t i o n s i n the answers a r e
due to v a l u e o f p i = %f ”,pi);

59 printf(” \n and omega = %f , which a r e s l i g h t l y
d i f f e r e n t as i n the t ex tbook . \ n”,omega);

60 printf(” \n a : T p = %d lb− f t ”,T_p_a);
61 printf(” \n T 3phase = %d lb− f t \n”, T_3phase_a);

62

63 printf(” \n b : T p = %. 1 f N−m ”,T_p_b);
64 printf(” \n T 3phase = %. 1 f N−m \n”, T_3phase_b);

65

66 printf(” \n c : T p = %. 1 f N−m ”,T_p_c);
67 printf(” \n T 3phase = %. 1 f N−m \n”, T_3phase_c);

68 printf(” \n Answers from c a s e s b and c a lmost
t a l l y each o t h e r ”);
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Chapter 7

PARALLEL OPERATION

Scilab code Exa 7.1 calculate I Ia and P

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 R_sh = 120 ; // Shunt f i e l d r e s i s t a n c e i n ohm
13 R_a = 0.1 ; // Armature r e s i s t a n c e i n ohm
14 V_L = 120 ; // Line v o l t a g e i n v o l t
15 E_g1 = 125 ; // Generated v o l t a g e by dynamo A
16 E_g2 = 120 ; // Generated v o l t a g e by dynamo B
17 E_g3 = 114 ; // Generated v o l t a g e by dynamo C
18

19 // C a l c u l a t i o n s
20 // c a s e a
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21 // 1 :
22 I_gA = ( E_g1 - V_L ) / R_a ; // Current i n the

g e n e r a t i n g s o u r c e A ( i n A)
23 I_f = V_L / R_sh ; // Shunt f i e l d c u r r e n t i n A
24 I_a1 = I_gA + I_f ; // Armature c u r r e n t i n A f o r

g e n e r a t o r A
25 I_L1 = I_gA ; // Current d e l i v e r e d by dynamo A to

the bus i n A
26

27 // 2 :
28 I_gB = ( E_g2 - V_L ) / R_a ; // Current i n the

g e n e r a t i n g s o u r c e B ( i n A)
29 I_a2 = I_gB + I_f ; // Armature c u r r e n t i n A f o r

g e n e r a t o r B
30 I_L2 = I_gB ; // Current d e l i v e r e d by dynamo B to

the bus i n A
31

32 // 3 :
33 I_gC = ( V_L - E_g3 ) / R_a ; // Current i n the

g e n e r a t i n g s o u r c e C ( i n A)
34 I_a3 = I_gC ; // Armature c u r r e n t i n A f o r g e n e r a t o r

C
35 I_L3 = I_gC + I_f ; // Current d e l i v e r e d by dynamo C

to the bus i n A
36

37 // c a s e b
38 // 1 :
39 P_LA = V_L * I_L1 ; // Power d e l i v e r e d to the bus by

dynamo A i n W
40 P_gA = E_g1 * I_a1 ; // Power g e n e r a t e d by dynamo A
41

42 // 2 :
43 P_LB = V_L * I_L2 ; // Power d e l i v e r e d to the bus by

dynamo B i n W
44 P_gB = E_g2 * I_a2 ; // Power g e n e r a t e d by dynamo B
45

46 // 3 :
47 P_LC = V_L * I_L3 ; // Power d e l i v e r e d to the bus by
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dynamo C i n W
48 P_gC = E_g3 * I_a3 ; // Power g e n e r a t e d by dynamo C
49

50 // D i s p l ay the r e s u l t s
51 disp(” Example 7−1 S o l u t i o n : ”);
52 printf(” \n a : 1 . I gA = %d A \ t I f = %d A ”, I_gA ,

I_f );

53 printf(” \n Thus , dynamo A d e l i v e r s %d A to the
bus and has an armature ”, I_gA);

54 printf(” \n c u r r e n t o f %d A + %d A = %d \n”,
I_gA ,I_f ,I_a1 );

55

56 printf(” \n 2 . I gB = %d A ”, I_gB);

57 printf(” \n Thus , dynamo B i s f l o a t i n g and has
as armature & f i e l d c u r r e n t o f %d A \n”,I_f);

58

59 printf(” \n 3 . I gC = %d A ”,I_gC);
60 printf(” \n Dynamo C r e c e i v e s %d A from the

bus & has an armature c u r r e n t o f %d A\n”,I_L3 ,
I_a3);

61

62 printf(” \n b : 1 . Power d e l i v e r e d to the bus by
dynamo A i s : ”);

63 printf(” \n P LA = %d W ”,P_LA);
64 printf(” \n Power g e n e r a t e d by dynamo A i s \n

P gA = %d W \n”,P_gA);
65

66 printf(” \n 2 . S i n c e dynamo B n e i t h e r d e l i v e r s
power to nor r e c e i v e s power from the bus , ”);

67 printf(” \n P B = %d W ”,P_LB);
68 printf(” \n Power g e n e r a t e d by dynamo B, to

e x c i t e i t s f i e l d , i s ”);
69 printf(” \n P gB = %d W \n ”, P_gB);

70

71 printf(” \n 3 . Power d e l i v e r e d by the bus to
dynamo C i s ”);

72 printf(” \n P LC = %d W ”, P_LC);

73 printf(” \n w h i l e the i n t e r n a l power d e l i v e r e d
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i n the d i r e c t i o n o f r o t a t i o n ”);
74 printf(” \n o f i t s pr ime mover to a i d r o t a t i o n

i s \n P gC = %d W”, P_gC );

Scilab code Exa 7.2 calculate all currents and power of the generator

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 R_a = 0.1 ; // Armature r e s i s t a n c e i n ohm
13 R_f = 100 ; // F i e l d ck t r e s i s t a n c e i n ohm
14 V_L_b = 120 ; // Bus v o l t a g e i n v o l t
15 V_L_a = 140 ; // Vo l tage o f the g e n e r a t o r i n v o l t
16 V_f = V_L_a ; // Vo l tage a c r o s s the f i e l d i n v o l t
17

18 // C a l c u l a t i o n s
19 // c a s e a
20 I_f_a = V_f / R_f ; // F i e l d c u r r e n t i n A
21 I_a_a = I_f_a ; // Armature c u r r e n t i n A
22 E_g_a = V_L_a + I_a_a * R_a ; // Generated EMF i n

v o l t
23 P_g_a = E_g_a * I_a_a ; // Generated power i n W
24

25 // c a s e b
26 I_a_b = ( E_g_a - V_L_b ) / R_a ; // Armature

c u r r e n t i n A
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27 I_f_b = V_L_b / R_f ; // F i e l d c u r r e n t i n A
28 I_Lg = I_a_b - I_f_b ; // Generated l i n e c u r r e n t i n

A
29 P_L = V_L_b * I_Lg ; // Power g e n e r a t e d a c r o s s the

l i n e s i n W
30 E_g_b = V_L_a ;

31 P_g_b = E_g_b * I_a_b ; // Generated power i n W
32

33 // D i s p l ay the r e s u l t s
34 disp(” Example 7−2 S o l u t i o n : ”);
35 printf(” \n a : B e f o r e i t i s connec t ed to the bus ”);
36 printf(” \n I a = I f = %. 1 f A \n E g = %. 2 f V

\n P g = %. 1 f W \n”, I_a_a ,E_g_a ,P_g_a);

37

38 printf(” \n b : A f t e r i t i s connec t ed to the bus ”);
39 printf(” \n I a = %. 1 f A \n I f = %. 1 f A \n

I Lg = %. 1 f A \n”, I_a_b , I_f_b , I_Lg );

40 printf(” \n P L = %. f W \n P g = %. f W ”, P_L

, P_g_b );

Scilab code Exa 7.3 calculate VL IL Pg and PL

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 R_a = 0.1 ; // Armature r e s i s t a n c e i n ohm o f 3 shunt
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g e n e r a t o r s
13 R_a1 =R_a ;

14 R_a2 =R_a ;

15 R_a3 =R_a ;

16 R_L = 2 ; // Load r e s i s t a n c e i n ohm
17 E_g1 = 127 ; // Vo l tage g e n e r a t e d by g e n e r a t o r 1 i n

v o l t
18 E_g2 = 120 ; // Vo l tage g e n e r a t e d by g e n e r a t o r 2 i n

v o l t
19 E_g3 = 119 ; // Vo l tage g e n e r a t e d by g e n e r a t o r 3 i n

v o l t
20 // N e g l e c t f i e l d c u r r e n t s
21

22 // C a l c u l a t i o n s
23 // c a s e a
24 // Terminal bus v o l t a g e i n v o l t
25 V_L = ( (127/0.1) + (120/0.1) + (119/0.1) ) / (

(1/0.1) + (1/0.1) + (1/0.1) + 0.5);

26

27 // c a s e b
28 I_L1 = (E_g1 - V_L)/R_a1 ; // Current d e l i v e r e d by

g e n e r a t o r 1 i n A
29 I_L2 = (E_g2 - V_L)/R_a2 ; // Current d e l i v e r e d by

g e n e r a t o r 2 i n A
30 I_L3 = (E_g3 - V_L)/R_a3 ; // Current d e l i v e r e d by

g e n e r a t o r 3 i n A
31 I_L_2ohm = V_L / R_L ; // Current d e l i v e r e d by 2 ohm

load i n A
32

33 // c a s e c
34 I_a1 = I_L1 ; // Armature c u r r e n t i n A f o r g e n e r a t o r

1
35 I_a2 = I_L2 ; // Armature c u r r e n t i n A f o r g e n e r a t o r

2
36 I_a3 = I_L3 ; // Armature c u r r e n t i n A f o r g e n e r a t o r

3
37

38 P_g1 = E_g1 * I_a1 ; // Power g e n e r a t e d by g e n e r a t o r
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1 i n W
39 P_g2 = E_g2 * I_a2 ; // Power g e n e r a t e d by g e n e r a t o r

2 i n W
40 P_g3 = E_g3 * I_a3 ; // Power g e n e r a t e d by g e n e r a t o r

3 i n W
41

42 // c a s e d
43 P_L1 = V_L * I_L1 ; // Power d e l i v e r e d to or

r e c e i v e d from g e n e r a t o r 1 i n W
44 P_L2 = V_L * I_L2 ; // Power d e l i v e r e d to or

r e c e i v e d from g e n e r a t o r 2 i n W
45 P_L3 = V_L * I_L3 ; // Power d e l i v e r e d to or

r e c e i v e d from g e n e r a t o r 3 i n W
46 P_L = V_L * -I_L_2ohm ; // Power d e l i v e r e d to or

r e c e i v e d 2 ohm load i n W
47

48 // D i s p l ay the r e s u l t s
49 disp(” Example 7−3 S o l u t i o n : ”);
50 printf(” \n a : Conver t ing each v o l t a g e s o u r c e to a

c u r r e n t s o u r c e and a p p l y i n g ”);
51 printf(” \n Millman ‘ s theorem y i e l d s ”)
52 printf(” \n V L = %d V \n ”, V_L );

53

54 printf(” \n b : I L1 = %d A ( to bus ) ”, I_L1 );

55 printf(” \n I L2 = %d A ”, I_L2 );

56 printf(” \n I L3 = %d A ( from bus ) ”, I_L3 );

57 printf(” \n I L 2ohm = −%d A ( from bus ) \n”,
I_L_2ohm );

58

59 printf(” \n c : P g1 = %d W ”,P_g1 );

60 printf(” \n P g2 = %d W ( f l o a t i n g ) ”,P_g2 );

61 printf(” \n P g3 = %d W \n”,P_g3 );

62

63 printf(” \n d : P L1 = %d W ”, P_L1);

64 printf(” \n P L2 = %d W ”, P_L2 );

65 printf(” \n P L3 = %d W ”, P_L3 );

66 printf(” \n P L = %d W ”, P_L );
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Scilab code Exa 7.4 calculate total load and kW output of each G

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P1 = 300 ; // Power r a t i n g o f g e n e r a t o r 1 i n kW
13 P2 = 600 ; // Power r a t i n g o f g e n e r a t o r 2 i n kW
14 V = 220 ; // Vo l tage r a t i n g o f g e n e r a t o r 1 and 2 i n

v o l t
15 V_o = 250 ; // No−l o ad v o l t a g e a p p l i e d to both the

g e n e r a t o r s i n v o l t
16 // Assume l i n e a r c h a r a c t e r i s t i c s
17 V_1 = 230 ; // Terminal v o l t a g e i n v o l t ( c a s e a )
18 V_2 = 240 ; // Terminal v o l t a g e i n v o l t ( c a s e b )
19

20 // C a l c u l a t i o n s
21 // c a s e a
22 kW1_a = (V_o - V_1)/(V_o - V) * P1 ; // kW c a r r i e d

by g e n e r a t o r 1
23 kW2_a = (V_o - V_1)/(V_o - V) * P2 ; // kW c a r r i e d

by g e n e r a t o r 2
24

25 // c a s e b
26 kW1_b = (V_o - V_2)/(V_o - V) * P1 ; // kW c a r r i e d

by g e n e r a t o r 1
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27 kW2_b = (V_o - V_2)/(V_o - V) * P2 ; // kW c a r r i e d
by g e n e r a t o r 2

28

29 // c a s e c
30 frac_a = (V_o - V_1)/(V_o - V); // F r a c t i o n o f r a t e d

kW c a r r i e d by each g e n e r a t o r
31 frac_b = (V_o - V_2)/(V_o - V); // F r a c t i o n o f r a t e d

kW c a r r i e d by each g e n e r a t o r
32

33 // D i s p l ay the r e s u l t s
34 disp(” Example 7−4 S o l u t i o n : ”);
35 printf(” \n a : At 230 V, u s i n g Eq .(7−3) below : ”);
36 printf(” \n Generato r 1 c a r r i e s = %d kW ”, kW1_a

);

37 printf(” \n Generato r 2 c a r r i e s = %d kW \n”,
kW2_a );

38

39 printf(” \n b : At 240 V, u s i n g Eq .(7−3) below : ”);
40 printf(” \n Generato r 1 c a r r i e s = %d kW ”, kW1_b

);

41 printf(” \n Generato r 2 c a r r i e s = %d kW \n”,
kW2_b );

42

43 printf(” \n c : Both g e n e r a t o r s c a r r y no−l o ad at 250
V; ”);

44 printf(” \n %f r a t e d l oad at %d V; ”, frac_b ,

V_2 );

45 printf(” \n %f r a t e d l oad at %d V; ”, frac_a ,

V_1 );

46 printf(” \n and r a t e d l oad at %d V. ”, V );

Scilab code Exa 7.5 calculate max and min E and frequency and Epeak
and n

1 // E l e c t r i c Machinery and Trans f o rmer s
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2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 E_1 = 220 ; // Terminal v o l t a g e o f a l t e r n a t o r 1 i n

v o l t
13 E_2 = 222 ; // Terminal v o l t a g e o f a l t e r n a t o r 2 i n

v o l t
14 f_1 = 60 ; // Frequency o f a l t e r n a t o r 1 i n Hz
15 f_2 = 59.5 ; // Frequency o f a l t e r n a t o r 2 i n Hz
16 // Switch i s open
17

18 // C a l c u l a t i o n s
19 // c a s e a
20 E_max = (E_1 + E_2)/2 ; // Maximum e f f e c t i v e v o l t a g e

a c r o s s each lamp i n v o l t
21 E_min = (E_2 - E_1)/2 ; // Minimum e f f e c t i v e v o l t a g e

a c r o s s each lamp i n v o l t
22

23 // c a s e b
24 f = f_1 - f_2 ; // Frequency i n Hz o f the v o l t a g e

a c r o s s the lamps
25

26 // c a s e c
27 E_peak = E_max / 0.7071 ; // Peak v a l u e o f the

v o l t a g e i n v o l t a c r o s s each lamp
28

29 // c a s e d
30 n = (1/2)*f_1 ; // Number o f maximum l i g h t

p u l s a t i o n s per minute
31
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32 // D i s p l ay the r e s u l t s
33 disp(” Example 7−5 S o l u t i o n : ”);
34 printf(” \n a : E max/ lamp = %d V ( rms ) \n ”, E_max );

35 printf(” \n E min/ lamp = %d V \n ”, E_min );

36 printf(” \n b : f = %. 1 f Hz \n ”, f );

37 printf(” \n c : E peak = %. f V \n ”, E_peak );

38 printf(” \n d : n = %d p u l s a t i o n s /min ”, n );

Scilab code Exa 7.6 calculate max and min E and f and phase relations

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 E = 220 ; // Vo l tage g e n e r a t e d i n v o l t
13 E_1 = E ; // Vo l tage g e n e r a t e d by a l t e r n a t o r 1 i n

v o l t
14 E_2 = E ; // Vo l tage g e n e r a t e d by a l t e r n a t o r 2 i n

v o l t
15 f_1 = 60 ; // Frequency i n Hz o f a l t e r n a t o r 1
16 f_2 = 58 ; // Frequency i n Hz o f a l t e r n a t o r 2
17 // Switch i s open
18

19 // C a l c u l a t i o n s
20 // c a s e a
21 E_max = (E_1 + E_2)/2 ; // Maximum e f f e c t i v e v o l t a g e

a c r o s s each lamp i n v o l t
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22 f = f_1 - f_2 ; // Frequency i n Hz o f the v o l t a g e
a c r o s s the lamps

23

24 // c a s e c
25 E_min = (E_2 - E_1)/2 ; // Minimum e f f e c t i v e v o l t a g e

a c r o s s each lamp i n v o l t
26

27 // D i s p l ay the r e s u l t s
28 disp(” Example 7−6 S o l u t i o n : ”);
29 printf(” \n a : E max/ lamp = %d V \n f = %d Hz \n

”, E_max , f );

30 printf(” \n b : The v o l t a g e s a r e e q u a l and o p p o s i t e
i n the l o c a l c i r c u i t . \n ”);

31 printf(” \n c : E min/ lamp = %d V at z e r o f r e q u e n c y \
n ”, E_min );

32 printf(” \n d : The v o l t a g e s a r e i n phase i n the
l o c a l c i r c u i t . ”);

Scilab code Exa 7.7 calculate Is in both alternators

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data as per Ex .(7−5)
12 E1 = 220 ; // Terminal v o l t a g e o f a l t e r n a t o r 1 i n

v o l t
13 E2 = 222 ; // Terminal v o l t a g e o f a l t e r n a t o r 2 i n
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v o l t
14 f1 = 60 ; // Frequency o f a l t e r n a t o r 1 i n Hz
15 f2 = 59.5 ; // Frequency o f a l t e r n a t o r 2 i n Hz
16 // Switch i s open
17

18 // Given data as per Ex .(7−6)
19 E = 220 ; // Vo l tage g e n e r a t e d i n v o l t
20 E_1 = E ; // Vo l tage g e n e r a t e d by a l t e r n a t o r 1 i n

v o l t
21 E_2 = E ; // Vo l tage g e n e r a t e d by a l t e r n a t o r 2 i n

v o l t
22 f_1 = 60 ; // Frequency i n Hz o f a l t e r n a t o r 1
23 f_2 = 58 ; // Frequency i n Hz o f a l t e r n a t o r 2
24 // Switch i s open
25

26 // Given data as per Ex .(7−7)
27 R_a1 = 0.1 ; // armature r e s i s t a n c e o f a l t e r n a t o r 1

i n ohm
28 R_a2 = 0.1 ; // armature r e s i s t a n c e o f a l t e r n a t o r 2

i n ohm
29 X_a1 = 0.9 ; // armature r e a c t a n c e o f a l t e r n a t o r 1

i n ohm
30 X_a2 = 0.9 ; // armature r e a c t a n c e o f a l t e r n a t o r 2

i n ohm
31

32 Z_1 = R_a1 + %i*X_a1 ; // E f f e c t i v e impedance o f
a l t e r n a t o r 1 i n ohm

33 Z_2 = R_a1 + %i*X_a2 ; // E f f e c t i v e impedance o f
a l t e r n a t o r 2 i n ohm

34 // S w i t c h e s a r e c l o s e d at the p rope r i n s t a n t f o r
p a r a l l e l i n g .

35

36 // C a l c u l a t i o n s
37 // In Ex.7−5 ,
38 E_r = E2 - E1 ; // E f f e c t i v e v o l t a g e g e n e r a t e d i n

v o l t
39 I_s = E_r / (Z_1 + Z_2); // S y n c h r o n i z i n g c u r r e n t i n

the armature i n A
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40 I_s_m = abs(I_s);// I s m=magnitude o f I s i n A
41 I_s_a = atan(imag(I_s) /real(I_s))*180/ %pi;// I s a=

phase a n g l e o f I s i n d e g r e e s
42

43 // In Ex.7−6 ,
44 Er = E_2 -E_1 ; // E f f e c t i v e v o l t a g e g e n e r a t e d i n

v o l t
45 Is = Er / ( Z_1 + Z_2); // S y n c h r o n i z i n g c u r r e n t i n

the armature i n A
46

47 // D i s p l ay the r e s u l t s
48 disp(” Example 7−7 S o l u t i o n : ”);
49 printf(” \n In Ex.7−5 , ”);
50 printf(” \n E r = %d V ”, E_r);

51 printf(” \n I s = ”);disp(I_s);
52 printf(” \n I s = %. 3 f <%. 2 f A ”,I_s_m , I_s_a);

53 printf(” \n where %. 3 f i s magnitude i n A and %. 2 f i s
phase a n g l e i n d e g r e e s \n”,I_s_m ,I_s_a);

54

55 printf(” \n In Ex.7−6 , ”);
56 printf(” \n E r = %d V ”, Er );

57 printf(” \n I s = %d A”,Is);

Scilab code Exa 7.8 calculate generator and motor action and P loss and
terminal V and phasor diagram

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−8
8

9 clear; clc; close; // C l ea r the work space and
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c o n s o l e .
10

11 // Given data
12 // EMF’ s a r e opposed e x a c t l y by 180 d e g r e e s
13 E_gp1 = 200 ; // Terminal v o l t a g e o f a l t e r n a t o r 1 i n

v o l t
14 E_gp2 = 220 ; // Terminal v o l t a g e o f a l t e r n a t o r 2 i n

v o l t
15 R_a1 = 0.2 ; // armature r e s i s t a n c e o f a l t e r n a t o r 1

i n ohm
16 R_a2 = 0.2 ; // armature r e s i s t a n c e o f a l t e r n a t o r 2

i n ohm
17 X_a1 = 2 ; // armature r e a c t a n c e o f a l t e r n a t o r 1 i n

ohm
18 X_a2 = 2 ; // armature r e a c t a n c e o f a l t e r n a t o r 2 i n

ohm
19

20 Z_p1 = R_a1 + %i*X_a1 ; // E f f e c t i v e impedance o f
a l t e r n a t o r 1 i n ohm

21 Z_p2 = R_a1 + %i*X_a2 ; // E f f e c t i v e impedance o f
a l t e r n a t o r 2 i n ohm

22 // S w i t c h e s a r e c l o s e d at the p rope r i n s t a n t f o r
p a r a l l e l i n g .

23

24 // C a l c u l a t i o n s
25 // c a s e a
26 E_r = (E_gp2 - E_gp1) ; // E f f e c t i v e v o l t a g e

g e n e r a t e d i n v o l t
27 I_s = E_r / (Z_p1 + Z_p2); // S y n c h r o n i z i n g c u r r e n t

i n the armature i n A
28 I_s_m = abs(I_s);// I s m=magnitude o f I s i n A
29 I_s_a = atan(imag(I_s) /real(I_s))*180/ %pi;// I s a=

phase a n g l e o f I s i n d e g r e e s
30

31 P_2 = E_gp2 * I_s_m * cosd(I_s_a); // Generator
a c t i o n deve l oped by a l t e r n a t o r 2 i n W

32

33 // c a s e b
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34 theta = I_s_a;

35 // P 1 = E gp1 ∗ I s m ∗ cosd (180 − t h e t a )
36 // P 1 = −E gp1 ∗ I s m ∗ cosd ( t h e t a ) ,
37 P_1 = -E_gp1 * I_s_m * cosd(theta); // S y n c h r o n i z i n g

power r e c e i v e d by a l t e r n a t o r 1 i n W
38

39 // c a s e c
40 // but c o n s i d e r +ve v l a u e f o r P 1 f o r f i n d i n g l o s s e s

, so
41 P1 = abs(P_1);

42 losses = P_2 - P1 ; // Power l o s s e s i n both
armature s i n W

43 check = E_r * I_s_m * cosd(I_s_a); // V e r i f y i n g
l o s s e s by Eq.7−7

44 double_check = (I_s_m)^2 * (R_a1 + R_a2); //
V e r i f y i n g l o s s e s by Eq.7−7

45

46 // c a s e d
47 V_p2 = E_gp2 - I_s*Z_p1 ; // Generator a c t i o n
48 V_p1 = E_gp1 + I_s*Z_p1 ; // Motor a c t i o n
49

50 // D i s p l ay the r e s u l t s
51 disp(” Example 7−8 S o l u t i o n : ”);
52 printf(” \n a : E r = %d V ”,E_r);
53 printf(” \n I s = %. 2 f <%. 2 f A ”, I_s_m , I_s_a );

54 printf(” \n P 2 = %. 1 f W ( t o t a l power d e l i v e r e d
by a l t e r n a t o r 2 ) \n”, P_2);

55

56 printf(” \n b : P 1 = %f W ( s y n c h r o n i z i n g power
r e c e i v e d by a l t e r n a t o r 1) ”,P_1);

57 printf(” \n Note : S c i l a b c o n s i d e r s phase a n g l e o f
I s as %f i n s t e a d ”,I_s_a);

58 printf(” \n o f −84.3 deg r e e s , so s l i g h t
v a r i a t i o n i n the answer P 1 . \ n”);

59

60 printf(” \n c : Cons ide r +ve v a l u e o f P 1 f o r
c a l c u l a t i n g l o s s e s ”);

61 printf(” \n L o s s e s : P 2 − P 1 = %. 1 f W ”,losses )
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;

62 printf(” \n Check : E a∗ I s ∗ co s ( t h e t a ) = %. 1 f W ”,
check );

63 printf(” \n Double check : ( I s ) ˆ2∗ ( R a1+R a2 ) =
%. 1 f W as g i v e n i n Eq .(7−1) ”,double_check );

64

65 printf(”\n\n d : From Fig .7−14 , V p2 , the t e r m i n a l
phase v o l t a g e o f ”);

66 printf(” \n a l t e r n a t o r 2 , i s , from Eq .(7−1) ”);
67 printf(” \n V p2 = %d V ( g e n e r a t o r a c t i o n ) \n\n

From s e c t i o n 7−2.1 ”,V_p2);
68 printf(” \n V p1 = %d V ( motor a c t i o n ) \n”,V_p1);
69

70 printf(” \n e : The phasor diagram i s shown i n Fig
.7−14 . ”);

Scilab code Exa 7.9 calculate synchronizing I and P and P losses

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−9
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 E_2_mag = 230 ; // Magnitude o f v o l t a g e g e n e r a t e d by

a l t e r n a t o r 2 i n v o l t
13 E_1_mag = 230 ; // Magnitude o f v o l t a g e g e n e r a t e d by

a l t e r n a t o r 1 i n v o l t
14
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15 theta_2 = 180 ; // Phase a n g l e o f g e n e r a t e d v o l t a g e
by a l t e r n a t o r 2 i n d e g r e e s

16 theta_1 = 20 ; // Phase a n g l e o f g e n e r a t e d v o l t a g e
by a l t e r n a t o r 1 i n d e g r e e s

17

18 R_a1 = 0.2 ; // armature r e s i s t a n c e o f a l t e r n a t o r 1
i n ohm

19 R_a2 = 0.2 ; // armature r e s i s t a n c e o f a l t e r n a t o r 2
i n ohm

20

21 // w r i t i n g g i v e n v o l t a g e i n e x p o n e n t i a l form as
f o l l o w s

22 // %pi /180 f o r d e g r e e s to r a d i a n s c o n v e r s i o n
23 E_2 = E_2_mag * expm(%i * theta_2 *(%pi /180) ); //

v o l t a g e g e n e r a t e d by a l t e r n a t o r 2 i n v o l t
24 E_1 = E_1_mag * expm(%i * theta_1 *(%pi /180) ); //

v o l t a g e g e n e r a t e d by a l t e r n a t o r 1 i n v o l t
25

26 // w r i t i n g g i v e n impedance ( i n ohm) i n e x p o n e n t i a l
form as f o l l o w s

27 Z_1 = 2.01 * expm(%i * 84.3*( %pi /180) ); // %pi /180
f o r d e g r e e s to r a d i a n s c o n v e r s i o n

28 Z_2 = Z_1 ;

29 Z_1_a = atan(imag(Z_1) /real(Z_1))*180/ %pi;// Z 1 a=
phase a n g l e o f Z 1 i n d e g r e e s

30

31 // C a l c u l a t i o n s
32 E_r = E_2 + E_1 ; // Tota l v o l t a g e g e n e r a t e d by

A l t e r n a t o r 1 and 2 i n v o l t
33 E_r_m = abs(E_r);// E r m=magnitude o f E r i n v o l t
34 E_r_a = atan(imag(E_r) /real(E_r))*180/ %pi;// E r a=

phase a n g l e o f E r i n d e g r e e s
35

36 // c a s e a
37 I_s = E_r / (Z_1 + Z_2); // Synchronoz ing c u r r e n t i n

A
38 I_s_m = abs(I_s);// I s m=magnitude o f I s i n A
39 I_s_a = atan(imag(I_s) /real(I_s))*180/ %pi;// I s a=
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phase a n g l e o f I s i n d e g r e e s
40

41 // c a s e b
42 E_gp1 = E_1_mag;

43 P_1 = E_gp1 * I_s_m * cosd(I_s_a - theta_1); //
Synchronoz ing power deve l oped by a l t e r n a t o r 1 i n

W
44

45 // c a s e c
46 E_gp2 = E_2_mag;

47 P_2 = E_gp2 * I_s_m * cosd(I_s_a - theta_2); //
Synchronoz ing power deve l oped by a l t e r n a t o r 2 i n

W
48

49 // c a s e d
50 // but c o n s i d e r +ve v l a u e f o r P 2 f o r f i n d i n g l o s s e s

, so
51 P2 = abs(P_2);

52 losses = P_1 - P2 ; // L o s s e s i n the armature i n W
53

54 // E r a y i e l d s −80 d e g r e e s which i s e q u i v a l e n t to
100 deg r e e s , so

55 theta = 100 - I_s_a ; // Phase d i f f e r e n c e between
E r and I a i n d e g r e e s

56

57 check = E_r_m * I_s_m * cosd(theta); // V e r i f y i n g
l o s s e s by Eq.7−7

58 R_aT = R_a1 + R_a2 ; // t o t a l armature r e s i s t a n c e o f
a l t e r n a t o r 1 and 2 i n ohm

59 double_check = (I_s_m)^2 * (R_aT); // V e r i f y i n g
l o s s e s by Eq.7−7

60

61 // D i s p l ay the r e s u l t s
62 disp(” Example 7−9 S o l u t i o n : ”);
63 printf(” \n a : I s = ”);disp(I_s);
64 printf(” \n I s = %. 2 f <%. 2 f A \n ”,I_s_m , I_s_a

);

65
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66 printf(” \n b : P 1 = %. f W ( power d e l i v e r e d to bus ) ”
,P_1);

67 printf(” \n S l i g h t v a r i a t i o n i n P 1 i s due s l i g h t
v a r i a t i o n s i n ”)

68 printf(” \n magnitude o f I s ,& a n g l e btw ( E gp1 ,
I s ) \n”)

69 printf(” \n P 2 = %. f W ( power r e c e i v e d from bus )
\n”,P_2);

70

71 printf(” \n c : L o s s e s : P 1 − P 2 = %d”,losses);
72 printf(” \n Check : E a∗ I s ∗ co s ( t h e t a ) = %d W ”,

check );

73 printf(” \n Double check : ( I s ) ˆ2∗ ( R a1+R a2 ) =
%d W ”,double_check );

Scilab code Exa 7.10 calculate synchronizing I and P and P losses

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 E_2_mag = 230 ; // Magnitude o f v o l t a g e g e n e r a t e d by

a l t e r n a t o r 2 i n v o l t
13 E_1_mag = 230 ; // Magnitude o f v o l t a g e g e n e r a t e d by

a l t e r n a t o r 1 i n v o l t
14

15 theta_2 = 180 ; // Phase a n g l e o f g e n e r a t e d v o l t a g e
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by a l t e r n a t o r 2 i n d e g r e e s
16 theta_1 = 20 ; // Phase a n g l e o f g e n e r a t e d v o l t a g e

by a l t e r n a t o r 1 i n d e g r e e s
17

18 // w r i t i n g g i v e n v o l t a g e i n e x p o n e n t i a l form as
f o l l o w s

19 // %pi /180 f o r d e g r e e s to r a d i a n s c o n v e r s i o n
20 E_2 = E_2_mag * expm(%i * theta_2 *(%pi /180) ); //

v o l t a g e g e n e r a t e d by a l t e r n a t o r 2 i n v o l t
21 E_1 = E_1_mag * expm(%i * theta_1 *(%pi /180) ); //

v o l t a g e g e n e r a t e d by a l t e r n a t o r 1 i n v o l t
22

23 // w r i t i n g g i v e n impedance ( i n ohm) i n e x p o n e n t i a l
form as f o l l o w s

24 Z_1 = 6 * expm(%i * 50*( %pi /180) ); // %pi /180 f o r
d e g r e e s to r a d i a n s c o n v e r s i o n

25 Z_2 = Z_1 ;

26 Z_1_a = atan(imag(Z_1) /real(Z_1))*180/ %pi;// Z 1 a=
phase a n g l e o f Z 1 i n d e g r e e s

27

28 // C a l c u l a t i o n s
29 E_r = E_2 + E_1 ; // Tota l v o l t a g e g e n e r a t e d by

A l t e r n a t o r 1 and 2 i n v o l t
30 E_r_m = abs(E_r);// E r m=magnitude o f E r i n v o l t
31 E_r_a = atan(imag(E_r) /real(E_r))*180/ %pi;// E r a=

phase a n g l e o f E r i n d e g r e e s
32

33 // c a s e a
34 I_s = E_r / (Z_1 + Z_2); // Synchronoz ing c u r r e n t i n

A
35 I_s_m = abs(I_s);// I s m=magnitude o f I s i n A
36 I_s_a = atan(imag(I_s) /real(I_s))*180/ %pi;// I s a=

phase a n g l e o f I s i n d e g r e e s
37

38 // c a s e b
39 E_gp1 = E_1_mag;

40 P_1 = E_gp1 * I_s_m * cosd(I_s_a - theta_1); //
Synchronoz ing power deve l oped by a l t e r n a t o r 1 i n
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W
41

42 // c a s e c
43 E_gp2 = E_2_mag;

44 P_2 = E_gp2 * I_s_m * cosd(I_s_a - theta_2); //
Synchronoz ing power deve l oped by a l t e r n a t o r 2 i n

W
45

46 // c a s e d
47 // but c o n s i d e r +ve v l a u e f o r P 2 f o r f i n d i n g l o s s e s

, so
48 P2 = abs(P_2);

49 losses = P_1 - P2 ; // L o s s e s i n the armature i n W
50

51 // E r a y i e l d s −80 d e g r e e s which i s e q u i v a l e n t to
100 deg r e e s , so

52 theta = 100 - I_s_a ; // Phase d i f f e r e n c e between
E r and I s i n d e g r e e s

53

54 check = E_r_m * I_s_m * cosd(theta); // V e r i f y i n g
l o s s e s by Eq.7−7

55 R_aT = 12* cosd (50) ; // t o t a l armature r e s i s t a n c e o f
a l t e r n a t o r 1 and 2 i n ohm

56 double_check = (I_s_m)^2 * (R_aT); // V e r i f y i n g
l o s s e s by Eq.7−7

57

58 // D i s p l ay the r e s u l t s
59 disp(” Example 7−10 S o l u t i o n : ”);
60 printf(” \n a : I s = ”);disp(I_s);
61 printf(” \n I s = %. 2 f <%. 2 f A \n ”,I_s_m , I_s_a

);

62

63 printf(” \n b : P 1 = %. f W ( power d e l i v e r e d to bus ) ”
,P_1);

64 printf(” \n Note : S l i g h t v a r i a t i o n i n P 1 i s due
s l i g h t v a r i a t i o n s i n ”)

65 printf(” \n phase a n g l e o f I s ,& a n g l e btw (
E gp1 , I s ) \n”)
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66 printf(” \n P 2 = %. f W ( power r e c e i v e d from bus )
\n”,P_2);

67

68 printf(” \n c : L o s s e s : P 1 − P 2 = %. f W”,losses);
69 printf(” \n Check : E a∗ I s ∗ co s ( t h e t a ) = %. f W ”,

check );

70 printf(” \n Double check : ( I s ) ˆ2∗ ( R a1+R a2 ) =
%. f W ”,double_check );

Scilab code Exa 7.11 calculate mesh currents line currents phase voltages
phasor diagram

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 7 : PARALLEL OPERATION
7 // Example 7−11
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // w r i t i n g supp ly v o l t a g e i n e x p o n e n t i a l form as

f o l l o w s
13 // %pi /180 f o r d e g r e e s to r a d i a n s c o n v e r s i o n
14 V_AB = 100 * expm(%i * 0*(%pi /180) ); // v o l t a g e

s u p p l i e d a c r o s s A & B i n v o l t
15 V_BC = 100 * expm(%i * -120*( %pi /180) ); // v o l t a g e

s u p p l i e d a c r o s s B & C i n v o l t
16 V_CA = 100 * expm(%i * 120*( %pi /180) ); // v o l t a g e

s u p p l i e d a c r o s s C & A i n v o l t
17

18 disp(” Example 7−11 : ”);
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19 printf(”\n Wri t ing two mesh e q u a t i o n s f o r I 1 and
I 2 i n f i g .7−23 a y i e l d s f o l l o w i n g \n a r r a y : ”);

20 printf(” \n I 1 \ t \ t I 2 \ t \ t V ”);
21 printf(” \n

”);
22 printf(” \n 6 + j 0 \ t −3 + j 0 \ t 100 + j 0 ”);
23 printf(” \n −3 + j 0 \ t 3 − j 4 \ t −50 − j 8 6 . 6 ”);
24

25 // C a l c u l a t i o n s
26 A = [ (6+%i*0) (-3+%i*0) ; (-3+%i*0) (3-%i*4) ]; //

Matr ix c o n t a i n i n g above mesh eqns a r r a y
27 delta = det(A); // Determinant o f A
28

29 // c a s e a
30 I_1 = det( [ (100+%i*0) (-3+%i*0) ; (-50-%i *86.60)

(3-%i*4) ] ) / delta ;

31 // Mesh c u r r e n t I 1 i n A
32 I_1_m = abs(I_1);// I 1 m=magnitude o f I 1 i n A
33 I_1_a = atan(imag(I_1) /real(I_1))*180/ %pi;// I 1 a=

phase a n g l e o f I 1 i n d e g r e e s
34

35 I_2 = det( [ (6+%i*0) (100+ %i*0) ; (-3+%i*0) (-50-%i

*86.6) ] ) / delta ;

36 // Mesh c u r r e n t I 2 i n A
37 I_2_m = abs(I_2);// I 2 m=magnitude o f I 2 i n A
38 I_2_a = atan(imag(I_2) /real(I_2))*180/ %pi;// I 2 a=

phase a n g l e o f I 2 i n d e g r e e s
39

40 // c a s e b
41 I_A = I_1 ; // Line c u r r e n t I A i n A
42 I_A_m = abs(I_A);// I A m=magnitude o f I A i n A
43 I_A_a = atan(imag(I_A) /real(I_A))*180/ %pi;// I A a=

phase a n g l e o f I A i n d e g r e e s
44

45 I_B = I_2 - I_1 ; // Line c u r r e n t I B i n A
46 I_B_m = abs(I_B);// I B m=magnitude o f I B i n A
47 I_B_a = atan(imag(I_B) /real(I_B))*180/ %pi - 180; //

I B a=phase a n g l e o f I B i n d e g r e e s
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48

49 I_C = -I_2 ; // Line c u r r e n t I C i n A
50 I_C_m = abs(I_C);// I C m=magnitude o f I C i n A
51 I_C_a = 180 + atan(imag(I_C) /real(I_C))*180/ %pi;//

I C a=phase a n g l e o f I C i n d e g r e e s
52

53 // c a s e c
54 Z_A = 3 * expm(%i * 0*(%pi /180) ); // Impedance i n

l i n e A i n ohm
55 Z_B = 3 * expm(%i * 0*(%pi /180) ); // Impedance i n

l i n e B i n ohm
56 Z_C = 4 * expm(%i * -90*(%pi /180) ); // Impedance i n

l i n e C i n ohm
57

58 V_AO = I_A * Z_A ; // Phase v o l t a g e V AO i n v o l t
59 V_AO_m = abs(V_AO);//V AO m=magnitude o f V AO i n

v o l t
60 V_AO_a = atan(imag(V_AO) /real(V_AO))*180/ %pi;//

V AO a=phase a n g l e o f V AO i n d e g r e e s
61

62 V_BO = I_B * Z_B ; // Phase v o l t a g e V BO i n v o l t
63 V_BO_m = abs(V_BO);//V BO m=magnitude o f V BO i n

v o l t
64 V_BO_a = atan(imag(V_BO) /real(V_BO))*180/ %pi - 180;

//V BO a=phase a n g l e o f V BO i n d e g r e e s
65

66 V_CO = I_C * Z_C ; // Phase v o l t a g e V CO i n v o l t
67 V_CO_m = abs(V_CO);//V CO m=magnitude o f V CO i n

v o l t
68 V_CO_a = atan(imag(V_CO) /real(V_CO))*180/ %pi;//

V CO a=phase a n g l e o f V CO i n d e g r e e s
69

70 // D i s p l ay the r e s u l t s
71 disp(” S o l u t i o n : ”);
72 printf(” \n a : I 1 i n A = ”);disp(I_1);
73 printf(” \n I 1 = %. 2 f <%. 2 f A \n ”,I_1_m , I_1_a

);

74 printf(” \n I 2 i n A = ”);disp(I_2);
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75 printf(” \n I 2 = %. 2 f <%. 2 f A\n ”,I_2_m , I_2_a )

;

76

77 printf(” \n b : I A i n A = ”);disp(I_1);
78 printf(” \n I A = %. 2 f <%. 2 f A\n”,I_A_m , I_A_a );

79

80 printf(” \n I B i n A = ”);disp(I_B);
81 printf(” \n I B = %. 2 f <%. 2 f A\n”,I_B_m , I_B_a );

82

83 printf(” \n I C i n A = ”);disp(I_C);
84 printf(” \n I C = %. 2 f <%. 2 f A \n”,I_C_m , I_C_a

);

85

86 printf(” \n c : V AO = %. 2 f <%. 2 f V”,V_AO_m , V_AO_a )

;

87 printf(” \n V BO = %. 2 f <%. 2 f V”,V_BO_m , V_BO_a )

;

88 printf(” \n V CO = %. 2 f <%. 2 f V\n”,V_CO_m , V_CO_a

);

89

90 printf(” \n d : The phasor diagram i s shown i n Fig
.7−23b , with the phase v o l t a g e s ”);

91 printf(” \n i n s c r i b e d i n s i d e the ( e q u i l a t e r a l )
t r i a n g l e o f g i v e n l i n e v o l t a g e s ”);
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Chapter 8

AC DYNAMO TORQUE
RELATIONS
SYNCHRONOUS MOTORS

Scilab code Exa 8.1 calculate alpha Er Ia Pp Pt Power loss Pd

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3− phase Y−connec t ed synchronous motor
13 P = 20 ; // No . o f p o l e s
14 hp = 40 ; // power r a t i n g o f the synchronous motor

i n hp
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15 V_L = 660 ; // Line v o l t a g e i n v o l t
16 beta = 0.5 ; // At no−load , the r o t o r i s r e t a r d e d

0 . 5 mechan i ca l d e g r e e from
17 // i t s synchronous p o s i t i o n .
18 X_s = 10 ; // Synchronous r e a c t a n c e i n ohm
19 R_a = 1.0 ; // E f f e c t i v e armature r e s i s t a n c e i n ohm
20

21 // C a l c u l a t i o n s
22 // c a s e a
23 funcprot (0); // To avo id t h i s message ” Warning :

r e d e f i n i n g f u n c t i o n : beta ”
24 alpha = P * (beta /2); // The r o t o r s h i f t from the

synchronous p o s i t i o n i n
25 // e l e c t r i c a l d e g r e e s .
26

27 // c a s e b
28 V_p = V_L / sqrt (3); // Phase v o l t a g e i n v o l t
29 E_gp = V_p ; // Generated v o l t a g e / phase at no−l o ad

i n v o l t ( g i v e n )
30 E_r = (V_p - E_gp*cosd(alpha)) + %i*(E_gp*sind(alpha

));

31 // R e s u l t a n t emf a c r o s s the armature per phase i n V
/ phase

32 E_r_m = abs(E_r);// E r m=magnitude o f E r i n v o l t
33 E_r_a = atan(imag(E_r) /real(E_r))*180/ %pi;// E r a=

phase a n g l e o f E r i n d e g r e e s
34

35 // c a s e c
36 Z_s = R_a + %i*X_s ; // Synchronous impedance i n ohm
37 Z_s_m = abs(Z_s);// Z s m=magnitude o f Z s i n ohm
38 Z_s_a = atan(imag(Z_s) /real(Z_s))*180/ %pi;// Z s a=

phase a n g l e o f Z s i n d e g r e e s
39

40 I_a = E_r / Z_s ; // Armature c u r r e n t / phase i n A/
phase

41 I_a_m = abs(I_a);// I a m=magnitude o f I a i n A
42 I_a_a = atan(imag(I_a) /real(I_a))*180/ %pi;// I a a=

phase a n g l e o f I a i n d e g r e e s
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43

44 // c a s e d
45 theta = I_a_a ; // Phase a n g l e between V p and I a

i n d e g r e e s
46 P_p = V_p * I_a_m * cosd(theta); // Power per phase

drawn by the motor from the bus
47 P_t = 3*P_p ; // Tota l power drawn by the motor from

the bus
48

49 // c s a e e
50 P_a = 3 * (I_a_m)^2 * R_a ; // Armature power l o s s

at no−l o ad i n W
51 P_d = (P_t - P_a)/746 ; // I n t e r n a l deve l oped

hor sepower at no−l o ad
52

53 // D i s p l ay the r e s u l t s
54 disp(” Example 8−1 S o l u t i o n : ”);
55 printf(” \n a : a lpha = %d d e g r e e s ( e l e c t r i c a l

d e g r e e s ) \n”,alpha );

56

57 printf(” \n b : E gp = %d V a l s o , as g i v e n ”,E_gp);
58 printf(” \n E r i n V/ phase = ”);disp(E_r);
59 printf(” \n E r = %. 1 f <%. 1 f V/ phase \n”,E_r_m ,

E_r_a );

60

61 printf(” \n c : Z s i n ohm/ phase = ”);disp(Z_s);
62 printf(” \n Z s = %. 2 f <%. 1 f ohm/ phase \n”,Z_s_m ,

Z_s_a );

63 printf(” \n I a i n A/ phase = ”);disp(I_a);
64 printf(” \n I a = %. 2 f <%. 2 f A/ phase \n ”,I_a_m ,

I_a_a);

65

66 printf(” \n d : P p = %. 2 f W/ phase ”,P_p );

67 printf(” \n P t = %. 2 f W ”,P_t);
68 printf(” \n Note : S l i g h t v a r i a t i o n s i n power

v a l u e s i s due to s l i g h t v a r i a t i o n s ”);
69 printf(” \n i n V p , I a and t h e t a v a l u e s

from t h o s e o f the t ex tbook \n”);
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70

71 printf(” \n e : P a = %. f W ”,P_a );

72 printf(” \n P d = %d hp ”, P_d );

Scilab code Exa 8.2 calculate alpha Er Ia Pp Pt Power loss Pd

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3− phase Y−connec t ed synchronous motor
13 P = 20 ; // No . o f p o l e s
14 hp = 40 ; // power r a t i n g o f the synchronous motor

i n hp
15 V_L = 660 ; // Line v o l t a g e i n v o l t
16 beta = 5 ; // At no−load , the r o t o r i s r e t a r d e d 0 . 5

mechan i ca l d e g r e e from
17 // i t s synchronous p o s i t i o n .
18 X_s = 10 ; // Synchronous r e a c t a n c e i n ohm
19 R_a = 1.0 ; // E f f e c t i v e armature r e s i s t a n c e i n ohm
20

21 // C a l c u l a t i o n s
22 // c a s e a
23 funcprot (0); // To avo id t h i s message ” Warning :

r e d e f i n i n g f u n c t i o n : beta ”
24 alpha = P * (beta /2); // The r o t o r s h i f t from the
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synchronous p o s i t i o n i n
25 // e l e c t r i c a l d e g r e e s .
26

27 // c a s e b
28 V_p = V_L / sqrt (3); // Phase v o l t a g e i n v o l t
29 E_gp = V_p ; // Generated v o l t a g e / phase at no−l o ad

i n v o l t ( g i v e n )
30 E_r = (V_p - E_gp*cosd(alpha)) + %i*(E_gp*sind(alpha

));

31 E_r_m = abs(E_r);// E r m=magnitude o f E r i n v o l t
32 E_r_a = atan(imag(E_r) /real(E_r))*180/ %pi;// E r a=

phase a n g l e o f E r i n d e g r e e s
33

34 // c a s e c
35 Z_s = R_a + %i*X_s ; // Synchronous impedance i n ohm
36 Z_s_m = abs(Z_s);// Z s m=magnitude o f Z s i n ohm
37 Z_s_a = atan(imag(Z_s) /real(Z_s))*180/ %pi;// Z s a=

phase a n g l e o f Z s i n d e g r e e s
38

39 I_a = E_r / Z_s ; // Armature c u r r e n t / phase i n A/
phase

40 I_a_m = abs(I_a);// I a m=magnitude o f I a i n A
41 I_a_a = atan(imag(I_a) /real(I_a))*180/ %pi;// I a a=

phase a n g l e o f I a i n d e g r e e s
42

43 // c a s e d
44 theta = I_a_a ; // Phase a n g l e between V p and I a

i n d e g r e e s
45 P_p = V_p * I_a_m * cosd(theta); // Power per phase

drawn by the motor from the bus
46 P_t = 3*P_p ; // Tota l power drawn by the motor from

the bus
47

48 // c s a e e
49 P_a = 3 * (I_a_m)^2 * R_a ; // Armature power l o s s

at no−l o ad i n W
50 P_d = (P_t - P_a)/746 ; // I n t e r n a l deve l oped

hor sepower at no−l o ad
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51

52 // D i s p l ay the r e s u l t s
53 disp(” Example 8−2 S o l u t i o n : ”);
54 printf(” \n a : a lpha = %d d e g r e e s ( e l e c t r i c a l

d e g r e e s ) \n”,alpha );

55

56 printf(” \n b : E gp = %d V a l s o , as g i v e n ”,E_gp);
57 printf(” \n E r i n V/ phase = ”);disp(E_r);
58 printf(” \n E r = %d <%. 1 f V/ phase \n”,E_r_m ,

E_r_a );

59

60 printf(” \n c : Z s i n ohm/ phase = ”);disp(Z_s);
61 printf(” \n Z s = %. 2 f <%. 1 f ohm/ phase \n”,Z_s_m ,

Z_s_a );

62 printf(” \n I a i n A/ phase = ”);disp(I_a);
63 printf(” \n I a = %. 2 f <%. 2 f A/ phase \n ”,I_a_m ,

I_a_a);

64

65 printf(” \n d : P p = %. 2 f W/ phase ”,P_p );

66 printf(” \n P t = %. 2 f W ”,P_t);
67 printf(” \n Note : S l i g h t v a r i a t i o n s i n power

v a l u e s i s due to s l i g h t v a r i a t i o n s ”);
68 printf(” \n i n V p , I a and t h e t a v a l u e s

from t h o s e o f the t ex tbook \n”);
69

70

71 printf(” \n e : P a = %. f W ”,P_a );

72 printf(” \n P d = %. 1 f hp ”, P_d );

Scilab code Exa 8.3 calculate Ia PF hp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
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5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3− phase Y−connec t ed synchronous motor
13 P = 6 ; // No . o f p o l e s
14 hp = 50 ; // power r a t i n g o f the synchronous motor

i n hp
15 V_L = 440 ; // Line v o l t a g e i n v o l t
16 X_s = 2.4 ; // Synchronous r e a c t a n c e i n ohm
17 R_a = 0.1 ; // E f f e c t i v e armature r e s i s t a n c e i n ohm
18 alpha = 20 ; // The r o t o r s h i f t from the synchronous

p o s i t i o n i n
19 // e l e c t r i c a l d e g r e e s .
20 E_gp_a = 240 ; // Generated v o l t a g e / phase i n v o l t

when the motor i s under−e x c i t e d ( c a s e a )
21 E_gp_b = 265 ; // Generated v o l t a g e / phase i n v o l t

when the motor i s under−e x c i t e d ( c a s e b )
22 E_gp_c = 290 ; // Generated v o l t a g e / phase i n v o l t

when the motor i s under−e x c i t e d ( c a s e c )
23

24 // C a l c u l a t i o n s
25 V_p = V_L / sqrt (3); // Phase v o l t a g e i n v o l t
26 // c a s e a
27 E_ra = (V_p - E_gp_a * cosd(alpha)) + %i*( E_gp_a *

sind(alpha));

28 E_ra_m = abs(E_ra);// E ra m=magnitude o f E ra i n
v o l t

29 E_ra_a = atan(imag(E_ra) /real(E_ra))*180/ %pi;//
E r a a=phase a n g l e o f E ra i n d e g r e e s

30

31 Z_s = R_a + %i*X_s ; // Synchronous impedance i n ohm
32
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33 I_ap1 = E_ra / Z_s ; // Armature c u r r e n t / phase i n A
/ phase

34 I_ap1_m = abs(I_ap1);// I ap1 m=magnitude o f I a p 1 i n
A

35 I_ap1_a = atan(imag(I_ap1) /real(I_ap1))*180/ %pi;//
I a p 1 a=phase a n g l e o f I a p 1 i n d e g r e e s

36

37 cos_theta_a = cosd(I_ap1_a); // Power f a c t o r
38 Ia_m1 = abs(I_ap1_m); // Absou l t e v a l u e o f magnitude

o f I a p 1
39

40 P_d1 = 3 * (E_gp_a*Ia_m1) * cosd (160 - I_ap1_a); //
// I n t e r n a l deve l oped power i n W

41 // 160 + I a p 1 a i s the a n g l e between E gp a and
I a p 1

42 Pd1 = abs(P_d1); // Cons ide r a b s o l u t e v a l u e o f power
i n W f o r c a l c u l a t i n g hp

43

44 Horse_power1 = Pd1 / 746 ; // Horsepower deve l oped
by the armature i n hp

45

46 // c a s e b
47 E_rb = (V_p - E_gp_b * cosd(alpha)) + %i*( E_gp_b *

sind(alpha));

48 E_rb_m = abs(E_rb);// E rb m=magnitude o f E rb i n
v o l t

49 E_rb_a = atan(imag(E_rb) /real(E_rb))*180/ %pi;//
E rb a=phase a n g l e o f E rb i n d e g r e e s

50

51 I_ap2 = E_rb / Z_s ; // Armature c u r r e n t / phase i n A
/ phase

52 I_ap2_m = abs(I_ap2);// I ap2 m=magnitude o f I a p 2 i n
A

53 I_ap2_a = atan(imag(I_ap2) /real(I_ap2))*180/ %pi;//
I a p 2 a=phase a n g l e o f I a p 2 i n d e g r e e s

54

55 cos_theta_b = cosd(I_ap2_a); // Power f a c t o r
56 Ia_m2 = abs(I_ap2_m); // Absou l t e v a l u e o f magnitude
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o f I a p 2
57

58 P_d2 = 3 * (E_gp_b*Ia_m2) * cosd (160 - I_ap2_a); //
// I n t e r n a l deve l oped power i n W

59 // 160 + I a p 2 a i s the a n g l e between E gp b and
I a p 2

60 Pd2 = abs(P_d2); // Cons ide r a b s o l u t e v a l u e o f power
i n W f o r c a l c u l a t i n g hp

61

62 Horse_power2 = Pd2 / 746 ; // Horsepower deve l oped
by the armature i n hp

63

64 // c a s e c
65 E_rc = (V_p - E_gp_c * cosd(alpha)) + %i*( E_gp_c *

sind(alpha));

66 E_rc_m = abs(E_rc);// E rc m=magnitude o f E rc i n
v o l t

67 E_rc_a = atan(imag(E_rc) /real(E_rc))*180/ %pi;//
E r c a=phase a n g l e o f E rc i n d e g r e e s

68

69 I_ap3 = E_rc / Z_s ; // Armature c u r r e n t / phase i n A
/ phase

70 I_ap3_m = abs(I_ap3);// I ap3 m=magnitude o f I a p 3 i n
A

71 I_ap3_a = atan(imag(I_ap3) /real(I_ap3))*180/ %pi;//
I a p 3 a=phase a n g l e o f I a p 3 i n d e g r e e s

72

73 cos_theta_c = cosd(I_ap3_a); // Power f a c t o r
74 Ia_m3 = abs(I_ap3_m); // Absou l t e v a l u e o f magnitude

o f I a p 3
75

76 P_d3 = 3 * (E_gp_c*Ia_m3) * cosd (160 - I_ap3_a); //
// I n t e r n a l deve l oped power i n W

77 // 160 + I a p 3 a i s the a n g l e between E gp c and
I a p 3

78 Pd3 = abs(P_d3); // Cons ide r a b s o l u t e v a l u e o f power
i n W f o r c a l c u l a t i n g hp

79
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80 Horse_power3 = Pd3 / 746 ; // Horsepower deve l oped
by the armature i n hp

81

82 // D i s p l ay the r e s u l t s
83 disp(” Example 8−3 S o l u t i o n : ”);
84 disp(” S l i g h t v a r i a t i o n s i n power v a l u e s a r e because

o f non−approx imat ion o f I a & co s ( E gp , I a )
v a l u e s dur ing power c a l c u l a t i o n s i n s c i l a b ”)

85 printf(” \n a : V p = %. f <0 V \n ”,V_p);
86 printf(” \n E r i n V = ”);disp(E_ra);
87 printf(” \n E r = %. 2 f <%. 2 f V \n ”,E_ra_m ,E_ra_a

);

88 printf(” \n I a p i n A = ”);disp(I_ap1);
89 printf(” \n I a p = %. 2 f <%. 2 f A \n”, I_ap1_m ,

I_ap1_a );

90 printf(” \n co s ( t h e t a ) = %. 4 f l a g g i n g \n ”,
cos_theta_a );

91 printf(” \n P d = %d W drawn from bus ( motor
o p e r a t i o n ) \n”, P_d1 );

92 printf(” \n Horsepower = %. 1 f hp \n\n”,
Horse_power1 );

93

94 printf(” \n b : E r i n V = ”);disp(E_rb);
95 printf(” \n E r = %. 2 f <%. 2 f V \n ”,E_rb_m ,E_rb_a

);

96 printf(” \n I a p i n A = ”);disp(I_ap2);
97 printf(” \n I a p = %. 2 f <%. 2 f A \n”, I_ap2_m ,

I_ap2_a );

98 printf(” \n co s ( t h e t a ) = %. 4 f = %. f ( u n i t y PF) \n
”, cos_theta_b , cos_theta_b );

99 printf(” \n P d = %d W drawn from bus ( motor
o p e r a t i o n ) \n”, P_d2 );

100 printf(” \n Horsepower = %. 1 f hp \n\n”,
Horse_power2 );

101

102 printf(” \n c : E r i n V = ”);disp(E_rc);
103 printf(” \n E r = %. 2 f <%. 2 f V \n ”,E_rc_m ,E_rc_a

);
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104 printf(” \n I a p i n A = ”);disp(I_ap3);
105 printf(” \n I a p = %. 2 f <%. 2 f A \n”, I_ap3_m ,

I_ap3_a );

106 printf(” \n co s ( t h e t a ) = %. 4 f l e a d i n g \n ”,
cos_theta_c );

107 printf(” \n P d = %d W drawn from bus ( motor
o p e r a t i o n ) \n”, P_d3 );

108 printf(” \n Horsepower = %. 1 f hp \n\n”,
Horse_power3 );

Scilab code Exa 8.4 calculate IL Iap Zp IaZp theta deba Egp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // Y−connec t ed synchronous dynamo
13 P = 2 ; // No . o f p o l e s
14 hp = 1000 ; // power r a t i n g o f the synchronous motor

i n hp
15 V_L = 6000 ; // Line v o l t a g e i n v o l t
16 f = 60 ; // Frequency i n Hz
17 R_a = 0.52 ; // E f f e c t i v e armature r e s i s t a n c e i n ohm
18 X_s = 4.2 ; // Synchronous r e a c t a n c e i n ohm
19 P_t = 811 ; // Input power i n kW
20 PF = 0.8 ; // Power f a c t o r l e a d i n g
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21

22 // C a l c u l a t i o n s
23 V_p = V_L / sqrt (3); // Phase v o l t a g e i n v o l t
24

25 // c a s e a
26 cos_theta = PF ; // Power f a c t o r l e a d i n g
27 I_L = (P_t *1000) / ( sqrt (3) * V_L * cos_theta); //

Line armature c u r r e n t i n A
28 I_ap = I_L ; // Phase armature c u r r e n t i n A
29

30 // c a s e b
31 Z_p = R_a + %i * X_s ; // Impedance per phase i n ohm
32 Z_p_m = abs(Z_p);// Z p m=magnitude o f Z p i n ohm
33 Z_p_a = atan(imag(Z_p) /real(Z_p))*180/ %pi;// Z p a=

phase a n g l e o f Z p i n d e g r e e s
34

35 // c a s e c
36 Ia_Zp = I_L * Z_p_m ;

37 E_r = Ia_Zp ;

38

39 // c a s e d
40 theta = acosd (0.8); // Power f a c t o r a n g l e i n d e g r e e s
41

42 // c a s e e
43 funcprot (0); // Use to avo id t h i s message ” Warning

: r e d e f i n i n g f u n c t i o n : beta ” .
44 beta = Z_p_a ; //
45 deba = beta + theta // D i f f e r e n c e a n g l e at 0 . 8

l e a d i n g PF i n d e g r e e s
46

47 // c a s e f
48 // Generated v o l t a g e / phase i n v o l t
49 E_gp_f = sqrt( (E_r)^2 + (V_p)^2 - 2*E_r*V_p*cosd(

deba) );

50

51 // c a s e g
52 // Generated v o l t a g e / phase i n v o l t
53 E_gp_g = ( V_p + Ia_Zp * cosd (180- deba) ) + %i * (
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Ia_Zp * sind (180- deba) );

54 E_gp_g_m = abs(E_gp_g);// E gp g m=magnitude o f
E gp g i n v o l t

55 E_gp_g_a = atan(imag(E_gp_g) /real(E_gp_g))*180/ %pi;

// E gp g a=phase a n g l e o f E gp g i n d e g r e e s
56

57 // c a s e h
58 IaZp = Ia_Zp * expm(%i * Z_p_a * (%pi /180) ); //

v o l t a g e g e n e r a t e d by a l t e r n a t o r 1 i n v o l t
59 IaZp_m = abs(IaZp);// IaZp m=magnitude o f IaZp i n A
60 IaZp_a = atan(imag(IaZp) /real(IaZp))*180/ %pi;//

IaZp a=phase a n g l e o f IaZp i n d e g r e e s
61 IaRa = IaZp_m*cosd(IaZp_a); // Real pa r t o f IaZp
62 IaXs = IaZp_m*sind(IaZp_a); // Imag ine ry pa r t o f

IaZp
63

64 cos_theta = PF ; //
65 sin_theta = sqrt( 1 - (cos_theta)^2 );

66 // Generated v o l t a g e / phase i n v o l t
67 E_gp_h = ( V_p * cos_theta - IaRa ) + %i * ( V_p *

sin_theta + IaXs);

68 E_gp_h_m = abs(E_gp_h);// E gp h m=magnitude o f
E gp h i n v o l t

69 E_gp_h_a = atan(imag(E_gp_h) /real(E_gp_h))*180/ %pi;

// E gp h a=phase a n g l e o f E gp h i n d e g r e e s
70

71 // D i s p l ay the r e s u l t s
72 disp(” Example 8−4 S o l u t i o n : ”);
73 printf(” \n a : I L = %. 2 f \n I a p = %. 2 f A \n”,

I_L , I_ap );

74

75 printf(” \n b : Z p i n ohm = ”);disp(Z_p);
76 printf(” \n Z p = %. 3 f <%. 2 f ohm \n ”, Z_p_m ,

Z_p_a );

77

78 printf(” \n c : IaZp = %. 1 f V \n E r = %. 1 f V \n ”
,Ia_Zp , E_r );

79
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80 printf(” \n d : Power f a c t o r ang le , \ n t h e t a = %. 2 f
d e g r e e s l e a d i n g \n ”, theta );

81

82 printf(” \n e : D i f f e r e n c e ang le , \ n deba = %. 2 f
d e g r e e s \n ”, deba );

83

84 printf(” \n f : E gp = %. f V \n ”, E_gp_f );

85

86 printf(” \n g : E gp i n V = ”);disp(E_gp_g );

87 printf(” \n E gp = %d <%. 2 f V \n”,E_gp_g_m ,

E_gp_g_a );

88

89 printf(” \n h : E gp i n V = ”);disp(E_gp_h);
90 printf(” \n E gp = %. f <%. 2 f V”,E_gp_h_m ,

E_gp_h_a );

Scilab code Exa 8.5 calculate torque angle

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // Y−connec t ed synchronous dynamo
13 P = 2 ; // No . o f p o l e s
14 hp = 1000 ; // power r a t i n g o f the synchronous motor

i n hp
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15 V_L = 6000 ; // Line v o l t a g e i n v o l t
16 f = 60 ; // Frequency i n Hz
17 R_a = 0.52 ; // E f f e c t i v e armature r e s i s t a n c e i n ohm
18 X_s = 4.2 ; // Synchronous r e a c t a n c e i n ohm
19 P_t = 811 ; // Input power i n kW
20 PF = 0.8 ; // Power f a c t o r l e a d i n g
21

22 // C a l c u l a t e d v a l u e s
23 E_gp = 3687 ; // Generated v o l t a g e / phase i n v o l t
24 V_p = V_L / sqrt (3); // Phase v o l t a g e i n v o l t
25 E_r = 412.8 ; // R e s u l t a n t EMF a c r o s s armature / phase

i n v o l t
26 deba = 119.81 ; // D i f f e r e n c e a n g l e at 0 . 8 l e a d i n g

PF i n d e g r e e s
27 theta = 36.87 ; // Power f a c t o r a n g l e i n d e g r e e s
28 IaXs = 409.7 ; // Vo l tage drop a c r o s s synchronous

r e a c t a n c e i n v o l t
29 IaRa = 50.74 ; // Vo l tage drop a c r o s s armature

r e s i s t a n c e i n v o l t
30

31 // C a l c u l a t i o n s
32

33 // Torque a n g l e a lpha i n d e g r e e s c a l c u l a t e d by
d i f f e r e n t Eqns

34 // c a s e a
35 alpha1 = acosd( ( E_gp^2 + V_p^2 - E_r^2 ) / ( 2*

E_gp*V_p ) ); // Eq.8−12
36

37 // c a s e b
38 alpha2 = asind( ( E_r * sind(deba) ) / ( E_gp ) );

// Eq.8−13
39

40 // c a s e c
41 alpha3 = theta - atand( (V_p*sind(theta) + IaXs) / (

V_p*cosd(theta) - IaRa) );// Eq.8−14
42

43 // D i s p l ay the r e s u l t s
44 disp(” Example 8−5 S o l u t i o n : ”);
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45 printf(” \n a : Using Eq .(8−12) \n a lpha = %. 2 f
d e g r e e s \n ”, alpha1 );

46

47 printf(” \n b : Using Eq .(8−13) \n a lpha = %. 2 f
d e g r e e s \n ”, alpha2 );

48

49 printf(” \n c : Using Eq .(8−14) \n a lpha = %. 2 f
d e g r e e s \n ”, alpha3 );

50 printf(” \n S l i g h t v a r i a t i o n i n c a s e c a lpha i s
due to tan i n v e r s e v a l u e ”);

51 printf(” \n which was c a l u l a t e d to be 4 2 . 4 4 5 60 4
deg r e e s , i n s t e a d o f 4 2 . 4 4 d e g r e e s ( t ex tbook ) . ”)

Scilab code Exa 8.6 calculate Pp Pt hp internal and external torque and
motor efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data as per Example 8−4
12 // Y−connec t ed synchronous dynamo
13 P = 2 ; // No . o f p o l e s
14 hp = 1000 ; // power r a t i n g o f the synchronous motor

i n hp
15 V_L = 6000 ; // Line v o l t a g e i n v o l t
16 f = 60 ; // Frequency i n Hz
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17 R_a = 0.52 ; // E f f e c t i v e armature r e s i s t a n c e i n ohm
18 X_s = 4.2 ; // Synchronous r e a c t a n c e i n ohm
19 P_t = 811 ; // Input power i n kW
20 PF = 0.8 ; // Power f a c t o r l e a d i n g
21

22 // C a l c u l a t e d v a l u e s from Example 8−4
23 E_gp = 3687 ; // Generated v o l t a g e / phase i n v o l t
24

25 I_a = 97.55 ; // Phase armature c u r r e n t i n A
26

27 phi = (42.45 - 0); // Phase a n g l e between E gp and
I a i n d e g r e e s

28 // where 4 2 . 4 5 and 0 a r e phase a n g l e s o f E gp and
I a i n d e g r e e s r e s p e c t i v e l y .

29

30 // C a l c u l a t i o n s
31 // c a s e a
32 P_p = E_gp * I_a * cosd(phi) / 1000; // Mechan ica l

power deve l oped per phase i n kW
33

34 P_t_a = 3 * P_p ; // Tota l mechan i ca l power
deve l oped i n kW

35

36 // c a s e b
37 P_t_b = P_t_a / 0.746 ; // I n t e r n a l power deve l oped

i n hp at r a t e d l oad
38

39 // c a s e c
40 S = 120 * f / P ; // Speed o f the motor i n rpm
41 T_int = ( P_t_b * 5252 ) / S ; // I n t e r n a l t o r q u e

deve l oped i n lb− f t
42

43 // c a s e d
44 T_ext = ( hp * 5252 ) / 3600 ; // E x t e r n a l t o rq u e

deve l oped i n lb− f t
45 eta = (T_ext / T_int) * 100 ; // Motor e f f i c i e n c y i n

p e r c e n t
46
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47 // D i s p l ay the r e s u l t s
48 disp(” Example 8−6 S o l u t i o n : ”);
49 printf(” \n a : S i m i l a r to a dc motor , the mechan i ca l

power deve l oped i n the armature ”);
50 printf(” \n i s the product o f the induced EMF per

phase , the armature c u r r e n t ”);
51 printf(” \n per phase , and the c o s i n e o f the

a n g l e between them . \ n”);
52 printf(” \n P p = %. 3 f kW \n P t = %. 1 f kW \n”

, P_p , P_t_a );

53

54 printf(” \n b : P t = %. 1 f hp \n ”, P_t_b );

55

56 printf(” \n c : T i n t = %. f lb− f t \n ”, T_int );

57

58 printf(” \n d : T ext = %d lb− f t \n”, T_ext );

59 printf(” \n Motor E f f i c i e n c y , \ n e t a = %. 1 f
p e r c e n t ”, eta );

Scilab code Exa 8.7 calculate total load I and PF using IM and SM per-
cent reduction in I and overall PF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
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12 P_o = 2000 ; // Tota l power consumed by a f a c t o r y i n
kW from the t r a n s f o r m e r

13 cos_theta = 0.6 ; // 0 . 6 l a g g i n g power f a c t o r at
which power i s consumed −

14 // − from the t r a n s f o r m e r
15 sin_theta = sqrt(1 - (cos_theta)^2);

16 theta = -acosd (0.6); // power f a c t o r a n g l e at which
power i s consumed −

17 // − from the t r a n s f o r m e r i n d e g r e e s
18

19 V_L = 6000 ; // Primary l i n e v o l t a g e o f a
t r a n s f o r m e r i n v o l t

20

21 P = 750 ; // kW expec t ed to be d e l i v e r e d by the dc
motor−g e n e r a t o r

22

23 hp = 1000 ; // hp r a t i n g o f the motor ( i n d u c t i o n or
synchronous )

24 V_L_m = 6000 ; // Line v o l t a g e o f a synchronous ( or
i n d u c t i o n ) motor i n v o l t

25 cos_theta_sm = 0.8 ; // 0 . 8 l e a d i n g power f a c t o r o f
the synchronous motor

26 theta_sm = acosd (0.8); // power f a c t o r a n g l e o f the
synchronous motor i n d e g r e e s

27

28 cos_theta_im = 0.8 ; // 0 . 8 l a g g i n g power f a c t o r o f
the i n d u c t i o n motor

29 theta_im = -acosd (0.8); // power f a c t o r a n g l e o f the
i n d u c t i o n motor i n d e g r e e s

30

31 eta = 0.92 ; // E f f i c i e n c y o f each motor
32

33 // C a l c u l a t i o n s
34 // c a s e a : u s i n g I n d u c t i o n Motor (IM)
35 P_m = ( hp * 746 ) / eta ; // I n d u c t i o n ( or

synchronous ) motor l oad i n W
36 I_1 = P_m / ( sqrt (3) * V_L_m * cos_theta_im ); //

Lagg ing c u r r e n t drawn by IM i n A
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37

38 I_1_prime = P_o * 1000 / ( sqrt (3) * V_L * cos_theta

); // O r i g i n a l l a g g i n g −
39 // − f a c t o r y l oad c u r r e n t i n A
40

41 // Tota l l o ad c u r r e n t i n A u s i n g I n d u c t i o n Motor :
42 I_TM = I_1*(cosd(theta_im) + %i*sind(theta_im)) +

I_1_prime *(cosd(theta) + %i*sind(theta)) ;

43 I_TM_m = abs(I_TM);//I TM m = magnitude o f I TM i n A
44 I_TM_a = atan(imag(I_TM) /real(I_TM))*180/ %pi;//

I TM a=phase a n g l e o f I TM i n d e g r e e s
45

46 PF_im = cosd(I_TM_a); // O v e r a l l PF u s i n g i n d u c t i o n
motor

47

48 // c a s e b : u s i n g synchronous motor
49 I_s1 = P_m / ( sqrt (3) * V_L_m * cos_theta_sm ); //

Lagg ing c u r r e n t drawn by IM i n A
50

51 // Tota l l o ad c u r r e n t i n A u s i n g synchronous motor :
52 I_TSM = I_s1*(cosd(theta_sm) + %i*sind(theta_sm)) +

I_1_prime *(cosd(theta) + %i*sind(theta)) ;

53 I_TSM_m = abs(I_TSM);//I TSM m = magnitude o f I TSM
i n A

54 I_TSM_a = atan(imag(I_TSM) /real(I_TSM))*180/ %pi;//
I TSM a=phase a n g l e o f I TSM i n d e g r e e s

55

56 PF_sm = cosd(I_TSM_a); // O v e r a l l PF u s i n g
Synchronous motor

57

58 // c a s e c
59 percent_I_L = ( I_TM_m - I_TSM_m ) / I_TM_m * 100 ;

// Percen t r e d u c t i o n i n −
60 // − t o t a l l o ad c u r r e n t i n p e r c e n t
61

62 // D i s p l ay the r e s u l t s
63 printf(” Note : c a s e a , I 1 c a l c u l a t e d i s around 9 7 . 5 3

A i n s t e a d o f 4 7 . 5 3 A( t ex tbook ) . \ n”)
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64 printf(” Note : c a s e b , Actua l I s 1 imag ina ry pa r t i s
around 5 8 . 5 2 i n s t e a d o f ”);

65 printf(” \n 5 2 . 5 2 ( t ex tbook ) so s l i g h t
v a r i a t i o n i n I TSM and p e r c e n t ”)

66 printf(” \n r e d u c t i o n i n t o t a l l o ad c u r r e n t . \
n”)

67

68 disp(” Example 8−7 S o l u t i o n : ”);
69 printf(” \n a : I n d u c t i o n ( or sunchronous ) motor l oad ”

);

70 printf(” \n P m = %. f W ”,P_m);
71 printf(” \n Lagg ing c u r r e n t drawn by the IM = I1 ”

);

72 printf(” \n I 1 = %. 2 f <−%. 2 f A \n”,I_1 ,acosd(
cos_theta_sm));

73 printf(” \n I 1 i n A = ”);disp(I_1*cosd ( -36.87)+
%i*I_1*sind ( -36.87));

74 printf(” \n O r i g i n a l l a g g i n g f a c t o r y l oad c u r r e n t
= I 1 p r i m e ”);

75 printf(” \n I 1 p r i m e i n A = ”);disp(I_1_prime*
cosd(theta)+%i*I_1_prime*sind(theta));

76 printf(” \n I 1 p r i m e = %. 1 f <−%. 2 f A \n”,
I_1_prime ,acosd(cos_theta));

77 printf(” \n Tota l l o ad c u r r e n t = motor l oad +
f a c t o r y l oad ”);

78 printf(” \n I TM = I 1 + I 1 p r i m e \n”);
79 printf(” \n I TM i n A = ”);disp(I_TM);
80 printf(” \n I TM = %. 1 f <%. 1 f A \n ”,I_TM_m ,

I_TM_a );

81 printf(” \n O v e r a l l system PF = %. 4 f l a g g i n g \n ”
, PF_im );

82

83 printf(” \n b : Synchronous motor l oad \n I s 1 = %
. 2 f <%. 2 f A\n”,I_1 ,acosd(cos_theta_sm));

84 printf(” \n I s 1 i n A = ”);disp(I_s1*cosd (36.87)+
%i*I_s1*sind (36.87));

85 printf(” \n Tota l l o ad c u r r e n t : I TSM = I s 1 +
I 1 p r i m e \n”);
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86 printf(” \n I TSM i n A = ”);disp(I_TSM);
87 printf(” \n I TSM = %. 1 f <%. 1 f A \n ”,I_TSM_m ,

I_TSM_a );

88 printf(” \n O v e r a l l system PF = %. 1 f l a g g i n g \n ”
, PF_sm );

89

90 printf(” \n c : Pe r c en t r e d u c t i o n i n t o t a l l o ad
c u r r e n t = %. 1 f p e r c e n t \n”,percent_I_L);

91

92 printf(” \n d : PF improvement : Using the synchronous
motor ( i n l i e u o f the IM) ”);

93 printf(” \n r a i s e s the t o t a l system PF from %. 4 f
l a g g i n g to %. 1 f l a g g i n g . ”,PF_im ,PF_sm);

Scilab code Exa 8.8 calculate Tp and hp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−8
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data from Ex.8−3 a
12 // 3− phase Y−connec t ed synchronous motor
13 P = 6 ; // No . o f p o l e s
14 hp = 50 ; // power r a t i n g o f the synchronous motor

i n hp
15 V_L = 440 ; // Line v o l t a g e i n v o l t
16 X_s = 2.4 ; // Synchronous r e a c t a n c e i n ohm
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17 R_a = 0.1 ; // E f f e c t i v e armature r e s i s t a n c e i n ohm
18 alpha = 20 ; // The r o t o r s h i f t from the synchronous

p o s i t i o n i n
19 // e l e c t r i c a l d e g r e e s .
20 E_gp = 240 ; // Generated v o l t a g e / phase i n v o l t when

the motor i s under−e x c i t e d
21 f = 60 ; // Frequency i n Hz
22

23 // C a l c u l a t e d v a l u e s from Example 8−3a
24 V_p = 254 ; // Phase v o l t a g e i n v o l t
25

26 // C a l c u l a t i o n s
27 // c a s e a
28 // Torque deve l oped per phase Using Eq.(8−17 a )
29 S = 120 * f / P ; // Speed o f the motor i n rpm
30 T_p = ( 7.04 * E_gp * V_p ) / ( S*X_s) * sind(alpha)

;

31

32 // c a s e b
33 // Tota l hor sepower deve l oped u s i n g pa r t a
34 Horsepower = ( 3*T_p*S )/5252;

35

36 // D i s p l ay the r e s u l t s
37 disp(” Example 8−8 S o l u t i o n : ”);
38 printf(” \n From g i v e n and c a l c u l a t e d data o f Ex.8−3

a , \ n”);
39 printf(” \n a : T p = %. 2 f lb− f t \n ”, T_p );

40

41 printf(” \n b : Horsepower = %. 1 f hp ”, Horsepower );

Scilab code Exa 8.9 calculate original kvar and kvar correction and kVA
and Io and If and power triangle

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
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3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−9
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P_o = 2000 ; // Tota l power consumed by a f a c t o r y i n

kW
13 cos_theta = 0.6 ; // 0 . 6 power f a c t o r at which

power i s consumed
14 sin_theta = sqrt( 1 - (cos_theta)^2 );

15 V = 6000 ; // Line v o l t a g e i n v o l t
16 // Synchronous c a p a c i t o r i s used to r a i s e the

o v e r a l l PF to u n i t y
17 P_loss_cap = 275 ; // Synchronous c a p a c i t o r l o s s e s

i n kW
18

19 // C a l c u l a t i o n s
20 // c a s e a
21 S_o_conjugate = P_o / cos_theta ; // apparent

complex power i n kW
22 jQ_o = S_o_conjugate * sin_theta ; // O r i g i n a l

k i l o v a r s o f l a g g i n g l oad
23

24 // c a s e b
25 jQ_c = -jQ_o ; // K i l o v a r s o f c o r r e c t i o n needed to

b r i n g the PF to u n i t y
26

27 // c a s e c
28 R = P_loss_cap ; // Synchronous c a p a c i t o r l o s s e s i n

kW
29 S_c_conjugate = R - %i*( abs(jQ_c) ) ; // kVA r a t i n g

o f the synchronous c a p a c i t o r
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30 S_c_conjugate_m = abs(S_c_conjugate);//
S c c o n j u g a t e m = magnitude o f S c c o n j u g a t e i n
kVA

31 S_c_conjugate_a = atan(imag(S_c_conjugate) /real(

S_c_conjugate))*180/ %pi;

32 // S c c o n j u g a t e a=phase a n g l e o f S c c o n j u g a t e i n
d e g r e e s

33 PF = cosd(S_c_conjugate_a); // Power f a c t o r o f the
synchronous c a p a c i t o r

34

35 // c a s e d
36 I_o = S_o_conjugate * 1000 / V ; // O r i g i n a l c u r r e n t

drawn from the mains i n A
37

38

39 // c a s e e
40 P_f = P_o + P_loss_cap ; // Tota l power i n kW
41 S_f = P_f ; // Tota l apparent power i n kW
42 S_f_m = abs(S_f);// S f m = magnitude o f S f i n A
43 S_f_a = atan(imag(S_f) /real(S_f))*180/ %pi;// S f a=

phase a n g l e o f S f i n d e g r e e s
44

45 I_f = S_f * 1000 / V ; // F i n a l c u r r e n t drawn from
the mains a f t e r c o r r e c t i o n i n A

46

47 // D i s p l ay the r e s u l t s
48 disp(” Example 8−9 S o l u t i o n : ”);
49 printf(” \n a : S∗o = %d kVA \n”, S_o_conjugate );

50 printf(” \n +jQo i n kvar = ”);disp(%i*jQ_o);
51

52 printf(” \n b : −jQc i n kvar = ” );disp(%i*jQ_c);

53

54 printf(” \n c : S∗ c i n kVA = ”);disp(S_c_conjugate);
55 printf(” \n S∗ c = %. f <%. 1 f kVA \n”,

S_c_conjugate_m , S_c_conjugate_a );

56 printf(” \n PF = %. 3 f l e a d i n g \n”,PF );

57

58 printf(” \n d : I o = %. 1 f A \n ”,I_o );
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59

60 printf(” \n e : S f i n A = ”);disp(S_f);
61 printf(” \n S f = %d <%d kVA \n” , S_f_m , S_f_a

);

62 printf(” \n I f = %. 1 f A \n ”, I_f);

63

64 printf(” \n f : See Fig .8−25 . ”);

Scilab code Exa 8.10 calculate cost of raising PF to unity and point85
lagging

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 10000 ; // kVA r a t i n g o f a system
13 cos_theta = 0.65 ; // power f a c t o r o f the system
14 sin_theta = sqrt( 1 - (cos_theta)^2 );

15 cos_theta_b = 0.85 ; // Rai sed PF
16 sin_theta_b = sqrt( 1 - (cos_theta_b)^2 );

17 cost = 60 ; // c o s t o f the synchronous c a p a c i t o r to
improve the PF i n d o l l a r s /kVA

18 // n e g l e c t the l o s s e s i n the synchronous c a p a c i t o r
19

20 // C a l c u l a t i o n s
21 // c a s e a : For u n i t y PF
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22 // at the o r i g i n a l l o ad
23 kW_a = kVA * cos_theta ; //
24 theta = acosd(cos_theta) ; // Power f a c t o r a n g l e o f

the system i n d e g r e e s
25 kvar = kVA * sind(theta) ; // R e a c t i v e power i n kvar
26 kVA_a = kvar ;

27 cost_cap_a = kvar * cost ; // Cost o f r a i s i n g the PF
to u n i t y PF i n d o l l a r s

28

29 // c a s e b
30 theta_b = acosd(cos_theta_b) ; // Power f a c t o r a n g l e

o f the system i n d e g r e e s
31 kVA_b = kW_a / cos_theta_b ; // kVA v a l u e r e d u c t i o n
32 kvar_b = kVA_b * sind(theta_b) ; // f i n a l kvar v a l u e

reduced
33 kvar_add = kvar - kvar_b ; // kvar o f c o r r e c t i o n

added
34

35 cost_cap_b = kvar_add * cost ; // Cost o f r a i s i n g
the PF to 0 . 8 5 PF i n d o l l a r s

36

37 // D i s p l ay the r e s u l t s
38

39 disp(” Example 8−10 S o l u t i o n : ”);
40 printf(” \n Note : S l i g h t v a r i a t i o n s i n the kvar

and c o s t v a l u e s a r e due to ”);
41 printf(” \n non−approx imat ion o f t h e t a v a l u e s

w h i l e c a l c u l a t i n g i n s c i l a b . \ n”);
42 printf(” \n a : At the o r i g i n a l load , \ n”);
43 printf(” \n kW = %d kW at t h e t a = %. 1 f d e g r e e s \n

”, kW_a , theta );

44 printf(” \n kvar = %. 3 f kvar \n\n For u n i t y PF ,
”,kvar);

45 printf(” \n kVA o f synchronous c a p a c i t o r = %. 3 f
kVA ( n e g l e c t i n g l o s s e s ) \n”,kVA_a);

46 printf(” \n Cost o f synchronous c a p a c i t o r = $% . f
\n\n”,cost_cap_a );

47
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48 printf(” \n b : For %. 2 f , PF = cos (%. 1 f ) , the t o t a l
power , ”,cos_theta_b , theta_b);

49 printf(” \n %. f kW, remains the same . The r e f o r e , \ n
”,kW_a);

50 printf(” \n kVA o f f i n a l system reduced to = %. f
kVA \n”,kVA_b);

51 printf(” \n kvar o f f i n a l system reduced to = %. f
kvar \n There f o r e , ”,kvar_b);

52

53 printf(” \n kvar o f c o r r e c t i o n added = %. 3 f kvar \
n ”,kvar_add);

54 printf(” \n kVA o f synchronous c a p a c i t o r = %. 3 f
kVA ( n e g l e c t i n g l o s s e s ) \n”,kvar_add);

55 printf(” \n Cost o f synchronous c a p a c i t o r = $% . f ”
,cost_cap_b );

56 printf(” \n or l e s s than h a l f the c o s t i n pa r t ( a )
”);

Scilab code Exa 8.11 calculate Po jQo and power triangle

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−11
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 S_conjugate = 1000 ; // Apparent complex power i n

kVA
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13 cos_theta = 0.6 ; // l a g g i n g PF
14 sin_theta = sqrt( 1 - (cos_theta)^2 );

15

16 // C a l c u l a t i o n s
17 // c a s e a
18 P_o = S_conjugate * cos_theta ; // Act i v e power

d i s s i p a t e d by the l oad i n kW
19

20 // c a s e b
21 jQ_o = S_conjugate * sin_theta ; // I n d u c t i v e

r e a c t i v e quadra tu r e power −
22 // − drawn from and r e t u r n e d to the supp ly
23

24 // D i s p l ay the r e s u l t s
25

26 disp(” Example 8−11 S o l u t i o n : ”);
27 printf(” \n a : Ac t i v e power \n P o = %d kW \n ”,

P_o );

28

29 printf(” \n b : I n d u c t i v e r e a c t i v e quadra tu r e power \
n +jQ o i n kvar = \n”);disp(%i*jQ_o);

30

31 printf(” \n c : The o r i g i n a l power t r i a n g l e i s shown
i n Fig .8−26 a . ”);

Scilab code Exa 8.12 calculate Pf jQf Pa jQa kVA and draw power tabu-
lation grid

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS
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7 // Example 8−12
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 S_conjugate = 1000 ; // Apparent complex power i n

kVA
13 cos_theta_f = 0.8 ; // l a g g i n g PF
14 sin_theta_f = sqrt( 1 - (cos_theta_f)^2 );

15

16 // C a l c u l a t e d v a l u e s from Ex.8−11
17 P_o = 600 ; // Act i v e power d i s s i p a t e d by the l oad

i n kW
18 Q_o = 800 ; // I n d u c t i v e r e a c t i v e quadra tu r e power −
19 // − drawn from and r e t u r n e d to the supp ly
20

21 // C a l c u l a t i o n s :
22

23 // c a s e a
24 P_f = S_conjugate * cos_theta_f ; // Act i v e power

d i s s i p a t e d by the l oad i n kW
25

26 // c a s e b
27 Q_f = S_conjugate * sin_theta_f ; // R e a c t i v e

quadra tu r e power drawn from −
28 // − and r e t u r n e d to the supp ly
29

30 // c a s e c
31 P_a = P_f - P_o ; // A d d i t i o n a l a c t i v e power i n kW

that may be s u p p l i e d to −
32 // − new cus tomer s
33

34 // c a s e d
35 jQ_a = %i * ( Q_f ) - %i * ( Q_o ); // C o r r e c t i o n

kvar r e q u i r e d to r a i s e PF −
36 // −from 0 . 6 to o . 8 l a g g i n g
37
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38 // c a s e e
39 S_c_conjugate = 0 - jQ_a ; // Rat ing o f c o r r e c t i o n

c a p a c i t o r s needed f o r c a s e d
40

41 // D i s p l ay the r e s u l t s
42

43 disp(” Example 8−12 S o l u t i o n : ”);
44 printf(” \n a : P f = %d kW \n ”, P_f );

45 printf(” \n b : +j Q f i n kvar = ”);disp(%i*Q_f);
46 printf(” \n c : P a = %d kW \n ”, P_a );

47 printf(” \n d : jQ a i n kvar = ”);disp(jQ_a)
48 printf(” \n e : S c c o n j u g a t e = %d kVA \n ”, abs(

S_c_conjugate) );

49 printf(” \n f : The power t a b u l a t i o n g r i d i s shown i n
Fig .8−26b . ”);

Scilab code Exa 8.13 calculate Pf jQf Pa jQa kVA and power tabulation
grid

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−13
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Ex.8−12 PF
12 cos_theta = 0.6 ; // PF l a g g i n g
13

14 // Given data
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15 S_conjugate = 1000 ; // Apparent complex power i n
kVA

16 cos_theta_f = 1.0 ; // u n i t y PF
17 sin_theta_f = sqrt( 1 - (cos_theta_f)^2 );

18

19 // C a l c u l a t e d v a l u e s from Ex.8−11
20 P_o = 600 ; // Act i v e power d i s s i p a t e d by the l oad

i n kW
21 Q_o = 800 ; // I n d u c t i v e r e a c t i v e quadra tu r e power −
22 // − drawn from and r e t u r n e d to the supp ly
23

24 // C a l c u l a t i o n s :
25

26 // c a s e a
27 P_f = S_conjugate * cos_theta_f ; // Act i v e power

d i s s i p a t e d by the l oad i n kW
28

29 // c a s e b
30 Q_f = S_conjugate * sin_theta_f ; // R e a c t i v e

quadra tu r e power drawn from −
31 // − and r e t u r n e d to the supp ly
32

33 // c a s e c
34 P_a = P_f - P_o ; // A d d i t i o n a l a c t i v e power i n kW

that may be s u p p l i e d to −
35 // − new cus tomer s
36

37 // c a s e d
38 jQ_a = %i * ( Q_f ) - %i * ( Q_o ); // C o r r e c t i o n

kvar r e q u i r e d to r a i s e PF −
39 // −from 0 . 6 to o . 8 l a g g i n g
40 Q_a = -abs(jQ_a); //
41

42 // c a s e e
43 S_c_conjugate = 0 - jQ_a ; // Rat ing o f c o r r e c t i o n

c a p a c i t o r s needed f o r c a s e d
44

45 // D i s p l ay the r e s u l t s
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46

47 disp(” Example 8−13 S o l u t i o n : ”);
48 printf(” \n a : P f = %d kW \n ”, P_f );

49 printf(” \n b : +j Q f i n kvar = ”);disp(%i*Q_f);
50 printf(” \n c : P a = %d kW \n ”, P_a );

51 printf(” \n d : jQ a i n kvar = ”);disp(jQ_a)
52 printf(” \n e : S c c o n j u g a t e = %d kVA \n ”, abs(

S_c_conjugate) );

53 printf(” \n f : The power t a b u l a t i o n g r i d i s shown
below . \ n”);

54 printf(” \n \ t \ t P \ t j Q \ t S∗ ”);
55 printf(” \n \ t \ t (kW) \ t ( kvar ) \ t (kVA) \ t c o s ”)

;

56 printf(” \n
”);

57 printf(” \n O r i g i n a l : \ t %d \ t +j%d \ t %d \ t %. 1
f ”,P_o ,Q_o ,S_conjugate ,cos_theta);

58 printf(” \n Added : \ t %d \ t %dj \ t \ t ”,P_a
,Q_a );

59 printf(” \n F i n a l : \ t %d \ t +j%d \ t %d \ t %. 1 f ”,
P_f ,Q_f ,S_conjugate ,cos_theta_f);

Scilab code Exa 8.14 calculate original and final kVA kvar P and correc-
tion kvar Sa

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−14
8

9 clear; clc; close; // C l ea r the work space and
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c o n s o l e .
10

11 // Given data
12 P_o = 2000 ; // l oad i n kW drawn by a f a c t o r y
13 cos_theta_o = 0.6 ; // PF l a g g i n g
14 sin_theta_o = sqrt( 1- (cos_theta_o)^2 );

15 cos_theta_f = 0.85 ; // f i n a l PF l a g g i n g r e q u i r e d
16 sin_theta_f = sqrt( 1- (cos_theta_f)^2 );

17 P_a = 275 ; // L o s s e s i n the synchronous c a p a c i t o r
i n kW

18

19 // C a l c u l a t i o n s
20 // c a s e a
21 S_o_conjugate = P_o / cos_theta_o ; // O r i g i n a l kVA

drawn from the u t i l i t y
22

23 // c a s e b
24 Q_o = S_o_conjugate * sin_theta_o ; // O r i g i n a l

l a g g i n g kvar
25

26 // c a s e c
27 P_f = P_o + P_a ; // F i n a l system a c t i v e power

consumed from the u t i l i t y i n kW
28

29 // c a s e d
30 S_f_conjugate = P_f / cos_theta_f ; // F i n a l kVA

drawn from the u t i l i t y
31 S_f_conjugate_a = acosd(cos_theta_f); // Phase a n g l e

o f S f c o n j u g a t e i n d e g r e e s
32

33 // c a s e e
34 jQ_f = S_f_conjugate * sin_theta_f ; // F i n a l

l a g g i n g kvar
35 jQ_a = %i*(jQ_f) - %i*(Q_o); // C o r r e c t i o n kvar

produced by the synchronous c a p a c i t o r
36 Q_a = abs(jQ_a); // Magnitude o f jQ a i n kvar
37

38 // c a s e f
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39 P = P_a ;

40 S_a_conjugate = P -%i*(abs(jQ_a)); // kVA r a t i n g o f
the synchronous c a p a c i t o r

41 S_a_conjugate_m = abs(S_a_conjugate);//
S a c o n j u g a t e m = magnitude o f S a c o n j u g a t e i n
kVA

42 S_a_conjugate_a = atan(imag(S_a_conjugate) /real(

S_a_conjugate))*180/ %pi;

43 // S a c o n j u g a t e a=phase a n g l e o f S a c o n j u g a t e i n
d e g r e e s

44 PF_f = cosd(S_a_conjugate_a); // PF
45

46 // D i s p l ay the r e s u l t s
47 disp(” Example 8−14 S o l u t i o n : ”);
48 printf(” \n a : S∗o = %. 1 f kVA \n”,S_o_conjugate );

49

50 printf(” \n b : Q∗o i n kvar = ” );disp(%i*Q_o);

51

52 printf(” \n c : P∗ f = %. f kW \n”,P_f );

53

54 printf(” \n d : S∗ f = %. 1 f <%. 1 f kVA\n ”,
S_f_conjugate ,S_f_conjugate_a );

55

56 printf(” \n e : j Q f i n kvar = ”);disp(%i*jQ_f);
57 printf(” \n −jQ a i n kvar = ”);disp(jQ_a);
58

59 printf(” \n f : S∗a = %. f <%. 2 f kVA ”,
S_a_conjugate_m , S_a_conjugate_a );

60 printf(” \n ( co s (%. 2 f ) = %. 3 f l e a d i n g ) \n”,
S_a_conjugate_a ,PF_f);

61

62 printf(” \n g : Power t a b u l a t i o n g r i d : \n ”);
63 printf(” \n \ t \ t P \ t j Q \ t S∗ ”);
64 printf(” \n \ t \ t (kW) \ t ( kvar ) \ t (kVA) \ t c o s ”)

;

65 printf(” \n
”);

66 printf(” \n O r i g i n a l : \ t %d \ t +j% . f %. 1 f %. 1 f
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l a g ”,P_o ,Q_o ,S_o_conjugate ,cos_theta_o);

67 printf(” \n Added : \ t %d \ t −%. f j %. f \ t %. 3
f l e a d ”,P_a ,Q_a ,S_a_conjugate_m ,cosd(

S_a_conjugate_a) );

68 printf(” \n F i n a l : \ t %d \ t +j% . f %. 1 f %. 2 f
l a g ”,P_f ,jQ_f ,S_f_conjugate ,cos_theta_f);

Scilab code Exa 8.15 calculate kVA added Pa and Qa and Pf Qf and PF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−15
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P_o = 2275 ; // O r i g i n a l kVA
13 Q_o = 1410 ; // O r i g i n a l kvar
14 S_f_conjugate = 3333.3 ; // f i n a l kVA o f the l oad
15 S_o_conjugate = P_o + %i*Q_o ; // Load o f the

a l t e r n a t o r i n kVA
16 S_o_conjugate_m = abs(S_o_conjugate);//

S o c o n j u g a t e m = magnitude o f S o c o n j u g a t e i n
kVA

17 S_o_conjugate_a = atan(imag(S_o_conjugate) /real(

S_o_conjugate))*180/ %pi;

18 // S o c o n j u g a t e a=phase a n g l e o f S o c o n j u g a t e i n
d e g r e e s

19
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20 disp(” Example 8−15”);
21 printf(” \n Power t a b u l a t i o n g r i d : \n ”);
22 printf(” \n \ t \ t P \ t \ t j Q \ t \ t S∗ ”);
23 printf(” \n \ t \ t (kW) \ t \ t ( kvar ) \ t \ t (kVA) \ t \ t

c o s ”);
24 printf(” \n

”);
25 printf(” \n O r i g i n a l : \t%d \ t \ t j% . f \ t \ t %. 1 f \t%

. 2 f l a g ”,real(S_o_conjugate) ,imag(S_o_conjugate)

,S_o_conjugate_m ,cosd(S_o_conjugate_a));

26 printf(” \n Added : \ t0 . 8 x \ t \ t j 0 . 6 x \ t \ t x \ t \ t0
. 8 0 l a g ” );

27 printf(” \n F i n a l : (%d + 0 . 8 x ) \ t j (%. f + 0 . 6 x )
%. 1 f \ t0 . 8 4 1 l a g \n”,real(S_o_conjugate) ,imag(

S_o_conjugate),S_f_conjugate );

28

29 // C a l c u l a t i o n s
30 // c a s e a
31 // Assume x i s the a d d i t i o n a l kVA load . Then r e a l

and quadra tu r e powers a r e 0 . 8 x and j 0 . 6 x
32 // r e s p e c t i v e l y , as shown . Adding each column

v e r t i c a l l y and u s i n g the Pythagorean theorem ,
33 // we may w r i t e (2275 + 0 . 8 x ) ˆ2 + (1410 + 0 . 6 x ) ˆ2 =

( 3 3 3 3 . 3 ) ˆ2 , and s o l v i n g t h i s e q u t i o n y i e l d s
34 // the q u a d r a t i c xˆ2 + 5352 x −3947163 = 0 . Apply ing

the q u a d r a t i c y i e l d s the added kVA load :
35 x = poly(0, ’ x ’ ); // D e f i n i n g a po lynomia l with

v a r i a b l e ’ x ’ with r o o t at 0
36 p = -3947163 + 5352*x + x^2

37 a = 1 ; // c o e f f i c i e n t o f xˆ2
38 b = 5332 ; // c o e f f i c i e n t o f x
39 c = -3947163 ; // c o n s t a n t
40

41 // Roots o f p
42 x1 = ( -b + sqrt (b^2 -4*a*c ) ) /(2* a);

43 x2=( -b - sqrt (b^2 -4*a*c ) ) /(2* a);

44
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45 // c a s e b
46 P_a = 0.8*x1 ; // Added a c t i v e power o f the

a d d i t i o n a l l o ad i n kW
47 Q_a = 0.6*x1 ; // Added r e a c t i v e power o f the

a d d i t i o n a l l o ad i n kvar
48

49 // c a s e c
50 P_f = P_o + P_a ; // F i n a l a c t i v e power o f the

a d d i t i o n a l l o ad i n kW
51 Q_f = Q_o + Q_a ; // F i n a l r e a c t i v e power o f the

a d d i t i o n a l l o ad i n kvar
52

53 // c a s e d
54 PF = P_f / S_f_conjugate ; // F i n a l power f a c t o r
55 // V a l i d i t y check
56 S_conjugate_f = P_f + %i*Q_f ; // F i n a l kVA o f the

l oad
57 S_conjugate_f_m = abs(S_conjugate_f);//

S c o n j u g a t e f m = magnitude o f S c o n j u g a t e f i n
kVA

58 S_conjugate_f_a = atan(imag(S_conjugate_f) /real(

S_conjugate_f))*180/ %pi;

59 // S c o n j u g a t e f a=phase a n g l e o f S c o n j u g a t e f i n
d e g r e e s

60

61 // D i s p l ay the r e s u l t s
62

63 disp(” S o l u t i o n : ”)
64

65 printf(” \n a : The g i v e n data i s shown i n the above
power t a b u l a t i o n g r i d . Assume”);

66 printf(” \n x i s the a d d i t i o n a l kVA load . Then
r e a l and quadra tu r e powers a r e ”);

67 printf(” \n 0 . 8 x and j 0 . 6 x r e s p e c t i v e l y , as shown .
Adding each column v e r t i c a l l y ”);

68 printf(” \n and u s i n g the Pythagorean theorem , we
may w r i t e ”);

69 printf(” \n (2275 + 0 . 8 x ) ˆ2 + (1410 + 0 . 6 x ) ˆ2 =
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( 3 3 3 3 . 3 ) ˆ2 , and s o l v i n g t h i s ”);
70 printf(” \n e q u a t i o n y i e l d s the q u a d r a t i c as

f o l l o w s : \n”);
71 printf(” \n xˆ2 + 5332 x −3947163 = 0 . \n ”)
72 printf(” \n Apply ing the q u a d r a t i c y i e l d s the

added kVA load : ”);
73 printf(” \n Roots o f q u a d r a t i c Eqn p a r e \n ”);
74 printf(” \n x1 = %. 2 f \n x2 = %. 2 f ”, x1, x2 )

;

75 printf(” \n Cons ide r +ve v a l u e o f x f o r added kVA
so ”);

76 printf(” \n x = S∗a = %. 2 f kVA \n ”, x1 );

77

78 printf(” \n b : P a = %. 1 f kW \n ”, P_a );

79 printf(” \n Q a i n kvar = \n”);disp(%i*Q_a);
80

81 printf(” \n c : P f = %. 1 f kW \n ”, P_f );

82 printf(” \n Q f i n kvar = \n”);disp(%i*Q_f);
83

84 printf(” \n d : PF = c o s f = %. 3 f l a g g i n g \n ”, PF

);

85 printf(” \n V a l i d i t y check \n S∗ f = ”);disp(
S_conjugate_f);

86 printf(” \n S∗ f = %. 1 f <%. 2 f kVA \n”,
S_conjugate_f_m ,S_conjugate_f_a);

87 printf(” \n PF = cos (%. 1 f ) = %. 3 f l a g g i n g ”,
S_conjugate_f_a ,cosd(S_conjugate_f_a));

Scilab code Exa 8.16 Verify tellegens theorem for kVAs found in Ex 8 15

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−16
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // C a l c u l a t e d v a l u e s as per Ex.8−15 a r e as f o l l o w s
13 S_o_conjugate = 2676.5* exp(%i *31.79*( %pi /180)); //

O r i g i n a l kVA r a t i n g
14 S_o_conjugate_m = abs(S_o_conjugate);//

S o c o n j u g a t e m = magnitude o f S o c o n j u g a t e i n
kVA

15 S_o_conjugate_a = atan(imag(S_o_conjugate) /real(

S_o_conjugate))*180/ %pi;

16 // S o c o n j u g a t e a=phase a n g l e o f S o c o n j u g a t e i n
d e g r e e s

17

18 S_a_conjugate = 658.86* exp(%i *36.87*( %pi /180)); //
Added kVA r a t i n g

19 S_a_conjugate_m = abs(S_a_conjugate);//
S a c o n j u g a t e m = magnitude o f S a c o n j u g a t e i n
kVA

20 S_a_conjugate_a = atan(imag(S_a_conjugate) /real(

S_a_conjugate))*180/ %pi;

21 // S a c o n j u g a t e a=phase a n g l e o f S a c o n j u g a t e i n
d e g r e e s

22

23 S_f_conjugate = -3333.3* exp(%i *32.792687*( %pi /180));

// F i n a l kVA r a t i n g
24 S_f_conjugate_m = abs(S_f_conjugate);//

S f c o n j u g a t e m = magnitude o f S f c o n j u g a t e i n
kVA

25 S_f_conjugate_a = atan(imag(S_f_conjugate) /real(

S_f_conjugate))*180/ %pi;

26 // S f c o n j u g a t e a=phase a n g l e o f S f c o n j u g a t e i n
d e g r e e s
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27

28 // C a l c u l a t i o n s
29 kVA_total = S_o_conjugate + S_a_conjugate +

S_f_conjugate ; // Te l l egan ’ s theorem
30 kVA_total_m = abs(kVA_total);// kVA total m =

magnitude o f kVA tota l i n kVA
31 kVA_total_a = atan(imag(kVA_total) /real(kVA_total))

*180/ %pi;

32 // kVA to ta l a=phase a n g l e o f kVA tota l i n d e g r e e s
33

34 // D i s p l ay the r e s u l t
35 disp(” Example 8−16 S o l u t i o n : ”);
36 printf(” \n From the s o l u t i o n to Ex.8−15 , we have ”)

;

37 printf(” \n S∗o = %. 1 f <%. 2 f kVA \n ”,
S_o_conjugate_m ,S_o_conjugate_a );

38 printf(” \n S∗a = %. 1 f <%. 2 f kVA \n ”,
S_a_conjugate_m ,S_a_conjugate_a );

39 printf(” \n S∗ f = %. 1 f <%. 2 f kVA \n ”,
S_f_conjugate_m ,S_f_conjugate_a );

40

41 printf(” \n V a l i d i t y check ”);
42 printf(” \n S∗o + S∗a + S∗ f = ”);
43 disp(S_o_conjugate),printf(” +”),disp(S_a_conjugate

),printf(” +”),disp(S_f_conjugate);
44 printf(” \n = %d ”,kVA_total );

45 printf(” \n Hence , Te l l e g en ‘ s theorem i s proved ”);

Scilab code Exa 8.17 calculate overall PF using unity PF SM

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−17
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kW = 40000 ; // Load on a f a c t o r y i n kW
13 PF = 0.8 ; // power f a c t o r l a g g i n g o f the l oad
14 cos_theta = PF;

15 sin_theta = sqrt( 1 - (cos_theta)^2 );

16 hp = 7500 ; // power r a t i n g o f the i n d u c t i o n motor
i n hp

17 PF_IM = 0.75 ; // power f a c t o r l a g g i n g o f the
i n d u c t i o n motor

18 cos_theta_IM = PF_IM;

19 sin_theta_IM = sqrt( 1 - (cos_theta_IM)^2 );

20 eta = 91*(1/100) ; // E f f i c i e n c y o f IM
21 PF_SM = 1 ; // power f a c t o r o f the synchronous

motor
22

23 // C a l c u l a t i o n s
24 kVA_original = kW / PF ; // O r i g i n a l kVA
25 kvar_original = kVA_original * sin_theta ; //

O r i g i n a l kvar
26

27 kW_IM = ( hp * 746 ) / ( 1000 * eta ) ; // I n d u c t i o n
motor kW

28 kVA_IM = kW_IM / PF_IM ; // I n d u c t i o n motor kVA
29 kvar_IM = kVA_IM * sin_theta_IM ; // I n d u c t i o n motor

kvar
30

31 kvar_final = kvar_original - kvar_IM ; // f i n a l kvar
32 kVA_final = kW + %i*(abs(kvar_final)); // f i n a l kVA
33 kVA_final_m = abs(kVA_final);// kVA f ina l m =

magnitude o f kVA f ina l i n kVA
34 kVA_final_a = atan(imag(kVA_final) /real(kVA_final))
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*180/ %pi;

35 // k V A f i n a l a=phase a n g l e o f kVA f ina l i n d e g r e e s
36

37 PF_final = cosd(kVA_final_a); // F i n a l power f a c t o r
38

39 // D i s p l ay the r e s u l t
40 disp(” Example 8−17 S o l u t i o n : ”);
41 printf(” \n The synchronous motor o p e r a t e s at the

same e f f i c i e n c y as the IM”);
42 printf(” \n tha t has been r e p l a c e d , and t h e r e f o r e

the t o t a l power o f the system ”);
43 printf(” \n i s unchanged . The s o l u t i o n i n v o l v e s

c o n s t r u c t i o n o f t a b l e tha t shows ”)
44 printf(” \n the o r i g i n a l c o n d i t i o n o f the system ,

the change , and the f i n a l c o n d i t i o n . \ n”);
45 printf(” \n O r i g i n a l kVA = %d kVA \n ”, kVA_original

);

46 printf(” \n O r i g i n a l kvar = \n” );disp(%i*

kvar_original);

47

48 printf(” \n I n d u c t i o n motor kW = %d kW \n ”, kW_IM )

;

49 printf(” \n I n d u c t i o n motor kVA = %. f kVA \n ”,
kVA_IM );

50 printf(” \n I n d u c t i o n motor kvar = ”);disp(%i*
kvar_IM)

51

52 printf(” \n F i n a l kvar = ”);disp(%i*kvar_final);
53 printf(” \n F i n a l kVA = ” );disp(kVA_final);

54 printf(” \n F i n a l kVA = %f <%. 2 f kVA \n ”,
kVA_final_m ,kVA_final_a);

55

56 printf(” \n F i n a l PF = %. 3 f l a g g i n g \n ”, PF_final )

;

57

58 printf(” \n

”);
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59 printf(” \n Power t a b u l a t i o n g r i d : \n ”);
60 printf(” \n \ t \ t P \ t \ t j Q \ t \ t S∗ ”);
61 printf(” \n \ t \ t (kW) \ t \ t ( kvar ) \ t \ t (kVA) \ t \ t c o s

”);
62 printf(” \n

”);
63 printf(” \n O r i g i n a l : \t%d \ t \ tj% . f \ t \t% . 1 d \ t \ t %

. 1 f l a g ”,kW ,kvar_original ,kVA_original ,PF);

64 printf(” \n Removed : \ t−%. f \ t \ t−(+j% . f ) \t% . f \ t \
t %. 2 f l a g ”,kW_IM ,kvar_IM ,kVA_IM ,PF_IM);

65 printf(” \n Added : \ t+%. f \ t \ t 0 \t% . 1 f \
t \ t 1 . 0 ”,kW_IM ,kW_IM);

66 printf(” \n F i n a l : \t%d \ t \ tj% . f \ t \t% . 1 f \ t %. 3
f l a g ”,kW ,kvar_final ,kVA_final_m ,PF_final);

67 printf(” \n

”);

Scilab code Exa 8.18 calculate overall PF using point8 PF leading SM

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−18
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kW = 40000 ; // Load on a f a c t o r y i n kW
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13 PF = 0.8 ; // power f a c t o r l a g g i n g o f the l oad
14 cos_theta = PF;

15 sin_theta = sqrt( 1 - (cos_theta)^2 );

16

17 PF_SM = 0.8 ; // power f a c t o r l e a d i n g o f the
synchronous motor

18 cos_theta_SM = PF_SM;

19 sin_theta_SM = sqrt( 1 - (cos_theta_SM)^2 );

20 hp = 7500 ; // power r a t i n g o f the i n d u c t i o n motor
i n hp

21

22 PF_IM = 0.75 ; // power f a c t o r l a g g i n g o f the
i n d u c t i o n motor

23 cos_theta_IM = PF_IM;

24 sin_theta_IM = sqrt( 1 - (cos_theta_IM)^2 );

25

26 eta = 91*(1/100) ; // E f f i c i e n c y o f IM
27

28 // C a l c u l a t i o n s
29 kVA_original = kW / PF ; // O r i g i n a l kVA
30 kvar_original = kVA_original * sin_theta ; //

O r i g i n a l kvar
31

32

33 kW_IM = ( hp * 746 ) / ( 1000 * eta ) ; // I n d u c t i o n
motor kW

34 kVA_IM = kW_IM / PF_IM ; // I n d u c t i o n motor kVA
35 kvar_IM = kVA_IM * sin_theta_IM ; // I n d u c t i o n motor

kvar
36

37 // c a s e a
38 kW_SM = ( hp * 746 ) / ( 1000 * eta ) ; //

Synchronous motor kW
39 kVA_SM = kW_SM / PF_SM ; // Synchronous motor kVA
40 kvar_SM = kVA_SM * sin_theta_SM ; // Synchronous

motor kvar
41

42 kvar_final = kvar_original - kvar_IM - kvar_SM ; //
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f i n a l kvar
43 kVA_final = kW + %i*(abs(kvar_final)); // f i n a l kVA
44 kVA_final_m = abs(kVA_final);// kVA f ina l m =

magnitude o f kVA f ina l i n kVA
45 kVA_final_a = atan(imag(kVA_final) /real(kVA_final))

*180/ %pi;

46 // k V A f i n a l a=phase a n g l e o f kVA f ina l i n d e g r e e s
47

48 PF_final = cosd(kVA_final_a); // F i n a l power f a c t o r
49

50 // D i s p l ay the r e s u l t
51 disp(” Example 8−18 S o l u t i o n : ”);
52

53 printf(” \n O r i g i n a l kVA = %d kVA \n ”, kVA_original

);

54 printf(” \n O r i g i n a l kvar = \n” );disp(%i*

kvar_original);

55 printf(” \n a : ”);
56 printf(” \n Synchronous motor kW = %d kW \n ”, kW_SM

);

57 printf(” \n Synchronous motor kVA = %. f kVA \n ”,
kVA_SM );

58 printf(” \n Synchronous motor kvar = ”);disp(-%i*
kvar_SM)

59

60 printf(” \n F i n a l kvar = ”);disp(%i*kvar_final);
61 printf(” \n F i n a l kVA = ” );disp(kVA_final);

62 printf(” \n F i n a l kVA = %f <%. 2 f kVA \n ”,
kVA_final_m ,kVA_final_a);

63

64 printf(” \n F i n a l PF = %. 3 f l a g g i n g \n ”, PF_final )

;

65

66 printf(” \n

”);
67 printf(” \n Power t a b u l a t i o n g r i d : \n ”);
68 printf(” \n \ t \ t P \ t \ t j Q \ t \ t S∗ ”);
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69 printf(” \n \ t \ t (kW) \ t \ t ( kvar ) \ t \ t (kVA) \ t \ t c o s
”);

70 printf(” \n

”);
71 printf(” \n O r i g i n a l : \t%d \ t \ tj% . f \ t \t% . 1 d \ t \ t %

. 1 f l a g ”,kW ,kvar_original ,kVA_original ,PF);

72 printf(” \n Removed : \ t−%. f \ t \ t−(+j% . f ) \t% . f \ t \
t %. 2 f l a g ”,kW_IM ,kvar_IM ,kVA_IM ,PF_IM);

73 printf(” \n Added : \ t+%. f \ t \ t−j% . 2 f \t% . 1 f
\ t \ t %. 1 f l e a d ”,kW_SM ,abs(kvar_SM),kVA_SM ,PF_SM)

;

74 printf(” \n F i n a l : \t%d \ t \ tj% . 2 f \t% . 1 f \ t %. 3 f
l a g ”,kW ,kvar_final ,kVA_final_m ,PF_final);

75 printf(” \n

\n\n”);
76

77 printf(” \n b : ”);
78 printf(” \n In Ex.8−17 , a 6148 kVA, u n i t y PF , 7500

hp synchronous motor i s needed . ”);
79 printf(” \n In Ex.8−18 , a 7685 kVA, 0 . 8 PF l e a d i n g ,

7500 hp synchronous motor i s needed . \ n”);
80 printf(” \n \ t Ex.8−18b shows tha t a 0 . 8 PF l e a d i n g

, 7 5 0 0 hp synchronous motor ”);
81 printf(” \n must be p h y s i c a l l y l a r g e r than a u n i t y

PF, 7 5 0 0 hp synchronous motor ”);
82 printf(” \n because o f i t s h i g h e r kVA r a t i n g . ”);

Scilab code Exa 8.19 calculate kVA and PF of system and same for SM

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
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5

6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−19
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA_load = 500 ; // Load o f 500 kVA
13 PF_load = 0.65 ; // Load o p e r a t e s at t h i s PF l a g g i n g
14 cos_theta_load = PF_load ;

15 sin_theta_load = sqrt(1 - (cos_theta_load)^2);

16 hp = 200 ; // power r a t i n g o f the system i n hp
17 eta = 88*(1/100); // E f f i c i e n c y o f the system a f t e r

adding the l oad
18 PF_final = 0.85 ; // F i n a l l a g g i n g PF a f t e r adding

the l oad
19

20 // C a l c u l a t i o n s
21 kW_original = kVA_load * cos_theta_load ; //

O r i g i n a l kW
22 kvar_original = kVA_load * sin_theta_load ; //

O r i g i n a l kvar
23

24 kW_SM = ( hp * 746 ) / ( 1000 * eta ) ; //
Synchronous motor kW

25

26 // c a s e a
27 kW_final = kW_original + kW_SM ; // f i n a l kW o f the

system with the motor added
28 kVA_final = kW_final / PF_final ; // f i n a l kVA o f

the system with the motor added
29 PF_system = kW_final / kVA_final ; // F i n a l PF o f

the system with the motor added
30 cos_theta_system = PF_system ; // F i n a l PF o f the

system with the motor added
31 sin_theta_system = sqrt(1 - (cos_theta_system )^2);
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32

33 kvar_final = kVA_final * sin_theta_system ; // f i n a l
kvar o f the system with the motor added

34

35 // c a s e b
36 kvar_SM = %i*kvar_final - %i*kvar_original ; // kvar

r a t i n g o f the sych ronous motor
37

38 kVA_SM = kW_SM + kvar_SM ; // kVA r a t i n g o f the
sych ronous motor

39 kVA_SM_m = abs(kVA_SM);//kVA SM m = magnitude o f
kVA SM i n kVA

40 kVA_SM_a = atan(imag(kVA_SM) /real(kVA_SM))*180/ %pi;

41 //kVA SM a=phase a n g l e o f kVA SM i n d e g r e e s
42

43 PF_SM = cosd(kVA_SM_a); // PF o f the sych ronous
motor

44

45 // D i s p l ay the r e s u l t
46 disp(” Example 8−19 S o l u t i o n : ”);
47

48 printf(” \n O r i g i n a l kW = %. f kW \n ”, kW_original )

;

49 printf(” \n O r i g i n a l kvar = %. f kvar \n”,
kvar_original );

50 printf(” \n Synchronous motor kW = %. 1 f kW \n ”,
kW_SM );

51

52 printf(” \n a : F i n a l kW = %. 1 f kW”,kW_final);
53 printf(” \n F i n a l kVA o f the system = %. f kVA”,

kVA_final);

54 printf(” \n System PF = %. 2 f l a g g i n g ”,PF_system);
55 printf(” \n F i n a l kvar o f the system = j%d (

l a g g i n g ) kvar \n\n”,kvar_final);
56

57 printf(” \n b : Synchronous motor kvar = −%. 2 f j (
l e a d i n g ) kvar \n”,abs(kvar_SM));

58 printf(” \n Synchronous motor kVA = ” );disp(
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kVA_SM);

59 printf(” \n Synchronous motor kVA = %. f <%. 1 f kVA
\n ”, kVA_SM_m , kVA_SM_a );

60 printf(” \n Synchronous motor PF = cos (%. 1 f ) = %
. 3 f l e a d i n g \n ”,kVA_SM_a ,PF_SM );

61

62 printf(” \n
”

);

63 printf(” \n Power t a b u l a t i o n g r i d : \n ”);
64 printf(” \n \ t \ t P \ t j Q \ t S∗ ”);
65 printf(” \n \ t \ t (kW) \ t ( kvar ) \ t (kVA) \ t c o s ”)

;

66 printf(” \n
”

);

67 printf(” \n O r i g i n a l : \ t %d \ t +j% . f %. 1 d \ t %
. 2 f l a g ”,kW_original ,kvar_original ,kVA_load ,
PF_load);

68 printf(” \n Added : \ t %. 1 f \ t −%. 1 f j %. f \ t
%. 4 f l e a d ”,kW_SM ,abs(kvar_SM),kVA_SM_m ,PF_SM);

69 printf(” \n F i n a l : \ t %. 1 f \ t +j% . f %. f
%. 2 f l a g ”,kW_final ,kvar_final ,kVA_final ,

PF_final);

70 printf(” \n
”

);

Scilab code Exa 8.20 calulate speeds and poles for alternator and motor

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 8 : AC DYNAMO TORQUE RELATIONS −
SYNCHRONOUS MOTORS

7 // Example 8−20
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 f_a = 400 ; // Frequency o f the a l t e r n a t o r i n Hz
13 f_m = 60 ; // Frequency o f the motor i n Hz
14

15 // C a l c u l a t i o n s
16 Pole_ratio = f_a / f_m ; // Rat io o f no . o f p o l e s i n

a l t e r n a t o r to tha t o f motor
17 // S u b s c r i p t 1 below i n d i c a t e s 1 s t combinat ion
18 P_a1 = 40 ; // f i r s t combinat ion must have 40 p o l e s

on the a l t e r n a t o r
19 P_m1 = 6 ; // f i r s t combinat ion must have 6 p o l e s on

the synchronous motor at a speed
20 S_m1 = (120* f_m) / P_m1 ; // Speed o f the motor i n

rpm
21

22 // S u b s c r i p t 2 below i n d i c a t e s 2nd combinat ion
23 P_a2 = 80 ; // second combinat ion must have 40 p o l e s

on the a l t e r n a t o r
24 P_m2 = 12 ; // second combinat ion must have 12 p o l e s

on the synchronous motor at a speed
25 S_m2 = (120* f_m) / P_m2 ; // Speed o f the motor i n

rpm
26

27 // S u b s c r i p t 13 below i n d i c a t e s 3 rd combinat i on
28 P_a3 = 120 ; // t h i r d combinat i on must have 40 p o l e s

on the a l t e r n a t o r
29 P_m3 = 18 ; // t h i r d combinat i on must have 18 p o l e s

on the synchronous motor at a speed
30 S_m3 = (120* f_m) / P_m3 ; // Speed o f the motor i n

rpm
31
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32 // D i s p l ay the r e s u l t
33 disp(” Example 8−20 S o l u t i o n : ”);
34

35 printf(” \n S i n c e P a /P m = f a / f m = %d/%d, or %d/
%d, the r a t i o o f ”,f_a ,f_m ,f_a/20,f_m /20);

36 printf(” \n f a / f m d e t e r m i n e s the comb ina t i on s o f
p o l e s and speed . \ n”);

37 printf(” \n Only even m u l t i p l e s o f the above r a t i o
a r e p o s s i b l e , s i n c e p o l e s ”);

38 printf(” \n a r e a lways i n p a i r s , hence f i r s t t h r e e
comb ina t i on s a r e as f o l l o w s \n”);

39

40 printf(” \n The f i r s t combinat ion must have %d p o l e s
on the a l t e r n a t o r and ”,P_a1);

41 printf(” \n %d p o l e s on the sych ronous motor at a
speed = %d rpm . \ n”,P_m1 ,S_m1);

42

43 printf(” \n The second combinat ion must have %d
p o l e s on the a l t e r n a t o r and ”,P_a2);

44 printf(” \n %d p o l e s on the sych ronous motor at a
speed = %d rpm . \ n”,P_m2 ,S_m2);

45

46 printf(” \n The t h i r d combinat ion must have %d p o l e s
on the a l t e r n a t o r and ”,P_a3);

47 printf(” \n %d p o l e s on the sych ronous motor at a
speed = %d rpm . \ n”,P_m3 ,S_m3);

48

49 printf(” \n

”);
50 printf(” \n Combination \ t A l t e r n a t o r P o l e s \ t

Motor P o l e s \ t Speed ( rpm ) ”);
51 printf(” \n \ t P a \ t

P m \ t S ”);
52 printf(” \n

”);
53 printf(” \n F i r s t \ t \ t : \ t %d\ t \ t %d \ t %d”
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,P_a1 ,P_m1 ,S_m1);

54 printf(” \n Second \ t \ t : \ t %d\ t \ t %d \ t %d”
,P_a2 ,P_m2 ,S_m2);

55 printf(” \n Third \ t \ t : \ t %d\ t \ t %d \ t %d”
,P_a3 ,P_m3 ,S_m3);

56 printf(” \n

”);
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Chapter 9

POLYPHASE INDUCTION
OR ASYNCHRONOUS
DYNAMOS

Scilab code Exa 9.1 calculate poles and synchronous speed

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 phase = 3 ; // Number o f phase s
13 n = 3 ; // S l o t s per p o l e per phase
14 f = 60 ; // Line f r e q u e n c y i n Hz
15
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16 // C a l c u l a t i o n s
17 // c a s e a
18 P = 2 * n ; // Number o f p o l e s produced
19 Total_slots = n * P * phase ; // Tota l number o f

s l o t s on the s t a t o r
20

21 // c a s e b
22 S_b = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
23

24 // c a s e c
25 f_c = 50 ; // Changed l i n e f r e q u e n c y i n Hz
26 S_c = (120* f_c)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
27

28 // D i s p l ay the r e s u l t s
29 disp(” Example 9−1 S o l u t i o n : ”);
30 printf(” \n a : P = %d p o l e s \n Tota l s l o t s = %d

s l o t s \n”, P ,Total_slots );

31

32 printf(” \n b : S = %d rpm @ f = %d Hz \n ”, S_b , f

);

33

34 printf(” \n c : S = %d rpm @ f = %d Hz ”, S_c ,f_c )

;

Scilab code Exa 9.2 calculate rotor speed

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS
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7 // Example 9−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12

13 s_a = 5*(1/100); // S l i p ( c a s e a )
14 s_b = 7*(1/100); // S l i p ( c a s e b )
15

16 // Given data and c a l c u l a t e d v a l u e s from Ex.9−1
17 f_a = 60 ; // Line f r e q u e n c y i n Hz ( c a s e a )
18 f_b = 50 ; // Line f r e q u e n c y i n Hz ( c a s e b )
19 S_a = 1200 ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d ( c a s e a )
20 S_b = 1000 ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d ( c a s e b )
21

22 // C a l c u l a t i o n s
23

24 // c a s e a
25 S_r_a = S_a * ( 1 - s_a ); // Rotor speed i n rpm

when s l i p i s 5% ( c a s e a )
26

27 // c a s e b
28 S_r_b = S_b * ( 1 - s_b ); // Rotor speed i n rpm

when s l i p i s 7% ( c a s e b )
29

30 // D i s p l ay the r e s u l t s
31 disp(” Example 9−2 S o l u t i o n : ”);
32

33 printf(” \n a : S r = %. f rpm @ s = %. 2 f \n ”,
S_r_a ,s_a );

34

35 printf(” \n b : S r = %. f rpm @ s = %. 2 f ”, S_r_b ,

s_b );
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Scilab code Exa 9.3 calculate rotor frequency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 4 ; // Number o f p o l e s i n I n d u c t i o n motor
13 f = 60 ; // Frequency i n Hz
14 s_f = 5*(1/100) ; // Fu l l−l o ad r o t o r s l i p
15

16 // C a l c u l a t i o n s
17

18 // c a s e a
19 // s l i p , s = ( S −S r ) /S ;
20 // where S = Speed i n rpm o f the r o t a t i n g magnet i c

f i e l d and
21 // S r = Speed i n rpm o f the r o t o r
22 s = 1 ; // S l i p = 1 , at the i n s t a n t o f s t a r t i n g ,

s i n c e S r i s z e r o
23 f_r_a = s * f ; // Rotor f r e q u e n c y i n Hz at the

i n s t a n t o f s t a r t i n g
24

25 // c a s e b
26 f_r_b = s_f * f ;// Fu l l−l o ad r o t o r f r e q u e n c y i n Hz
27

185



28 // D i s p l ay the r e s u l t s
29 disp(” Example 9−3 S o l u t i o n : ”);
30

31 printf(” \n a : At the i n s t a n t o f s t a r t i n g , s l i p s =
( S −S r ) /S ; ”);

32 printf(” \n where S r i s the r o t o r speed . S i n c e
the r o t o r speed at the ”);

33 printf(” \n i n s t a n t o f s t a r t i n g i s ze ro , s = ( S −
0) /S = 1 , or u n i t y s l i p . ”);

34 printf(” \n\n The r o t o r f r e q u e n c y i s \n f r =
%d Hz \n\n ”, f_r_a);

35

36 printf(” \n b : At f u l l −load , the s l i p i s 5 p e r c e n t ( as
g i v e n ) , and t h e r e f o r e ”);

37 printf(” \n s = %. 2 f \n f r = %d Hz ” , s_f ,

f_r_b);

Scilab code Exa 9.4 calculate starting torque and current

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 4 ; // Number o f p o l e s i n the IM
13 hp = 50 ; // r a t i n g o f the IM i n hp
14 V_o = 208 ; // Vo l tage r a t i n g o f the IM i n v o l t
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15 T_orig = 225 ; // S t a r t i n g t o r q u e i n lb− f t
16 I_orig = 700 ; // I n s t a n t a n e o u s s t a r t i g n c u r r e n t i n

A at r a t e d v o l t a g e
17 V_s = 120 ; // Reduced 3−phase v o l t a g e s u p p l i e d i n

v o l t
18

19 // C a l c u l a t i o n s
20 // c a s e a
21 T_s = T_orig * (V_s/V_o)^2 ; // S t a r t i n g t o r q u e i n

lb− f t a f t e r a p p l i c a t i o n o f V s
22

23 // c a s e b
24 I_s = I_orig * (V_s/V_o) ; // S t a r t i n g c u r r e n t i n A

a f t e r a p p l i c a t i o n o f V s
25

26 // D i s p l ay the r e s u l t s
27 disp(” Example 9−4 S o l u t i o n : ”);
28 printf(” \n a : S t a r t i n g t o rq u e : \ n T s = %. f lb−

f t \n”,T_s );

29

30 printf(” \n b : S t a r t i n g c u r r e n t : \ n I s = %d A \n
”,I_s );

Scilab code Exa 9.5 calculate s Xlr fr Sr

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−5
8

9 clear; clc; close; // C l ea r the work space and
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c o n s o l e .
10

11 // Given data
12 P = 8 ; // Number o f p o l e s i n the SCIM
13 f = 60 ; // Frequency i n Hz
14 R_r = 0.3 ; // Rotor r e s i s t a n c e per phase i n ohm
15 S_r = 650 ; // Speed i n rpm at which motor s t a l l s
16

17 // C a l c u l a t i o n s
18 // c a s e a
19 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
20 s_b = (S - S_r)/S ; // Breakdown S l i p
21

22 // c a s e b
23 X_lr = R_r / s_b ; // Locked r o t o r r e a c t a n c e i n ohm
24

25 // c a s e c
26 f_r = s_b * f ; // Rotor f r e q u e n c y i n Hz , at the

maximum t o rq u e p o i n t
27

28 // c a s e d
29 s = 5*(1/100);// Rated s l i p
30 S_r = S * (1 - s); // Fu l l−l o ad i n rpm speed at

r a t e d s l i p
31

32 // D i s p l ay the r e s u l t s
33 disp(” Example 9−5 S o l u t i o n : ”);
34 printf(” \n a : S = %d rpm \n s b = %. 3 f \n”, S ,

s_b );

35

36 printf(” \n b : X b = %. 2 f ohm \n ”, X_lr );

37

38 printf(” \n c : f r = %. 1 f Hz \n ”, f_r );

39

40 printf(” \n d : S = %d rpm \n ”, S_r );
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Scilab code Exa 9.6 calculate full load S and Tf

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 8 ; // Number o f p o l e s i n the SCIM
13 f = 60 ; // Frequency i n Hz
14 R_r = 0.3 ; // r o t o r r e s i s t a n c e per phase i n ohm/

phase
15 R_x = 0.7 ; // Added r e s i s t a n c e i n ohm/ phase
16 R_r_total = R_r + R_x ; // Tota l r e s i s t a n c e per

phase i n ohm
17 S_r = 875 ; // Ful l−l o ad Speed i n rpm
18

19

20 // C a l c u l a t e d v a l u e s from Ex.9−6
21 S = 900 ; // Speed i n rpm o f the r o t a t i n g magnet i c

f i e l d
22 X_lr = 1.08 ; // Locked r o t o r r e a c t a n c e i n ohm
23

24 // C a l c u l a t i o n s
25 // c a s e a
26 s = (S - S_r)/S ; // Fu l l−l o ad s l i p , s h o r t c i r c u i t e d
27 s_r = R_r_total / R_r * s; // New f u l l −l o ad s l i p
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with added r e s i s t a n c e
28

29 S_r_new = S*(1-s_r); // New f u l l −l o ad speed i n rpm
30

31 // c a s e b
32 // N e g l e c t i n g c o n s t a n t Kn t , s i n c e we a r e t a k i n g

t o rq u e r a t i o s
33 T_o = ( R_r / ((R_r)^2 + (X_lr)^2) ); // O r i g i n a l

t o rq u e
34 T_f = ( R_r + R_x) / ( (R_r + R_x)^2 + (X_lr)^2 );

// O r i g i n a l t o r q u e
35

36 torque_ratio = T_f / T_o ; // Rat io o f f i n a l t o r q ue
to o r i g i n a l t o r q ue

37 T_final = 2* torque_ratio ;

38

39 // D i s p l ay the r e s u l t s
40 disp(” Example 9−6 S o l u t i o n : ”);
41 printf(” \n a : The f u l l −l o ad s l i p , s h o r t c i r c u i t e d , i s

”);
42 printf(” \n s = %. 4 f \n”,s );

43 printf(” \n S i n c e s l i p i s p r o p o r t i o n a l to r o t o r
r e s i s t a n c e and s i n c e the ”);

44 printf(” \n i n c r e a s e d r o t o r r e s i s t a n c e i s R r = %
. 1 f + %. 1 f = %d , ”,R_x ,R_r ,R_r_total);

45 printf(” \n the new f u l l −l o ad s l i p with added
r e s i s t a n c e i s : ”);

46 printf(” \n s r = %. 4 f \n”,s_r);
47 printf(” \n The new f u l l −l o ad speed i s : ” );

48 printf(” \n S(1− s ) = %. f rpm \n”,S_r_new );

49

50 printf(” \n b : The o r i g i n a l s t a r t i n g t o rq u e T o was
t w i c e the f u l l −l o ad t o r q ue ”);

51 printf(” \n with a r o t o r r e s i s t a n c e o f %. 1 f ohm
and a r o t o r r e a c t a n c e o f %. 2 f ohm”,R_r ,X_lr);

52 printf(” \n (Ex.9−5) . The new s t a r t i n g t o rq u e
c o n d i t i o n s may be summarized by the ”);

53 printf(” \n f o l l o w i n g t a b l e and compared from Eq
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. (9−14) , where T o ”);
54 printf(” \n i s the o r i g i n a l t o r q u e and T f i s the

new t o rq u e . ”);
55

56 printf(” \n
”);

57 printf(” \n Cond i t i on \ t R r \ t X l r \ t
T s t a r t i n g ”);

58 printf(” \n \ t ohm \ t ohm \ t ”);
59 printf(” \n

”);
60 printf(” \n O r i g i n a l : \ t %. 1 f \ t %. 2 f \ t 2∗T n ”

,R_r ,X_lr);

61 printf(” \n New : \ t %. 1 f \ t %. 2 f \ t ? ”
,R_r_total ,X_lr);

62 printf(” \n
\n”);

63

64 printf(” \n T o = %. 2 f ∗ K n t ”,T_o);
65 printf(” \n T f = %. 3 f ∗ K n t ”,T_f);
66 printf(” \n T f / T o = %. 2 f and T f = %. 2 f ∗ T o\n

”,torque_ratio ,torque_ratio);
67 printf(” \n There f o r e , \ n T f = %. 3 f ∗ T n”,

T_final);

Scilab code Exa 9.7 calculate rotor I and PF and same with added Rr

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−7
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8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 8 ; // Number o f p o l e s i n the SCIM
13 f = 60 ; // Frequency i n Hz
14 R_r = 0.3 ; // Rotor r e s i s t a n c e per phase i n ohm
15 R_x = 0.7 ; // Added r e s i s t a n c e i n ohm/ phase
16 R_r_total = R_r + R_x ; // Tota l r e s i s t a n c e per

phase i n ohm
17 X_lr = 1.08 ; // Locked r o t o r r e a c t a n c e i n ohm
18 S_r = 650 ; // Speed i n rpm at which motor s t a l l s
19 E_lr = 112 ; // Induced v o l t a g e per phase
20

21 // C a l c u l a t i o n s
22 // c a s e a
23 Z_lr = R_r + %i*X_lr ; // Locked r o t o r impedance per

phase
24 Z_lr_m = abs(Z_lr);// Z l r m = magnitude o f Z l r i n

ohm
25 Z_lr_a = atan(imag(Z_lr) /real(Z_lr))*180/ %pi;//

Z l r a=phase a n g l e o f Z l r i n d e g r e e s
26

27 I_r = E_lr / Z_lr_m ; // Rotor c u r r e n t per phase
28 cos_theta_r = cosd(Z_lr_a); // r o t o r power f a c t o r

with the r o t o r sho r t−c i r c u i t e d
29 cos_theta = R_r / Z_lr_m ; // r o t o r power f a c t o r

with the r o t o r sho r t−c i r c u i t e d
30

31 // c a s e b
32 // 1 at the end o f Z l r 1 i s j u s t used f o r showing

i t s d i f f e r e n t form Z l r
33 // and f o r e a s e i n c a l c u l a t i o n s
34 Z_lr1 = R_r_total + %i*X_lr ; // Locked r o t o r

impedance per phase
35 Z_lr1_m = abs(Z_lr1);// Z l r1 m = magnitude o f Z l r 1

i n ohm
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36 Z_lr1_a = atan(imag(Z_lr1) /real(Z_lr1))*180/ %pi;//
Z l r 1 a=phase a n g l e o f Z l r 1 i n d e g r e e s

37

38 I_r1 = E_lr / Z_lr1_m ; // Rotor c u r r e n t per phase
39 cos_theta_r1 = cosd(Z_lr1_a); // r o t o r power f a c t o r

with the r o t o r sho r t−c i r c u i t e d
40 cos_theta1 = R_r_total / Z_lr1_m ; // r o t o r power

f a c t o r with the r o t o r shor t−c i r c u i t e d
41

42 // D i s p l ay the r e s u l t s
43 disp(” Example 9−7 S o l u t i o n : ”);
44 printf(” \n a : The locked−r o t o r impedance per phase

i s : ”);
45 printf(” \n Z l r i n ohm = ”),disp(Z_lr);
46 printf(” \n Z l r = %. 2 f <%. 1 f ohm \n”,Z_lr_m ,

Z_lr_a);

47 printf(” \n I r = %. f A \n”,I_r);
48 printf(” \n c o s r = co s (%. 1 f ) = %. 3 f or \n

c o s = R r / Z l r = %. 3 f ”,Z_lr_a ,cos_theta_r ,
cos_theta);

49

50 printf(” \n\n\n b : The locked−r o t o r impedance with
added r o t o r r e s i s t a n c e per phase i s : ”);

51 printf(” \n Z l r i n ohm = ”),disp(Z_lr1);
52 printf(” \n Z l r = %. 2 f <%. 1 f ohm \n”,Z_lr1_m ,

Z_lr1_a);

53 printf(” \n I r = %. 1 f A \n”,I_r1);
54 printf(” \n c o s r = co s (%. 1 f ) = %. 3 f or \n

c o s = R r / Z l r = %. 3 f ”,Z_lr1_a ,cos_theta_r1 ,
cos_theta1);

Scilab code Exa 9.8 calculate Rx and rotor PF and starting current

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
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3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−8
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( Exs .9−5 through 9−7)
12 P = 8 ; // Number o f p o l e s i n the SCIM
13 f = 60 ; // Frequency i n Hz
14 R_r = 0.3 ; // Rotor r e s i s t a n c e per phase i n ohm
15 X_lr = 1.08 ; // Locked r o t o r r e a c t a n c e i n ohm
16 S_r = 650 ; // Speed i n rpm at which motor s t a l l s
17 E_lr = 112 ; // Induced v o l t a g e per phase
18

19 disp(” Example 9−8 : ”);
20 printf(” \n The new and the o r i g i n a l c o n d i t i o n s may

be summarized i n the f o l l o w i n g t a b l e \n”);
21 printf(” \n

”);
22 printf(” \n Cond i t i on \ t R r \ t \ t X l r \ t \ t

T s t a r t i n g ”);
23 printf(” \n \ t ohm \ t \ t ohm \ t ”);
24 printf(” \n

”);
25 printf(” \n O r i g i n a l : \ t %. 1 f \ t \ t %. 2 f \ t \ t T o

= 2∗T n ”,R_r ,X_lr);
26 printf(” \n New : \ t (%. 1 f+R x ) \ t %. 2 f \ t \ t

T n = 2∗T n ”,R_r ,X_lr);
27 printf(” \n

\n”);
28
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29 // C a l c u l a t i n g
30 // c a s e a
31 // N e g l e c t i n g c o n s t a n t Kn t , s i n c e we a r e e q u a t i n g

t o rq u e T o and T n
32 T_o = ( R_r / ((R_r)^2 + (X_lr)^2) ); // O r i g i n a l

t o rq u e
33

34 // T o = K n t ∗ ( 0 . 3 / ( ( 0 . 3 ) ˆ2 + ( 1 . 0 8 ) ˆ2) ) ;
35 // T n = K n t ∗ ( 0 . 3 + R x ) / ( ( 0 . 3 + R x ) ˆ2 +

( 1 . 0 8 ) ˆ2 ) ;
36 // T n = T o
37 // S i m p l y i f i n g y i e l d s
38 // 0 . 3 + R x = 0 . 2 4 [ ( 0 . 3 + R x ) ˆ2 + ( 1 . 0 8 ) ˆ 2 ]
39 // Expanding and combin ing the terms y i e l d s
40 // 0 . 2 4 ∗ ( R x ) ˆ2 − 0 . 8 5 6∗R x = 0
41 // This i s a q u a d r a t i c e q u a t i o n hav ing two r o o t s ,

which may be f a c t o r e d as
42 // R x ∗ ( 0 . 2 4 ∗R x − 0 . 8 5 6 ) = 0 , y i e l d i n g
43 // R x = 0 and R x = 0 . 8 5 6 / 0 , 2 4 = 3 . 5 7
44 R_x = poly(0, ’ R x ’ ); // D e f i n i n g a po lynomia l with

v a r i a b l e ’ R x ’ with r o o t at 0
45 a = 0.24 ; // c o e f f i c i e n t o f xˆ2
46 b = -0.856 ; // c o e f f i c i e n t o f x
47 c = 0 ; // c o n s t a n t
48

49 // Roots o f p
50 R_x1 = ( -b + sqrt (b^2 -4*a*c ) ) /(2* a);

51 R_x2=( -b - sqrt (b^2 -4*a*c ) ) /(2* a);

52 // Cons ide r R x>0 va lue ,
53 R_x = R_x1;

54

55 R_T = R_r + R_x ; // Tota l r o t o r r e s i s t a n c e i n ohm
56

57 // c a s e b
58 Z_T = R_T + %i*X_lr ; // Tota l impedance i n ohm
59 Z_T_m = abs(Z_T);//Z T m = magnitude o f Z T i n ohm
60 Z_T_a = atan(imag(Z_T) /real(Z_T))*180/ %pi;// Z T a=

phase a n g l e o f Z T i n d e g r e e s
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61

62 cos_theta = R_T / Z_T_m ; // Rotor PF tha t w i l l
produce the same s t a r t i n g to r q u e

63

64 // c a s e c
65 Z_r = Z_T_m ; // Impedance i n ohm
66 I_r = E_lr / Z_r ; // S t a r t i n g c u r r e n t i n A
67

68 // D i s p l ay the r e s u l t s
69 disp(” S o l u t i o n : ”);
70

71 printf(” \n a : T o = %. 2 f ∗ K n t ”,T_o );

72 printf(” \n T n = %. 2 f ∗ K n t \n”,T_o );

73 printf(” \n S i m p l y i f i n g y i e l d s ”);
74 printf(” \n 0 . 3 + R x = 0 . 2 4 [ ( 0 . 3 + R x ) ˆ2 + ( 1 . 0 8 )

ˆ 2 ] ”);
75 printf(” \n Expanding and combin ing the terms

y i e l d s ”);
76 printf(” \n 0 . 2 4 ∗ ( R x ) ˆ2 − 0 . 8 5 6∗R x = 0”);
77 printf(” \n This i s a q u a d r a t i c e q u a t i o n hav ing

two r o o t s , which may be f a c t o r e d as ”);
78 printf(” \n R x ∗ ( 0 . 2 4 ∗R x − 0 . 8 5 6 ) = 0 , y i e l d i n g ”)

;

79 printf(” \n R x = 0 ohm and R x = 0 . 8 5 6 / 0 . 2 4 =
3 . 5 7 ohm\n\n This p rove s tha t ”);

80 printf(” \n O r i g i n a l t o r q u e i s produced with an
e x t e r n a l r e s i s t a n c e o f e i t h e r ”);

81 printf(” \n z e r o or 12 t imes the o r i g i a n l r o t o r
r e s i s t a n c e . The r e f o r e , \ n”);

82 printf(” \n R T = R r + R x = %. 2 f ohm \n”,R_T);
83

84 printf(” \n b : Z T i n ohm = ”);disp(Z_T);
85 printf(” \n Z T = %. 2 f <%. 1 f ohm ”,Z_T_m ,Z_T_a);
86 printf(” \n c o s = R T / Z T = %. 3 f or \n

c o s = cosd (%. 1 f ) = %. 3 f \n”,cos_theta ,Z_T_a ,cosd
(Z_T_a));

87

88 printf(” \n c : I r = E l r / Z r = %. f A \n\n This
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prove s that , ”,I_r);
89 printf(” \n Rotor c u r r e n t at s t a r t i n g i s now on ly

28 p e r c e n t o f the o r i g i n a l ”);
90 printf(” \n s t a r t i n g c u r r e n t i n pa r t ( a ) o f Ex.9−7

”);

Scilab code Exa 9.9 calculate Sr with added Rx

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−9
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 8 ; // Number o f p o l e s i n the SCIM
13 f = 60 ; // Frequency i n Hz
14 S_r = 875 ; // Ful l−l o ad Speed i n rpm with r o t o r

shor t−c i r c u i t e d
15 R_r = 0.3 ; // r o t o r r e s i s t a n c e per phase i n ohm/

phase
16 R_x = 0.7 ; // Added r e s i s t a n c e i n ohm/ phase
17 R_x_a = 1.7 ; // Added r e s i s t a n c e i n ohm/ phase ( c a s e

a )
18 R_x_b = 2.7 ; // Added r e s i s t a n c e i n ohm/ phase ( c a s e

b )
19 R_x_c = 3.7 ; // Added r e s i s t a n c e i n ohm/ phase ( c a s e

c )
20 R_x_d = 4.7 ; // Added r e s i s t a n c e i n ohm/ phase ( c a s e
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d )
21

22 // C a l c u l a t i o n s
23 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
24 s_o = (S - S_r)/S ; // S l i p at r o t o r speed 875 rpm
25

26 // c a s e a
27 s_r_a = s_o * (R_r + R_x_a)/R_r; // Rated s l i p
28 S_r_a = S * (1 - s_r_a); // Fu l l−l o ad speed i n rpm

f o r added r e s i s t a n c e R x a
29

30 // c a s e b
31 s_r_b = s_o * (R_r + R_x_b)/R_r; // Rated s l i p
32 S_r_b = S * (1 - s_r_b); // Fu l l−l o ad speed i n rpm

f o r added r e s i s t a n c e R x b
33

34 // c a s e c
35 s_r_c = s_o * (R_r + R_x_c)/R_r; // Rated s l i p
36 S_r_c = S * (1 - s_r_c); // Fu l l−l o ad speed i n rpm

f o r added r e s i s t a n c e R x c
37

38 // c a s e d
39 s_r_d = s_o * (R_r + R_x_d)/R_r; // Rated s l i p
40 S_r_d = S * (1 - s_r_d); // Fu l l−l o ad speed i n rpm

f o r added r e s i s t a n c e R x d
41

42 // D i s p l ay the r e s u l t s
43 disp(” Example 9−9 S o l u t i o n : ”);
44

45 printf(” \n S l i p s r = s o ∗ ( R r+R x ) / R r \n Rotor
speed S r = S o ∗(1− s ) \n”);

46

47 printf(” \n C a l c u l a t e d v a l u e o f s o = %f ,
i n s t e a d o f 0 . 0 2 7 8 ( t ex tbook ) ”,s_o)

48 printf(” \n so s l i g h t v a r i a t i o n s i n the answers
below . \ n”);

49
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50 printf(” \n a : When R x = %. 1 f ohm ”,R_x_a);
51 printf(” \n s r = %. 3 f \n S r = %. 1 f rpm \n”,

s_r_a ,S_r_a );

52

53 printf(” \n b : When R x = %. 1 f ohm ”,R_x_b);
54 printf(” \n s r = %. 3 f \n S r = %. 1 f rpm \n”,

s_r_b ,S_r_b );

55

56 printf(” \n c : When R x = %. 1 f ohm ”,R_x_c);
57 printf(” \n s r = %. 3 f \n S r = %. 1 f rpm \n”,

s_r_c ,S_r_c );

58

59 printf(” \n d : When R x = %. 1 f ohm ”,R_x_d);
60 printf(” \n s r = %. 3 f \n S r = %. 1 f rpm \n”,

s_r_d ,S_r_d );

61

62 printf(” \n This example , v e r i f i e s tha t s l i p i s
p r o p o r t i o n a l to r o t o r r e s i s t a n c e ”);

63 printf(” \n as summarized below . ”);
64

65 printf(” \n

”);
66 printf(” \n R T(ohm) = R r+R x \ t \ t S l i p \ t \ t

Fu l l−l o ad Speed ( rpm ) ”);
67 printf(” \n

”);
68 printf(” \n Given \ t \ t \ t Given \ t \ t Given \ t \ ”

);

69 printf(” \n 0 . 3 \ t \ t \ t 0 . 0 2 7 8 \ t 875 ”);
70 printf(” \n 0 . 3+0 .1 = 1 . 0 \ t \ t 0 . 0 9 2 6 \ t 817 ”);
71 printf(” \n

”);
72 printf(” \n Given \ t \ t \ t C a l c u l a t e d \ t

C a l c u l a t e d \ t \ ”);
73 printf(” \n a . %. 1 f + %. 1 f = %. 1 f \ t \ t %. 3 f \ t \ t %
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. 1 f ”,R_r ,R_x_a ,R_r+R_x_a ,s_r_a ,S_r_a);
74 printf(” \n b . %. 1 f + %. 1 f = %. 1 f \ t \ t %. 3 f \ t \ t %

. 1 f ”,R_r ,R_x_b ,R_r+R_x_b ,s_r_b ,S_r_b);
75 printf(” \n c . %. 1 f + %. 1 f = %. 1 f \ t \ t %. 3 f \ t \ t %

. 1 f ”,R_r ,R_x_c ,R_r+R_x_c ,s_r_c ,S_r_c);
76 printf(” \n d . %. 1 f + %. 1 f = %. 1 f \ t \ t %. 3 f \ t \ t %

. 1 f ”,R_r ,R_x_d ,R_r+R_x_d ,s_r_d ,S_r_d);
77 printf(” \n

”);

Scilab code Exa 9.10 calculate Elr Ir Pin RCL RPD torques

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 4 ; // Number o f p o l e s i n WRIM
13 f = 60 ; // Frequency i n Hz
14 V = 220 ; // Line v o l t a g e i n v o l t
15 V_p = 220 ; // Phase v o l t a g e i n v o l t ( d e l t a

c o n n e c t i o n )
16 hp_WRIM = 1 ; // Power r a t i n g o f WRIM i n hp
17 S_r = 1740 ; // Fu l l−l o ad r a t e d speed i n rpm
18 R_r = 0.3 ; // r o t o r r e s i s t a n c e per phase i n ohm/

phase
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19 R_x = 0.7 ; // Added r e s i s t a n c e i n ohm/ phase
20 X_lr =1 ; // Locked r o t o r r e a c t a n c e i n ohm
21

22 // C a l c u l a t i o n s
23 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
24 // c a s e a
25 E_lr = V_p / 4 ; // Locked−r o t o r v o l t a g e per phase
26

27 // c a s e b
28 s = ( S - S_r)/S ; // s l i p
29 I_r = E_lr / sqrt( (R_r/s)^2 + (X_lr)^2 ); // Rotor

c u r r e n t per phase at r a t e d speed
30

31 // c a s e c
32 P_in = ((I_r)^2 * R_r)/s ; // Rated r o t o r power

input per phase
33

34 // c a s e d
35 P_RL = (I_r)^2 * R_r ; // Rated copper l o s s per

phase
36

37 // c a s e e
38 P_d_W = P_in - P_RL ; // Rotor power deve l oped per

phase i n W
39 P_d_hp = P_d_W /746 ; // Rotor power deve l oped per

phase i n hp
40

41 // c a s e f
42 hp = P_d_hp ; // Rotor power deve l oped per phase i n

hp
43 T_d1 = (hp *5252)/S_r ; // Rotor t o r q u e deve l oped i n

lb− f t pe r phase by method 1
44 T_d2 = 7.04*( P_in/S) ; // Rotor t o r q u e deve l oped i n

lb− f t pe r phase by method 2
45

46 T_dm = 3*T_d1 ; // Tota l r o t o r t o r qu e i n lb− f t
47
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48 // D i s p l ay the r e s u l t s
49 disp(” Example 9−10 S o l u t i o n : ”);
50 printf(” \n a : Locked−r o t o r v o l t a g e per phase : \n

E l r = %d V \n ”,E_lr);
51

52 printf(” \n b : s l i p : \n s = %. 2 f \n”,s);
53 printf(” \n Rotor c u r r e n t per phase at r a t e d

speed : \ n I r = %. 3 f A/ phase \n ”,I_r);
54

55 printf(” \n c : Rated r o t o r power input per phase : \ n
P in = %d W/ phase \n ”,P_in);

56

57 printf(” \n d : Rated copper l o s s per phase : \n
P RL = %. 2 f W \n ”,P_RL);

58

59 printf(” \n e : Rotor power deve l oped per phase i n W
: \ n P d = %. 1 f W/ phase ”,P_d_W);

60 printf(” \n\n Rotor power deve l oped per phase i n
hp : \ n P d = %. 2 f hp/ phase \n ”,P_d_hp);

61

62 printf(” \n f : Rotor t o rq u e deve l oped i n lb− f t pe r
phase : \ n T d = %. 1 f lb− f t ( method 1) ”,T_d1);

63 printf(” \n\n T d = %. 1 f lb− f t ( method 2) ”,T_d2)
;

64 printf(” \n\n Tota l r o t o r t o rq u e : \n T dm = %
. 1 f lb− f t ) \n ”,T_dm);

Scilab code Exa 9.11 calculate Elr Ir Pin RCL RPD and torques

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
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DYNAMOS
7 // Example 9−11
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3−phase WRIM
13 V_L = 208 ; // Vo l tage r a t i n g o f the WRIM i n v o l t
14 P = 6 ; // Number o f p o l e s i n WRIM
15 f = 60 ; // Frequency i n Hz
16 P_o = 7.5 ; // Power r a t i n g o f WRIM i n hp
17 S_r = 1125 ; // Fu l l−l o ad r o t o r speed i n rpm
18 R_r = 0.08 ; // Rotor r e s i s t a n c e i n ohm/ phase
19 X_lr = 0.4 ; // Locked r o t o r r e s i s t a n c e i n ohm/ phase
20

21 // C a l c u l a t i o n s
22 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
23 // c a s e a
24 E_lr = (V_L / sqrt (3))/2 ; // Locked r o t o r v o l t a g e

per phase
25

26 // c a s e b
27 s = (S - S_r)/S ; // Fu l l−l o ad r a t e d s l i p
28 I_r = E_lr / sqrt( (R_r/s)^2 + (X_lr)^2 ); // Rotor

c u r r e n t i n A per phase at r a t e d speed
29

30 // c a s e c
31 P_in = ( (I_r)^2 * R_r )/s ; // Rated r o t o r power

input per phase i n (W/ phase )
32

33 // c a s e d
34 P_RL = ( (I_r)^2 * R_r ); // Rated r o t o r copper l o s s

per phase ( i n W/ phase )
35

36 // c a s e e
37 // S u b s c r i p t W i n P d i n d i c a t e s c a l c u l a t i n g P d i n W
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38 P_d_W = P_in - P_RL ; // Rotor power deve l oped per
phase ( i n W/ phase )

39 // S u b s c r i p t hp i n P d i n d i c a t e s c a l c u l a t i n g P d i n
hp

40 P_d_hp = P_d_W /746 ; // Rotor power deve l oped per
phase ( i n hp/ phase )

41

42 // c a s e f
43 // s u b s c r i p t 1 i n T d i n d i c a t e s method 1 f o r

c a l c u l a t i n g T d
44 hp = P_d_hp ;

45 T_d1 = (hp *5252)/S_r ; // Rotor t o r q u e deve l oped per
phase i n lb− f t

46

47 // s u b s c r i p t 2 i n T d i n d i c a t e s method 2 f o r
c a l c u l a t i n g T d

48 T_d2 = 7.04*( P_in/S); // Rotor t o r q u e deve l oped per
phase i n lb− f t

49

50 // c a s e g
51 T_dm = 3*T_d1 ; // Tota l r o t o r t o r qu e i n lb− f t
52

53 // c a s e h
54 T_o = 7.04*( P_o *746)/S_r ; // Tota l output r o t o r

t o rq u e i n lb− f t
55

56 // D i s p l ay the r e s u l t s
57 disp(” Example 9−11 S o l u t i o n : ”);
58

59 printf(” \n Note : S l i g h t v a r i a t i o n s i n the
answers I r , P in , P RL , P d , T d ”);

60 printf(” \n a r e because o f non−
approx imat ion o f E l r and ( R r / s ) ˆ2 + ( X l r ) ˆ2 ”);

61 printf(” \n w h i l e c a l u l a t i n g i n s c i l a b . \ n”)
;

62

63 printf(” \n a : Locked r o t o r v o l t a g e per phase : \ n
E l r = %d V\n”,E_lr);
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64

65 printf(” \n b : s l i p : \ n s = %. 4 f ”,s);
66 printf(” \n\n Rotor c u r r e n t per phase at r a t e d

speed : \ n I r = %. 2 f A/ phase \n”,I_r);
67

68 printf(” \n c : Rated r o t o r power input per phase : \ n
P in = %. f W/ phase \n”,P_in);

69

70 printf(” \n d : Rated r o t o r copper l o s s per phase : \ n
P RL = %. 1 f W/ phase \n”,P_RL);

71

72 printf(” \n e : Rotor power deve l oped per phase ”);
73 printf(” \n P d = %. f W/ phase \n P d = %. 2 f hp

/ phase \n”,P_d_W ,P_d_hp);
74

75 printf(” \n f : Rotor t o rq u e deve l oped per phase : ”)
;

76 printf(” \n ( method 1) \n T d = %. 1 f lb− f t /
phase ”,T_d1);

77 printf(” \n\n ( method 2) \n T d = %. 1 f lb− f t /
phase \n”,T_d2);

78

79 printf(” \n g : Tota l r o t o r t o r q ue : \n T dm = %d
lb− f t \n”,T_dm);

80

81 printf(” \n h : Tota l output r o t o r t o r qu e : \n T o
= %d lb− f t ”,T_o);

Scilab code Exa 9.12 calculate s and Sr for Tmax

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−12
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data as per Ex.9−10
12 P = 4 ; // Number o f p o l e s i n WRIM
13 f = 60 ; // Frequency i n Hz
14 V = 220 ; // Line v o l t a g e i n v o l t
15 V_p = 220 ; // Phase v o l t a g e i n v o l t ( d e l t a

c o n n e c t i o n )
16 hp_WRIM = 1 ; // Power r a t i n g o f WRIM i n hp
17 S_r = 1740 ; // Fu l l−l o ad r a t e d speed i n rpm
18 R_r = 0.3 ; // r o t o r r e s i s t a n c e per phase i n ohm/

phase
19 R_x = 0.7 ; // Added r e s i s t a n c e i n ohm/ phase
20 X_lr = 1 ; // Locked r o t o r r e a c t a n c e i n ohm
21

22 // C a l c u l a t i o n s from Ex.9−10
23 E_lr = V_p / 4 ; // Locked−r o t o r v o l t a g e per phase
24 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
25

26 // C a l c u l a t i o n s (Ex.9−12)
27 P_in = (E_lr)^2 / (2* X_lr); // r o t o r power input ( RPI

) i n W/ phase
28 P_in_total = P_in * 3 ; // Tota l 3−phase r o t o r power

input ( RPI ) i n W
29

30 T_max = 7.04*( P_in_total/S); // Maximum t o r q ue
deve l oped i n lb− f t

31

32 s_b = R_r / X_lr ; // S l i p
33

34 s = s_b;

35 S_r = S*(1 - s); // Rotor speed i n rpm f o r T max
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36

37 // D i s p l ay the r e s u l t s
38 disp(” Example 9−12 S o l u t i o n : ”);
39

40 printf(” \n Rotor power input ( RPI ) per phase i s : ”
);

41 printf(” \n P in = %. 1 f W/ phase \n”,P_in);
42

43 printf(” \n The t o t a l 3−phase r o t o r power input ( RPI
) i s : ”);

44 printf(” \n P in = %. 1 f W\n”,P_in_total);
45

46 printf(” \n S u b s t i t u t i n g i n Eq .(9−19) ,\n T max = %. 2
f lb− f t \n”,T_max);

47 printf(” \n Then , s b = %. 1 f \n and S r = %d rpm”,
s_b ,S_r);

Scilab code Exa 9.13 calculate starting torque

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−13
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data as per Ex.9−10
12 P = 4 ; // Number o f p o l e s i n WRIM
13 f = 60 ; // Frequency i n Hz
14 V = 220 ; // Line v o l t a g e i n v o l t
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15 V_p = 220 ; // Phase v o l t a g e i n v o l t ( d e l t a
c o n n e c t i o n )

16 hp_WRIM = 1 ; // Power r a t i n g o f WRIM i n hp
17 S_r = 1740 ; // Fu l l−l o ad r a t e d speed i n rpm
18 R_r = 0.3 ; // r o t o r r e s i s t a n c e per phase i n ohm/

phase
19 R_x = 0.7 ; // Added r e s i s t a n c e i n ohm/ phase
20 X_lr = 1 ; // Locked r o t o r r e a c t a n c e i n ohm
21

22 // C a l c u l a t i o n s
23 E_lr = V_p / 4 ; // Locked−r o t o r v o l t a g e per phase
24 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
25

26 // Tota l 3−phase r o t o r power input ( RPI ) i n W
27 P_in = 3 * ( (E_lr)^2 ) / ( (R_r)^2 + (X_lr)^2 ) *

R_r ;

28

29 T_s = 7.04 * (P_in/S); // S t a r t i n g t o r q u e deve l oped
i n lb− f t

30

31 // D i s p l ay the r e s u l t s
32 disp(” Example 9−13 S o l u t i o n : ”);
33

34 printf(” \n P in = %. f W \n”,P_in);
35 printf(” \n From Eq .(9−19) , s t a r t i n g t o r q u e i s : \n

T s = %. 2 f lb− f t ”,T_s);

Scilab code Exa 9.14 calculate full load and starting torques

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

208



6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−14
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 T_max = 17.75 ; // Maximum t o r q ue deve l oped i n lb− f t
13 s_max = 0.3 ; // S l i p f o r which T max o c c u r s
14 s_a = 0.0333 ; // s l i p ( c a s e a )
15 s_b = 1.0 ; // s l i p ( c a s e b )
16

17 // C a l c u l a t i o n s
18 // S u b s c r i p t a i n T i n d i c a t e s c a s e a
19 T_a = T_max * ( 2 / (( s_max/s_a) + (s_a/s_max)) );

// Fu l l−l o ad t o r q ue i n lb− f t
20

21 // S u b s c r i p t b i n T i n d i c a t e s c a s e b
22 T_b = T_max * ( 2 / (( s_max/s_b) + (s_b/s_max)) );

// S t a r t i n g t o r q u e i n lb− f t
23

24 // D i s p l ay the r e s u l t s
25 disp(” Example 9−14 S o l u t i o n : ”);
26

27 printf(” \n a : Fu l l−l o ad t o r qu e at s l i p = %. 4 f \n
T = %. 1 f lb− f t \n”,s_a ,T_a);

28

29 printf(” \n b : S t a r t i n g to r q u e at s l i p = %. 1 f \n
T = %. 2 f lb− f t \n”,s_b ,T_b);

Scilab code Exa 9.15 calculate Ip Ir PF SPI SCL RPI RPD and rotor
power and torque and hp and motor efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
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2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−15
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3−phase Y−connec t ed SCIM
13 P = 4 ; // Number o f p o l e s i n SCIM
14 S_r = 1746 ; // Rated r o t o r speed i n rpm
15 V = 220 ; // Vo l tage r a t i n g o f SCIM i n v o l t
16 f = 60 ; // Frequency i n Hz
17 P_hp = 10 ; // power r a t i n g o f SCIM i n hp
18 R_a = 0.4 ; // Armature r e s i s t a n c e i n ohm
19 R_r = 0.14 ; // Rotor r e s i s t a n c e i n ohm
20 jXm = 16 ; // Reactance i n ohm
21 jXs = 0.35 ; // Synchronous r e a c t a n c e i n ohm
22 jXlr = 0.35 ; // Locked r o t o r r e a c t a n c e i n ohm
23 P_r_total = 360 ; // Tota l r o t a t i o n a l l o s s e s i n W
24

25 // C a l c u l a t i o n s
26 V_p = V / sqrt (3); // Vo l tage per phase i n v o l t
27

28 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g
magnet i c f i e l d

29 // p r e l i m i n a r y c a l c u l a t i o n s
30 s = ( S - S_r)/S ; // s l i p
31

32 disp(” Example 9−15 : ”);
33

34 printf(” \n From Fig .9−13 , u s i n g the format method o f
mesh a n a l y s i s , we may”);

35 printf(” \n w r i t e the a r r a y by i n s p e c t i o n : \ n”);

210



36 printf(” \n

”);
37 printf(” \n I 1 (A) \ t \ t I 2 (A) \ t \ t V( v o l t ) ”);
38 printf(” \n

”);
39 printf(” \n ( 0 . 4 + j 1 6 . 3 5 ) \ t −(0 + j 1 6 ) \ t \ t (127

+ j 0 ) ”);
40 printf(” \n −(0 + j 1 6 ) \ t \ t ( 4 . 6 7 + j 1 6 . 3 5 ) \ t

0”);
41 printf(” \n

”);
42

43 A = [ (0.4 + %i *16.35) -%i*16 ; (-%i*16) (4.67 + %i

*16.35) ]; // Matr ix c o n t a i n i n g above mesh eqns
a r r a y

44 delta = det(A); // Determinant o f A
45

46 // c a s e a : S t a t o r armature c u r r e n t I p i n A
47 I_p = det( [ (127+%i*0) (-%i*16) ; 0 (4.67 + %i

*16.35) ] ) / delta ;

48 I_p_m = abs(I_p);// I p m=magnitude o f I p i n A
49 I_p_a = atan(imag(I_p) /real(I_p))*180/ %pi;// I p a=

phase a n g l e o f I p i n d e g r e e s
50 I_1 = I_p ; // S t a t o r armature c u r r e n t i n A
51

52 // c a s e b : Rotor c u r r e n t I r per phase i n A
53 I_r = det( [ (0.4 + %i *16.35) (127+%i*0) ; (-%i*16)

0 ] ) / delta ;

54 I_r_m = abs(I_r);// I r m=magnitude o f I r i n A
55 I_r_a = atan(imag(I_r) /real(I_r))*180/ %pi;// I r a=

phase a n g l e o f I r i n d e g r e e s
56

57 // c a s e c
58 theta_1 = I_p_a ; // Motor PF a n g l e i n d e g r e e s
59 cos_theta1 = cosd(theta_1); // Motor PF
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60

61 // c a s e d
62 I_p = I_p_m ; // S t a t o r armature c u r r e n t i n A
63 SPI = V_p * I_p * cos_theta1 ; // S t a t o r Power Input

i n W
64

65 // c a s e e
66 SCL = (I_p)^2 * R_a ; // S t a t o r Copper Loss i n W
67

68 // c a s e f
69 // S u b s c r i p t s 1 and 2 f o r RPI i n d i c a t e s two methods

o f c a l c u l a t i n g RPI
70 RPI_1 = SPI - SCL ; // Rotor Power Input i n W
71 RPI_2 = (I_r_m)^2 * (R_r/s); // Rotor Power Input i n

W
72 RPI =RPI_1 ;

73

74 // c a s e g
75 // S u b s c r i p t s 1 , 2 and 3 f o r RPD i n d i c a t e s t h r e e

methods o f c a l c u l a t i n g RPD
76 RPD_1 = RPI * ( 1 - s ); // Rotor Power Deve loped i n

W
77 RCL = s*(RPI); // Rotor copper l o s s e s i n W
78 RPD_2 = RPI - RCL ; // Rotor Power Deve loped i n W
79 RPD_3 = (I_r_m)^2 * R_r * ((1-s)/s); // Rotor Power

Deve loped i n W
80 RPD = RPD_1 ;

81

82 // c a s e h
83 P_r = P_r_total / 3 ; // R o t a t i o n a l L o s s e s per phase

i n W
84 P_o = RPD - P_r ; // Rotor power per phase i n W
85 P_to = 3*P_o ; // Tota l r o t o r power i n W
86

87 // c a s e i
88 T = 7.04 * (P_to/S_r); // Tota l 3−phase t o r qu e i n lb

− f t
89
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90 // c a s e j
91 P_t = P_to ;

92 hp = P_t / 746 ; // Output hor sepower
93

94 // c a s e k
95 P_in = SPI ; // Input power to s t a t o r i n W
96 eta = P_o / P_in * 100 ; // Motor e f f i c i e n c y at

r a t e d l oad
97

98 // D i s p l ay the r e s u l t s
99 disp(” S o l u t i o n : ”);

100 printf(” \n P r e l i m i n a r y c a l c u l a t i o n s \n”);
101 printf(” \n S l i p : s = %. 2 f \n R r / s = %. 2 f ohm \n”,

s,R_r/s);

102

103 printf(” \n Determinant = ”);disp(delta);
104

105 printf(” \n a : S t a t o r armature c u r r e n t : \ n I p i n
A = ”);disp(I_1);

106 printf(” \n I p = I 1 = %. 2 f <%. 2 f A \n ”,I_p_m ,

I_p_a );

107

108 printf(” \n b : Rotor c u r r e n t per phase : \ n I r i n
A = ”);disp(I_r);

109 printf(” \n I r = I 2 = %. 3 f <%. 2 f A \n ”,I_r_m ,

I_r_a );

110

111 printf(” \n c : Motor PF : \ n c o s 1 = %. 4 f \n”,
cos_theta1);

112

113 printf(” \n d : S t a t o r Power Input : \ n SPI = %d W
\n”,SPI);

114

115 printf(” \n e : S t a t o r Copper Loss : \ n SCL = %. f W
\n”,SCL);

116

117 printf(” \n f : Rotor Power Input : \ n RPI = %d W(
method 1) ”, RPI_1);
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118 printf(” \n RPI = %. f W ( method 2) \n”,RPI_2);
119 printf(” \n Note : RPI c a l c u l a t e d by 2nd method

s l i g h t l y v a r i e s from tha t o f ”);
120 printf(” \n tex tbook v a l u e because o f non−

approx imat ion o f I r w h i l e ”);
121 printf(” \n c a l c u l a t i n g i n s c i l a b . \ n”)
122

123 printf(” \n g : Rotor Power Deve loped : \ n RPD = %.
f W \n”,RPD_1);

124 printf(” \n Rotor copper l o s s : \ n RCL = %d W\n
”,RCL);

125 printf(” \n RPD = %. f W \n RPD = %d W \n ”,
RPD_2 ,RPD_3);

126

127 printf(” \n h : Rotor power per phase : \ n P o / =
%f W/ ”,P_o);

128 printf(” \n\n Tota l r o t o r power : \ n P to = %f W
\n”,P_to);

129 printf(” \n Above P o / and P to v a l u e s a r e not
approx imated w h i l e c a l c u l a t i n g i n ”);

130 printf(” \n SCILAB . So , they vary s l i g h t l y from
textbook v a l u e s . \ n”);

131

132 printf(” \n i : Tota l 3−phase output t o r q u e : \ n T
= %. f lb− f t \n”,T);

133

134 printf(” \n j : Output hor sepower : \n hp = %. 1 f
hp \n”,hp);

135

136 printf(” \n k : Motor e f f i c i e n c y at r a t e d l oad : \ n
= %. 1 f p e r c e n t \n”,eta)

137

138 printf(” \n Power f l o w diagram ( per phase ) \n”);
139 printf(” \n SPI−−−−−−−−−−> RPI−−−−−−−−−> RPD

−−−−−−−−−−> P o ”);
140 printf(” \n (%d W) | (%d W) | (%d W) | (%d

W) ”,SPI ,RPI_1 ,RPD_3 ,P_o);
141 printf(” \n | | |
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”);
142 printf(” \n SCL RCL

P r ”);
143 printf(” \n (%. f W) (%d W) (%d

W) ”,SCL ,RCL ,P_r);

Scilab code Exa 9.16 calculate Ism IL Ts and percent IL and percent Ts

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−16
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // th ree−phase SCIM
13 V = 208 ; // Rated v o l t a g e i n v o l t
14 P_o = 15 ; // Rated power i n hp
15 I = 42 ; // Rated c u r r e n t i n A
16 I_st = 252 ; // S t a r t i n g c u r r e n t i n A
17 T_st = 120 ; // Fu l l−v o l t a g e s t a r t i n g t o rq u e i n lb−

f t
18 tap = 60*(1/100) ; // Tapping i n % employed by

compensator
19

20 // C a l c u l a t i o n s
21 // c a s e a
22 I_sm = tap * I_st ; // Motor s t a r t i n g c u r r e n t i n A

at reduced v o l t a g e
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23

24 // c a s e b
25 I_L = tap * I_sm ; // Motor l i n e c u r r e n t i n A(

n e g l e c t i n g t a r n s f o r m e r e x c i t i n g
26 // c u r r e n t and l o s s e s )
27

28 // c a s e c
29 T_s = (tap)^2 * T_st ; // Motor s t a r t i n g to r q u e at

reduced v o l t a g e i n lb− f t
30

31 // c a s e d
32 percent_I_L = I_L / I_st * 100 ; // Percent l i n e

c u r r e n t at s t a r t i n g
33

34 // c a s e e
35 percent_T_st = T_s / T_st * 100 ; // Percen t motor

s t a r t i n g t o rq u e
36

37 // D i s p l ay the r e s u l t s
38 disp(” Example 9−16 S o l u t i o n : ”);
39

40 printf(” \n a : Motor s t a r t i n g c u r r e n t at reduced
v o l t a g e : ”);

41 printf(” \n I sm = %. 1 f A to the motor . \ n”,I_sm);
42

43 printf(” \n b : Motor l i n e c u r r e n t n e g l e c t i n g
t a r n s f o r m e r e x c i t i n g c u r r e n t and l o s s e s : ”);

44 printf(” \n I L = %. 2 f A drawn from the mains . \ n”
,I_L);

45

46 printf(” \n c : Motor s t a r t i n g t o r qu e at reduced
v o l t a g e : \ n T s = %. 1 f lb− f t \n”,T_s);

47

48 printf(” \n d : Pe rc ent l i n e c u r r e n t at s t a r t i n g : ”)
;

49 printf(” \n = %. f p e r c e n t o f l i n e c u r r e n t at f u l l
v o l t a g e . \ n”,percent_I_L);

50
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51 printf(” \n e : Pe r c en t motor s t a r t i n g t o rq u e : ”);
52 printf(” \n = %d p e r c e n t o f s t a r t i n g t o r q u e at

f u l l v o l t a g e . \ n”,percent_T_st);

Scilab code Exa 9.17 calculate T s Sr for different V

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−17
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // th ree−phase SCIM
13 V_o = 220 ; // Rated v o l t a g e i n v o l t
14 P = 4 ; // Number o f p o l e s i n SCIM
15 P_o = 10 ; // Rated power i n hp
16 f = 60 ; // Frequency i n Hz ( assume , not g i v e n )
17 T_o = 30 ; // Rated t o r q u e i n lb− f t
18 S_r = 1710 ; // Rated r o t o r speed i n rpm
19 V_n1 = 242 ; // Impre s s ed s t a t o r v o l t a g e i n v o l t (

c a s e a )
20 V_n2 = 198 ; // Impre s s ed s t a t o r v o l t a g e i n v o l t (

c a s e b )
21

22 // C a l c u l a t i o n s
23 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
24 // c a s e a : Impre s s ed s t a t o r v o l t a g e = 242 V
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25 s_o = (S - S_r)/S ; // Rated s l i p
26

27 T_n1 = T_o * (V_n1/V_o)^2 ; // New t o r q u e i n lb− f t
28

29 s_n1 = s_o * (T_o/T_n1); // New s l i p
30

31 S_rn1 = S*(1 - s_n1);

32

33 // c a s e b : Impre s s ed s t a t o r v o l t a g e = 198 V
34 T_n2 = T_o * (V_n2/V_o)^2 ; // New t o r q u e i n lb− f t
35

36 s_n2 = s_o * (T_o/T_n2); // New s l i p
37

38 S_rn2 = S*(1 - s_n2);

39

40 // c a s e c
41 // S u b s c r i p t a i n p e r c e n t s l i p and p e r c e n t s p e e d

i n d i c a t e s pa r t a
42 percent_slip_a = (s_o - s_n1)/s_o * 100 ; // Percen t

change i n s l i p i n pa r t ( a )
43

44 percent_speed_a = (S_rn1 - S_r)/S_r * 100; //
Percen t change i n speed i n pa r t ( a )

45

46 // c a s e d
47 // S u b s c r i p t b i n p e r c e n t s l i p and p e r c e n t s p e e d

i n d i c a t e s pa r t b
48 percent_slip_b = (s_n2 - s_o)/s_o * 100 ; // Percen t

change i n s l i p i n pa r t ( b )
49

50 percent_speed_b = (S_r - S_rn2)/S_r * 100; //
Percen t change i n speed i n pa r t ( b )

51

52 // D i s p l ay the r e s u l t s
53 disp(” Example 9−17 S o l u t i o n : ”);
54

55 printf(” \n a : Rated s l i p : \ n s = %. 2 f \n”,s_o);
56 printf(” \n For impre s s ed s t a t o r v o l t a g e = %d V \
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n ”,V_n1);
57 printf(” \n New t o r q ue : \ n T n = %. 1 f lb− f t \n

”,T_n1);
58 printf(” \n New s l i p : \ n s n = %f \n ”,s_n1);
59 printf(” \n New r o t o r speed : \ n S r = %f rpm \

n”,S_rn1);
60

61 printf(” \n b : For impre s s ed s t a t o r v o l t a g e = %d V \
n ”,V_n2);

62 printf(” \n New t o r q ue : \ n T n = %. 1 f lb− f t \n
”,T_n2);

63 printf(” \n New s l i p : \ n s n = %f \n ”,s_n2);
64 printf(” \n New r o t o r speed : \ n S r = %f rpm \

n”,S_rn2);
65

66 printf(” \n c : Pe r c en t change i n s l i p i n pa r t ( a ) ”);
67 printf(” \n = %. 1 f p e r c e n t d e c r e a s e . \ n”,

percent_slip_a);

68 printf(” \n Percent change i n speed i n pa r t ( a ) ”);
69 printf(” \n = %. 2 f p e r c e n t i n c r e a s e \n”,

percent_speed_a);

70

71 printf(” \n d : Pe rc ent change i n s l i p i n pa r t ( b ) ”);
72 printf(” \n = %. 2 f p e r c e n t i n c r e a s e . \ n”,

percent_slip_b);

73 printf(” \n Percent change i n speed i n pa r t ( b ) ”);
74 printf(” \n = %. 2 f p e r c e n t d e c r e a s e \n”,

percent_speed_b);

75

76 printf(” \n SLIGHT VARIATIONS IN PERCENT CHANGE IN
SLIP AND SPEED ARE DUE TO”);

77 printf(” \n NON−APPROXIMATION OF NEW SLIPS AND NEW
SPEEDS CALCULATED IN SCILAB . ”)

Scilab code Exa 9.18 calculate T s Sr for different impressed stator V
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1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−18
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // th ree−phase WRIM
13 V_o = 220 ; // Rated v o l t a g e i n v o l t
14 P_o = 10 ; // Rated power i n hp
15 P = 4 ; // Number o f p o l e s i n WRIM( assumpt ion )
16 f = 60 ; // Frequency i n Hz ( assume , not g i v e n )
17 R_ro = 0.3 ; // Rotor r e s i s t a n c e i n ohm
18 T_o = 30 ; // Rated t o r q u e i n lb− f t
19 S_r = 1750 ; // Rated r o t o r speed i n rpm
20 R_r_ext = 1.7 ; // E x t e r n a l r o t o r r e s i s t a n c e i n ohm/

phase i n s e r t e d i n the r o t o r ck t
21 R_rn = R_ro + R_r_ext ; // Tota l r o t o r r e s i s t a n c e i n

ohm
22

23 V_n1 = 240 ; // Impre s s ed s t a t o r v o l t a g e i n v o l t (
c a s e a )

24 V_n2 = 208 ; // Impre s s ed s t a t o r v o l t a g e i n v o l t (
c a s e b )

25 V_n3 = 110 ; // Impre s s ed s t a t o r v o l t a g e i n v o l t (
c a s e c )

26

27 // C a l c u l a t i o n s
28 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
29

30 // c a s e a : Impre s s ed s t a t o r v o l t a g e = 240 V
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31 s_o = (S - S_r)/S ; // Rated s l i p
32

33 T_n1 = T_o * (V_n1/V_o)^2 ; // New t o r q u e i n lb− f t
34

35 s_n1 = s_o * (T_o/T_n1) * (R_rn/R_ro); // New s l i p
36

37 S_rn1 = S*(1 - s_n1);

38

39 // c a s e b : Impre s s ed s t a t o r v o l t a g e = 208 V
40 T_n2 = T_o * (V_n2/V_o)^2 ; // New t o r q u e i n lb− f t
41

42 s_n2 = s_o * (T_o/T_n2) * (R_rn/R_ro); // New s l i p
43

44 S_rn2 = S*(1 - s_n2);

45

46 // c a s e c : Impre s s ed s t a t o r v o l t a g e = 110 V
47 T_n3 = T_o * (V_n3/V_o)^2 ; // New t o r q u e i n lb− f t
48

49 s_n3 = s_o * (T_o/T_n3) * (R_rn/R_ro); // New s l i p
50

51 S_rn3 = S*(1 - s_n3);

52

53 // D i s p l ay the r e s u l t s
54 disp(” Example 9−18 S o l u t i o n : ”);
55

56 printf(” \n a : Rated s l i p : \ n s = %f\n”,s_o);
57 printf(” \n For impre s s ed s t a t o r v o l t a g e = %d V \

n ”,V_n1);
58 printf(” \n New t o r q ue : \ n T n = %. 1 f lb− f t \n

”,T_n1);
59 printf(” \n New s l i p : \ n s n = %f \n ”,s_n1);
60 printf(” \n New r o t o r speed : \ n S r = %f rpm \

n”,S_rn1);
61

62 printf(” \n b : For impre s s ed s t a t o r v o l t a g e = %d V \
n ”,V_n2);

63 printf(” \n New t o r q ue : \ n T n = %. 2 f lb− f t \n
”,T_n2);
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64 printf(” \n New s l i p : \ n s n = %f \n ”,s_n2);
65 printf(” \n New r o t o r speed : \ n S r = %f rpm \

n”,S_rn2);
66

67 printf(” \n c : For impre s s ed s t a t o r v o l t a g e = %d V \
n ”,V_n3);

68 printf(” \n New t o r q ue : \ n T n = %. 1 f lb− f t \n
”,T_n3);

69 printf(” \n New s l i p : \ n s n = %f \n ”,s_n3);
70 printf(” \n New r o t o r speed : \ n S r = %f rpm \

n”,S_rn3);

Scilab code Exa 9.19 calculate fcon and Scon

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 9 : POLYPHASE INDUCTION (ASYNCHRONOUS)
DYNAMOS

7 // Example 9−19
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 8 ; // Number o f p o l e s i n WRIM
13 f = 60 ; // Operat ing f r e q u e n c y o f the WRIM i n Hz
14 // / WRIM i s d r i v e n by v a r i a b l e−speed prime mover as

a f r e q u e n c y changer
15 S_con_a1 = 1800 ; // Speed o f the c o n v e r t o r i n rpm
16 S_con_a2 = 450 ; // Speed o f the c o n v e r t o r i n rpm
17

18 f_con_b1 = 25 ; // Frequency o f an i n d u c t i o n
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c o n v e r t e r i n Hz
19 f_con_b2 = 400 ; // Frequency o f an i n d u c t i o n

c o n v e r t e r i n Hz
20 f_con_b3 = 120 ; // Frequency o f an i n d u c t i o n

c o n v e r t e r i n Hz
21

22 // C a l c u l a t i o n s
23 S = (120*f)/P ; // Speed i n rpm o f the r o t a t i n g

magnet i c f i e l d
24

25 // c a s e a
26 // S u b s c r i p t a1 i n f c o n i n d i c a t e s c a s e a 1 s t

f r e q u e c y i n Hz
27 f_con_a1 = f*(1 + S_con_a1/S); // Frequency o f an

i n d u c t i o n c o n v e r t e r i n Hz
28

29 // S u b s c r i p t a2 i n f c o n i n d i c a t e s c a s e a 2nd
f r e q u e n c y i n Hz

30 f_con_a2 = f*(1 - S_con_a2/S); // Frequency o f an
i n d u c t i o n c o n v e r t e r i n Hz

31

32 // c a s e b
33 // S u b s c r i p t b1 i n S−con i n d i c a t e s c a s e b 1 s t speed

o f c o n v e r t e r i n rpm
34 S_con_b1 = ( -1 + f_con_b1/f) * S ; // Speed o f the

c o n v e r t o r i n rpm
35

36 // S u b s c r i p t b2 i n S−con i n d i c a t e s c a s e b 2nd speed
o f c o n v e r t e r i n rpm

37 S_con_b2 = ( -1 + f_con_b2/f) * S ; // Speed o f the
c o n v e r t o r i n rpm

38

39 // S u b s c r i p t b3 i n S−con i n d i c a t e s c a s e b 3 rd speed
o f c o n v e r t e r i n rpm

40 S_con_b3 = ( -1 + f_con_b3/f) * S ; // Speed o f the
c o n v e r t o r i n rpm

41

42
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43 // D i s p l ay the r e s u l t s
44 disp(” Example 9−19 S o l u t i o n : ”);
45

46 printf(” \n Using Eq .(9−26) ,\n”);
47

48 printf(” \n a : f c o n = %d Hz f o r %d rpm i n o p p o s i t e
d i r e c t i o n \n”,f_con_a1 ,S_con_a1);

49 printf(” \n f c o n = %d Hz f o r %d rpm i n same
d i r e c t i o n \n”,f_con_a2 ,S_con_a2);

50

51 printf(” \n b : 1 . S con = %. f rpm , or %. f rpm i n
same d i r e c t i o n . \ n”,S_con_b1 ,abs(S_con_b1));

52 printf(” \n 2 . S con = %d rpm i n o p p o s i t e
d i r e c t i o n . \ n”,S_con_b2);

53 printf(” \n 3 . S con = %d rpm i n o p p o s i t e
d i r e c t i o n to r o t a t i n g s t a t o r f l u x . \ n”,S_con_b3);
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Chapter 10

SINGLE PHASE MOTORS

Scilab code Exa 10.1 calculate total starting current and PF and compo-
nents of Is Ir and phase angle between Is Ir

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 0 : SINGLE−PHASE MOTORS
7 // Example 10−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 hp = 0.25 ; // Power r a t i n g o f the s i n g l e −phase

motor i n hp
13 V = 110 ; // Vo l tage r a t i n g o f the s i n g l e −phase

motor i n V
14 I_sw = 4 ; // S t a r t i n g wind ing c u r r e n t
15 phi_I_sw = 15 ; // Phase a n g l e i n d e g r e e s by which

I sw l a g s beh ind V
16 I_rw = 6 ; // Running winding c u r r e n t
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17 phi_I_rw = 40 ; // Phase a n g l e i n d e g r e e s by which
I rw l a g s beh ind V

18

19 // C a l c u l a t i o n s
20 // c a s e a
21 I_s = I_sw * exp( %i * -phi_I_sw *(%pi /180) ); //

s t a r t i n g c u r r e n t i n A
22 // ( %pi /180) f o r d e g r e e s to r a d i a n s c o n v e r s i o n o f

phase a n g l e
23 I_s_m = abs(I_s);// I s m = magnitude o f I s i n A
24 I_s_a = atan(imag(I_s) /real(I_s))*180/ %pi;// I s a=

phase a n g l e o f I s i n d e g r e e s
25

26 I_r = I_rw * exp( %i * -phi_I_rw *(%pi /180) ); //
runn ing c u r r e n t i n A

27 I_r_m = abs(I_r);// I r m = magnitude o f I r i n A
28 I_r_a = atan(imag(I_r) /real(I_r))*180/ %pi;// I r a=

phase a n g l e o f I r i n d e g r e e s
29

30 I_t = I_s + I_r ; // Tota l s t a r t i n g c u r r e n t i n A
31 I_t_m = abs(I_t);// I t m = magnitude o f I t i n A
32 I_t_a = atan(imag(I_t) /real(I_t))*180/ %pi;// I t a=

phase a n g l e o f I t i n d e g r e e s
33 Power_factor = cosd(I_t_a); // Power f a c t o r
34

35 // c a s e b
36 Is_cos_theta = real(I_s); // Component o f the

s t a r t i n g wind ing c u r r e n t i n phase
37 // with the supp ly v o l t a g e i n A
38

39 // c a s e c
40 Ir_sin_theta = imag(I_r); // Component o f the

runn ing wind ing c u r r e n t tha t l a g s
41 // the supp ly v o l t a g e by 90 d e g r e e s
42

43 // c a s e d
44 phase = ( phi_I_rw - phi_I_sw ); // Phase a n g l e

between the s t a r t i n g and runn ing
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45 // c u r r e n t s i n d e g r e e s
46

47 // D i s p l ay the r e s u l t s
48 disp(” Example 10−1 S o l u t i o n : ”);
49 printf(” \n a : I s = %d <−%d A ”, I_sw , phi_I_sw );

50 printf(” \n I s i n A = ” );disp(I_s);

51 printf(” \n I r = %d <−%d A ”, I_rw , phi_I_rw );

52 printf(” \n I r i n A = ” );disp(I_r);

53 printf(” \n I t i n A = ” );disp(I_t);

54 printf(” \n I t = %. 2 f <%d A ”, I_t_m , I_t_a );

55 printf(” \n\n Power f a c t o r = co s (%d) = %. 3 f
l a g g i n g \n”, I_t_a ,Power_factor);

56

57 printf(” \n b : I s ∗ c o s = %. 2 f A ( from a ) \n ”,
Is_cos_theta );

58

59 printf(” \n c : ( from a ) ,\n I r ∗ s i n i n A = ” );

disp(%i*Ir_sin_theta);

60

61 printf(” \n d : ( r − s ) = %d d e g r e e s ”, phase);

Scilab code Exa 10.2 calculate Ps Pr Pt and motor efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 0 : SINGLE−PHASE MOTORS
7 // Example 10−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data as per Ex.10−1
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12 hp = 0.25 ; // Power r a t i n g o f the s i n g l e −phase
motor i n hp

13 V = 110 ; // Vo l tage r a t i n g o f the s i n g l e −phase
motor i n V

14 I_s = 4 ; // S t a r t i n g wind ing c u r r e n t
15 phi_I_s = 15 ; // Phase a n g l e i n d e g r e e s by which

I s l a g s beh ind V
16 I_r = 6 ; // Running winding c u r r e n t
17 phi_I_r = 40 ; // Phase a n g l e i n d e g r e e s by which

I r l a g s beh ind V
18

19 // C a l c u l a t i o n s
20 // c a s e a
21 P_s = V * I_s * cosd(phi_I_s); // Power d i s s i p a t e d

i n the s t a r t i n g wind ing i n W
22

23 // c a s e b
24 P_r = V * I_r * cosd(phi_I_r); // Power d i s s i p a t e d

i n the runn ing wind ing i n W
25

26 // c a s e c
27 P_t = P_s + P_r ; // Tota l i n s t a n t a n e o u s power

d i s s i p a t e d dur ing s t a r t i n g i n W
28

29 // c a s e d
30 P_r_d = P_r ; // Tota l s teady−s t a t e power d i s s i p a t e d

dur ing runn ing i n W
31

32 // c a s e e
33 eta = ( hp * 746 ) / P_r * 100 ; // Motor e f f i c i e n c y

i n p e r c e n t
34

35 // D i s p l ay the r e s u l t s
36 disp(” Example 10−2 S o l u t i o n : ”);
37 printf(” \n a : Power d i s s i p a t e d i n the s t a r t i n g

wind ing \n P s = %d W \n”, P_s );

38

39 printf(” \n b : Power d i s s i p a t e d i n the runn ing
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winding \n P r = %. 1 f W \n”, P_r );

40

41 printf(” \n c : Tota l i n s t a n t a n e o u s power d i s s i p a t e d
dur ing s t a r t i n g \n P t = %. 1 f W \n”, P_t );

42

43 printf(” \n d : Tota l s teady−s t a t e power d i s s i p a t e d
dur ing runn ing \n P r = %. 1 f W \n”, P_r_d );

44

45 printf(” \n e : Motor e f f i c i e n c y \n = %. f
p e r c e n t \n”, eta );

Scilab code Exa 10.3 calculate total starting current and sine of angle be-
tween Is Ir

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 0 : SINGLE−PHASE MOTORS
7 // Example 10−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 hp = 0.25 ; // Power r a t i n g o f the s i n g l e −phase

motor i n hp
13 V = 110 ; // Vo l tage r a t i n g o f the s i n g l e −phase

motor i n V
14 I_sw = 4 ; // S t a r t i n g wind ing c u r r e n t
15 phi_I_sw = 15 ; // Phase a n g l e i n d e g r e e s by which

I sw l a g s beh ind V
16 I_rw = 6 ; // Running winding c u r r e n t
17 phi_I_rw = 40 ; // Phase a n g l e i n d e g r e e s by which
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I rw l a g s beh ind V
18 // when the c a p a c i t o r i s added to the a u x i l i a r y

s t a r t i n g wind ing o f the motor
19 // o f Ex.10−1 , I s l e a d s V by 42 d e g r e e s so ,
20 phi_I_sw_new = 42 ; // I s l e a d s V by p h i I s w n e w

d e g r e e s
21

22 // C a l c u l a t i o n s
23 // c a s e a
24 I_s = I_sw * exp( %i * phi_I_sw_new *(%pi /180) ); //

s t a r t i n g c u r r e n t i n A
25 // ( %pi /180) f o r d e g r e e s to r a d i a n s c o n v e r s i o n o f

phase a n g l e
26 I_s_m = abs(I_s);// I s m = magnitude o f I s i n A
27 I_s_a = atan(imag(I_s) /real(I_s))*180/ %pi;// I s a=

phase a n g l e o f I s i n d e g r e e s
28

29 I_r = I_rw * exp( %i * -phi_I_rw *(%pi /180) ); //
runn ing c u r r e n t i n A

30 I_r_m = abs(I_r);// I r m = magnitude o f I r i n A
31 I_r_a = atan(imag(I_r) /real(I_r))*180/ %pi;// I r a=

phase a n g l e o f I r i n d e g r e e s
32

33 I_t = I_s + I_r ; // Tota l s t a r t i n g c u r r e n t i n A
34 I_t_m = abs(I_t);// I t m = magnitude o f I t i n A
35 I_t_a = atan(imag(I_t) /real(I_t))*180/ %pi;// I t a=

phase a n g l e o f I t i n d e g r e e s
36 Power_factor = cosd(I_t_a); // Power f a c t o r
37

38 // c a s e b
39 theta = ( phi_I_rw - (-phi_I_sw_new) );

40 sin_theta = sind(theta);// S ine o f the a n g l e between
the

41 // s t a r t i n g and runn ing c u r r e n t s
42 phase = 25 ; // Phase a n g l e between the s t a r t i n g and

runn ing
43 // c u r r e n t s i n d e g r e e s ( from Ex.10−1)
44
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45 // c a s e c
46 // Rat io o f s t a r t i n g t o r q u e s ( c a p a c i t o r to

r e s i s t a n c e s t a r t )
47 ratio_T = sind(theta) / sind(phase);

48

49 // D i s p l ay the r e s u l t s
50 disp(” Example 10−3 S o l u t i o n : ”);
51 printf(” \n a : I s = %d <%d A ”, I_sw , phi_I_sw_new

);

52 printf(” \n I s i n A = ” );disp(I_s);

53 printf(” \n I r = %d <−%d A ”, I_rw , phi_I_rw );

54 printf(” \n I r i n A = ” );disp(I_r);

55 printf(” \n I t i n A = ” );disp(I_t);

56 printf(” \n I t = %. 2 f <%. 1 f A ”, I_t_m , I_t_a )

;

57 printf(” \n\n Power f a c t o r = co s (%. 1 f ) = %. 3 f
l a g g i n g \n”, I_t_a ,Power_factor);

58

59 printf(” \n b : s i n (%d − (−%d) ) = s i n (%d) = %. 4 f \n”,
phi_I_rw ,phi_I_sw_new ,theta ,sin_theta);

60

61 printf(” \n c : The s t ead y s t a t e s t a r t i n g c u r r e n t has
been reduced from ”);

62 printf(” \n 9 . 7 7 <−30 A to %. 2 f <%. 1 f A , ”,I_t_m
,I_t_a );

63 printf(” \n and the power f a c t o r has r i s e n from
0 . 8 6 6 l a g g i n g to %. 3 f . ”,Power_factor);

64 printf(” \n The motor d e v e l o p s maximum s t a r t i n g
t o rq u e (T = K∗ I b ∗ ∗ c o s ) with ”);

65 printf(” \n minimum s t a r t i n g c u r r e n t . The r a t i o o f
s t a r t i n g t o r q u e s ”);

66 printf(” \n ( c a p a c i t o r to r e s i s t a n c e s t a r t ) i s :
\n”);

67 printf(” \n T cs / T rs = s i n (%d) / s i n (%d) = %. 3 f ”,
theta ,phase ,ratio_T)
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Scilab code Exa 10.4 calculate ratios of T and efficiency and rated PF
and hp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 0 : SINGLE−PHASE MOTORS
7 // Example 10−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( from Table 10−2)
12 T_r = 1 ; // Rated t o r q u e i n lb− f t
13 T_s = 4.5 ; // S t a r t i n g t o rq u e i n lb− f t ( rfom Locked

−Rotor Data )
14 T_br = 2.5 ; // Breakdown t o r q ue i n lb− f t ( Breakdown

−Torque Data )
15

16 // Rated Load Data
17 P = 400 ; // Rated input power i n W
18 V = 115 ; // Rated input v o l t a g e i n v o l t
19 I_t = 5.35 ; // Rated input c u r r e n t i n A
20 Speed = 1750 ; // Rated speed i n rpm
21

22 // C a l c u l a t i o n s
23 // c a s e a
24 ratio_s_r_T = T_s / T_r ; // Rat io o f s t a r t i n g to

r a t e d to r q u e
25

26 // c a s e b
27 ratio_s_br_T = T_br / T_r ; // Rat io o f breakdown to
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r a t e d to r q u e
28

29 // c a s e c
30 P_o_hp = 1 / 3 ; // Power output i n hp
31 P_o = P_o_hp * 746 ; // Power output i n W
32 eta = P_o / P * 100 ; // Rated l oad e f f i c i e n c y
33

34 // c a s e d
35 S = V * I_t ; // VA r a t i n g o f the motor
36 cos_theta = P / S ; // Rated l oad − power f a c t o r
37

38 // c a s e e
39 T = 1 ; // Rated l oad t o r qu e i n lb− f t
40 hp = (T*Speed)/5252 ; // Rated l oad hor sepower
41

42 // D i s p l ay the r e s u l t s
43 disp(” Example 10−4 S o l u t i o n : ”);
44

45 printf(” \n a : T s / T r = %. 1 f \n ”,ratio_s_r_T );

46

47 printf(” \n b : T br / T r = %. 1 f \n ”,ratio_s_br_T );

48

49 printf(” \n c : Rated l oad e f f i c i e n c y \n = %. 1 f
p e r c e n t \n ”,eta );

50

51 printf(” \n d : Rated l oad power f a c t o r \n c o s =
%. 4 f \n ”,cos_theta );

52

53 printf(” \n e : Rated l oad hor sepower \n hp = %. 4 f
hp ”,hp);
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Chapter 11

SPECIALIZED DYNAMOS

Scilab code Exa 11.1 calculate S V P T A and B from torque speed rela-
tions fig

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 1 : SPECIALIZED DYNAMOS
7 // Example 11−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // Torque − speed r e l a t i o n s shown i n Fig .11−3b f o r a

dc se rvomotor .
13

14 // C a l c u l a t i o n s
15 // c a s e a
16 // E x t r a p o l a t i n g to l oad l i n e p o i n t x ,
17 S = 800 ; // Motor speed at p o i n t x
18 V = 60 ; // Armature v o l t a g e i n v o l t at p o i n t x
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19

20 // c a s e b
21 // At s t a n d s t i l l , 60 V y i e l d s 4 . 5 lb− f t o f s t a r t i n g

t o rq u e
22 T = 4.5 ;

23

24 // c a s e c
25 P_c = (T*S)/5252 ; // Power d e l i v e r e d to the l oad i n

hp ( from c a s e a c o n d i t i o n s )
26 P_c_watt = P_c * 746 ; // P c i n W
27 // c a s e d
28 // At p o i n t o :
29 T_d = 1.1 ; // S t a r t i n g t o rq u e i n lb− f t ( s u b s c r i p t d

i n d i c a t e s c a s e d ) and
30 S_d = 410 ; // Motor speed at p o i n t at p o i n t o
31

32 // c a s e e
33 // At p o i n t w :
34 T_e = 2.4 ; // S t a r t i n g t o rq u e i n lb− f t ( s u b s c r i p t e

i n d i c a t e s c a s e e ) and
35 S_e = 900 ; // Motor speed at p o i n t at p o i n t w
36

37 // c a s e f
38 P_d = (T_d*S_d)/5252 ; // Power d e l i v e r e d to the

l oad i n hp ( from c a s e d c o n d i t i o n s )
39 P_d_watt = P_d * 746 ; // P d i n W
40

41 // c a s e g
42 P_f = (T_e*S_e)/5252 ; // Power d e l i v e r e d to the

l oad i n hp ( from c a s e f c o n d i t i o n s )
43 P_f_watt = P_f * 746 ; // P f i n W
44

45 // c a s e h
46 // Upper l i m i t o f power r a n g e s A and B a r e :
47 A = 65 ; // Upper l i m i t o f power range A i n W
48 B = 305 ; // Upper l i m i t o f power range B i n W
49

50 // D i s p l ay the r e s u l t s

235



51 disp(” Example 11−1 S o l u t i o n : ”);
52

53 printf(” \n a : E x t r a p o l a t i n g to l oad l i n e p o i n t x , \ n
S = %d rpm ”,S);

54 printf(” \n Load l i n e v o l t a g e i s %d V \n”,V);
55

56 printf(” \n b : At s t a n d s t i l l , %d V y i e l d s T = %. 1 f
lb− f t o f s t a r t i n g t o r q u e \n”,V,T);

57

58 printf(” \n c : Power d e l i v e r e d to the l oad i n hp (
from c a s e a c o n d i t i o n s ) ”);

59 printf(” \n P = %. 4 f hp = %d W \n”,P_c ,P_c_watt);
60

61 printf(” \n d : At p o i n t o : \ n T = %. 1 f lb− f t and S
= %d rpm \n”,T_d ,S_d);

62

63 printf(” \n e : At p o i n t w: \ n T = %. 1 f lb− f t and S
= %d rpm \n”,T_e ,S_e);

64

65 printf(” \n f : P = %. 4 f hp = %. 1 f W \n ”,P_d ,
P_d_watt);

66

67 printf(” \n g : P = %. 4 f hp = %. f W \n”,P_f ,P_f_watt
);

68

69 printf(” \n h : A = %d W and B = %d W ”, A , B );

Scilab code Exa 11.2 calculate stepping angle

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 1 : SPECIALIZED DYNAMOS
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7 // Example 11−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // VR s t e p p e r motor
13 n = 3 ; // Number o f s t a c k s or phase s
14 P_a = 16 ; // Number o f r o t o r t e e t h ( s u b s c r i p t a

i n d i c a t e s c a s e a )
15 // PM s t e p p e r
16 P_b = 24 ; // Number o f p o l e s ( s u b s c r i p t b i n d i c a t e s

c a s e b )
17

18 // C a l c u l a t i o n s
19 // c a s e a
20 alpha_a = 360 / (n*P_a); // Stepp ing a n g l e i n

d e g r e e s per s t e p
21

22 alpha_b = 360 / (n*P_b); // Stepp ing a n g l e i n
d e g r e e s per s t e p

23

24 // D i s p l ay the r e s u l t s
25 disp(” Example 11−2 S o l u t i o n : ”);
26 printf(” \n a : a lpha = %. 1 f d e g r e e s / s t e p \n ”,

alpha_a );

27

28 printf(” \n b : a lpha = %. 1 f d e g r e e s / s t e p \n ”,
alpha_b );

Scilab code Exa 11.3 calculate stepping length

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
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4 // 2nd e d i t i o m
5

6 // Chapter 1 1 : SPECIALIZED DYNAMOS
7 // Example 11−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // Hybrid s t e p p i n g motor
13 P = 50 ; // Number o f r o t o r t e e t h
14

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

17 alpha = 90 / P ; // Stepp ing a n g l e i n d e g r e e s
18

19 // D i s p l ay the r e s u l t
20 disp(” Example 11−3 S o l u t i o n : ”);
21 printf(” \n a lpha = %. 1 f d e g r e e s ”, alpha );

Scilab code Exa 11.4 calculate synchronous velocity

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 1 : SPECIALIZED DYNAMOS
7 // Example 11−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 tou = 0.1 ; // Po le p i t c h o f a double−s i d e d pr imary
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LIM i n meter
13 f = 60 ; // Frequency a p p l i e d to the pr imary LIM i n

Hz
14

15 // C a l c u l a t i o n
16 v_s = 2 * f * tou ; // Synchronous v e l o c i t y i n meter

/ second
17

18 // D i s p l ay the r e s u l t
19 disp(” Example 11−4 S o l u t i o n : ”);
20 printf(” \n Synchronous v e l o c i t y : \n v s = %d m/ s ”

, v_s );

Scilab code Exa 11.5 calculate slip of DSLIM

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 1 : SPECIALIZED DYNAMOS
7 // Example 11−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 v_s = 12 ; // Synchronous v e l o c i t y i n meter / second
13 v = 10 ; // Secondary s h e e t i n Ex.11−4 moves at a

l i n e a r v e l o c i t y i n m/ s
14

15 // C a l c u l a t i o n
16 s = (v_s - v)/v_s ; // S l i p o f the DSLIM
17

18 // D i s p l ay the r e s u l t
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19 disp(” Example 11−5 S o l u t i o n : ”);disp(”From Eq
.(11−5) ”)

20 printf(” \n S l i p o f the DSLIM : \n s = %. 3 f ”,s );
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Chapter 12

POWER ENERGY AND
EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

Scilab code Exa 12.1 Pr Ia efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 10000 ; // Power r a t i n g o f the shunt g e n e r a t o r

i n W
13 V = 230 ;// Vo l tage r a t i n g o f the shunt g e n e r a t o r i n

v o l t
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14 S = 1750 ; // Speed i n rpm o f the shunt g e n e r a t o r
15 // Shunt g e n e r a t o r was made to run as a motor
16 V_a = 245 ; // Vo l tage a c r o s s armature i n v o l t
17 I_a = 2 ; // Armature c u r r e n t i n A
18 R_f = 230 ; // F i e l d r e s i s t a n c e i n ohm
19 R_a = 0.2 ; // Armature r e s i s t a n c e
20

21 // C a l c u l a t i o n s
22 // c a s e a
23 Rotational_losses = (V_a * I_a) - (I_a^2 * R_a); //

R o t a t i o n a l l o s s e s i n W at f u l l l o ad
24

25 // c a s e b
26 V_t = V ;

27 // At r a t e d l oad
28 I_L = P / V_t ; // Line c u r r e n t i n A
29 I_f = V / R_f ; // F i e l d c u r r e n t i n A
30 Ia = I_f + I_L ; // Armature c u r r e n t i n A
31

32 armature_loss = (Ia^2 * R_a); // Fu l l−l o ad armature
l o s s i n W

33 V_f = V ; // F i e l d v o l t a g e i n v o l t
34 field_loss = V_f * I_f; // Fu l l−l o ad f i e l d l o s s i n W
35

36 // c a s e c
37 //
38 eta = P / ( P + Rotational_losses + (armature_loss+

field_loss) ) * 100 ;

39

40 // D i s p l ay the r e s u l t s
41 disp(” Example 12−1 S o l u t i o n : ”);
42

43 printf(” \n a : R o t a t i o n a l l o s s e s at f u l l l o ad = %. 1 f
W \n”,Rotational_losses);

44

45 printf(” \n b : At the r a t e d load , \ n I L = %. 1 f A\
n I a = %. 1 f A\n”,I_L ,Ia);

46 printf(” \n Ful l−l o ad armature l o s s : \ n ( I a
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ˆ2) ∗R a = %. f W \n”,armature_loss);
47 printf(” \n Ful l−l o ad f i e l d l o s s : \ n V f ∗ I f =

%. f W \n”,field_loss);
48

49 printf(” \n c : E f f i c i e n c y o f the g e n e r a t o r at r a t e d
l oad ( f u l l −l o ad i n t h i s Ex . ) : ”);

50 printf(” \n = %. 1 f p e r c e n t ”,eta);

Scilab code Exa 12.2 efficiency at different LF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // data from Ex.12−1
13 P = 10000 ; // Power r a t i n g o f the shunt g e n e r a t o r

i n W
14 V = 230 ;// Vo l tage r a t i n g o f the shunt g e n e r a t o r i n

v o l t
15 S = 1750 ; // Speed i n rpm o f the shunt g e n e r a t o r
16

17 // ( S o l u t i o n s from Example 12−1 )
18 Rotational_losses = 489.2 // R o t a t i o n a l l o s s e s at

f u l l l o ad i n W
19 armature_loss = 396 ; // Fu l l−l o ad armature l o s s i n

W
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20 field_loss = 230 ; // Fu l l−l o ad f i e l d l o s s i n W
21

22 // c a s e a
23 x1 = (1/4); // F r a c t i o n o f f u l l −l o ad
24 // S u b s c r i p t a f o r e t a i n d i c a t e s c a s e a
25 eta_a = (P*x1) / ( (P*x1) + Rotational_losses + (

armature_loss *(x1^2)+field_loss) ) * 100 ;

26

27 // c a s e b
28 x2 = (1/2); // F r a c t i o n o f f u l l −l o ad
29 // S u b s c r i p t b f o r e t a i n d i c a t e s c a s e b
30 eta_b = (P*x2) / ( (P*x2) + Rotational_losses + (

armature_loss *(x2^2)+field_loss) ) * 100 ;

31

32 // c a s e c
33 x3 = (3/4); // F r a c t i o n o f f u l l −l o ad
34 // S u b s c r i p t c f o r e t a i n d i c a t e s c a s e c
35 eta_c = (P*x3) / ( (P*x3) + Rotational_losses + (

armature_loss *(x3^2)+field_loss) ) * 100 ;

36

37 // c a s e d
38 x4 = (5/4); // F r a c t i o n o f f u l l −l o ad
39 // S u b s c r i p t d f o r e t a i n d i c a t e s c a s e d
40 eta_d = (P*x4) / ( (P*x4) + Rotational_losses + (

armature_loss *(x4^2)+field_loss) ) * 100 ;

41

42 // D i s p l ay the r e s u l t s
43 disp(” Example 12−2 S o l u t i o n : ”);
44

45 printf(” \n I f x i s the f r a c t i o n o f f u l l −load ,
then \n ”);

46 printf(” \n a : E f f i c i e n c y o f g e n e r a t o r when x = %. 2 f
”,x1 );

47 printf(” \n = %. 1 f p e r c e n t \n ”,eta_a);
48

49 printf(” \n b : E f f i c i e n c y o f g e n e r a t o r when x = %. 2 f
”,x2 );

50 printf(” \n = %. 1 f p e r c e n t \n ”,eta_b);
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51

52 printf(” \n c : E f f i c i e n c y o f g e n e r a t o r when x = %. 2 f
”,x3 );

53 printf(” \n = %. 1 f p e r c e n t \n ”,eta_c);
54

55 printf(” \n d : E f f i c i e n c y o f g e n e r a t o r when x = %. 2 f
”,x4 );

56 printf(” \n = %. 1 f p e r c e n t \n ”,eta_d);

Scilab code Exa 12.3 field current Ec Pf

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 240 ; // Vo l tage r a t i n g o f the dc shunt motor i n

v o l t
13 P_hp = 25 ; // Power r a t i n g o f the dc shunt motor i n

hp
14 S = 1800 ; // Speed i n rpm o f the shunt g e n e r a t o r
15 I_L = 89 ; // Fu l l−l o ad l i n e c u r r e n t
16 R_a = 0.05 ; // Armature r e s i s t a n c e i n ohm
17 R_f = 120 ; // F i e l d r e s i s t a n c e i n ohm
18

19 // C a l c u l a t i o n s
20 // c a s e a
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21 V_f = V ; // F i e l d v o l t a g e i n v o l t
22 I_f = V_f / R_f ; // F i e l d c u r r e n t i n A
23 I_a = I_L - I_f ; // Armature c u r r e n t i n A
24 V_a = V ;

25 E_c = V_a - I_a*R_a ; // Armature v o l t a g e to be
a p p l i e d to the motor when motor

26 // i s run l i g h t at 1800 rpm dur ing s t r a y power t e s t
27

28 // c a s e b
29 Ia = 4.2 ; // Armature c u r r e n t i n A produced by E c
30 Va = E_c ; // Armature v o l t a g e i n v o l t
31 P_r = Va*Ia ; // St ray power i n W , when E c produce s

I a = 4 . 2 A at speed o f 1800 rpm
32

33 // D i s p l ay the r e s u l t s
34 disp(” Example 12−3 S o l u t i o n : ”);
35

36 printf(” \n a : F i e l d c u r r e n t : \ n I f = %d A \n ”,
I_f );

37 printf(” \n Armature c u r r e n t : \ n I a = %d A \n
”,I_a );

38 printf(” \n Armature v o l t a g e to be a p p l i e d to the
motor when motor i s run ”);

39 printf(” \n l i g h t at %d rpm dur ing s t r a y power
t e s t : \ n ”,S );

40 printf(” \n E c = %. 2 f V \n ”,E_c );

41

42 printf(” \n b : S t ray power : \ n P r = %. 1 f W ”,P_r
);

Scilab code Exa 12.4 Pr variable losses efficiency table

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
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4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 600 ; // Vo l tage r a t i n g o f the compound motor i n

v o l t
13 P_hp = 150 ; // Power r a t i n g o f the compound motor

i n hp
14 I_L = 205 ; // Fu l l−l o ad r a t e d l i n e c u r r e n t i n A
15 S = 1500 ; // Fu l l−l o ad Speed i n rpm o f the compound

g e n e r a t o r
16 R_sh = 300 ; // Shunt f i e l d r e s i s t a n c e i n ohm
17 R_a = 0.05 ; // Armature r e s i s t a n c e i n ohm
18 R_s = 0.1 ; // S e r i e s f i e l d r e s i s t a n c e i n ohm
19 V_a = 570 ; // Appl i ed v o l t a g e i n v o l t
20 I_a = 6 ; // Armature c u r r e n t i n A
21 S_o = 1800 ; // No−l o ad Speed i n rpm o f the compound

g e n e r a t o r
22

23 // C a l c u l a t i o n s
24 // c a s e a
25 Rot_losses = V_a*I_a ; // R o t a t i o n a l l o s s e s i n W
26 // I f x i s f r a c t i o n o f f u l l −l o ad
27 x1 = (1/4);

28 S_1 = S_o - 300*x1 ; // Speed at 1/4 l oad
29 Rot_losses_S_1 = (S_1/S)*Rot_losses ; // R o t a t i o n a l

l o s s e s i n W at speed S 1
30

31 x2 = (1/2);

32 S_2 = S_o - 300*x2 ; // Speed at 1/2 l oad
33 Rot_losses_S_2 = (S_2/S)*Rot_losses ; // R o t a t i o n a l

l o s s e s i n W at speed S 2
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34

35 x3 = (3/4);

36 S_3 = S_o - 300*x3 ; // Speed at 3/4 l oad
37 Rot_losses_S_3 = (S_3/S)*Rot_losses ; // R o t a t i o n a l

l o s s e s i n W at speed S 3
38

39 x4 = (5/4);

40 S_4 = S_o - 300*x4 ; // Speed at 5/4 l oad
41 Rot_losses_S_4 = (S_4/S)*Rot_losses ; // R o t a t i o n a l

l o s s e s i n W at speed S 4
42

43 // c a s e b
44 I_sh = V / R_sh ; // Fu l l−l o ad shunt f i e l d c u r r e n t

i n A
45 Ia = I_L - I_sh ; // Fu l l−l o ad armature c u r r e n t i n A
46 FL_variable_loss = (Ia^2)*(R_a + R_s); // Fu l l−l o ad

v a r i a b l e e l e c t r i c l o s s e s i n W
47

48 x1_variable_loss = FL_variable_loss * (x1)^2 ; //
V a r i a b l e l o s s e s at 1/4 l oad

49 x2_variable_loss = FL_variable_loss * (x2)^2 ; //
V a r i a b l e l o s s e s at 1/2 l oad

50 x3_variable_loss = FL_variable_loss * (x3)^2 ; //
V a r i a b l e l o s s e s at 3/4 l oad

51 x4_variable_loss = FL_variable_loss * (x4)^2 ; //
V a r i a b l e l o s s e s at 5/4 l oad

52

53 // c a s e c
54 // E f f i c i e n c y o f motor = ( Input − l o s s e s ) / Input
55 // where Input = v o l t s ∗ amperes ∗ l o a d f r a c t i o n
56 // L o s s e s = f i e l d l o s s + r o t a t i o n a l l o s s e s +

v a r i a b l e e l e c t r i c l o s s e s
57 // Input
58 Input_FL = V * I_L ; // Input i n W at f u l l l o ad
59 Input_x1 = V * I_L * x1 ; // Input i n W at 1/4 l oad
60 Input_x2 = V * I_L * x2 ; // Input i n W at 1/2 l oad
61 Input_x3 = V * I_L * x3 ; // Input i n W at 3/4 l oad
62 Input_x4 = V * I_L * x4 ; // Input i n W at 5/4 l oad
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63

64 Field_loss = V * I_sh // F i e l d l o s s f o r each o f the
c o n d i t i o n s o f l o ad

65

66 // R o t a t i o n a l l o s s e s a r e c a l c u l a t e d i n pa r t a w h i l e
v a r i a b l e e l e c t r i c l o s s e s i n pa r t b

67

68 // Tota l l o s s e s
69 Losses_FL = Field_loss + Rot_losses +

FL_variable_loss ; // Tota l l o s s e s f o r f u l l l o ad
70 Losses_1 = Field_loss + Rot_losses_S_1 +

x1_variable_loss ; // Tota l l o s s e s f o r 1/4 l oad
71 Losses_2 = Field_loss + Rot_losses_S_2 +

x2_variable_loss ; // Tota l l o s s e s f o r 1/2 l oad
72 Losses_3 = Field_loss + Rot_losses_S_3 +

x3_variable_loss ; // Tota l l o s s e s f o r 3/4 l oad
73 Losses_4 = Field_loss + Rot_losses_S_4 +

x4_variable_loss ; // Tota l l o s s e s f o r 5/4 l oad
74

75 // E f f i c i e n c y
76 eta_FL = ( (Input_FL - Losses_FL) / Input_FL ) ; //

E f f i c i e n c y f o r 1/4 l oad
77 eta_1 = ( (Input_x1 - Losses_1) / Input_x1 ) ; //

E f f i c i e n c y f o r 1/4 l oad
78 eta_2 = ( (Input_x2 - Losses_2) / Input_x2 ) ; //

E f f i c i e n c y f o r 1/2 l oad
79 eta_3 = ( (Input_x3 - Losses_3) / Input_x3 ) ; //

E f f i c i e n c y f o r 3/4 l oad
80 eta_4 = ( (Input_x4 - Losses_4) / Input_x4 ) ; //

E f f i c i e n c y f o r 5/4 l oad
81

82 // D i s p l ay the r e s u l t s
83 disp(” Example 12−4 S o l u t i o n : ”);
84

85 printf(” \n a : R o t a t i o n a l l o s s = %d W at %d rpm (
r a t e d l oad ) \n”,Rot_losses ,S);

86 printf(” \n Speed at %. 2 f l o ad = %d rpm ”,x1 ,

S_1 );
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87 printf(” \n R o t a t i o n a l l o s s at %d rpm = %d W \n ”
, S_1 , Rot_losses_S_1 );

88

89 printf(” \n Speed at %. 2 f l o ad = %d rpm ”,x2 ,

S_2 );

90 printf(” \n R o t a t i o n a l l o s s at %d rpm = %d W \n ”
, S_2 , Rot_losses_S_2 );

91

92 printf(” \n Speed at %. 2 f l o ad = %d rpm ”,x3 ,

S_3 );

93 printf(” \n R o t a t i o n a l l o s s at %d rpm = %d W \n ”
, S_3 , Rot_losses_S_3 );

94

95 printf(” \n Speed at %. 2 f l o ad = %d rpm ”,x4 ,

S_4 );

96 printf(” \n R o t a t i o n a l l o s s at %d rpm = %d W \n ”
, S_4 , Rot_losses_S_4 );

97

98 printf(” \n b : Fu l l−l o ad v a r i a b l e l o s s = %d W\n ”,
FL_variable_loss );

99 printf(” \n V a r i a b l e l o s s e s , ”);
100 printf(” \n at %. 2 f l oad = %. 2 f W ”,x1 ,

x1_variable_loss );

101 printf(” \n at %. 2 f l oad = %. 2 f W ”,x2 ,

x2_variable_loss );

102 printf(” \n at %. 2 f l oad = %. 2 f W ”,x3 ,

x3_variable_loss );

103 printf(” \n at %. 2 f l oad = %. 2 f W \n ”,x4 ,

x4_variable_loss );

104

105 printf(” \n c : E f f i c i e n c y o f motor = ( Input − l o s s e s
) / Input ”);

106 printf(” \n where \n Input = v o l t s ∗ amperes ∗
l o a d f r a c t i o n ”);

107 printf(” \n L o s s e s = f i e l d l o s s + r o t a t i o n a l
l o s s e s + v a r i a b l e e l e c t r i c l o s s e s ”);

108 printf(” \n Input , \ n at %. 2 f l o ad = %d W ”,x1
, Input_x1 );
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109 printf(” \n at %. 2 f l oad = %d W ”,x2 , Input_x2 )

;

110 printf(” \n at %. 2 f l oad = %d W ”,x3 , Input_x3 )

;

111 printf(” \n at f u l l l o ad = %d W ” , Input_FL );

112 printf(” \n at %. 2 f l oad = %d W \n ”,x4 ,

Input_x4 );

113

114 printf(” \n F i e l d l o s s f o r each o f the c o n d i t i o n s
o f l o ad = %d W \n”,Field_loss);

115 printf(” \n R o t a t i o n a l l o s s e s a r e c a l c u l a t e d i n
pa r t a w h i l e v a r i a b l e ”);

116 printf(” \n e l e c t r i c l o s s e s i n pa r t b \n”);
117

118 printf(” \n E f f i c i e n c y at %. 2 f l o ad = %f = %. 1 f
p e r c e n t ”,x1 ,eta_1 ,eta_1 *100);

119 printf(” \n E f f i c i e n c y at %. 2 f l o ad = %f = %. 1 f
p e r c e n t ”,x2 ,eta_2 ,eta_2 *100);

120 printf(” \n E f f i c i e n c y at %. 2 f l o ad = %f = %. 1 f
p e r c e n t ”,x3 ,eta_3 ,eta_3 *100);

121 printf(” \n E f f i c i e n c y at f u l l l o ad = %f = %. 1 f
p e r c e n t ”,eta_FL ,eta_FL *100);

122 printf(” \n E f f i c i e n c y at %. 2 f l o ad = %f = %. 1 f
p e r c e n t \n”,x4 ,eta_4 ,eta_4 *100);

123

124 printf(” \n d :

”);
125 printf(” \n Item \ t \ t \ t At 1/4 l oad \ t At 1/2

l oad \ t At 3/4 l oad \ t At Fu l l−l o ad \ t At 5/4
l oad ”);

126 printf(” \n

”);
127 printf(” \n Input ( watt s ) \ t \ t %d \ t \ t %d \ t \ t %d \

t \ t %d \ t %d ”,Input_x1 ,Input_x2 ,Input_x3 ,
Input_FL ,Input_x4);

128 printf(” \n\n F i e l d l o s s ( watt s ) \ t \ t %d \ t \ t %d \ t
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\ t %d \ t \ t %d \ t \ t %d ”,Field_loss ,Field_loss ,
Field_loss ,Field_loss ,Field_loss);

129 printf(” \n\n R o t a t i o n a l l o s s e s ”);
130 printf(” \n from par t ( a ) ( watt s ) \ t \ t %d \ t \ t %d \ t

\ t %d \ t \ t %d \ t \ t %d ”,Rot_losses_S_1 ,
Rot_losses_S_2 ,Rot_losses_S_3 ,Rot_losses ,

Rot_losses_S_4);

131 printf(” \n\n V a r i a b l e e l e c t r i c l o s s e s ”);
132 printf(” \n from par t ( b ) ( watt s ) \ t \ t %. 2 f \ t %. 2 f

\ t %. 2 f \ t %. 2 f \ t %. 2 f ”,x1_variable_loss ,
x2_variable_loss ,x3_variable_loss ,

FL_variable_loss ,x4_variable_loss);

133 printf(” \n\n Tota l l o s s e s ( watt s ) \ t \ t %. 2 f \ t %. 2
f \ t %. 2 f \ t %. 2 f \ t %. 2 f ”,Losses_1 ,Losses_2 ,
Losses_3 ,Losses_FL ,Losses_4);

134 printf(” \n

”);
135 printf(” \n E f f i c i e n c y ( p e r c e n t ) \ t %. 1 f \ t \ t %

. 1 f \ t \ t %. 1 f \ t \ t %. 1 f \ t \ t %. 1 f ”,eta_1 *100,
eta_2 *100, eta_3 *100, eta_FL *100, eta_4 *100);

136 printf(” \n

”);

Scilab code Exa 12.5 Ia LF max efficiency LF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−5
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8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 10000 ; // Power r a t i n g o f the shunt g e n e r a t o r

i n W
13 V = 230 ;// Vo l tage r a t i n g o f the shunt g e n e r a t o r i n

v o l t
14 S = 1750 ; // Speed i n rpm o f the shunt g e n e r a t o r
15 R_a = 0.2 ; // Armature r e s i s t a n c e
16 // C a l c u l a t e d v a l u e s from Ex.12−1
17 P_r = 489.2 ; // Shunt g e n e r a t o r r o t a t i o n a l l o s s e s

i n W
18 Vf_If = 230 ; // Shunt f i e l d c i r c u i t l o s s i n W
19 I_a_rated = 44.5 ; // Rated armature c u r r e n t i n A
20

21 // C a l c u l a t i o n s
22 // c a s e a
23 I_a = sqrt( (Vf_If + P_r) / R_a ); // Armature

c u r r e n t i n A f o r max . e f f i c i e n c y
24

25 // c a s e b
26 LF = I_a / I_a_rated ; // Load f r a c t i o n
27 LF_percent = LF*100 ; // Load f r a c t i o n i n p e r c e n t
28

29 // c a s e c
30 P_k = Vf_If + P_r ;

31 eta_max = (P*LF)/( (P*LF) + (Vf_If + P_r) + P_k ) *

100; // Maximum e f f i c i e n c y
32

33 // c a s e d
34 // s u b s c r i p t d f o r LF i n d i c a t e s c a s e d
35 LF_d = sqrt(P_k/( I_a_rated ^2*R_a)) ; // Load

f r a c t i o n from f i x e d l o s s e s and r a t e d v a r i a b l e
l o s s e s

36

37 // D i s p l ay the r e s u l t s
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38 disp(” Example 12−5 S o l u t i o n : ”);
39

40 printf(” \n a : Armature c u r r e n t f o r max . e f f i c i e n c y
: \ n I a = %. f A \n”,I_a);

41

42 printf(” \n b : Load f r a c t i o n : \ n L . F . = %. 1 f
p e r c e n t = %. 3 f ∗ r a t e d \n”,LF_percent ,LF);

43

44 printf(” \n c : Maximum e f i i c i e n c y : \ n = %. 2 f
p e r c e n t \n”,eta_max);

45

46 printf(” \n d : Load f r a c t i o n from f i x e d l o s s e s and
r a t e d v a r i a b l e l o s s e s : ”);

47 printf(” \n L . F . = %. 3 f ∗ r a t e d ”,LF_d);

Scilab code Exa 12.6 Pd Pr efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 240 ; // Vo l tage r a t i n g o f dc shunt motor i n

v o l t
13 P_hp = 5 ; // Power r a t i n g o f dc shunt motor i n hp
14 S = 1100 ; // Speed i n rpm o f the dc shunt motor
15 R_a = 0.4 ; // Armture r e s i s t a n c e i n ohm
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16 R_f = 240 ; // F i e l d r e s i s t a n c e i n ohm
17 I_L = 20 ; // Rated l i n e c u r r e n t i n A
18

19 // C a l c u l a t i o n s
20 // P r e l i m i n a r y c a l c u l a t i o n s
21 V_f = V ; // Vo l tage a c r o s s f i e l d wind ing i n v o l t
22 I_f = V_f / R_f ; // F i e l d c u r r e n t i n A
23 I_a = I_L - I_f ; // Armature c u r r e n t i n A
24 P_o = P_hp * 746 ; // Power r a t i n g o f dc shunt motor

i n W
25 V_a = V ; // Vo l tage a c r o s s armature i n v o l t
26 E_c_fl = V_a - I_a*R_a ; // back EMF i n v o l t
27

28 // c a s e a
29 E_c = E_c_fl ;

30 P_d = E_c * I_a ; // Power deve l oped by the armature
i n W

31

32 // c a s e b
33 P_r = P_d - P_o ; // Fu l l−l o ad r o t a t i o n a l l o s s e s i n

W
34

35 // c a s e c
36 P_in = V*I_L ; // Input power i n W
37 eta = (P_o/P_in)*100 ; // Fu l l−l o ad e f f i c i e n c y
38

39 // D i s p l ay the r e s u l t s
40 disp(” Example 12−6 S o l u t i o n : ”);
41

42 printf(” \n P r e l i m i n a r y c a l c u l a t i o n s u s i n g nameplate
data : ”);

43 printf(” \n F i e l d c u r r e n t : I f = %d A \n ”,I_f);
44 printf(” \n Armature c u r r e n t : I a = %d A \n ”,I_a);
45 printf(” \n P o = %d W ”,P_o );

46 printf(” \n E c ( f l ) = %. 1 f V \n”,E_c_fl);
47

48 printf(” \n a : Power deve l oped by the armature : \ n
P d = %. 1 f W \n”,P_d);
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49

50 printf(” \n b : Fu l l−l o ad r o t a t i o n a l l o s s e s : \ n
P r = %. 1 f W \n”,P_r);

51

52 printf(” \n c : Fu l l−l a od e f f i c i e n c y : \ n = %. 1 f
p e r c e n t ”,eta );

Scilab code Exa 12.7 Pd Pr max and fl efficiency Pk Ia LF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 240 ; // Vo l tage r a t i n g o f dc shunt motor i n

v o l t
13 P_hp = 25 ; // Power r a t i n g o f dc shunt motor i n hp
14 S = 1100 ; // Speed i n rpm o f the dc shunt motor
15 R_a = 0.15 ; // Armture r e s i s t a n c e i n ohm
16 R_f = 80 ; // F i e l d r e s i s t a n c e i n ohm
17 I_L = 89 ; // Rated l i n e c u r r e n t i n A
18

19 // C a l c u l a t i o n s
20 // P r e l i m i n a r y c a l c u l a t i o n s
21 V_f = V ; // Vo l tage a c r o s s f i e l d wind ing i n v o l t
22 I_f = V_f / R_f ; // F i e l d c u r r e n t i n A
23 I_a = I_L - I_f ; // Armature c u r r e n t i n A
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24 P_o = P_hp * 746 ; // Power r a t i n g o f dc shunt motor
i n W

25 V_a = V ; // Vo l tage a c r o s s armature i n v o l t
26 E_c_fl = V_a - I_a*R_a ; // back EMF i n v o l t
27

28 // c a s e a
29 E_c = E_c_fl ;

30 P_d = E_c * I_a ; // Power deve l oped by the armature
i n W

31

32 // c a s e b
33 P_r = P_d - P_o ; // Fu l l−l o ad r o t a t i o n a l l o s s e s i n

W
34

35 // c a s e c
36 P_in = V*I_L ; // Input power i n W
37 eta_fl = (P_o/P_in)*100 ; // Fu l l−l o ad e f f i c i e n c y
38

39 // c a s e d
40 P_k = V_f*I_f + P_r ; // Tota l c o n s t a n t l o s s e s i n W
41

42 // c a s e e
43 Ia = sqrt(P_k/R_a); // Armature c u r r e n t i n A from

maximum e f f i c i e n c y
44

45 // c a s e f
46 LF = Ia / I_a ; // Load f r a c t i o n at which max .

e f f i c i e n c y i s produced
47

48 // c a s e g
49 rated_input = V*I_L ;

50 eta_max = ( (LF*rated_input) - 2*P_k ) / (LF*

rated_input) * 100; // Maximum e f f i c i e n c y
51

52 // D i s p l ay the r e s u l t s
53 disp(” Example 12−7 S o l u t i o n : ”);
54

55 printf(” \n F i e l d c u r r e n t : I f = %d A \n ”,I_f);

257



56 printf(” \n Armature c u r r e n t : I a = %d A \n ”,I_a);
57 printf(” \n P o = %d W \n”,P_o );

58 printf(” \n E c ( f l ) = %. 1 f V \n”,E_c_fl);
59

60 printf(” \n a : Power deve l oped by the armature : \ n
P d = %. 1 f W \n”,P_d);

61

62 printf(” \n b : Fu l l−l o ad r o t a t i o n a l l o s s e s : \ n
P r = %. 1 f W \n”,P_r);

63

64 printf(” \n c : Fu l l−l a od e f f i c i e n c y : \ n = %. 1 f
p e r c e n t \n ”,eta_fl );

65

66 printf(” \n d : Tota l c o n s t a n t l o s s e s : \ n P k = %
. 1 f W \n”,P_k);

67

68 printf(” \n e : Armature c u r r e n t from maximum
e f f i c i e n c y : \ n I a = %. 1 f A\n ”,Ia);

69

70 printf(” \n f : L . F . = %. 1 f \n ”,LF);
71

72 printf(” \n g : m a x = %. 1 f p e r c e n t ”,eta_max);

Scilab code Exa 12.8 IL Ia Pd Pr Speed SR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−8
8

9 clear; clc; close; // C l ea r the work space and
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c o n s o l e .
10

11 // Given data
12 V = 240 ; // Vo l tage r a t i n g o f dc shunt motor i n

v o l t
13 P_hp = 5 ; // Power r a t i n g o f dc shunt motor i n hp
14 S_fl = 1100 ; // Speed i n rpm o f the dc shunt motor
15 R_a = 0.4 ; // Armture r e s i s t a n c e i n ohm
16 R_f = 240 ; // F i e l d r e s i s t a n c e i n ohm
17 eta = 0.75 ; // Fu l l−l o ad e f f i c i e n c y
18

19 // C a l c u l a t i o n s
20 // c a s e a
21 V_L = V ; // Load v o l t a g e
22 P_o = P_hp * 746 ; // Power r a t i n g o f dc shunt motor

i n W
23 I_L = P_o / (eta*V_L); // Rated input l i n e c u r r e n t

i n A
24

25 V_f = V ; // Vo l tage a c r o s s f i e l d wind ing i n v o l t
26 I_f = V_f / R_f ; // F i e l d c u r r e n t i n A
27 I_a = I_L - I_f ; // Rated armature c u r r e n t i n A
28

29 // c a s e b
30 V_a = V ; // Vo l tage a c r o s s armature i n v o l t
31 E_c = V_a - I_a*R_a ; // back EMF i n v o l t
32 P_d = E_c * I_a ; // Power deve l oped by the armature

i n W
33

34 // c a s e c
35 P_r = P_d - P_o ; // R o t a t i o n a l l o s s e s i n W at r a t e d

l oad
36

37 // c a s e d
38 // At no−l o ad
39 P_o_nl = 0 ;

40 P_r_nl = P_r ; // R o t a t i o n a l l o s s e s i n W at no l oad
41 P_d_nl = P_r_nl ;
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42

43 // c a s e e
44 I_a_nl = P_d_nl / V_a ; // No−l o ad armature c u r r e n t

i n A
45

46 // c a s e f
47 E_c_nl = V ; // No−l o ad v o l t a g e i n v o l t
48 E_c_fl = E_c ; // Fu l l−l o ad v o l t a g e i n v o l t
49 S_nl = (E_c_nl / E_c_fl)*S_fl ; // No−l o ad speed i n

rpm
50

51 // c a s e g
52 SR = (S_nl - S_fl)/S_fl * 100 ; // Speed r e g u l a t i o n
53

54 // D i s p l ay the r e s u l t s
55 disp(” Example 12−8 S o l u t i o n : ”);
56

57 printf(” \n a : Rated input l i n e c u r r e n t : \ n I L =
%. 2 f A \n ”,I_L);

58 printf(” \n Rated armature c u r r e n t : \ n I a = %
. 2 f A \n ”,I_a );

59

60 printf(” \n b : E c = %. 1 f V \n ”,E_c );

61 printf(” \n Power deve l oped by the armature at
r a t e d l oad : \ n P d = %d W \n ”,P_d);

62

63 printf(” \n c : R o t a t i o n a l l o s s e s at r a t e d l oad : \ n
P r = %d W \n ”, P_r );

64

65 printf(” \n d : At no−load , P o = %d W ; t h e r e f o r e \n\
t \ tP d = P r = %d W \n”,P_o_nl ,P_r);

66

67 printf(” \n e : No−l o ad armature c u r r e n t : \ n I a (
n l ) = %. 2 f A \n ”,I_a_nl );

68

69 printf(” \n f : No−l o ad speed : \ n S n l = %. f rpm \
n ”,S_nl );

70
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71 printf(” \n g : Speed r e g u l a t i o n : \ n SR = %. 1 f
p e r c e n t ”,SR );

Scilab code Exa 12.9 Ec Pd Po Pr To Ia efficiency speed SR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−9
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 240 ; // Vo l tage r a t i n g o f dc shunt motor i n

v o l t
13 I_L = 55 ; // Rated l i n e c u r r e n t i n A
14 S = 1200 ; // Speed i n rpm o f the dc shunt motor
15 P_r = 406.4 ; // R o t a t i o n a l l o s s e s i n W at r a t e d

l oad
16 R_f = 120 ; // F i e l d r e s i s t a n c e i n ohm
17 R_a = 0.4 ; // Armture r e s i s t a n c e i n ohm
18

19 // C a l c u l a t i o n s
20 // c a s e a
21

22 V_f = V ; // Vo l tage a c r o s s f i e l d wind ing i n v o l t
23 I_f = V_f / R_f ; // F i e l d c u r r e n t i n A
24 I_a = I_L - I_f ; // Rated armature c u r r e n t i n A
25

26 V_a = V ; // Vo l tage a c r o s s armature i n v o l t
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27 E_c = V_a - I_a*R_a ; // back EMF i n v o l t
28 P_d = E_c * I_a ; // Power deve l oped by the armature

i n W
29

30 // c a s e b
31 P_o = P_d - P_r ; // Rated output power i n W
32 P_o_hp = P_o / 746 ; // Rated output power i n hp
33

34 // c a s e c
35 T_o = (P_o_hp * 5252)/S ; // C i n lb− f t
36 T_o_Nm = T_o * (1.356); // Rated output t o r qu e i n N−

m
37

38 // c a s e d
39 P_in = V*I_L ; // Input power i n W
40 eta = (P_o/P_in)*100 ; // E f f i c i e n c y at r a t e d l oad
41

42 // c a s e e
43 // At no−l o ad
44 P_o_nl = 0 ;

45 P_r_nl = P_r ; // R o t a t i o n a l l o s s e s i n W at no l oad
46 P_d_nl = P_r_nl ;

47

48 I_a_nl = P_d_nl / V_a ; // No−l o ad armature c u r r e n t
i n A

49

50 E_c_nl = V ; // No−l o ad v o l t a g e i n v o l t
51 E_c_fl = E_c ; // Fu l l−l o ad v o l t a g e i n v o l t
52 S_fl = S ; // Fu l l−l o ad speed i n rpm
53 S_nl = (E_c_nl / E_c_fl)*S_fl ; // No−l o ad speed i n

rpm
54

55 // c a s e f
56 SR = (S_nl - S_fl)/S_fl * 100 ; // Speed r e g u l a t i o n
57

58 // D i s p l ay the r e s u l t s
59 disp(” Example 12−9 S o l u t i o n : ”);
60

262



61 printf(” \n a : E c = %. 1 f V \n ”,E_c );

62 printf(” \n Power deve l oped by the armature at
r a t e d l oad : \ n P d = %. 1 f W \n ”,P_d);

63

64 printf(” \n b : Rated output power : \ n P o = %d W
\n ”, P_o );

65 printf(” \n P o = %d hp \n ”,P_o_hp);
66

67 printf(” \n c : Rated output t o r q u e : \ n T o = %. 2 f
lb− f t ”,T_o);

68 printf(” \n T o = %. f N−m \n ”,T_o_Nm );

69

70 printf(” \n d : E f f i c i e n c y at r a t e d l oad : \ n =
%. 1 f p e r c e n t \n ”,eta );

71

72 printf(” \n e : At no−load , P o = %d W ; t h e r e f o r e \n\
t \ tP d = P r = EcIa VaIa = %. 1 f W \n”,P_o_nl ,
P_r);

73 printf(” \n No−l o ad armature c u r r e n t : \ n I a (
n l ) = %. 3 f A \n ”,I_a_nl );

74 printf(” \n No−l o ad speed : \ n S n l = %f %.
f rpm \n ”,S_nl ,S_nl );

75

76 printf(” \n f : Speed r e g u l a t i o n : \ n SR = %. 1 f
p e r c e n t ”,SR );

77

78 printf(” \n V a r i a t i o n i n SR i s due to non−
approx imat ion o f S n l = %f rpm”,S_nl);

79 printf(” \n w h i l e c a l c u l a t i n g SR i n s c i l a b . ”)

Scilab code Exa 12.10 efficiency Pf Pd Pr Ia LF max efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
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4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 125 ; // Vo l tage r a t i n g o f g e n r a t o r i n v o l t
13 P_o = 12500 ; // Power r a t i n g o f g e n r a t o r i n W
14 P_hp = 20 ; // Power r a t i n g o f motor i n hp
15 R_a = 0.1 ; // Armture r e s i s t a n c e i n ohm
16 R_f = 62.5 ; // F i e l d r e s i s t a n c e i n ohm
17 P_var = 1040 ; // Rated v a r i a b l e e l e c t r i c l o s s i n W
18

19 // C a l c u l a t i o n s
20 // c a s e a
21 P_in = P_hp * 746 ; // Power input to g e n e r a t o r i n W
22 eta = P_o / P_in * 100 ; // E f f i c i e n c y
23

24 // c a s e b
25 V_f = V ; // Vo l tage a c r o s s shunt f i e l d wdg i n v o l t
26 P_sh_loss = (V_f)^2 / R_f ; // Shunt f i e l d l o s s i n W
27

28 // c a s e c
29 V_L = V ;

30 I_L = P_o / V_L ; // Line c u r r e n t i n A
31 I_f = V_f / R_f ; // F i e l d c u r r e n t i n A
32 I_a = I_L + I_f ; // Armature c u r r e n t i n A
33 E_g = V_L + I_a*R_a ; // Generated EMF i n v o l t
34

35 P_d1 = E_g * I_a ; // Generated e l e c t r i c power i n W
36 P_f = V_f * I_f ;

37 P_d2 = P_o + P_var + P_f ; // Generated e l e c t r i c
power i n W

38
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39 // c a s e d
40 P_d = P_d1;

41 P_r = P_in - P_d ; // R o t a t i o n a l power l o s s e s i n W
42

43 // c a s e e
44 P_k = P_r + V_f*I_f ; // Constant l o s s e s i n W
45 Ia = sqrt(P_k/R_a); // Armature c u r r e n t i n A f o r max

. e f f i c i e n c y
46

47 // c a s e f
48 I_a_rated = I_a ; // Rated armature c u r r e n t i n A
49 LF = Ia / I_a ; // Load f r a c t i o n
50

51 // c a s e g
52 rated_output = 12500 ; // Rated output i n kW
53 // Maximum e f f i c i e n c y
54 eta_max = ( LF * rated_output ) / ( ( LF *

rated_output ) + (2*P_k) ) * 100 ;

55

56 // D i s p l ay the r e s u l t s
57 disp(” Example 12−10 S o l u t i o n : ”);
58

59 printf(” \n a : E f f i c i e n c y : \ n = %f p e r c e n t
%. 1 f p e r c e n t \n ”,eta ,eta);

60

61 printf(” \n b : Shunt f i e l d l o s s : \ n ( V f ) ˆ2/ R f =
%d W \n ”,P_sh_loss);

62

63 printf(” \n c : L ine c u r r e n t : I L = %d A \n\n
F i e l d c u r r e n t : I f = %d A”,I_L ,I_f);

64 printf(” \n\n Armature c u r r e n t : I a = %d A ”,I_a
);

65 printf(” \n\n Generated EMF : E g = %. 1 f V ”,E_g)
;

66 printf(” \n\n Generated e l e c t r i c power : ”);
67 printf(” \n 1 . P d = %d W \n\n 2 . P d = %d W \

n ”,P_d1 ,P_d2);
68
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69 printf(” \n d : R o t a t i o n a l power l o s s e s : \ n P r =
%f W %. f W \n”,P_r ,P_r);

70

71 printf(” \n e : Constant l o s s e s : P k = %f W %. f
W \n ”, P_k ,P_k);

72 printf(” \n Armature c u r r e n t f o r max . e f f i c i e n c y :
I a = %. 1 f A \n ”,Ia);

73

74 printf(” \n f : Load f r a c t i o n : L . F . = %. 2 f \n ”,LF);
75

76 printf(” \n g : Maximum e f f i c i e n c y : = %f p e r c e n t
%. 2 f p e r c e n t ”,eta_max ,eta_max);

Scilab code Exa 12.11 efficiency at different LF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−11
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( from Ex.12−10)
12 V = 125 ; // Vo l tage r a t i n g o f g e n r a t o r i n v o l t
13 P_o = 12500 ; // Power r a t i n g o f g e n r a t o r i n W
14 P_hp = 20 ; // Power r a t i n g o f motor i n hp
15 R_a = 0.1 ; // Armture r e s i s t a n c e i n ohm
16 R_f = 62.5 ; // F i e l d r e s i s t a n c e i n ohm
17 P_var = 1040 ; // Rated v a r i a b l e e l e c t r i c l o s s i n W
18
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19 // C a l c u l a t e d data from Ex.12−10
20 P_k = 1380 ; // Constant l o s s e s i n W
21

22 // C a l c u l a t i o n s
23 // E f f i c i e n c y o f the dc shunt g e n e r a t o r
24 // = ( output ∗L . F) / ( ( output ∗L . F) + P k + (L . F)

ˆ2 ∗ P a r a t e d ) ∗ 100
25 output = P_o ;

26 P_a_rated = P_var ;

27

28 // c a s e a
29 LF1 = 25*(1/100); // At 25 % r a t e d output
30 // E f f i c i e n c y o f the dc shunt g e n e r a t o r at 25 %

r a t e d output
31 eta_1 = (output*LF1) / ( (output*LF1) + P_k + (LF1)

^2 * P_a_rated ) * 100 ;

32

33 // c a s e b
34 LF2 = 50*(1/100); // At 50 % r a t e d output
35 // E f f i c i e n c y o f the dc shunt g e n e r a t o r at 50 %

r a t e d output
36 eta_2 = (output*LF2) / ( (output*LF2) + P_k + (LF2)

^2 * P_a_rated ) * 100 ;

37

38 // c a s e c
39 LF3 = 75*(1/100); // At 75 % r a t e d output
40 // E f f i c i e n c y o f the dc shunt g e n e r a t o r at 75 %

r a t e d output
41 eta_3 = (output*LF3) / ( (output*LF3) + P_k + (LF3)

^2 * P_a_rated ) * 100 ;

42

43 // c a s e d
44 LF4 = 125*(1/100); // At 125 % r a t e d output
45 // E f f i c i e n c y o f the dc shunt g e n e r a t o r at 125 %

r a t e d output
46 eta_4 = (output*LF4) / ( (output*LF4) + P_k + (LF4)

^2 * P_a_rated ) * 100 ;

47
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48

49 // D i s p l ay the r e s u l t s
50 disp(” Example 12−11 S o l u t i o n : ”);
51

52 printf(” \n a : at %. 2 f r a t e d output = %. 2 f
p e r c e n t \n ”,LF1 ,eta_1);

53

54 printf(” \n b : at %. 2 f r a t e d output = %. 2 f
p e r c e n t \n ”,LF2 ,eta_2);

55 printf(” \n P l e a s e note : C a l c u l a t i o n e r r o r f o r
c a s e b : i n the t ex tbook . \ n”);

56

57 printf(” \n c : at %. 2 f r a t e d output = %. 2 f
p e r c e n t \n ”,LF3 ,eta_3);

58

59 printf(” \n d : at %. 2 f r a t e d output = %. 2 f
p e r c e n t \n ”,LF4 ,eta_4);

Scilab code Exa 12.12 Ia Ra Pf Pk Pcu efficiencies Pd

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−12
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3−phase Y−connec t ed a l t e r n a t o r
13 kVA = 100 ; // kVA r a t i n g o f the a l t e r n a t o r
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14 V = 1100 ; // Rated v o l t a g e o f the a l t e r n a t o r i n
v o l t

15 I_a_nl = 8 ; // No−l o ad armature c u r r e n t i n A
16 P_in_nl = 6000 ; // No−l o ad Power input to the

armature i n W
17 V_oc = 1350 ; // Open−ck t l i n e v o l t a g e i n v o l t
18 I_f = 18 ; // F i e l d c u r r e n t i n A
19 V_f = 125 ; // v o l t a g e a c r o s s f i e l d wind ing i n v o l t
20

21 // C a l c u l a t i o n s
22 // From Ex.6−4 ,
23 R_a = 0.45 ; // Armature r e s i s t a n c e i n ohm/ phase
24 I_a_rated = 52.5 ; // Rated armature c u r r e n t i n A/

phase
25

26 // c a s e a
27 P_r = P_in_nl - 3 * (I_a_nl)^2 * R_a ; // R o t a t i o n a l

l o s s o f synchronous dynamo i n W
28

29 // c a s e b
30 P_f = V_f*I_f ; // F i e l d copper l o s s i n W
31

32 // c a s e c
33 P_k = P_r + P_f ; // Fixed l o s s e s i n W at r a t e d

synchronous speed
34 Pk = P_k / 1000 ; // Fixed l o s s e s i n kW at r a t e d

synchronous speed
35

36 // c a s e d
37 P_cu = 3 * (I_a_rated)^2 * R_a ; // Rated e l e c t r i c

armature cu− l o s s i n W
38 P_cu_kW = P_cu / 1000 ; // Rated e l e c t r i c armature

cu− l o s s i n kW
39

40 LF1 = 1/4 ; // Load f r a c t i o n
41 LF2 = 1/2 ; // Load f r a c t i o n
42 LF3 = 3/4 ; // Load f r a c t i o n
43 P_cu_LF1 = P_cu * (LF1)^2 ; // E l e c t r i c armature cu−
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l o s s i n W at 1/4 l oad
44 P_cu_LF2 = P_cu * (LF2)^2 ; // E l e c t r i c armature cu−

l o s s i n W at 1/2 l oad
45 P_cu_LF3 = P_cu * (LF3)^2 ; // E l e c t r i c armature cu−

l o s s i n W at 3/4 l oad
46

47 P_cu_LF1_kW = P_cu_LF1 / 1000 ; // E l e c t r i c armature
cu− l o s s i n kW at 1/4 l oad

48 P_cu_LF2_kW = P_cu_LF2 / 1000 ; // E l e c t r i c armature
cu− l o s s i n kW at 1/2 l oad

49 P_cu_LF3_kW = P_cu_LF3 / 1000 ; // E l e c t r i c armature
cu− l o s s i n kW at 3/4 l oad

50

51

52 // c a s e e
53 PF = 0.9 ; // Power f a c t o r l a g g i n g
54 // E f f i c i e n c y
55 // = LF( r a t e d kVA) ∗PF / ( LF( r a t e d kVA) ∗PF + P k

+ P cu ) ∗ 100
56 eta_1 = (LF1 * kVA * PF) / ( (LF1 * kVA * PF) + Pk +

P_cu_LF1_kW ) * 100 ;// E f f i c i e n c y at 1/4 l oad
57 eta_2 = (LF2 * kVA * PF) / ( (LF2 * kVA * PF) + Pk +

P_cu_LF2_kW ) * 100 ;// E f f i c i e n c y at 1/2 l oad
58 eta_3 = (LF3 * kVA * PF) / ( (LF3 * kVA * PF) + Pk +

P_cu_LF3_kW ) * 100 ;// E f f i c i e n c y at 3/4 l oad
59 eta_fl = (kVA * PF) / ( (kVA * PF) + Pk + P_cu_kW )

* 100 ;// E f f i c i e n c y at f u l l l o ad
60

61 // c a s e f
62 Ia = sqrt(P_k /(3* R_a)); // Armature c u r r e n t i n A f o r

max . e f f i c i e n c y at 0 . 9 PF l a g g i n g
63 LF = Ia / I_a_rated ; // Load f r a c t i o n f o r max .

e f f i c i e n c y
64 // at max . e f f i c i e n c y P cu = P k
65 eta_max = (LF * kVA * PF) / ( (LF * kVA * PF) + 2*Pk

) * 100 ;// Max E f f i c i e n c y 0 . 9 PF l a g g i n g
66

67 // c a s e g
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68 P_o = kVA*PF ; // Output power at 0 . 9 PF l a g g i n g
69 I_a = I_a_rated ;

70 P_d = P_o + (3*( I_a)^2*R_a /1000) + (V_f*I_f /1000) ;

// Armature power deve l oped i n kW at 0 . 9 PF
l a g g i n g at f u l l −l o ad

71

72 // D i s p l ay the r e s u l t s
73 disp(” Example 12−12 S o l u t i o n : ”);
74

75 printf(” \n From Ex.6−4 ,\n R a = %. 2 f / phase ”,R_a)
;

76 printf(” \n I a ( r a t e d ) = %. 1 f A \n ”,I_a_rated);
77

78 printf(” \n a : R o t a t i o n a l l o s s o f synchronous dynamo
: \ n P r = %. f W \n”,P_r);

79

80 printf(” \n b : F i e l d copper l o s s : \ n P f = %d W \
n ”,P_f);

81

82 printf(” \n c : Fixed l o s s e s at r a t e d synchronous
speed : \ n P k = %. f W\n”,P_k);

83

84 printf(” \n d : P cu at r a t e d l oad = %. f W\n P cu
, ”,P_cu);

85 printf(” \n at %. 2 f r a t e d l oad = %. 1 f W”,LF1 ,

P_cu_LF1);

86 printf(” \n at %. 2 f r a t e d l oad = %. 1 f W”,LF2 ,

P_cu_LF2);

87 printf(” \n at %. 2 f r a t e d l oad = %. 1 f W \n”,LF3 ,

P_cu_LF3);

88

89

90 printf(” \n e : E f f i c i e n c y : \ n at %. 2 f l o ad = %
. 1 f p e r c e n t ”,LF1 ,eta_1);

91 printf(” \n at %. 2 f l o ad = %. 1 f p e r c e n t ”,LF2 ,
eta_2);

92 printf(” \n at %. 2 f l o ad = %. 1 f p e r c e n t ”,LF3 ,
eta_3);
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93 printf(” \n at f u l l −l o ad = %. 1 f p e r c e n t \n”,
eta_fl);

94

95 printf(” \n f : Armature c u r r e n t f o r max . e f f i c i e n c y
at 0 . 9 PF l a g g i n g : ”);

96 printf(” \n I a (max) = %f A %. 1 f A\n”,Ia ,Ia);
97 printf(” \n L . F . = %. 2 f \n”,LF);
98 printf(” \n Maximum e f f i c i e n c y : \ n m a x = %

. 1 f p e r c e n t \n ”,eta_max);
99

100 printf(” \n g : Armature power deve l oped at 0 . 9 PF
l a g g i n g at f u l l −l o ad : ”);

101 printf(” \n P d = %. 2 f kW ”,P_d);

Scilab code Exa 12.13 Pf Pcu Zs VR efficiencies Pd

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−13
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3−phase Y−connec t ed a l t e r n a t o r
13 kVA = 1000 ; // kVA r a t i n g o f the a l t e r n a t o r
14 V = 2300 ; // Rated v o l t a g e o f the a l t e r n a t o r i n

v o l t
15

16 // DC MOTOR
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17 P_hp = 100 ; // Power r a t i n g o f the dc motor i n hp
18 V_motor = 240 ; // Rated v o l t a g e o f the motor i n

v o l t
19 // 4− s t e p e f f i c i e n c y / r e g u l a t i o n t e s t
20 // Test 1
21 P_1 = 7.5 ; // motor output i n kW
22

23 // Test 2
24 P_2 = 16 ; // motor output i n kW
25 VfIf = 14 ; // F i e l d l o s s e s i n kW
26 P_f = VfIf ; // F i e l d l o s s e s i n kW
27

28 // Test 3
29 P_3 = 64.2 ; // motor output i n kW
30 I_sc = 251 ; // Shor t ck t c u r r e n t i n A
31

32 // Test 4
33 V_L = 1443 ; // Line v o l t a g e i n v o l t
34

35 // C a l c u l a t i o n s
36 // c a s e a
37 P_r = P_2 ; // R o t a t i o n a l l o s s e s i n kW From t e s t 2
38

39 // c a s e b
40 P_cu = P_3 - P_1 ; // Fu l l−l o ad armature copper l o s s

i n kW
41

42 // c a s e c
43 E_gL = V_L ; // Generated l i n e v o l t a g e i n v o l t
44 Z_s = (E_gL/sqrt (3)) / I_sc ; // Synchronous

impedance o f the armature i n ohm
45

46 // c a s e d
47 R_a = 0.3 ; // Armature r e s i s t a n c e i n ohm
48 X_s = sqrt( (Z_s)^2 - (R_a)^2 ); // Synchronous

r e a c t a n c e o f the armature i n ohm
49

50 // c a s e e
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51 cos_theta = 0.8 ; // PF l a g g i n g
52 sin_theta = sqrt( 1 - (cos_theta)^2 );

53 V_p = V / sqrt (3); // Phase v o l t a g e i n v o l t
54

55 // Generated v o l t a g e per phase i n v o l t
56 I_a = I_sc ; // Armature c u r r e n t i n A
57

58 E_gp = (V_p*cos_theta + I_a*R_a) + %i*(V_p*sin_theta

+ I_a*X_s);

59 E_gp_m = abs(E_gp);// E gp m=magnitude o f E gp i n
v o l t

60 E_gp_a = atan(imag(E_gp) /real(E_gp))*180/ %pi;//
E gp a=phase a n g l e o f E gp i n d e g r e e s

61

62 V_nl = E_gp_m ; // No−l o ad v o l t a g e i n v o l t
63 V_fl = V_p ; // Fu l l−l o ad v o l t a g e i n v o l t
64

65 VR = (V_nl - V_fl)/V_fl * 100 ; // A l t e r n a t o r
v o l t a g e r e g u l a t i o n

66

67 // c a s e f
68 PF = 0.8 ; // l a g g i n g PF
69 LF = 1 ; // l oad f r a c t i o n
70 eta_rated = (LF*kVA*PF)/( (LF*kVA*PF) + (P_f + P_r)

+ P_cu ) * 100 ; // E f f i c i e n c y at 0 . 8 l a g g i n g PF
71

72 // c a s e g
73 P_k = (P_f + P_r) ; // Constant l o s s e s i n kW
74 L_F = sqrt(P_k/P_cu); // Load f r a c t i o n f o r max .

e f f i c i e n c y
75 // at max . e f f i c i e n c y P k = P cu
76 eta_max = (L_F*kVA*PF)/( (L_F*kVA*PF) + 2*P_k ) *

100 ; // Max . E f f i c i e n c y at 0 . 8 l a g g i n g PF
77

78

79 // c a s e h
80 P_o = kVA ; // Output power i n kVA
81 P_d = P_o +(3*( I_a)^2* R_a /1000) + (VfIf) ; //
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Armature power deve l oped i n kW at u n i t y PF at
rated−l o ad

82

83 // D i s p l ay the r e s u l t s
84 disp(” Example 12−13 S o l u t i o n : ”);
85

86 printf(” \n a : From Test 2 , R o t a t i o n a l l o s s e s : \ n
P r = %d kW \n”,P_r);

87

88 printf(” \n b : Fu l l−l o ad armature copper l o s s : \ n
P cu = %. 1 f kW \n”,P_cu);

89

90 printf(” \n c : Synchronous impedance o f the armature
: \ n Z s = %f %. 2 f \n”,Z_s ,Z_s);

91

92 printf(” \n d : Synchronous r e a c t a n c e o f the armature
: \ n j X s = %f %. 2 f \n”,X_s ,X_s);

93

94 printf(” \n e : E gp = ”);disp(E_gp);
95 printf(” \n E gp = %. f <%. 1 f V\n”,E_gp_m ,E_gp_a);
96 printf(” \n A l t e r n a t o r v o l t a g e r e g u l a t i o n : \ n

VR = %. 2 f p e r c e n t \n”,VR);
97

98 printf(” \n Obtained VR v a l u e through s c i l a b
c a l c u l a t i o n i s s l i g h t l y d i f f e r e n t from tex tbook ”)
;

99 printf(” \n because o f non−approx imat ion o f Z s ,
X s and E gp w h i l e c a l c u l a t i n g i n s c i l a b . \ n”);

100

101 printf(” \n f : A l t e r n a t o r e f f i c i e n c y at 0 . 8 l a g g i n g
PF : \ n r a t e d = %. 1 f p e r c e n t \n”,eta_rated);

102

103 printf(” \n g : L . F = %. 4 f \n”,L_F);
104 printf(” \n Max . E f f i c i e n c y at 0 . 8 l a g g i n g PF : \

m a x = %. 2 f p e r c e n t \n”,eta_max );

105

106 printf(” \n h : Power deve l oped by the a l t e r n a t o r
armature at r a t e d load , u n i t y PF : ”);
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107 printf(” \n P d = %. f kW”,P_d);

Scilab code Exa 12.14 Pr Pcu efficiencies hp torque

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−14
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 4 ;// Number o f p o l e s i n I n d u c t i o n motor
13 f = 60 ; // Frequency i n Hz
14 V = 220 ; // Rated v o l t a g e o f IM i n v o l t
15 hp_IM = 5 ; // Power r a t i n g o f IM i n hp
16 PF = 0.9 ; // Power f a c t o r
17 I_L = 16 ; // Line c u r r e n t i n A
18 S = 1750 ; // Speed o f IM i n rpm
19

20 // No−l o ad t e s t data
21 I_nl = 6.5 ; // No−l o ad l i n e c u r r e n t i n A
22 V_nl = 220 ; // No−l o ad l i n e v o l t a g e i n v o l t
23 P_nl = 300 ; // No−l o ad power r e a d i n g i n W
24

25 // Blocked r o t o r t e s t
26 I_br = 16 ; // Blocked r o t o r l i n e c u r r e n t i n A
27 V_br = 50 ; // Blocked r o t o r v o l t a g e i n v o l t
28 P_br = 800 ; // Blocked r o t o r power r e a d i n g i n W
29
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30 // C a l c u l a t i o n s
31 // c a s e a
32 P_cu = P_br ; // Fu l l−l o ad e q u i v a l e n t cu− l o s s
33 I_1 = I_br ; // Primary c u r r e n t i n A
34 R_e1 = (P_cu) / (3/2 * (I_1)^2 ); // E q u i v a l e n t

t o t a l r e s i s t a n c e o f IM i n ohm
35

36 // c a s e b
37 P_in = P_nl ; // Input power to IM
38 I1 = I_nl ; // Input c u r r e n t i n A
39 P_r = P_in - (3/2 * (I1)^2 * R_e1); // R o t a t i o n a l

l o s s e s i n W
40

41 // c a s e c
42 LF1 = 1/4 ; // Load f r a c t i o n
43 LF2 = 1/2 ; // Load f r a c t i o n
44 LF3 = 3/4 ; // Load f r a c t i o n
45 LF4 = 5/4 ; // Load f r a c t i o n
46 P_cu_LF1 = (LF1)^2 * P_cu ; // E q u i v a l e n t copper

l o s s at 1/4 rated−l o ad
47 P_cu_LF2 = (LF2)^2 * P_cu ; // E q u i v a l e n t copper

l o s s at 1/2 rated−l o ad
48 P_cu_LF3 = (LF3)^2 * P_cu ; // E q u i v a l e n t copper

l o s s at 3/4 rated−l o ad
49 P_cu_LF4 = (LF4)^2 * P_cu ; // E q u i v a l e n t copper

l o s s at 5/4 rated−l o ad
50

51 // c a s e d
52 Full_load_input = sqrt (3)*V*I_L*PF ;

53

54 // E f f i c i e n c y
55 // E f f i c i e n c y at 1/4 r a t e d l oad
56 eta_LF1 = ( Full_load_input*LF1 - (P_r + P_cu_LF1) )

/ (Full_load_input*LF1) * 100 ;

57

58 // E f f i c i e n c y at 1/2 r a t e d l oad
59 eta_LF2 = ( Full_load_input*LF2 - (P_r + P_cu_LF2) )

/ (Full_load_input*LF2) * 100 ;
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60

61 // E f f i c i e n c y at 3/4 r a t e d l oad
62 eta_LF3 = ( Full_load_input*LF3 - (P_r + P_cu_LF3) )

/ (Full_load_input*LF3) * 100 ;

63

64 // E f f i c i e n c y at r a t e d l oad
65 eta_rated = ( Full_load_input - (P_r + P_cu) ) / (

Full_load_input) * 100 ;

66

67 // E f f i c i e n c y at 5/4 r a t e d l oad
68 eta_LF4 = ( Full_load_input*LF4 - (P_r + P_cu_LF4) )

/ (Full_load_input*LF4) * 100 ;

69

70 // c a s e e
71 // s i n c e e t a i s c a l c u l a t e d i n p e r c e n t d i v i d e i t by

100 f o r hp c a l c u l a t i o n s
72 P_o_LF1 = (Full_load_input*LF1*eta_LF1 /100) /746 ; //

Output hp at 1/4 r a t e d l oad
73 P_o_LF2 = (Full_load_input*LF2*eta_LF2 /100) /746 ; //

Output hp at 1/2 r a t e d l oad
74 P_o_LF3 = (Full_load_input*LF3*eta_LF3 /100) /746 ; //

Output hp at 3/4 r a t e d l oad
75 P_o = (Full_load_input*eta_rated /100) /746 ; //

Output hp at 1/4 r a t e d l oad
76 P_o_LF4 = (Full_load_input*LF4*eta_LF4 /100) /746 ; //

Output hp at 5/4 r a t e d l oad
77

78 // c a s e f
79 hp = P_o ; // Rated output hor sepower
80 T_o = (P_o *5252)/S ; // Outpue t o r q u e at f u l l −l o ad

i n lb− f t
81 T_o_Nm = T_o * 1.356 ; // Outpue t o r q u e at f u l l −l o ad

i n N−m
82

83 // D i s p l ay the r e s u l t s
84 disp(” Example 12−14 S o l u t i o n : ”);
85

86 printf(” \n a : E q u i v a l e n t t o t a l r e s i s t a n c e o f IM : \ n
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R e1 = %. 3 f \n”,R_e1);
87

88 printf(” \n b : R o t a t i o n a l l o s s e s : \ n P r = %. f W
\n ”,P_r);

89

90 printf(” \n c : At f u l l −load , P cu = %d W \n”,P_cu);
91 printf(” \n P cu at %. 2 f r a t e d l oad = %d W”,LF1 ,

P_cu_LF1)

92 printf(” \n P cu at %. 2 f r a t e d l oad = %d W”,LF2 ,
P_cu_LF2)

93 printf(” \n P cu at %. 2 f r a t e d l oad = %d W”,LF3 ,
P_cu_LF3)

94 printf(” \n P cu at %. 2 f r a t e d l oad = %d W \n”,
LF4 ,P_cu_LF4)

95

96 printf(” \n d : Fu l l−l o ad input = %. f W \n”,
Full_load_input);

97 printf(” \n E f f i c i e n c y : \ n at %. 2 f r a t e d
l oad = %. 1 f p e r c e n t \n”,LF1 ,eta_LF1);

98 printf(” \n at %. 2 f r a t e d l oad = %. 1 f p e r c e n t
\n”,LF2 ,eta_LF2);

99 printf(” \n at %. 2 f r a t e d l oad = %. 1 f p e r c e n t
\n”,LF3 ,eta_LF3);

100 printf(” \n at r a t e d l oad = %. 1 f p e r c e n t \n”,
eta_rated);

101 printf(” \n at %. 2 f r a t e d l oad = %. 1 f p e r c e n t
\n”,LF4 ,eta_LF4);

102

103 printf(” \n e : Output hor sepower : \ n P o at %. 2 f
r a t e d l oad = %. 3 f hp \n”,LF1 ,P_o_LF1);

104 printf(” \n P o at %. 2 f r a t e d l oad = %. 3 f hp \n”,
LF2 ,P_o_LF2);

105 printf(” \n P o at %. 2 f r a t e d l oad = %. 3 f hp \n”,
LF3 ,P_o_LF3);

106 printf(” \n P o at r a t e d l oad = %. 3 f hp \n”,P_o);
107 printf(” \n P o at %. 2 f r a t e d l oad = %. 3 f hp \n”,

LF4 ,P_o_LF4);

108
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109 printf(” \n f : Output t o r q u e at f u l l −l o ad : \ n T o
= %. 1 f lb− f t ”,T_o);

110 printf(” \n T o = %. 2 f N−m”,T_o_Nm);

Scilab code Exa 12.15 RPO efficiency hp torque compare

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−15
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( from Ex.12−14)
12 pole = 4 ;// Number o f p o l e s i n I n d u c t i o n motor
13 f = 60 ; // Frequency i n Hz
14 V = 220 ; // Rated v o l t a g e o f IM i n v o l t
15 hp_IM = 5 ; // Power r a t i n g o f IM i n hp
16 PF = 0.9 ; // Power f a c t o r
17 I_L = 16 ; // Line c u r r e n t i n A
18 S_r = 1750 ; // Speed o f IM i n rpm
19

20 // No−l o ad t e s t data
21 I_nl = 6.5 ; // No−l o ad l i n e c u r r e n t i n A
22 V_nl = 220 ; // No−l o ad l i n e v o l t a g e i n v o l t
23 P_nl = 300 ; // No−l o ad power r e a d i n g i n W
24

25 // Blocked r o t o r t e s t
26 I_br = 16 ; // Blocked r o t o r l i n e c u r r e n t i n A
27 V_br = 50 ; // Blocked r o t o r v o l t a g e i n v o l t
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28 P_br = 800 ; // Blocked r o t o r power r e a d i n g i n W
29 R_dc = 1 ; // dc r e s i s t a n c e i n ohm between l i n e s
30

31 // g i v e n data from ex .12−15
32 V = 220 ; // v o l t a g e r a t i n g i n v o l t
33 P_input = 5500 ; // power drawn i n W
34

35 // C a l c u l a t i o n s
36 // P r e l i m i n a r y c a l c u l a t i o n s
37 R_e1 = 1.25* R_dc ; // E q u i v a l e n t t o t a l r e s i s t a n c e o f

IM i n ohm
38 P_in = P_nl ; // Input power to IM i n W
39 I1 = I_nl ; // Input c u r r e n t i n A
40 P_r = P_in - (3/2 * (I1)^2 * R_e1); // R o t a t i o n a l

l o s s e s i n W
41

42 I_1 = I_L ;

43 SCL = (3/2 * (I_1)^2 * R_e1) ; // S t a t o r Copper Loss
i n W at f u l l −l o ad

44 SPI = P_input ; // S t a t o r Power Input i n W
45 RPI = SPI - SCL ; // Rotor Power Input i n W
46

47 S = (120*f/pole); // Speed o f synchronous magnet i c
f i e l d i n rpm

48 s = (S-S_r)/S ; // S l i p
49

50 RPD = RPI*(1-s); // Rotor Power Deve loped i n W
51 RPO = RPD - P_r ; // Rotor Power Output i n W
52

53 // c a s e a
54 P_o = RPO ;

55 eta_fl = (P_o / P_input)*100 ; // Fu l l−l o ad
e f f i c i e n c y

56

57 // c a s e b
58 hp = P_o / 746 ; // Output hor sepower
59 T_o = (hp *5252)/S_r ; // Output t o r qu e i n lb− f t
60 T_o_Nm = T_o * 1.356 ; // Output t o r q ue i n N−m
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61

62 // D i s p l ay the r e s u l t s
63 disp(” Example 12−15 S o l u t i o n : ”);
64

65 printf(” \n P r e l i m i n a r y c a l c u l a t i o n s : ”);
66 printf(” \n R e1 = %. 2 f \n”,R_e1);
67 printf(” \n P r = %. 1 f W \n ”,P_r);
68 printf(” \n SCL( f l ) = %d W \n ”,SCL);
69 printf(” \n RPI ( f l ) = %d W \n ”,RPI);
70 printf(” \n RPD( f l ) = %f W %. 1 f W \n ”,RPD ,RPD);
71 printf(” \n RPO( f l ) = %f W %. f W \n ”,RPO ,RPO);
72

73 printf(” \n a : Fu l l−l o ad e f f i c i e n c y : \ n f l = %
. 1 f p e r c e n t \n”,eta_fl);

74

75 printf(” \n b : Output hor sepower : \ n hp = %. 2 f hp
at f u l l −l o ad \n”,hp);

76 printf(” \n Output t o rq u e at f u l l −l o ad : \ n T o
= %f lb− f t %. 1 f lb− f t ”,T_o ,T_o);

77 printf(” \n T o = %f lb− f t %. 2 f N−m \n ”,
T_o_Nm ,T_o_Nm);

78

79 printf(” \n c : Compar i s ion o f r e s u l t s ”);
80 printf(” \n

”);
81 printf(” \n \ t \ t \ t \ t \ t Ex.12−14\ tEx .12−15 ”);
82 printf(” \n

”);
83 printf(” \n \ t f l ( p e r c e n t ) \ t \ t \ t 8 2 . 4 \ t \ t %. 1 f

”,eta_fl);
84 printf(” \n \ t Rated output ( hp ) \ t \ t 6 . 0 6 \ t \ t %. 2 f

”,hp);
85 printf(” \n \ t Rated output t o rq u e ( lb− f t ) \ t 1 8 . 2 \ t

\ t %. 1 f ”,T_o);
86 printf(” \n
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”);

Scilab code Exa 12.16 Ip Ir PF SPI SCL RPI RCL RPD T hp efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−16
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // code l e t t e r = J
13 P = 6 ; // Number o f p o l e s
14 S_r = 1176 ; // r o t o r speed i n rpm
15 V = 220 ; // Rated v o l t a g e o f SCIM i n v o l t
16 f = 60 ; // Frequency i n Hz
17 hp_SCIM = 7.5 ; // Power r a t i n g o f SCIM i n hp
18

19 R_ap = 0.3 ; // armature r e s i s t a n c e i n ohm/ phase
20 R_r = 0.144 ; // r o t o r r e s i s t a n c e i n ohm/ phase
21 jX_m = 13.5 ; // r e a c t a n c e i n ohm/ phase
22 jX_s = 0.5 ; // synchronous r e a c t a n c e i n ohm/ phase
23 jX_lr = 0.2 ; // Locked r o t o r r e a c t a n c e i n ohm/ phase
24 P_r = 300 ; // R o t a t i o n a l l o s s e s i n W
25

26 disp(” Example 12−16 : ”);
27 // C a l c u l a t i o n s
28 S = (120*f/P); // Speed o f synchronous magnet i c

f i e l d i n rpm
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29 // c a s e a
30 s = (S-S_r)/S ; // S l i p
31

32 R_r_by_s = R_r / s ;

33

34 // c a s e b
35 printf(” \n From f i g .12−11 , u s i n g the format method

o f mesh a n a l y s i s , we may w r i t e ”);
36 printf(” \n the a r r a y by i n s p e c t i o n : \ n ”);
37 printf(” \

n ”
);

38 printf(” \n \ t I 1 \ t I 2 \ t \ t V ”);
39 printf(” \

n ”
);

40 printf(” \n\ t (0 .3+ j 1 4 ) −(0+ j 1 3 . 5 ) \ t (127+ j 0 ) ”);
41 printf(” \n\ t−(0+ j 1 3 . 5 ) (7 .2+ j 1 3 . 7 ) \ t 0”);
42 printf(” \

n \
n”);

43

44 A = [ (0.3 + %i*14) -%i *13.5 ; (-%i *13.5) (7.2 + %i

*13.7) ]; // Matr ix c o n t a i n i n g above mesh eqns
a r r a y

45 delta = det(A); // Determinant o f A
46

47 // c a s e b : S t a t o r armature c u r r e n t I p i n A
48 I_p = det( [ (127+%i*0) (-%i *13.5) ; 0 (7.2 + %i

*13.7) ] ) / delta ;

49 I_p_m = abs(I_p);// I p m=magnitude o f I p i n A
50 I_p_a = atan(imag(I_p) /real(I_p))*180/ %pi;// I p a=

phase a n g l e o f I p i n d e g r e e s
51 I_1 = I_p ; // S t a t o r armature c u r r e n t i n A
52

53 // c a s e c : Rotor c u r r e n t I r per phase i n A
54 I_r = det( [ (0.3 + %i*14) (127+ %i*0) ; (-%i *13.5) 0

] ) / delta ;

284



55 I_r_m = abs(I_r);// I r m=magnitude o f I r i n A
56 I_r_a = atan(imag(I_r) /real(I_r))*180/ %pi;// I r a=

phase a n g l e o f I r i n d e g r e e s
57

58 // c a s e d
59 theta = I_p_a ; // Motor PF a n g l e i n d e g r e e s
60 cos_theta = cosd(theta); // Motor PF
61

62 // c a s e e
63 I_p = I_p_m ; // S t a t o r armature c u r r e n t i n A
64 V_p = V / sqrt (3); // Phase v o l t a g e i n v o l t
65 SPI = V_p * I_p * cos_theta ; // S t a t o r Power Input

i n W
66

67 // c a s e f
68 SCL = (I_p)^2 * R_ap ; // S t a t o r Copper Loss i n W
69

70 // c a s e g
71 // S u b s c r i p t s 1 and 2 f o r RPI i n d i c a t e s two methods

o f c a l c u l a t i n g RPI
72 RPI_1 = SPI - SCL ; // Rotor Power Input i n W
73 RPI_2 = (I_r_m)^2 * (R_r/s); // Rotor Power Input i n

W
74 RPI =RPI_1 ;

75

76 // c a s e h
77 RCL = s*(RPI); // Rotor copper l o s s e s i n W
78

79 // c a s e i
80 // S u b s c r i p t s 1 , 2 and 3 f o r RPD i n d i c a t e s t h r e e

methods o f c a l c u l a t i n g RPD
81 RPD_1 = RPI - RCL ; // Rotor Power Deve loped i n W
82 RPD_2 = RPI * ( 1 - s ); // Rotor Power Deve loped i n

W
83 RPD = RPD_1 ;

84

85 // c a s e j
86 RPO = 3*RPD - P_r ; // Rotor Power Deve loped i n W
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87

88 // c a s e k
89 P_to = RPO ; // Tota l r o t o r power i n W
90 T_o = (7.04* P_to)/S_r ; // Tota l 3−phase t o r qu e i n

lb− f t
91

92 // c a s e l
93 hp = P_to / 746 ; // Output hor sepower
94

95 // c a s e m
96 P_in = 3*SPI ; // Input power to s t a t o r i n W
97 P_o = RPO ; // Output power i n W
98 eta = P_o / P_in * 100 ; // Motor e f f i c i e n c y at

r a t e d l oad
99

100 // D i s p l ay the r e s u l t s
101 disp(” S o l u t i o n : ”);
102 printf(” \n a : s = %. 2 f \n R r / s = %. 1 f \n”,s,

R_r_by_s );

103

104 printf(” \n Determinant = ”);disp(delta);
105

106 printf(” \n b : S t a t o r armature c u r r e n t : \ n I p i n
A = ”);disp(I_1);

107 printf(” \n I p = I 1 = %. 2 f <%. 2 f A \n ”,I_p_m ,

I_p_a );

108

109 printf(” \n c : Rotor c u r r e n t per phase : \ n I r i n
A = ”);disp(I_r);

110 printf(” \n I r = I 2 = %. 3 f <%. 2 f A \n ”,I_r_m ,

I_r_a );

111

112 printf(” \n d : Motor PF : \ n c o s = %. 4 f \n”,
cos_theta);

113

114 printf(” \n e : S t a t o r Power Input : \ n SPI = %d W
\n”,SPI);

115
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116 printf(” \n f : S t a t o r Copper Loss : \ n SCL = %. 1 f
W \n”,SCL);

117

118 printf(” \n g : Rotor Power Input : \ n RPI = %. 1 f W
( method 1) ”, RPI_1);

119 printf(” \n RPI = %. 1 f W ( method 2) \n”,RPI_2);
120

121 printf(” \n h : Rotor copper l o s s : \ n RCL = %. 1 f W
\n”,RCL);

122

123 printf(” \n i : Rotor Power Deve loped : \ n RPD = %
. 1 f W \n”,RPD_1);

124

125 printf(” \n RPD = %. 1 f W \n ”,RPD_2);
126

127 printf(” \n j : Tota l 3−phase r o t o r power : \ n RPO =
%f W \n”,RPO);

128

129 printf(” \n k : Tota l output t o rq u e deve l oped : \ n
T o = %. 2 f lb− f t \n”,T_o);

130

131 printf(” \n l : Output hor sepower : \n hp = %. 2 f
hp ( r a t e d 7 . 5 hp ) \n”,hp);

132

133 printf(” \n m: Motor e f f i c i e n c y at r a t e d l oad : \ n
= %. 2 f p e r c e n t \n”,eta);

134

135 printf(” \n n : See Fig .12−12 ”);

Scilab code Exa 12.17 upper and lower limit Is

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m

287



5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−17
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // code l e t t e r = J o f SCIM (Ex.12−16)
13

14 // C a l c u l a t i o n s
15 // c a s e a
16 // From Appendix A−3 , Table 430−7(b ) , the s t a r t i n g kVA

/hp ( with r o t o r l o c k e d ) i s
17 // l e s s than 7 . 9 9 , which , when s u b s t i t u t e d i n the

f o l l o w i n g equat i on , y i e l d s a
18 // maximum s t a r t i n g c u r r e n t o f :
19

20 // s u b s c r i p t u f o r I s i n d i c a t e s upper l i m i t o f
s t a r t i n g c u r r e n t

21 I_s_u = (7.99*(7.5*1000))/(sqrt (3) *220) ;

22

23 // c a s e b
24 // The l owe r l i m i t , code l e t t e r J , i s 7 . 1 kVA/hp . Thus

:
25

26 // s u b s c r i p t l f o r I s i n d i c a t e s l owe r l i m i t o f
s t a r t i n g c u r r e n t

27 I_s_l = (7.1*(7.5*1000))/(sqrt (3) *220) ;

28

29 // D i s p l ay the r e s u l t s
30 disp(” Example 12−17 S o l u t i o n : ”);
31

32 printf(” \n a : From Appendix A−3 , Table 430−7(b ) , the
s t a r t i n g kVA/hp ”);

33 printf(” \n ( with r o t o r l o c k e d ) i s l e s s than
7 . 9 9 , which , when s u b s t i t u t e d ”);
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34 printf(” \n i n the f o l l o w i n g equat i on , y i e l d s a
maximum s t a r t i n g c u r r e n t o f : ”);

35 printf(” \n I s = %. 1 f A \n”,I_s_u);
36

37 printf(” \n b : The l owe r l i m i t , code l e t t e r J , i s 7 . 1
kVA/hp . \ n Thus : ”);

38 printf(” \n I s = %. 1 f A ”,I_s_l );

Scilab code Exa 12.18 starting I and PF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−18
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data (Ex .12−16)
12 // code l e t t e r = J
13 P = 6 ; // Number o f p o l e s
14 S_r = 1176 ; // r o t o r speed i n rpm
15 V = 220 ; // Rated v o l t a g e o f SCIM i n v o l t
16 f = 60 ; // Frequency i n Hz
17 hp_SCIM = 7.5 ; // Power r a t i n g o f SCIM i n hp
18

19 R_ap = 0.3 ; // armature r e s i s t a n c e i n ohm/ phase
20 R_r = 0.144 ; // r o t o r r e s i s t a n c e i n ohm/ phase
21 jX_m = 13.5 ; // r e a c t a n c e i n ohm/ phase
22 jX_s = 0.5 ; // synchronous r e a c t a n c e i n ohm/ phase
23 jX_lr = 0.2 ; // Locked r o t o r r e a c t a n c e i n ohm/ phase
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24 P_r = 300 ; // R o t a t i o n a l l o s s e s i n W
25 s = 1 ; // u n i t y s l i p
26

27 disp(” Example 12−18 S o l u t i o n : ”);
28

29 printf(” \n The r a t i o R r / s = %. 3 f ohm , i n f i g .12−11
, u s i n g the format method ”,R_r/s);

30 printf(” \n o f mesh a n a l y s i s , we may w r i t e the a r r a y
by i n s p e c t i o n : \ n ”);

31 printf(” \
n ”
);

32 printf(” \n \ t I 1 \ t I 2 \ t \ t V ”);
33 printf(” \

n ”
);

34 printf(” \n\ t (0 .3+ j 1 4 ) −(0+ j 1 3 . 5 ) \ t (127+ j 0 ) ”);
35 printf(” \n\ t−(0+ j 1 3 . 5 ) (0 .144+ j 1 3 . 7 ) \ t 0”);
36 printf(” \

n \
n”);

37

38 // C a l c u l a t i o n s
39

40 A = [ (0.3 + %i*14) -%i *13.5 ; (-%i *13.5) (0.144 +

%i *13.7) ]; // Matr ix c o n t a i n i n g above mesh eqns
a r r a y

41 delta = det(A); // Determinant o f A
42

43 // c a s e a : S t a r t i n g s t a t o r c u r r e n t I s per phase i n
A

44 I_s = det( [ (127+%i*0) (-%i *13.5) ; 0 (0.144 + %i

*13.7) ] ) / delta ;

45 I_s_m = abs(I_s);// I s m=magnitude o f I s i n A
46 I_s_a = atan(imag(I_s) /real(I_s))*180/ %pi;// I s a=

phase a n g l e o f I s i n d e g r e e s
47

48 // c a s e b : power f a c t o r o f the motor at s t a r t i n g
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49 theta = I_s_a ; // Motor PF a n g l e i n d e g r e e s
50 cos_theta = cosd(theta); // Motor PF
51

52 // D i s p l ay the r e s u l t s
53 disp(” S o l u t i o n : ”);
54 printf(” \n a : S t a r t i n g s t a t o r c u r r e n t o f SCIM : \ n

I s = I 1 = ”);disp(I_s);
55 printf(” \n I s = I 1 = %. 2 f <%. 2 f A \n ”,I_s_m ,

I_s_a );

56

57 printf(” \n b : Power f a c t o r o f the motor at s t a r t i n g
: \ n c o s = %. 4 f %. 3 f \n”,cos_theta ,

cos_theta);

58

59 printf(” \n Note : I s = %. 2 f A c a l c u l a t e d i n Ex
.12−18 f a l l s between the l i m i t s ”,I_s_m);

60 printf(” \n found i n Ex .12−17 . This
v e r i f i e s the mesh a n a l y s i s t e c h n i q u e . ”);

Scilab code Exa 12.19 Re1s slip Pcu and Pr at LFs hp T

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 2 : POWER,ENERGY,AND EFFICIENCY RELATIONS
OF DC AND AC DYNAMOS

7 // Example 12−19
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 220 ; // Rated v o l t a g e o f SCIM i n v o l t
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13 f = 60 ; // Frequency i n Hz
14 P = 4 ; // Number o f p o l e s
15 PF = 0.85 ; // power f a c t o r o f c a p a c i t o r s t a r t IM
16 // nameplate d e t a i l s
17 hp_IM = 5 ; // power r a t i n g o f IM i n hp
18 I_L = 28 ; // Rated l i n e c u r r e n t i n A
19 S_r = 1620 ; // Rotor speed o f IM i n rpm
20

21 // No−l o ad t e s t data
22 I_nl = 6.4 ; // No−l o ad l i n e c u r r e n t i n A
23 V_nl = 220 ; // No−l o ad l i n e v o l t a g e i n v o l t
24 P_nl = 239 ; // No−l o ad power r e a d i n g i n W
25 s_nl = 0.01 ; // No−l o ad s l i p
26

27 // Blocked r o t o r t e s t
28 I_br = 62 ; // Blocked r o t o r l i n e c u r r e n t i n A
29 V_br = 64 ; // Blocked r o t o r v o l t a g e i n v o l t
30 P_br = 1922 ; // Blocked r o t o r power r e a d i n g i n W
31 s_br = 1 ; // b l o cked r o t o r s l i p ( u n i t y )
32

33 // C a l c u l a t i o n s
34 // c a s e a
35 R_e1s = P_br / (I_br ^2); // E q u i v a l e n t t o t a l

r e s i s t a n c e o f IM i n ohm
36

37 // c a s e b
38 P_in = P_nl ; // Input power to IM i n W
39 I_1s = I_nl ; // Input c u r r e n t i n A
40 P_ro = P_in - ((I_1s)^2 * R_e1s); // R o t a t i o n a l

l o s s e s i n W
41

42 // c a s e c
43 S = (120*f/P); // Speed o f synchronous magnet i c

f i e l d i n rpm
44 S_fl = S_r ; // Fu l l−l o ad r o t o r speed o f IM i n rpm
45 s_fl = (S - S_fl)/S ; // Ful l−l o ad S l i p
46

47 LF1 = 1/4 ; // Load f r a c t i o n
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48 LF2 = 1/2 ; // Load f r a c t i o n
49 LF3 = 3/4 ; // Load f r a c t i o n
50 LF4 = 5/4 ; // Load f r a c t i o n
51

52 s_LF1 = s_fl*LF1 ; // s l i p at 1/4 r a t e d l oad
53 s_LF2 = s_fl*LF2 ; // s l i p at 1/2 r a t e d l oad
54 s_LF3 = s_fl*LF3 ; // s l i p at 3/4 r a t e d l oad
55 s_LF4 = s_fl*LF4 ; // s l i p at 5/4 r a t e d l oad
56

57 // c a s e d
58 s_o = s_nl ; // No−l o ad s l i p
59 P_rs_LF1 = P_ro * (1 - s_LF1)/(1 - s_o); //

R o t a t i o n a l l o s s e s i n W at s LF1
60 P_rs_LF2 = P_ro * (1 - s_LF2)/(1 - s_o); //

R o t a t i o n a l l o s s e s i n W at s LF2
61 P_rs_LF3 = P_ro * (1 - s_LF3)/(1 - s_o); //

R o t a t i o n a l l o s s e s i n W at s LF3
62 P_rs_fl = P_ro * (1 - s_fl)/(1 - s_o); // R o t a t i o n a l

l o s s e s i n W at f u l l −l o ad s l i p
63 P_rs_LF4 = P_ro * (1 - s_LF4)/(1 - s_o); //

R o t a t i o n a l l o s s e s i n W at s LF4
64

65 // c a s e e
66 I1s = I_L ; // Line c u r r e n t i n A
67 P_cu_fl = (I1s)^2* R_e1s ; // E q u i v a l e n t copper l o s s

at f u l l −l o ad s l i p
68 P_cu_LF1 = (LF1)^2 * P_cu_fl ; // E q u i v a l e n t copper

l o s s at s LF1
69 P_cu_LF2 = (LF2)^2 * P_cu_fl ; // E q u i v a l e n t copper

l o s s at s LF2
70 P_cu_LF3 = (LF3)^2 * P_cu_fl ; // E q u i v a l e n t copper

l o s s at s LF3
71 P_cu_LF4 = (LF4)^2 * P_cu_fl ; // E q u i v a l e n t copper

l o s s at s LF4
72

73 // c a s e f
74 Input = V*I_L*PF ; // Input to s i n g l e phase

c a p a c i t o r s t a r t IM
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75

76 // E f f i c i e n c y at 1/4 r a t e d l oad
77 eta_LF1 = ( Input*LF1 - (P_rs_LF1 + P_cu_LF1) ) / (

Input*LF1) * 100 ;

78

79 // E f f i c i e n c y at 1/2 r a t e d l oad
80 eta_LF2 = ( Input*LF2 - (P_rs_LF2 + P_cu_LF2) ) / (

Input*LF2) * 100 ;

81

82 // E f f i c i e n c y at 3/4 r a t e d l oad
83 eta_LF3 = ( Input*LF3 - (P_rs_LF3 + P_cu_LF3) ) / (

Input*LF3) * 100 ;

84

85 // E f f i c i e n c y at r a t e d l oad
86 eta_fl = ( Input - (P_rs_fl + P_cu_fl) ) / (Input) *

100 ;

87

88 // E f f i c i e n c y at 5/4 r a t e d l oad
89 eta_LF4 = ( Input*LF4 - (P_rs_LF4 + P_cu_LF4) ) / (

Input*LF4) * 100 ;

90

91 // c a s e g
92 // s i n c e e t a i s c a l c u l a t e d i n p e r c e n t d i v i d e i t by

100 f o r hp c a l c u l a t i o n s
93 P_o_LF1 = (Input*LF1*eta_LF1 /100) /746 ; // Output hp

at 1/4 r a t e d l oad
94 P_o_LF2 = (Input*LF2*eta_LF2 /100) /746 ; // Output hp

at 1/2 r a t e d l oad
95 P_o_LF3 = (Input*LF3*eta_LF3 /100) /746 ; // Output hp

at 3/4 r a t e d l oad
96 P_o = (Input*eta_fl /100) /746 ; // Output hp at 1/4

r a t e d l oad
97 P_o_LF4 = (Input*LF4*eta_LF4 /100) /746 ; // Output hp

at 5/4 r a t e d l oad
98

99 // c a s e h
100 hp = P_o ; // Rated output hor sepower
101 S_fl = S_r ; // Fu l l−l o ad r o t o r speed i n rpm
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102 T_o = (P_o *5252)/S_fl ; // Outpue t o r q u e at f u l l −
l o ad i n lb− f t

103 T_o_Nm = T_o * 1.356 ; // Outpue t o r q u e at f u l l −l o ad
i n N−m

104

105 // D i s p l ay the r e s u l t s
106 disp(” Example 12−19 S o l u t i o n : ”);
107

108 printf(” \n a : E q u i v a l e n t t o t a l r e s i s t a n c e o f IM : \ n
R e1s = %. 1 f \n”,R_e1s);

109

110 printf(” \n b : R o t a t i o n a l l o s s e s : \ n P ro = %. 1 f
W \n ”,P_ro);

111

112 printf(” \n c : S l i p at r a t e d l oad : s = %. 1 f \n
S l i p , ”,s_fl);

113 printf(” \n s at %. 2 f r a t e d l oad = %. 3 f ”,LF1 ,
s_LF1);

114 printf(” \n s at %. 2 f r a t e d l oad = %. 3 f ”,LF2 ,
s_LF2);

115 printf(” \n s at %. 2 f r a t e d l oad = %. 3 f ”,LF3 ,
s_LF3);

116 printf(” \n s at %. 2 f r a t e d l oad = %. 3 f \n ”,LF4 ,
s_LF4);

117

118 printf(” \n d : R o t a t i o n a l l o s s e s : \ n ”);
119 printf(” \n P r at at %. 2 f r a t e d l oad = %. 1 f W ”,

LF1 ,P_rs_LF1);

120 printf(” \n P r at at %. 2 f r a t e d l oad = %. 1 f W ”,
LF2 ,P_rs_LF2);

121 printf(” \n P r at at %. 2 f r a t e d l oad = %. 1 f W ”,
LF3 ,P_rs_LF3);

122 printf(” \n P r at at f u l l l o ad = %. 1 f W ”,
P_rs_fl);

123 printf(” \n P r at at %. 2 f r a t e d l oad = %. 1 f W \n
”,LF4 ,P_rs_LF4);

124

125 printf(” \n e : At f u l l −load , P cu = %d W \n”,P_cu_fl
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);

126 printf(” \n P cu at %. 2 f r a t e d l oad = %. 2 f W”,LF1
,P_cu_LF1)

127 printf(” \n P cu at %. 2 f r a t e d l oad = %. 2 f W”,LF2
,P_cu_LF2)

128 printf(” \n P cu at %. 2 f r a t e d l oad = %. 2 f W”,LF3
,P_cu_LF3)

129 printf(” \n P cu at %. 2 f r a t e d l oad = %. 2 f W \n”,
LF4 ,P_cu_LF4)

130

131 printf(” \n f : Fu l l−l o ad input = %. f W \n”,Input);
132 printf(” \n E f f i c i e n c y : \ n at %. 2 f r a t e d

l oad = %. 1 f p e r c e n t \n”,LF1 ,eta_LF1);
133 printf(” \n at %. 2 f r a t e d l oad = %. 1 f p e r c e n t

\n”,LF2 ,eta_LF2);
134 printf(” \n at %. 2 f r a t e d l oad = %. 1 f p e r c e n t

\n”,LF3 ,eta_LF3);
135 printf(” \n at r a t e d l oad = f l = %. 1 f

p e r c e n t \n”,eta_fl);
136 printf(” \n at %. 2 f r a t e d l oad = %. 1 f p e r c e n t

\n”,LF4 ,eta_LF4);
137 printf(” \n P l e a s e note : C a l c u l a t i o n e r r o r f o r

f l i n t ex tbook . \ n”);
138

139 printf(” \n g : Output hor sepower : \ n P o at %. 2 f
r a t e d l oad = %. 3 f hp \n”,LF1 ,P_o_LF1);

140 printf(” \n P o at %. 2 f r a t e d l oad = %. 3 f hp \n”,
LF2 ,P_o_LF2);

141 printf(” \n P o at %. 2 f r a t e d l oad = %. 3 f hp \n”,
LF3 ,P_o_LF3);

142 printf(” \n P o at r a t e d l oad = %. 3 f hp \n”,P_o);
143 printf(” \n P o at %. 2 f r a t e d l oad = %. 3 f hp \n”,

LF4 ,P_o_LF4);

144

145 printf(” \n h : Output t o rq u e at f u l l −l o ad : \ n T o
= %. 1 f lb− f t ”,T_o);

146 printf(” \n T o = %. 2 f N−m %. 1 f N−m”,T_o_Nm ,
T_o_Nm);
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Chapter 13

RATINGS SELECTION AND
MAINTENANCE OF
ELECTRIC MACHINERY

Scilab code Exa 13.1 R and reduced life expectancy

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // MOTOR( c l a s s A i n s u l a t i o n ) i s o p e r a t e d f o r 6 h r s
13 T = 125 ; // Temperature i n d e g r e e c e l s i u s r e c o r d e d

by the embedded d e t e c t o r s
14 life_orig = 10 ; // L i f e i n y e a r s o f the motor (
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s t andard )
15

16 // C a l c u l a t i o n s
17 delta_T = T - 105 ; // P o s i t i v e t empera tu r e

d i f f e r e n c e between the g i v e n
18 // max h o t t e s t spo t t empera tu re o f i t s i n s u l a t i o n

and the ambient t empera tu re r e c o r d e d .
19 // 105 i s chosen from t a b l e 13−1( c l a s s A i n s u l a t i o n )
20 R = 2 ^ (delta_T /10); // L i f e r e d u c t i o n f a c t o r
21

22 Life_calc = life_orig / R ; // Reduced l i f e
expec tancy o f the motor i n y e a r s

23

24 // D i s p l ay the r e s u l t s
25 disp(” Example 13−1 S o l u t i o n : ”);
26 printf(” \n L i f e r e d u c t i o n f a c t o r : R = %d \n ”,R )

;

27 printf(” \n Reduced l i f e expec tancy o f the motor :
L i f e c a l c = %. 1 f y e a r s ”,Life_calc);

Scilab code Exa 13.2 E and increased life expectancy

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
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12 // MOTOR( c l a s s A i n s u l a t i o n ) i s o p e r a t e d f o r 6 h r s
13 T = 75 ; // Temperature i n d e g r e e c e l s i u s r e c o r d e d

by the embedded d e t e c t o r s
14 life_orig = 10 ; // L i f e i n y e a r s o f the motor (

s tandard )
15

16 // C a l c u l a t i o n s
17 delta_T = 105 - T ; // P o s i t i v e t empera tu r e

d i f f e r e n c e between the g i v e n
18 // max h o t t e s t spo t t empera tu re o f i t s i n s u l a t i o n

and the ambient t empera tu re r e c o r d e d .
19 // 105 i s chosen from t a b l e 13−1 ( c l a s s A i n s u l a t i o n

)
20 E = 2 ^ (delta_T /10); // L i f e e x t e n s i o n f a c t o r
21

22 Life_calc = life_orig * E ; // I n c r e a s e d l i f e
expec tancy o f the motor i n y e a r s

23

24 // D i s p l ay the r e s u l t s
25 disp(” Example 13−2 S o l u t i o n : ”);
26 printf(” \n L i f e e x t e n s i o n f a c t o r : E = %d \n ”,E );

27 printf(” \n I n c r e a s e d l i f e expec tancy o f the motor :
L i f e c a l c = %d y e a r s ”,Life_calc);

Scilab code Exa 13.3 E and increased life expectancy classB

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−3
8
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9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // C l a s s A i n s u l a t i o n
13 T_A = 105 ; // Temperature i n d e g r e e c e l s i u s

r e c o r d e d by the embedded d e t e c t o r s
14 life_orig = 5 ; // L i f e i n y e a r s o f the motor (

s tandard )
15 // C l a s s B i n s u l a t i o n
16 T_B = 130 ; // Temperature i n d e g r e e c e l s i u s

r e c o r d e d by the embedded d e t e c t o r s
17

18 // C a l c u l a t i o n s
19 delta_T = T_B - T_A ; // P o s i t i v e t empera tu r e

d i f f e r e n c e betw the g i v e n
20 // max h o t t e s t spo t t empera tu re o f i t s i n s u l a t i o n

and the ambient t empera tu re r e c o r d e d .
21 // T A and T B a r e chosen from t a b l e 13−1
22 E = 2 ^ (delta_T /10); // L i f e e x t e n s i o n f a c t o r
23

24 Life_calc = life_orig * E ; // I n c r e a s e d l i f e
expec tancy o f the motor i n y e a r s

25

26 // D i s p l ay the r e s u l t s
27 disp(” Example 13−3 S o l u t i o n : ”);
28 printf(” \n L i f e e x t e n s i o n f a c t o r : E = %. 2 f \n ”,E

);

29 printf(” \n I n c r e a s e d l i f e expec tancy o f the motor :
L i f e c a l c = %. 1 f y e a r s ”,Life_calc);

Scilab code Exa 13.4 ClassB insulation SCIM details

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
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3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P_o = 25 ; // Rated power o f SCIM i n hp
13 // c l a s s B i n s u l a t i o n
14 T_ambient = 40 ; // Standard ambient t empera tu r e

r e c o r d e d by the embedded hot−spo t d e t e c t o r s i n
d e g r e e c e l s i u s

15 T_hottest = 115 ; // Hot te s t−spo t wind ing
t empera tu re r e c o r d e d by the embedded hot−spo t
d e t e c t o r s i n d e g r e e c e l s i u s

16

17 // C a l c u l a t i o n s
18 // c a s e a
19 // from t a b l e 13−1 a l l o w a b l e t empera tu r e r i s e i n 90

d e g r e e c e l s i u s
20

21 // c a s e b
22 T_rise = T_hottest - T_ambient ; // Actua l

t empera tu re r i s e f o r the i n s u l a t i o n type used i n
d e g r e e c e l s i u s

23

24 // c a s e c
25 P_f = P_o * (90/ T_rise); // Approximate power to the

motor tha t can be d e l i v e r e d at T r i s e
26

27 // c a s e d
28 // same as P f
29

30 // c a s e e
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31 // answer from c a s e a
32

33 // D i s p l ay the r e s u l t s
34 disp(” Example 13−4 S o l u t i o n : ”);
35 printf(” \n a : The a l l o w a b l e t empera tu r e r i s e f o r

the ”);
36 printf(” \n i n s u l a t i o n type used = 90 d e g r e e

c e l s i u s ( from t a b l e 13−1)\n”);
37

38 printf(” \n b : The a c t u a l t empera tu r e r i s e f o r the
i n s u l a t i o n type used = %d d e g r e e c e l s i u s \n”,
T_rise);

39

40 printf(” \n c : The approx imate power to the motor
tha t can be d e l i v e r e d at T r i s e ”);

41 printf(” \n P f = %d hp\n”,P_f);
42

43 printf(” \n d : Power r a t i n g tha t may be stamped on
the nameplate = %d hp ( s u b j e c t to t e s t at t h i s
l o ad ) \n ”,P_f);

44

45 printf(” \n e : The t empera tu re r i s e tha t must be
stamped on the nameplate = 90 d e g r e e c e l s i u s ”);

Scilab code Exa 13.5 final temperature

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−5
8
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9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P_o = 50 ; // Power r a t i n g o f the WRIM i n hp
13 // C l a s s F i n s u l a t i o n
14 T_hottest = 160 ; // Hot te s t−spo t wind ing

t empera tu re r e c o r d e d by the embedded
15 // hot−spo t d e t e c t o r s i n d e g r e e c e l s i u s
16 T_ambient = 40 ; // Standard ambient t empera tu r e

r e c o r d e d by the embedded
17 // hot−spo t d e t e c t o r s i n d e g r e e c e l s i u s
18 P_f_a = 40 ; // Power r a t i n g o f l o ad a i n hp
19 P_f_b = 55 ; // Power r a t i n g o f l o ad a i n hp
20

21 // C a l c u l a t i o n s
22 // c a s e a
23 delta_T_o = T_hottest - T_ambient ; // Temperature

r i s e f o r the i n s u l a t i o n type
24 // used i n d e g r e e c e l s i u s
25

26 // s u b s c r i p t a i n d e l t a T f , P f a and T f i n d i c a t e s
c a s e a

27 delta_T_f_a = (P_f_a/P_o)*delta_T_o ; // f i n a l
t empera tu re r i s e i n d e g r e e c e l s i u s

28 T_f_a = delta_T_f_a + T_ambient ; // Approximate
f i n a l hot−spo t t empera tu r e i n d e g r e e c e l s i u s

29

30 // c a s e b
31 // s u b s c r i p t b i n d e l t a T f , P f and T f i n d i c a t e s

c a s e b
32 delta_T_f_b = (P_f_b/P_o)*delta_T_o ; // f i n a l

t empera tu re r i s e i n d e g r e e c e l s i u s
33 T_f_b = delta_T_f_b + T_ambient ; // Approximate

f i n a l hot−spo t t empera tu r e i n d e g r e e c e l s i u s
34

35 // D i s p l ay the r e s u l t s
36 disp(” Example 13−5 S o l u t i o n : ”);
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37 printf(” \n a : T o = %d d e g r e e c e l s i u s ”,delta_T_o
);

38 printf(” \n T f = %d d e g r e e c e l s i u s ”,
delta_T_f_a);

39 printf(” \n T f = %d d e g r e e c e l s i u s \n”,T_f_a);
40

41 printf(” \n b : T f = %d d e g r e e c e l s i u s ”,
delta_T_f_b);

42 printf(” \n T f = %d d e g r e e c e l s i u s \n”,T_f_b);
43 printf(” \n Yes , motor l i f e i s r educed at the 110

p e r c e n t motor l oad because ”);
44 printf(” \n the a l l o w a b l e maximum hot−spo t motor

t empera tu re f o r C l a s s F”);
45 printf(” \n i n s u l a t i o n i s 155 d e g r e e c e l s i u s . ”);

Scilab code Exa 13.6 Tf R decreased life expectancy

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−6
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P_o = 55 ; // Power r a t i n g o f the WRIM i n hp
13 T_ambient = 40 ; // Standard ambient t empera tu r e

r e c o r d e d by the embedded
14 // hot−spo t d e t e c t o r s i n d e g r e e c e l s i u s
15 life_orig = 10 ; // L i f e i n y e a r s o f the motor (
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s t andard )
16

17 // C a l c u l a t e d data from Ex.13−5b
18 T_f = 172 ; // Approximate f i n a l hot−spo t

t empera tu re i n d e g r e e c e l s i u s
19

20 // C a l c u l a t i o n s
21 delta_T = T_f - 155 ; // P o s i t i v e t empera tu r e

d i f f e r e n c e betw the g i v e n
22 // max h o t t e s t spo t t empera tu re o f i t s i n s u l a t i o n

and the ambient t empera tu re r e c o r d e d .
23 // 155 i s chosen from t a b l e 13−1( c l a s s F i n s u l a t i o n )
24

25 R = 2 ^ (delta_T /10); // L i f e r e d u c t i o n f a c t o r
26

27 Life_calc = life_orig / R ; // Reduced l i f e
expec tancy o f the motor i n y e a r s

28

29 // D i s p l ay the r e s u l t s
30 disp(” Example 13−6 S o l u t i o n : ”);
31 printf(” \n From Ex.13−5b , T f = %d d e g r e e c e l s i u s \n”

,T_f);

32 printf(” \n L i f e r e d u c t i o n f a c t o r : R = %. 2 f \n ”,R
);

33 printf(” \n Reduced l i f e expec tancy o f the motor :
L i f e c a l c = %. 2 f y e a r s ”,Life_calc);

Scilab code Exa 13.7 rms hp

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
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ELECTRIC MACHINERY
7 // Example 13−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P_o = 200 ; // Power r a t i n g o f the t e s t motor i n hp
13 t1 = 5 ; // t ime d u r a t i o n i n minutes f o r which t e s t

motor i s o p e r a t e d at 200 hp
14 t2 = 5 ; // t ime d u r a t i o n i n minutes f o r which t e s t

motor i s o p e r a t e d at 20 hp
15 t3 = 10 ; // t ime d u r a t i o n i n minutes f o r which t e s t

motor i s o p e r a t e d at 100 hp
16

17 // C a l c u l a t i o n
18 rms_hp = sqrt( ( (200^2)*t1 + (20^2)*t2 + (100^2)*t3

)/(t1 + t2 + t3 + 10/3) );

19 // Horsepower r e q u i r e d f o r i n t e r m i t t e n t v a r y i n g l oad
20

21 // D i s p l ay the r e s u l t s
22 disp(” Example 13−7 S o l u t i o n : ”);
23 printf(” \n Horsepower r e q u i r e d f o r i n t e r m i t t e n t

v a r y i n g l oad i s : ”);
24 printf(” \n rms hp = %. f hp \n ”,rms_hp);
25

26 printf(” \n A 125 hp motor would be s e l e c t e d because
tha t i s the n e a r e s t l a r g e r ”);

27 printf(” \n commerc ia l s t andard r a t i n g . This means
tha t the motor would o p e r a t e ”);

28 printf(” \n with a 160 p e r c e n t o v e r l o a d ( at 200 hp )
f o r 5 minutes , o r 1/6 th o f ”)

29 printf(” \n i t s t o t a l duty c y c l e . ”);

Scilab code Exa 13.8 Vb Ib Rb Rpu
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1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−8
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 120 ; // Rated output v o l t a g e i n v o l t o f

s e p a r a t e l y e x c i t e d dc g e n e r a t o r
13 I = 100 ; // Rated output c u r r e n t i n A o f s e p a r a t e l y

e x c i t e d dc g e n e r a t o r
14 R = 0.1 ; // Armature r e s i s t a n c e i n ohm
15

16 // C a l c u l a t i o n s
17 // c a s e a
18 V_b = V ; // base v o l t a g e i n v o l t
19

20 // c a s e b
21 I_b = I ; // base c u r r e n t i n A
22

23 // c a s e c
24 R_b = V_b / I_b ; // base r e s i s t a n c e i n ohm
25

26 // c a s e d
27 R_pu = R / R_b ; // per−u n i t v a l u e o f armature

r e s i s t a n c e i n p . u
28

29 // D i s p l ay the r e s u l t s
30 disp(” Example 13−8 S o l u t i o n : ”);
31

32 printf(” \n a : Base v o l t a g e \n V b = %d V \n ”,
V_b );
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33

34 printf(” \n b : Base c u r r e n t \n I b = %d A \n ”,
I_b );

35

36 printf(” \n c : Base r e s i s t a n c e \n R b = %. 1 f ohm
\n ”, R_b );

37

38 printf(” \n d : Per−u n i t v a l u e o f armature r e s i s t a n c e
\n R p . u = %. 3 f p . u \n ”, R_pu );

Scilab code Exa 13.9 Rpu jXpu Zpu

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−9
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // s i n g l e phase a l t e r n a t o r
13 V = 500 ; // Rated v o l t a g e o f the a l t e r n a t o r i n v o l t
14 P = 20 ; // Rated power o f the a l t e r n a t o r i n kVA
15 I = 40 ; // Rated c u r r e n t o f the a l t e r n a t o r i n A
16 R = 2 ; // Armature r e s i s t a n c e i n ohm
17 X = 15 ; // Armature r e a c t a n c e i n ohm
18

19 // C a l c u l a t i o n s
20 // c a s e a
21 V_b = V ; // base v o l t a g e i n v o l t
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22 I_b = I ; // base c u r r e n t i n A
23 R_pu = (R*I_b)/V_b ; // per−u n i t v a l u e o f armature

r e s i s t a n c e i n p . u
24

25 // c a s e b
26 jX_pu = (X*I_b)/V_b ; // per−u n i t v a l u e o f armature

r e a c t a n c e i n p . u
27

28 // c a s e c
29 // s u b s c r i p t 1 i n d i c a t e s method 1 f o r f i n d i n g Z p . u
30 Z_pu1 = R_pu + %i*( jX_pu); // per−u n i t v a l u e o f

armature impedance i n p . u
31 Z_pu1_m = abs(Z_pu1);// Z pu1 m = magnitude o f Z pu1

i n p . u
32 Z_pu1_a = atan(imag(Z_pu1) /real(Z_pu1))*180/ %pi;//

Z pu1 a=phase a n g l e o f Z pu1 i n d e g r e e s
33

34 // s u b s c r i p t 2 i n d i c a t e s method 2 f o r f i n d i n g Z p . u
35 Z_pu2 = (R + %i*X)*(I/V); // per−u n i t v a l u e o f

armature impedance i n p . u
36 Z_pu2_m = abs(Z_pu2);// Z pu2 m = magnitude o f Z pu2

i n p . u
37 Z_pu2_a = atan(imag(Z_pu2) /real(Z_pu2))*180/ %pi;//

Z pu2 a=phase a n g l e o f Z pu2 i n d e g r e e s
38

39 // D i s p l ay the r e s u l t s
40 disp(” Example 13−9 S o l u t i o n : ”);
41

42 printf(” \n a : Armature r e s i s t a n c e per u n i t v a l u e \n
R p . u = %. 2 f p . u \n”,R_pu);

43

44 printf(” \n b : Armature r e a c t a n c e per u n i t v a l u e \n
jX p . u i n p . u = ”);disp(%i*jX_pu);

45

46 printf(” \n c : Armature impedance per u n i t v a l u e \n”)
;

47 printf(” \n ( method 1) \n Z p . u i n p . u = ”);
disp(Z_pu1);
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48 printf(” \n Z p . u = %. 3 f <%. 1 f p . u \n”,Z_pu1_m ,
Z_pu1_a );

49

50 printf(” \n ( method 2) \n Z p . u i n p . u = ”);
disp(Z_pu2);

51 printf(” \n Z p . u = %. 3 f <%. 1 f p . u \n”,Z_pu2_m ,
Z_pu2_a );

Scilab code Exa 13.10 new Zpu

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // s i n g l e phase a l t e r n a t o r
13 V_orig = 500 ; // Rated v o l t a g e o f the a l t e r n a t o r i n

v o l t
14 kVA_orig = 20 ; // Rated power o f the a l t e r n a t o r i n

kVA
15 I = 40 ; // Rated c u r r e n t o f the a l t e r n a t o r i n A
16 R = 2 ; // Armature r e s i s t a n c e i n ohm
17 X = 15 ; // Armature r e a c t a n c e i n ohm
18

19 V_new = 5000 ; // New v o l t a g e o f the a l t e r n a t o r i n
v o l t

20 kVA_new = 100 ; // New power o f the a l t e r n a t o r i n
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kVA
21

22 // C a l c u l a t e d armature impedance from Ex.13−9 c
23 Z_pu_orig = 1.211 ; // o r i g i n a l per−u n i t v a l u e o f

armature impedance i n p . u
24

25 // C a l c u l a t i o n
26 Z_pu_new = Z_pu_orig * (kVA_new/kVA_orig) * (V_orig/

V_new)^2 ;

27 // new per−u n i t v a l u e o f armature impedance i n p . u
28

29 // D i s p l ay the r e s u l t s
30 disp(” Example 13−10 S o l u t i o n : ”);
31 printf(” \n New per−u n i t v a l u e o f armature impedance

\n Z pu ( new ) = %. 5 f p . u”,Z_pu_new);

Scilab code Exa 13.11 line and phase Vpu

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−11
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3−phase d i s t r i b u t i o n system
13 V = 2300 ; // Line v o l t a g e o f 3−phase d i s t r i b u t i o n

system i n v o l t
14 V_p = 1328 ; // Phase v o l t a g e o f 3−phase
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d i s t r i b u t i o n system i n v o l t
15

16 V_b = 69000 ; // Common base l i n e v o l t a g e i n v o l t
17 V_pb = 39840 ; // Common base phase v o l t a g e i n v o l t
18

19 // C a l c u l a t i o n s
20 // c a s e a
21 V_pu_line = V / V_b ; // D i s t r i b u t i o n system p . u

l i n e v o l t a g e
22

23 // c a s e a
24 V_pu_phase = V_p / V_pb ; // D i s t r i b u t i o n system p . u

phase v o l t a g e
25

26 // D i s p l ay the r e s u l t s
27 disp(” Example 13−11 S o l u t i o n : ”);
28 printf(” \n a : D i s t r i b u t i o n system p . u l i n e v o l t a g e

: \ n V pu = %. 2 f p . u\n”,V_pu_line);
29

30 printf(” \n b : D i s t r i b u t i o n system p . u phase v o l t a g e
: \ n V pu = %. 2 f p . u\n”,V_pu_phase);

Scilab code Exa 13.12 Zb Xs Ra Zs P

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 3 : RATINGS, SELECTION ,AND MAINTENANCE OF
ELECTRIC MACHINERY

7 // Example 13−12
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .
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10

11 // Given data
12 VA_b = 50 ; // Base power r a t i n g o f the 3−phase Y−

connec t ed a l t e r n a t o r i n MVA
13 V_b = 25 ; // Base v o l t a g e o f the 3−phase Y−

connec t ed a l t e r n a t o r i n kV
14 X_pu = 1.3 ; // per u n i t v a l u e o f synchronous

r e a c t a n c e
15 R_pu = 0.05 ; // per u n i t v a l u e o f r e s i s t a n c e
16

17 // C a l c u l a t i o n s
18 // c a s e a
19 // s u b s c r i p t 1 f o r Z b i n d i c a t e s method 1 f o r

f i n d i n g Z b
20 Z_b1 = (V_b)^2 / VA_b ; // Base impedance i n ohm
21

22 // s u b s c r i p t 2 f o r Z b i n d i c a t e s method 2 f o r
f i n d i n g Z b

23 S_b = VA_b ; // Base power r a t i n g o f the 3−phase Y−
connec t ed a l t e r n a t o r i n MVA

24 I_b = (S_b)/V_b ; // Base c u r r e n t i n kA
25 Z_b2 = V_b / I_b ; // Base impedance i n ohm
26

27 // c a s e b
28 Z_b = Z_b1; // Base impedance i n ohm
29 X_s = X_pu * Z_b ; // Actua l v a l u e o f synchronous

r e a c t a n c e per phase i n ohm
30

31 // c a s e c
32 R_a = R_pu * Z_b ; // Actua l v a l u e o f armature

s t a t o r r e s i s t a n c e per phase i n ohm
33

34 // c a s e d
35 // s u b s c r i p t 1 f o r Z s i n d i c a t e s method 1 f o r

f i n d i n g Z s
36 Z_s1 = R_a + %i*X_s ; // Synchronous impedance per

phase i n ohm
37 Z_s1_m = abs(Z_s1);// Z s1 m = magnitude o f Z s1 i n
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ohm
38 Z_s1_a = atan(imag(Z_s1) /real(Z_s1))*180/ %pi;//

Z s 1 a=phase a n g l e o f Z s1 i n d e g r e e s
39

40 // s u b s c r i p t 2 f o r Z s i n d i c a t e s method 2 f o r
f i n d i n g Z s

41 Z_pu = R_pu + %i*X_pu ; // per u n i t v a l u e o f
impedance

42 Z_s2 = Z_pu * Z_b ; // Synchronous impedance per
phase i n ohm

43 Z_s2_m = abs(Z_s2);// Z s2 m = magnitude o f Z s2 i n
ohm

44 Z_s2_a = atan(imag(Z_s2) /real(Z_s2))*180/ %pi;//
Z s 2 a=phase a n g l e o f Z s2 i n d e g r e e s

45

46 // c a s e e
47 S = S_b ; // Base power r a t i n g o f the 3−phase Y−

connec t ed a l t e r n a t o r i n MVA
48 P = S * R_pu ; // Fu l l−l o ad copper l o s s e s f o r a l l

t h r e e phase s i n MW
49

50 // D i s p l ay the r e s u l t s
51 disp(” Example 13−12 S o l u t i o n : ”);
52

53 printf(” \n a : Base impedance ( method 1) : \n Z b =
%. 1 f ohm\n”,Z_b1);

54 printf(” \n Base impedance ( method 2) : ”);
55 printf(” \n I b = %d kA \n Z b = %. 1 f ohm\n”,

I_b ,Z_b2);

56

57 printf(” \n b : Actua l v a l u e o f synchronous r e a c t a n c e
per phase : ”);

58 printf(” \n X s i n ohm = ”);disp(%i*X_s);
59

60 printf(” \n c : Actua l v a l u e o f armature s t a t o r
r e s i s t a n c e per phase : ”);

61 printf(” \n R a = %. 3 f ohm \n ”,R_a );

62
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63 printf(” \n d : Synchronous impedance per phase (
method 1) : ”);

64 printf(” \n Z s i n ohm = ”);disp(Z_s1);
65 printf(” \n Z s = %. 2 f <%. 1 f ohm\n”,Z_s1_m ,Z_s1_a

);

66 printf(” \n Synchronous impedance per phase (
method 2) : ”);

67 printf(” \n Z s i n ohm = ”);disp(Z_s2);
68 printf(” \n Z s = %. 2 f <%. 1 f ohm\n”,Z_s2_m ,Z_s2_a

);

69

70 printf(” \n e : Fu l l−l o ad copper l o s s e s f o r a l l 3
phas e s : \n P = %. 1 f MW”,P);
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Chapter 14

TRANSFORMERS

Scilab code Exa 14.1 stepup stepdown alpha I1

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−1
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data f o r Step −down t r a n s f o r m e r
12 N_1 = 500 ; // Number o f t u r n s i n the pr imary
13 N_2 = 100 ; // Number o f t u r n s i n the s e conda ry
14 I_2 = 12 ; // Load ( Secondary ) c u r r e n t i n A
15

16 // C a l c u l a t i o n s
17 // c a s e a
18 alpha = N_1 / N_2 ; // Trans f o rmat i on r a t i o
19

20 // c a s e b
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21 I_1 = I_2 / alpha ; // Load component o f pr imary
c u r r e n t i n A

22

23 // c a s e c
24 // s u n s c r i p t c f o r a lpha i n d i c a t e s c a s e c
25 // For s t e p up t r a n s f o r m e r , u s i n g above g i v e n data
26 N1 = 100 ; // Number o f t u r n s i n the pr imary
27 N2 = 500 ; // Number o f t u r n s i n the s e conda ry
28 alpha_c = N1 / N2 ; // Trans f o rmat i on r a t i o
29

30 // D i s p l ay the r e s u l t s
31 disp(” Example 14−1 S o l u t i o n : ”);
32

33 printf(” \n a : Trans f o rmat i on r a t i o ( s tep−down
t r a n s f o r m e r ) : \ n = %d\n”,alpha);

34

35 printf(” \n b : Load component o f pr imary c u r r e n t : \
n I 1 = %. 1 f A \n”,I_1);

36

37 printf(” \n c : Trans f o rmat i on r a t i o ( s tep−up
t r a n s f o r m e r ) : \ n = %. 1 f ”,alpha_c);

Scilab code Exa 14.2 turns I1 I2 stepup stepdown alpha

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−2
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10
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11 // Given data
12 V_h = 2300 ; // h igh v o l t a g e i n v o l t
13 V_l = 115 ; // low v o l t a g e i n v o l t
14 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
15 V_2 = 115 ; // Secondary v o l t a g e i n v o l t
16 f = 60 ; // Frequency i n Hz
17 S = 4.6 ; // kVA r a t i n g o f the s tep−down t r a n s f o r m e r
18 S_1 = S ;

19 S_2 = S ;

20 V_per_turn = 2.5 ; // Induced EMF per turn i n V/ turn
21 // I d e a l t r a n s f o r m e r
22

23 // C a l c u l a t i o n s
24 // c a s e a
25 N_h = V_h / V_per_turn ; // Number o f high−s i d e

t u r n s
26 N_l = V_l / V_per_turn ; // Number o f low−s i d e t u r n s
27

28 N_1 = N_h;// Number o f t u r n s i n the pr imary
29 N_2 = N_l;// Number o f t u r n s i n the s e conda ry
30

31 // c a s e b
32 I_1 = S_1 *1000 / V_1 ; // Rated pr imary c u r r e n t i n A
33 I_2 = S_2 *1000 / V_2 ; // Rated s e conda ry c u r r e n t i n

A
34

35 I_h = 2 ; // Rated c u r r e n t i n A on HV s i d e
36 I_l = 40 ; // Rated c u r r e n t i n A on LV s i d e
37

38 // c a s e c
39 // s u b s c r i p t c f o r a lpha s t epdown and a l p h a s t e p u p

i n d i c a t e s c a s e c
40 alpha_stepdown_c = N_1 / N_2 ; // step−down

t r a n s f o r m a t i o n r a t i o
41 alpha_stepup_c = N_l / N_h ; // step−up

t r a n s f o r m a t i o n r a t i o
42

43 // c a s e d
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44 // s u b s c r i p t d f o r a lpha s t epdown and a l p h a s t e p u p
i n d i c a t e s c a s e d

45 alpha_stepdown_d = I_2 / I_1 ; // step−down
t r a n s f o r m a t i o n r a t i o

46 alpha_stepup_d = I_h / I_l ; // step−up
t r a n s f o r m a t i o n r a t i o

47

48 // D i s p l ay the r e s u l t s
49 disp(” Example 14−2 S o l u t i o n : ”);
50

51 printf(” \n a : Number o f high−s i d e t u r n s : \ n N h
= %d t = N 1 \n”,N_h);

52 printf(” \n Number o f low−s i d e t u r n s : \ n N l =
%d t = N 2\n”,N_l);

53

54 printf(” \n b : Rated pr imary c u r r e n t : \ n I h =
I 1 = %d A \n”,I_1);

55 printf(” \n Rated s e condary c u r r e n t : \ n I l =
I 2 = %d A\n”,I_2);

56

57 printf(” \n c : s tep−down t r a n s f o r m a t i o n r a t i o : \ n
= N 1/N 2 = %d\n”,alpha_stepdown_c);

58 printf(” \n step−up t r a n s f o r m a t i o n r a t i o : \ n
= N l /N h = %. 2 f \n”,alpha_stepup_c);

59

60 printf(” \n d : s tep−down t r a n s f o r m a t i o n r a t i o : \ n
= I 2 / I 1 = %d\n”,alpha_stepdown_d);

61 printf(” \n step−up t r a n s f o r m a t i o n r a t i o : \ n
= I h / I l h = %. 2 f \n”,alpha_stepup_d);

Scilab code Exa 14.3 alpha Z1 I1

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
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4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−3
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 N_1 = 500 ; // Number o f pr imary t u r n s i n the aud io

output t r a n s f o r m e r
13 N_2 = 25 ; // Number o f s e conda ry t u r n s i n the aud io

output t r a n s f o r m e r
14 Z_L = 8 ; // Speaker impedance i n ohm
15 V_1 = 10 ; // Output v o l t a g e o f the aud io output

t r a n s f o r m e r i n v o l t
16

17 // C a l c u l a t i o n s
18 // c a s e a
19 alpha = N_1/N_2 ; // step−down t r a n s f o r m a t i o n r a t i o
20 Z_1 = (alpha)^2 * Z_L ; // Impedance r e f l e c t e d to

the t r a n s f o r m e r pr imary
21 // at the output o f Tr i n ohm
22

23 // c a s e b
24 I_1 = V_1 / Z_1 ; // Primary c u r r e n t i n A
25

26 // D i s p l ay the r e s u l t s
27 disp(” Example 14−3 S o l u t i o n : ”);
28

29 printf(” \n a : Trans f o rmat i on r a t i o : \ n = %d\n
”,alpha);

30 printf(” \n Impedance r e f l e c t e d to the
t r a n s f o r m e r pr imary at the output o f Tr : ”);

31 printf(” \n Z 1 = %d ohm \n ”,Z_1);
32

33 printf(” \n b : Matching t r a n s f o r m e r pr imary c u r r e n t
: \ n I 1 = %f A”,I_1);
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34 printf(” \n I 1 = %. 3 f mA ” ,1000 * I_1);

Scilab code Exa 14.4 Z2prime Z3prime Z1 I1 Pt V2 P2 V3 P3 Pt

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−4
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 N_1 = 600 ; // Number o f pr imary t u r n s
13 N_2 = 150 ; // Some number o f s e conda ry t u r n s
14 N_3 = 300 ; // Some number o f s e conda ry t u r n s
15 Z_2 = 30 ; // R e s i s t i v e l oad i n ohm a c r o s s N 2
16 Z_3 = 15 ; // R e s i s t i v e l oad i n ohm a c r o s s N 3
17 R_2 = 30 ;

18 R_3 = 15 ;

19 V_p = 16 ; // Primary a p p l i e d v o l t a g e i n v o l t
20 cos_theta = 1 ; // u n i t y PF
21

22 // C a l c u l a t i o n s
23 // c a s e a
24 Z_2_prime = Z_2 * (N_1/N_2)^2 ; // Impedance

r e f l e c t e d to the pr imary by l oad Z 2 i n ohm
25

26 // c a s e b
27 Z_3_prime = Z_3 * (N_1/N_3)^2 ; // Impedance

r e f l e c t e d to the pr imary by l oad Z 3 i n ohm
28
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29 // c a s e c
30 // Tota l impedance r e f l e c t e d to the pr imary i n ohm
31 Z_1 = (Z_2_prime * Z_3_prime) / (Z_2_prime +

Z_3_prime) ;

32

33 // c a s e d
34 I_1 = V_p / Z_1 ; // Tota l c u r r e n t drawn from the

supp ly i n A
35

36 // c a s e e
37 P_t = V_p * I_1 * cos_theta ; // Tota l power i n W

drwan from the supp ly at u n i t y PF
38

39 // c a s e f
40 V_2 = V_p * (N_2/N_1) ; // Vo l tage a c r o s s Z 2 i n

v o l t
41 P_2 = (V_2)^2 / R_2 ; // Power d i s s i p a t e d i n l oad

Z 2 i n W
42

43 // c a s e g
44 V_3 = V_p * (N_3/N_1) ; // Vo l tage a c r o s s Z 3 i n

v o l t
45 P_3 = (V_3)^2 / R_3 ; // Power d i s s i p a t e d i n l oad

Z 3 i n W
46

47 // c a s e h
48 P_total = P_2 + P_3 ; // Tota l power d i s s i p a t e d i n

both l o a d s i n W
49

50 // D i s p l ay the r e s u l t s
51 disp(” Example 14−4 S o l u t i o n : ”);
52

53 printf(” \n a : Impedance r e f l e c t e d to the pr imary by
l oad Z 2 : ”);

54 printf(” \n Z 2 = %d ohm \n ”,Z_2_prime );

55

56 printf(” \n b : Impedance r e f l e c t e d to the pr imary by
l oad Z 3 : ”);
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57 printf(” \n Z 3 = %d ohm \n ”,Z_3_prime );

58

59 printf(” \n c : Tota l impedance r e f l e c t e d to the
pr imary : ”);

60 printf(” \n Z 1 = %. 1 f ohm \n ”,Z_1 );

61

62 printf(” \n d : Tota l c u r r e n t drawn from the supp ly :
”);

63 printf(” \n I 1 = %. 1 f A \n ”,I_1 );

64

65 printf(” \n e : Tota l power drawn from the supp ly at
u n i t y PF : ”);

66 printf(” \n P t = %. 1 f W \n ”,P_t );

67

68 printf(” \n f : Vo l tage a c r o s s Z 2 i n v o l t : \ n V 2
= %d V \n ”,V_2 );

69 printf(” \n Power d i s s i p a t e d i n l oad Z 2 : \ n
P 2 = %. 2 f W \n”,P_2 );

70

71 printf(” \n g : Vo l tage a c r o s s Z 3 i n v o l t : \ n V 3
= %d V \n ”,V_3 );

72 printf(” \n Power d i s s i p a t e d i n l oad Z 3 : \ n
P 3 = %f W \n”,P_3 );

73

74 printf(” \n h : Tota l power d i s s i p a t e d i n both l o a d s
: \ n P t = %. 1 f W”,P_total);

Scilab code Exa 14.5 alpha N2 N1 ZL

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
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7 // Example 14−5
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 100 ; // Power r a t i n g o f the s i n g l e channe l

power a m p l i f i e r i n W
13 Z_p = 3200 ; // Output impedance i n ohm o f the

s i n g l e channe l power a m p l i f i e r
14 N_p = 1500 ; // Number o f pr imary t u r n s i n a tapped

impedance−matching t r a n s f o r m e r
15 Z_L1 = 8 ; // A m p l i f i e r output i n ohm u s i n g a tapped

impedance−matching t r a n s f o r m e r
16 Z_L2 = 4 ; // A m p l i f i e r output i n ohm u s i n g a tapped

impedance−matching t r a n s f o r m e r
17

18 // C a l c u l a t i o n s
19 // c a s e a
20 alpha = sqrt(Z_p/Z_L1) ; // Trans f o rmat i on r a t i o
21 N_2 = N_p / alpha ; // Tota l number o f s e conda ry

t u r n s to match 8 ohm s p e a k e r
22

23 // c a s e b
24 // s u b s c r i p t b f o r a lpha i n d i c a t e s c a s e b
25 alpha_b = sqrt(Z_p/Z_L2) ; // Trans f o rmat i on r a t i o
26 N_1 = N_p / alpha_b ; // Number o f pr imary t u r n s to

match 4 ohm s p e a k e r
27

28 // c a s e c
29 turns_difference = N_2 - N_1 ; // D i f f e r e n c e i n

s e condary and pr imary t u r n s
30 // s u b s c r i p t c f o r a lpha i n d i c a t e s c a s e c
31 alpha_c = (1500/22); // Trans f o rmat i on r a t i o
32 Z_L = Z_p / (alpha_c)^2 ; // Impedance tha t must be

connec t ed between 4 ohm and
33 // 8 ohm t e r m i n a l s to r e f l e c t a pr imary impedance o f

3 . 2 k i l o−ohm
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34

35 // D i s p l ay the r e s u l t s
36 disp(” Example 14−5 S o l u t i o n : ”);
37

38 printf(” \n a : Trans f o rmat i on r a t i o : \n = %d
\n ”,alpha );

39 printf(” \n Tota l number o f s e conda ry t u r n s to
match 8 ohm s p e a k e r : ”);

40 printf(” \n N 2 = %d t \n ”,N_2 );

41

42 printf(” \n b : Trans f o rmat i on r a t i o : \n = %. 3
f \n ”,alpha_b );

43 printf(” \n Number o f pr imary t u r n s to match 4
ohm s p e a k e r : ”);

44 printf(” \n N 1 = %d t \n ”,N_1 );

45

46 printf(” \n c : D i f f e r e n c e i n s e conda ry and pr imary
t u r n s : ”);

47 printf(” \n N 2 − N 1 = %. f t \n ”,
turns_difference );

48 printf(” \n Impedance tha t must be connec t ed
between 4 ohm and 8 ohm ”);

49 printf(” \n t e r m i n a l s to r e f l e c t a pr imary
impedance o f 3 . 2 k i l o−ohm : ”);

50 printf(” \n Z L = %. 2 f ohm ”,Z_L );

Scilab code Exa 14.6 Z between terminals A B

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−6
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8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 P = 100 ; // Power r a t i n g o f the s i n g l e channe l

power a m p l i f i e r i n W
13 Z_L1 = 8 ; // A m p l i f i e r output i n ohm u s i n g a tapped

impedance−matching t r a n s f o r m e r
14 Z_L2 = 4 ; // A m p l i f i e r output i n ohm u s i n g a tapped

impedance−matching t r a n s f o r m e r
15 P_servo = 10 ; // Power r a t i n g o f the s e r v o motor i n

W
16 Z_servo = 0.7 ; // Impedance o f the s e r v o motor i n

ohm
17

18 // C a l c u l a t i o n s
19 root_Z_AB = sqrt (8) - sqrt (4);

20 Z_AB = (root_Z_AB)^2;

21

22 // D i s p l ay the r e s u l t a
23 disp(” Example 14−6 S o l u t i o n : ”);
24

25 printf(” \n Z p = % d ∗ ( N p/N 1 ) ˆ2 = % d ∗ ( N p/N 2 )
ˆ2\n”,Z_L2 ,Z_L1);

26 printf(” \n = Z AB ∗ ( N p /( N 2 − N 1 ) ˆ2 ) \n”);
27 printf(” \n D i v i d i n g each o f the t h r e e numerator s by

N p ˆ2 and t a k i n g the ”);
28 printf(” \n squa r e r o o t o f each term , we have \n”);
29

30 printf(” \n ( Z AB ) /( N 2 − N 1 ) = ( 4 ) /N 1 =
( 8 ) /N 2 \n”);

31 printf(” \n ( Z AB ) /( N 2 − N 1 ) = ( 4 ) /N 1 −
( 8 ) /N 2 \n”);

32 printf(” \n y i e l d i n g , (Z AB ) = ( 8 ) − ( 4 ) =
%f \n”,root_Z_AB);

33 printf(” \n which Z AB = ( %f ) ˆ2 = %. 2 f \n”,
root_Z_AB ,Z_AB);
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Scilab code Exa 14.7 alpha V1 V2 I2 I1 PL Ps PT efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−7
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V = 10 * exp(%i * 0 * (%pi /180)); // Supply v o l t a g e

o f the s o u r c e 10<0 V
13 R_s = 1000 ; // R e s i s t a n c e o f the s o u r c e i n ohm
14 R_L = 10 ; // Load r e s i s t a n c e i n ohm
15 Z_L = R_L ; // Load r e s i s t a n c e i n ohm
16

17 // C a l c u l a t i o n s
18 // c a s e a
19 alpha = sqrt(R_s/R_L) ; // Trans f o rmat i on r a t i o o f

the matching t r a n s f o r m e r f o r MPT
20

21 // c a s e b
22 V_1 = V / 2 ; // Terminal v o l t a g e i n v o l t o f the

s o u r c e at MPT
23

24 // c a s e c
25 V_2 = V_1 / alpha ; // Terminal v o l t a g e i n v o l t

a c r o s s the l oad at MPT
26

27 // c a s e d
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28 I_2 = V_2 / Z_L ; // Secondary l oad c u r r e n t i n A (
method 1)

29 I2 = V / (2* alpha*R_L) ; // Secondary l oad c u r r e n t
i n A ( method 2)

30

31 // c a s e e
32 I_1 = I_2 / alpha ; // Primary l oad c u r r e n t drawn

from the s o u r c e i n A ( method 1)
33 I1 = V / (2* R_s) ; // Primary l oad c u r r e n t drawn

from the s o u r c e i n A ( method 2)
34

35 // c a s e f
36 P_L = (I_2)^2 * R_L ; // Maximum power d i s s i p a t e d i n

the l oad i n W
37

38 // c a s e g
39 P_s = (I_1)^2 * R_s ; // Power d i s s i p a t e d i n t e r n a l l y

w i t h i n the s o u r c e i n W
40

41 // c a s e h
42 P_T1 = V * I_1 * cosd (0) ; // Tota l power s u p p l i e d

by the s o u r c e i n W( method 1)
43

44 P_T2 = P_L + P_s ; // Tota l power s u p p l i e d by the
s o u r c e i n W( method 2)

45

46 // c a s e i
47 P_T = P_T1 ;

48 eta = P_L / P_T * 100 ; // Power t r a n s f e r e f f i c i e n c y
i n p e r c e n t

49

50 // D i s p l ay the r e s u l t s
51 disp(” Example 14−7 S o l u t i o n : ”);
52

53 printf(” \n a : Trans f o rmat i on r a t i o o f the matching
t r a n s f o r m e r f o r MPT : ”);

54 printf(” \n = %d \n ”,alpha );

55
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56 printf(” \n b : Terminal v o l t a g e o f the s o u r c e at MPT
: \ n V 1 = %d V \n”,V_1);

57

58 printf(” \n c : Terminal v o l t a g e a c r o s s the l oad at
MPT : \ n V 2 = %. 1 f V \n”,V_2);

59

60 printf(” \n d : Secondary l oad c u r r e n t : ”);
61 printf(” \n ( method 1) : \ n I 2 = %. 2 f A = %d

mA \n ”,I_2 , 1000* I_2);

62

63 printf(” \n ( method 2) : \ n I 2 = %. 2 f A = %d
mA \n ”,I2 , 1000* I2);

64

65 printf(” \n e : Primary l oad c u r r e n t drawn from the
s o u r c e : ”);

66 printf(” \n ( method 1) : \ n I 1 = %f A = %d mA
\n ”,I_1 , 1000* I_1 );

67 printf(” \n ( method 2) : \ n I 1 = %f A = %d mA
\n ”,I1 , 1000*I1 );

68

69 printf(” \n f : Maximum power d i s s i p a t e d i n the l oad
: ”);

70 printf(” \n P L = %f W = %d mW \n”,P_L , 1000* P_L

);

71

72 printf(” \n g : Power d i s s i p a t e d i n t e r n a l l y w i t h i n
the s o u r c e : ” );

73 printf(” \n P s = %f W = %d mW \n”,P_s , 1000* P_s

);

74

75 printf(” \n h : Tota l power s u p p l i e d by the s o u r c e :
”);

76 printf(” \n ( method 1) : \ n P T = %f W = %d mW
\n ”,P_T1 , 1000* P_T1);

77 printf(” \n ( method 2) : \ n P T = %f W = %d mW
\n ”,P_T2 , 1000* P_T2);

78

79 printf(” \n i : Power t r a n s f e r e f f i c i e n c y : \ n =
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%d p e r c e n t ”,eta );

Scilab code Exa 14.8 PL alpha maxPL

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−8
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // power t r a n s f o r m e r
13 V = 20 ; // No−l o ad v o l t a g e i n v o l t
14 R_s = 18 ; // I n t e r n a l r e s i s t a n c e o f the power

a m p l i f i e r i n ohm
15 R_L = 8 ; // Load r e s i s t a n c e i n ohm( Speaker )
16

17 // C a l c u l a t i o n s
18 // c a s e a
19 V_L = ( R_L / (R_L + R_s) )* V; // Load v o l t a g e i n

v o l t
20 P_L = (V_L)^2 / R_L ; // Power d e l i v e r e d i n W to the

s p e a k e r when connec t ed
21 // d i r e c t l y to the a m p l i f i e r
22

23 // c a s e b
24 alpha = sqrt(R_s/R_L); // Turns r a t i o o f the

t r a n s f o r m e r to maximize s p e a k e r power
25

26 // c a s e c
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27 V_2 = V / (2* alpha); // Secondary v o l t a g e i n v o l t
28 P_L2 = (V_2)^2 / R_L ; // Maximum power d e l i v e r e d i n

W to the s p e a k e r u s i n g matching
29 // t r a n s f o r m e r o f pa r t b
30

31 // D i s p l ay the r e s u l t s
32 disp(” Example 14−8 S o l u t i o n : ”);
33

34 printf(” \n a ; Load v o l t a g e : \ n V L = %. 2 f V
a c r o s s the 8 s p e a k e r \n ”,V_L);

35 printf(” \n Power d e l i v e r e d i n W to the s p e a k e r
when connec t ed d i r e c t l y to the a m p l i f i e r : ”);

36 printf(” \n P L = %. 2 f W \n ”, P_L );

37

38 printf(” \n b : Turns r a t i o o f the t r a n s f o r m e r to
maximize s p e a k e r power : ”);

39 printf(” \n = %. 1 f \n ”, alpha );

40

41 printf(” \n c : Secondary v o l t a g e : \ n V 2 = %f V \
n ”,V_2 );

42 printf(” \n Maximum power d e l i v e r e d i n W to the
s p e a k e r u s i n g matching ”);

43 printf(” \n t r a n s f o r m e r o f pa r t b : \ n P L = %f
W ”,P_L2 );

Scilab code Exa 14.9 Eh El Ih new kVA

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−9
8
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9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 1 ; // kVA r a t i n g o f the t r a n s f o r m e r
13 V_1 = 220 ; // Primary v o l t a g e i n v o l t
14 V_2 = 110 ; // Secondary v o l t a g e i n v o l t
15 f_o = 400 ; // Frequency i n Hz ( o r i g i n a l f r e q u e n c y )
16 f_f = 60 ; // Frequency i n Hz f o r which the

t r a n s f o r m e r i s to be used
17

18 // C a l c u l a t i o n s
19 alpha = V_1 / V_2 ; // Trans f o rmat i on r a t i o
20 // c a s e a
21 E_h = V_1 * (f_f / f_o); // Maximum rms v o l t a g e i n

v o l t a p p l i e d to HV s i d e
22 E_1 = E_h ;

23 E_l = E_1 / alpha ; // Maximum rms v o l t a g e i n v o l t
a p p l i e d to HV s i d e

24

25 // c a s e b
26 V_h = V_1 ; // High v o l t a g e i n v o l t
27 I_h = kVA * 1000 / V_h ;

28 Vh = E_h ;

29 kVA_new = Vh * I_h ;

30

31 // D i s p l ay the r e s u l t s
32 disp(” Example 14−9 S o l u t i o n : ”);
33

34 printf(” \n a : To mainta in the same p e r m i s s i b l e f l u x
d e n s i t y i n Eqs . (14 −15) ”);

35 printf(” \n and (14−16) , both v o l t a g e s o f the h igh
and low s i d e s must change ”);

36 printf(” \n i n the same p r o p o r t i o n as the
f r e q u e n c y : ”);

37 printf(” \n E h = %d V \n and , \ n E l = %. 1 f
V\n”,E_h , E_l );

38
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39 printf(” \n b : The o r i g i n a l c u r r e n t r a t i n g o f the
t r a n s f o r m e r i s unchanged s i n c e ”);

40 printf(” \n the c o n d u c t o r s s t i l l have the same
c u r r e n t c a r r y i n g c a p a c i t y . ”);

41 printf(” \n Thus , \ n I h = %. 3 f A\n and the
new kVA r a t i n g i s ”,I_h );

42 printf(” \n V h∗ I h = V 1∗ I 1 = %d VA = %. 2 f kVA”
,kVA_new , kVA_new /1000);

Scilab code Exa 14.10 Piron

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−10
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( from Example 14−9)
12 kVA = 1 ; // kVA r a t i n g o f the t r a n s f o r m e r
13 V_1 = 220 ; // Primary v o l t a g e i n v o l t
14 V_2 = 110 ; // Secondary v o l t a g e i n v o l t
15 f_o = 400 ; // Frequency i n Hz
16 f_f = 60 ; // Frequency i n Hz f o r which the

t r a n s f o r m e r i s to be used
17 P_orig = 10 ; // O r i g i n a l i r o n l o s s e s o f the

t r a n s f o r m e r i n W
18

19 // C a l c u l a t i o n s
20 // c o n s i d e r on ly r a t i o o f f r e q u e n c i e s f o r

c a l c u l a t i n g B
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21 B = f_o / f_f ; // f l u x d e n s i t y
22

23 P_iron = (P_orig)*(B^2); // I r o n l o s s e s i n W
24

25 // D i s p l ay the r e s u l t s
26 disp(” Example 14−10 S o l u t i o n : ”);
27

28 printf(” \n S i n c e E = k∗ f ∗B m and the same pr imary
v o l t a g e i s a p p l i e d to the ”);

29 printf(” \n t r a n s f o r m e r at reduced f r equency , the
f i n a l f l u x d e n s i t y B mf ”);

30 printf(” \n i n c r e a s e d s i g n i f i c a n t l y above i t s
o r i g i n a l maximum p e r m i s s i b l e ”);

31 printf(” \n v a l u e B mo to : \ n B mf = B mo ∗ ( f o / f f
) = %. 2 fB mo \n ”,B );

32

33 printf(” \n S i n c e the i r o n l o s s e s vary approx imate l y
as the squa r e o f the f l u x d e n s i t y : ”);

34 printf(” \n P i r o n = %d W ”,P_iron );

Scilab code Exa 14.11 I2 I1 Z2 Z1their loss E2 E1 alpha

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−11
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 500 ; // kVA r a t i n g o f the s tep−down
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t r a n s f o r m e r
13 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
14 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
15 f = 60 ; // Frequency i n Hz
16 r_1 = 0.1 ; // Primary winding r e s i s t a n c e i n ohm
17 x_1 = 0.3 ; // Primary winding r e a c t a n c e i n ohm
18 r_2 = 0.001 ; // Secondary winding r e s i s t a n c e i n ohm
19 x_2 = 0.003 ; // Secondary winding r e a c t a n c e i n ohm
20

21 // C a l c u l a t i o n s
22 alpha = V_1 / V_2 ; // Trans f o rmat i on r a t i o
23 // c a s e a
24 I_2 = (kVA *1000) / V_2 ; // Secondary c u r r e n t i n A
25 I_1 = I_2 / alpha ; // Primary c u r r e n t i n A
26

27 // c a s e b
28 Z_2 = r_2 + %i*(x_2); // Secondary i n t e r n a l

impedance i n ohm
29 Z_2_m = abs(Z_2);// Z 2 m=magnitude o f Z 2 i n ohm
30 Z_2_a = atan(imag(Z_2) /real(Z_2))*180/ %pi;// Z 2 a=

phase a n g l e o f Z 2 i n d e g r e e s
31

32 Z_1 = r_1 + %i*(x_1); // Primary i n t e r n a l impedance
i n ohm

33 Z_1_m = abs(Z_1);// Z 1 m=magnitude o f Z 1 i n ohm
34 Z_1_a = atan(imag(Z_1) /real(Z_1))*180/ %pi;// Z 1 a=

phase a n g l e o f Z 1 i n d e g r e e s
35

36 // c a s e c
37 I_2_Z_2 = I_2 * Z_2_m ; // Secondary i n t e r n a l

v o l t a g e drop i n v o l t
38 I_1_Z_1 = I_1 * Z_1_m ; // Primary i n t e r n a l v o l t a g e

drop i n v o l t
39

40 // c a s e d
41 E_2 = V_2 + I_2_Z_2 ; // Secondary induced v o l t a g e

i n v o l t
42 E_1 = V_1 - I_1_Z_1 ; // Primary induced v o l t a g e i n
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v o l t
43

44 // c a s e e
45 ratio_E = E_1 / E_2 ; // r a t i o o f pr imary to

s e condary induced v o l t a g e
46 ratio_V = V_1 / V_2 ; // r a t i o o f pr imary to

s e condary t e r m i n a l v o l t a g e
47

48 // D i s p l ay the r e s u l t s
49 disp(” Example 14−11 S o l u t i o n : ”);
50

51 printf(” \n a : Secondary c u r r e n t : \ n I 2 = %. f A
\n ”,I_2 );

52 printf(” \n Primary c u r r e n t : \ n I 1 = %. 1 f A \
n ”,I_1 );

53

54 printf(” \n b : Secondary i n t e r n a l impedance : \n
Z 2 i n ohm = ”);disp(Z_2);

55 printf(” \n Z 2 = %f <%. 2 f ohm \n ”,Z_2_m , Z_2_a

);

56 printf(” \n Primary i n t e r n a l impedance : \n
Z 1 i n ohm = ”);disp(Z_1);

57 printf(” \n Z 1 = %f <%. 2 f ohm \n ”,Z_1_m , Z_1_a

);

58

59 printf(” \n c : Secondary i n t e r n a l v o l t a g e drop : \ n
I 2 ∗Z 2 = %. 2 f V \n ”,I_2_Z_2);

60 printf(” \n Primary i n t e r n a l v o l t a g e drop : \ n
I 1 ∗Z 1 = %. 2 f V \n ”,I_1_Z_1);

61

62 printf(” \n d : Secondary induced v o l t a g e : \ n E 2
= %. 2 f V \n”,E_2 );

63 printf(” \n Primary induced v o l t a g e : \ n E 1 =
%. 2 f V \n”,E_1 );

64

65 printf(” \n e : Rat io o f E 1 / E 2 = %. 2 f = = N 1/
N 2 \n”,ratio_E );

66 printf(” \n But V 1/V 2 = %d ”,ratio_V );
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Scilab code Exa 14.12 ZL ZP difference

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−12
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( from Example 14−11)
12 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
13 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
14 I_2 = 2174 ; // Secondary c u r r e n t i n A
15 I_1 = 217.4 ; // Primary c u r r e n t i n A
16 // c a l c u l a t e d v a l u e s from Example 14−11
17 Z_2 = 0.00316 ; // Secondary i n t e r n a l impedance i n

ohm
18 Z_1 = 0.316 ; // Primary i n t e r n a l impedance i n ohm
19

20

21 // C a l c u l a t i o n s
22 alpha = V_1 / V_2 ; // Trans f o rmat i on r a t i o
23 // c a s e a
24 Z_L = V_2 / I_2 ; // Load impedance i n ohm
25

26 // c a s e b
27 Z_p = V_1 / I_1 ; // Primary input impedance i n ohm
28

29 Zp = (alpha)^2 * Z_L ; // Primary input impedance i n
ohm
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30

31 // D i s p l ay the r e s u l t s
32 disp(” Example 14−12 S o l u t i o n : ”);
33

34 printf(” \n a : Load impedance : \ n Z L = %. 4 f ohm
\n ”, Z_L );

35

36 printf(” \n b : Primary input impedance : ”);
37 printf(” \n ( method 1) : \ n Z p = %. 2 f ohm \n ”

,Z_p );

38 printf(” \n ( method 2) : \ n Z p = %. 2 f ohm \n ”
,Zp );

39

40 printf(” \n c : The impedance o f the l oad Z L = %. 4 f
, which i s much g r e a t e r ”,Z_L);

41 printf(” \n than the i n t e r n a l s e conda ry impedance
Z 2 = %. 5 f . \ n ”,Z_2);

42 printf(” \n The pr imary input impedance Z p = %. 2
f , which i s much g r e a t e r ”,Z_p);

43 printf(” \n than the i n t e r n a l pr imary impedance
Z 1 = %. 3 f . \ n”,Z_1);

44

45 printf(” \n d : I t i s e s s e n t i a l f o r Z L to be much
g r e a t e r than Z 2 so tha t the ”);

46 printf(” \n major pa r t o f the v o l t a g e produced by
E 2 i s dropped a c r o s s the ”);

47 printf(” \n l oad impedance Z L . As Z L i s r educed
i n p r o p o r t i o n to Z 2 , the ”);

48 printf(” \n l oad c u r r e n t i n c r e a s e s and more
v o l t a g e i s dropped i n t e r n a l l y ”);

49 printf(” \n a c r o s s Z 2 . ”);

Scilab code Exa 14.13 Re1 Xe1 Ze1 ZLprime I1

1 // E l e c t r i c Machinery and Trans f o rmer s
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2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−13
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 500 ; // kVA r a t i n g o f the s tep−down

t r a n s f o r m e r
13 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
14 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
15 f = 60 ; // Frequency i n Hz
16 r_1 = 0.1 ; // Primary winding r e s i s t a n c e i n ohm
17 x_1 = 0.3 ; // Primary winding r e a c t a n c e i n ohm
18 r_2 = 0.001 ; // Secondary winding r e s i s t a n c e i n ohm
19 x_2 = 0.003 ; // Secondary winding r e a c t a n c e i n ohm
20 // c a l c u l a t e d data from Example 14−12
21 Z_L = 0.1058 ; // Load impedance i n ohm
22

23 // C a l c u l a t i o n s
24 alpha = V_1 / V_2 ; // Trans f o rmat i on r a t i o
25

26 // c a s e a
27 R_e1 = r_1 + (alpha)^2 * r_2 ; // E q u i v a l e n t

i n t e r n a l r e s i s t a n c e r e f e r r e d to the
28 // pr imary s i d e i n ohm
29

30 // c a s e b
31 X_e1 = x_1 + (alpha)^2 * x_2 ; // E q u i v a l e n t

i n t e r n a l r e a c t a n c e r e f e r r e d to the
32 // pr imary s i d e i n ohm
33

34 // c a s e c
35 Z_e1 = R_e1 + %i*(X_e1) ; // E q u i v a l e n t i n t e r n a l
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impedance r e f e r r e d to the
36 // pr imary s i d e i n ohm
37 Z_e1_m = abs(Z_e1);// Z e1 m=magnitude o f Z e1 i n ohm
38 Z_e1_a = atan(imag(Z_e1) /real(Z_e1))*180/ %pi;//

Z e 1 a=phase a n g l e o f Z e1 i n d e g r e e s
39

40 // c a s e d
41 Z_L_prime = (alpha)^2 * (Z_L); // E q u i v a l e n t

s e condary l oad impedance r e f e r r e d
42 // to the pr imary s i d e i n ohm
43

44 // c a s e e
45 R_L = Z_L ; // Load r e s i s t a n c e i n ohm
46 X_L = 0 ; // Load r e a c t a n c e i n ohm
47

48 // Primary l oad c u r r e n t i n A , when V 1 = 2300 V
49 I_1 = V_1 / ( (R_e1 + alpha ^2*R_L) + %i*(X_e1 +

alpha ^2* X_L) );

50

51 // D i s p l ay the r e s u l t s
52 disp(” Example 14−13 S o l u t i o n : ”);
53

54 printf(” \n a : E q u i v a l e n t i n t e r n a l r e s i s t a n c e
r e f e r r e d to the pr imary s i d e : ”);

55 printf(” \n R c1 = %. 2 f ohm \n ”,R_e1 );

56

57 printf(” \n b : E q u i v a l e n t i n t e r n a l r e a c t a n c e
r e f e r r e d to the pr imary s i d e : ”);

58 printf(” \n X c1 = %. 2 f ohm \n ”,X_e1 );

59

60 printf(” \n c : E q u i v a l e n t i n t e r n a l impedance
r e f e r r e d to the pr imary s i d e : ”);

61 printf(” \n Z c1 i n ohm = ”);disp(Z_e1);
62 printf(” \n Z c1 = %. 3 f <%. 2 f ohm \n ”, Z_e1_m ,

Z_e1_a );

63

64 printf(” \n d : E q u i v a l e n t s e conda ry l oad impedance
r e f e r r e d to the pr imary s i d e : ”);
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65 printf(” \n ( a lpha ) ˆ2 ∗ Z L = %. 2 f ohm = ( a lpha )
ˆ2 ∗ R L \n”,Z_L_prime);

66

67 printf(” \n e : Primary l oad c u r r e n t : \ n I 1 = %f
A %. f A ”, I_1 , I_1);

Scilab code Exa 14.14 I2 ohmdrops E2 VR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−14
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 500 ; // kVA r a t i n g o f the s tep−down

t r a n s f o r m e r
13 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
14 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
15 R_e2 = 2 ; // E q u i v a l e n t r e s i s t a n c e r e f e r r e d to the
16 // pr imary s i d e i n m
17 X_e2 = 6 ; // E q u i v a l e n t r e a c t a n c e r e f e r r e d to the
18 // pr imary s i d e i n m
19

20 // C a l c u l a t i o n s
21 // c a s e a
22 I_2 = (kVA ) / V_2 ; // Rated s e conda ry c u r r e n t i n

kA
23

24 // c a s e b
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25 R_e2_drop = I_2 * R_e2 ; // Fu l l−l o ad e q u i v a l e n t
r e s i s t a n c e v o l t a g e drop i n v o l t

26

27 // c a s e c
28 X_e2_drop = I_2 * X_e2 ; // Fu l l−l o ad e q u i v a l e n t

r e a c t a n c e v o l t a g e drop i n v o l t
29

30 // c a s e d
31 // u n i t y PF
32 cos_theta2 = 1;

33 sin_theta2 = sqrt(1 - (cos_theta2)^2);

34

35 // Induced v o l t a g e when the t r a n s f o r m e r i s
d e l i v e r i n g r a t e d c u r r e n t to u n i t y PF load

36 E_2 = (V_2*cos_theta2 + I_2*R_e2) + %i*(V_2*

sin_theta2 + I_2*X_e2);

37 E_2_m = abs(E_2);// E 2 m=magnitude o f E 2 i n v o l t
38 E_2_a = atan(imag(E_2) /real(E_2))*180/ %pi;// E 2 a=

phase a n g l e o f E 2 i n d e g r e e s
39

40 // c a s e e
41 VR = ( (E_2_m - V_2) / V_2 ) * 100 ; // Percen t

v o l t a g e r e g u l a t i o n at u n i t y PF
42

43 // D i s p l ay the r e s u l t s
44 disp(” Example 14−14 S o l u t i o n : ”);
45

46 printf(” \n a : Rated s e conda ry c u r r e n t : \ n I 2 =
%. 3 f kA \n ”, I_2 );

47

48 printf(” \n b : Fu l l−l o ad e q u i v a l e n t r e s i s t a n c e
v o l t a g e drop : ”);

49 printf(” \n I 2 ∗R c2 = %. 2 f V \n”, R_e2_drop );

50

51 printf(” \n c : Fu l l−l o ad e q u i v a l e n t r e a c t a n c e
v o l t a g e drop : ”);

52 printf(” \n I 2 ∗X c2 = %. 2 f V \n”, X_e2_drop );

53
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54 printf(” \n d : Induced v o l t a g e when the t r a n s f o r m e r
i s d e l i v e r i n g r a t e d c u r r e n t ”);

55 printf(” \n to u n i t y PF load : \ n E 2 i n v o l t =
”);disp(E_2);

56 printf(” \n E 2 = %. 2 f <%. 2 f V \n ”,E_2_m , E_2_a

);

57

58 printf(” \n e : Vo l tage r e g u l a t i o n at u n i t y PF : \ n
VR = %. 2 f p e r c e n t ”,VR );

Scilab code Exa 14.15 E2 VR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−15
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 500 ; // kVA r a t i n g o f the s tep−down

t r a n s f o r m e r
13 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
14 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
15 R_e2 = 2 ; // E q u i v a l e n t r e s i s t a n c e r e f e r r e d to the
16 // pr imary s i d e i n m
17 X_e2 = 6 ; // E q u i v a l e n t r e a c t a n c e r e f e r r e d to the
18 // pr imary s i d e i n m
19 I_2 = 2.174 ; // Rated s e condary c u r r e n t i n kA
20

21 cos_theta2 = 0.8 ; // l a g g i n g PF
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22 sin_theta2 = sqrt(1 - (cos_theta2)^2);

23

24 // C a l c u l a t i o n s
25

26 // c a s e d
27 // Induced v o l t a g e when the t r a n s f o r m e r i s

d e l i v e r i n g r a t e d c u r r e n t to 0 . 8 l a g g i n g PF load
28 E_2 = (V_2*cos_theta2 + I_2*R_e2) + %i*(V_2*

sin_theta2 + I_2*X_e2);

29 E_2_m = abs(E_2);// E 2 m=magnitude o f E 2 i n v o l t
30 E_2_a = atan(imag(E_2) /real(E_2))*180/ %pi;// E 2 a=

phase a n g l e o f E 2 i n d e g r e e s
31

32 // c a s e e
33 VR = ( (E_2_m - V_2) / V_2 ) * 100 ; // Percen t

v o l t a g e r e g u l a t i o n at 0 . 8 PF l a g
34

35 // D i s p l ay the r e s u l t s
36 disp(” Example 14−15 S o l u t i o n : ”);
37

38 printf(” \n d : Induced v o l t a g e when the t r a n s f o r m e r
i s d e l i v e r i n g r a t e d c u r r e n t ”);

39 printf(” \n to 0 . 8 l a g g i n g PF load : \ n E 2 i n
v o l t = ”);disp(E_2);

40 printf(” \n E 2 = %. 2 f <%. 2 f V \n ”,E_2_m , E_2_a

);

41

42 printf(” \n e : Vo l tage r e g u l a t i o n at 0 . 8 l a g g i n g PF
: \ n VR = %. 2 f p e r c e n t ”,VR );

Scilab code Exa 14.16 E2 VR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
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4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−16
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 500 ; // kVA r a t i n g o f the s tep−down

t r a n s f o r m e r
13 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
14 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
15 R_e2 = 2 ; // E q u i v a l e n t r e s i s t a n c e r e f e r r e d to the
16 // pr imary s i d e i n m
17 X_e2 = 6 ; // E q u i v a l e n t r e a c t a n c e r e f e r r e d to the
18 // pr imary s i d e i n m
19 I_2 = 2.174 ; // Rated s e condary c u r r e n t i n kA
20

21 cos_theta2 = 0.6 ; // l e a d i n g PF
22 sin_theta2 = sqrt(1 - (cos_theta2)^2);

23

24 // C a l c u l a t i o n s
25

26 // c a s e d
27 // Induced v o l t a g e when the t r a n s f o r m e r i s

d e l i v e r i n g r a t e d c u r r e n t to u n i t y PF load
28 E_2 = (V_2*cos_theta2 + I_2*R_e2) + %i*(V_2*

sin_theta2 - I_2*X_e2);

29 E_2_m = abs(E_2);// E 2 m=magnitude o f E 2 i n v o l t
30 E_2_a = atan(imag(E_2) /real(E_2))*180/ %pi;// E 2 a=

phase a n g l e o f E 2 i n d e g r e e s
31

32 // c a s e e
33 VR = ( (E_2_m - V_2) / V_2 ) * 100 ; // Percen t

v o l t a g e r e g u l a t i o n at 0 . 8 l e a d i n g PF
34

35 // D i s p l ay the r e s u l t s
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36 disp(” Example 14−16 S o l u t i o n : ”);
37

38 printf(” \n d : Induced v o l t a g e when the t r a n s f o r m e r
i s d e l i v e r i n g r a t e d c u r r e n t ”);

39 printf(” \n to 0 . 6 l e a d i n g PF load : \ n E 2 i n
v o l t = ”);disp(E_2);

40 printf(” \n E 2 = %. 2 f <%. 2 f V \n ”,E_2_m , E_2_a

);

41

42 printf(” \n e : Vo l tage r e g u l a t i o n at 0 . 8 l e a d i n g PF
: \ n VR = %. 2 f p e r c e n t ”,VR );

Scilab code Exa 14.17 Ze1 Re1 Xe1 Ze2 Re2 Xe2their drops VR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−17
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 20 ; // kVA r a t i n g o f the s tep−down

t r a n s f o r m e r
13 S = 20000 ; // power r a t i n g o f the s tep−down

t r a n s f o r m e r i n VA
14 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
15 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
16

17 // w. r . t HV s i d e f o l l o w i n g i s SC−t e s t data
18 P1 = 250 ; // wattmeter r e a d i n g i n W
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19 I1 = 8.7 ; // Input c u r r e n t i n A
20 V1 = 50 ; // Input v o l t a g e i n V
21

22 // C a l c u l a t i o n s
23 alpha = V_1 / V_2 ; // Trans f o rmat i on r a t i o
24 // c a s e a
25 Z_e1 = V1 / I1 ; // E q u i v a l e n t impedance w. r . t HV

s i d e i n ohm
26

27 R_e1 = P1 / (I1)^2 ; // E q u i v a l e n t r e s i s t a n c e w . r . t
HV s i d e i n ohm

28

29 theta = acosd(R_e1/Z_e1) ; // PF a n g l e i n d e g r e e s
30

31 X_e1 = Z_e1*sind(theta); // E q u i v a l e n t r e a c t a n c e w . r
. t HV s i d e i n ohm

32

33 // c a s e b
34 Z_e2 = Z_e1 / (alpha)^2 ; // E q u i v a l e n t impedance w.

r . t LV s i d e i n ohm
35

36 R_e2 = R_e1 / (alpha)^2 ; // E q u i v a l e n t r e s i s t a n c e w
. r . t LV s i d e i n ohm

37

38 X_e2 = Z_e2*sind(theta); // E q u i v a l e n t r e a c t a n c e w . r
. t LV s i d e i n ohm

39

40 // c a s e c
41 I_2 = S / V_2 ; // Rated s e conda ry l oad c u r r e n t i n A
42

43 R_e2_drop = I_2 * R_e2 ; // Fu l l−l o ad e q u i v a l e n t
r e s i s t a n c e v o l t a g e drop i n v o l t

44 X_e2_drop = I_2 * X_e2 ; // Fu l l−l o ad e q u i v a l e n t
r e a c t a n c e v o l t a g e drop i n v o l t

45

46 // At u n i t y PF
47 cos_theta2 = 1;

48 sin_theta2 = sqrt(1 - (cos_theta2)^2);
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49

50 // Induced v o l t a g e when the t r a n s f o r m e r i s
d e l i v e r i n g r a t e d c u r r e n t to u n i t y PF load

51 E_2 = (V_2*cos_theta2 + I_2*R_e2) + %i*(V_2*

sin_theta2 + I_2*X_e2);

52 E_2_m = abs(E_2);// E 2 m=magnitude o f E 2 i n v o l t
53 E_2_a = atan(imag(E_2) /real(E_2))*180/ %pi;// E 2 a=

phase a n g l e o f E 2 i n d e g r e e s
54

55 VR_unity_PF = ( (E_2_m - V_2) / V_2 ) * 100 ; //
Trans fo rmer v o l t a g e r e g u l a t i o n

56

57 // c a s e d
58 // at 0 . 7 l a g g i n g PF
59 cos_theta_2 = 0.7 ; // l a g g i n g PF
60 sin_theta_2 = sqrt(1 - (cos_theta_2)^2);

61

62 // Induced v o l t a g e when the t r a n s f o r m e r i s
d e l i v e r i n g r a t e d c u r r e n t to u n i t y PF load

63 E2 = (V_2*cos_theta_2 + I_2*R_e2) + %i*(V_2*

sin_theta_2 + I_2*X_e2);

64 E2_m = abs(E2);//E2 m=magnitude o f E2 i n v o l t
65 E2_a = atan(imag(E2) /real(E2))*180/ %pi;// E2 a=phase

a n g l e o f E2 i n d e g r e e s
66

67 VR_lag_PF = ( (E2_m - V_2) / V_2 ) * 100 ; //
Trans fo rmer v o l t a g e r e g u l a t i o n

68

69 // D i s p l ay the r e s u l t s
70 disp(” Example 14−17 S o l u t i o n : ”);
71

72 printf(” \n a : E q u i v a l e n t impedance w. r . t HV s i d e : \
n Z e1 = %. 2 f \n”,Z_e1);

73 printf(” \n E q u i v a l e n t r e s i s t a n c e w . r . t HV s i d e
: \ n R e1 = %. 1 f \n”,R_e1);

74 printf(” \n = %. f d e g r e e s \n”,theta );

75 printf(” \n E q u i v a l e n t r e a c t a n c e w . r . t HV s i d e : \
n X e1 = %. 2 f \n”,X_e1);
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76

77 printf(” \n b : E q u i v a l e n t impedance w. r . t LV s i d e : ”
);

78 printf(” \n Z e2 = %f = %. 2 f m \n”,Z_e2 ,

Z_e2 *1000);

79 printf(” \n E q u i v a l e n t r e s i s t a n c e w . r . t LV s i d e
: \ n R e2 = %f \n”,R_e2);

80 printf(” \n R e2 = %f = %. 2 f m \n”,R_e2 ,R_e2
*1000);

81 printf(” \n E q u i v a l e n t r e a c t a n c e w . r . t LV s i d e : \
n X e2 = %f \n”,X_e2);

82 printf(” \n X e2 = %f = %. 2 f m \n”,X_e2 ,X_e2
*1000);

83

84 printf(” \n c : Rated s e condary l oad c u r r e n t : \ n
I 2 = %. f A\n”,I_2);

85 printf(” \n I 2 ∗R c2 = %. 2 f V \n”, R_e2_drop );

86 printf(” \n I 2 ∗X c2 = %. 2 f V \n”, X_e2_drop );

87 printf(” \n At u n i t y PF, \ n E 2 i n v o l t = ”);
disp(E_2);

88 printf(” \n E 2 = %. 2 f <%. 2 f V \n ”,E_2_m , E_2_a

);

89 printf(” \n Vo l tage r e g u l a t i o n at u n i t y PF : \ n
VR = %. 2 f p e r c e n t ”,VR_unity_PF );

90

91 printf(” \n\n d : At 0 . 7 l a g g i n g PF , \n E 2 i n
v o l t = ”);disp(E2);

92 printf(” \n E 2 = %. 2 f <%. 2 f V \n ”,E2_m , E2_a);

93 printf(” \n Vo l tage r e g u l a t i o n at 0 . 7 l a g g i n g PF
: \ n VR = %. 2 f p e r c e n t ”,VR_lag_PF );

Scilab code Exa 14.18 Pcsc

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
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3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−18
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_sc = 50 ; // Shor t c i r c u i t v o l t a g e i n v o l t
13 V_1 = 2300 ; // Rated pr imary v o l t a g e i n v o l t
14

15 // C a l c u l a t i o n s
16 P_c = poly(0, ’ P c ’ );// Making P c as a v a r i a b l e j u s t

f o r d i s p l a y i n g answer as per
17 // t ex tbook
18

19 P_c_sc = (V_sc / V_1)^2 * P_c ; // F r a c t i o n o f P c
measured by the wattmeter

20

21 // D i s p l ay the r e s u l t s
22 disp(” Example 14−18 S o l u t i o n : ”);
23

24 printf(” \n S i n c e P c i s p r o p o r t i o n a l to the s qua r e
o f the pr imary v o l t a g e V sc , ”);

25 printf(” \n then under s h o r t c i r c u i t c o n d i t i o n s , the
f r a c t i o n o f rated−c o r e l o s s i s : ”);

26 printf(” \n P c ( s c ) = ”);disp(P_c_sc);

Scilab code Exa 14.19 Ze1drop Re1drop Xe1drop VR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
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4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−19
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12

13 kVA = 20 ; // kVA r a t i n g o f the s tep−down
t r a n s f o r m e r

14 S = 20000 ; // power r a t i n g o f the s tep−down
t r a n s f o r m e r i n VA

15 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
16 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
17 Z_e1 = 5.75 ; // E q u i v a l e n t impedance w. r . t HV s i d e

i n ohm
18 R_e1 = 3.3 ; // E q u i v a l e n t r e s i s t a n c e w . r . t HV s i d e

i n ohm
19 X_e1 = 4.71 ; // E q u i v a l e n t r e a c t a n c e w . r . t HV s i d e

i n ohm
20

21 // w. r . t HV s i d e f o l l o w i n g i s SC−t e s t data
22 P1 = 250 ; // wattmeter r e a d i n g i n W
23 I1 = 8.7 ; // Input c u r r e n t i n A
24 V1 = 50 ; // Input v o l t a g e i n V
25

26 // C a l c u l a t i o n s
27 // c a s e a
28 Z_e1_drop = V1 ; // High v o l t a g e impedance drop i n

v o l t
29

30 // c a s e b
31 theta = acosd(R_e1/Z_e1) ; // PF a n g l e i n d e g r e e s
32

33 R_e1_drop = I1*Z_e1*cosd(theta) ; //HV−s i d e
e q u i v a l e n t r e s i s t a n c e v o l t a g e drop i n v o l t
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34

35 // c a s e c
36 X_e1_drop = I1*Z_e1*sind(theta) ; //HV−s i d e

e q u i v a l e n t r e a c t a n c e v o l t a g e drop i n v o l t
37

38 // c a s e d
39 // At u n i t y PF
40 cos_theta1 = 1;

41 sin_theta1 = sqrt(1 - (cos_theta1)^2);

42

43 // Induced v o l t a g e when the t r a n s f o r m e r i s
d e l i v e r i n g r a t e d c u r r e n t to u n i t y PF load

44 E_1 = (V_1*cos_theta1 + I1*R_e1) + %i*(V_1*

sin_theta1 + I1*X_e1);

45 E_1_m = abs(E_1);// E 1 m=magnitude o f E 1 i n v o l t
46 E_1_a = atan(imag(E_1) /real(E_1))*180/ %pi;// E 1 a=

phase a n g l e o f E 1 i n d e g r e e s
47

48 VR_unity_PF = ( (E_1_m - V_1) / V_1 ) * 100 ; //
Trans fo rmer v o l t a g e r e g u l a t i o n

49

50 // c a s e e
51 // at 0 . 7 l a g g i n g PF
52 cos_theta_1 = 0.7 ; // l a g g i n g PF
53 sin_theta_1 = sqrt(1 - (cos_theta_1)^2);

54

55 // Induced v o l t a g e when the t r a n s f o r m e r i s
d e l i v e r i n g r a t e d c u r r e n t to u n i t y PF load

56 E1 = (V_1*cos_theta_1 + I1*R_e1) + %i*(V_1*

sin_theta_1 + I1*X_e1);

57 E1_m = abs(E1);//E1 m=magnitude o f E1 i n v o l t
58 E1_a = atan(imag(E1) /real(E1))*180/ %pi;// E1 a=phase

a n g l e o f E1 i n d e g r e e s
59

60 VR_lag_PF = ( (E1_m - V_1) / V_1 ) * 100 ; //
Trans fo rmer v o l t a g e r e g u l a t i o n

61

62 // D i s p l ay the r e s u l t s
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63 disp(” Example 14−19 S o l u t i o n : ”);
64

65 printf(” \n a : High v o l t a g e impedance drop : \ n
I 1 ∗Z e1 = V 1 = %d\n”,Z_e1_drop);

66

67 printf(” \n b : = %. f d e g r e e s \n”,theta );

68 printf(” \n High v o l t a g e r e s i s t a n c e drop : \ n
I 1 ∗R e1 = %. 2 f \n”,R_e1_drop);

69

70 printf(” \n c : High v o l t a g e r e a c t a n c e drop : \ n
I 1 ∗X e1 = %. 2 f \n”,X_e1_drop);

71

72 printf(” \n d : At u n i t y PF, \ n E 2 i n v o l t = ”);
disp(E_1);

73 printf(” \n E 2 = %. 2 f <%. 2 f V \n ”,E_1_m , E_1_a

);

74 printf(” \n Vo l tage r e g u l a t i o n at u n i t y PF : \ n
VR = %. 2 f p e r c e n t ”,VR_unity_PF );

75

76 printf(” \n\n e : At 0 . 7 l a g g i n g PF , \n E 2 i n
v o l t = ”);disp(E1);

77 printf(” \n E 2 = %. 2 f <%. 2 f V \n ”,E1_m , E1_a);

78 printf(” \n Vo l tage r e g u l a t i o n at 0 . 7 l a g g i n g PF
: \ n VR = %. 2 f p e r c e n t ”,VR_lag_PF );

Scilab code Exa 14.20 Re1 Re1 r2 its drop Pc

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−20
8
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9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 kVA = 500 ; // kVA r a t i n g o f the s tep−down

t r a n s f o r m e r
13 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
14 V_2 = 208 ; // Secondary v o l t a g e i n v o l t
15 f = 60 ; // Frequency i n Hz
16

17 // SC−t e s t data
18 P_sc = 8200 ; // wattmeter r e a d i n g i n W
19 I_sc = 217.4 ; // Shor t c i r c u i t c u r r e n t i n A
20 V_sc = 95 ; // Shor t c i r c u i t v o l t a g e i n V
21

22 // OC−t e s t data
23 P_oc = 1800 ; // wattmeter r e a d i n g i n W
24 I_oc = 85 ; // Open c i r c u i t c u r r e n t i n A
25 V_oc = 208 ; // Open c i r c u i t v o l t a g e i n V
26

27 // C a l c u l a t i o n s
28 alpha = V_1 / V_2 ; // Trans f o rmat i on r a t i o
29 // c a s e a
30 P = P_sc ; // wattmeter r e a d i n g i n W
31 I1 = I_sc ; // Shor t c i r c u i t c u r r e n t i n A
32 R_e1 = P / (I1)^2 ; // E q u i v a l e n t r e s i s t a n c e w . r . t

HV s i d e i n ohm
33 R_e2 = R_e1 / (alpha)^2 // E q u i v a l e n t r e s i s t a n c e

r e f e r r e d to LV s i d e i n ohm
34

35 // c a s e b
36 r_2 = R_e2 / 2 ; // R e s i s t a n c e o f low−v o l t a g e s i d e

i n ohm
37

38 // c a s e c
39 I_m = I_oc ; // Open c i r c u i t c u r r e n t i n A
40 P_cu = (I_m)^2 * r_2 ; // Trans fo rmer copper l o s s o f

the LV s i d e wdg dur ing OC−t e s t i n W
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41

42 // c a s e d
43 P_c = P_oc - P_cu ; // Trans fo rmer c o r e l o s s i n W
44

45 // D i s p l ay the r e s u l t s
46 disp(” Example 14−20 S o l u t i o n : ”);
47

48 printf(” \n a : E q u i v a l e n t r e s i s t a n c e w . r . t HV s i d e
: \ n R e1 = %. 4 f \n”,R_e1);

49 printf(” \n E q u i v a l e n t r e s i s t a n c e w . r . t LV s i d e
: \ n R e2 = %f = %. 3 f m \n”,R_e2 ,R_e2
*1000);

50

51 printf(” \n b : R e s i s t a n c e o f LV s i d e : \ n r 2 = %f
= %. 2 f m \n”,r_2 ,r_2 *1000);

52

53 printf(” \n c : Trans fo rmer copper l o s s o f the LV
s i d e wdg dur ing OC−t e s t : ”);

54 printf(” \n ( I m ) ˆ2 ∗ r 2 = %f W \n”,P_cu);
55

56 printf(” \n d : Trans fo rmer c o r e l o s s : \ n P c = %f
W \n ”,P_c);

57

58 printf(” \n e : Yes . The e r r o r i s approx imate l y 5/%d =
0 . 2 7 8 pe r cent , which i s ”,P_oc);

59 printf(” \n w i t h i n the e r r o r produced by the
i n s t r u m e n t s used i n the t e s t . ”);

60 printf(” \n We may assume tha t the c o r e l o s s i s
%d W. ”,P_oc);

Scilab code Exa 14.21 tabulate I2 efficiencies

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
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4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−21
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( from Ex.14−18)
12 V_sc = 50 ; // Shor t c i r c u i t v o l t a g e i n v o l t
13 V_1 = 2300 ; // Rated pr imary v o l t a g e i n v o l t
14

15

16 // P r e l i m i n a r y data b e f o r e t a b u l a t i n g
17

18 // from ex .14−20
19 P_c = 1.8 ; // c o r e l o s s e s i n kW
20 P_k = 1.8 ; // f i x e d l o s s e s i n kW
21 P_cu_rated = 8.2 ; // Rated copper l o s s i n kW
22

23 // g i v e n r a t i n g
24 kVA = 500 ; // Power r a t i n g i n kVA
25 PF = 1 ; // power f a c t o r
26 P_o = kVA * PF ; // f u l l −l o ad output at u n i t y PF i n

kW
27

28 // C a l c u l a t i o n s
29 // c a s e a
30 LF1 = 1/4 ; // Load f r a c t i o n
31 LF2 = 1/2 ; // Load f r a c t i o n
32 LF3 = 3/4 ; // Load f r a c t i o n
33 LF4 = 5/4 ; // Load f r a c t i o n
34 P_cu_fl = 8.2 ; // E q u i v a l e n t copper l o s s at f u l l −

l o ad s l i p
35 P_cu_LF1 = (LF1)^2 * P_cu_fl ; // E q u i v a l e n t copper

l o s s at 1/4 r a t e d l oad
36 P_cu_LF2 = (LF2)^2 * P_cu_fl ; // E q u i v a l e n t copper

l o s s at 1/2 r a t e d l oad
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37 P_cu_LF3 = (LF3)^2 * P_cu_fl ; // E q u i v a l e n t copper
l o s s at 3/4 r a t e d l oad

38 P_cu_LF4 = (LF4)^2 * P_cu_fl ; // E q u i v a l e n t copper
l o s s at 5/4 r a t e d l oad

39

40 P_L_1 = P_c + P_cu_LF1 ; // Tota l l o s s e s i n kW at
1/4 r a t e d l oad

41 P_L_2 = P_c + P_cu_LF2 ; // Tota l l o s s e s i n kW at
1/2 r a t e d l oad

42 P_L_3 = P_c + P_cu_LF3 ; // Tota l l o s s e s i n kW at
3/4 r a t e d l oad

43 P_L_fl = P_c + P_cu_fl ; // Tota l l o s s e s i n kW at
r a t e d l oad

44 P_L_4 = P_c + P_cu_LF4 ; // Tota l l o s s e s i n kW at
5/4 r a t e d l oad

45

46 P_o_1 = P_o*LF1 ; // Tota l output i n kW at 1/4 r a t e d
l oad

47 P_o_2 = P_o*LF2 ; // Tota l output i n kW at 1/2 r a t e d
l oad

48 P_o_3 = P_o*LF3 ; // Tota l output i n kW at 3/4 r a t e d
l oad

49 P_o_fl = P_o ; // Tota l output i n kW at r a t e d l oad
50 P_o_4 = P_o*LF4 ; // Tota l output i n kW at 5/4 r a t e d

l oad
51

52 P_in_1 = P_L_1 + P_o_1 ; // Tota l i nput i n kW at 1/4
r a t e d l oad

53 P_in_2 = P_L_2 + P_o_2 ; // Tota l i nput i n kW at 1/2
r a t e d l oad

54 P_in_3 = P_L_3 + P_o_3 ; // Tota l i nput i n kW at 3/4
r a t e d l oad

55 P_in_fl = P_L_fl + P_o_fl ; // Tota l i nput i n kW at
r a t e d l oad

56 P_in_4 = P_L_4 + P_o_4 ; // Tota l i nput i n kW at 5/4
r a t e d l oad

57

58 eta_1 = (P_o_1/P_in_1)*100 ; // E f f i c i e n c y at 1/4
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r a t e d l oad
59 eta_2 = (P_o_2/P_in_2)*100 ; // E f f i c i e n c y at 1/2

r a t e d l oad
60 eta_3 = (P_o_3/P_in_3)*100 ; // E f f i c i e n c y at 3/4

r a t e d l oad
61 eta_fl = (P_o_fl/P_in_fl)*100 ; // E f f i c i e n c y at

r a t e d l oad
62 eta_4 = (P_o_4/P_in_4)*100 ; // E f f i c i e n c y at 5/4

r a t e d l oad
63

64

65 // c a s e b
66 PF_b = 0.8 ; // 0 . 8 PF l a g g i n g
67 Po_1 = P_o*LF1*PF_b ; // Tota l output i n kW at 1/4

r a t e d l oad
68 Po_2 = P_o*LF2*PF_b ; // Tota l output i n kW at 1/2

r a t e d l oad
69 Po_3 = P_o*LF3*PF_b ; // Tota l output i n kW at 3/4

r a t e d l oad
70 Po_fl = P_o*PF_b ; // Tota l output i n kW at r a t e d

l oad
71 Po_4 = P_o*LF4*PF_b ; // Tota l output i n kW at 5/4

r a t e d l oad
72

73 Pin_1 = P_L_1 + Po_1 ; // Tota l i nput i n kW at 1/4
r a t e d l oad

74 Pin_2 = P_L_2 + Po_2 ; // Tota l i nput i n kW at 1/2
r a t e d l oad

75 Pin_3 = P_L_3 + Po_3 ; // Tota l i nput i n kW at 3/4
r a t e d l oad

76 Pin_fl = P_L_fl + Po_fl ; // Tota l i nput i n kW at
r a t e d l oad

77 Pin_4 = P_L_4 + Po_4 ; // Tota l i nput i n kW at 5/4
r a t e d l oad

78

79 eta1 = (Po_1/Pin_1)*100 ; // E f f i c i e n c y at 1/4 r a t e d
l oad

80 eta2 = (Po_2/Pin_2)*100 ; // E f f i c i e n c y at 1/2 r a t e d
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l o ad
81 eta3 = (Po_3/Pin_3)*100 ; // E f f i c i e n c y at 3/4 r a t e d

l oad
82 etafl = (Po_fl/Pin_fl)*100 ; // E f f i c i e n c y at r a t e d

l oad
83 eta4 = (Po_4/Pin_4)*100 ; // E f f i c i e n c y at 5/4 r a t e d

l oad
84

85 // c a s e c
86 R_e2 = 1.417e-3 ; // E q u i v a l e n t r e s i s t a n c e i n ohm

r e f e r r e d to LV s i d e
87 Pc = 1800 ; // Core l o s s e s i n W
88 I_2 = sqrt(Pc/R_e2); // Load c u r r e n t i n A f o r max .

e f f i c i e n c y i n v a r i a n t o f LF
89

90 // c a s e d
91 V = 208 ; // Vo l tage r a t i n g i n v o l t
92 I_2_rated = (kVA *1000) / V ; // Rated s e conda ry

c u r r e n t i n A
93 LF_max = I_2 / I_2_rated ; // Load f r a c t i o n f o r max .

e f f i c i e n c y
94

95 // c a s e e
96 // s u b s c r i p t e f o r eta max i n d i c a t e s c a s e e
97 cos_theta = 1;

98 V_2 = V ; // s e conda ry v o l t a g e i n v o l t
99 Pc = 1800 ; // c o r e l o s s i n W

100 // max . e f f i c i e n c y f o r u n i t y PF
101 eta_max_e = (V_2*I_2*cos_theta) / ((V_2*I_2*

cos_theta) + (Pc + I_2^2* R_e2)) * 100

102

103 // c a s e f
104 // s u b s c r i p t f f o r eta max i n d i c a t e s c a s e e
105 cos_theta2 = 0.8;

106 // max . e f f i c i e n c y f o r 0 . 8 l a g g i n g PF
107 eta_max_f = (V_2*I_2*cos_theta2) / ((V_2*I_2*

cos_theta2) + (Pc + I_2 ^2* R_e2)) * 100

108
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109 // D i s p l ay the r e s u l t s
110 disp(” Example 14−21 S o l u t i o n : ”);
111

112 printf(” \n a : Tabu la t i on at u n i t y PF : ”);
113 printf(” \n

”);
114 printf(” \n L . F \ t Core l o s s \ t Copper l o s s \

t T o t a l l o s s \ t Tota l Output \ t Tota l Input \ t
E f f i c i e n c y ”);

115 printf(” \n \ t (kW) \ t (kW) \ t
P L (kW) \ t P o (kW) \ t P L+P o (kW) \ t P o /
P in ( p e r c e n t ) ”);

116 printf(” \n

”);
117 printf(” \n %. 2 f \ t %. 1 f \ t \ t %. 3 f \ t

%. 3 f \ t \ t %. 1 f \ t %. 2 f \ t %. 2 f ”,LF1 ,P_c ,
P_cu_LF1 ,P_L_1 ,P_o_1 ,P_in_1 ,eta_1);

118 printf(” \n %. 2 f \ t %. 1 f \ t \ t %. 3 f \ t
%. 3 f \ t \ t %. 1 f \ t %. 2 f \ t %. 2 f ”,LF2 ,P_c ,
P_cu_LF2 ,P_L_2 ,P_o_2 ,P_in_2 ,eta_2);

119 printf(” \n %. 2 f \ t %. 1 f \ t \ t %. 3 f \ t
%. 3 f \ t \ t %. 1 f \ t %. 2 f \ t %. 2 f ”,LF3 ,P_c ,
P_cu_LF3 ,P_L_3 ,P_o_3 ,P_in_3 ,eta_3);

120 printf(” \n 1 \ t \ t %. 1 f \ t \ t %. 3 f \ t %
. 3 f \ t %. 1 f \ t %. 2 f \ t %. 2 f ”,P_c ,P_cu_fl ,
P_L_fl ,P_o_fl ,P_in_fl ,eta_fl);

121 printf(” \n %. 2 f \ t %. 1 f \ t \ t %. 3 f \ t %. 3 f
\ t %. 1 f \ t %. 2 f \ t %. 2 f ”,LF4 ,P_c ,P_cu_LF4 ,
P_L_4 ,P_o_4 ,P_in_4 ,eta_4);

122 printf(” \n

\n\n”);
123

124 printf(” \n b : Tabu la t i on at 0 . 8 PF l a g g i n g : ”);
125 printf(” \n
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”);
126 printf(” \n L . F \ t Core l o s s \ t Copper l o s s \

t T o t a l l o s s \ t Tota l Output \ t Tota l Input \ t
E f f i c i e n c y ”);

127 printf(” \n \ t (kW) \ t (kW) \ t
P L (kW) \ t P o (kW) \ t P L+P o (kW) \ t P o /
P in ( p e r c e n t ) ”);

128 printf(” \n

”);
129 printf(” \n %. 2 f \ t %. 1 f \ t \ t %. 3 f \ t

%. 3 f \ t \ t %. 1 f \ t %. 2 f \ t %. 2 f ”,LF1 ,P_c ,
P_cu_LF1 ,P_L_1 ,Po_1 ,Pin_1 ,eta1);

130 printf(” \n %. 2 f \ t %. 1 f \ t \ t %. 3 f \ t
%. 3 f \ t \ t %. 1 f \ t %. 2 f \ t %. 2 f ”,LF2 ,P_c ,
P_cu_LF2 ,P_L_2 ,Po_2 ,Pin_2 ,eta2);

131 printf(” \n %. 2 f \ t %. 1 f \ t \ t %. 3 f \ t
%. 3 f \ t \ t %. 1 f \ t %. 2 f \ t %. 2 f ”,LF3 ,P_c ,
P_cu_LF3 ,P_L_3 ,Po_3 ,Pin_3 ,eta3);

132 printf(” \n 1 \ t \ t %. 1 f \ t \ t %. 3 f \ t %
. 3 f \ t %. 1 f \ t %. 2 f \ t %. 2 f ”,P_c ,P_cu_fl ,
P_L_fl ,Po_fl ,Pin_fl ,etafl);

133 printf(” \n %. 2 f \ t %. 1 f \ t \ t %. 3 f \ t %. 3 f
\ t %. 1 f \ t %. 2 f \ t %. 2 f ”,LF4 ,P_c ,P_cu_LF4 ,
P_L_4 ,Po_4 ,Pin_4 ,eta4);

134 printf(” \n

\n\n”);
135

136 printf(” \n c : Load c u r r e n t at which max . e f f i c i e n c y
o c c u r s : \ n I 2 = %. 1 f A \n”,I_2);

137

138 printf(” \n d : Rated l oad c u r r e n t : \ n I 2 ( r a t e d )
= %. 1 f A \n”,I_2_rated);

139 printf(” \n Load f r a c t i o n f o r m a x = %. 3 f (
h a l f r a t e d l oad ) \n ”,LF_max);

140

141 printf(” \n e : Max . e f f i c i e n c y f o r u n i t y PF : \ n
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m a x = %. 2 f p e r c e n t \n”,eta_max_e);
142

143 printf(” \n f : Max . e f f i c i e n c y f o r 0 . 8 l a g g i n g PF : \ n
m a x = %. 2 f p e r c e n t ”,eta_max_f);

Scilab code Exa 14.22 Zeqpu V1pu VR

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−22
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
13 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
14 P = 20 ; // Power r a t i n g o f the t r a n s f o r m e r i n kVA
15 // Shor t c i r c u i t t e s t data
16 P_sc = 250 ; // Power measured i n W
17 V_sc = 50 ; // Shor t c i r c u i t v o l t a g e i n v o l t
18 I_sc = 8.7 ; // Shor t c i r c u i t c u r r e n t i n A
19

20 // C a l c u l a t i o n s
21 // c a s e a
22 V_1b = V_1 ; // base v o l t a g e i n v o l t
23 Z_eq_pu = V_sc / V_1 ;

24

25 funcprot (0) ; // Use t h i s to avo id the message ”
Warning : r e d e f i n i n g f u n c t i o n : be ta ”

.
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26 beta = acosd(P_sc/(V_sc*I_sc)); // a n g l e i n d e g r e e s
27

28 Zeq_pu = Z_eq_pu*exp(%i*(beta)*(%pi /180));

29 Zeq_pu_m = abs(Zeq_pu);// Zeq pu m=magnitude o f
Zeq pu i n p . u

30 Zeq_pu_a = atan(imag(Zeq_pu) /real(Zeq_pu))*180/ %pi;

// Zeq pu a=phase a n g l e o f Zeq pu i n d e g r e e s
31

32 // c a s e b
33 // at u n i t y PF
34 V_1_pu = 1*exp(%i*(0)*(%pi /180)) + 1*exp(%i*(0)*(%pi

/180))*Z_eq_pu*exp(%i*(beta)*(%pi /180));

35 // RHS i s w r i t t e n i n e x p o n e n t i a l complex form and (
%pi /180) i s r a d i a n s to d e g r e e s c o n v e r s i o n f a c t o r

36 V_1_pu_m = abs(V_1_pu);// V 1 pu m=magnitude o f
V 1 pu i n v o l t

37 V_1_pu_a = atan(imag(V_1_pu) /real(V_1_pu))*180/ %pi;

// V 1 pu a=phase a n g l e o f V 1 pu i n d e g r e e s
38

39 // c a s e c
40 // at 0 . 7 PF l a g g i n g
41 theta = acosd (0.7); // Power f a c t o r a n g l e i n d e g r e e s
42 V1_pu = 1*exp(%i*(0)*(%pi /180)) + 1*exp(%i*(-theta)

*(%pi /180))*Z_eq_pu*exp(%i*(beta)*(%pi /180));

43 V1_pu_m = abs(V1_pu);// V1 pu m=magnitude o f V1 pu i n
v o l t

44 V1_pu_a = atan(imag(V1_pu) /real(V1_pu))*180/ %pi;//
V1 pu a=phase a n g l e o f V1 pu i n d e g r e e s

45

46 // c a s e d
47 VR_unity_PF = V_1_pu_m - 1 ; // v o l t a g e r e g u l a t i o n

at u n i t y PF
48

49 // c a s e e
50 VR_lag_PF = V1_pu_m - 1 ; // v o l t a g e r e g u l a t i o n at

0 . 7 l a g g i n g PF
51

52 // D i s p l ay the r e s u l t s
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53 disp(” Example 14−22 S o l u t i o n : ”);
54

55 printf(” \n a : Z eq ( pu ) = %. 5 f p . u \n”,Z_eq_pu);
56 printf(” \n = %. f d e g r e e s \n”,beta);
57 printf(” \n Z eq ( pu ) < = ”);disp(Zeq_pu);
58 printf(” \n Z eq ( pu ) < = %. 5 f <%. f p . u \n ”,

Zeq_pu_m ,Zeq_pu_a);

59

60 printf(” \n b : | V 1 ( pu ) | = ”);disp(V_1_pu);
61 printf(” \n | V 1 ( pu ) | = %. 4 f <%. 2 f V \n ”,

V_1_pu_m , V_1_pu_a );

62

63 printf(” \n c : | V 1 ( pu ) | = ”);disp(V1_pu);
64 printf(” \n | V 1 ( pu ) | = %. 4 f <%. 2 f V \n ”,V1_pu_m

, V1_pu_a );

65

66 printf(” \n d : Vo l tage r e g u l a t i o n at u n i t y PF : \ n
VR = %f ”,VR_unity_PF);

67 printf(” \n VR = %. 3 f p e r c e n t \n ” ,100*
VR_unity_PF);

68

69 printf(” \n e : Vo l tage r e g u l a t i o n at 0 . 7 l a g g i n g PF
: \ n VR = %f ”,VR_lag_PF);

70 printf(” \n VR = %. 2 f p e r c e n t \n ” ,100* VR_lag_PF)
;

71

72 printf(” \n f : VRs as found by p . u method a r e
e s s e n t i a l l y the same as t h o s e found ”);

73 printf(” \n i n Exs .14−17 and 14−19 u s i n g the same
data , f o r the same t r a n s f o r m e r , ”);

74 printf(” \n but with much l e s s e f f o r t . ”);

Scilab code Exa 14.23 Pcu LF efficiencies

1 // E l e c t r i c Machinery and Trans f o rmer s
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2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−23
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
13 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
14 S = 500 ; // Power r a t i n g o f the t r a n s f o r m e r i n kVA
15 f= 60 ; // Frequency i n Hz
16

17 // Open c i r c u i t t e s t data
18 V_oc = 208 ; // Open c i r c u i t v o l t a g e i n v o l t
19 I_oc = 85 ; // Open c i r c u i t c u r r e n t i n A
20 P_oc = 1800 ; // Power measured i n W
21

22 // Shor t c i r c u i t t e s t data
23 V_sc = 95 ; // Shor t c i r c u i t v o l t a g e i n v o l t
24 I_sc = 217.4 ; // Shor t c i r c u i t c u r r e n t i n A
25 P_sc = 8200 ; // Power measured i n W
26

27 // C a l c u l a t i o n s
28 // c a s e a
29 S_b = S ; // Base v o l t a g e i n kVA
30 Psc = 8.2 ; // Power measured i n kW dur ing SC−t e s t
31 P_Cu_pu = Psc / S_b ; // per u n i t v a l u e o f P Cu at

r a t e d l oad
32

33 // c a s e b
34 Poc = 1.8 ; // Power measured i n kW dur ing OC−t e s t
35 P_CL_pu = Poc / S_b ; // per u n i t v a l u e o f P CL at

r a t e d l oad
36
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37 // c a s e c
38 PF = 1 ; // u n i t y Power f a c t o r
39 eta_pu = PF / (PF + P_CL_pu + P_Cu_pu ) * 100 ; //

E f f i c i e n c y at r a t e d load , u n i t y PF
40

41 // c a s e d
42 // s u b s c r i p t d f o r PF and e t a p u i n d i c a t e s c a s e d
43 PF_d = 0.8 ; // 0 . 8 l a g g i n g Power f a c t o r
44 eta_pu_d = PF_d / (PF_d + P_CL_pu + P_Cu_pu ) * 100

; // E f f i c i e n c y at r a t e d load , u n i t y PF
45

46 // c a s e e
47 LF = sqrt(P_CL_pu / P_Cu_pu); // Load f r a c t i o n

produc ing max . e f f i c i e n c y
48

49 // c a s e f
50 eta_pu_max = (LF*PF) / ( (LF*PF) + 2*( P_CL_pu) ) *

100 ; // Maximum e f f i c i e n c y at u n i t y PF load
51

52 // c a s e g
53 eta_pu_max_g = (LF*PF_d) / ( (LF*PF_d) + 2*( P_CL_pu)

) * 100 ; // Maximum e f f i c i e n c y at 0 . 8 l a g g i n g
PF load

54

55

56 // D i s p l ay the r e s u l t s
57 disp(” Example 14−23 S o l u t i o n : ”);
58

59 printf(” \n a : Per u n i t copper l o s s at r a t e d l oad : ”
);

60 printf(” \n P Cu ( pu ) = %. 4 f p . u = R eq ( pu ) \n”,
P_Cu_pu);

61

62 printf(” \n a : Per u n i t c o r e l o s s at r a t e d l oad : ”);
63 printf(” \n P CL ( pu ) = %. 4 f p . u \n”,P_CL_pu);
64

65 printf(” \n c : E f f i c i e n c y at r a t e d load , u n i t y PF : \ n
p u = %. 2 f p e r c e n t \n”,eta_pu);
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66

67 printf(” \n c : E f f i c i e n c y at r a t e d load , 0 . 8 l a g g i n g
PF : \ n p u = %. 2 f p e r c e n t \n”,eta_pu_d);

68

69 printf(” \n e : Load f r a c t i o n produc ing max .
e f f i c i e n c y : \ n L . F = %. 3 f \n ”,LF );

70

71 printf(” \n f : Maximum e f f i c i e n c y at u n i t y PF load
: \ n p u (max) = %. 2 f p e r c e n t \n”,eta_pu_max);

72

73 printf(” \n g : Maximum e f f i c i e n c y at 0 . 8 l a g g i n g PF
load : \ n p u (max) = %. 2 f p e r c e n t \n”,
eta_pu_max_g);

74

75 printf(” \n h : A l l e f f i c i e n c y v a l u e s a r e i d e n t i c a l
to t h o s e computed i n s o l u t i o n to Ex .14−21 . \n”);

76

77 printf(” \n i : Per−u n i t method i s much s i m p l e r and
l e s s s u b j e c t to e r r o r than c o n v e n t i o n a l method . ”)
;

Scilab code Exa 14.24 efficiencies at differnt LFs

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−24
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( From Ex.14−23)
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12 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
13 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
14 S = 500 ; // Power r a t i n g o f the t r a n s f o r m e r i n kVA
15 f= 60 ; // Frequency i n Hz
16

17 // Open c i r c u i t t e s t data
18 V_oc = 208 ; // Open c i r c u i t v o l t a g e i n v o l t
19 I_oc = 85 ; // Open c i r c u i t c u r r e n t i n A
20 P_oc = 1800 ; // Power measured i n W
21

22 // Shor t c i r c u i t t e s t data
23 V_sc = 95 ; // Shor t c i r c u i t v o l t a g e i n v o l t
24 I_sc = 217.4 ; // Shor t c i r c u i t c u r r e n t i n A
25 P_sc = 8200 ; // Power measured i n W
26

27 // C a l c u l a t i o n s
28 // P r e l i m i n a r y c a l c u l a t i o n s
29 S_b = S ; // Base v o l t a g e i n kVA
30 Psc = 8.2 ; // Power measured i n kW dur ing SC−t e s t
31 P_Cu_pu = Psc / S_b ; // per u n i t v a l u e o f P Cu at

r a t e d l oad
32

33 Poc = 1.8 ; // Power measured i n kW dur ing OC−t e s t
34 P_CL_pu = Poc / S_b ; // per u n i t v a l u e o f P CL at

r a t e d l oad
35

36 // c a s e a
37 LF1 = 3/4 ; // Load f r a c t i o n o f r a t e d l oad
38 PF1 = 1 ; // u n i t y Power f a c t o r
39 eta_pu_LF1 = (LF1*PF1) / ((LF1*PF1) + P_CL_pu + (LF1

)^2* P_Cu_pu ) * 100 ; // E f f i c i e n c y at r a t e d load
, u n i t y PF

40

41 // c a s e b
42 LF2 = 1/4 ; // Load f r a c t i o n o f r a t e d l oad
43 PF2 = 0.8 ; // 0 . 8 l a g g i n g PF
44 eta_pu_LF2 = (LF2*PF2) / ((LF2*PF2) + P_CL_pu + (LF2

)^2* P_Cu_pu ) * 100 ; // E f f i c i e n c y at 1/4 r a t e d
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load , 0 . 8 l a g g i n g PF
45

46 // c a s e c
47 LF3 = 5/4 ; // Load f r a c t i o n o f r a t e d l oad
48 PF3 = 0.8 ; // 0 . 8 l e a d i n g PF
49 eta_pu_LF3 = (LF3*PF3) / ((LF3*PF3) + P_CL_pu + (LF3

)^2* P_Cu_pu ) * 100 ; // E f f i c i e n c y at r1 /4 r a t e d
load , 0 . 8 l e a d i n g PF

50

51

52 // D i s p l ay the r e s u l t s
53 disp(” Example 14−24 S o l u t i o n : ”);
54

55 printf(” \n E f f i c i e n c y ( pu ) : \ n ”);
56 printf(” \n a : p u at %. 2 f ra ted−l o ad = %. 2 f

p e r c e n t \n”,LF1 ,eta_pu_LF1);
57

58 printf(” \n b : p u at %. 2 f ra ted−l o ad = %. 2 f
p e r c e n t \n”,LF2 ,eta_pu_LF2);

59

60 printf(” \n c : p u at %. 2 f ra ted−l o ad = %. 2 f
p e r c e n t \n”,LF3 ,eta_pu_LF3);

Scilab code Exa 14.25 Zpu2 St S2 S1 LF

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−25
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .
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10

11 // Given data
12 kVA_1 = 500 ; // Power r a t i n g o f the t r a n s f o r m e r 1

i n kVA
13 R_1_pu = 0.01 ; // per−u n i t v a l u e o f r e s i s t a n c e o f

the t r a n s f o r m e r 1
14 X_1_pu = 0.05 ; // per−u n i t v a l u e o f r e a c t a n c e o f

the t r a n s f o r m e r 1
15 Z_1_pu = R_1_pu + %i*X_1_pu ; // per−u n i t v a l u e o f

impedance o f the t r a n s f o r m e r 1
16

17 PF = 0.8 ; // l a g g i n g power f a c t o r
18 V_2 = 400 ; // Secondary v o l t a g e i n v o l t
19 S_load = 750 ; // I n c r e a s e d system load i n kVA
20

21 kVA_2 = 250 ; // Power r a t i n g o f the t r a n s f o r m e r 2
i n kVA

22 R_pu_2 = 0.015 ; // per−u n i t v a l u e o f r e s i s t a n c e o f
the t r a n s f o r m e r 2

23 X_pu_2 = 0.04 ; // per−u n i t v a l u e o f r e a c t a n c e o f
the t r a n s f o r m e r 2

24

25 // s m a l l e r t r a n s f o r m e r s e condary v o l t a g e i s same as
l a r g e r t r a n s f o r m e r

26

27 // C a l c u l a t i o n s
28 // P r e l i m i n a r y c a l c u l a t i o n s
29 Z_pu_1 = R_pu_2 + %i*X_pu_2 ; // New t r a n s f o r m e r p . u

. impedance
30

31 // C a l c u l a t i o n s
32 // c a s e a
33 V_b1 = 400 ; // base v o l t a g e i n v o l t
34 V_b2 = 400 ; // base v o l t a g e i n v o l t
35 Z_pu_2 = (kVA_1/kVA_2)*(V_b1/V_b2)^2 * (Z_pu_1); //

New t r a n s f o r m e r p . u impedance
36 Z_2_pu = Z_pu_2 ; //New t r a n s f o r m e r p . u impedance
37
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38 // c a s e b
39 cos_theta = PF ; // Power f a c t o r
40 sin_theta = sqrt( 1 - (cos_theta)^2 );

41 S_t_conjugate = (kVA_1 + kVA_2)*( cos_theta + %i*

sin_theta); // kVA o f t o t a l l o ad
42

43 // c a s e c
44 S_2_conjugate = S_t_conjugate * ( Z_1_pu /( Z_1_pu +

Z_2_pu) ); // P o r t i o n o f l oad c a r r i e d by the
s m a l l e r t r a n s f o r m e r i n kVA

45 S_2_conjugate_m = abs(S_2_conjugate);//
S 2 c o n j u g a t e m=magnitude o f S 2 c o n j u g a t e i n kVA

46 S_2_conjugate_a = atan(imag(S_2_conjugate) /real(

S_2_conjugate))*180/ %pi;// S 2 c o n j u g a t e a=phase
a n g l e o f S 2 c o n j u g a t e i n d e g r e e s

47

48 // c a s e d
49 S_1_conjugate = S_t_conjugate * ( Z_2_pu /( Z_1_pu +

Z_2_pu) ); // P o r t i o n o f l oad c a r r i e d by the
o r i g i n a l t r a n s f o r m e r i n kVA

50 S_1_conjugate_m = abs(S_1_conjugate);//
S 1 c o n j u g a t e m=magnitude o f S 1 c o n j u g a t e i n kVA

51 S_1_conjugate_a = atan(imag(S_1_conjugate) /real(

S_1_conjugate))*180/ %pi;// S 1 c o n j u g a t e a=phase
a n g l e o f S 1 c o n j u g a t e i n d e g r e e s

52

53 // c a s e e
54 S_1 = S_1_conjugate_m ;

55 S_b1 = kVA_1 ; // base power i n kVA o f t r a n c s f o r m e r
1

56 LF1 = (S_1 / S_b1)*100 ; // Load f r a c t i o n o f the
o r i g i n a l t r a n s f o r m e r i n p e r c e n t

57

58 // c a s e f
59 S_2 = S_2_conjugate_m ;

60 S_b2 = kVA_2 ; // base power i n kVA o f t r a n c s f o r m e r
2

61 LF2 = (S_2 / S_b2)*100 ; // Load f r a c t i o n o f the
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o r i g i n a l t r a n s f o r m e r i n p e r c e n t
62

63 // D i s p l ay the r e s u l t s
64 disp(” Example 14−25 S o l u t i o n : ”);
65

66 printf(” \n a : New t r a n s f o r m e r p . u impedance : \ n
Z p . u . 2 i n p . u = ”);disp(Z_pu_2);

67

68 printf(” \n b : kVA o f t o t a l l o ad : \ n S∗ t i n kVA
= ”);disp(S_t_conjugate);

69

70 printf(” \n c : P o r t i o n o f l oad c a r r i e d by the
s m a l l e r t r a n s f o r m e r i n kVA : ”);

71 printf(” \n S∗ 2 i n kVA = ”);disp(S_2_conjugate)
;

72 printf(” \n S∗ 2 = %. 1 f <%. 2 f kVA ( i n d u c t i v e l oad
) \n”,S_2_conjugate_m ,S_2_conjugate_a);

73

74 printf(” \n d : P o r t i o n o f l oad c a r r i e d by the
o r i g i n a l t r a n s f o r m e r i n kVA : ”);

75 printf(” \n S∗ 2 i n kVA = ”);disp(S_1_conjugate);
76 printf(” \n S∗ 2 = %. 1 f <%. 2 f kVA ( i n d u c t i v e l oad

) \n”,S_1_conjugate_m ,S_1_conjugate_a);
77

78 printf(” \n e : Load f r a c t i o n o f the o r i g i n a l
t r a n s f o r m e r : \ n L . F . 1 = %. 1 f p e r c e n t \n”,LF1);

79

80 printf(” \n f : Load f r a c t i o n o f the o r i g i n a l
t r a n s f o r m e r : \ n L . F . 2 = %. 1 f p e r c e n t \n”,LF2);

81

82 printf(” \n g : Yes . Reduce the no−l o ad v o l t a g e o f
the new t r a n s f o r m e r to some v a l u e ”);

83 printf(” \n below tha t o f i t s p r e s e n t v a l u e so
tha t i t s s h a r e o f the l oad i s r educed . ”);
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Scilab code Exa 14.26 Vb Ib Zb Z1 Z2 I1 I2 E1 E2

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−26
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data ( From Ex.14−25)
12 kVA_1 = 500 ; // Power r a t i n g o f the t r a n s f o r m e r 1

i n kVA
13 R_1_pu = 0.01 ; // per−u n i t v a l u e o f r e s i s t a n c e o f

the t r a n s f o r m e r 1
14 X_1_pu = 0.05 ; // per−u n i t v a l u e o f r e a c t a n c e o f

the t r a n s f o r m e r 1
15 Z_1_pu = R_1_pu + %i*X_1_pu ; // per−u n i t v a l u e o f

impedance o f the t r a n s f o r m e r 1
16

17 PF = 0.8 ; // l a g g i n g power f a c t o r
18 V = 400 ; // Secondary v o l t a g e i n v o l t
19 S_load = 750 ; // I n c r e a s e d system load i n kVA
20

21 kVA_2 = 250 ; // Power r a t i n g o f the t r a n s f o r m e r 2
i n kVA

22 R_pu_2 = 0.015 ; // per−u n i t v a l u e o f r e s i s t a n c e o f
the t r a n s f o r m e r 2

23 X_pu_2 = 0.04 ; // per−u n i t v a l u e o f r e a c t a n c e o f
the t r a n s f o r m e r 2

24

25 // s m a l l e r t r a n s f o r m e r s e condary v o l t a g e i s same as
l a r g e r t r a n s f o r m e r

26

27 // C a l c u l a t i o n s
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28 // P r e l i m i n a r y c a l c u l a t i o n s
29 Z_pu_1 = R_pu_2 + %i*X_pu_2 ; // New t r a n s f o r m e r p . u

. impedance
30

31 // c a s e a
32 V_b = V ; // ( g i v e n )
33

34 // c a s e b
35 S_b =500*1000 ; // base power i n VA
36 I_b = S_b / V_b ; // base c u r r e n t i n A
37

38 // c a s e c
39 Z_b = V^2/S_b ; // Base impedance i n ohm
40

41 // c a s e d
42 Z_1 = Z_b * Z_1_pu * 1000 ; // Actua l impedance o f

l a r g e r t r a n s f o r m e r i n m i l l i −ohm
43 Z_1_m = abs(Z_1);// Z 1 m=magnitude o f Z 1 i n ohm
44 Z_1_a = atan(imag(Z_1) /real(Z_1))*180/ %pi;// Z 1 a=

phase a n g l e o f Z 1 i n d e g r e e s
45

46 // c a s e e
47 V_b1 = V_b ; // base v o l t a g e i n v o l t
48 V_b2 = V_b ; // base v o l t a g e i n v o l t
49 Z_pu_2 = (kVA_1/kVA_2)*(V_b1/V_b2)^2 * (Z_pu_1); //

New t r a n s f o r m e r p . u impedance
50 Z_2_pu = Z_pu_2 ; //New t r a n s f o r m e r p . u impedance
51

52 Z_2 = Z_b * Z_2_pu *1000 ; // Actua l impedance o f
s m a l l e r t r a n s f o r m e r i n m i l l i −ohm

53 Z_2_m = abs(Z_2);// Z 2 m=magnitude o f Z 2 i n ohm
54 Z_2_a = atan(imag(Z_2) /real(Z_2))*180/ %pi;// Z 2 a=

phase a n g l e o f Z 2 i n d e g r e e s
55

56 // c a s e f
57 cos_theta = 0.8 ; // Power f a c t o r
58 sin_theta = sqrt( 1 - (cos_theta)^2 );

59 S_T = (kVA_1 + kVA_2)*( cos_theta - %i*sin_theta); //
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kVA o f t o t a l l o ad
60

61 I_T = S_T *1000 / V_b ; // Tota l c u r r e n t i n A
62

63 I_1 = I_T*(Z_2/(Z_1 + Z_2)); // Actua l c u r r e n t
d e l i v e r e d by l a r g e r t r a n s f o r m e r i n A

64 I_1_m = abs(I_1);// I 1 m=magnitude o f I 1 i n A
65 I_1_a = atan(imag(I_1) /real(I_1))*180/ %pi;// I 1 a=

phase a n g l e o f I 1 i n d e g r e e s
66

67 // c a s e g
68 I_2 = I_T*(Z_1/(Z_1 + Z_2)); // Actua l c u r r e n t

d e l i v e r e d by l a r g e r t r a n s f o r m e r i n A
69 I_2_m = abs(I_2);// I 2 m=magnitude o f I 2 i n A
70 I_2_a = atan(imag(I_2) /real(I_2))*180/ %pi;// I 2 a=

phase a n g l e o f I 2 i n d e g r e e s
71

72 // c a s e h
73 Z1 = Z_1 /1000 ; // Z 1 i n ohm
74 E_1 = I_1*Z1 + V_b ; // No−l o ad v o l t a g e o f l a r g e r Tr

. i n v o l t
75 E_1_m = abs(E_1);// E 1 m=magnitude o f E 1 i n v o l t
76 E_1_a = atan(imag(E_1) /real(E_1))*180/ %pi;// E 1 a=

phase a n g l e o f E 1 i n d e g r e e s
77

78

79 // c a s e i
80 Z2 = Z_2 /1000 ; // Z 2 i n ohm
81 E_2 = I_2*Z2 + V_b ; // No−l o ad v o l t a g e o f s m a l l e r

Tr . i n v o l t
82 E_2_m = abs(E_2);// E 2 m=magnitude o f E 2 i n v o l t
83 E_2_a = atan(imag(E_2) /real(E_2))*180/ %pi;// E 2 a=

phase a n g l e o f E 2 i n d e g r e e s
84

85 // D i s p l ay the r e s u l t s
86 disp(” Example 14−26 S o l u t i o n : ”);
87

88 printf(” \n a : Base v o l t a g e : \ n V b = %d <0 V (
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g i v e n ) \n”,V_b);
89

90 printf(” \n b : Base c u r r e n t : \ n I b = %. 2 f A \n”,
I_b);

91

92 printf(” \n c : Base impedance : \ n Z b = %. 2 f ohm\
n”,Z_b);

93

94 printf(” \n d : Actua l impedance o f l a r g e r
t r a n s f o r m e r : \ n Z 1 i n m = \n”);disp(Z_1);

95 printf(” \n Z 1 = %. 2 f <%. 2 f m \n ”,Z_1_m ,Z_1_a
);

96

97 printf(” \n e : Actua l impedance o f s m a l l e r
t r a n s f o r m e r : \ n Z 1 i n m = \n”);disp(Z_2);

98 printf(” \n Z 1 = %. 2 f <%. 2 f m \n ”,Z_2_m ,Z_2_a
);

99

100 printf(” \n f : Actua l c u r r e n t d e l i v e r e d by l a r g e r
t r a n s f o r m e r : \ n I 1 i n A = ”);disp(I_1);

101 printf(” \n I 1 = %. 2 f <%. 2 f A \n ”,I_1_m ,I_1_a);
102

103 printf(” \n g : Actua l c u r r e n t d e l i v e r e d by s m a l l e r
t r a n s f o r m e r : \ n I 2 i n A = ”);disp(I_2);

104 printf(” \n I 1 = %. 2 f <%. 2 f A \n ”,I_2_m ,I_2_a);
105

106 printf(” \n h : No−l o ad v o l t a g e o f l a r g e r Tr : \ n
E 1 i n v o l t = ”);disp(E_1);

107 printf(” \n E 1 = %. 2 f <%. 2 f V \n ”,E_1_m ,E_1_a);
108

109 printf(” \n i : No−l o ad v o l t a g e o f s m a l l e r Tr : \ n
E 2 i n v o l t = ”);disp(E_2);

110 printf(” \n E 1 = %. 2 f <%. 2 f V \n ”,E_2_m ,E_2_a);
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Scilab code Exa 14.27 RL ZbL ZLpu Z2pu Z1pu IbL ILpu VRpu VSpu
VS VxVxpu

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−27
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // From diagram i n f i g .14−23 a
13 P_L = 14400 ; // Load output power i n W
14 V_L = 120 ; // Load v o l t a g e i n v o l t
15 V_b1 = 120 ; // base v o l t a g e at p o i n t 1 i n v o l t
16 V_b2 = 600 ; // base v o l t a g e at p o i n t 2 i n v o l t
17 V_b3 = 120 ; // base v o l t a g e at p o i n t 3 i n v o l t
18 S_b3 = 14.4 ; // base power i n kVA
19 X_2 = %i*0.25 ; // r e a c t a n c e i n p . u
20 X_1 = %i*0.2 ; // r e a c t a n c e i n p . u
21 I_L = 120 ; // Load c u r r e n t i n A
22

23 // C a l c u l a t i o n s
24 // c a s e a
25 R_L = P_L / (V_L^2); // R e s i s t a n c e o f the l oad i n

ohm
26

27 // c a s e b
28 Z_bL = (V_b3 ^2)/(S_b3 *1000); // Base impedance i n

ohm
29

30 // c a s e c
31 Z_L_pu = R_L / Z_bL ; // per u n i t l o ad impedance
32
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33 // c a s e d
34 Z_2_pu = X_2 ; // per u n i t impedance o f Tr . 2
35

36 // c a s e e
37 Z_1_pu = X_1 ; // per u n i t impedance o f Tr . 1
38

39 // c a s e g
40 I_bL = (S_b3 *1000)/V_b3 ; // Base c u r r e n t i n l oad i n

A
41

42 // c a s e h
43 I_L_pu = I_L / I_bL ; // per u n i t l o ad c u r r e n t
44

45 // c a s e i
46 V_R_pu = I_L_pu * Z_L_pu ; // per u n i t v o l t a g e

a c r o s s l oad
47

48 // c a s e j
49 I_S_pu = I_L_pu ; // per u n i t c u r r e n t o f s o u r c e
50 Z_T_pu = Z_L_pu + Z_1_pu + Z_2_pu ; // Tota l p . u

impedance
51 V_S_pu = I_S_pu * Z_T_pu ; // per u n i t v o l t a g e o f

s o u r c e
52 V_S_pu_m = abs(V_S_pu);// V S pu m=magnitude o f

V S pu i n p . u
53 V_S_pu_a = atan(imag(V_S_pu) /real(V_S_pu))*180/ %pi;

// V S pu a=phase a n g l e o f V S pu i n d e g r e e s
54

55 // c a s e k
56 V_S = V_S_pu * V_b1 ; // Actua l v o l t a g e a c r o s s

s o u r c e i n v o l t
57 V_S_m = abs(V_S);//V S m=magnitude o f V S i n v o l t
58 V_S_a = atan(imag(V_S) /real(V_S))*180/ %pi;// V S a=

phase a n g l e o f V S i n d e g r e e s
59

60

61 // c a s e l
62 I_x_pu = I_L_pu ; // p . u c u r r e n t at p o i n t x
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63 Z_x_pu = Z_L_pu + Z_2_pu ; // p . u impedance at p o i n t
x

64 V_x_pu = I_x_pu * Z_x_pu ; // p . u v o l t a g e at p o i n t x
65

66 // c a s e m
67 V_x = V_x_pu * V_b2 ; // Actua l v o l t a g e at p o i n t x

i n v o l t
68 V_x_m = abs(V_x);// V x m=magnitude o f V x i n v o l t
69 V_x_a = atan(imag(V_x) /real(V_x))*180/ %pi;// V x a=

phase a n g l e o f V x i n d e g r e e s
70

71

72 // D i s p l ay the r e s u l t s
73 disp(” Example 14−27 S o l u t i o n : ”);
74

75 printf(” \n a : R e s i s t a n c e o f the l oad : \ n R L =
%d \n”,R_L);

76

77 printf(” \n b : Base impedance : \ n Z bL = %d \n
”,Z_bL);

78

79 printf(” \n c : per u n i t l o ad impedance : \ n Z L ( pu
) = ”);disp(Z_L_pu);

80

81 printf(” \n d : per u n i t impedance o f Tr . 2 : \ n Z 2
( pu ) = ”);disp(Z_2_pu);

82

83 printf(” \n e : per u n i t impedance o f Tr . 1 : \ n Z 1
( pu ) = ”);disp(Z_1_pu);

84

85 printf(” \n f : See Fig .14−23b \n”);
86

87 printf(” \n g : Base c u r r e n t i n l oad : \ n I bL = %d
A ( r e s i s t i v e ) \n”,I_bL);

88

89 printf(” \n h : per u n i t l o ad c u r r e n t : \ n I L pu =
”);disp(I_L_pu);

90
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91 printf(” \n i : pe r u n i t v o l t a g e a c r o s s l oad : \ n
V R pu”);disp(V_R_pu);

92

93 printf(” \n j : per u n i t v o l t a g e o f s o u r c e : \ n
V S pu = ”);disp(V_S_pu);

94 printf(” \n V S pu = %. 3 f <%. 2 f p . u \n”,V_S_pu_m ,
V_S_pu_a);

95

96 printf(” \n k : Actua l v o l t a g e a c r o s s s o u r c e : \ n
V S i n v o l t = ”);disp(V_S);

97 printf(” \n V S = %. 1 f <%. 2 f V \n”,V_S_m ,V_S_a);
98

99 printf(” \n l : p . u v o l t a g e at p o i n t x : \ n V x ( pu )
= ”);disp(V_x_pu);

100

101 printf(” \n m: Actua l v o l t a g e at p o i n t x : \ n V x
i n v o l t = ”);disp(V_x);

102 printf(” \n V S = %. 1 f <%. 2 f V \n”,V_x_m ,V_x_a);

Scilab code Exa 14.28 ZT1 ZT2 Zbline3 Zlinepu VLpu IbL IL ILpu VSpu
VS

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−28
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // From diagram i n f i g .14−24 a
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13 V_1 = 11 ; // Tr . 1 v o l t a g e i n kV
14 V_b1 = 11 ; // Base Tr . 1 v o l t a g e i n kV
15 S_1 = 50 ; // KVA r a t i n g o f power f o r Tr . 1
16 S_2 = 100 ; // KVA r a t i n g o f power f o r Tr . 2
17 Z_1_pu = %i*0.1 ; // per u n i t impedance o f Tr . 1
18 Z_2_pu = %i*0.1 ; // per u n i t impedance o f Tr . 2
19 V_b2 = 55 ; // Base Tr . 2 v o l t a g e i n kV
20 S_b = 100 ; // base power i n kVA
21 PF = 0.8 ; // power f a c t o r o f the Tr . s
22

23 Z_line = %i*200 ; // l i n e impedance i n ohm
24

25 V_L = 10 ;// Load v o l t a g e i n kV
26 V_Lb3 = 11 ; // base l i n e v o l t a g e at p o i n t 3
27

28 V_b3 = 11 ; // l i n e v o l t a g e at p o i n t 3
29

30 P_L = 50 ; // Power r a t i n g o f each Tr . s i n kW
31 cos_theta_L = 0.8 ; // PF o p e r a t i o n o f each Tr . s
32

33 // C a l c u l a t i o n s
34 // c a s e a
35 Z_T1 = Z_1_pu * (V_1/V_b1)^2 * (S_2/S_1); // p . u

impedance o f Tr . 1
36

37 // c a s e b
38 Z_T2 = Z_2_pu * (V_1/V_b3)^2 * (S_2/S_1); // p . u

impedance o f Tr . 1
39

40 // c a s e c
41 V_b = 55 ; // base v o l t a g e i n v o l t
42 Z_b_line = (V_b^2)/S_b * 1000 ; // base l i n e

impedance i n ohm
43 Z_line_pu = Z_line / Z_b_line ; // p . u impedance o f

the t r a n s m i s s i o n l i n e
44

45 // c a s e d
46 V_L_pu = V_L / V_Lb3 ; // p . u v o l t a g e a c r o s s l oad
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47

48 // c a s e e
49 // See Fig .14−24b
50

51 // c a s e f
52 I_bL = S_b / V_b3 ; // base c u r r e n t i n l oad i n A
53

54 // c a s e g
55 VL = 11 ; // l oad v o l t a g e i n kV
56 cos_theta_L = 0.8 ; // power f a c t o r
57 I_L = P_L / (VL*cos_theta_L);

58 I_L_pu = I_L / I_bL ; // p . u l oad c u r r e n t
59 theta = acosd (0.8);

60 I_Lpu = I_L_pu *(cosd(theta) - %i*sind(theta)) ;// p .
u c u r r e n t i n complex form

61

62 // c a s e h
63 Z_series_pu = Z_T1 + Z_line_pu + Z_T2 ; // p . u

s e r i e s impedance os the t r a n s m i s s i o n l i n e
64 V_S_pu = I_Lpu * Z_series_pu + V_L_pu ; // p . u

s o u r c e v o l t a g e
65 V_S_pu_m = abs(V_S_pu);// V S pu m=magnitude o f

V S pu i n p . u
66 V_S_pu_a = atan(imag(V_S_pu) /real(V_S_pu))*180/ %pi;

// V S pu a=phase a n g l e o f V S pu i n d e g r e e s
67

68 // c a s e i
69 V_S = V_S_pu_m * V_b1 ; // Actua l v a l u e o f s o u r c e

v o l t a g e i n kV
70 V_source = V_S*exp(%i*( V_S_pu_a)*(%pi /180)); // V S

i n e x p o n e n t i a l form
71 V_source_m = abs(V_source);// V source m=magnitude o f

V source i n p . u
72 V_source_a = atan(imag(V_source) /real(V_source))

*180/ %pi;// V s o u r c e a=phase a n g l e o f V source i n
d e g r e e s

73

74
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75 // D i s p l ay the r e s u l t s
76 disp(” Example 14−28 S o l u t i o n : ”);
77

78 printf(” \n a : p . u impedance o f Tr . 1 : \ n Z T1 = ”
);disp(Z_T1);

79

80 printf(” \n b : p . u impedance o f Tr . 2 : \ n Z T2 = ”
);disp(Z_T2);

81

82 printf(” \n c : base l i n e impedance i n ohm : \ n Z b
( l i n e ) = %d ohm \n”,Z_b_line);

83 printf(” \n p . u impedance o f the t r a n s m i s s i o n
l i n e : \ n Z( l i n e ) pu = ”);disp(Z_line_pu);

84

85 printf(” \n d : p . u v o l t a g e a c r o s s l oad : \ n V L pu
= ”);disp(V_L_pu);

86

87 printf(” \n e : See Fig .14−24b \n”);
88

89 printf(” \n f : base c u r r e n t i n l oad : \ n I bL = %
. 3 f A \n”,I_bL);

90

91 printf(” \n g : Load c u r r e n t : \ n I L = %f A \n”,
I_L);

92 printf(” \n p . u l oad c u r r e n t : \ n I L pu = %. 3 f
at %. 1 f PF l a g g i n g \n”,I_L_pu ,PF);

93 printf(” \n p . u c u r r e n t i n complex form : \ n
I L pu = ”);disp(I_Lpu);

94

95 printf(” \n h : per u n i t v o l t a g e o f s o u r c e : \ n
V S pu = ”);disp(V_S_pu);

96 printf(” \n V S pu = %. 3 f <%. 2 f p . u \n”,V_S_pu_m ,
V_S_pu_a);

97

98 printf(” \n i : Actua l v o l t a g e a c r o s s s o u r c e : \ n
V S i n kV = ”);disp(V_source);

99 printf(” \n V S = %. 1 f <%. 2 f kV \n”,V_source_m ,
V_source_a);
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Scilab code Exa 14.29 Z1pu Z2pu Vbline Zlinepu ZMs

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−29
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // From diagram i n f i g .14−25 a
13 Z_pu_1 = %i*0.1 ; // p . u impedance
14 MVA_2 = 80 ; // MVA r a t i n g os system 2
15 MVA_1 = 100 ; // MVA r a t i n g o f Tr . s 1 and 2
16 V_2 = 30 ; // v o l t a g e i n KV
17 V_1 = 32 ; // v o l t a g e i n KV
18

19 Z_pu_2 = %i *0.15 ; // p . u impedance
20

21 V_b1 = 100 ; // base v o l t a g e o f Tr . 1
22

23 Z_line = %i*60 ; // Line impedance
24

25 MVA_M1 = 20 ; // MVA r a t i n g o f motor l oad 1
26 Z_pu_M1 = %i *0.15 ; // p . u impedance o f motor l oad

M1
27

28 MVA_M2 = 35 ; // MVA r a t i n g o f motor l oad 2
29 Z_pu_M2 = %i *0.25 ; // p . u impedance o f motor l oad

M2
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30

31 MVA_M3 = 25 ; // MVA r a t i n g o f motor l oad 3
32 Z_pu_M3 = %i*0.2 ; // p . u impedance o f motor l oad M3
33

34 V_M = 28 ; // v o l t a g e a c r o s s motor l o a d s M1,M2,M3 i n
kV

35

36 // C a l c u l a t i o n s
37 // c a s e a
38 Z_1_pu = Z_pu_1 *(MVA_2/MVA_1)*(V_2/V_1)^2 ; // p . u

imepedance o f T1
39

40 // c a s e b
41 Z_2_pu = Z_pu_2 *(MVA_2/MVA_1)*(V_2/V_1)^2 ; // p . u

imepedance o f T2
42

43 // c a s e c
44 V_b_line = V_b1*(V_1/V_2) ; // base v o l t a g e o f the

long−t r a n s m i s s i o n l i n e i n kV
45

46 // c a s e d
47 MVA_b = 80 ; // MVA r a t i n g
48 V_b = V_b_line ;

49 Z_line_pu = Z_line *(MVA_b /(V_b)^2); // p . u impedance
o f the t r a n s m i s s i o n l i n e

50

51 // c a s e e
52 Z_M1_pu = Z_pu_M1 * (MVA_2/MVA_M1)*(V_M/V_1)^2 ; //

p . u impedance o f motor l oad M1
53 Z_M2_pu = Z_pu_M2 * (MVA_2/MVA_M2)*(V_M/V_1)^2 ; //

p . u impedance o f motor l oad M2
54 Z_M3_pu = Z_pu_M3 * (MVA_2/MVA_M3)*(V_M/V_1)^2 ; //

p . u impedance o f motor l oad M3
55

56 // D i s p l ay the r e s u l t s
57 disp(” Example 14−29 S o l u t i o n : ”);
58

59 printf(” \n a : p . u imepedance o f T1 : \ n Z 1 ( pu ) =
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”);disp(Z_1_pu);
60

61 printf(” \n b : p . u imepedance o f T2 : \ n Z 2 ( pu ) =
”);disp(Z_2_pu);

62

63 printf(” \n c : base v o l t a g e o f the long−t r a n s m i s s i o n
l i n e : \ n V b ( l i n e ) = %. 1 f kV \n”,V_b_line);

64

65 printf(” \n d : p . u impedance o f the t r a n s m i s s i o n
l i n e : \ n Z( l i n e ) pu = ”);disp(Z_line_pu);

66

67 printf(” \n e : p . u impedance o f motor l oad M1 : \ n
Z M1 ( pu ) = ”);disp(Z_M1_pu);

68

69 printf(” \n f : p . u impedance o f motor l oad M1 : \ n
Z M2 ( pu ) = ”);disp(Z_M2_pu);

70

71 printf(” \n g : p . u impedance o f motor l oad M1 : \ n
Z M3 ( pu ) = ”);disp(Z_M3_pu);

72

73 printf(” \n h : See Fig .14−25b . ”);

Scilab code Exa 14.30 ST ST Sxformer

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−30
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10
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11 // Given data
12 // s u b s c r i p t s a , b , c f o r the cu r r en t , v o l t a g e s

i n d i c a t e s r e s p e c t i v e c a s e s a , b , c .
13 // from f i g .14−27 a
14 V_pa = 1000 ; // Phase v o l t a g e i n v o l t
15 I_1a = 1 ; // l i n e c u r r e n t i n pr imary i n A
16 V_2a = 100 ; // v o l t a g e a c r o s s s e condary i n V
17 Ic_a = 10 ; // c u r r e n t i n l owe r h a l f o f auto−

t r a n s f o r m e r i n A
18

19 // from f i g .14−26b
20 V_s = 100 ; // v o l t a g e i n s e conda ry wdg i n V
21 I_2b = 10 ; // c u r r e n t i n s e conda ry i n A
22 V_1b = 1000 ; // v o l t a g e a c r o s s pr imary i n V
23 Ic_b = 1 ; // c u r r e n t i n l owe r h a l f o f auto−

t r a n s f o r m e r i n A
24

25 // C a l c u l a t i o n s
26 // c a s e a
27 S_T1 = (V_pa*I_1a + V_2a*I_1a)/1000 ; // Tota l kVA

t r a n s f e r i n s tep−down mode
28

29 // c a s e b
30 S_T2 = (V_s*I_2b + V_1b*I_2b)/1000 ; // Tota l kVA

t r a n s f e r i n s tep−up mode
31

32 // c a s e c
33 S_x_former_c = V_pa*I_1a /1000 ; // kVA r a t i n g o f th

a u t o t r a n s f o r m e r i n Fig .14−27 a
34

35 // c a s e d
36 V_1 = V_pa ;

37 S_x_former_d = V_1*Ic_b /1000 ; // kVA r a t i n g o f th
a u t o t r a n s f o r m e r i n Fig .14−26b

38

39

40 // D i s p l ay the r e s u l t s
41 disp(” Example 14−30 S o l u t i o n : ”);
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42

43 printf(” \n a : Tota l kVA t r a n s f e r i n s tep−down mode
: \ n S T = %. 1 f kVA t r a n s f e r r e d \n”,S_T1);

44

45 printf(” \n b : Tota l kVA t r a n s f e r i n s tep−up mode : \
n S T = %. 1 f kVA t r a n s f e r r e d \n”,S_T2);

46

47 printf(” \n c : kVA r a t i n g o f th a u t o t r a n s f o r m e r i n
Fig .14−27 a : \ n S x−f o rmer = %d kVA \n ”,
S_x_former_c);

48

49 printf(” \n d : kVA r a t i n g o f th a u t o t r a n s f o r m e r i n
Fig .14−26b : \ n S x−f o rmer = %d kVA \n ”,
S_x_former_d);

50

51 printf(” \n e : Both t r a n s f o r m e r s have the same kVA
r a t i n g o f 1 kVA s i n c e the same ”);

52 printf(” \n a u t o t r a n s f o r m e r i s used i n both p a r t s
. Both t r a n s f o r m e r s t r a n s f o r m ”);

53 printf(” \n a t o t a l o f 1 KVA. But the s tep−down
t r a n s f o r m e r i n pa r t ( a ) conduc t s ”);

54 printf(” \n on ly 0 . 1 kVA w h i l e the s tep−up
t r a n s f o r m e r i n the pa r t ( b ) conduc t s 10 ”);

55 printf(” \n kVA from the pr imary to the s e conda ry
. ”);

Scilab code Exa 14.31 Wc tabulate allday efficiency

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−31
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8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 S = 500 ; // kVA r a t i n g o f d i s t r i b u t i o n t r a n s f o r m e r
13 // g i v e n data from ex .14−20
14 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
15 V_2 = 208 ; // Secondary v o l t a g e i n v o l t
16 f = 60 ; // Frequency i n Hz
17

18 // SC−t e s t data
19 P_sc = 8200 ; // wattmeter r e a d i n g i n W
20 I_sc = 217.4 ; // Shor t c i r c u i t c u r r e n t i n A
21 V_sc = 95 ; // Shor t c i r c u i t v o l t a g e i n V
22

23 // OC−t e s t data
24 P_oc = 1800 ; // wattmeter r e a d i n g i n W
25 I_oc = 85 ; // Open c i r c u i t c u r r e n t i n A
26 V_oc = 208 ; // Open c i r c u i t v o l t a g e i n V
27

28 LF_1 = 20 ; // Load f r a c t i o n i n p e r c e n t
29 LF_2 = 40 ; // Load f r a c t i o n i n p e r c e n t
30 LF_3 = 80 ; // Load f r a c t i o n i n p e r c e n t
31 LF_fl = 100 ; // r a t e d l oad i n p e r c e n t
32 LF_4 = 125 ; // Load f r a c t i o n i n p e r c e n t
33

34 LF1 = 0.2 ; // Load f r a c t i o n
35 LF2 = 0.4 ; // Load f r a c t i o n
36 LF3 = 0.8 ; // Load f r a c t i o n
37 LF4 = 1.25 ; // Load f r a c t i o n
38

39 PF1 = 0.7 ; // power f a c t o r
40 PF2 = 0.8 ; // power f a c t o r
41 PF3 = 0.9 ; // power f a c t o r
42 PF_fl = 1 ; // power f a c t o r
43 PF4 = 0.85 ; // power f a c t o r
44
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45 t1 = 4 ; // p e r i o d o f o p e r a t i o n i n hours
46 t2 = 4 ; // p e r i o d o f o p e r a t i o n i n hours
47 t3 = 6 ; // p e r i o d o f o p e r a t i o n i n hours
48 t_fl = 6 ; // p e r i o d o f o p e r a t i o n i n hours
49 t4 = 2 ; // p e r i o d o f o p e r a t i o n i n hours
50

51 // C a l c u l a t i o n s
52 // c a s e a
53 t = 24 ; // h r s i n a day
54 P_c = P_oc ; // wattmeter r e a d i n g i n W (OC t e s t )
55 W_c = (P_c * t)/1000 ; // COre l o s s ove r 24 hour

p e r i o d
56

57 // c a s e b
58 Psc = P_sc /1000 ; // wattmeter r e a d i n g i n W (SC t e s t

)
59 P_loss_1 = (LF1^2)*Psc ; // Power l o s s i n kW f o r 20%

Load
60 P_loss_2 = (LF2^2)*Psc ; // Power l o s s i n kW f o r 40%

Load
61 P_loss_3 = (LF3^2)*Psc ; // Power l o s s i n kW f o r 80%

Load
62 P_loss_fl = Psc ; // Power l o s s i n kW f o r 100% Load
63 P_loss_4 = (LF4^2)*Psc ; // Power l o s s i n kW f o r 125

% Load
64

65 // ene rgy l o s s i n kWh
66 energy_loss1 = P_loss_1 * t1 ; // Enegry l o s s i n kWh

f o r 20% Load
67 energy_loss2 = P_loss_2 * t2 ; // Enegry l o s s i n kWh

f o r 40% Load
68 energy_loss3 = P_loss_3 * t3 ; // Enegry l o s s i n kWh

f o r 80% Load
69 energy_loss_fl = P_loss_fl * t_fl ; // Enegry l o s s

i n kWh f o r 100% Load
70 energy_loss4 = P_loss_4 * t4 ; // Enegry l o s s i n kWh

f o r 125% Load
71
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72 // Tota l ene rgy l o s s e s i n 24 h r s
73 W_loss_total = energy_loss1 + energy_loss2 +

energy_loss3 + energy_loss_fl + energy_loss4 ;

74

75 // c a s e c
76 P_1 = LF1*S*PF1 ; // Power output f o r 20% load
77 P_2 = LF2*S*PF2 ; // Power output f o r 40% load
78 P_3 = LF3*S*PF3 ; // Power output f o r 80% load
79 P_fl = S*PF_fl ; // Power output f o r 100% load
80 P_4 = LF4*S*PF4 ; // Power output f o r 125% load
81

82 Energy_1 = P_1*t1 ; // Energy d e l i v e r e d i n kWh f o r
20 %load

83 Energy_2 = P_2*t2 ; // Energy d e l i v e r e d i n kWh f o r
40 %load

84 Energy_3 = P_3*t3 ; // Energy d e l i v e r e d i n kWh f o r
80 %load

85 Energy_fl = P_fl*t_fl ; // Energy d e l i v e r e d i n kWh
f o r 100 %load

86 Energy_4 = P_4*t4 ; // Energy d e l i v e r e d i n kWh f o r
125 %load

87

88 // Tota l ene rgy d e l i v e r e d i n 24 h r s
89 W_out_total = Energy_1 + Energy_2 + Energy_3 +

Energy_fl + Energy_4 ;

90

91 // c a s e d
92 eta = W_out_total / (W_out_total + W_c +

W_loss_total) * 100 ; // Al l−day e f f i c i e n c y
93

94 // D i s p l ay the r e s u l t s
95 disp(” Example 14−31 S o l u t i o n : ”);
96

97 printf(” \n a : Tota l ene rgy c o r e l o s s f o r 24 hrs ,
i n c l u d i n g 2 hours at no−load , ”);

98 printf(” \n W c = %. 1 f kWh \n ”,W_c);
99

100 printf(” \n b : From SC t e s t , e q u i v a l e n t copper l o s s
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at r a t e d l oad = %. 1 f kW, ”,Psc);
101 printf(” \n and the v a r i o u s ene rgy l o s s e s dur ing

the 24 hr p e r i o d a r e t a b u l a t e d as : \ n”);
102

103 printf(” \n

”);
104 printf(” \n Percent Rated l oad \ t Power l o s s (kW)

\ t Time p e r i o d ( hours ) \ t Energy l o s s (kWh) ”);
105 printf(” \n

”);
106 printf(” \n\ t \t%d \ t %f \ t \ t \ t %d \ t \ t \ t %. 2 f \n ”,

LF_1 ,P_loss_1 ,t1,energy_loss1);

107 printf(” \n\ t \t%d \ t %f \ t \ t \ t %d \ t \ t \ t %. 2 f \n ”,
LF_2 ,P_loss_2 ,t2,energy_loss2);

108 printf(” \n\ t \t%d \ t %f \ t \ t \ t %d \ t \ t \ t %. 2 f \n ”,
LF_3 ,P_loss_3 ,t3,energy_loss3);

109 printf(” \n\ t \t%d \ t %f \ t \ t \ t %d \ t \ t \ t %. 2 f \n ”,
LF_fl ,P_loss_fl ,t_fl ,energy_loss_fl);

110 printf(” \n\ t \t%d \ t %f \ t \ t \ t %d \ t \ t \ t %. 2 f \n ”,
LF_4 ,P_loss_4 ,t4,energy_loss4);

111 printf(” \n

”);
112 printf(” \n Tota l ene rgy l oad l o s s e s ove r 24 hour

p e r i o d ( e x c l u d i n g 2 h r s at no−l o ad ) = %. 2 f ”,
W_loss_total);

113 printf(” \n

\n\n”);
114

115 printf(” \n c : Tota l ene rgy output ove r the 24 hour
p e r i o d i s t a b u l a t e d as : \n”);

116

117 printf(” \n

”);
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118 printf(” \n Percent Rated l oad \ t PF \ t kW \ t
Time p e r i o d ( hours ) \ t Energy d e l i v e r e d (kWh) ”);

119 printf(” \n

”);
120 printf(” \n\ t \t%d \ t %. 1 f \ t %. f \ t \ t %d \ t \ t \ t %d ”

,LF_1 ,PF1 ,P_1 ,t1,Energy_1);

121 printf(” \n\ t \t%d \ t %. 1 f \ t %. f \ t \ t %d \ t \ t \ t %d ”
,LF_2 ,PF2 ,P_2 ,t2,Energy_2);

122 printf(” \n\ t \t%d \ t %. 1 f \ t %. f \ t \ t %d \ t \ t \ t %d ”
,LF_3 ,PF3 ,P_3 ,t3,Energy_3);

123 printf(” \n\ t \t%d \ t %. 1 f \ t %. f \ t \ t %d \ t \ t \ t %d ”
,LF_fl ,PF1 ,P_fl ,t_fl ,Energy_fl);

124 printf(” \n\ t \t%d \ t %. 1 f \ t %. f \ t \ t %d \ t \ t \ t %d ”
,LF_4 ,PF4 ,P_4 ,t4,Energy_4);

125 printf(” \n

”);
126 printf(” \n Tota l ene rgy r e q u i r e d by l oad f o r 24

hour p e r i o d ( e x c l u d i n g 2 h r s at no−l o ad ) = %d ”,
W_out_total);

127 printf(” \n

\n\n”);
128

129 printf(” \n d : Al l−day e f f i c i e n c y = %. 1 f p e r c e n t ”,
eta);

Scilab code Exa 14.32 I2 Ic

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5
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6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−32
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 S_1 = 10 ; // VA r a t i n g o f s m a l l t r a n s f o r m e r
13 V = 115 ; // v o l t a g e r a t i n g o f t r a n s f o r m e r i n v o l t
14 V_2_1 = 6.3 ; // v o l t a g e r a t i n g o f one pa r t o f

s e conda ry wind ing i n v o l t
15 V_2_2 = 5.0 ; // v o l t a g e r a t i n g o f o t h e r pa r t o f

s e conda ry wind ing i n v o l t
16 Z_2_1 = 0.2 ; // impedance o f one pa r t o f s e conda ry

wind ing i n ohm
17 Z_2_2 = 0.15 ; // impedance o f o t h e r pa r t o f

s e conda ry wind ing i n ohm
18

19

20 // C a l c u l a t i o n s
21 // c a s e a
22 V_2 = V_2_1 + V_2_2 ; // v o l t a g e a c r o s s s e condary

wind ing i n v o l t
23 I_2 = S_1 / V_2 ; // Rated s e conda ry c u r r e n t i n A

when the LV s e c o n d a r i e s a r e
24 // connec t ed i n s e r i e s −a i d i n g
25

26 // c a s e b
27 I_c = (V_2_1 - V_2_2) / (Z_2_1 + Z_2_2); //

C i r c u l a t i n g c u r r e n t when LV wind ing s a r e p a r a l l e d
28 percent_overload = (I_c / I_2)*100 ; // p e r c e n t

o v e r l o a d produced
29

30 // D i s p l ay the r e s u l t s
31 disp(” Example 14−32 S o l u t i o n : ”);
32

33 printf(” \n a : Both c o i l s must be s e r i e s −connec t ed
and used to account f o r the ”);
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34 printf(” \n f u l l VA r a t i n g o f the t r a n s f o r m e r .
Hence , the r a t e d c u r r e n t i n 5 V ”);

35 printf(” \n and 6 . 3 V winding i s : \n”);
36 printf(” \n I 2 = %. 3 f A \n\n”, I_2);

37

38 printf(” \n b : When the w ind ing s a r e p a r a l l e l e d , the
net c i r c u l a t i n g c u r r e n t i s ”);

39 printf(” \n the net v o l t a g e a p p l i e d a c r o s s the
t o t a l i n t e r n a l impedance o f ”);

40 printf(” \n the windings , o r : \ n”);
41 printf(” \n I c = %. 2 f A \n ”,I_c);
42

43 printf(” \n The p e r c e n t o v e r l o a d i s = %f p e r c e n t
%. f p e r c e n t ”,percent_overload ,

percent_overload);

Scilab code Exa 14.33 Zeh Zel I2rated I2sc overload

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−33
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 S = 20 ; // kVA r a t i n g o f t r a n s f o r m e r
13 N_1 = 230 ; // Number o f pr imary t u r n s
14 N_2 = 20 ; // Number o f s e conda ry t u r n s
15

16 V_1 = 230 ; // Primary v o l t a g e i n v o l t
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17 V_2 = 20 ; // Secondary v o l t a g e i n v o l t
18

19 // from Fig .14−31 a
20 // HV s i d e SC t e s t data
21 V_sc = 4.5 ; // s h o r t c i r c u i t v o l t a g e i n v o l t
22 I_sc = 87 ; // s h o r t c i r c u i t c u r r e n t i n A
23 P_sc = 250 ; // Power measured i n W
24

25 // C a l c u l a t i o n s
26 // c a s e a
27 V_h = V_sc ;// s h o r t c i r c u i t v o l t a g e i n v o l t on HV

s i d e
28 I_h = I_sc ;// s h o r t c i r c u i t c u r r e n t i n A on HV s i d e
29 Z_eh = V_h /I_h ; // E q u i v a l e n t immpedance r e f f e r e d

to the h igh s i d e when c o i l s a r e s e r i e s connec t ed
30

31 // c a s e b
32 Z_el = Z_eh * (N_2/N_1)^2 ; // E q u i v a l e n t immpedance

r e f f e r e d to the low s i d e
33 // when c o i l s a r e s e r i e s connec t ed
34

35 // c a s e c
36 I_2_rated = (S*1000)/V_2 ; // Rated s e conda ry

c u r r e n t when c o i l s a r e s e r i e s connec t ed
37

38 // c a s e d
39 I_2_sc = S / Z_el ; // Secondary c u r r e n t when the

c o i l s i n Fig .14−31 a a r e
40 // shor t−c i r c u i t e d with r a t e d v o l t a g e a p p l i e d to the

HV s i d e
41

42 percent_overload = (I_2_sc/I_2_rated)*100 ; //
p e r c e n t o v e r l o a d

43

44

45 // D i s p l ay the r e s u l t s
46 disp(” Example 14−33 S o l u t i o n : ”);
47
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48 printf(” \n S l i g h t v a r i a t i o n s i n answer s a r e due
to non−approx imated c a l c u l a t i o n s ”);

49 printf(” \n i n s c i l a b \n\n”);
50 printf(” \n a : E q u i v a l e n t immpedance r e f f e r e d to the

h igh s i d e when c o i l s a r e s e r i e s connec t ed : ”);
51 printf(” \n Z eh = %f ohm \n ”,Z_eh);
52

53 printf(” \n b : E q u i v a l e n t immpedance r e f f e r e d to the
low s i d e when c o i l s a r e s e r i e s connec t ed : ”);

54 printf(” \n Z e l = %f ohm \n ”,Z_el);
55

56 printf(” \n c : Rated s e condary c u r r e n t when c o i l s
a r e s e r i e s connec t ed : ”);

57 printf(” \n I 2 ( r a t e d ) = %d A \n”,I_2_rated);
58

59 printf(” \n d : Secondary c u r r e n t when the c o i l s i n
Fig .14−31 a a r e sho r t−c i r c u i t e d : ”);

60 printf(” \n with r a t e d v o l t a g e a p p l i e d to the HV
s i d e : ”);

61 printf(” \n I 2 ( s c ) = %d A \n”,I_2_sc);
62 printf(” \n The p e r c e n t o v e r l o a d i s = %d p e r c e n t ”

,percent_overload);

Scilab code Exa 14.34 PT kVA phase and line currents kVAtransformers

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−34
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .
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10

11 // Given data
12 I_L = 100 ; // Load c u r r e n t i n A
13 cos_theta = 0.7 ; // power f a c t o r l a g g i n g
14

15 // Y− d i s t r i b u t i o n t r a n s f o r m e r
16 S = 60 ; // kVA r a t i n g o f t r a n s f o r m e r
17 V_1 = 2300 ; // pr imary v o l t a g e i n v o l t
18 V_2 = 230 ; // s e conda ry v o l t a g e i n v o l t
19

20 // C a l c u l a t i o n s
21 // c a s e a
22 V_L = 230 ; // v o l t a g e a c r o s s l oad i n v o l t
23 P_T = (sqrt (3)*V_L*I_L*cos_theta)/1000 ; // power

consumed by the p l a n t i n kW
24 kVA_T = P_T/cos_theta ; // apparent power i n kVA
25

26 // c a s e b
27 kVA = S ; // kVA r a t i n g o f t r a n s f o r m e r
28 V_p = V_2 ; // phase v o l t a g e i n v o l t ( d e l t a−

c o n n e c t i o n on l oad s i d e )
29 I_P2_rated = (kVA *1000) /(3* V_p); // Rated s e conda ry

phase c u r r e n t i n A
30 I_L2_rated = sqrt (3)*I_P2_rated ; // Rated s e conda ry

l i n e c u r r e n t i n A
31

32 // c a s e c
33 // p e r c e n t l oad on each t r a n s f o r m e r = ( l oad c u r r e n t

per l i n e ) / ( r a t e d c u r r e n t per l i n e )
34 percent_load = I_L / I_L2_rated * 100 ;

35

36 // c a s e d
37 // s u b s c r i p t d f o r V L i n d i c a t e s c a s e d , V L
38 V_L_d = 2300 ;

39 I_P1 = (kVA_T *1000) /(sqrt (3)*V_L_d); // pr imary
phase c u r r e n t i n A

40 I_L1 = I_P1 ; // pr imary l i n e c u r r e n t i n A(Y−
c o n n e c t i o n )
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41

42 // c a s e e
43 kVA_transformer = kVA / 3 ; // kVA r a t i n g o f each

t r a n s f o r m e r
44

45 // D i s p l ay the r e s u l t s
46 disp(” Example 14−34 S o l u t i o n : ”);
47

48 printf(” \n a : power consumed by the p l a n t : \ n
P T = %. 1 f kW \n ”,P_T);

49 printf(” \n apparent power : \ n kVA T = %. 1 f
kVA \n”,kVA_T);

50

51 printf(” \n b : Rated s e condary phase c u r r e n t : \ n
I P2 ( r a t e d ) = %f A %. f A \n”,I_P2_rated ,
I_P2_rated);

52 printf(” \n Rated s e condary l i n e c u r r e n t : \ n
I L2 ( r a t e d ) = %f A %. 1 f A \n”,I_L2_rated ,
I_L2_rated);

53

54 printf(” \n c : p e r c e n t l oad on each t r a n s f o r m e r = %
. 1 f p e r c e n t \n ”,percent_load);

55

56 printf(” \n d : pr imary phase c u r r e n t : \ n I P1 = %
. f A \n”,I_P1);

57 printf(” \n pr imary l i n e c u r r e n t : \ n I L1 = %.
f A \n”,I_L1);

58

59 printf(” \n e : kVA r a t i n g o f each t r a n s f o r m e r = %d
kVA”,kVA_transformer);

Scilab code Exa 14.35 PT ST phase and line currents kVAtransformers

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
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3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−35
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 I_L = 100 ; // Load c u r r e n t i n A
13 cos_theta = 0.7 ; // power f a c t o r l a g g i n g
14

15 // − d i s t r i b u t i o n t r a n s f o r m e r
16 S = 60 ; // kVA r a t i n g o f t r a n s f o r m e r
17 V_1 = 2300 ; // pr imary v o l t a g e i n v o l t
18 V_2 = 230 ; // s e conda ry v o l t a g e i n v o l t
19

20 // C a l c u l a t i o n s
21 // c a s e a
22 V_L = 230 ; // v o l t a g e a c r o s s l oad i n v o l t
23 P_T = (sqrt (3)*V_L*I_L*cos_theta)/1000 ; // power

consumed by the p l a n t i n kW
24 kVA_T = P_T/cos_theta ; // apparent power i n kVA
25

26 // c a s e b
27 kVA = S ; // kVA r a t i n g o f t r a n s f o r m e r
28 V_p = V_2 ; // phase v o l t a g e i n v o l t
29 I_P2_rated = (kVA *1000) /(3* V_p); // Rated s e conda ry

phase c u r r e n t i n A
30 I_L2_rated = sqrt (3)*I_P2_rated ; // Rated s e conda ry

l i n e c u r r e n t i n A
31

32 // c a s e c
33 // p e r c e n t l oad on each t r a n s f o r m e r = ( l oad c u r r e n t

per l i n e ) / ( r a t e d c u r r e n t per l i n e )
34 percent_load = I_L / I_L2_rated * 100 ;

35
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36 // c a s e d
37 // s u b s c r i p t d f o r V L i n d i c a t e s c a s e d , V L
38 V_L_d = 2300 ;

39 I_P1 = (kVA_T *1000) /(sqrt (3)*V_L_d); // pr imary
phase c u r r e n t i n A

40 I_L1 = sqrt (3)*I_P1 ; // pr imary l i n e c u r r e n t i n A
41

42 // c a s e e
43 kVA_transformer = kVA / 3 ; // kVA r a t i n g o f each

t r a n s f o r m e r
44

45 // D i s p l ay the r e s u l t s
46 disp(” Example 14−35 S o l u t i o n : ”);
47

48 printf(” \n a : power consumed by the p l a n t : \ n
P T = %. 1 f kW \n ”,P_T);

49 printf(” \n apparent power : \ n kVA T = %. 1 f
kVA \n”,kVA_T);

50

51 printf(” \n b : Rated s e condary phase c u r r e n t : \ n
I P2 ( r a t e d ) = %f A %. f A \n”,I_P2_rated ,
I_P2_rated);

52 printf(” \n Rated s e condary l i n e c u r r e n t : \ n
I L2 ( r a t e d ) = %f A %. 1 f A \n”,I_L2_rated ,
I_L2_rated);

53

54 printf(” \n c : p e r c e n t l oad on each t r a n s f o r m e r = %
. 1 f p e r c e n t \n ”,percent_load);

55

56 printf(” \n d : pr imary phase c u r r e n t : \ n I P1 = %
. f A \n”,I_P1);

57 printf(” \n pr imary l i n e c u r r e n t : \ n I L1 = %f
A %. 1 f A \n”,I_L1 ,I_L1);

58 printf(” \n The pr imary l i n e c u r r e n t drawn by a
− bank i s 3 t imes the ”);

59 printf(” \n l i n e c u r r e n t drawn by a Y− bank . \ n”
);

60
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61 printf(” \n e : kVA r a t i n g o f each t r a n s f o r m e r = %d
kVA”,kVA_transformer);

Scilab code Exa 14.36 find line currents and their sum

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−36
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3−phase ,3−wi r e −connec t ed t r a n s f o r m e r shown i n

Fig .14−42
13 V_L = 33 ; // l i n e v o l t a g e i n kV
14

15 f = 60 ;// f r e q u e n c y i n Hz
16

17 // power f a c t o r
18 PF1 = 1; // u n i t y power f a c t o r f o r I AB
19 PF2 = 0.7; // 0 . 7 l a g g i n g power f a c t o r f o r I BC
20 PF3 = 0.9; // 0 . 9 l a g g i n g power f a c t o r f o r I CA
21

22 // C a l c u l a t i o n s
23 V_AB = V_L*exp(%i*(0)*(%pi /180)) ; // l i n e v o l t a g e

i n kV taken as r e f e r e n c e v o l t a g e
24

25 V_BC = V_L*exp(%i*( -120)*(%pi /180)) ; // l i n e
v o l t a g e i n kV

26 V_BC_m = abs(V_BC);//V BC m=magnitude o f V BC i n kV
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27 V_BC_a = atan(imag(V_BC) /real(V_BC))*180/ %pi - 180

;// V BC a=phase a n g l e o f V BC i n d e g r e e s
28 // 180 i s s u b t r a c t e d from I BC a to make i t s i m i l a r

to t ex tbook a n g l e
29

30 V_CA = V_L*exp(%i*( -240)*(%pi /180)) ; // l i n e
v o l t a g e i n kV

31 V_CA_m = abs(V_CA);//V CA m=magnitude o f V CA i n kV
32 V_CA_a = atan(imag(V_CA) /real(V_CA))*180/ %pi - 180

;//V CA a=phase a n g l e o f V CA i n d e g r e e s
33 // 180 i s s u b t r a c t e d from I BC a to make i t s i m i l a r

to t ex tbook a n g l e
34

35 theta_1 = acosd(PF1); // PF1 a n g l e
36 theta_2 = acosd(PF2); // PF2 a n g l e
37 theta_3 = acosd(PF3); // PF3 a n g l e
38

39

40 I_AB = 10*exp(%i*( theta_1)*(%pi /180)) ; // I AB
c u r r e n t i n kA

41 I_AB_m = abs(I_AB);// I AB m=magnitude o f I AB i n kA
42 I_AB_a = atan(imag(I_AB) /real(I_AB))*180/ %pi;//

I AB a=phase a n g l e o f I AB i n d e g r e e s
43

44 I_BC = 15*exp(%i*(-120 - theta_2)*(%pi /180)) ; //
I BC c u r r e n t i n kA

45 I_BC_m = abs(I_BC);// I BC m=magnitude o f I BC i n kA
46 I_BC_a = atan(imag(I_BC) /real(I_BC))*180/ %pi - 180;

// I BC a=phase a n g l e o f I BC i n d e g r e e s
47 // 180 i s s u b t r a c t e d from I BC a to make i t s i m i l a r

to t ex tbook a n g l e
48

49 I_CA = 12*exp(%i*(-240 + theta_3)*(%pi /180)) ; //
I CA c u r r e n t i n kA

50 I_CA_m = abs(I_CA);// I CA m=magnitude o f I CA i n kA
51 I_CA_a = 180 + atan(imag(I_CA) /real(I_CA))*180/ %pi;

// I CA a=phase a n g l e o f I CA i n d e g r e e s
52 // 180 i s added to I BC a to make i t s i m i l a r to
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t ex tbook a n g l e
53

54 // c a s e a
55 I_AC = -I_CA ;

56 I_A = I_AB + I_AC ; // phase c u r r e n t i n kA
57 I_A_m = abs(I_A);// I A m=magnitude o f I A i n kA
58 I_A_a = atan(imag(I_A) /real(I_A))*180/ %pi;// I A a=

phase a n g l e o f I A i n d e g r e e s
59

60 // c a s e b
61 I_BA = -I_AB ;

62 I_B = I_BC + I_BA ; // phase c u r r e n t i n kA
63 I_B_m = abs(I_B);// I B m=magnitude o f I B i n kA
64 I_B_a = atan(imag(I_B) /real(I_B))*180/ %pi;// I B a=

phase a n g l e o f I B i n d e g r e e s
65

66 // c a s e c
67 I_CB = -I_BC ;

68 I_C = I_CA + I_CB ; // phase c u r r e n t i n kA
69 I_C_m = abs(I_C);// I C m=magnitude o f I C i n kA
70 I_C_a = atan(imag(I_C) /real(I_C))*180/ %pi;// I C a=

phase a n g l e o f I C i n d e g r e e s
71

72 // c a s e d
73 phasor_sum = I_A + I_B + I_C ;

74

75

76 // D i s p l ay the r e s u l t s
77 disp(” Example 14−36 S o l u t i o n : ”);
78

79 printf(” \n We must f i r s t w r i t e each o f the phase
c u r r e n t s i n p o l a r form . ”);

80 printf(” \n S i n c e r e f e r e n c e v o l t a g e , V AB i s assumed
as 33 <0 kV , we may w r i t e \n”);

81

82 printf(” \n I AB = %d <%d kA ( u n i t y PF) ,\n”,I_AB_m ,
I_AB_a);

83 printf(” \n But I BC l a g s V BC , which i s %. f <%d kV”
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,V_BC_m ,V_BC_a);

84 printf(” \n by = acosd (%. 1 f ) = −%. 2 f lag , and
c o n s e q u e n t l y ”,PF2 ,theta_2);

85 printf(” \n I BC = %. f <%. 2 f kA \n”,I_BC_m ,I_BC_a);
86

87 printf(” \n S i m i l a r l y , I CA l e a d s V CA = %. f <%. f kV”
,V_CA_m ,V_CA_a);

88 printf(” \n by = acosd (%. 1 f ) = %. 2 f l ead , and
c o n s e q u e n t l y ”,PF3 ,theta_3);

89 printf(” \n I CA = %d <%. 2 f kA \n”,I_CA_m ,I_CA_a);
90

91 printf(” \n Wri t ing t h r e e phase c u r r e n t s i n comples
form y i e l d s . \ n”);

92 printf(” \n I AB i n kA = ”);disp(I_AB);
93 printf(” \n I BC i n kA = ”);disp(I_BC);
94 printf(” \n I CA i n kA = ”);disp(I_CA);
95

96 printf(” \n From c o n v e n t i o n a l t h r e e phase t h eo r y f o r
unba lanced −connec t ed l o a d s ”);

97 printf(” \n and from Fig .14−42 , we have \n”);
98

99 printf(” \n a : I A i n kA = ”);disp(I_A);
100 printf(” \n I A = %. 2 f <%. 2 f kA \n”,I_A_m ,I_A_a);
101

102 printf(” \n b : I B i n kA = ”);disp(I_B);
103 printf(” \n I B = %. 2 f <%. 2 f kA \n”,I_B_m ,I_B_a);
104

105 printf(” \n c : I C i n kA = ”);disp(I_C);
106 printf(” \n I C = %. 2 f <%. 2 f kA \n”,I_C_m ,I_C_a);
107

108 printf(” \n d : Phasor sum o f the l i n e c u r r e n t s : ”);
109 printf(” \n I L i n kA = ”);disp(phasor_sum);

Scilab code Exa 14.37 kVAcarry loadtransformer VVkVA ratiokVA in-
creaseload
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1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−37
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // − t r a n s f o r m e r s i n Ex . 3 5
13 kVA_1 = 20 ; // kVA r a t i n g o f t r a n s f o r m e r 1
14 kVA_2 = 20 ; // kVA r a t i n g o f t r a n s f o r m e r 2
15 kVA_3 = 20 ; // kVA r a t i n g o f t r a n s f o r m e r 3
16

17 V_1 = 2300 ; // Primary v o l t a g e i n v o l t
18 V_2 = 230 ; // Secondary v o l t a g e i n v o l t
19

20 kVA = 40 ; // kVA s u p p l i e d by the bank
21 PF = 0.7 ; // l a g g i n g power f a c t o r at which bank

s u p p l i e s kVA
22

23 // one d e f e c t i v e t r a n s f o r m e r i s removed
24

25 // C a l c u l a t i o n s
26 // c a s e a
27 kVA_transformer = kVA / sqrt (3); // kVA load c a r r i e d

by each t r a n s f o r m e r
28

29 // c a s e b
30 percent_ratedload_Tr = kVA_transformer / kVA_1 * 100

; // p e r c e n t l oad c a r r i e d by each t r a n s f o r m e r
31

32 // c a s e c
33 kVA_V_V = sqrt (3)*kVA_1 ; // Tota l kVA r a t i n g o f the

t r a n s f o r m e r bank i n V−V
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34

35 // c a s e d
36 ratio_banks = kVA_V_V / (kVA_1 + kVA_2 + kVA_3) *

100; // r a t i o o f V−V bank to − bank Tr
r a t i n g s

37

38 // c a s e e
39 kVA_Tr = kVA / 3 ;

40 percent_increase_load = kVA_transformer / kVA_Tr *

100 ; // p e r c e n t i n c r e a s e i n l oad on each
t r a n s f o r m e r when one Tr i s removed

41

42

43 // D i s p l ay the r e s u l t s
44 disp(” Example 14−37 S o l u t i o n : ”);
45

46 printf(” \n a : kVA load c a r r i e d by each t r a n s f o r m e r
= %. 1 f kVA/ t r a n s f o r m e r \n”,kVA_transformer);

47

48 printf(” \n b : p e r c e n t r a t e d l oad c a r r i e d by each
t r a n s f o r m e r = %. 1 f p e r c e n t \n”,
percent_ratedload_Tr);

49

50 printf(” \n c : Tota l kVA r a t i n g o f the t r a n s f o r m e r
bank i n V−V = %. 2 f kVA \n”,kVA_V_V);

51

52 printf(” \n d : r a t i o o f V−V bank to − bank Tr
r a t i n g s = %. 1 f p e r c e n t \n”,ratio_banks);

53

54 printf(” \n e : kVA load c a r r i e d by each t r a n s f o r m e r (
V−V) = %. 2 f kVA/ t r a n s f o r m e r \n”,kVA_Tr);

55 printf(” \n p e r c e n t i n c r e a s e i n l oad on each
t r a n s f o r m e r when one Tr i s removed : ”);

56 printf(” \n = %. 1 f p e r c e n t ”,
percent_increase_load);
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Scilab code Exa 14.38 IL alpha Ia kVA

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−38
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10

11 // Given data
12 // 3−phase SCIM
13 V = 440 ; // r a t e d v o l t a g e i n v o l t o f SCIM
14 hp = 100 ; // r a t e d power i n hp o f SCIM
15 PF = 0.8 ; // power f a c t o r
16 V_1 = 155 ; // pr imary v o l t a g e i n v o l t o f Tr
17 V_2 = 110 ; // s e conda ry v o l t a g e i n v o l t o f Tr
18

19 V_a = 110 ; // armature v o l t a g e i n v o l t
20 V_L = 440 ; // Load v o l t a g e i n v o l t
21 eta = .98 ; // e f f i c i e n c y o f the Tr .
22

23 // C a l c u l a t i o n s
24 // c a s e a
25 // r e f e r r i n g to appendix A−3 , Table 430−150 f o o t n o t e s
26 I_L = 124*1.25 ; // Motor l i n e c u r r e n t i n A
27

28 // c a s e b
29 alpha = V_a/V_L ; // Trans f o rmat i on r a t i o
30

31 // c a s e c
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32 I_a = (sqrt (3)/2)*( I_L / (alpha*eta) ); // Current
i n the pr imary o f the s c o t t t r a n s f o r m e r s

33

34 // c a s e d
35 kVA = (V_a*I_a)/(( sqrt (3) /2) *1000); // kVA r a t i n g o f

the main and t e a s e r t r a n s f o r m e r s
36

37 // D i s p l ay the r e s u l t s
38 disp(” Example 14−38 S o l u t i o n : ”);
39

40 printf(” \n a : Motor l i n e c u r r e n t : \ n I L = %d A
\n ”,I_L);

41

42 printf(” \n b : Trans f o rmat i on r a t i o : \ n a lpha =
N 1/N 2 = V a/V L = %. 2 f \n”,alpha);

43

44 printf(” \n c : Current i n the pr imary o f the s c o t t
t r a n s f o r m e r s : \ n I a = %. f A \n”,I_a);

45

46 printf(” \n d : kVA r a t i n g o f the main and t e a s e r
t r a n s f o r m e r s : \ n kVA = %. 1 f kVA”,kVA);

Scilab code Exa 14.39 VL ST Idc Sac Sdc per line

1 // E l e c t r i c Machinery and Trans f o rmer s
2 // I r v i n g L kosow
3 // P r e n t i c e H a l l o f I n d i a
4 // 2nd e d i t i o m
5

6 // Chapter 1 4 : TRANSFORMERS
7 // Example 14−39
8

9 clear; clc; close; // C l ea r the work space and
c o n s o l e .

10
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11 // Given data
12 I_L = 1 ; // Load c u r r e n t i n kA
13 V_m = 750 ; // Peak v o l t a g e i n kV
14

15 // C a l c u l a t i o n s
16 // c a s e a
17 V_L = (V_m)/sqrt (2); // Max . a l l o w a b l e Vrms i n kV

tha t may be a p p l i e d to the l i n e s u s i n g ac
18

19 // c a s e b
20 S_T_ac = sqrt (3)*V_L*I_L ; // Tota l 3−phase apparent

power i n MVA
21

22 // c a s e c
23 I_rms = I_L ; // rms v a l u e o f l o ad c u r r e n t i n kA
24 I_dc =I_rms*sqrt (2); // Max . a l l o w a b l e c u r r e n t i n kA

tha t can be d e l i v e r e d by dc t r a n s m i s s i o n
25

26 // c a s e d
27 V_dc = V_m ; // dc v o l t a g e i n kV
28 S_T_dc = V_dc*I_dc ; // Tota l dc apparent power

d e l i v e r e d by two l i n e s i n MVA
29

30 // c a s e e
31 S_ac_line = S_T_ac / 3 ; // Power per ac l i n e
32

33 // c a s e f
34 S_dc_line = S_T_dc / 2 ; // Power per dc l i n e
35

36 // D i s p l ay the r e s u l t s
37 disp(” Example 14−39 S o l u t i o n : ”);
38

39 printf(” \n : a Max . a l l o w a b l e Vrms i n kV tha t may be
a p p l i e d to the l i n e s u s i n g ac : ”);

40 printf(” \n V L = %. 1 f kV \n ”,V_L);
41

42 printf(” \n : b Tota l 3−phase apparent power : \ n
S T = %. 1 f MVA \n”,S_T_ac);
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43

44 printf(” \n : c Max . a l l o w a b l e c u r r e n t i n kA tha t can
be d e l i v e r e d by dc t r a n s m i s s i o n : ”);

45 printf(” \n I d c = %. 3 f kA \n ”,I_dc);
46

47 printf(” \n : d Tota l dc apparent power d e l i v e r e d by
two l i n e s : \ n S T = %. 1 f MVA\n”,S_T_dc);

48

49 printf(” \n : e Power per ac l i n e : \ n S/ ac l i n e =
%. 1 f MVA/ l i n e \n”,S_ac_line);

50

51 printf(” \n : f Power per dc l i n e : \ n S/ dc l i n e =
%. 1 f MVA/ l i n e \n”,S_dc_line);
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