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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

DC Generators

Scilab code Exa 1.1 TO DETERMINE EMF GENERATED DUE TO ROTATION AND REPLACEMENT OF LAP WOUND ARMATURE WITH WAVE WOUND

1 clc ,clear

2 printf( ’ Example 1 . 1\ n\n ’ )
3

4 Pole=4

5 Z=440 //number o f c onduc t o r s i n armature
6 phi =0.07 // f l u x produced by each po l e i n webers
7 N=900 // Speed o f armature i n r . p .m
8

9 // Part ( i ) l ap wound
10 A1=Pole //no o f p a r a l l e l paths f o r l ap winding
11 E1=phi*N*Z*Pole /(60*A1)

12 printf( ’ ( i ) e .m. f g en e r a t ed ( lap−wound ) i s %. 0 f V ’ ,
E1)

13

14 // Part ( i i ) wave wound
15 A2=2 //no o f p a r a l l e l paths f o r wave wind ing
16 E2=phi*N*Z*Pole /(60*A2)

17 printf( ’ \n ( i i ) e .m. f g en e r a t ed ( wave−wound ) i s %. 0 f V
’ ,E2)
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Scilab code Exa 1.2 TO DETERMINE GENERATED EMF AND THE SPEED TO GENERATE THE SAME EMF USING WAVE WOUND ARMATURE

1 clc ,clear

2 printf( ’ Example 1 . 2\ n\n ’ )
3

4 Pole=4

5 phi =21*10^ -3 // f l u x produced by each po l e i n webers
6 N=1120 // Speed o f armature i n r . p .m
7 Coils =42

8 turns_per_coil =8

9 Turns=Coils * turns_per_coil

10 Z=2* Turns //Number o f armature c onduc t o r s
11

12 // Part ( i )
13 A1=Pole //no o f p a r a l l e l paths f o r l ap winding
14 E1=phi*N*Z*Pole /(60*A1)

15 printf( ’ ( i ) e .m. f g en e r a t ed i s %. 3 f V ’ ,E1)
16

17 // Part ( i i )
18 A2=2 //wave wind ing
19 E2=E1 // as ment ioned i n the qu e s t i o n
20 N2=E2/(phi*Z*Pole /(60*A2)) //E=phi ∗N∗Z∗Pole /(60∗A)
21 printf( ’ \n ( i i ) For wave−wound armature , above

c a l c u l a t e d e .m. f i s g en e r a t ed at %. 0 f r . p .m ’ ,N2)

Scilab code Exa 1.3 TO DRAW A DEVELOPED DIAGRAM FOR GENERATOR

1 clc ,clear

2 printf( ’ Example 1 . 3\ n\n ’ )
3
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Figure 1.1: TO DRAW A DEVELOPED DIAGRAM FOR GENERATOR
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4 Pole=4

5 coils =12

6 commutator_segments=coils

7 coil_sides=coils *2

8 Z=coil_sides //No o f c onduc t o r s
9 pole_pitch=Z/Pole

10

11 // f o r S implex l ap wind ing
12 y_f=pole_pitch -1

13 y_b=pole_pitch +1

14

15 y_c=1 //Note tha t i t ’ s p o s i t i v e and i t ’ s
p r o g r e s s i v e type o f S implex l ap wind ing

16

17

18 printf( ’WINDING TABLE: \ n\n 1<− 8−> 3<−
10−> 5<− 12\n−> 7<− 14−> 9<− 16−>
11<− 18\n−>13<− 20−> 15<− 22−> 17<−
24\n−>19<− 2−> 21<− 4−> 23<− 6\n−>
1\n

’ )
19 printf( ’ \nNote tha t <− i n d i c a t e s back c onn e c t i o n

with y back=%. 0 f and −> i n d i c a t e s f r o n t
c onn e c t i o n with y f r o n t=%. 0 f \n ’ ,y_b ,y_f)

20 printf( ’ \nAnother form o f wind ing t a b l e : ’ )
21 printf( ’ \n BACK CONNECTIONS

FRONT CONNECTIONS ’
)

22

23 printf( ’ \n\n 1 to (1+7) = 8
−> 8 to (8−5) = 3 ’ )

24 printf( ’ \n 3 to (3+7) =10
−> 10 to (10−5)= 5 ’ )

25 printf( ’ \n 5 to (5+7) =12
−> 12 to (12−5)= 7 ’ )

26 printf( ’ \n 7 to (7+7) =14
−> 14 to (14−5)= 9 ’ )
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27 printf( ’ \n 9 to (9+7) =16
−> 16 to (16−5)=11 ’ )

28 printf( ’ \n 11 to (11+7)=18
−> 18 to (18−5)=13 ’ )

29 printf( ’ \n 13 to (13+7)=20
−> 20 to (20−5)=15 ’ )

30 printf( ’ \n 15 to (15+7)=22
−> 22 to (22−5)=17 ’ )

31 printf( ’ \n 17 to (17+7)=24
−> 24 to (24−5)=19 ’ )

32 printf( ’ \n 19 to (19+7)=26=(26−24)=2
−> 2 to (26−5)=21 ’ )

33 printf( ’ \n 21 to (21+7)=28=(28−24)=4
−> 4 to (28−5)=23 ’ )

34 printf( ’ \n 23 to (23+7)=30=(30−24)=6
−> 6 to (30−5)=25 = 25−24=1 ’

)

Scilab code Exa 1.4 TO DRAW DEVELOPED DIAGRAM FOR A DC GENERATOR

1 clc ,clear

2 printf( ’ Example 1 . 4\ n\n ’ )
3

4 Pole=4

5 Z=18 //no o f armature c onduc t o r s
6 Y_A=(Z+2)/Pole // For p r o g r e s s i v e type wave winding ,

p o s i t i v e s i g n i s used
7 Y_C=Y_A // For wave winding
8

9 // S i n c e Y A=(y b+y f ) /2 , we l e t y b=Y f
10 y_b=Y_A/2 // say
11 y_f=y_b

12
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Figure 1.2: TO DRAW DEVELOPED DIAGRAM FOR A DC GENERA-
TOR
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13 coils=Z/2

14 slots=coils

15 commutator_segments=coils

16

17 printf( ’WINDING TABLE: \ n 1<− 6−> 11<− 16−>
3<− 8\n−>13<− 18−> 5<− 10−> 15<− 2\n−>
7<− 12−> 17<− 4−> 9<− 14\n−>1\n

’ )
18

19 printf( ’ \nAnother form o f wind ing t a b l e : ’ )
20

21 printf( ’ \n BACK CONNECTIONS
FRONT CONNECTIONS ’

)

22

23 printf( ’ \n\n 1 to (1+5) = 6
−> 6 to (6+5) = 11 ’ )

24 printf( ’ \n 11 to (11+5) =16
−> 16 to (16+5)= 21

−18=3 ’ )
25 printf( ’ \n 3 to (3+5) = 8

−> 8 to (8+5)= 13 ’ )
26 printf( ’ \n 13 to (13+5) =18

−> 18 to (18+5)= 23
−18=5 ’ )

27 printf( ’ \n 5 to (5+5) =10
−> 10 to (10+5)= 15 ’ )

28 printf( ’ \n 15 to (15+5) =20 −18=2
−> 2 to (2+5)= 7 ’ )

29 printf( ’ \n 7 to (7+5) =12
−> 12 to (12+5)= 17 ’ )

30 printf( ’ \n 17 to (17+5) =22 −18=4
−> 4 to (4+5)= 9 ’ )

31 printf( ’ \n 9 to (9+5) =14
−> 14 to (14+5)= 19

−18=1 ’ )
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Scilab code Exa 1.5 TO CALCULATE DEMAGNETISING AND CROSSMAGNETISING AMPERE TURNS PER POLE

1 clc ,clear

2 printf( ’ Example 1 . 5\ n\n ’ )
3

4 Pole=4

5 Z=480 //No o f armature c onduc t o r s
6 I_a =144

7 I=I_a/2 // For wave wound
8 theta_m =10 // l e ad ang l e i n DEGREES
9

10 amp_turns_PP_d=Z*I*theta_m /360 // demagne t i s i ng
Ampere−t u rn s per p o l e

11 amp_turns_PP_c=Z*I*(1/(2* Pole)-theta_m /360) // c r o s s−
magne t i s i n g Ampere−t u rn s per p o l e

12

13 printf( ’De−magne t i s i n g ampere−t u rn s per p o l e i s %. 0 f
’ ,amp_turns_PP_d)

14 printf( ’ \nCross−magne t i s i n g ampere−t u rn s per p o l e i s
%. 0 f ’ ,amp_turns_PP_c)

Scilab code Exa 1.6 TO DETERMINE NUMBER OF COMPENSATING CONDUCTORS PER POLE

1 clc ,clear

2 printf( ’ Example 1 . 6\ n\n ’ )
3

4 Pole =10

5 Z=800 //No o f armature c onduc t o r s
6 A=Pole // For l ap wound
7 ratio =0.7 // r a t i o o f p o l e a r c to po l e p i t c h
8 // amp turns PP=r a t i o ∗ ( I a ∗Z) /(2∗A∗P)
9 turns_PP=ratio *(Z)/(2*A*Pole) // tu rn s per po l e
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10 conductors_PP=turns_PP *2 // mu l t i p l i e d with 2 because
2 conduc t o r s form 1 turn

11

12 printf( ’ Compensating conduc t o r s per po l e= %. 0 f ’ ,ceil
(conductors_PP))

Scilab code Exa 1.7 TO FIND REACTIVE VOLTAGE DURING LINEAR AND SINUSOIDAL COMMUTATION

1 clc ,clear

2 printf( ’ Example 1 . 7\ n\n ’ )
3

4 I_L=150,A=4

5 N=1800 // i n rpm
6 W_b =1.2 //Brush width
7 W_m=0 // width o f mica i n s u l a t i o n
8 L=0.06*10^ -3 // Induc tance
9 segments =64

10 n_s =1800/60 // i n rp s and not rpm
11 v=n_s*segments // p e r i p h e r a l speed i n segments per

second
12

13 T_c=(W_b -W_m)/v //Time o f commutation
14 I=I_L/A // Current through a conduc to r
15

16 // Part ( i )
17 E_l=L*2*I/T_c

18 printf( ’ \n ( i ) Rea c t i v e v o l t a g e u s i n g L in ea r
commutation i s %. 1 f V ’ ,E_l)

19

20 // Part ( i i )
21 E_s =1.11*L*2*I/T_c

22 printf( ’ \n ( i i ) Rea c t i v e v o l t a g e u s i n g S i n u s o i d a l
commutation i s %. 3 f V ’ ,E_s)
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Figure 1.3: TO FIND INDUCED EMF IN A GENERATOR

Scilab code Exa 1.8 TO FIND INDUCED EMF IN A GENERATOR

1 clc ,clear

2 printf( ’ Example 1 . 8\ n\n ’ )
3

4 V_t =250 // Terminal v o l t a g e
5 R_sh =100 // Re s i s t a n c e o f shunt f i e l d wind ing
6 I_sh=V_t/R_sh // shunt c u r r e n t
7 R_a =0.22 //Armature r e s i s t a n c e
8

9 P=5*10^3 //Load power
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Figure 1.4: TO DETERMINE ARMATURE RESISTANCE OF GENERA-
TOR

10 I_L=P/V_t //Load cu r r e n t
11 I_a=I_L+I_sh // armature c u r r e n t
12

13 E=V_t + I_a*R_a // Induced emf
14 printf( ’ \ nInduced e .m. f to supp ly the 5kW load i s %

. 2 f V ’ ,E)

Scilab code Exa 1.9 TO DETERMINE ARMATURE RESISTANCE OF GENERATOR

1 clc ,clear

2 printf( ’ Example 1 . 9\ n\n ’ )
3

4 V_t =250 // t e rm i n a l v o l t a g e
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5 P=10*10^3 // 10kW power o f g e n e r a t o r
6 I_L=P/V_t // l oad c u r r e n t
7 I_a=I_L //As s e p e r a t e l y e x c i t e d
8 V_brush =2*2 // 2 ∗ no o f b ru she s
9

10 E=255 // on f u l l l o ad
11 R_a=(E-V_t -V_brush)/I_a // Because E=V t+ I a ∗R a +

V brush
12

13 printf( ’ \nArmature r e s i s t a n c e o f g e n e r a t o r i s %. 3 f
ohm ’ ,R_a)

Scilab code Exa 1.10 TO DETERMINE TERMINAL VOLTAGE AT THE LOAD

1 clc ,clear

2 printf( ’ Example 1 . 1 0\ n\n ’ )
3

4 R_a=0.5, R_se =0.03 // r e s i t a n c e due to armature and
s e r i e s f i e l d wind ing

5 V_brush =2 // brush drop
6 N=1500 // g e n e r a t o r speed i n r . p .m
7 coils =540

8 turns_per_coil =6

9 total_turns= coils*turns_per_coil

10 Z=2* total_turns // Tota l c onduc t o r s
11 I_a =50 // armature c u r r e n t
12

13 phi =2*10^ -3 // f l u x per po l e i n webers
14 E=phi*N*Z/(60) //A=P f o r lap−wound and they c a n c e l

out
15 V_t =E- (I_a*(R_a+R_se) + V_brush) // Because E=

V t+ I a ∗R a + V brush
16 printf( ’ \ nTerminal v o l t a g e i s %. 1 f V ’ ,V_t)
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Figure 1.5: TO DETERMINE TERMINAL VOLTAGE AT THE LOAD
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Figure 1.6: TO CALCULATE THE VOLTAGE GENERATED BY SHUNT
COMPOUND DC GENERATOR

Scilab code Exa 1.11 TO CALCULATE THE VOLTAGE GENERATED BY SHUNT COMPOUND DC GENERATOR

1 clc ,clear

2 printf( ’ Example 1 . 1 1\ n\n ’ )
3

4 V_t =225 // v o l t a g e a c r o s s wind ing
5 R_a =0.04 // armature r e s i s t a n c e
6 R_sh =90 // shunt r e s i s t a n c e
7 R_se =0.02 // r e s i s t a n c e o f s e r i e s f i e l d wind ing
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8 I_L =75 // l oad c u r r e n t
9

10 //E − I a ∗R a=V t+I L ∗R se
11 I_sh=(V_t+I_L*R_se)/R_sh // c u r r e n t through shunt

f i e l d wind ing
12

13 I_a=I_L + I_sh // armature c u r r e n t
14 E=V_t+ I_a*R_a+I_L*R_se // induced emf
15

16 printf( ’ \ nGenerated v o l t a g e i s %. 1 f V ’ ,E)

Scilab code Exa 1.12 TO CALCULATE THE OPEN CIRCUIT VOLTAGE AND LOAD CURRENT

1 clc ,clear

2 printf( ’ Example 1 . 1 2\ n\n ’ )
3

4 R_sh =53 // Re s i s t a n c e o f f i e l d wind ing
5 V_t =100 // t e rm i n a l v o l t a g e
6 I_sh =V_t/R_sh // shunt c u r r e n t
7 I_f=I_sh

8 R_a =0.1 // armature r e s i s t a n c e
9 E_o =143 // f o r I s h= I f = 1 . 8 867 as ob ta i n ed from

graph
10 I_a=(E_o -V_t)/R_a // Because E o=V t + I a ∗R a
11 I_L=I_a -I_sh //no l oad cu r r e n t
12 printf( ’ \n\nNote : Open c i r c u i t v o l t a g e was ob ta i n ed

as f o l l o w s \nE o=R sh ∗ I f // y=mx+c form with c
=0 and R sh=53\nHence , a l i n e with s l o p e 53
through o r i g i n i s made to i n t e r s e c t OCC at 150 V ’
)

13

14 printf( ’ \ nThere fo r e , Open c i r c u i t v o l t a g e i s 150 V ’ )
15 printf( ’ \n\n\nNo load c u r r e n t i s %. 4 f A ’ ,I_L)
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Figure 1.7: TO CALCULATE THE OPEN CIRCUIT VOLTAGE AND
LOAD CURRENT
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Scilab code Exa 1.13 TO DETERMINE CERTAIN QUANTITIES RELATED TO DC SHUNT MOTOR USING ITS MAGNETISING CURVE

1 clc ,clear

2 printf( ’ Example 1 . 1 3\ n\n ’ )
3

4 // pa r t ( 1 )
5 E_o =240 // on no−l o ad
6

7 //Draw h o r i z o n t a l l i n e from 240 V, to i n t e r s e c t OCC
at A. c o r r e s p ond i n g I f i s 2 . 2 5 A

8 //The s l o p e p f OA i s c o r r e s p ond i n g R sh
9 I_f =2.25 // Corre sponds to 240 V when i n t e r s e c t e d

OCC
10 R_sh =240/ I_f // shunt r e s i s t a n c e
11 printf( ’ ( i ) F i e l d r e s i s t a n c e tha t g i v e s 240 V on no−

l o ad i s %. 2 f ohms \n ’ ,R_sh)
12

13 // Part ( i i )
14 N1=1000 // speed o f shunt g e n e r a t o r i n rpm
15 I_f=1

16

17 //Draw l i n e OP t a n g e n t i a l to OCC at N1=1000 r . p .m.
18 // S e l e c t I f =1A i . e . p o i n t R
19 //Draw v e r t i c a l from R to i n t e r s e c t OP at S and OA

at T . . . . t h i s g i v e s RT=105 and RS=159
20 //At c r i t c a l speed g e n e r a t o r j u s t f a i l s to bu i l d up
21

22 RT=105,RS=159

23 N_C=N1*RT/RS // C r i t i c a l speed
24 printf( ’ ( i i ) C r i t i c a l speed i s %. 2 f r . p .m ’ ,N_C)
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Figure 1.8: TO DETERMINE CERTAIN QUANTITIES RELATED TO DC
SHUNT MOTOR USING ITS MAGNETISING CURVE
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Figure 1.9: TO CALCULATE LOAD CURRENT

Scilab code Exa 1.14 TO DETERMINE RUNNING SPEED TO GENERATE 240 V ON NOLOAD

1 clc ,clear

2 printf( ’ Example 1 . 1 4\ n\n ’ )
3

4 P=4 //number o f p o l e s
5 A=2 // because wave wound
6 Z=792 //No o f c onduc t o r s
7 phi =0.012 // f l u x per po l e i n weber
8 E_g =240 // on no−l o ad
9 // runn ing speed

10 N=E_g *60*A/(phi*P*Z) // becuas e E g= phi ∗P∗N∗Z/(60∗A)
11

12 printf( ’ Requ i red runn ing speed i s %. 3 f r . p .m ’ ,N)

Scilab code Exa 1.15 TO CALCULATE LOAD CURRENT

1 clc ,clear

2 printf( ’ Example 1 . 1 5\ n\n ’ )
3
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Figure 1.10: TO CALCULATE ARMATURE CURRENT AND GENER-
ATED EMF

4 // open c i r c u i t c o n d i t i o n
5 I_L=0 // because o f open c i r c u i t
6 V_t =127 // t e rm i n a l v o l t a g e
7 E_g=V_t // because I L=0
8

9 // l oad c o nd i t i o n
10 V_t =120

11 R_sh=15,R_a =0.02 // shunt and armature r e s i s t a n c e
12 I_sh1=V_t/R_sh // c u r r e n t through shunt wind ing i n

l oaded c o n d i t i o n
13

14 I_L =(E_g -V_t)/R_a - I_sh1 // because I a 1=I L+
I s h 1 and E g=V t + I a 1 ∗R a

15 printf( ’ Load c u r r e n t i s %. 0 f A ’ ,I_L)

Scilab code Exa 1.16 TO CALCULATE ARMATURE CURRENT AND GENERATED EMF

1 clc ,clear

2 printf( ’ Example 1 . 1 6\ n\n ’ )
3

4 V_t =550 // Terminal v o l t a g e

45



5 R_lamp =500 //Each lamp
6 I_lamp=V_t/R_lamp // each lamp ; V t because a l l

lamps a r e i n p a r a l l e l
7

8 I_L =20* I_lamp // t h e r e e x i s t 20 lamps
9 R_sh=25,R_a =0.06 , R_se =0.04 // r e s i s t a n c e o f shunt

winding , armature , s e r i e s f i e l d
10 I_sh=V_t/R_sh // c u r r e n t throough shunt wind ing
11 I_a=I_L+I_sh // armature c u r r e n t
12 E=V_t + I_a*(R_a+R_se) // g en e r a t ed emf
13

14 printf( ’ Armature c u r r e n t and g en e r a t ed e .m. f i s %. 0 f
A and %. 1 f V r e s p e c t i v e l y ’ ,I_a ,E )

Scilab code Exa 1.17 TO DETERMINE THE TERMINAL VOLTAGE

1 clc ,clear

2 printf( ’ Example 1 . 1 7\ n\n ’ )
3

4 P=4 //number o f p o l e s
5 A=P // because o f l ap wound
6 N=750 // speed in rpm
7 Z=720 //number o f armature c onduc t o r s
8 phi =30*10^ -3 // f l u x per po l e i n weber
9 R_sh =200,R_a=0.4,R_L=15, // r e s i s t a n c e o f shunt

winding , armature , s e r i e s f i e l d
10 E=phi*P*N*Z/(60*A) // g en e r a t ed emf
11

12 // s o l v i n g the f o l l o w i n g e qua t i o n s f o r V t
13 //E= V t + I a ∗R a
14 //E= V t + ( I L + I s h ) ∗R a
15 //E= V t + ( ( V t /R L ) + ( V t /R sh ) ) ∗R a
16 V_t=E/(1+( R_a/R_L)+(R_a/R_sh))
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Figure 1.11: TO DETERMINE THE TERMINAL VOLTAGE
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17 printf( ’ Terminal v o l t a g e = %. 4 f V ’ ,V_t)

Scilab code Exa 1.18 TO DETERMINE THE DRIVING SPEED OF ARMATURE TO GENERATE CERTAIN EMF

1 clc ,clear

2 printf( ’ Example 1 . 1 8\ n\n ’ )
3

4 P=6 //number o f p o l e s
5 A=2 // because o f wave wound
6 N_1 =300 // speed o f g e n e r a t o r
7 Z=600 //number o f armature c onduc t o r s
8 phi_1 =0.06 // f l u x per po l e i n webers
9 E_g1=phi_1*P*N_1*Z/(60*A) // g en e r a t ed emf

10 printf( ’Emf g en e r a t ed i s %. 0 f V\n\n ’ ,E_g1)
11

12 phi_2 =0.055 //new f l u x per po l e
13 E_g2 =550 // new gene r a t ed emf
14 N_2=E_g2/( phi_2*P*Z/(60*A)) //new speed o f g e n e r a t o r
15 printf( ’ Requ i red speed i s %. 2 f r . p .m ’ ,N_2)

Scilab code Exa 1.19 TO CALCULATE CERTAIN QUANTITIES FROM OPEN CIRCUIT CHARACTERISTICS OF DC SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 1 . 1 9\ n ’ )
3 printf( ’ Re f e r to code f o r e xp l a n a t i o n \n\n ’ )
4

5 N_1=300,N_2 =375 // g e n e r a t o r sp e ed s
6

7 // E g2=E g1 ∗ ( N 2/N 1 )
8 // Using t h i s new t a b l e OCC at N 2=375 i s made
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Figure 1.12: TO CALCULATE CERTAIN QUANTITIES FROM OPEN
CIRCUIT CHARACTERISTICS OF DC SHUNT MOTOR

49



9 //Draw a l i n e with s l o p e R sh=40 through o r i g i n
which cu t s t h i s OCC at 248

10 // I f t a b l e = [ 0 , 2 , 3 , 4 , 5 , 6 , 7 ]
11 // Arm vo l t ab l e

= [ 9 . 3 7 5 , 1 1 5 , 1 6 5 , 2 0 2 . 5 , 2 2 8 . 7 5 , 2 3 7 . 5 , 2 6 5 ]
12

13 // pa r t ( i )
14 // at V=200 vo l t s , I f =3.9 from the graph
15 V=200

16 I_f =3.9

17 R_sh2=V/I_f ,R_sh =40

18 printf( ’ Add i t i o n a l r e s i s t a n c e r e q u i r e d i s %. 3 f ohms
’ ,R_sh2 -R_sh)

19

20 // pa r t ( i i )
21 V_t =200

22 I_f=V_t/R_sh

23 E_g =228.75 // For t h i s I f from the t a b l e
24 R_a =0.4

25 I_a=(E_g -V_t)/R_a // Because E g=V t + I a ∗R a
26 I_L=I_a -I_f

27 printf( ’ \nLoad cu r r e n t s u pp l i e d by the g e n e r a t o r i s
%. 3 f A ’ ,I_L )

Scilab code Exa 1.20 TO CALCULATE AMPERE TURNS AND SERIES TURNS TO BALANCE DEMAGNETISING COMPONENT OF A LAP CONNECTED GENERATOR

1 clc ,clear

2 printf( ’ Example 1 . 2 0\ n\n ’ )
3

4 I_a =750 // f u l l l o ad c u r r e n t
5 Pole=6

6 A=Pole // l ap wind ing
7 I=I_a/A // Fu l l−l o ad c u r r e n t per path
8 Z=900 //no o f c onduc t o r s
9 lambda =1.4 // l e a k a g e c o e f f i c i e n t
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10 theta_e =21 // l e ad ang l e i n d e g r e e s e l e c t r i c a l
11 theta_m=theta_e /(Pole /2) // l e ad ang l e i n d e g r e e s

mechan i ca l
12

13 amp_turns_PP_d=Z*I*theta_m /360 // demagne t i s i ng
ampere tu rn s per p o l e

14 amp_turns_PP_c=Z*I*(1/(2* Pole)-theta_m /360) // c r o s s
−magne t i s i n g ampere tu rn s per p o l e

15

16 balance_turns=amp_turns_PP_d*lambda/I_a // s e r i e s
t u rn s r e q u i r e d to ba l an c e demagne t i s i ng component

17 printf( ’ ( i ) De−magne t i s i n g ampere−t u rn s per p o l e i s
%. 1 f ’ ,amp_turns_PP_d)

18 printf( ’ \n ( i i ) Cross−magne t i s i n g ampere−t u rn s per
p o l e i s %. 1 f ’ ,amp_turns_PP_c)

19 printf( ’ \n ( i i i ) Turns r e q u i r e d to ba l an c e
demagne t i s i ng component i s %. 0 f ’ ,floor(
balance_turns))

Scilab code Exa 1.21 TO DESIGN A LAP WINDING

1 clc ,clear

2 printf( ’ Example 1 . 2 1\ n\n ’ )
3

4 Pole=4

5 Z=32 //no o f c onduc t o r s
6 coil_sides=Z

7 segments =16

8 pole_pitch=Z/Pole

9 slots =16

10 slots_per_pole=slots/Pole

11

12 // f o r S implex l ap wind ing
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Figure 1.13: TO DESIGN A LAP WINDING
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13 y_b=pole_pitch +1 // back p i t c h
14 y_f=pole_pitch -1 // f r o n t p i t c h
15

16 y_c=1 //Commutator p i t c h ; Note tha t i t i s p o s i t i v e
and i t i s p r o g r e s s i v e type o f S implex l ap wind ing

17

18 printf( ’WINDING TABLE: \ n\n 1<− 10−> 3<−
12−> 5<− 14\n−> 7<− 16−> 9<− 18−>
11<− 20\n−>13<− 22−> 15<− 24−> 17<−
26\n−>19<− 28−> 21<− 30−> 23<− 32\n
−>25<− 2−> 27<− 4−> 29<− 6\n−>31<−

8−>1

’ )
19 printf( ’ \nNote tha t <− i n d i c a t e s back c onn e c t i o n

with y back=%. 0 f and −> i n d i c a t e s f r o n t
c onn e c t i o n with y f r o n t=%. 0 f \n ’ ,y_b ,y_f)

20

21 printf( ’ \nAnother form o f wind ing t a b l e : ’ )
22

23 printf( ’ \n BACK CONNECTIONS
FRONT CONNECTIONS ’

)

24

25 printf( ’ \n\n 1 to (1+9) =10
−> 10 to (10−7) =3 ’ )

26 printf( ’ \n 3 to (3+9) =12
−> 12 to (12−7)= 5 ’ )

27 printf( ’ \n 5 to (5+9) =14
−> 14 to (14−7)= 7 ’ )

28 printf( ’ \n 7 to (7+9) =16
−> 16 to (16−7)= 9 ’ )

29 printf( ’ \n 9 to (9+9) =18
−> 18 to (18−7)=11 ’ )

30 printf( ’ \n 11 to (11+9)=20
−> 20 to (20−7)=13 ’ )

31 printf( ’ \n 13 to (13+9)=22
−> 22 to (22−7)=15 ’ )
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32 printf( ’ \n 15 to (15+9)=24
−> 24 to (24−7)=17 ’ )

33 printf( ’ \n 17 to (17+9)=26
−> 26 to (26−7)=19 ’ )

34 printf( ’ \n 19 to (19+9)=28
−> 28 to (28−7)=21 ’ )

35 printf( ’ \n 21 to (21+9)=30
−> 30 to (30−7)=23 ’ )

36 printf( ’ \n 23 to (23+9)=32
−> 32 to (32−7)=25 ’ )

37 printf( ’ \n 25 to (25+9)=34=(34−32)=2
−> 2 to (34−7)=27 ’ )

38 printf( ’ \n 27 to (27+9)=36=(36−32)=4
−> 4 to (36−7)=29 ’ )

39 printf( ’ \n 29 to (29+9)=38=(38−32)=6
−> 6 to (38−7)=31 ’ )

40 printf( ’ \n 31 to (31+9)=40=(40−32)=4
−> 8 to (40−7)=33 −32= 1 ’ )

Scilab code Exa 1.22 TO DETERMINE CERTAIN QUANTITIES ASSOCIATED WITH SIMPLEX WAVE WOUND DC MACHINE

1 clc ,clear

2 printf( ’ Example 1 . 2 2\ n\n ’ )
3

4 Z=496 //no o f c onduc t o r s
5 P=4 // p o l e s
6 slots =31

7 coilsides_per_slot =4

8 coilsides=slots*coilsides_per_slot

9 coils=coilsides /2

10 turns=Z/2

11 turns_per_coil=turns/coils

12

13 y_c =[(Z-2)/P (Z+2)/P] // commutator p i t c h
14 coils_active =(Z/(2*P)) -1 // because y c d idn t turn
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out to be i n t e g e r , 1 c o i l was made i n a c t i v e /dummy
15 segments=coils_active //no o f commutative segments
16 Y_A=[ (segments +1)/(P/2) (segments -1)/(P/2) ]

17 Y_A=Y_A(1) //Y A(2 ) i s d i s c a r d e d because o f
p r o g r e s s i v e wave wind ing

18 y_f=29,y_b=33 // f r o n t and back p i t c h ; note tha t
Y A=(y b+y f ) /2

19 resultant_pitch =2*Y_A // because Y A=(y b+y f ) /2 and
r e s u l t a n t p i t c h = y b+ y f

20

21 printf( ’ \n ( i ) Tota l number o f c o i l s = %. 0 f ’ ,coils)
22 printf( ’ \n ( i i ) Turns per c o i l s = %. 0 f ’ ,

turns_per_coil)

23 printf( ’ \n ( i i i ) Commutator p i t c h = %. 0 f ’ ,(y_c (1)+y_c
(2))/2)

24 printf( ’ \n ( i v ) Back p i t c h= %. 0 f f r o n t p i t c h= %. 0
f t o t a l p i t c h= %. 0 f ’ ,y_b ,y_f ,resultant_pitch)

25 printf( ’ \n ( v ) No o f commutator segments = %. 0 f ’ ,
segments)

Scilab code Exa 1.23 TO DRAW DEVELOPED ARMATURE WINDING DIAGRAM OF DC MACHINE

1 clc ,clear

2 printf( ’ Example 1 . 2 3\ n\n ’ )
3

4 slots =13

5 Pole=4

6 conductors_per_slot =2

7 Z=conductors_per_slot*slots

8 Y_A=(Z+2)/Pole // For p r o g r e s s i v e type wave wind ing
9 // S i n c e Y A=(y b+y f ) /2 , we l e t y b=y f
10 y_b=Y_A

11 y_f=y_b // because y b=Y A/2
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Figure 1.14: TO DRAW DEVELOPED ARMATURE WINDING DIA-
GRAM OF DC MACHINE
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12

13 segments =13 // commutator segments
14

15 printf( ’WINDING TABLE: \ n 1<− 8−> 15<− 22−>
3<− 10\n−>17<− 24−> 5<− 12−> 19<− 26\n
−> 7<− 14−> 21<− 2−> 9<− 16\n−>23<−
4−> 11<− 18−> 25<− 6\n−>13<− 20−> 1\n

’ )
16 printf( ’ \nNote tha t <− i n d i c a t e s back c onn e c t i o n

with y back=%. 0 f and −> i n d i c a t e s f r o n t
c onn e c t i o n with y f r o n t=%. 0 f \n ’ ,y_b ,y_f)

17

18 printf( ’ \nAnother form o f wind ing t a b l e : ’ )
19

20 printf( ’ \n BACK CONNECTIONS
FRONT CONNECTIONS ’

)

21

22 printf( ’ \n\n 1 to (1+7) = 8
−> 8 to (8+7) = 15 ’ )

23 printf( ’ \n 15 to (15+7) =22
−> 22 to (22+7)= 29 −26=3 ’ )

24 printf( ’ \n 3 to (3+7) =10
−> 10 to (10+7)= 17 ’ )

25 printf( ’ \n 17 to (17+7) =24
−> 24 to (24+7)= 31 −26=5 ’ )

26 printf( ’ \n 5 to (5+7) =14
−> 12 to (12+7)= 19 ’ )

27 printf( ’ \n 19 to (19+7) =26
−> 26 to (26+7)= 33 −26=7 ’ )

28 printf( ’ \n 7 to (7+7) =14
−> 14 to (14+7)= 21 ’ )

29 printf( ’ \n 21 to (21+7) =28 −26=2
−> 2 to (2+7)= 9 ’ )

30 printf( ’ \n 9 to (9+7) =16
−> 16 to (16+7)= 23 ’ )

31 printf( ’ \n 23 to (23+7) =30 −26=4
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−> 4 to (4+7)= 11 ’ )
32 printf( ’ \n 11 to (11+7) =18

−> 18 to (18+7)= 25 ’ )
33 printf( ’ \n 25 to (25+7) =32 −26=6

−> 6 to (6+7)= 13 ’ )
34 printf( ’ \n 13 to ‘ ( 13+7) =20

−> 20 to (20+7)= 27 −26=1 ’ )

Scilab code Exa 1.24 TO DETERMINE REACTIVE VOLTAGE IN CASE OF LINEAR AND SINUSOIDAL COMMUTATION

1 clc ,clear

2 printf( ’ Example 1 . 2 4\ n\n ’ )
3

4 P=4

5 I_L =150

6 N=1500 // commutator speed in rpm
7 n_s=N/60 // commutator speed in r . p . s
8 W_b =1.2 //Brush p i t c h
9 W_m=0 // P i t ch o f mica i n s u l a t i o n

10 L=0.05*10^ -3 // i nduc t an c e o f armature c o i l s i n
henry

11 A=P //A=P f o r l ap wound
12 segments =64

13 v=n_s*segments // p e r i p h e r a l speed i n segments per
second

14

15 T_c=(W_b -W_m)/v //Time o f commutation
16 I=I_L/A // c u r r e n t through each conduc to r
17

18 E=L*2*I/T_c // L in ea r commutation
19 E2 =1.11*L*2*I/T_c // S i n u s o i d a l commutation
20

21 printf( ’ \ nReac t i v e v o l t a g e ( l i n e a r commutation ) i s %
. 0 f V ’ ,E)

22 printf( ’ \ nReac t i v e v o l t a g e ( s i n u s o i d a l commutation )
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Figure 1.15: TO CALCULATE ARMATURE CURRENT AND OUTPUT
POWER

i s %. 2 f V ’ ,E2)

Scilab code Exa 1.25 TO CALCULATE ARMATURE CURRENT AND OUTPUT POWER

1 clc ,clear

2 printf( ’ Example 1 . 2 5\ n\n ’ )
3 printf( ’ Note : answer ob ta i n ed w i l l not match with

t ex tbook answer because \ nI L=V t /R L\n
=310.79/40=7.77 A\ nwh i l e i t s taken as 8 . 0 4 5 A in
t ex tbook ’ )

4

5 P=4 // Po le
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6 Z=386 //no o f wave connec t ed conduc t o r s
7 A=2 //Wave wind ing
8 R_a=1,R_sh =100,R_L=40 //Armature , shunt f i e l d and

l oad r e s i s t a n c e
9 phi =25*10^ -3 // f l u x per po l e i n weber
10 N=1000 // speed in rpm
11

12 E_g=(phi*P*N*Z)/(60*A) // g en e r a t ed emf
13

14 // So l v i n g f o l l o w i n g e qua t i o n s f o r V t
15 //E g=V t+I a ∗R a
16 // I a =( I L+I s h ) I L=V t /R L I s h=V t / R s j
17 //E g=V t (1 + ( R a/R L ) + ( R a/R sh )
18 V_t=E_g/(1 + (R_a/R_L) + (R_a/R_sh))

19

20 I_L=V_t/R_L // l oad c u r r e n t
21 I_sh=V_t/R_sh // c u r r e n t through shunt f i e l d

r e s i s t a n c e
22

23 I_a=I_L+I_sh // armature c u r r e n t
24 printf( ’ \n\ narmature c u r r e n t i s i s %. 4 f A ’ ,I_a)
25

26 output_power=V_t*I_L

27 printf( ’ \ noutput power i s %. 3 f W’ ,output_power)

Scilab code Exa 1.26 TO DETERMINE REACTIVE VOLTAGE FOR A DC MACHINE

1 clc ,clear

2 printf( ’ Example 1 . 2 6\ n\n ’ )
3

4 I=40 // c u r r e n t PER conduc to r
5 W_b=3,W_m=0 // brush width and width o f mica

i n s u l a t i o n
6 N=600 // commutator speed in rpm
7 n_s=N/60 // commutator speed in rp s
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8 L=0.15*10^ -3 // s e l f i nduc t an c e i n Henry
9 segments =50

10 v=n_s*segments // p e r i p h e r a l speed i n segments per
second

11 T_c=(W_b -W_m)/v // t ime o f commutation
12

13 E=L*2*I/T_c // L in ea r commutation
14 E2 =1.11*L*2*I/T_c // S i n u s o i d a l commutation
15

16 printf( ’ \ nReac t i v e v o l t a g e ( l i n e a r commutation ) i s %
. 0 f v o l t s ’ ,E)

17 printf( ’ \ nReac t i v e v o l t a g e ( s i n u s o i d a l commutation )
i s %. 2 f v o l t s ’ ,E2)

Scilab code Exa 1.27 TO CALCULATE CROSS AND DEMAGNETISING TURNS PER POLE

1 clc ,clear

2 printf( ’ Example 1 . 2 7\ n\n ’ )
3

4 V=400

5 P=6 // Po l e s
6 A=P // For l ap wound
7 output_power =250*10^3

8 R_sh =200 // shunt f i e l d c i r c u i t r e s i s t a n c e
9 Z=720 //number o f l ap wound conduc t o r s

10

11 theta_m =2.5 // brush l e ad ang l e i n d eg r e e mechan i ca l
12 I_L=output_power/V

13 V_sh=V

14

15 I_sh=V_sh/R_sh // Current through shunt f i e l d c i r c u i t
r e s i s t a n c e

16 I_a=I_L+I_sh // armature c u r r r e n t
17 I=I_a/P

18
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19 // Part ( i )
20 amp_turns_PP_d=Z*I*theta_m /360 // demagne t i s i ng ampere

tu rn s per p o l e
21 // Part ( i i )
22 amp_turns_PP_c=Z*I*(1/(2*P)-theta_m /360) // c r o s s−

magne t i s i n g ampere tu rn s per p o l e
23

24 printf( ’ ( i ) De−magne t i s i n g ampere−t u rn s per p o l e i s
%. 1 f ’ ,amp_turns_PP_d)

25 printf( ’ \n ( i i ) Cross−magne t i s i n g ampere−t u rn s per
p o l e i s %. 1 f ’ ,amp_turns_PP_c)

Scilab code Exa 1.28 TO CALCULATE REACTIVE VOLTAGE IN CASE OF LINEAR COMMUTATION

1 clc ,clear

2 printf( ’ Example 1 . 2 8\ n\n ’ )
3

4 I_L =100

5 P=4 // Po l e s
6 A=P // f o r l ap wound armature
7 W_b=1.4,W_m=0 //Brush width and width o f mica

i n s u l a t i o n
8 N=1400 // armature speed i n r . p .m
9 segments =64 //no o f commutator segments

10 L=0.05*10^ -3 // i nduc t an c e o f armature c o i l i n henry
11 n_s=N/60 // speed in r . p . s
12 v=n_s*segments // Segments per second
13 T_c=(W_b -W_m)/v // t ime o f commutation
14 I=I_L/A // Current through conduc to r
15 E=L*2*I/T_c // L in ea r commutation
16

17 printf( ’ \ nReac t i v e v o l t a g e c o n s i d e r i n g l i n e a r
commutation i s %. 2 f v o l t s ’ ,E)
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Scilab code Exa 1.29 TO CALCULATE DEMAGNETISING AND CROSS MAGNETISING AMPERE TURNS PER POLE

1 clc ,clear

2 printf( ’ Example 1 . 2 9\ n\n ’ )
3

4 P=8 // Po l e s
5 A=2 //Wave wound armature
6 Z=480 //number o f armature c onduc t o r s
7 I_a =200

8 I=I_a/A

9

10 // Part ( i )
11 theta_m =0 // Geometr ic n u e t r a l a x i s
12 amp_turns_PP_d=Z*I*theta_m /360 //De−magne t i s i n g

ampere−t u rn s per p o l e
13 amp_turns_PP_c=Z*I*(1/(2*P)-theta_m /360) // Cross−

magne t i s i n g ampere−t u rn s per p o l e
14 printf( ’ Part ( i ) \nDe−magne t i s i n g ampere−t u rn s per

p o l e i s %. 0 f ’ ,amp_turns_PP_d)
15 printf( ’ \nCross−magne t i s i n g ampere−t u rn s per p o l e i s

%. 0 f \n\n ’ ,amp_turns_PP_c)
16

17 // Part ( i i )
18 theta_e2 =6 // ang l e s h i f t o f b ru she s i n d e g r e e s

e l e c t r i c a l
19 theta_m2=theta_e2 /(P/2) // ang l e s h i f t o f b ru she s i n

d e g r e e s mechan i ca l
20 amp_turns_PP_d2=Z*I*theta_m2 /360 //De−magne t i s i n g

ampere−t u rn s per p o l e
21 amp_turns_PP_c2=Z*I*(1/(2*P)-theta_m2 /360) // Cross−

magne t i s i n g ampere−t u rn s per p o l e
22 printf( ’ Part ( i i ) \nDe−magne t i s i n g ampere−t u rn s per

p o l e i s %. 0 f ’ ,amp_turns_PP_d2)
23 printf( ’ \nCross−magne t i s i n g ampere−t u rn s per p o l e i s
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%. 0 f ’ ,amp_turns_PP_c2)

Scilab code Exa 1.30 TO CALCULATE ARMATURE REACTION AMPERE TURNS AND DEMAGNETISING AND CROSSMAGENTISING AMPERE TURNS

1 clc ,clear

2 printf( ’ Example 1 . 3 0\ n\n ’ )
3 printf( ’ The d i f f e r e n c e i n answer occu r ed because I

i s approx imated to 16 i n l a s t 2 s t e p s i n book\n\n
’ )

4

5 P_input =7.46*10^3

6 V=230

7 Pole=8

8 Z=188 //number o f armature c o n s u c t o r s
9 I_L=P_input/V

10 theta_m =7.5 // brush l e ad ang l e i n d eg r e e mechan i ca l
11

12 A=2 // assumed wave wound because o f low−c u r r e n t and
h igh v o l t a g e

13 I=I_L/A

14

15 // Part ( i )
16 amp_turns_PP_d=Z*I*theta_m /360 //De−magne t i s i n g

ampere−t u rn s per p o l e
17 // Part ( i i )
18 amp_turns_PP_c=Z*I*(1/(2* Pole)-theta_m /360) // Cross−

magne t i s i n g ampere−t u rn s per p o l e
19

20 printf( ’De−magne t i s i n g ampere−t u rn s per p o l e i s %. 2 f
’ ,amp_turns_PP_d)

21 printf( ’ \nCross−magne t i s i n g ampere−t u rn s per p o l e i s
%. 2 f ’ ,amp_turns_PP_c)
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Figure 1.16: TO DETERMINE ALTERED CURRENT WHEN SPEED OF
SEPERATELY EXCITED GENERATOR IS DROPPED

Scilab code Exa 1.31 TO DETERMINE ALTERED CURRENT WHEN SPEED OF SEPERATELY EXCITED GENERATOR IS DROPPED

1 clc ,clear

2 printf( ’ Example 1 . 3 1\ n\n ’ )
3

4 N_1 =1200 // i n i t i a l speed
5 I_L1 =200 // i n i t i a l l o ad c u r r e n t
6 V_t1 =125

7 N_2 =1000 // a l t e r e d speed
8 R_a =0.04 // armature r e s i s t a n c e
9 V_brush =2 // brush drop

10

11 // I n i t i a l Load
12 I_a1=I_L1

13 E_g1=V_t1+I_a1*R_a+V_brush // induced emf
14

15 E_g2=E_g1*(N_2/N_1) // Because E g p r o p o r t i o n a l to N
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dur ing c on s t an t f l u x
16 R_L= V_t1/I_L1 //Load r e s i s t a n c e
17

18 // So l v i n g f o r I L2 as f o l l o w s
19 // V t2=R L∗ I L2 // I a 2=I L2
20 // V t2=E g2−( I L2 ∗R 2 + V brush )
21 I_L2=(E_g2 -V_brush)/(R_L+R_a) //new cu r r e n t
22

23 printf( ’ Load c u r r e n t at new speed i s %. 4 f A
’ ,I_L2)
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Chapter 2

DC Motors

Scilab code Exa 2.1 TO DETERMINE INDUCED EMF IN MOTOR

1 clc ,clear

2 printf( ’ Example 2 . 1\ n\n ’ )
3

4 V=220

5 I_a =30 // armature c u r r n e t
6 R_a =0.75 //Armature r e s i s t a n c e
7

8 E_b=V - I_a*R_a // S i n c e V= E b+ I a ∗R a
9 printf( ’ Induced EMF or back EMF in the motor i s %. 1 f

V ’ ,E_b)

Scilab code Exa 2.2 TO CALCULATE BACK EMF AND MOTOR SPEED

1 clc ,clear

2 printf( ’ Example 2 . 2\ n\n ’ )
3

4 Pole=4

5 A=Pole // f o r l ap wind ing
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6 V=230

7 Z=250 //number o f armature c onduc t o r s
8 phi =30*10^ -3 // f l u x per po l e i n weber
9 I_a=40,R_a =0.6 //Armature r e s i s t a n c e
10

11 E_b=V - I_a*R_a // S i n c e V= E b+ I a ∗R a
12 N=E_b * 60*A/(phi*Pole*Z) // because E b = phi ∗P∗N∗

Z/(60∗A)
13 printf( ’ Back emf i s %. 0 f V and runn ing speed i s %. 0 f

rpm ’ ,E_b ,N)

Scilab code Exa 2.3 TO DETERMINE GROSS TORQUE DEVELOPED BY MOTOR ARMATUTRE

1 clc ,clear

2 printf( ’ Example 2 . 3\ n\n ’ )
3

4 Pole=4

5 A=Pole // f o r l ap wind ing
6 Z=480 //number o f armature c onduc t o r s
7 phi =20*10^ -3 // f l u x per po l e i n weber
8 I_a =50 //Armature c u r r e n t
9 T_a = 0.159* phi*I_a*Pole*Z/A // Gross t o rque

deve l oped by armature
10 printf( ’ Gross t o rque deve l oped by armature i s %. 3 f N

−m’ ,T_a)

Scilab code Exa 2.4 TO DETERMINE CERTAIN QUANTITIES RELATED TO LAP WOUND DC MOTOR

1 clc ,clear

2 printf( ’ Example 2 . 4\ n\n ’ )
3

4 Pole=4

5 A=Pole // f o r l ap wind ing
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6 V=230,R_a =0.8 //Armature r e s i s t a n c e
7 N_0 =1000 //no l oad speed i n rpm
8 Z=540 //number o f armature c onduc t o r s
9 phi =25*10^ -3 // f l u x per po l e i n weber
10 E_b0 = phi*Pole*N_0*Z/(60*A) // induced emf
11

12 // pa r t ( i )
13 printf( ’ ( i ) Induced e .m. f = %. 0 f V\n ’ ,E_b0)
14 // pa r t ( i i )
15 I_a0 = (V- E_b0)/R_a // because V= E b0+ I a 0 ∗R a
16 printf( ’ ( i i ) Armature c u r r e n t = %. 2 f A\n ’ ,I_a0)
17 // pa r t ( i i i )
18 stray_losses = E_b0*I_a0 // on no l oad , power

deve l oped i s f u l l y power r e q u i r e d to overcome
s t r y a l o s s e s

19 printf( ’ ( i i i ) S t ray l o s s = %. 2 f W\n ’ ,stray_losses)
20 // pa r t ( i v )
21 T_f = E_b0*I_a0 /(2* %pi*N_0 /60) // l o s t t o rque
22 printf( ’ ( i v ) Lost t o rque = %. 3 f N−m\n ’ ,T_f)

Scilab code Exa 2.5 TO CALCULATE SPEED WHEN MOTOR DRAWS 60 A FROM SUPPLY

1 clc ,clear

2 printf( ’ Example 2 . 5\ n\n ’ )
3

4 Pole=4

5 Z=200 //No o f armature c onduc t o r s
6 A=2 //wave connec t ed armature
7 V=250

8 phi =25*10^ -3 // f l u x per po l e i n weber
9 I_a =60, I_L =I_a // armature c u r r e n t

10 R_a =0.15 , R_se =0.2 // r e s i s t a n c e s o f armature and
s e r i e s f i e l d wind ing
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Figure 2.1: TO CALCULATE SPEED WHEN MOTOR DRAWS 60 A
FROM SUPPLY
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Figure 2.2: TO DETERMINE ARMATURE CURRENT AND BACK EMF

11 E_b= V - I_a*(R_a+R_se) // induced emf
12 N=E_b * 60*A/(phi*Pole*Z) // because E b = phi ∗P∗N∗

Z/(60∗A)
13 printf( ’ Requ i red speed i s %. 0 f r . p .m ’ ,N)

Scilab code Exa 2.6 TO DETERMINE ARMATURE CURRENT AND BACK EMF
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1 clc ,clear

2 printf( ’ Example 2 . 6\ n\n ’ )
3

4 V=250

5 I_L =20 // l oad c u r r e n t
6 R_a=0.3, R_sh =200 //Armature and shunt f i e l d wind ing
7 I_sh=V/R_sh // shunt c u r r e n t
8 I_a=I_L -I_sh // armature c u r r e n t
9 E_b= V - I_a*R_a // emf g en e r a t ed

10 printf( ’ Armature c u r r e n t i s %. 2 f A\n ’ ,I_a)
11 printf( ’ Back e .m. f i s %. 3 f V ’ ,E_b)

Scilab code Exa 2.7 TO DETERMINE SPEED ON FULL LOAD

1 clc ,clear

2 printf( ’ Example 2 . 7\ n\n ’ )
3

4 V=220,R_a=0.3, R_sh =110 // r e s i s t a n c e o f armature and
shunt f i e l d wind ing

5 //no l oad
6 N_0 =1000 //no l oad speed i n r . p .m
7 I_L0 =6 // l i n e c u r r e n t on no l oad
8 I_sh= V/R_sh //no l oad shnt c u r r e n t
9 I_a0 = I_L0 - I_sh //no l oad armature c u r r e n t

10 E_b0= V - I_a0*R_a //no l oad induced emf
11

12 // f u l l l o ad
13 I_sh_FL= V/R_sh

14 I_L_FL =50 // l i n e c u r r e n t at f u l l l o ad
15 I_a_FL= I_L_FL - I_sh_FL // f u l l l o ad armature c u r r e n t
16 E_b_FL= V - I_a_FL * R_a // f u l l l o ad induced emf
17 // u s i n g speed equat ion , as t r e a t i n g ph i as c on s t an t
18 N_FL=N_0 * (E_b_FL/E_b0)
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Figure 2.3: TO DETERMINE SPEED ON FULL LOAD
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19 printf( ’ Speed on f u l l l o ad i s %. 2 f r . p .m ’ ,N_FL)

Scilab code Exa 2.8 TO DETERMINE SPEED OF MOTOR WITH ALTERED LOAD

1 clc ,clear

2 printf( ’ Example 2 . 8\ n\n ’ )
3

4 R_a=0.2, R_se =0.3 // Re s i s t a n c e o f armature and
s e r i e s f i e l d wind ing

5 // f o l l o w i n g v a r i a b l e s c o r r e spond to l oad 1
6 V=250

7 N_1 =800

8 I_1=20, I_a1=I_1 ,I_se1= I_a1

9 E_b1= V - I_a1*(R_a+R_se)

10 // f o l l o w i n g v a r i a b l e s c o r r e spond to l oad 2
11 I_2=50, I_a2=I_2

12 E_b2= V - I_a2*(R_a+R_se)

13

14 // from speed equa t i on i t can be d e r i v e d that ,
15 N_2 = N_1 * (E_b2/E_b1) * (I_a1/I_a2)

16 printf( ’ Speed on motor on no l oad i s %. 0 f r . p .m ’ ,
N_2)

Scilab code Exa 2.9 TO DETERMINE ARMATURE CURRENT WHEN A RESISTANCE IS ADDED IN SERIES TO FIELD WINDING

1 clc ,clear

2 printf( ’ Example 2 . 9\ n\n ’ )
3

4 V=250
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Figure 2.4: TO DETERMINE SPEED OF MOTOR WITH ALTERED
LOAD
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Figure 2.5: TO DETERMINE ARMATURE CURRENT WHEN A RESIS-
TANCE IS ADDED IN SERIES TO FIELD WINDING

5 R_a=0.3, R_sh =200 // r e s i s t a n c e o f armature and shunt
f i e l d wind ing

6 R_x =150 // a d d i t i o n a l r e s i s t a n c e added in s e r i e s to
f i e l d wind ing

7 I_L1 =22

8 I_sh1=V/R_sh // i n i t i a l shunt c u r r e n t b e f o r e adding
150 ohms r e s i s t a n c e

9 I_a1 = I_L1 - I_sh1 // i n i t i a l armature c u r r e n t
b e f o r e adding 150 ohms r e s i s t a n c e

10 N_1 =1500 // i n i t i a l speed b e f o r e adding 150 ohms
r e s i s t a n c e

11 //T ( prop . ) ph i ∗ I a ( prop . ) I s h ∗ I a and T 1=T 2 and
s im p l i f y i n g f u r t h e r

12 I_sh2=V/(R_sh + R_x) //new shunt c u r r e n t
13 I_a2= I_sh1*I_a1/I_sh2 //New armature c u r r e n t
14

15 E_b1=V - I_a1*R_a // induced emf b e f o r e adding 150
ohms r e s i s t a n c e

16 E_b2=V - I_a2*R_a //new emf
17

18 N_2 = N_1 * (E_b2/E_b1) * (I_sh1/I_sh2) //new speed
19 printf( ’New armature c u r r e n t and speed a r e %. 4 f A

and %. 2 f r . p .m r e s p e c t i v e l y ’ ,I_a2 ,N_2)
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Figure 2.6: TO DETERMINE MOTOR SPEED WHEN FIELD WINDING
GETS SHUNTED BY A RESISTANCE

Scilab code Exa 2.10 TO DETERMINE MOTOR SPEED WHEN FIELD WINDING GETS SHUNTED BY A RESISTANCE

1 clc ,clear

2 printf( ’ Example 2 . 1 0\ n\n ’ )
3

4 V=250

5 R_a =0.15 , R_se =0.1, R_x =0.1 // Re s i t an c e o f armature
, s e r i e s f i e l d wind ing and ex t r a r e s i s t a n c e

6 N_1 = 800 // i n i t i a l speed b e f o r e l oad to rque i s
i n c r e a s e d

7 I_1= 30 , I_a1=I_1 , I_se1 = I_1 // i n i t i a l c u r r e n t s
8

9 T_2_by_T_1 = 1 + (50/100) // 50 p e r c en t i n c r e a s e as
ment ioned i n qu e s t i o n

10 I_se2_by_I_a2 = R_x/(R_x + R_se) // from the f i g u r e
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Figure 2.7: TO DETERMINE EXTRA RESISTANCE THAT WILL RE-
DUCE THE SPEED

11

12 //T ( prop . ) ph i ∗ I a ( prop . ) I s h ∗ I a and T 1=T 2 and
s im p l i f y i n g , s o l v i n g f u r t h e r

13 I_a2=sqrt(I_a1*I_se1*T_2_by_T_1/I_se2_by_I_a2) //new
armature c u r r e n t

14 I_se2 = I_se2_by_I_a2 *I_a2 //new s e r i e s f i e l d
c u r r e n t

15

16 E_b1 = V - I_a1*R_a - I_se1*R_se // i n d i c e d emf
i n i t i a l l y

17 E_b2 = V - I_a2*R_a - I_se2*R_se //new induced emf
18 N_2 = N_1 * (E_b2/E_b1) * (I_se1/I_se2) // r e q u i r e d

speed
19 printf( ’ The r e q u i r e d runn ing speed o f motor i s %. 3 f

r . p .m ’ ,N_2)
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Scilab code Exa 2.11 TO DETERMINE EXTRA RESISTANCE THAT WILL REDUCE THE SPEED

1 clc ,clear

2 printf( ’ Example 2 . 1 1\ n\n ’ )
3

4 V=220

5 I_1=50, I_a1=I_1 // Cur r en t s b e f o r e adding e x t r a
r e s i s t a n c e

6 T_2_by_T_1 =0.5

7 R_t =0.15 //R e + R se =0.15
8

9 I_a2 =I_a1 * sqrt(T_2_by_T_1) // Because T ( prop . )
I a ˆ2

10 E_b1=V-I_a1*(R_t) // induced emf b e f o r e adding e x t r a
r e s i s t a n c e

11 N_1=500,N_2 =300 // sp e ed s b e f o r e and adding e x t r a
r e s i s t a n c e

12 //N ( prop . ) E b/ ph i ( prop . ) E b/ I a
13 E_b2=E_b1 *(I_a2/I_a1)*(N_2/N_1) // induced emf a f t e r

adding r e s i s t a n c e
14 R_x= (V-E_b2)/I_a2 -R_t // because E b2=V − I a 2 ∗ ( R a

+ R se + R x )
15 printf( ’ De s i r ed e x t r e a r e s i s t a n c e= %. 4 f ohms ’ ,R_x)

Scilab code Exa 2.12 TO DETERMINE CERTAIN QUANTITIES RELATED TO PERMANENT MAGNET DC MOTOR

1 clc ,clear

2 printf( ’ Example 2 . 1 2\ n\n ’ )
3

4 R_a= 1, I_a =1.2 , V=50

5 // pa r t ( i )
6 E_b = V - I_a*R_a
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7 rot_loss_NL =E_b*I_a //no l oad r o t a t i o n a l l o s s
8 printf( ’ ( i )No l oad r o t a t i o n a l l o s s e s = %. 2 f W’ ,

rot_loss_NL)

9

10 // pa r t ( i i )
11 omega_2000 =2*%pi *2000/60 // angu l a r v e l o c i t y when

speed o f motor =2000 rpm
12 K_m=E_b/omega_2000 // to de t e rmine K m
13 V=48

14 omega_1800 =2*%pi *1800/60 // angu l a r v e l o c i t y when
speed o f motor =1800 rpm

15 E_b=K_m*omega_1800

16 I_a = (V-E_b)/R_a // armature c u r r e n t
17 P_dev = E_b*I_a // power deve l oped
18 motor_output = P_dev - rot_loss_NL

19 printf( ’ \n ( i i ) Motor output = %. 2 f W’ ,motor_output)
20

21 // pa r t ( i i i )
22 E_b=0 //when motor s t a l l s
23 V_stall =20 // v o l t a g e dur ing s t a l l i n g
24 I_a=V_stall/R_a // armature c u r r e n t dur ing s t a l l i n g
25 T_stall = K_m*I_a // s t a l l i n g t o rque
26 printf( ’ \n ( i i i ) S t a l l i n g t o rque = %. 2 f N−m’ ,T_stall)
27 printf( ’ \n\ npar t ( i i ) answer i s s l i g h t l y d i f f e r e n t

due to i n a c c u r a t e c a l c u l a t i o n o f Power deve l oped ’
)

Scilab code Exa 2.13 TO DETERMINE SPEED ON HALF LOAD CONDITION

1 clc ,clear

2 printf( ’ Example 2 . 1 3\ n\n ’ )
3

4 V=120

5 R_a =0.2 , R_sh =60 // armature and f i e l d r e s i s t a n c e
6 I_L1=40, N_1 =1800
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Figure 2.8: TO DETERMINE CERTAIN QUANTITIES RELATED TO DC
SHUNT MOTOR

7 I_sh= V/R_sh

8

9 I_a1=I_L1 - I_sh

10 E_b1 = V -I_a1*R_a // Induced emf at h a l f l o ad
11 T2_by_T1 =1/2

12 I_a2=I_a1*( T2_by_T1) //T ( prop . ) I a
13 E_b2=V- I_a2*R_a // induced emf at h a l f l o ad
14 N_2 = N_1 *(E_b2/E_b1) //N ( prop . ) E b as ph i i s

c on s t an t
15 printf( ’ Speed on h a l f l o ad c o nd i t i o n i s %. 2 f r . p .m ’ ,

N_2)

Scilab code Exa 2.14 TO DETERMINE CERTAIN QUANTITIES RELATED TO DC SHUNT MOTOR
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1 clc ,clear

2 printf( ’ Example 2 . 1 4\ n\n ’ )
3

4 R_a =0.08 , E_b1 =242 , V=250

5 // pa r t ( i )
6 I_a1= (V-E_b1)/R_a

7 printf( ’ ( i ) Armature c u r r e n t = %. 0 f A ’ ,I_a1)
8

9 // pa r t ( i i )
10 N=0

11 E_b=0 // because N=0
12 I_a_start=V/R_a

13 printf( ’ \n ( i i ) S t a r t i n g armature c u r r e n t = %. 0 f A ’ ,
I_a_start)

14

15 // pa r t ( i i i )
16 I_a2 =120

17 E_b2=V-I_a2*R_a

18 printf( ’ \n ( i i i ) Back emf i f armature c u r r e n t i s
changed to 120 A= %. 1 f V ’ ,E_b2)

19

20 // pa r t ( i v )
21 I_a=87,N_m =1500

22 E_g=V + I_a*R_a // induced emf
23 N_g=N_m*(E_g/E_b1)// as E ( prop . ) N
24 printf( ’ \n ( i v ) Generator speed to d e l i v e r 87 A at 250

V = %. 1 f rpm ’ ,N_g)

Scilab code Exa 2.15 TO DETERMINE MECHANICAL POWER AND NOLOAD SPEED AND CURRENT

1 clc ,clear

2 printf( ’ Example 2 . 1 5\ n\n ’ )
3
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Figure 2.9: TO DETERMINE MECHANICAL POWER AND NOLOAD
SPEED AND CURRENT

4 shaft_output = 80*746 // c ov e r t e d to watt s
5 eta= 80/100 // e f f i c i e n c y
6 V=250

7 N_1 =1200

8 R_a =0.04 , R_sh = 250 // armature and shunt f i e l d
r e s i s t a n c e

9 power_input = shaft_output/eta

10 I_L= power_input /V

11 I_sh= V / R_sh

12 I_a = I_L - I_sh

13 E_b1 = V - I_a*R_a

14

15 gross_mechanical_power= E_b1*I_a // e l e c t r i c a l
e q u i v a l e n t o f mechan i ca l power deve l oped

16 stray_losses = gross_mechanical_power -

shaft_output

17 printf( ’ Mechan ica l power deve l oped on f u l l l o ad = %
. 3 f kW\n ’ ,gross_mechanical_power /1000)

18

19 // on no l oad s h a f t o u t p u t=0 and e n t i r e g r o s s power
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i s used to overcome s t r a y l o s s e s
20 Eb0_Ia0= stray_losses

21 //E b0 = V − I a 0 ∗R a . . . s o l v i n g f o r I 0
22 p=[R_a -V Eb0_Ia0]

23 roots(p)

24 I_a0=ans(2) // f i r s t r o o t i s i g n o r ed s i n c e i t s too
l a r g e

25 I_L0 =I_sh+I_a0 // c u r r e n t drawn from supp ly
26 E_b0 = V - I_a0*R_a

27

28 //From speed equa t i on N ( prop . ) E b
29 N_0 = N_1*(E_b0/E_b1)

30 printf( ’No l oad speed and cu r r e n t a r e %. 4 f rpm and %
. 2 f A r e s p e c t i v e l y ’ ,N_0 ,I_L0)

Scilab code Exa 2.16 TO DETERMINE FULL LOAD SPEED

1 clc ,clear

2 printf( ’ Example 2 . 1 6\ n\n ’ )
3

4 V=250, P=4

5 R_a =0.1 , R_sh =124 // armature and shunt f i e l d
r e s i s t a n c e

6 I_L0=4,N_0 =1200

7 I_L_1 =61

8 I_sh=V/R_sh

9 I_a0=I_L0 -I_sh

10 V_brush= 2 // v o l t a g e l o s s due to brush
11 E_b0= V - I_a0*R_a - V_brush

12

13 I_a1=I_L_1 - I_sh

14 E_b1=V - I_a1*R_a -V_brush

15

16 phi1_by_phi0 =1 -(5/100) //weakened by 5 %
17 N_1 = N_0 *(E_b1/E_b0) /phi1_by_phi0
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18

19 printf( ’ Fu l l l o ad speed i s %. 3 f r . p .m ’ ,N_1)

Scilab code Exa 2.17 TO DETERMINE CERTAIN QUANTITIES RELATED TO DC SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 2 . 1 7\ n\n ’ )
3

4 V=250

5 R_a =0.15 , R_sh =167.67 // armature and shunt f i e l d
r e s i s t a n c e

6 N_0 =1280 // speed at no l oad
7

8 // f u l l l o ad
9 I_L1 = 67 // c u r r e n t drawn on f u l l l o ad

10 I_sh = V / R_sh // as shunt motor
11 I_a1= I_L1 - I_sh

12 E_b1= V - I_a1*R_a

13

14 // on no l oad
15 I_L0 =6.5

16 I_a0 = I_L0 - I_sh

17 E_b0 = V - I_a0*R_a

18

19 // pa r t ( i ) USING SPEED EQUATION
20 //N ( prop . ) E b/ ph i ( prop . ) E b // as ph i i s

c on s t an t
21 N_1 = N_0 * (E_b1 / E_b0)

22 printf( ’ ( i ) Fu l l l o ad speed = %. 3 f r . p .m\n ’ ,N_1)
23

24 // pa r t ( i i )
25 speed_regulation = 100* ((N_0 -N_1)/N_1)

26 //N 1 i s f u l l l o ad speed and N 0=No load speed
27 printf( ’ ( i i ) Speed r e g u l a t i o n = %. 2 f p e r c en t \n ’ ,

speed_regulation )
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28

29 // pa r t ( i i i )
30 shaft_output_FL = E_b1*I_a1 - E_b0*I_a0 // f u l l l o ad

power deve l oped − s t r a y l o s s e s
31 hp_rating = shaft_output_FL /746

32 printf( ’ ( i i i )HP r a t i n g o f machine = %. 2 f h . p\n ’ ,
hp_rating)

33

34 // pa r t ( i v )
35 power_input= V*I_L1

36 eta= 100*( shaft_output_FL/power_input) // f u l l l o ad
e f f i c i e n c y

37 printf( ’ ( i v ) Fu l l l o ad e f f i c i e n c y = %. 2 f p e r c en t ’ ,eta
)

Scilab code Exa 2.18 TO DETERMINE SPEED IF FIELD WINDING IS SHUNTED BY ADDITIONAL RESISTANCE

1 clc ,clear

2 printf( ’ Example 2 . 1 8\ n\n ’ )
3

4 V=200

5 R_a=0.5, R_se =0.2, R_x =0.2 // armature and s e r i e s
f i e l d r e s i s t a n c e ; e x t r a r e s i s t a n c e

6 I_a1=20, I_1=I_a1 , I_se1=I_a1

7 I_a2=20, I_2=I_a2

8 I_se2= I_2 *(R_x/(R_se+R_x))

9

10 E_b1 = V -I_a1*R_a - I_a1*R_se

11 E_b2 = V -I_a2*R_a - I_se2*R_se

12

13 phi2_by_phi1 =70/100

14 N_1 =1000

15 N_2=N_1*(E_b2/E_b1) /phi2_by_phi1 //N ( prop
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Figure 2.10: TO DETERMINE SPEED IF FIELDWINDING IS SHUNTED
BY ADDITIONAL RESISTANCE
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Figure 2.11: TO DETERMINE SPEED IF FIELD GROUPS ARE AR-
RANGED IN PARALLEL

. ) E b/ ph i
16 printf( ’ Requ i red speed i s %. 2 f r . p .m ’ ,N_2)

Scilab code Exa 2.19 TO DETERMINE SPEED IF FIELD GROUPS ARE ARRANGED IN PARALLEL

1 clc ,clear

2 printf( ’ Example 2 . 1 9\ n\n ’ )
3

4 V=110

5 P=4

6 R_a = 0.1,R=0.01 //A r e s i s t a n c e o f 0 . 0 1 ohms
7 R_se=R+R

8

9 // c a s e ( i )
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10 I_1=50, I_a1=I_1

11 N_1 =700

12 E_b1 = V -I_a1*(R_a + R_se)

13

14 //T ( prop . ) ph i ∗ I a from to rque equa t i on
( 1 )

15

16 // ph i 1 ( prop . ) I a 1

( 2 )
17 // c a s e ( i i ) when I a 2 g e t s d i v i d e d to h a l f
18 // ph i 2 ( prop . ) I a 2 /2

( 3 )
19

20 // combin ing ( 1 ) ( 2 ) ( 3 ) and T1=T2
21 I_a2 = sqrt (2* I_a1 ^2)

22 R_se_eqvt =(R*R)/(R+R) // Equava lent o f p a r a l l e l
combinat i on

23 E_b2 = V - I_a2*R_a - I_a2* R_se_eqvt

24

25 // Using speed equa t i on N ( prop . ) E b / ph i and
u s i n g ( 2 ) and ( 3 )

26 N_2 = N_1 *( E_b2/E_b1) *(I_a1/(I_a2 /2))

27 printf( ’ Speed a f t e r r e c o nn e c t i o n = %. 3 f r . p .m\n\n ’ ,
N_2)

Scilab code Exa 2.20 TO DETERMINE NEW SPEED AND ARMATURE CURRENT AFTER RECONNECTION

1 clc ,clear

2 printf( ’ Example 2 . 2 0\ n\n ’ )
3

4 P=4, I_a1= 50, N_1 =2000, V=230
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Figure 2.12: TO DETERMINE NEW SPEED AND ARMATURE CUR-
RENT AFTER RECONNECTION
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5

6 // ph i 1 i s p r o p o r t i o a n l to t o t a l ampere−t u rn s
produced by f i e l d c o i l s

7 // ph i 1 ( prop . ) I a 1 ∗P∗n ( prop . ) 200∗n
( 1 )

8

9 // A f t e r r e c onn e c t i o n , ph i 2 p r o p o r t i o n a l to ampere
tu rn s d i v i d e d as f o l l o w s

10 // ph i 2 ( prop . ) [ I a 2 /2∗2∗n + I a 2 /2∗2∗n ] ( prop . )
2∗n∗ I a 2 ( 2 )

11

12 // D iv i d i n g ( 1 ) and ( 2 ) , ( ph i 1 / ph i 2 )=100 / I a 2
( 3 )

13

14 //T ( prop . ) ph i ∗ I a AND T ( prop . ) Nˆ2
( 4 ) , ( 5 )

15 // t h e r e f o r e Nˆ2 ( prop . ) ph i ∗ I a

( 6 )
16

17 //N ( prop . ) E b/ ph i ( prop . ) 1/ ph i . .
18 // Because drops a c r o s s w ind ing s can be n eg l e c t ed ,

E b1=E b2
19 // t h e r e f o r e N ( prop . ) 1/ ph i

( 7 )
20

21 // Using ( 7 ) and ( 6 ) ph i ˆ3 ( prop . ) 1/ I a
( 8 )

22

23 // combin ing ( 3 ) and ( 8 )
24 I_a2 = (50*100^3) ^(1/4) //new armature c u r r e n t
25 printf( ’New armature c u r r e n t= %. 3 f A\n ’ ,I_a2)
26 // combin ing ( 6 ) and ( 7 ) , Nˆ3 ( prop . ) I a 1
27 N_2=N_1 *(I_a2/I_a1)^(1/3)

28 printf( ’New motor speed =%. 3 f r . p .m ’ ,N_2)
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Scilab code Exa 2.21 TO PROVE THAT PROPORTIONALITY CONSTANT IS SAME IN CASE OF BACK EMF and ARMATURE SPEED AND TORQUE AND ARMATURE CURRENT

1 clc ,clear

2 printf( ’ Example 2 . 2 1\ n\n ’ )
3

4 // K 1= E b/N = ( ph i ∗P∗Z) /(60∗A)
5

6 //P m = T ∗ omega
7 //E b∗ I a = T ∗ (2∗%pi∗N/60)
8 //T= I a ( E b ∗60 / 2∗%pi∗N )
9 //Use E b= phi ∗P∗N∗Z/(2∗%pi∗A)
10 //T / I a = phi ∗P∗Z / (2∗%pi∗A) =K dasah
11

12 printf( ’ The c on s t an t o f p r o p o r t i o n a l i t y i n both the
c a s e s i s K=K dash = phi ∗P∗Z / ( 2∗3 . 1 4 2∗A) ’ )

Scilab code Exa 2.22 TO CALCULATE EXTRA RESISTANCE TO REDUCE THE SPEED

1 clc ,clear

2 printf( ’ Example 2 . 2 2\ n\n ’ )
3

4 V=200, I_a1 =30

5 R_t =1.5 //R a + R se
6 E_b1= V - I_a1*R_t

7 N2_by_N1 =(60/100)

8

9 //T ( prop . ) I a ˆ2 and T ( prop . ) N 3 . . . . t h e r e f o r e
I a ˆ2 ( prop . ) Nˆ3

10 I_a2 = I_a1*sqrt(N2_by_N1 ^3)

11
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Figure 2.13: TO CALCULATE EXTRA RESISTANCE TO REDUCE THE
SPEED
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Figure 2.14: TO DETERMINE ADDITIONAL RESISTANCE IN FIELD
CIRCUIT TO RAISE THE SPEED

12 //N ( prop . ) E b/ I a
13 N2_by_N1

14 E_b2 = E_b1 *(I_a2/I_a1)*N2_by_N1

15 R_x= (V- E_b2)/I_a2 - R_t // because E b2= V −
I a 2 ∗ ( R x+R t )

16 printf( ’ Add i t i o n a l r e s i s t a n c e to be added in s e r i e s
with motor c i r c u i t = %. 3 f ohms ’ ,R_x)

Scilab code Exa 2.23 TO DETERMINE ADDITIONAL RESISTANCE IN FIELD CIRCUIT TO RAISE THE SPEED

1 clc ,clear

2 printf( ’ Example 2 . 2 3\ n\n ’ )
3

4 V=250,

5 R_a =0.4 , R_sh =100 // armature and shunt f i e l d
r e s i s t a n c e

6 I_sh1=V / R_sh
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7 P_out_FL = 10 * 735.5

8 eta =85/100 // e f f i c i e n c y
9 P_in= P_out_FL/eta

10 I_L1= P_in /V

11 I_a1= I_L1 - I_sh1

12

13 // T ( prop . ) ph i ∗ I a ( prop . ) I s h ∗ I a because ph i
( prop . ) I s h

14 //Bu to rque i s c on s t an t . .
15 Ia2_Ish2= I_a1*I_sh1

16 E_b1= V - I_a1*R_a

17

18 //N ( prop . ) E b/ I s h
19 // put E b2= V − I a 2 ∗R a and s o l v i n g f u r t h e r f o r

I s h 2 we get , I s h 2 ˆ2 − 1 . 8 824 I s h 2 +0.2417=0
20 p=[1 -1.8824 0.2417]

21 roots(p)

22 I_sh2=ans (1)

23 // r o o t 1 was c o n s i d e r e d because i t s a lways e a s i e r to
a t t a i n r o o t ( 1 ) because l e s s r e s i s t a c n e i s

needeed
24 //R x in s e r i e s with f i e l d
25 R_x = (V/I_sh2) -R_sh // because I s h 2 = V/( R sh +

R x )
26 printf( ’ Extra Re s i s t a n c e to be added = %. 2 f ohms ’ ,

R_x)

Scilab code Exa 2.24 TO DETERMINE SUPPLY VOLTAGE REQUIRED TO RAISE FAN SPEED

1 clc ,clear

2 printf( ’ Example 2 . 2 4\ n\n ’ )
3

4 R_t=1 // R t = R se + R a
5 V_1= 230

6 N_1=300,N_2 =375
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Figure 2.15: TO CALCULATE RESISTANCE TO BE CONNECTED IN
SERIES WITH ARMATURE TO HALVE THE SPEED

7 I_1=15, I_a1=I_1

8

9 //T ( prop . ) I a ˆ2 and T ( prop . ) N 2 . . . . t h e r e f o r e
I a ˆ2 ( prop . ) Nˆ2

10 I_a2=I_a1 *(N_2/N_1)

11 E_b1 = V_1 - I_a1*(R_t)

12

13 //N ( prop . ) E b/ I a
14 E_b2= E_b1*(I_a2/I_a1)*(N_2/N_1)

15 V_2=E_b2 + I_a2* (R_t) // because E b2 = V 2 − I a 2
∗ ( R a+R se )

16 printf( ’ Vo l tage supp ly needed = %. 4 f V ’ ,V_2)

Scilab code Exa 2.25 TO CALCULATE RESISTANCE TO BE CONNECTED IN SERIES WITH ARMATURE TO HALVE THE SPEED

1 clc ,clear

2 printf( ’ Example 2 . 2 5\ n\n ’ )
3
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4 I_L1=30,V=230

5 R_sh =230,R_a=1

6 I_sh= V / R_sh

7 I_a1= I_L1 - I_sh

8 E_b1 = V - I_a1*R_a

9

10 //T ( prop . ) ph i ∗ I a ( prop . ) I a as ph i i s c on s t an t
11 // and to rque i s c on s t an t
12 I_a2 = I_a1

13 N2_by_N1= 1/2

14 //N ( prop . ) E b/ ph i ( prop . ) E b
15 E_b2= E_b1 *( N2_by_N1)

16 R_x= (V- E_b2)/I_a2 - R_a // Because E b2 = V −
I a 2 ∗ ( R a + R x )

17 printf( ’ R e s i s t a n c e to be i n s e r t e d i n s e r i e s = %. 4 f
ohms ’ ,R_x)

Scilab code Exa 2.26 TO CALCULATE TORQUE ALTERED DUE TO CHANGES IN FIELD FLUX AND ARMATURE CURRENT

1 clc ,clear

2 printf( ’ Example 2 . 2 6\ n\n ’ )
3

4 T_1 =40 // i n i t i a l t o rque
5 // ph i 1 i s i n i t i a l f l u x
6 // ph i 2 i s new f l u x
7 //T 2 i s new to rque
8 // I a 1 i s i n i t i a l c u r r e n t
9 // I a 2 i s new cu r r e n t
10 phi2_by_phi1 = 1- (30/100) // d e c r e a s e by 30 p e r c en t
11 Ia2_by_Ia1 =1+(15/100) // i n c r e a s e by 15 p e r c en t
12

13 //T ( prop . ) ph i ∗ I a
14 T_2=T_1*( phi2_by_phi1)*( Ia2_by_Ia1)

15 printf( ’New to rque i s %. 1 f N−m’ ,T_2)
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Figure 2.16: TO CALCULATE EXTRA RESISTANCE IN SERIES WITH
ARMATURE TO REDUCE SPEED AT FULL LOAD

Scilab code Exa 2.27 TO CALCULATE EXTRA RESISTANCE IN SERIES WITH ARMATURE TO REDUCE SPEED AT FULL LOAD

1 clc ,clear

2 printf( ’ Example 2 . 2 7\ n\n ’ )
3

4 V=230

5 N_1 =1000 ,N_2 =950

6 R_a=0.5, R_sh =230 // armature and shunt f i e l d
r e s i s t a n c e

7 I_L1 =10

8

9 I_sh = V/R_sh

10 I_a1 = I_L1 - I_sh

11

12 //T ( prop . ) ph i ∗ I a ( prop . ) I a with ph i c on s t an t
and T i s c on s t an t due to f u l l −l o ad

98



13 I_a2=I_a1

14

15 E_b1 = V - I_a1*R_a

16 E_b2=E_b1*(N_2/N_1) //N ( prop . ) E b / ph i ( prop . ) E b
as ph i i s c on s t an t

17

18 R_x = (V-E_b2)/I_a2 -R_a

19 printf( ’ R e s i s t a n c e to be i n s e r t e d i n s e r i e s with
armature = %. 4 f ohms ’ ,R_x)

Scilab code Exa 2.28 TO DETERMINE SPEED WHEN DC SHUNT MOTOR GETS LOADED

1 clc ,clear

2 printf( ’ Example 2 . 2 8\ n\n ’ )
3

4 V=250,N_0=1000,I_0=5

5 R_a=0.2, R_sh =250 // armature and shunt f i e l d
r e s i s t a n c e

6 I_L =50 // on no l oad
7 I_sh=V / R_sh

8 I_a0 = I_0 - I_sh

9 I_a = I_L - I_sh

10 E_b0 = V- I_a0*R_a

11 E_b1 = V- I_a *R_a

12

13 phi1_by_phi0 =1 -(3/100) // weakens by 3 p e r c en t
14 //N ( prop . ) E b/ ph i
15 N_1 = N_0 *(E_b1/E_b0) /phi1_by_phi0

16 printf( ’ Speed when loaded and drawing 50A cu r r e n t i s
%. 3 f r . p .m ’ ,N_1)
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Figure 2.17: TO DETERMINE SPEED AND TORQUE DEVELOPED AT
FULL LOAD WHEN NO LOAD FLUX WEAKENS

Scilab code Exa 2.29 TO DETERMINE SPEED AND TORQUE DEVELOPED AT FULL LOAD WHEN NO LOAD FLUX WEAKENS

1 clc ,clear

2 printf( ’ Example 2 . 2 9\ n\n ’ )
3

4 V=230, I_a0 =3.3

5 R_a=0.3, R_sh =160 // armature and shunt f i e l d
r e s i s t a n c e

6 I_L1=40,N_0 =1000

7 E_b0 = V - I_a0*R_a

8 I_sh=V/ R_sh

9 I_a1 = I_L1 - I_sh

10 E_b1 = V - I_a1*R_a

11 phi1_by_phi0= 1- (4/100) // weakening by 4 p e r c en t
12

13 N_1 = N_0 *(E_b1/E_b0)/( phi1_by_phi0) // because N (
prop . ) E b/ ph i

14 printf( ’ Fu l l l o ad speed i s %. 4 f rpm\n ’ ,N_1)
15 T_0 = E_b0*I_a0 /(2* %pi*N_0 /60)

16 T_1 = T_0*(I_a1/I_a0)*phi1_by_phi0 // because T (
prop . ) ph i ∗ I a

17 printf( ’ Fu l l l o ad deve l oped to rque i s %. 4 f N−m’ ,T_1)
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Figure 2.18: TO FIND THE SPEEDWHEN ADDITIONAL RESISTANCES
GET CONNECTED WITH SHUNT FIELD AND ARMATURE

Scilab code Exa 2.30 TO FIND THE SPEED WHEN ADDITIONAL RESISTANCES GET CONNECTED WITH SHUNT FIELD AND ARMATURE

1 clc ,clear

2 printf( ’ Example 2 . 3 0\ n\n ’ )
3

4 V=220

5 I_L =52

6 N_1=750, N_2 =600

7 R_a=0.2, R_sh = 110 // armature and shunt f i e l d
r e s i s t a n c e

8

9 I_sh=V/ R_sh

10 I_a1= I_L - I_sh

11 I_a2=I_a1 //T ( prop . ) I a and T i s c on s t an t
12 E_b1 = V - I_a1*R_a

13

14 //N ( prop . ) E b/ ph i ( prop . ) E b
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Figure 2.19: TO DETERMINE EXTRA RESISTANCEWITH FIELD CUR-
RENT TO INCREASE SPEED OF DC SHUNT MOTOR

15 E_b2 = E_b1*(N_2/N_1)

16 R_x = (V- E_b2)/I_a2 -R_a // Because E b2 = V −
I a 2 ∗ ( R a+R x )

17 printf( ’ R e s i s t a n c e to be connec t ed i n s e r i e s = %. 2 f
ohms\n ’ ,R_x)

18

19 // A f t e r R x g e t s connec t ed i n s e r i e s with armature
and 110 ohms in s e r i e s with f i e l d wind ing

20 N_1 =600

21 I_sh2=V /(R_sh +110)

22 I_a1=50, I_sh1=2,I_sh2=1

23 //T ( prop . ) I a ∗ I s h and T doesn ’ t vary
24 I_a2 = I_a1*(I_sh1/I_sh2)

25 E_b1 = V - I_a1*(R_a+R_x)

26 E_b2 = V - I_a2*(R_a+R_x)

27 N_2 = N_1*(E_b2/E_b1)*( I_sh1/I_sh2) // Because N (
prop . ) E b/ I s h

28 printf( ’New speed= %. 3 f rpm ’ ,N_2)
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Scilab code Exa 2.31 TO DETERMINE EXTRA RESISTANCE WITH FIELD CURRENT TO INCREASE SPEED OF DC SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 2 . 3 1\ n\n ’ )
3

4 V=230

5 R_a =0.15 , R_sh =250 // armature and shunt f i e l d
r e s i s t a n c e

6 I_a1=50, I_a2= 80

7 N_1=800, N_2 =1000

8 I_sh1= V / R_sh

9

10 E_b1 = V - I_a1*R_a

11 E_b2 = V - I_a2*R_a

12

13 I_sh2=I_sh1 *(E_b2/E_b1)*(N_1/N_2) // Because N ( prop
. ) E b/ I s h

14 R_x= (V/I_sh2 ) - R_sh // because I s h 2 = V /( R x+
R sh )

15 printf( ’ R e s i s t a n c e to be added i s \n\nR x=%. 0 f ohms ’
,R_x)

Scilab code Exa 2.32 TO FIND EXTRA RESISTANCE TO BE ADDED IN SERIES WITH ARMATURE TO REDUCE ITS SPEED WITH SAME ARMATURE CURRENT

1 clc ,clear

2 printf( ’ Example 2 . 3 2\ n\n ’ )
3

4 V=230,R_a =0.5

5 N_1=800,N_2 =600

6 I_a2 =20 , I_a1=I_a2
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Figure 2.20: TO FIND EXTRA RESISTANCE TO BE ADDED IN SERIES
WITH ARMATURE TO REDUCE ITS SPEEDWITH SAME ARMATURE
CURRENT

7 E_b1 = V - I_a1*R_a

8

9 //N ( prop . ) E b/ ph i ( prop . ) E b as ph i i s
c on s t an t

10 E_b2=E_b1 *(N_2/N_1)

11 // a d d i t i o n a l r e s i s t a n c e r e q u i r e d
12 R_x = (V -E_b2)/I_a2 - R_a // because E b2 = V −

I a 2 ∗ ( R a+R x )
13 printf( ’ Add i t i o n a l r e s i s t a n c e r e q u i r e d = %. 2 f ohms ’

,R_x)

Scilab code Exa 2.33 TO DETERMINE THE SPEED WHEN ADDITIONAL RESISTANCE GETS CONNECTED AND DRAWING SAME CURRENT

1 clc ,clear

2 printf( ’ Example 2 . 3 3\ n\n ’ )
3

4 V=220

5 R_a=0.5,R_x=5 // armature r e s i s t a c n e and ex t r a

104



Figure 2.21: TO DETERMINE THE SPEED WHEN ADDITIONAL RE-
SISTANCE GETS CONNECTED AND DRAWING SAME CURRENT
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Figure 2.22: TO DETERMINE ADDITIONAL RESISTANCE IN SERIES
WITH ARMATURE TO REDUCE THE SPEED AND ALTERED SPEED
WHEN TORQUE GETS HALVED

r e s i s t a n c e
6 I_1=15, I_se1=I_1 , I_se2=I_se1 , I_2=I_se2

7 N_1 =800

8

9 E_b1 = V - I_1*R_a

10 E_b2 = V - I_2*(R_a+R_x)

11

12 N_2= N_1*(E_b2/E_b1)*(I_se1/I_se2) // because N ( prop
. ) E b/ I s e

13 printf( ’New speed o f r o t o r = %. 3 f r . p .m ’ ,N_2)

Scilab code Exa 2.34 TO DETERMINE ADDITIONAL RESISTANCE IN SERIES WITH ARMATURE TO REDUCE THE SPEED AND ALTERED SPEED WHEN TORQUE GETS HALVED

1 clc ,clear

2 printf( ’ Example 2 . 3 4\ n\n ’ )
3
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4 V=250, I_a1=20, R_a =0.5

5 N_1 =1000 , N_2 =500

6

7 //T ( prop . ) I a and T 1=T 2
8 I_a2=I_a1

9 E_b1 = V - I_a1*R_a

10

11 //N ( prop . ) E b
12 E_b2= E_b1 *(N_2/N_1)

13 R_x= (V-E_b2)/I_a2 - R_a // because E b2 = V − I a 2
∗ ( R a+R x )

14 printf( ’ Add i t i o n a l r e s i s t a n c e = %. 0 f ohms ’ ,R_x)
15 T3_by_T2 =0.5 // to rque i s ha lved
16 I_a3= I_a2 *( T3_by_T2) //new armature c u r r e n t
17 E_b3 = V - I_a3*(R_x + R_a)

18 N_3=E_b3*N_2 / E_b2 //N ( prop . ) E b
19 printf( ’ \nNew speed = %. 3 f rpm ’ ,N_3)

Scilab code Exa 2.35 TO CALCULATE SPEED AND USEFUL TORQUE ON FULL LOAD

1 clc ,clear

2 printf( ’ Example 2 . 3 5\ n\n ’ )
3

4 P_out= 100*735.5

5 V=500

6 P=4

7 A=2 // due to wave winding
8 Z=492 //no o f c onduc t o r s
9 phi =50*10^ -3 // f l u x per po l e

10 eta =92/100 // e f f i c i e n c y
11 P_in= P_out/eta

12 R_a =0.1 , R_sh =250 // amature and shunt f i e l d
r e s i s t a n c e

13

14 I_L=P_in/V
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15 I_sh = V/ R_sh

16 I_a = I_L - I_sh

17 E_b = V - I_a*R_a

18 N=E_b *60*A/(phi*P*Z) // because E b= phi ∗P∗N∗Z/(60∗
A)

19

20 T_sh= P_out /(2* %pi*N/60) // Us e f u l t o rque
21 printf( ’ ( i ) Speed at f u l l l o ad = %. 4 f rpm ’ ,N)
22 printf( ’ \n ( i i ) U s e f u l t o rque = %. 2 f N−m’ ,T_sh)
23 printf( ’ \n\nAnswer mismatches due to improper

approx imat ion ’ )

Scilab code Exa 2.36 TO DETERMINE MOTOR SPEED IF ADDITIONAL RESISTANCE IS INSERTED IN SERIES WITH ARMATURE CIRCUIT

1 clc ,clear

2 printf( ’ Example 2 . 3 6\ n\n ’ )
3

4 N_1 =1000

5 I_1=50,I_a1=I_1

6 V=250

7 R_x=4.4, R_t =0.6 // R t = R a+R se
8 E_b1=V - I_a1*(R_t)

9

10 //T ( prop . ) I a ˆ2 , T ( prop . ) Nˆ2 . . . . hence N (
prop . ) I a

11 //N ( prop . ) E b / I a
12 // combin ing both , E b ( prop . ) I a ˆ2
13 // u s i n g E b2 = V − I a 2 ∗ ( R a + R se + R x ) and

s o l v i n g f o r I a 2 , we ge t 0 . 0 8 8 I a 2 ˆ2 +5 I a 2
−250=0

14 p=[0.088 5 -250]

15 roots(p)

16 I_a2=ans(2) // r o o t ( 1 ) i s i g n o r ed as i t i s −ve
17 E_b2 = V - I_a2*(R_t + R_x)

18 N_2=N_1*(E_b2/E_b1)*(I_a1/I_a2)

108



Figure 2.23: TO DETERMINE RESISTANCE TO BE INSERTED IN
SHUNT FIELD CIRCUIT TO INCREASE THE SPEED

19 printf( ’ Motor speed = %. 2 f r . p .m ’ ,N_2)

Scilab code Exa 2.37 TO DETERMINE RESISTANCE TO BE INSERTED IN SHUNT FIELD CIRCUIT TO INCREASE THE SPEED

1 clc ,clear

2 printf( ’ Example 2 . 3 7\ n\n ’ )
3

4 V=250, I_a1 =20

5 R_sh= 250,R_a =0.5 // shunt f i e l d and armature
r e s i s t a n c e

6 I_sh1= V / R_sh

7 E_b1 = V - I_a1*R_a

8

9 //T ( prop . ) ph i ∗ I a ( prop . ) I s h ∗ I a
10 // s i n c e T 1 = T 2 , I s h 2 I a 2 = I s h 1 ∗ I a 1
11 I_sh2_I_a2 = I_sh1*I_a1 //=20
12

13 //N ( prop . ) E b/ I s h
14 //E b1 = V − I a 1 ∗R a
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15 // So l v i n g f u r t h e r f o r I a2 , we ge t I a 2 ˆ2 −500 I a 2
+ 12800

16 p=[1 -500 12800]

17 roots(p)

18 I_a2=ans(2) // h i g h e r r o o t i s n e g l e c t e d
19 I_sh2= I_sh2_I_a2 / I_a2

20 R_x= (V / I_sh2) - R_sh // r e s i s t a n c e to be i n s e r t e d
i n shunt f i e l d

21 printf( ’ R e s i s t a n c e to be i n s e r t e d = %. 4 f ohms ’ ,R_x)

Scilab code Exa 2.38 TO DETERMINE TORQUES BEFORE AND AFTER FIELD WEAKENING

1 clc ,clear

2 printf( ’ Example 2 . 3 8\ n\n ’ )
3

4 V=250, N_1 =1000

5 I_L1 =25

6 R_a=0.2, R_sh =250 // armature and shunt f i e l d
r e s i s t a n c e

7 V_brush= 1 // v o l t a g e drop due to b ru she s
8

9 I_sh1 = V/R_sh

10 I_a1= I_L1 - I_sh1

11 E_b1= V- I_a1*R_a - 2 *V_brush

12

13 //when loaded
14 I_L2 =50

15 I_sh2=I_sh1 // as f l u x weakensby armature r e a c t i o n ,
shunt f i e l d c u r r e n t rema ins same

16 I_a2= I_L2 - I_sh2

17 E_b2= V- I_a2*R_a - 2 *V_brush

18

19 phi2_by_phi1= 1- (3/100) // weakens by 3 p e r c en t
20 N_2= N_1*(E_b2/E_b1)/ phi2_by_phi1 //N ( prop . ) E b

/ ph i
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21 printf( ’New speed = %. 3 f rpm ’ ,N_2)
22 T_1= E_b1*I_a1 /(2* %pi*N_1 /60)

23 T_2= E_b2*I_a2 /(2* %pi*N_2 /60)

24 printf( ’ \nTorque b e f o r e f i e l d weakening = %. 4 f N−m’ ,
T_1)

25 printf( ’ \nTorque a f t e r f i e l d weakening = %. 4 f N−m’ ,
T_2)

Scilab code Exa 2.39 TO DETERMINE STALLING TORQUE AND TORQUES ON FULL LOAD AND DOUBLE FULL LOAD

1 clc ,clear

2 printf( ’ Example 2 . 3 9\ n\n ’ )
3

4 V=220

5 R_a=0.5, R_x=1 // armature r e s i s t a n c e and ex t r a
r e s i s t a n c e

6 N_FL =500 // f u l l l o ad speed i n r . p .m
7 I_a_FL =30

8

9 // pa r t ( i ) Fu l l l o ad
10 E_b_FL= V- I_a_FL * R_a

11 //T ( prop . ) I a . . . T i s c on s t an t
12 I_a_dash_FL = I_a_FL

13 E_b_dash_FL = V- I_a_dash_FL * (R_a+R_x)

14 //N ( prop . ) E b/ ph i ( prop . ) E b
15 N_dash_FL = N_FL*( E_b_dash_FL/E_b_FL)

16 printf( ’ ( i ) Speed at f u l l l o ad to rque =%. 4 f r . p .m\n ’ ,
N_dash_FL)

17

18 // pa r t ( i i )
19 T2_by_T1 = 2

20 I_a_dash_FL = I_a_FL *( T2_by_T1)

21 E_b_dash_FL = V- I_a_dash_FL * (R_a+R_x)

22 N_dash_FL = N_FL*( E_b_dash_FL/E_b_FL)

23 printf( ’ ( i i ) Speed at doub le f u l l l o ad to rque =%. 3 f r
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. p .m\n ’ ,N_dash_FL)
24

25 // pa r t ( i i i ) . . . s t a l l i n g
26 E_b=0 // as speed i s z e r o i n c a s e o f s t a l l i n g t o rque
27 I_a_stall =(V-E_b)/(R_a+R_x)

28 T_FL = E_b_FL * I_a_FL /(2* %pi*N_FL /60)

29 T_stall = T_FL *( I_a_stall/ I_a_FL)

30 printf( ’ ( i i i ) S t a l l i n g t o rque = %. 3 f Nm’ ,T_stall)

Scilab code Exa 2.40 TO DETERMINE SPEED OF MOTOR FULL LOAD TORQUE AND MULTIPLES OF FULL LOAD TORQUE

1 clc ,clear

2 printf( ’ Example 2 . 4 0\ n\n ’ )
3

4 V=230, I_a1 =30

5 R_a=0.4,R_x =1.1 // armature r e s i s t a n c e and ex t r a
r e s i s t a n c e

6 N_1 =500

7

8 // pa r t ( i )
9 E_b1= V - I_a1*R_a

10 I_a2 = I_a1 // I a i s c on s t an t as T, ph i a r e c on s t an t
11 E_b2= V - I_a2*(R_a+R_x)

12 N_2 = N_1 *(E_b2/E_b1) // Because N ( prop . ) E b/ ph i (
prop . ) E b

13 printf( ’ ( i ) Speed at f u l l l o ad to rque = %. 3 f r . p .m\n ’
,N_2)

14

15 // pa r t ( i i )
16 T2_by_T1 =1.5

17 I_a2= I_a1 * T2_by_T1

18 E_b2= V - I_a2*(R_a+R_x)

19 N_2 = N_1 *(E_b2/E_b1) // Because N ( prop . ) E b/ ph i (
prop . ) E b

20 printf( ’ ( i i ) Speed at 1 . 5 t imes f u l l l o ad to rque = %
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. 3 f r . p .m\n ’ ,N_2)
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Chapter 3

Testing of DC Macines

Scilab code Exa 3.1 TO DETERMINE CERTAIN QUANTITIES RELATED TO WAVE CONNECTED SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 1\ n\n ’ )
3

4 Pole=6

5 V=500

6 A=2 // because o f wave wound armature
7 Z=1200 //number o f armature c onduc t o r s
8 phi =20*10^ -3 // u s e f u l f l u x per po l e
9 Ra=0.5 ,Rsh =250 // armature and f i e l d r e s i s t a n c e

10 Il=20 // c u r r e n t drawn from supp ly
11 mechanical_losses =900

12 Ish=V/Rsh

13 Ia=Il-Ish

14 Eb=V-Ia*Ra // because V=Eb+Ia ∗Ra
15 N=Eb*60*A/(phi*Pole*Z) //Eb=phi ∗Pole ∗N∗Z/(60∗A)
16

17 P_m=Eb*Ia // E l e c t r i c a l e q u i v a l e n t o f mechan i ca l
power

18 omega =2* %pi*N/60

19 Tg=P_m/omega

20
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21 P_out=P_m -mechanical_losses

22 T_sh=P_out/omega // Us e f u l t o rque
23 P_in=V*Il

24 percentage_efficiency =100* P_out/P_in

25

26 printf( ’ Speed deve l oped i s %. 3 f r . p .m\nTorque
deve l oped i s %. 2 f N−m\n\n ( i ) U s e f u l t o rque i s %
. 2 f N−m\n ( i i ) E f f i c i e n c y i s %. 2 f p e r c en t ’ ,N,Tg,
T_sh ,percentage_efficiency)

Scilab code Exa 3.2 TO DETERMINE FULL LOAD FULL LOAD OUTPUT AND EFFICIENCY

1 clc ,clear

2 printf( ’ Example 3 . 2\ n\n ’ )
3

4 //no l oad
5 I_noload =2.5 //No load c u r r e n t
6 V=440

7 R_a=1.2, R_sh =550 // r e s i s t a n c e o f armature and shunt
f i e l d w ind ing s

8 no_load_input=V*I_noload

9

10 I_sh=V/R_sh

11 I_a_noload=I_noload -I_sh

12 no_load_armature_copper =( I_a_noload ^2)*R_a

13 constant_losses=no_load_input -

no_load_armature_copper

14

15 // f u l l l o ad
16 I_fullload =32

17 I_a_fullload=I_fullload -I_sh

18 full_load_armature_coppe =( I_a_fullload ^2)*R_a

19 total_losses=full_load_armature_coppe+

constant_losses

20 full_load_motor_input=V*I_fullload
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21 full_load_motor_output=full_load_motor_input -

total_losses

22 efficiency_at_full_load=full_load_motor_output *100/

full_load_motor_input

23

24 printf( ’ Fu l l l o ad motor output i s %. 2 f W\ nE f f i c i e n c y
o f motor at f u l l −l o ad i s %. 2 f p e r c en t ’ ,

full_load_motor_output ,efficiency_at_full_load)

Scilab code Exa 3.3 TO ESTIMATE FULL LOAD CURRENT AND EFFICIENCY

1 clc ,clear

2 printf( ’ Example 3 . 3\ n\n ’ )
3

4 //no l oad
5 I=14 // input c u r r e n t
6 V=230

7 power_output_FL = 45*10^3

8 power_input=V*I

9 I_sh =2.55 // f i e l d c u r r e n t
10 R_a =0.032 // armature r e s i s t a n c e
11 I_a=I-I_sh

12 cu_loss_NL = I_a^2*R_a //no l oad copper l o s s
13 brush_loss =2*I_a

14 constant_loss= power_input - cu_loss_NL - brush_loss

15

16 // f u l l l o ad
17

18 // I=I a+ 2 . 5 5
19 //Motor input= Motor output + con s t an t l o s s + brush

l o s s + cu l o s s
20 // s o l v i n g f o r I a , I a ˆ2 − 7125 I a + 1487700 . 3 =0
21 p=[1 -7125 1487700.3]

22 roots(p)

23 I_a=ans(2) // i g n o r i n g second r o o t as i t s too l a r g e
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24 I=I_a+I_sh

25 printf( ’ Fu l l l o ad c u r r e n t i s %. 2 f A\n ’ ,I)
26 power_input=V*I

27 eta =100*( power_output_FL/power_input)

28 printf( ’ E f f i c i e n c y at f u l l l o ad i s %. 2 f p e r c en t ’ ,eta
)

Scilab code Exa 3.4 TO CALCULATE FULL LOAD EFFICIENCY OF DC SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 4\ n\n ’ )
3

4 W1=9.1 // Tens ion on t i g h t s i d e
5 W2=0.8 // Tens ion on s l a c k s i d e
6 I=10 // To t a l c u r r e n t
7 V=110 // Supply v o l t a g e
8 R=7.5/100 // Radius o f p−u l l e y i n metre s
9 N=1320 // speed in r . p .m

10 T_sh=(W1-W2)*9.81*R // 9 . 8 1 i s the a c c e l r a t i o n due
to g r a v i t y

11 omega =(2* %pi*N/60)

12 P_out=T_sh*omega

13 P_in=V*I

14

15 efficiency =100* P_out/P_in

16 printf( ’ Fu l l l o ad E f f i c i e n c y i s %. 2 f p e r c en t ’ ,
efficiency)

Scilab code Exa 3.5 TO FIND THE EFFICIENCY OF MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 5\ n\n ’ )
3
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4 V=250

5 I_av =10

6 V_av =(240+220) /2 // ave rage v o l t a g e a c r o s s l oad
7 W_dash=V_av*I_av //Power absorbed
8 t1=25,t2=6

9 R_sh =200,R_a =0.3 // r e s i s t a n c e o f f i e l d wind ing and
armature

10

11 W=W_dash*t2/(t1 -t2) // St ray Lo s s e s
12 I_l =25 // Input c u r r e n t
13 I_sh=V/R_sh // c u r r e n t through f i e l d wind ing
14

15 I_a=I_l -I_sh //Armature c u r r e n t
16 arm_cu_loss=R_a*I_a^2 //Armature copper l o s s e s
17 sh_cu_loss=R_sh*I_sh^2 // Shunt copper l o s s
18

19 Total_losses= arm_cu_loss + sh_cu_loss + W

20 Motor_input=V*I_l

21 Output=Motor_input - Total_losses

22 efficiency=Output *100/ Motor_input

23 printf( ’ E f f i c i e n c y as motor at 25 A and 250 V i s %. 2
f p e r c en t ’ ,efficiency)

Scilab code Exa 3.6 TO DETERMINE THE EFFICIENCY OF MACHINES

1 clc ,clear

2 printf( ’ Example 3 . 6\ n\n ’ )
3

4 I_a=37,I_sh =0.85 // armature and f i e l d c u r r e n t f o r
motor

5 V=230

6 R_a =0.33 // armature r e s i s t a n c e
7
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Figure 3.1: TO DETERMINE THE EFFICIENCY OF MACHINES

8 I_a_g=30, I_sh_g =0.8 // armature and f i e l d c u r r e n t f o r
g e n e r a t o r

9

10 // f o r motor
11 arm_cu_loss= I_a^2* R_a // armature copper l o s s e s
12 field_cu_loss=V*I_sh // f i e l d copper l o s s
13 total_cu_loss= field_cu_loss + arm_cu_loss // t o t a l

copper l o s s
14

15 // f o r g e n e r a t o r
16 arm_cu_loss_g= I_a_g ^2* R_a // armature copper

l o s s e s
17 field_cu_loss_g=V*I_sh_g // f i e l d copper l o s s
18 total_cu_loss_g= field_cu_loss_g + arm_cu_loss_g //

t o t a l copper l o s s
19

20 // f o r motor−g e n e r a t o r s e t
21 total_cu_loss_set= total_cu_loss_g + total_cu_loss

22 P_supply=V*(I_a - I_a_g + I_sh+ I_sh_g ) // power
taken from supp ly
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23 stray_loss= P_supply - (total_cu_loss_g +

total_cu_loss)

24 stray_loss_each= stray_loss /2 // s t r a y l o s s f o r
each machine

25

26 // e f f i c i e n c y o f motor
27 motor_input = V*(I_a+I_sh)

28 motor_output = motor_input - (stray_loss_each +

total_cu_loss)

29 eta_m= 100* motor_output/motor_input // e f f i c i e n c y
o f motor

30 printf( ’ E f f i c i e n c y o f motor i s %. 2 f p e r c en t \n ’ ,
eta_m)

31 // e f f i c i e n c y o f g e n e r a t o r
32 generator_input = motor_output // output o f motor

i s i nput o f g e n e r a t o r
33 generator_output = generator_input - (

stray_loss_each + total_cu_loss_g)

34 eta_g= 100* generator_output/generator_input //
e f f i c i e n c y o f g e n e r a t o r

35 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 2 f p e r c en t \n ’ ,
eta_g)

Scilab code Exa 3.7 TO FIND EFFICIENCY OF EACH MACHINE

1 clc ,clear

2 printf( ’ Example 3 . 7\ n\n ’ )
3

4 I_1 =40 //motor input c u r r e n t
5 V=200 // v o l t a g e a c r o s s armature
6 I_2 =32 // l oad c u r r e n t
7 V_2 =160 // v o l t a g e a c r o s s g e n e r a t o r
8 V_f =15 // v o l t a g e drop a c r o s s f i e l d w ind ing s
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Figure 3.2: TO FIND EFFICIENCY OF EACH MACHINE
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9 total_input = (V+V_f)*I_1

10 Output=V_2*I_2

11 total_losses = total_input -Output // t o t a l l o s s e s
i n 2 machines

12

13 R_se=V_f/I_1 // s e r i e s f i e l d r e s i s t a n c e
14 R_a =0.4 // armature f i e l d r e s i s t a n c e
15

16 total_cu_loss =(R_a + 2*R_se) * I_1^2 + I_2^2*R_a //
t o t a l copper l o s s

17 stray_losses = total_losses - total_cu_loss

18 stray_losses_each =stray_losses /2 // s t r a y l o s s e s
f o r each machine

19

20 // f o r motor
21 motor_input= V*I_1

22 arm_cu_loss= (R_a + R_se)*I_1*I_1 // armature copper
l o s s

23 total_losses_motor = arm_cu_loss +

stray_losses_each

24 motor_output= motor_input - total_losses_motor

25 eta_m =100* motor_output/motor_input // e f f i c i e n c y o f
motor

26 printf( ’ E f f i c i e n c y o f motor i s %. 2 f p e r c en t \n ’ ,
eta_m)

27 // f o r g e n e r a t o r
28 arm_cu_loss_gen=R_a*I_2^2 // armature copper l o s s
29 series_field_cu_loss = V_f*I_1 // s e r i e s f i e l d copper

l o s s
30 total_losses_gen= arm_cu_loss_gen +

series_field_cu_loss + stray_losses_each

31 generator_input = total_losses_gen+ Output

32 eta_gen =100* Output/generator_input // e f f i c i e n c y o f
g e n e r a t o r

33 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 2 f p e r c en t ’ ,
eta_gen)

34 printf( ’ \n\nAnswer dont match because Output−of−
g e n e r a t o r i s taken as 5220 f o r c a l c u l a t i o n wh i l e
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i t s shou ld have been 5120 ’ )

Scilab code Exa 3.8 TO DETERMINE EFFICIENCY WHEN MOTOR DRAWS 100 A CURRENT

1 clc ,clear

2 printf( ’ Example 3 . 8\ n\n ’ )
3

4 V=500

5 Io=5 //no l oad c u r r e n t
6 R_a=0.5, R_sh =250 // r e s i s t a n c e o f armature and f i e l d

c i r c u i t s
7 I=100 // c u r r e n t at unknown e f f i c i e n c y
8

9 P_in_NL=V*Io //no l oad input
10 I_sh=V/R_sh

11

12 Iao=Io -I_sh

13 arm_cu_loss_no_load=R_a*Iao^2 //No load armature
copper l o s s

14 constant_losses= P_in_NL - arm_cu_loss_no_load

15

16 I_a=I-I_sh

17 arm_cu_loss= R_a*I_a^2 //New armature copper l o s s
18

19 Total_loss=arm_cu_loss + constant_losses

20 P_in=V*I

21 efficiency =(P_in -Total_loss)*100/ P_in // r e q u i r e d
e f f i c i e n c y

22 printf( ’ E f f i c i e n c y i s %. 3 f p e r c en t when motor t a k e s
%. 0 f A cu r r e n t ’ ,efficiency ,I)

Scilab code Exa 3.9 TO DETERMINE EFFICIENCY AND PERCENTAGE CHANGE IN SPEED
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1 clc ,clear

2 printf( ’ Example 3 . 9\ n\n ’ )
3

4 V=500

5 I_NL=5 //no l oad c u r r e n t
6 P_in_NL = V* I_NL //no l oad input
7 R_a =0.22 , R_sh =250 // r e s i s t a n c e o f armature and shunt

f i e l d wind ing
8 I_sh=V/R_sh

9 I_a_NL=I_NL -I_sh // armature c u r r e n t no l oad
10 arm_cu_loss_NL = R_a*I_a_NL ^2 //No−l o ad armature

copper l o s s
11 constant_loss = P_in_NL - arm_cu_loss_NL

12

13 // at 100 A cu r r e n t
14 I=100

15 I_a = I - I_sh

16 arm_cu_loss = R_a*I_a^2 // armature copper l o s s
17 total_loss = arm_cu_loss + constant_loss

18 motor_input = V*I

19 motor_output = motor_input - total_loss

20 eta_m= 100* motor_output/motor_input //motor
e f f i c i e n c y

21 printf( ’ Part ( a ) \ nE f f i c i e n c y o f motor when i t t a k e s
100 A cu r r e n t and loaded i s %. 2 f p e r c en t \n ’ ,eta_m
)

22

23 // pa r t ( b )
24 E_b_NL = V - I_a_NL*R_a // back emf at no l oad
25

26 E_b = V- I_a*R_a // back EMF at 100 A cu r r e n t
27 // S i n c e E b i s p r o p o r t i o n a l to N and u s i n g

componendo d i v i d endo
28 delta_speed= 100*(( E_b_NL -E_b)/E_b)

29 printf( ’ Part ( b ) \ nPercentage speed in speed i s %. 3 f
p e r c en t \n\n ’ ,delta_speed)

30

31 printf( ’ Note tha t the f o l l o w i n g were a s sumpt ions
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made\n ’ )
32 printf( ’ ( i ) Due to h e a t i n g , r e s i s t a n c e o f shunt

f i e l d wind ing w i l l be i n c r e a s e d which w i l l r educe
the shunt f i e l d c u r r e n t . This w i l l d e c r e a s e the

f l u x which i s n e g l e c t e d \n ’ )
33 printf( ’ ( i i ) Though the motor speed i s chang ing from

no l oad to g i v en l oad , the mechan i ca l l o s s e s
a r e assumed to be c o s n s t a n t \n ’ )

34 printf( ’ ( i i i ) The e f f e c t o f armature r e a c t i o n aon
main po l e f l u x and i t s e f f e c t on i r o n l o s s i s
n e g l e c t e d ’ )

Scilab code Exa 3.10 TO DETERMINE EFFICIENCY AND SPEED WHEN MOTOR DRAWS CERTAIN CURRENT

1 clc ,clear

2 printf( ’ Example 3 . 1 0\ n\n ’ )
3

4 motor_output_FL =15000 // f u l l l o ad motor output
5 V=250, R_sh =100

6

7 // at 80 % o f f u l l l o ad
8 motor_output_FL_dash =(80/100)*motor_output_FL // 80

p e r c en t o f f u l l l o ad output
9 eta =90/100 // e f f i c i e n c y

10 motor_input=motor_output_FL_dash/eta

11 total_losses = motor_input - motor_output_FL_dash

// at 80 % o f f u l l l o ad
12 // at maximum e f f i c i e n c y , v a r i a b l e l o s s e s = con s t an t

l o s s e s
13 constant_losses= total_losses /2

14 variable_losses= constant_losses

15 I= motor_input/V // l i n e c u r r e n t at 80% load
16 I_sh= V/ R_sh

17 I_a= I- I_sh

18 // s i n c e armature copper l o s s =R a∗ I a ˆ2
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19 R_a=variable_losses/I_a^2

20 E_b1=V-I_a*R_a //motor back EMF at 80% o f f u l l l o ad
21 N_1 =750 // c o r r e s p ond i n g speed i s g i v en as 750 rpm
22

23 //When motor c u r r e n t i s 80 A
24 I=80

25 I_a=I-I_sh

26 arm_cu_losses= R_a*I_a^2 // armature copper l o s s
27 total_losses = arm_cu_losses + constant_losses

28 motor_input= V*I

29 motor_output = motor_input - total_losses

30 eta =100* motor_output/motor_input // e f f i c i e n c y o f
motor

31 printf( ’ E f f i c i e n c y o f motor i s %. 2 f p e r c en t when
motor draws 80A cu r r e n t ’ ,eta)

32 E_b2=V-I_a*R_a //motor back EMF at 80% o f f u l l l o ad
33 N_2=N_1*(E_b2/E_b1) // because E b i s p r o p o r t i o n a l

to N
34 printf( ’ \nand Speed i s %. 2 f r . p .m ’ ,N_2)

Scilab code Exa 3.11 TO DETERMINE CERTAIN QUANTITIES RELATED TO 250 V DC HUNT MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 1 1\ n\n ’ )
3

4 V=250

5 R_sh =166.67 , R_a =0.15 // r e s i s t a n c e o f shunt f i e l d
wind ing and armature

6 N_0 =1280 // i n rpm
7 I_L1 =67 // c u r r e n t drawn on f u l l l o ad
8 I_sh= V/ R_sh

9 I_a1=I_L1 - I_sh

10 E_b1=V-I_a1*R_a

11

12 // on no l oad
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13 I_L0 =6.5

14 I_a0= I_L0 - I_sh

15 E_b0=V-I_a0*R_a

16

17 // pa r t ( i )
18 // u s i n g speed equa t i on N i s p r o p o r t i o n a l to E b
19 N_1=N_0*(E_b1/E_b0)

20 printf( ’ ( i ) Fu l l l o ad speed i s %. 3 f r . p .m\n ’ ,N_1)
21

22 // pa r t ( i i )
23 speed_regulation =100*((N_0 -N_1)/N_1)

24 printf( ’ ( i i ) Speed r e g u l a t i o n i s %. 2 f p e r c en t \n ’ ,
speed_regulation)

25

26 // pa r t ( i i i )
27 stray_losses = E_b0*I_a0 // mechan i ca l power

deve l oped on no l oad
28 power_developed_FL= E_b1*I_a1

29 shaft_output_FL= power_developed_FL - stray_losses

30 hp_rating= shaft_output_FL /746 // i n ho r s e power
31 printf( ’ ( i i i )H.P r a t i n g o f the machine I s %. 2 f H.P\n

’ ,hp_rating)
32

33 // pa r t ( i v )
34 power_input=V*I_L1

35 eta =100*( shaft_output_FL/power_input) // e f f i c i e n c y
at f u l l l o ad

36 printf( ’ ( i v ) E f f i c i e n c y at f u l l l o ad i s %. 2 f p e r c en t \
n ’ ,eta)

Scilab code Exa 3.12 TO DETERMINE CERTAIN QUANTITIES RELATED TO 200 V SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 1 2\ n\n ’ )
3

127



4 V=200

5 R_sh =240,R_a =0.1 // r e s i s t a n c e o f shunt f i e l d wind ing
and armature

6 rotational_loss =236

7 I_L_FL =9.8 // f u l l l o ad l i n e c u r r e n t
8 N=1450

9 I_sh=V/R_sh

10 I_a_FL = I_L_FL - I_sh

11 E_b= V- I_a_FL * R_a

12

13 // pa r t ( i )
14 gross_mech_P_dev= E_b*I_a_FL // g r o s s mechan i ca l

power deve l oped
15 mech_P_dev= gross_mech_P_dev - rotational_loss //

mechan i ca l power deve l oped
16 printf( ’ ( i ) Gross mechan i ca l power deve l oped i s %. 2 f

W\n ’ ,gross_mech_P_dev )

17 printf( ’ Mechan ica l power deve l oped i s %. 2 f W\n ’ ,
mech_P_dev )

18

19 // pa r t ( i i )
20 P_out=mech_P_dev

21 printf( ’ ( i i ) The power output i s %. 2 f W\n ’ ,P_out)
22

23 // pa r t ( i i i )
24 T_sh=P_out *60/(2* %pi*N)

25 T_L=T_sh

26 printf( ’ ( i i i ) Load to rque i s %. 2 f N−m\n ’ ,T_L)
27

28 // pa r t ( i v )
29 P_in=V*I_L_FL

30 eta =100* P_out/P_in

31 printf( ’ ( i v ) E f f i c i e n c y at f u l l l o ad i s %. 2 f p e r c en t \
n ’ ,eta)
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Scilab code Exa 3.13 TO DETERMINE CERTAIN QUANTITIES RELATED TO 240 V DC SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 1 3\ n\n ’ )
3

4 V=240

5 P_out =25*735.5 // output power i n watt s
6 R_a =0.14 , R_sh =80 // r e s i s t a n c e o f armature and shunt

f i e l d wind ing
7 brush_drop =1 // v o l t a g e drop a c r o s s brush
8 I_L_FL =95 // input c u r r e n t at f u l l l o ad
9 I_sh=V/R_sh

10 I_a_FL = I_L_FL - I_sh // armature c u r r e n t at f u l l
l o ad

11

12 arm_cu_loss_FL = R_a*I_a_FL ^2 // f u l l l o ad armature
copper l o s s

13 field_cu_loss= R_sh*I_sh^2 // f i e l d copper l o s s
14 printf( ’ ( i ) Armature and f i e l d copper l o s s e s a r e %. 2 f

W and %. 0 f W r e s p e c t i v e l y \n ’ ,arm_cu_loss_FL ,
field_cu_loss)

15 brush_cu_loss= 2* brush_drop*I_a_FL // brush c on t a c t
copper l o s s

16 printf( ’ ( i i ) Brush c on t a c t copper l o s s i s %. 0 f W\n ’ ,
brush_cu_loss)

17 E_b=V-I_a_FL*R_a - 2* brush_drop // back emf
18 gross_mech_P_dev= E_b*I_a_FL // g r o s s mechan i ca l

power deve l oped
19 IFW_losses = gross_mech_P_dev - P_out // i r o n

f r i c t i o n and windage l o s s e s
20 printf( ’ ( i i i ) Core p l u s mechan i ca l l o s s e s = %. 1 f W\n ’

,IFW_losses+field_cu_loss+arm_cu_loss_FL)

21 eta =100*( P_out/(P_out + IFW_losses+ brush_cu_loss+

field_cu_loss+arm_cu_loss_FL ))

22 printf( ’ ( i v ) E f f i c i e n c y i s %. 2 f p e r c en t ’ ,eta)

129



Scilab code Exa 3.14 TO DETERMINE FULL LOAD OUTPUT AND EFFICIENCY

1 clc ,clear

2 printf( ’ Example 3 . 1 4\ n\n ’ )
3

4 I=5 //no l oad c u r r e n t
5 V=500

6 R_sh =250,R_a =0.5 // r e s i s t a n c e o f shunt f i e l d wind ing
and armature

7 motor_input_NL = V*I

8 I_sh=V/R_sh

9 I_a=I-I_sh

10 arm_cu_loss_NL = R_a*I_a^2 //no l oad armature
copper l o s s

11 constant_loss = motor_input_NL - arm_cu_loss_NL

12 I_FL=50, I_a_FL = I_FL - I_sh // c u r r e n t s at f u l l
l o ad

13 arm_cu_loss_FL = R_a*I_a_FL ^2 // f u l l l o ad armature
copper l o s s

14

15 total_loss= constant_loss + arm_cu_loss_FL

16 motor_input=V*I_FL

17 motor_output_FL= motor_input - total_loss

18 printf( ’ Requ i red output power i s %. 3 f kW\n ’ ,
motor_output_FL /1000)

19 eta =100*( motor_output_FL/motor_input) // f u l l l o ad
e f f i c i e n c y

20 printf( ’ Fu l l l o ad e f f i c i e n c y o f motor with 50A
cu r r e n t i s %. 2 f p e r c en t ’ ,eta)

Scilab code Exa 3.15 TO CALCULATE MACHINE EFFICIENCY WHEN OPERATING AS A GENERATOR
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1 clc ,clear

2 printf( ’ Example 3 . 1 5\ n\n ’ )
3

4 V=250

5 R_sh =275,R_a =0.8 // r e s i s t a n c e o f shunt f i e l d and
amature

6 I_L0 =3.91 // l oad c u r r e n t
7 I_sh=V/R_sh

8 I_a0= I_L0 - I_sh

9 constant_losses= V*I_L0 -R_a*(I_a0)^2

10

11 // as a g e n e r a t o r
12 P_out =10*10^3

13 I_L=P_out/V

14 I_a = I_L + I_sh

15 field_cu_loss=R_sh*(I_sh)^2 // f i e l d copper l o s s
16 arm_cu_loss= R_a*(I_a)^2 // armature copper l o s s
17 eta_gen = 100 *(P_out/(P_out+constant_losses +

field_cu_loss+ arm_cu_loss)) // e f f i c i e n c y as
g e n e r a t o r

18 printf( ’ E f f i c i e n c y as a g e n e r a t o r = %. 2 f p e r c en t \n ’ ,
eta_gen)

19

20 // as a motor
21 P_in =10*10^3 // at V=250
22 I_L=P_in/V

23 I_a=I_L - I_sh

24 field_cu_loss=R_sh*(I_sh)^2 // f i e l d copper l o s s
25 arm_cu_loss= R_a*(I_a)^2 // armature copper l o s s
26 eta_m = 100 *((P_in -( constant_losses + field_cu_loss

+ arm_cu_loss))/(P_in)) // e f f i c i e n c y as motor
27 printf( ’ E f f i c i e n c y as a motor = %. 2 f p e r c en t ’ ,eta_m)

Scilab code Exa 3.16 TO DETERMINE FULL LOAD OUTPUT POWER EFFICIENCY AND PERCENTAGE CHANGE IN SPEED
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1 clc ,clear

2 printf( ’ Example 3 . 1 6\ n\n ’ )
3

4 I=4 //no l oad cu r r e n t i n amperes
5 V=500

6 motor_input_no_load=I*V //no l oad motor input
7 R_a=0.5, R_sh =250 // r e s i s t a n c e o f armature and shunt

f i e l d r e s i s t n a c e
8 I_sh=V/R_sh

9

10 I_a=I-I_sh

11 arm_cu_loss_noload=R_a*I_a^2 //No−l o ad armature
copper l o s s e s

12 constant_loss=motor_input_no_load -

arm_cu_loss_noload

13 I_FL=40, I_aFL=I_FL - I_a // f u l l l o ad c u r r e n t s
14 arm_cu_loss_fulload=R_a*I_aFL^2 // Fu l l−l o ad armature

copper l o s s e s
15 Total_loss=arm_cu_loss_fulload + constant_loss

16

17 motor_input=V*I_FL

18 motor_output_fullload=motor_input - Total_loss

19 printf( ’ Output power at f u l l −l o ad i s %. 0 f W’ ,
motor_output_fullload)

20 efficiency= motor_output_fullload *100/ motor_input //
motor e f f i c i e n c y

21 printf( ’ \ nE f f i c i e n c y at f u l l −l o ad i s %. 1 f p e r c en t ’ ,
efficiency)

22

23 E_bNL=V-I_a*R_a

24 E_bFL=V-I_FL*R_a

25

26 //E b =N∗ ph i
27 //E bNL/E bFL=N NL/N FL
28 // app l y i ng r u l e s o f componendo and d i v i d endo
29 // chang e i n sp e ed=(N NL − N FL) /N FL=(E bNL − E bFL

) /E bFl
30
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31 change_in_speed =100*( E_bNL - E_bFL)/E_bFL

32 printf( ’ \ npe r c en t ag e change i n speed from no l oad to
f u l l l o ad i s %. 3 f p e r c en t ’ ,change_in_speed)

Scilab code Exa 3.17 TO DETERMINE EFFICIENCY AND PERCENTAGE CHANGE IN SPEED OF A SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 1 7\ n\n ’ )
3

4 V=500

5 R_a =0.22 , R_sh= 250 // armature r e s i s t a n c e and shunt
f i e l d r e s i s t a n c e

6 I=5 //no l oad cu r r e n t
7 motor_input_NL=V*I //no l oad motor input
8 I_sh=V/R_sh

9 I_a_NL= I- I_sh //no l oad armature c u r r e n t
10 arm_cu_loss_NL = R_a*I_a_NL ^2 //no l oad armature

copper l o s s
11 constant_loss = motor_input_NL - arm_cu_loss_NL

12

13 //When motor draws 100 A cu r r e n t
14 I=100

15 I_a = I - I_sh

16 arm_cu_loss =R_a* I_a^2 // armature copper l o s s
17 total_losses = arm_cu_loss + constant_loss

18 motor_input = V*I

19 motor_output = motor_input -total_losses

20 eta_m =100*( motor_output/motor_input) //motor
e f f i c i e n c y

21 printf( ’ ( i ) E f f i c i e n c y o f motor at 100 A cu r r e n t i s %
. 2 f p e r c en t \n ’ ,eta_m)

22

23 // pa r t ( b )
24 E_b_NL= V- I_a_NL*R_a // back emf at no l oad
25 E_b= V- I_a*R_a // back emf at 100 A
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Figure 3.3: TO DETERMINE CERTAIN QUANTITIES RELATED TO 200
V DC SHUNT MOTOR

26 //E b i s p r o p o r t i o n a l to N . . and u s i n g componendo
d i v i d endo

27 speed_change= 100*(( E_b_NL - E_b)/E_b)

28 printf( ’ ( i i ) Pe r c en tage change i n speed = %. 3 f
p e r c en t \n\n ’ ,speed_change)

29

30

31 printf( ’ Note tha t the f o l l o w i n g were a s sumpt ions
made\n ’ )

32 printf( ’ ( i ) Due to h e a t i n g , r e s i s t a n c e o f shunt
f i e l d wind ing w i l l be i n c r e a s e d which w i l l r educe
the shunt f i e l d c u r r e n t . This w i l l d e c r e a s e the

f l u x which i s n e g l e c t e d \n ’ )
33 printf( ’ ( i i ) Though the motor speed i s chang ing from

no l oad to g i v en l oad , the mechan i ca l l o s s e s
a r e assumed to be c o s n s t a n t \n ’ )

34 printf( ’ ( i i i ) The e f f e c t o f armature r e a c t i o n aon
main po l e f l u x and i t s e f f e c t on i r o n l o s s i s
n e g l e c t e d ’ )
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Scilab code Exa 3.18 TO DETERMINE CERTAIN QUANTITIES RELATED TO 200 V DC SHUNT MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 1 8\ n\n ’ )
3

4 V=200,I_L=40,

5 R_sh =200,R_a =0.2 // shunt f i e l d wind ing and armature
r e s i s t a n c e

6 // c a s e ( a ) : As a g e n e r a t o r
7 P_out_g=V*I_L // output poewr as g e n e r a t o r
8 I_sh=V/R_sh

9 I_a = I_L + I_sh

10 E = V + I_a*R_a

11 P_a_g=E*I_a // power deve l oped i n armature
12 P_cu_g= R_a*I_a^2 + R_sh*I_sh^2 // copper l o s s as

g e n r a t o r
13 printf( ’ ( i ) Output as g e n e r a t o r i s %. 0 f kW\n ’ ,P_out_g

/1000)

14

15 // c a s e ( b ) : As a motor
16 P_in_m=V*I_L // input power as motor
17 I_sh=V/R_sh

18 I_a = I_L - I_sh

19 E_b = V - I_a*R_a

20 P_a_m=E_b*I_a // power deve l oped i n armature
21 P_cu_m= R_a*I_a^2 + R_sh*I_sh^2 // copper l o s s as

motor
22 printf( ’ ( i i ) Input as motor i s %. 0 f kW\n ’ , P_in_m

/1000)

23 printf( ’ \n ( i i i ) Power deve l oped i n Armature : \n%. 4 f kW
f o r g e n e r a t o r \n%. 4 f kW f o r motor\n ’ ,P_a_g /1000,

P_a_m /1000)

24 printf( ’ \n ( i v ) Copper l o s s e s : \n%. 1 f W f o r g e n e r a t o r \
n%. 1 f W f o r motor ’ ,P_cu_g ,P_cu_m)
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Scilab code Exa 3.19 TO DETERMINE CERTAIN QUANTITIES AFTER PERFORMING RETARDATION TEST ON DC MACHINE

1 clc ,clear

2 printf( ’ Example 3 . 1 9\ n\n ’ )
3

4 V=219,I=10

5 dN=1030 - 970 // g i v en
6 t_1 =36 // t ime with no e x c i t a t i o n
7 t_2=9 // t ime with f u l l e x c i t a t i o n and armature

s uppo r t i n g an ex t r a l oad o f 10 A at 219 V
8 t_3 =15 // t ime with f u l l e x c i a t i o n
9 W_dash = V*I // a d d i t i o a n l l o s s when armature i s

sudden ly connec t ed to l o a d s
10 W_s= W_dash *(t_2/(t_3 -t_2)) // t o t a l s t r a y l o s s e s
11 N=1000 // speed in rpm
12 // Using W s = (2∗ p i /60) ˆ2 ∗ I ∗N ∗dN / t 3 where W s

i s s t r a y l o s s e s
13 I= W_s*(t_3/dN)*(30/ %pi)^2/N //moment o f i n e r t i a
14 W_m=W_s*(t_3/t_1) // mechan i ca l l o s s e s
15 iron_losses= W_s - W_m

16

17 printf( ’ ( i ) The moment o f i n e r t i a o f armature i s %. 2 f
kg−mˆ2\n ’ ,I)

18 printf( ’ ( i i ) I r on l o s s= %. 2 f W\n ’ ,iron_losses)
19 printf( ’ ( i i i ) Mechan ica l l o s s e s at 1000 rpm mean

speed i s %. 2 f W’ ,W_m)
20

21 printf( ’ \n\nNoteworthy p o i n t s : \ n ( 1 )When armature i s
s l ow i ng down and t h e r e i s no e x c i t a t i o n , then
k i n e t i c ene rgy i s used to overcome mechan i ca l
l o s s e s on ly . I r on l o s s e s a r e abs en t as e x c i t a t i o n
i s ab s en t \n ( 2 )When e x c i t a t i o n i s g iven , k i n e t i c
ene rgy i s used to overcome both mechan i ca l as
w e l l a s i r o n l o s s e s . Tota l c a l l e d s t r a y l o s s e s . \ n

136



( 3 ) I f moment o f i n e r t i a i s i n kg−mˆ2 , then l o s s o f
ene rgy i s i n watt s ’ )

Scilab code Exa 3.20 TO DETERMINE CERTAIN QUANTITIES AFTER PERFORMING RETARDATION TEST ON DC MACHINE

1 clc ,clear

2 printf( ’ Example 3 . 2 0\ n\n ’ )
3

4 V=225,I=10

5 dN=1030 - 970 // g i v en
6 t_1 =40 // t ime with no e x c i t a t i o n
7 t_2=9 // t ime with f u l l e x c i t a t i o n and armature

s uppo r t i n g an ex t r a l oad o f 10 A at 219 V
8 t_3 =20 // t ime with f u l l e x c i a t i o n
9

10 W_dash = V*I // a d d i t i o n a l l o s s
11 W_s= W_dash *(t_2/(t_3 -t_2)) // t o t a l s t r a y l o s s e s
12 N=1000 // Speed i n rpm
13 // Using W s = (2∗ p i /60) ˆ2 ∗ I ∗N ∗dN / t 3 where W s

i s s t r a y l o s s e s
14 I= W_s*(t_3/dN)*(30/ %pi)^2/N //moment o f i n e r t i a
15 W_m=W_s*(t_3/t_1) // mechan i ca l l o s s e s
16 iron_losses=W_s - W_m

17

18 printf( ’ ( i ) The moment o f i n e r t i a o f armature i s %. 2 f
kg−mˆ2\n ’ ,I)

19 printf( ’ ( i i ) I r on l o s s= %. 2 f W\n ’ ,iron_losses)
20 printf( ’ ( i i i ) Mechan ica l l o s s e s at 1000 rpm mean

speed i s %. 2 f W’ ,W_m)
21

22 printf( ’ \n\nNoteworthy p o i n t s : \ n ( 1 )When t h e r e i s no
e x c i t a t i o n and armature i s s l owed down , i t s K.E .
i s used to overcome mechan i ca l mechan i ca l l o s s e s
on ly s i n c e t h e r e w i l l be no i r o n l o s s as t h e r e

i s no f l u x . \ n ( 2 )When t h e r e i s e x c i t a t i o n p rov id ed
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then K.E . i s used to supp ly mechan i ca l as w e l l
a s i r o n l o s s e s t o g e t h e r c a l l e d s t r a y l o s s e s ’ )

Scilab code Exa 3.21 TO DETERMINE EFFICIENCY WHEN MACHINE IS OPERATED AS MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 2 1\ n\n ’ )
3

4 V_avg = (220+190) /2 // ave rage v o l t a g e a c r o s s l oad
5 I_avg=12,R_a=0.5, R_sh =250

6 W_dash=V_avg*I_avg // power absorbed
7 t_1=30,t_2=5

8 W=W_dash *(t_2/(t_1 -t_2))

9 V=250,I=22 // input c u r r e n t
10 I_sh = V/R_sh

11 I_a= I - I_sh

12 arm_cu_loss = R_a*I_a^2 // armature copper l o s s
13 shunt_field_cu_loss = V*I_sh // shunt f i e l d copper

l o s s
14 total_losses= shunt_field_cu_loss + arm_cu_loss + W

15

16 machine_input = V*I

17 machine_output = machine_input - total_losses

18 eta_m =100*( machine_output /machine_input ) //
e f f i c i e n c y when runn ing as motor

19 printf( ’ E f f i c i e n c y o f machine when op ea t i n g as motor
t ak i n g c u r r e n t o f 22A on 250V supp ly i s \n%. 1 f

p e r c en t ’ ,eta_m)

Scilab code Exa 3.22 TO DETERMINE STRAY LOSSES OF MOTOR

1 clc ,clear

2 printf( ’ Example 3 . 2 2\ n\n ’ )
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Figure 3.4: TO DETERMINE EFFICIENCY OF EACH OF THE 2 SHUNT
MACHINES

3

4 I_avg =10

5 V_avg =(220+190) /2 // ave rage v o l t a g e a c r o s s l oad
6 W_dash = V_avg*I_avg // power absorbed
7 t_1=30,t_2=20

8 W=W_dash * (t_2/(t_1 -t_2)) // s t r a y l o s s e s
9 printf( ’ S t ray l o s s e s o f motor i s %. 1 f kW\n\n\n ’ ,W

/1000)

10 printf( ’ Answers mismatch because V average i s 205
v o l t s but i t i s taken as 220 v o l t s i n Power
absorbed c a l c u l a t i o n ’ )

Scilab code Exa 3.23 TO DETERMINE EFFICIENCY OF EACH OF THE 2 SHUNT MACHINES

1 clc ,clear
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2 printf( ’ Example 3 . 2 3\ n\n ’ )
3

4 I_a_g =330, I_a_m =380

5 R_a =0.02 // armature r e s i s t a n c e
6 V=250,I=50

7 arm_cu_loss_g= R_a*I_a_g^2 // armature copper l o s s f o r
g e n e r a t o r

8 arm_cu_loss_m= R_a*I_a_m^2 // armature copper l o s s f o r
motor

9 power_drawn=V*I

10 stray_losses = power_drawn - (arm_cu_loss_m +

arm_cu_loss_g)

11 stray_losses_each = stray_losses /2 // s t r a y l o s s e s
f o r each machine

12

13 // f o r motor
14 I_sh_m =4.2 // Shunt c u r r e n t i n c a s e o f motor
15 field_cu_loss_m=V*I_sh_m // f i e l d copper l o s s i n

c a s e o f motor
16 total_loss = field_cu_loss_m + stray_losses_each +

arm_cu_loss_m

17 motor_input= V*( I_a_m+I_sh_m)

18 motor_output = motor_input - total_loss

19 eta_m = 100*( motor_output/motor_input)//motor
e f f i c i e n c y

20 printf( ’ E f f i c i e n c y o f motor i s %. 4 f p e r c en t \n ’ ,eta_m
)

21

22 // f o r g e n e r a t o r
23 I_sh_g =5 // Shunt c u r r e n t i n c a s e o f g e n e r a t o r
24 field_cu_loss_g=V*I_sh_g // f i e l d copper l o s s i n c a s e

o f g e n e r a t o r
25 total_loss = field_cu_loss_g + stray_losses_each +

arm_cu_loss_g

26 generator_output = V*I_a_g

27 generator_input= generator_output + total_loss

28 eta_g = 100*( generator_output/generator_input)//
g e n e r a t o r e f f i c i e n c y
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Figure 3.5: TO DETERMINE EFFICIENCY OF MOTOR AND GENER-
ATOR

29 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 4 f p e r c en t \n ’ ,
eta_g)

Scilab code Exa 3.24 TO DETERMINE EFFICIENCY OF MOTOR AND GENERATOR

1 clc ,clear

2 printf( ’ Example 3 . 2 4\ n\n ’ )
3

4 R_a =0.02 // armature r e s i s t a n c e
5 V=250 // l i n e v o l t a g e
6 I=50 // c u r r e n t taken from supp ly
7

8 // f o r g e n e r a t o r
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9 I_a_g =330, I_sh_g =5 // armature c u r r e n t and cu r r e n t
through shunt f i e l d

10 arm_cu_loss_g = R_a*I_a_g ^2 // armature copper l o s s
f o r g e n e r a t o r

11 field_cu_loss_g= V*I_sh_g // f i e l d copper l o s s f o r
g e n e r a t o r

12

13 // f o r motor
14 I_a_m =380, I_sh_m =4.2 // armature c u r r e n t and cu r r e n t

through shunt f i e l d
15 arm_cu_loss_m = R_a*I_a_m ^2 // armature copper l o s s

f o r motor
16 field_cu_loss_m= V*I_sh_m // f i e l d copper l o s s f o r

motor
17 power_drawn=V*I

18 IFW_losses = power_drawn - (arm_cu_loss_g +

arm_cu_loss_m) // I r on , f r i c t i o n and windage
l o s s e s

19 IFW_losses_each= IFW_losses /2 // I r on , f r i c t i o n
and windage l o s s e s f o r each machine

20

21 // f o r g e n e r a t o r
22 total_loss_g = field_cu_loss_g + arm_cu_loss_g +

IFW_losses_each

23 generator_output=V*I_a_g

24 generator_input = generator_output + total_loss_g

25 eta_g = 100*( generator_output/generator_input)//
g e n e r a t o r e f f i c i e n c y

26 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 4 f p e r c en t \n ’ ,
eta_g)

27

28 // f o r motor
29 total_loss_m= field_cu_loss_m + IFW_losses_each +

arm_cu_loss_m

30 motor_input=V*(I_a_m+I_sh_m)

31 motor_output = motor_input - total_loss_m

32 eta_m = 100*( motor_output/motor_input)//motor
e f f i c i e n c y
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Figure 3.6: TO CALCULATE EFFICIENCY OF EACH OF THE 2 DC
SHUNT MACHINES

33 printf( ’ E f f i c i e n c y o f motor i s %. 4 f p e r c en t \n ’ ,eta_m
)

Scilab code Exa 3.25 TO CALCULATE EFFICIENCY OF EACH OF THE 2 DC SHUNT MACHINES

1 clc ,clear

2 printf( ’ Example 3 . 2 5\ n\n ’ )
3

4 V=220, I=40

5 I_a_g =160 ,I_a_m =200 // armature c u r r e n t s f o r
g e n e r a t o r and motor

6 I_sh_g =7 ,I_sh_m =6 // c u r r e n t through shunt f i e l d
f o r g e n e r a t o r and motor

7 R_a =0.015 // armature r e s i s t a n c e
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8 arm_cu_loss_g = R_a*I_a_g ^2 // armature copper l o s s
f o r motor

9 arm_cu_loss_m = R_a*I_a_m ^2 // armature copper l o s s
f o r motor

10 power_drawn=V*I

11 IFW_losses = power_drawn - (arm_cu_loss_g +

arm_cu_loss_m) // I r on , f r i c t i o n and windage
l o s s e s

12 IFW_losses_each= IFW_losses /2 // I r on , f r i c t i o n
and windage l o s s e s f o r each machine

13

14 // f o r motor
15 field_cu_loss_m= V*I_sh_m // f i e l d copper l o s s f o r

motor
16 total_loss_m= field_cu_loss_m + IFW_losses_each +

arm_cu_loss_m // t o t a l l o s s e s i n motor
17 motor_input=V * I_a_m

18 motor_output= motor_input - total_loss_m

19 eta_m = 100*( motor_output/motor_input) //motor
e f f i c i e n c y

20 printf( ’ E f f i c i e n c y o f motor i s %. 4 f p e r c en t \n ’ ,eta_m
)

21

22 // f o r g e n e r a t o r
23 field_cu_loss_g= V*I_sh_g // f i e l d copper l o s s f o r

g e n e r a t o r
24 total_loss_g = field_cu_loss_g + arm_cu_loss_g +

IFW_losses_each // t o t a l l o s s e s i n g e n e r a t o r
25 generator_output=V*I_a_g

26 generator_input = generator_output + total_loss_g

27 eta_g = 100*( generator_output/generator_input)//
g e n e r a t o r e f f i c i e n c y

28 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 4 f p e r c en t \n ’ ,
eta_g)

144



Figure 3.7: TO CALCULATE EFFICIENCY OF MOTOR AND GENER-
ATOR ON FULL LOAD

Scilab code Exa 3.26 TO CALCULATE EFFICIENCY OF MOTOR AND GENERATOR ON FULL LOAD

1 clc ,clear

2 printf( ’ Example 3 . 2 6\ n\n ’ )
3

4 R_a =0.2 // armature r e s i s t a n c e
5 V=240,I=16

6 I_a_g =60 , I_a_m =71 // armature c u r r e n t s f o r
g e n e r a t o r and motor

7 I_sh_g =3 , I_sh_m =2 // f i e l d c u r r e n t f o r g e n e r a t o r
and motor

8

9 // f o r g e n e r a t o r
10 arm_cu_loss_g = R_a*I_a_g ^2 // armature copper l o s s

f o r g e n e r a t o r
11 field_cu_loss_g= V*I_sh_g // f i e l d copper l o s s f o r
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g e n e r a t o r
12

13 // f o r motor
14 arm_cu_loss_m = R_a*I_a_m ^2 // armature copper l o s s

f o r motor
15 field_cu_loss_m= V*I_sh_m // f i e l d copper l o s s f o r

motor
16 power_drawn=V*I

17 field_loss_total_g_m= field_cu_loss_m +

field_cu_loss_g

18 arm_cu_loss_total_g_m = arm_cu_loss_m +

arm_cu_loss_g

19 IFW_losses = power_drawn - (arm_cu_loss_total_g_m +

field_loss_total_g_m) // I r on , f r i c t i o n and
windage l o s s e s

20 IFW_losses_each= IFW_losses /2 // I r on , f r i c t i o n
and windage l o s s e s f o r each machine

21

22 // f o r g e n e r a t o r
23 total_loss_g = field_cu_loss_g + arm_cu_loss_g +

IFW_losses_each // t o t a l l o s s i n g e n e r a t o r
24 generator_output=V*I_a_g

25 generator_input = generator_output + total_loss_g

26 eta_g = 100*( generator_output/generator_input)//
g e n e r a t o r e f f i c i e n c y

27 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 4 f p e r c en t \n ’ ,
eta_g)

28

29 // f o r motor
30 total_loss_m= field_cu_loss_m + IFW_losses_each +

arm_cu_loss_m // t o t a l l o s s i n motor
31 motor_input=V*(I_a_m+I_sh_m)

32 motor_output = motor_input - total_loss_m

33 eta_m = 100*( motor_output/motor_input)//motor
e f f i c i e n c y

34 printf( ’ E f f i c i e n c y o f motor i s %. 4 f p e r c en t \n ’ ,eta_m
)
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Figure 3.8: TO CALCULATE EFFICIENCY OF EACH OF THE 2 DC
SHUNT MACHINES

Scilab code Exa 3.27 TO CALCULATE EFFICIENCY OF EACH OF THE 2 DC SHUNT MACHINES

1 clc ,clear

2 printf( ’ Example 3 . 2 7\ n\n ’ )
3

4 R_a =0.015 ,V=250 // l i n e v o l t a g e
5 I=45 // l i n e c u r r e n t
6 I_a_m =385, I_sh_m =4 // armature and f i e l d c u r r e n t s

f o r motor
7 I_a_g =340, I_sh_g =5 // armature and f i e l d c u r r e n t s

f o r g e n e r a t o r
8 arm_cu_loss_m= R_a*I_a_m^2 // armature copper l o s s

f o r motor
9 field_cu_loss_m= V*I_sh_m // f i e l d copper l o s s f o r

motor
10
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11 arm_cu_loss_g= R_a*I_a_g^2 // armature copper l o s s
f o r g e n e r a t o r

12 field_cu_loss_g= V*I_sh_g // f i e l d copper l o s s f o r
motor

13

14 total_cu_loss = field_cu_loss_g + arm_cu_loss_g +

field_cu_loss_m + arm_cu_loss_m // t o t a l copper
l o s s f o r both machines

15 P_aux = V*I // power taken from a u x i l l a r y supp ly
16 stray_loss= P_aux - total_cu_loss

17 stray_loss_each = stray_loss /2 // s t r a y l o s s f o r
each machine

18

19 total_loss_g = stray_loss_each + arm_cu_loss_g +

field_cu_loss_g // t o t a l l o s s e s i n g e n e r a t o r
20 generator_output=V* I_a_g

21 eta_g = 100*( generator_output /( generator_output +

total_loss_g))// g e n e r a t o r e f f i c i e n c y
22 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 4 f p e r c en t \n ’ ,

eta_g)

23

24 total_loss_m = stray_loss_each + arm_cu_loss_m +

field_cu_loss_m // t o t a l l o s s e s i n motor
25 motor_input=V*(I_a_m+I_sh_m)

26 motor_output = motor_input - total_loss_m

27 eta_m = 100*( motor_output/motor_input)//motor
e f f i c i e n c y

28 printf( ’ E f f i c i e n c y o f motor i s %. 4 f p e r c en t \n ’ ,eta_m
)

Scilab code Exa 3.28 TO CALCULATE EFFICIENCY OF MACHINE ACTING AS GENERATOR

1 clc ,clear
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Figure 3.9: TO CALCULATE EFFICIENCY OF MACHINE ACTING AS
GENERATOR

2 printf( ’ Example 3 . 2 8\ n\n ’ )
3

4 V=500,P=1000*10^3 ,I=30

5 I_a_m = 200 + 30 , I_a_g =200 // armature c u r r e n t f o r
motor and g e n e r a t o r

6 I_sh_m = 1.8, I_sh_g =3.5 // f i e l d c u r r e n t f o r motor
and g e n e r a t o r

7 brush_drop =230

8 R_a =0.075 // armature r e s i t a n c e
9

10 arm_cu_loss_m = R_a*I_a_m ^2 + 2* brush_drop //motor
armature copper l o s s

11 field_cu_loss_m =V*I_sh_m // motor f i e l d copper
l o s s

12

13 arm_cu_loss_g = R_a*I_a_g ^2 + 2* brush_drop //
g e n e r a t o r armature copper l o s s

14 field_cu_loss_g =V*I_sh_g // f i e l d copper l o s s
g e n e r a t o r

15

16 total_cu_loss = field_cu_loss_g + arm_cu_loss_g +

field_cu_loss_m + arm_cu_loss_m // t o t a l copper
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Figure 3.10: TO CALCULATE EFFICIENCY OF DC MACHINES

l o s s f o r both machines
17 P_aux = V*I // power taken from a u x i l l a r y supp ly
18 stray_loss= P_aux - total_cu_loss

19 stray_loss_each = stray_loss /2 // s t r a y l o s s f o r
each machine

20

21 total_loss_g = stray_loss_each + arm_cu_loss_g +

field_cu_loss_g // t o t a l l o s s i n g e n e r a t o r
22 generator_output=V* I_a_g

23 eta_g = 100*( generator_output /( generator_output +

total_loss_g))// g e n e r a t o r e f f i c i e n c y
24 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 0 f p e r c en t \n ’ ,

eta_g)

Scilab code Exa 3.29 TO CALCULATE EFFICIENCY OF DC MACHINES

1 clc ,clear
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2 printf( ’ Example 3 . 2 9\ n\n ’ )
3

4 V=220, I=10

5 R_a =0.05 // ar tmature r e s i s t a n c e
6 I_a_m= 73, I_sh_m = 2 // armature and f i e l d c u r r e n t

f o r motor
7 I_a_g =67.5, I_sh_g =2.5 // armature and f i e l d c u r r e n t

f o r g e n e r a t o r
8

9 arm_cu_loss_m = R_a*I_a_m ^2 //motor armature copper
l o s s

10 field_cu_loss_m =V*I_sh_m // motor f i e l d copper
l o s s

11

12 arm_cu_loss_g = R_a*I_a_g ^2 // g e n e r a t o r armature
copper l o s s

13 field_cu_loss_g =V*I_sh_g // f i e l d copper l o s s
g e n e r a t o r

14

15 total_cu_loss = field_cu_loss_g + arm_cu_loss_g +

field_cu_loss_m + arm_cu_loss_m // t o t a l copper
l o s s f o r both machines

16 power_input = V*I

17 stray_loss= power_input - total_cu_loss

18 stray_loss_each = stray_loss /2 // s t r a y l o s s f o r
each machine

19

20 //motor e f f i c i e n c y
21 total_loss_m= field_cu_loss_m + stray_loss_each +

arm_cu_loss_m // t o t a l motor l o s s e s
22 motor_input = V*(I_a_m + I_sh_m )

23 motor_output =motor_input - total_loss_m

24 eta_m = 100*( motor_output/motor_input)//motor
e f f i c i e n c y

25 printf( ’ E f f i c i e n c y o f motor i s %. 4 f p e r c en t \n ’ ,eta_m
)

26

27 // g e n e r a t o r e f f i c i e n c y

151



Figure 3.11: TO ESTIMATE EFFICIENCY OF 2 DC MACHINES

28 total_loss_g= field_cu_loss_g + stray_loss_each +

arm_cu_loss_g // t o t a l g e n e r a t o r l o s s e s
29 generator_output =V*I_a_g

30 generator_input = generator_output + total_loss_g

31 eta_g = 100*( generator_output/generator_input)//
motor e f f i c i e n c y

32 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 4 f p e r c en t \n ’ ,
eta_g)

Scilab code Exa 3.30 TO ESTIMATE EFFICIENCY OF 2 DC MACHINES

1 clc ,clear

2 printf( ’ Example 3 . 3 0\ n\n ’ )
3

4 V=400, I=50

5 I_a_g =250 ,I_a_m =300 // armature c u r r e n t f o r
g e n e r a t o r and motor
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6 I_sh_g =2.5 ,I_sh_m =2.4 // f i e l d c u r r e n t f o r
g e n e r a t o r and motor

7 R_a =0.1 // armature r e s i s t a n c e
8

9 arm_cu_loss_g = R_a*I_a_g ^2 // armature copper l o s s
f o r g e n e r a t o r

10 arm_cu_loss_m = R_a*I_a_m ^2 // armature copper l o s s
f o r motor

11 power_drawn=V*I

12 IFW_losses = power_drawn - (arm_cu_loss_g +

arm_cu_loss_m) // I r on , f r i c t i o n and windage
l o s s e s

13 IFW_losses_each= IFW_losses /2 // I r on , f r i c t i o n
and windage l o s s e s f o r each machine

14

15 // f o r motor
16 field_cu_loss_m= V*I_sh_m // f i e l d copper l o s s f o r

motor
17 total_loss_m= field_cu_loss_m + IFW_losses_each +

arm_cu_loss_m

18 motor_input=V * I_a_m

19 motor_output= motor_input - total_loss_m

20 eta_m = 100*( motor_output/motor_input) //motor
e f f i c i e n c y

21 printf( ’ E f f i c i e n c y o f motor i s %. 2 f p e r c en t \n ’ ,eta_m
)

22

23 // f o r g e n e r a t o r
24 field_cu_loss_g= V*I_sh_g // f i e l d copper l o s s f o r

g e n e r a t o r
25 total_loss_g = field_cu_loss_g + arm_cu_loss_g +

IFW_losses_each

26 generator_output=V*I_a_g

27 generator_input = generator_output + total_loss_g

28 eta_g = 100*( generator_output/generator_input)//
g e n e r a t o r e f f i c i e n c y

29 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 2 f p e r c en t \n ’ ,
eta_g)
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Figure 3.12: TO CALCULATE EFFICIENCY OF MOTOR AND GENER-
ATOR

Scilab code Exa 3.31 TO CALCULATE EFFICIENCY OF MOTOR AND GENERATOR

1 clc ,clear

2 printf( ’ Example 3 . 3 1\ n\n ’ )
3

4 I_1 =56 //motor input c u r r e n t
5 V=590 // v o l t a g e a c r o s s armature
6 I_2 =44 // l oad c u r r e n t
7 V_2 =400 // v o l t a g e a c r o s s g e n e r a t o r
8 V_field = 40 // v o l t a g e drop a c r o s s f i e l d wind ing
9 R_a=0.3, R_se =0.7142 // armature and s e r i e s f i e l d

r e s i s t a n c e f o r each machine
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10 total_input =(V+V_field)*I_1

11 output=V_2*I_2

12 total_loss_g_m= total_input - output // t o t a l
l o s s e s o f 2 machines

13 R_se=V_field/I_1 // s e r i e s f i e l d r e s i s t a n c e f o r both
w ind ing s

14 total_cu_loss = (R_a+ 2*R_se)*I_1^2 + R_a*I_2^2 //
t o t a l copper l o s s

15 stray_loss= total_loss_g_m - total_cu_loss

16 stray_loss_each = stray_loss /2 // s t r a y l o s s f o r
each machine

17

18 // f o r motor
19 motor_input = V*I_1

20 arm_cu_loss_m = (R_a+ R_se)*I_1^2 // armature
cope r l o s s e s o f motor

21 total_loss_m= arm_cu_loss_m + stray_loss_each

22 motor_output = motor_input - total_loss_m

23 eta_m = 100*( motor_output/motor_input)//motor
e f f i c i e n c y

24 printf( ’ E f f i c i e n c y o f motor i s %. 4 f p e r c en t \n ’ ,eta_m
)

25

26 // f o r g e n e r a t o r
27 arm_cu_loss_g = R_a*I_2^2 // armature cope r l o s s e s

o f g e n e r a t o r
28 series_field_cu_loss_g = V_field*I_1 // s e r i e s

f i e l d copper l o s s
29 total_loss_g= arm_cu_loss_g + series_field_cu_loss_g

+ stray_loss_each

30 generator_output=V_2*I_2

31 generator_input = generator_output + total_loss_g

32 eta_g = 100*( generator_output/generator_input)//
g e n e r a t o r e f f i c i e n c y

33 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 4 f p e r c en t \n ’ ,
eta_g)
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Figure 3.13: TO CALCULATE EFFICIENCY OF MOTOR AND GENER-
ATOR

Scilab code Exa 3.32 TO CALCULATE EFFICIENCY OF MOTOR AND GENERATOR

1 clc ,clear

2 printf( ’ Example 3 . 3 2\ n\n ’ )
3

4 I_1 =56 //motor input c u r r e n t
5 V=590 // v o l t a g e a c r o s s armature
6 I_2 =44 // l oad c u r r e n t
7 V_2 =400 // v o l t a g e a c r o s s g e n e r a t o r
8 V_field = 40 // v o l t a g e drop a c r o s s f i e l d wind ing
9 R_a=0.3, R_se =0.7142 // armature and s e r i e s f i e l d

r e s i s t a n e f o r each machine
10
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11 total_input =(V+V_field)*I_1

12 output=V_2*I_2

13 total_loss_g_m= total_input - output // t o t a l
l o s s e s o f 2 machines

14 R_se=V_field/I_1 // s e r i e s f i e l d r e s i s t a n c e f o r both
w ind ing s

15 total_cu_loss = (R_a+ 2*R_se)*I_1^2 + R_a*I_2^2 //
t o t a l copper l o s s

16 stray_loss= total_loss_g_m - total_cu_loss

17 stray_loss_each = stray_loss /2 // s t r a y l o s s f o r
each machine

18

19 // f o r motor
20 motor_input = V*I_1

21 arm_cu_loss_m = (R_a+ R_se)*I_1^2 // armature cope r
l o s s e s o f motor

22 total_loss_m= arm_cu_loss_m + stray_loss_each

23 motor_output = motor_input - total_loss_m

24 eta_m = 100*( motor_output/motor_input)//motor
e f f i c i e n c y

25 printf( ’ E f f i c i e n c y o f motor i s %. 4 f p e r c en t \n ’ ,eta_m
)

26

27 // f o r g e n e r a t o r
28 arm_cu_loss_g = R_a*I_2^2 // armature cope r l o s s e s

o f g e n e r a t o r
29 series_field_cu_loss_g = V_field*I_1 // s e r i e s f i e l d

copper l o s s
30 total_loss_g= arm_cu_loss_g + series_field_cu_loss_g

+ stray_loss_each

31 generator_output=V_2*I_2

32 generator_input = generator_output + total_loss_g

33 eta_g = 100*( generator_output/generator_input)//
g e n e r a t o r e f f i c i e n c y

34 printf( ’ E f f i c i e n c y o f g e n e r a t o r i s %. 4 f p e r c en t \n ’ ,
eta_g)
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Chapter 4

Synchronous Machines
Alternators

Scilab code Exa 4.1 TO DRAW THE DIAGRAM FOR FULL PITCH ARMATURE WINDING OF AN ALTERNATOR

1 clc ,clear

2 printf( ’ Example 4 . 1\ n\n ’ )
3

4 Pole=4

5 Slots =24

6 Phase=3 //number o f phas e s
7 n=Slots/Pole // s l o t s per po l e
8 m=Slots/Pole/Phase // s l o t s per po l e per phase
9 beeta =180/n // S l o t ang l e

Scilab code Exa 4.2 TO CALCULATE DISTRIBUTION FACTOR OF THREE PHASE ALTERNATOR

1 clc ,clear

2 printf( ’ Example 4 . 2\ n\n ’ )
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Figure 4.1: TO DRAW THE DIAGRAM FOR FULL PITCH ARMATURE
WINDING OF AN ALTERNATOR

3

4 Slots =120

5 Pole=8

6 Phase=3 //number o f phas e s
7 n=Slots/Pole // S l o t s per Po le
8 m=Slots/Pole/Phase // S l o t s per Po le per Phase
9 beeta =180/n // S l o t ang l e i n d eg r e e
10 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //

D i s t r i b u t i o n Facto r
11 printf( ’ D i s t r i b u t i o n Facto r : \ nK d=%. 3 f ’ ,K_d)

Scilab code Exa 4.3 TO CALCULATE COIL SPAN FACTOR OF ARMATURE WINDING

1 clc ,clear

2 printf( ’ Example 4 . 3\ n\n ’ )
3

4 Slots =36

5 Pole=4
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6 Phase=3 //number o f phas e s
7 n=Slots/Pole // S l o t s per p o l e
8 beeta =180/n // S l o t ang l e i n d e g r e e s
9

10 // c o i l i s s h o r t e d by 1 s l o t i . e . by bee ta d e g r e e s to
f u l l p i t c h d i s t a n c e

11 alpha=beeta // ang l e o f s h o r t p i t c h
12 K_c=cosd(alpha /2) // Co i l span Facto r
13 printf( ’ Co i l Span Facto r : \ nK c=%. 4 f ’ ,K_c)

Scilab code Exa 4.4 TO CALCULATE INDUCED EMF ACROSS THE TERMINALS

1 clc ,clear

2 printf( ’ Example 4 . 4\ n\n ’ )
3

4 N_s =250 // Synchronous speed in r . p .m
5 f=50 // Frequency o f g en e r a t ed e .m. f i n h e r t z
6 Slots =216

7 phi =30*10^ -3 // f l u x per po l e i n weber
8

9 Pole =120*f/N_s

10 n=Slots/Pole // S l o t s per Po le
11 m=n/3 // S l o t s per Po le per Phase
12 beeta =180/n // S l o t ang l e i n d eg r e e
13

14 K_d=sind(m*beeta /2)/(m*sind(beeta /2)) //
d i s t r i b u t i o n f a c t o r

15 K_c=1 // Co i l Span Facto r f o r f u l l p i t c h c o i l s =1
16

17 Z=Slots *5 //Z i s t o t a l no o f c onduc t o r s
18 Z_ph=Z/3 // Conductors Per Phase
19 T_ph=Z_ph/2 //Turns per phase
20 E_ph =4.44* K_c*K_d*f*phi*T_ph // induced emf
21 E_line=E_ph*sqrt (3)

22
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23 printf( ’ Induced e .m. f a c r o s s the Termina l s i s %. 2 f V
’ ,E_line)

Scilab code Exa 4.5 TO DETERMINE FREQUENCY OF INDUCED EMF and FLUX PER POLE

1 clc ,clear

2 printf( ’ Example 4 . 5\ n\n ’ )
3

4 Pole =16

5 N_s =375 // synchronous speed i n rpm
6 Slots =144

7 E_line =2.657*10^3 // l i n e va lu e o f emf a c r o s s
t e rm i n a l s

8 f=Pole*N_s /120 // f r e qu en cy
9

10 K_c=1 // assuming f u l l p i t c h winding , Co i l span
Facto r=1

11 n=Slots/Pole // s l o t s per po l e
12 m=n/3 // s l o t s per po l e per phase
13

14 beeta =180/n

15 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //
D i s t r i b u t i o n Fcato r

16 conductors_per_slot =10

17 Z=Slots*conductors_per_slot // t o t a l c onduc t o r s
18

19 Z_ph=Z/3 //number o f c onduc t o r s per phase
20 T_ph=Z_ph/2 //no o f t u rn s per phase
21 E_ph=E_line/sqrt (3) // phase va lu e o f emf a c r o s s

t e rm i n a l s
22

23 phi=E_ph /(4.44* K_c*K_d*f*T_ph) //E ph=4.44∗K c∗
K d∗ f ∗ ph i ∗T ph

24 printf( ’ Frequency o f Induced e .m. f i s %. 0 fHz \nFlux
per Po le i s %. 0 f mWb’ ,f,phi *1000)
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Scilab code Exa 4.6 TO DETERMINE CERTAIN QUANTITIES RELATED TO 3 PHASE ALTERNATOR

1 clc ,clear

2 printf( ’ Example 4 . 6\ n\n ’ )
3

4 d=0.25 // Diameter i n metre
5 l=0.3 // Length i n metre
6 Pole=4

7 A1=%pi*d*l/Pole //Area o f each fundamenta l p o l e
8 f=50 // f r e qu en cy i n h e r t z
9 B_m1 =0.15 , B_m3 =0.03 , B_m5 =0.02 // Amplitude o f 1 st ,

3 rd and 5 th harmonics
10 phi_1 =(2/ %pi)*B_m1*A1 // ave rage va lu e o f

fundamenta l f l u x per po l e i n weber
11

12 //PART A
13 E_c1 =1.11*2*f*phi_1 //R.M. S va lu e o f fundamenta l

f r e qu en cy e .m. f g en e r a t ed i n s i n g l e conduc to r
14 Coil_span =(13/15) *180 // s i n c e wind ing c o i l span i s

13/15 o f p o l e p i t c h
15 alpha =180- Coil_span

16

17 // P i t ch f a c t o r f o r 1 st , 3 rd and 5 th harmonic
18 K_c1=cosd(alpha /2)

19 K_c3=cosd (3* alpha /2)

20 K_c5=cosd (5* alpha /2)

21

22 // Using E cx=E c1 ∗ (B mx/B m1)
23 E_c3=E_c1 * (B_m3/B_m1)

24 E_c5=E_c1 * (B_m5/B_m1)

25

26 E_t1=K_c1 * (2* E_c1) //R.M. S Vaue o f fundamenta l
f r e qu en cy EMF gene r a t ed i n 1 turn ( i n v o l t s )

27 E_t3=K_c3 * 2*E_c3
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28 E_t5=K_c5 * 2*E_c5

29 E_t=sqrt(E_t1^2 +E_t3^2 +E_t5 ^2)

30 V=10* E_t // ( number o f t u rn s per c o i l ) ∗ ( Tota l e .m.
f per turn )

31 printf( ’ Vo l tage g en e r a t ed per c o i l i s %. 1 f V ’ ,V)
32

33 // PART B
34 //E 1ph=4.44∗K c1∗K d1∗ ph i 1 ∗ f ∗T ph
35 T_ph =200 //T ph=(60 c o i l s ∗ 10 tu rn s per c o i l ) /3
36

37 Total_Conductors =1200 // 60 c o i l s ∗ 10 tu rn s per
c o i l ∗ 2

38 Conductors_per_Slot =20 // 2 conduc t o r s per turn ∗ 10
tu rn s per s l o t

39 Slots=Total_Conductors/Conductors_per_Slot

40

41 n=Slots/Pole

42 m=n/3

43 beeta =180/n // S l o t ang l e i n d eg r e e
44 K_d1=sind(m*1* beeta /2) /(m*sind (1* beeta /2))

45 K_d3=sind(m*3* beeta /2) /(m*sind (3* beeta /2))

46 K_d5=sind(m*5* beeta /2) /(m*sind (5* beeta /2))

47

48 E_1ph =4.44 * K_c1 * K_d1*phi_1 * f * T_ph

49 // Using E xph= E 1ph∗ (B mx∗K cx∗K dx ) /(B m1∗K c1∗
K d1 )

50 E_3ph= E_1ph* (B_m3*K_c3*K_d3)/(B_m1*K_c1*K_d1)

51 E_5ph= E_1ph* (B_m5*K_c5*K_d5)/(B_m1*K_c1*K_d1)

52 E_ph=sqrt( E_1ph^2 + E_3ph ^2 + E_5ph ^2 ) // v o l t a g e
g en e r a t ed per phase

53 printf( ’ \ nVol tage g en e r a t ed per phase i s %. 0 f V ’ ,
E_ph)

54

55 //PART c
56 E_line=sqrt (3) * sqrt( E_1ph ^2 + E_5ph ^2 ) //

t e rm i n a l v o l t a g e
57 printf( ’ \ nTerminal Vo l tage i s %. 1 f V ’ ,E_line)
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Scilab code Exa 4.7 TO CALCULATE THE FLUX PER POLE OF 3 PHASE STAR CONNECTED ALTERNATOR

1 clc ,clear

2 printf( ’ Example 4 . 7\ n\n ’ )
3

4 Ns=250 // Synchronous speed i n rpm
5 f=50

6 Slots =288

7 E_line =6600

8 Pole =120*f/Ns

9 n=Slots/Pole // s l o t s per po l e
10 m=n/3 // s l o t s per po l e per phase
11 beeta =180/n // s l o t ang l e
12 conductors_per_slot =32 // 16 conduc t o r s per c o i l −

s i d e ∗2 c o i l −s i d e s per s l o t
13

14 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //
d i s t r i b u t i o n f a c t o r

15 alpha =2* beeta // ang l e o f s h o r t p i t c h
16 K_c=cosd(alpha /2) // c o i l span f a c t o r
17 Z = Slots*conductors_per_slot // t o t a l c onduc t o r s
18 Z_ph=Z/3 // Conductors per phase
19 T_ph=Z_ph/2 // tu rn s per phase
20

21 E_ph=E_line/sqrt (3)

22 phi=E_ph /(4.44* K_c*K_d*f*T_ph) // Because
E ph=4.44 ∗K c ∗K d ∗ ph i ∗ f ∗T ph

23 printf( ’ Flux per po l e i s %. 0 f mWb ’ ,phi *1000)

Scilab code Exa 4.8 TO CALCULATE THE INDUCED EMF OF 1 PHASE ALTERNATOR

1 clc ,clear
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2 printf( ’ Example 4 . 8\ n\n ’ )
3

4 Ns=1500 // synchronous speed i n rpm
5 Pole=4

6 Slots =24

7 conductor_per_slot =8

8 phi =0.05 // f l u x per po l e i n weber
9 f=Pole*Ns/120 // f r e qu en c c y

10 n=Slots/Pole // s l o t s per po l e
11 m=n // as number o f phase s i s 1
12 beeta =180/n // s l o t ang l e
13

14 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //
d i s t r i b u t i o n f a c t o r

15

16 // Fu l l p i t c h= n =6 s l o t s
17 // ( 1 /6 ) th o f f u l l p i t c h =1 s l o t
18 // ang l e o f s h o r t p i t c h = 1 s l o t ang l e
19 alpha=beeta

20 K_c=cosd(alpha /2) // c o i l span f a c t o r
21

22 Z=conductor_per_slot*Slots // t o t a l c onduc t o r s
23 Z_ph=Z // as number o f phase s i s 1
24 T_ph=Z_ph/2 // tu rn s per phase
25 E_ph =4.44* K_c*K_d* phi *f *T_ph // induced emf
26

27 printf( ’ Induced e .m. f i s %. 1 f V ’ ,E_ph)

Scilab code Exa 4.9 TO DETERMINE INDUCED EMF BETWEEN THE LINES OF 3 PHASE STAR CONNECTED ALTERNATORS

1 clc ,clear

2 printf( ’ Example 4 . 9\ n\n ’ )
3

4 Pole =48

5 n=9 // s l o t s per po l e
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6 phi =51.75*10^ -3 // f l u x per po l e i n weber
7 Ns=125

8 f=Ns*Pole /120 // f r e qu en cy
9 K_c=1 // due to f u l l p i t c h winding
10 m=n/3 // s l o t s per po l e per phase
11 beeta =180/n // s l o t ang l e
12

13 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //
d i s t r i b u t i o n f a c t o r

14 conductor_per_slot =4*2 //Each s l o t has 2 c o i l s i d e s
and each c o i l s i d e has 4 c onduc t o r s

15 Slots=n*Pole

16 Z=conductor_per_slot*Slots // t o t a l number o f
c onduc t o r s

17 Z_ph=Z/3 // conduc t o r s per phase
18 T_ph=Z_ph/2 // tu rn s per phase
19 E_ph =4.44 *K_c *K_d *phi *f *T_ph // induced emf
20

21 E_line =(sqrt (3))*E_ph // due to s t a r c onn e c t i o n
22 printf( ’ Induced e .m. f i s %. 0 f kV ’ ,E_line /1000)

Scilab code Exa 4.10 TO DETERMINE CERTAIN QUANTITIES RELATED TO 12 POLE 3 PHASE STAR CONNECTED ALTERNATOR

1 clc ,clear

2 printf( ’ Example 4 . 1 0\ n\n ’ )
3

4 Slots =180

5 Pole =12

6 Ns=600 // Synchronous speen i n rpm
7 f=Pole*Ns/120 // f r e qu en cy
8 phi =0.05 // f l u x per po l e i n weber
9

10 // Part ( i )
11 // Average EMF in a conduc to r=2∗ f ∗ ph i
12 rms_value_1 =1.11*2*f*phi // rms va lu e o f emf i n a
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conduc to r
13 printf( ’ ( i ) r .m. s va l u e o f e .m. f i n a conduc to r i s %

. 2 f V ’ ,rms_value_1)
14

15 // pa r t ( i i )
16 // Average EMF in a turn=4∗ f ∗ ph i
17 rms_value_2 =1.11*4*f*phi // r .m. s va l u e o f e .m. f i n a

turn
18 printf( ’ \n ( i i ) r .m. s va l u e o f e .m. f i n a turn i s %. 2 f

V ’ ,rms_value_2)
19

20 // pa r t ( i i i )
21 conductors_per_coilside =10/2

22 rms_value_3=rms_value_2*conductors_per_coilside // r
.m. s va l u e o f e .m. f i n a c o i l

23 printf( ’ \n ( i i i ) r .m. s va l u e o f e .m. f i n a c o i l i s %. 1
f V ’ ,rms_value_3)

24

25 // pa r t ( i v )
26 conductors_per_slot =10

27 Z=conductors_per_slot * Slots // t o t a l number o f
c onduc t o r s

28 Z_ph=Z/3 // conduc t o r s per phase
29 T_ph=Z_ph/2 // tu rn s per phase
30 n=Slots/Pole // s l o t s per po l e
31 m=n/3 // s l o t s per po l e per phase
32 beeta =180/n // s l o t ang l e
33

34 K_d=sind(m*beeta /2) /(m*sind(beeta /2)),K_c=1 //
d i s t r i b u t i o n & c o i l −span f a c t o r

35 E_ph=rms_value_2*T_ph*K_d*K_c // induced emf
36 printf( ’ \n ( i v ) per phase induced e .m. f i s %. 1 f V ’ ,

E_ph)

Scilab code Exa 4.11 TO DETERMINE CERTAIN QUANTITIES RELATED TO 3 PHASE STAR CONNECTED ALTERNATORS
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1 clc ,clear

2 printf( ’ Example 4 . 1 1\ n\n ’ )
3

4 Pole=8

5 f=50 // f r e qu en cy
6 phi =60*10^ -3 // f l u x per po l e i n weber
7 Slots =96

8 n=Slots/Pole // s l o t s per po l e
9 beeta = 180/n // s l o t ang l e
10 m=n/3 // s l o t s per po l e per phase
11

12 coil_pitch =10* beeta // 10 s l o t s
13 alpha =180- coil_pitch

14 K_c=cosd(alpha /2) // c o i ;− span f a c t o r
15 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //

d i s t r i b u t i o n f a c t o r
16

17 conductors_per_slot =4

18 Z=Slots*conductors_per_slot // t o t a l c onduc t o r s
19 Total_turns=Z/2

20 T_ph=Total_turns /3 // tu rn s per phase
21

22 // pa r t ( i )
23 E_ph= 4.44 *K_c *K_d *phi *f *T_ph

24 printf( ’ \The phase v o l t a g e i s %. 2 f V ’ ,E_ph)
25

26 // pa r t ( i i )
27 E_line=E_ph*sqrt (3)

28 printf( ’ \nThe Line Vo l tage i s %. 2 f V ’ ,E_line)
29

30 // pa r t ( i i i )
31 I_ph =650

32 I_l=I_ph // S ta r Connect ion
33 kVA_rating=sqrt (3)*E_line*I_l

34 printf( ’ \nkVA r a t i n g i s %. 1 f kVA ’ ,kVA_rating /1000)
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Scilab code Exa 4.12 TO DETERMINE INDUCED EMF IN 3 PHASE ALTERNATOR

1 clc ,clear

2 printf( ’ Example 4 . 1 2\ n\n ’ )
3

4 Ns=600 // synchronous speed i n rpm
5 Pole =10

6 l=30/100 // d i v i d e d by 100 f o r c en t ime t r e−metre
c o nv e r s i o n

7 Pole_pitch =35/100 // nume r i c a l l y equa l to p i ∗d/ Po le
8 Phase=3

9 conductors_per_slot =8

10 A1=Pole_pitch*l //Area o f each fundamenta l p o l e
11 m=3 // S l o t per Po le per Phase
12 n=Phase*m // s l o t s per po l e
13 beeta =180/n // s l o t ang l e
14

15 B_m1=1,B_m3 =0.3, B_m5 =0.2 // ampl i tude o f 1 st , 3 rd
and 5 th harmonic

16 phi_1 =(2/ %pi)*A1*B_m1 // ave rage va lu e o f
fundamenta l f l u x per po l e

17 f=Ns*Pole /120 // f r e qu en cy
18

19 Coil_span =(8/9) *180

20 alpha =180- Coil_span

21 // p i t c h f a c t o r f o r 1 st , 3 rd and 5 th harmonic
22 K_c1=cosd(alpha /2)

23 K_c3=cosd (3* alpha /2)

24 K_c5=cosd (5* alpha /2)

25

26 // u s i n g K dx=s i n (m∗x∗ bee ta ∗ (%pi /180) /2) /(m∗ s i n ( x∗
bee ta ∗ (%pi /180) /2) )

27 // d i s t r i b u t i o n f a c t o r f o r 1 st , 3 rd and 5 th harmonic
28 K_d1=sind(m*1* beeta /2) /(m*sind (1* beeta /2))
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29 K_d3=sind(m*3* beeta /2) /(m*sind (3* beeta /2))

30 K_d5=sind(m*5* beeta /2) /(m*sind (5* beeta /2))

31

32 Slots=n*Pole

33 Total_conductors=conductors_per_slot * Slots

34 Total_turns=Total_conductors /2

35 T_ph=Total_turns /3 // tu rn s per phase
36

37 //EMF o f 1 s t , 3 rd and 5 th harmonic
38 E_1ph =4.44 * K_c1 * K_d1*phi_1 * f * T_ph

39 E_3ph= E_1ph* (B_m3*K_c3*K_d3)/(B_m1*K_c1*K_d1)

40 E_5ph= E_1ph* (B_m5*K_c5*K_d5)/(B_m1*K_c1*K_d1)

41

42 // Using E xph= E 1ph∗ (B mx∗K cx∗K dx ) /(B m1∗K c1∗
K d1 )

43 E_ph=sqrt( E_1ph^2 + E_3ph ^2 + E_5ph ^2 )

44 printf( ’ Phase va lu e o f induced e .m. f i s %. 2 f V ’ ,
E_ph)

45 E_line=sqrt (3) * sqrt( E_1ph ^2 + E_5ph ^2 )//no 3 rd
harmonic appea r s i n l i n e va lu e

46 printf( ’ \ n l i n e va lu e o f induced e .m. f i s %. 2 f V ’ ,
E_line)

47

48 printf( ’ \n\nAnswer mismatches due to approx imat i on ’ )

Scilab code Exa 4.13 TO CALCULATE FREQUENCY AND LINE VOLTAGE OF 3PHASE ALTERNATOR

1 clc ,clear

2 printf( ’ Example 4 . 1 3\ n\n ’ )
3

4 Pole =16

5 phi =0.03 // f l u x per po l e
6 Ns=375 // synchronous speed i n rpm
7 f=Ns*Pole /120 // f r e qu en cy
8 printf( ’ f r e qu en cy i s %. 0 f Hz ’ ,f)
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9 Slots =144

10 n=Slots/Pole // s l o t s per po l e
11 m=n/3 // s l o t s per po l e per phase
12 beeta =180/n // s l o t ang l e
13 K_c=1 // assuming Ful l−Pi t ch c o i l
14 Conductors_per_slot =10

15 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //
d i s t r i b u t i o n f a c t o r

16

17 Total_conductors=Slots*Conductors_per_slot

18 Total_turns=Total_conductors /2

19 T_ph=Total_turns /3 // tu rn s per phase
20 E_ph =4.44* K_c* K_d*phi* f* T_ph

21 E_line=E_ph*sqrt (3)

22 printf( ’ \ n l i n e v o l t a g e i s %. 2 f V ’ ,E_line)

Scilab code Exa 4.14 TO DETERMINE kVA RATING OF A SYNCHRONOUS GENERATOR

1 clc ,clear

2 printf( ’ Example 4 . 1 4\ n\n ’ )
3

4 Ns=250 // Speed in rpm
5 f=50 // f r e qu en cy
6 I_l =100

7 Slots =216

8 Conductors_per_slot =5

9 Pole =120*f/Ns

10 phi =30*10^ -3 // f l u x per po l e i n weber
11 Z=Slots*Conductors_per_slot // Tota l Conductors
12 Z_ph=Z/3 // conduc t o r s per phase
13 T_ph=Z_ph/2 // tu rn s per phase
14 n=Slots/Pole // s l o t s per po l e
15 m=n/3 // s l o t s per po l e per phase
16 beeta =180/n // S l o t ang l e
17
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18 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //
d i s t r i b u t i o n f a c t o r

19

20 e_av =2*f*phi // Average Value o f EMF in each
conduc to r

21 E_c =1.11*(2*f*phi) //RMS va lu e o f EMF in each
conduc to r

22 E=2*E_c*K_d //RMS va lu e o f EMF in each turn
23 E_ph=T_ph*E //RMS va lu e o f EMF in each phase
24 E_line= E_ph*sqrt (3) //As Sta r Connected A l t e r n a t o r
25 printf( ’RMS va lu e o f EMF in each phase = %. 3 f V\n ’ ,

E_ph)

26 printf( ’RMS va lu e o f EMF l i n e va l u e = %. 3 f V\n ’ ,
E_line)

27 kVA_rating=sqrt (3)*E_line*I_l

28 printf( ’ \nkVA r a t i n g i s %. 3 f kVA ’ ,kVA_rating /1000)

Scilab code Exa 4.15 TO DETERMINE THE NUMBER OF ARMATURE CONDUCTORS REQUIRED TO GIVE A LINE VOLTAGE OF 11kV

1 clc ,clear

2 printf( ’ Example 4 . 1 5\ n\n ’ )
3

4 Pole =10

5 Slots =90

6 E_l =11000

7 f=50

8 phi =0.15 // f l u x per po l e i n weber
9 n=Slots/Pole // s l o t s per po l e

10 m=n/3 // s l o t s per po l e per phase
11 beeta =180/n // s l o t ang l e
12

13 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //
d i s t r i b u t i o n f a c t o r

14 K_c=1 // c o i l span f a c t o r
15
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16 E_ph=E_l/sqrt (3)

17 T_ph=floor( E_ph /(4.44* K_c*K_d*phi*f) )

18 //T ph shou ld n e c e s s a r i l y be an i n t e g e r
19

20 Z_ph=(T_ph)*2

21 printf( ’ Requ i red number o f armature c onduc t o r s i s %d
’ ,Z_ph)

Scilab code Exa 4.16 TO DETERMINE RMS VALUE OF PHASE AND LINE VOLTAGE

1 clc ,clear

2 printf( ’ Example 4 . 1 6\ n\n ’ )
3

4 Pole =10

5 Ns=600 // speen in rpm
6 conductor_per_slot =8

7 n=12 // s l o t s per po l e
8 Slots=Pole*n

9 m=n/3 // s l o t s per po l e per phase
10 beeta =180/n // s l o t ang l e
11 alpha =2* beeta // s h o r t by 2 s l o t s
12

13 // f l u x per po l e c o r r e s p ond i n g to 1 st , 3 rd and 5 th
harmonic

14 phi_1 =100*10^ -3

15 phi_3 =(33/100)*phi_1

16 phi_5 =(20/100)*phi_1

17

18 // c o i l span f a c t o r c o r r e s p ond i n g to 1 st , 3 rd and 5 th
harmonic

19 K_c1=cosd( alpha /2)

20 K_c3=cosd( 3* alpha /2)

21 K_c5=cosd( 5* alpha /2)

22

23 // u s i n g K dx=s i n (m∗x∗ bee ta /2) /(m∗ s i n ( x∗ bee ta /2) )
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24 // d i s t r i b u t i o n f a c t o r c o r r e s p ond i n g to 1 st , 3 rd and 5
th harmonic

25 K_d1=sind(m*1* beeta /2) /(m*sind (1* beeta /2))

26 K_d3=sind(m*3* beeta /2) /(m*sind (3* beeta /2))

27 K_d5=sind(m*5* beeta /2) /(m*sind (5* beeta /2))

28

29 Z=conductor_per_slot*n*Pole // Tota l Conductors
30 Zph=Z/3 // conduc t o r s per phase
31 T_ph=Zph/2 // tu rn s per phase
32

33 f=Ns*Pole /120

34 E_1ph =4.44* K_c1*K_d1*phi_1*f*T_ph

35 E_3ph =4.44* K_c3*K_d3*phi_3*f*T_ph

36 E_5ph =4.44* K_c5*K_d5*phi_5*f*T_ph

37

38 E_ph=sqrt( E_1ph^2 + E_3ph^2 + E_5ph^2 )

39 printf( ’ Phase va lu e o f induced e .m. f i s %. 0 f V ’ ,
E_ph)

40 E_line=sqrt (3)*sqrt( E_1ph ^2 + E_5ph^2 ) // In
a l i n e va lue , 3 rd harmonic doe sn t appear

41 printf( ’ \ n l i n e va lu e o f induced e .m. f i s %. 0 f V ’ ,
E_line)

Scilab code Exa 4.17 TO DETERMINE RESULTANT PHASE VOLTAGE AND LINE VOLTAGE

1 clc ,clear

2 printf( ’ Example 4 . 1 7\ n\n ’ )
3

4 Pole=6

5 Ns=1000 // speed in rpm
6 d=28/100 // Div ided by 100 to c onve r t from

c e n t im e t e r s to metre s
7 l=23/100 // Div ided by 100 to c onve r t from

c e n t im e t e r s to metre s
8 m=4 // s l o t s per po l e per phase
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9 B_m1 =0.87 // ampl i tude o f 1 s t harmonic component o f
f l u x d e n s i t y

10 B_m3 =0.24 // ampl i tude o f 3 rd harmonic component o f
f l u x d e n s i t y

11 Conductors_per_slot =8

12 f=Ns*Pole /120 // f r e qu en cy
13 A1=%pi*d*l/Pole // a r ea o f each fundamenta l p o l e
14 phi_1 =(2/ %pi)*A1*B_m1 // f l u x per po l e i n weber
15 n=m*3 // s l o t s per po l e
16 beeta =180/n // s l o t ang l e
17 alpha=beeta // because o f 1 s l o t s h o r t
18 K_c1=cosd(alpha /2) // c o i l span f a c t o r c o r r e s p ond i n g

to 1 s t harmonic
19 K_c3=cosd (3* alpha /2) // c o i l span f a c t o r c o r r e s p ond i n g

to 3 rd harmonic
20 // u s i n g K dx=s i n (m∗x∗ bee ta ∗ (%pi /180) /2) /(m∗ s i n ( x∗

bee ta ∗ (%pi /180) /2) )
21 K_d1=sind(m*1* beeta /2) /(m*sind (1* beeta /2)) //

d i s t r i b u t i o n f a c t o r c o r r e s p ond i n g to 1 s t harmonic
22 K_d3=sind(m*3* beeta /2) /(m*sind (3* beeta /2)) //

d i s t r i b u t i o n f a c t o r c o r r e s p ond i n g to 3 rd harmonic
23

24 Slots=n*Pole

25 Z=Slots*Conductors_per_slot // t o t a l number o f
c onduc t o r s

26 Z_ph=Z/3 // conduc t o r s per phase
27 T_ph=Z_ph/2 // tu rn s per phase
28

29 E_1ph =4.44* K_c1*K_d1*phi_1*f*T_ph

30 E_3ph=E_1ph* (B_m3*K_c3*K_d3)/(B_m1*K_c1*K_d1)

// u s i n g E xph=E 1ph∗ (B mx∗K cx∗K dx ) /(B m1∗K c1∗
K d1 )

31 E_ph=sqrt( E_1ph^2 + E_3ph^2 )

32 printf( ’ r .m. s va l u e o f r e s u l t a n t v o l t a g e i s %. 1 f V ’ ,
E_ph)

33 E_line=sqrt (3)*E_1ph // For l i n e Value , 3 rd
harmonic does not appear

34 printf( ’ \ n l i n e v o l t a g e i s %. 3 f V ’ ,E_line)
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Scilab code Exa 4.18 TO DETERMINE THE RATINGS WHEN DELTA CONNECTED ALTERNATOR IS RECONNECTED IN STAR

1 clc ,clear

2 printf( ’ Example 4 . 1 8\ n\n ’ )
3

4 V_L =125

5 V_ph=V_L

6 VA =600*10^3

7 I_L=VA/(sqrt (3)*V_L) // Because VA=s q r t ( 3 ) ∗ V L
∗ I L

8 I_ph=I_L/(sqrt (3))

9

10 // A f t e r Reconnec t i on
11 V_ph =125

12 V_L=V_ph*sqrt (3)

13 printf( ’New r a t i n g i n v o l t s i s %. 3 f V ’ ,V_L)
14 //Winding Impedances remain the same
15 I_ph =1600

16 I_L=I_ph

17

18 printf( ’ \nNew r a t i n g i n amperes i s %. 0 f A ’ ,I_L)
19 kVA=sqrt (3)*V_L*I_L *(10^ -3)

20 printf( ’ \nNew r a t i n g i n kVA i s %. 0 f kVA ’ ,kVA)

Scilab code Exa 4.19 TO CALCULATE GENERATED EMF OF 3 PHASE STAR CONNECTED ALTERNATOR

1 clc ,clear

2 printf( ’ Example 4 . 1 9\ n\n ’ )
3

4 Pole=4

5 f=50 // f r e qu en cy
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6 phi =0.12 // f l u x per po l e i n weber
7 m=4 // s l o t per p o l e per phase
8 conductor_per_slot =4

9 coilspan =150

10 Ns=120*f/Pole // synchronous speed i n rpm
11 n=m*3 // S l o t s per p o l e
12 beeta =180/n // s l o t ang l e
13 K_d=sind(m*beeta /2) /(m*sind(beeta /2)) //

d i s t r i b u t i o n f a c t o r
14 alpha =180- coilspan // ang l e o f s h o r t p i t c h
15 K_c=cos((%pi /180)*alpha /2) // c o i l span f a c t o r
16 Z=m*(n*Pole) // Also equa l to ( c onduc t o r s / s l o t s ) ∗

s l o t s
17 Z_ph=Z/3 // conduc t o r s per phase
18 T_ph=Z_ph/2 // tu rn s per phase
19 E_ph =4.44* K_c*K_d*phi*f*T_ph

20 E_line=sqrt (3)*E_ph

21 printf( ’ e .m. f g en e r a t ed i s %. 2 f V( phase ) ,%. 2 f V( l i n e
) ’ ,E_ph ,E_line)
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Chapter 5

Methods for Calculating
Regulation of Alternator

Scilab code Exa 5.1 TO DETERMINE EMF AND REGULATION AT A CERTAIN LOAD

1 clc ,clear

2 printf( ’ Example 5 . 1\ n\n ’ )
3

4 P=1000*10^3 // l oad power
5 phi=acosd (0.8) // power f a c t o r l a g g i n g ang l e
6 V_L =11*10^3 // r a t ed t e rm i n a l v o l t a e
7 R_a =0.4 // armature r e s i s t a n c e per phase
8 X_s=3 // synchronous r e a c t a n c e per phase
9

10 I_L=P/(sqrt (3)*V_L*cosd(phi))

11 I_aph=I_L // f o r s t a r connec t ed l oad
12 I_a=I_L // c u r r e n t through armature
13 V_ph=V_L/sqrt (3) // r a t ed t e rm i n a l v o l a t g e phase

va lu e
14

15 E_ph= sqrt( (V_ph*cosd(phi)+I_a*R_a)^2+( V_ph*sind(

phi)+I_a*X_s)^2 ) // emf g en e r a t ed phase va lu e
16 E_line=E_ph*sqrt (3) // l i n e va lu e o f emf g en e r a t ed
17 regulation =100*( E_ph -V_ph)/V_ph // pe c en tage
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r e g u l a t i o n
18 printf( ’ L ine va lu e o f e .m. f g en e r a t ed i s %. 2 f kV\

nRegu l a t i on i s %. 3 f p e r c en t ’ ,E_line *10^-3,
regulation)

Scilab code Exa 5.2 TO DETERMINE PERCENTAGE REGULATION AT FULL LOAD LEADING AND LAGGING PF

1 clc ,clear

2 printf( ’ Example 5 . 2\ n\n ’ )
3

4 VA =1200*10^3

5 V_L =6600

6 R_a =0.25 // armature r e s i s t a n c e per phase
7 X_s=5 // synchronous r e a c t a n c e per phase
8

9 I_L=VA/(sqrt (3)*V_L)

10 I_aph=I_L // f o r s t a r connec t ed l oad
11 I_a=I_L

12 V_ph=V_L/sqrt (3)

13

14 // Part ( i )
15 phi1=acos (0.8) // and l a g g i n g
16 E_ph1= sqrt( (V_ph*cos(phi1)+I_a*R_a)^2+( V_ph*sin(

phi1)+I_a*X_s)^2 )

17 regulation =100*( E_ph1 -V_ph)/V_ph // p e r c en t a g e
r e g u l a t i o n

18 printf( ’ ( i ) Regu l a t i on at 0 . 8 l a g g i n g p f i s %. 2 f
p e r c en t ’ ,regulation)

19 // Part ( i i )
20 phi2=acos (0.8) // and l e a d i n g
21 E_ph2= sqrt( (V_ph*cos(phi2)+I_a*R_a)^2+( V_ph*sin(

phi2)-I_a*X_s)^2 )

22 regulation2 =100*( E_ph2 -V_ph)/V_ph // p e r c en t a g e
r e g u l a t i o n

23 printf( ’ \n ( i i ) Regu l a t i on at 0 . 8 l e a d i n g p f i s %. 2 f
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pe r c en t ’ ,regulation2)

Scilab code Exa 5.3 TO DETERMINE PERCENTAGE REGULATION ON FULL LOAD

1 clc ,clear

2 printf( ’ Example 5 . 3\ n\n ’ )
3

4 // f u l l l o ad
5 V_L_FL =1100

6 V_ph_FL=V_L_FL/sqrt (3)

7

8 //no l oad
9 V_L_NL =1266

10 E_line=V_L_NL

11 E_ph=E_line/sqrt (3)

12 regulation =100*( E_ph -V_ph_FL)/V_ph_FL

13

14 printf( ’ R egu l a t i on at f u l l l o ad i s %. 2 f p e r c en t ’ ,
regulation)

Scilab code Exa 5.4 TO CALCULATE FULL LOAD REGULATION AT A LAGGING POWER FACTOR

1 clc ,clear

2 printf( ’ Example 5 . 4\ n\n ’ )
3

4 V_L =866

5 VA =100*10^3

6 I_L=VA/(sqrt (3)*V_L) // because VA=s q r t ( 3 ) ∗V L∗ I L
7 I_aph=I_L // f u l l l o ad and s t a r connec t ed a l t e r n a t o r
8 V_ph=V_L/sqrt (3)

9
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Figure 5.1: TO CALCULATE FULL LOAD REGULATION AT A LAG-
GING POWER FACTOR

10 //Graph i s p l o t t e d and V oc ph and I a s c Ph i s
ob ta i n ed f o r

11 //SCC f o r I a s c =66.67 A, I f =2.4 A
12 //OCC f o r I f =2.4 A, V oc ph=240 V
13

14 // f o r measruemnt o f impedance
15 V_oc_ph =240 // f o r I f = 2 . 4 . . From o . c . c graph
16 I_asc_ph =66.67 // f o r I f = 2 . 4 . . . From s . c . c graph
17 Z_s=V_oc_ph/I_asc_ph

18 R_a =0.15

19 X_s=sqrt( Z_s^2-R_a^2 )

20

21 V_ph_FL =500

22 phi=acos (0.8) // l a g g i n g p f
23 E_ph=sqrt(( V_ph_FL*cos(phi)+I_aph*R_a)^2+( V_ph_FL*

sin(phi)+I_aph*X_s)^2)

24 regulation =100*( E_ph -V_ph)/V_ph

25

181



26 printf( ’ Fu l l−l o ad r e g u l a t i o n at 0 . 8 l a g g i n g p f i s %
. 2 f p e r c en t ’ ,regulation )

Scilab code Exa 5.5 TO FIND PERCENTAGE REGULATION AT CERTAIN LEADING AND LAGGING POWER FACTORS

1 clc ,clear

2 printf( ’ Example 5 . 5\ n\n ’ )
3

4 V_OC_line =230, I_asc =12.5 // when I f =0.38
5 V_OC_ph=V_OC_line/sqrt (3)

6 Z_s=V_OC_ph/I_asc

7

8 R_a =1.8/2 // 1 . 8 i s between t e rm i n a l s . . 0 . 9 i s pe r
phase

9 X_s=sqrt(Z_s^2-R_a^2)

10

11 I_a =10 // when r e g u l a t i o n i s needed
12 V_L =230

13 V_ph=V_L/sqrt (3)

14

15 // Part ( i )
16 phi1=acos (0.8) // and l a g g i n g
17 E_ph1=sqrt((V_ph*cos(phi1)+I_a*R_a)^2+( V_ph*sin(phi1

)+I_a*X_s)^2)

18 regulation1 =100*( E_ph1 -V_ph)/V_ph

19 printf( ’ R egu l a t i on f o r 10 A at 0 . 8 l a g g i n g p f i s %. 2
f p e r c en t \n ’ ,regulation1)

20 // Part ( i i )
21 phi2=acos (0.8) // and l e a d i n g
22 E_ph2=sqrt((V_ph*cos(phi2)+I_a*R_a)^2+( V_ph*sin(phi2

)-I_a*X_s)^2)

23 regulation2 =100*( E_ph2 -V_ph)/V_ph

24 printf( ’ R egu l a t i on f o r 10 A at 0 . 8 l e a d i n g p f i s %. 2
f p e r c en t \n ’ ,regulation2)
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Scilab code Exa 5.6 TO FIND THE REGULATION ON FULL LOAD BY AMPERE TRUN METHOD AND SYNCHRONOUS IMPEDANCE METHOD

1 clc ,clear

2 printf( ’ Example 5 . 6\ n\n ’ )
3

4 phi=acos (0.8)

5 VA =1000*10^3

6 V_L =1905

7 V_ph=V_L/sqrt (3)

8 R_a =0.2 //Armature r e a c t a n c e per phase
9

10 // Part ( i )
11 //Ampere−turn method
12 I_L=VA/(sqrt (3)*V_L)

13 I_aph=I_L

14 V_dash=V_ph+I_aph*R_a*cos(phi)//V dash i s a dummy
quan t i t y and has no s i g n i f i c a n c e . . i t ’ s used on ly
f o r mapping c o r r e c pond i n g c u r r e n t

15 F_o =32 // F o c o r r e s p ond s to v o l t a g e V dash =1148.5
from O.C.C graph

16 F_AR =27.5 // F i e l d c u r r e n t r e q u i r e d to c i r c u l a t e f u l l
−l o ad s h o r t c i r c u i t c u r r e n t o f 3 03 . 0 7A. From SCC
F AR=27.5

17 F_R = sqrt( F_o^2 + F_AR ^2-2*F_o*F_AR*cos(phi+%pi

/2) )// Using Cos ine r u l e
18

19 // f o r F R=53.25 , E ph=1490 V from O.C.C
20 E_ph =1490

21 regulation1 =100*( E_ph -V_ph)/V_ph

22 printf( ’ R egu l a t i on on f u l l −l o ad by ampere−turn
method i s %. 2 f p e r c en t ’ ,regulation1)

23

24 // Part ( i i )
25 // Synchronous Impedance method
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26

27 I_sc=I_L

28 I_aph2=I_sc

29 I_f =27.5

30

31 V_OC_ph =1060 // c o r r e s p ond i n g to I−f =27.5 i n the
graph

32 Z_s=V_OC_ph/I_aph2

33 X_s=sqrt(Z_s^2-R_a^2)

34

35 E_ph2= sqrt( (V_ph*cos(phi)+I_aph2*R_a)^2+( V_ph*sin(

phi)+I_aph2*X_s)^2 ) // from phasor diagram
36 regulation2 =100*( E_ph2 -V_ph)/V_ph

37 printf( ’ \ nRegu l a t i on on f u l l −l o ad by synchronous
impedance method i s %. 2 f p e r c en t ’ ,regulation2)

Scilab code Exa 5.7 TO DETERMINE FULL LOAD VOLTAGE REGULATION AT LEADING AND LAGGING POWER FACTORS

1 clc ,clear

2 printf( ’ Example 5 . 7\ n\n ’ )
3

4 // c a s e ( i )
5 V_L =440

6 V_ph=V_L/sqrt (3)

7 phi=acos (0.8)

8

9 // armature r e s i s t a n c e drop from the graph
10 //RS=1.1 cm and s c a l e =50 V/cm
11 arm_leak_resis= 1.1*50 // armature l e a k a g e

r e s i s t a n c e
12
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Figure 5.2: TO FIND THE REGULATION ON FULL LOAD BY AMPERE
TRUN METHOD AND SYNCHRONOUS IMPEDANCE METHOD

Figure 5.3: TO FIND THE REGULATION ON FULL LOAD BY AMPERE
TRUN METHOD AND SYNCHRONOUS IMPEDANCE METHOD
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13 OB=V_ph*cos(phi)

14 AB=V_ph*sin(phi) + arm_leak_resis

15 E_1ph= sqrt( OB^2+AB^2 )

16

17 F_f1 =6.1 // c o r r e s p ond i n g va lu e from OCC
18 F_AR =3.1*1

19

20 F_R= sqrt( F_f1^2 + F_AR^2 -2*F_f1*F_AR*cosd (90+

acosd (0.8)) )

21 E_ph =328 // v o l t a g e c o r r e s p ond i n g to F R=8.33 A from
OCC graph

22 regulation1= 100*( E_ph - V_ph)/V_ph

23 printf( ’ ( i ) Regu l a t i on f o r 0 . 8 p f l a g g i n g i s %. 2 f
p e r c en t \n ’ ,regulation1)

24

25 // c a s e ( i i )
26

27 OC=V_ph*cos(phi)

28 BC=V_ph*sin(phi) - arm_leak_resis

29 E_1ph= sqrt( OC^2+BC^2 )

30

31 F_f1 =6.1 // c o r r e s p ond i n g va lu e from OCC
32 F_R= sqrt( F_f1^2 + F_AR^2 -2*F_f1*F_AR*cosd(90-

acosd (0.8)) )

33 E_ph =90 // v o l a t g e c o r r e s p ond i n g to F R=3.34 A from
OCC graph

34 regulation2= 100*( E_ph - V_ph)/V_ph

35 printf( ’ ( i i ) Regu l a t i on f o r 0 . 8 p f l e a d i n g i s %. 2 f
p e r c en t \n ’ ,regulation2)

36 printf( ’ \nThe answer i n pa r t ( i i ) doe sn t match with
t ex tbook because o f c a l c u l a t i o n mi s take done i n
l a s t s t e p i n the t ex tbook ’ )
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Figure 5.4: TO DETERMINE FULL LOAD VOLTAGE REGULATION AT
LEADING AND LAGGING POWER FACTORS

Figure 5.5: TO DETERMINE FULL LOAD VOLTAGE REGULATION AT
LEADING AND LAGGING POWER FACTORS
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Scilab code Exa 5.8 TO DETERMINE PERCENTAGE REGULATION AT CERTAIN LAGGING POWER FACTOR

1 clc ,clear

2 printf( ’ Example 5 . 8\ n\n ’ )
3

4 P=1200*10^3

5 V_line =12000

6 R_a=2,X_s=35 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

7 phi=acos (0.8)

8

9

10 I_L=P/(sqrt (3)*V_line*cos(phi))

11 I_a=I_L

12 V_ph=V_line/sqrt (3)

13 E_ph=sqrt((V_ph*cos(phi)+I_a*R_a)^2+( V_ph*sin(phi)+

I_a*X_s)^2)

14 regulation =100*( E_ph -V_ph)/V_ph

15

16 printf( ’ R egu l a t i on at 0 . 8 l a g power f a c t o r i s %. 2 f
p e r c en t ’ ,regulation)

Scilab code Exa 5.9 TO DETERMINE FULL LOAD REGULATION AT VARIOUS POWER FACTORS

1 clc ,clear

2 printf( ’ Example 5 . 9\ n\n ’ )
3

4 V_L =11000 , V_ph= V_L/sqrt (3)

5 VA =1000*1000

6 I_L=VA/(V_L*sqrt (3))

7

8 V_OC_ph =433/ sqrt (3)
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9 I_asc_ph=I_L

10

11 Z_s=V_OC_ph /I_asc_ph //ohms per phase
12 R_a =0.45 //ohms per phase
13 X_s=sqrt(Z_s^2-R_a^2)

14

15 // pa r t ( i )
16 phi=acos (0.8) // l a g g i n g
17 E_ph = sqrt((V_ph*cos(phi)+I_L*R_a)^2 +(V_ph*sin(phi

)+ I_L*X_s)^2)

18 regulation =100*( E_ph -V_ph)/V_ph

19 printf( ’ Vo l tage r e g u l a t i o n at 0 . 8 p f l a g g i n g i s %f
p e r c en t \n ’ ,regulation)

20

21 // pa r t ( i i )
22 phi=acos (0.8) // l e a d i n g
23 E_ph2 = sqrt((V_ph*cos(phi)+I_L*R_a)^2 +(V_ph*sin(

phi)- I_L*X_s)^2)

24 regulation2 =100*( E_ph2 -V_ph)/V_ph

25 printf( ’ Vo l tage r e g u l a t i o n at 0 . 8 p f l a g g i n g i s %f
p e r c en t \n ’ ,regulation2)

26 printf( ’ \nAnswer mismatches due to improper
approx imat ion ’ )

Scilab code Exa 5.10 TO CALCULATE PERCENTAGE REGULATION FOR HALF LOAD

1 clc ,clear

2 printf( ’ Example 5 . 1 0\ n\n ’ )
3

4 VA =125*10^3

5 V_L=400, V_ph=V_L/sqrt (3)

6 I_L=VA/(sqrt (3)*V_L)

7 I_aph=I_L
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Figure 5.6: TO CALCULATE PERCENTAGE REGULATION FOR HALF
LOAD
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8

9 I_f=4,I_asc=I_aph /2 // f o r h a l f l o ad . . r e f e r to graph
10 V_OC_line =140

11 V_OC_ph=V_OC_line/sqrt (3)

12 I_asc_ph=I_asc

13 Z_s= V_OC_ph/I_asc_ph

14 R_a=0.1,X_s=sqrt(Z_s^2-R_a ^2) // armature r e s i s t a n c e
and synchronous r e a c t a n c e

15

16 phi=acos (0.8)

17 E_ph = sqrt((V_ph*cos(phi)+I_asc*R_a)^2 +(V_ph*sin(

phi)- I_asc*X_s)^2)

18 regulation =100*( E_ph -V_ph)/V_ph

19 printf( ’ Vo l tage r e g u l a t i o n at 0 . 8 p f l e a d i n g f o r
h a l f l o ad i s %. 2 f p e r c en t \n ’ ,regulation)

Scilab code Exa 5.11 TO DETERMINE RATED TERMINAL VOLTAGE AND kVA RATING OF ALTERNATOR

1 clc ,clear

2 printf( ’ Example 5 . 1 1\ n\n ’ )
3

4 V_OC_line =575, V_OC_ph=V_OC_line/sqrt (3)

5 I_asc_line =75

6 I_asc_ph =I_asc_line

7 I_aph=I_asc_ph

8 I_L=I_aph

9

10 Z_s= V_OC_ph/I_asc_ph

11 R_a =2.16/2

12 X_s = sqrt(Z_s^2 - R_a ^2)

13

14 // on f u l l l o ad
15 E_ph =6100

16 phi=acos (0.8) // l e a d i n g
17
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18 // u s i n g E ph = s q r t ( ( V ph∗ co s ( ph i )+I a ∗R a ) ˆ2 +(V ph
∗ s i n ( ph i )− I a ∗X s ) ˆ2)

19 p=[1 -256.68 -3.71*10^7]

20 roots(p)

21 V_ph=ans(1) // second r o o t i s i g n o r ed as i t s −ve
22 V_L=V_ph*sqrt (3)

23 printf( ’ Rated t e rm i n a l v o l t a g e between the l i n e s i s
%. 3 f V \n ’ ,V_L)

24 VA_rating=sqrt (3)*V_L*I_L

25 printf( ’kVA r a t i n g o f the a l t e r n a t o r i s %. 2 f kVA ’ ,
VA_rating *10^ -3)

Scilab code Exa 5.12 TO DETERMINE INDUCED EMF AND TERMINAL VOLTAGE PER PHASE

1 clc ,clear

2 printf( ’ Example 5 . 1 2\ n\n ’ )
3

4 V_L =6600 , V_ph=V_L/sqrt (3)

5 VA =1500*10^3

6 I_L=VA/(sqrt (3)*V_L)

7 I_aph=I_L

8

9 R_a=0.5, X_s=5 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

10 phi=acos (0.8)

11 E_ph = sqrt((V_ph*cos(phi)+I_aph*R_a)^2 +(V_ph*sin(

phi)+ I_aph*X_s)^2)

12 printf( ’ Induced EMF per phase i s %f V\n ’ ,E_ph)
13

14 // f u l l l o ad
15 phi=acos (1)

16 // u s i n g E ph = s q r t ( ( V ph∗ co s ( ph i )+I a ∗R a ) ˆ2 +(V ph
∗ s i n ( ph i )− I a ∗X s ) ˆ2)

17 p=[1 131.215 -1.791*10^7]

18 roots(p)
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19 V_ph=ans(2) // f i r s t r o o t i s i g n o r ed as i t i s −ve
20 printf( ’ Terminal v o l t a g e per phase i s %f V ’ ,V_ph)

Scilab code Exa 5.13 TO DETERMINE VOLTAGE REGULATION BY EMF METHOD AT VARIOUS POWER FACTORS

1 clc ,clear

2 printf( ’ Example 5 . 1 3\ n\n ’ )
3

4 V_ph =2000

5 R_a =0.8

6 I_sc =100

7 V_OC =500

8 I_f =2.5

9 Z_s=V_OC/I_sc

10 X_s= sqrt(Z_s^2 - R_a^2 )

11 I_aFL =100,I_a=I_aFL

12

13 // pa r t ( i )
14 phi=acos (1)

15 E_ph = sqrt((V_ph*cos(phi)+I_a*R_a)^2 +(V_ph*sin(phi

)+ I_a*X_s)^2)

16 regulation =100*( E_ph -V_ph)/V_ph

17 printf( ’ ( i ) Vo l tage r e g u l a t i o n i s %. 2 f p e r c en t \n ’ ,
regulation)

18

19 // pa r t ( i i )
20 phi2=acos (0.8)

21 E_ph2 = sqrt((V_ph*cos(phi2)+I_a*R_a)^2 +(V_ph*sin(

phi2)- I_a*X_s)^2)

22 regulation2 =100*( E_ph2 -V_ph)/V_ph

23 printf( ’ ( i i ) Vo l tage r e g u l a t i o n i s %. 2 f p e r c en t \n ’ ,
regulation2)

24

25 // pa r t ( i i i )
26 phi3=acos (0.71)
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27 E_ph3 = sqrt((V_ph*cos(phi3)+I_a*R_a)^2 +(V_ph*sin(

phi3)+ I_a*X_s)^2)

28 regulation3 =100*( E_ph3 -V_ph)/V_ph

29 printf( ’ ( i i i ) Vo l tage r e g u l a t i o n i s %. 2 f p e r c en t \n ’ ,
regulation3)

Scilab code Exa 5.14 TO FIND FULLLOAD VOLTAGE REGULATION USING SYNCHRONOUS IMPEDANCE METHOD

1 clc ,clear

2 printf( ’ Example 5 . 1 4\ n\n ’ )
3

4 VA =1000*1000

5 V_L =4600 , V_ph=V_L/sqrt (3)

6 I_L=VA/(sqrt (3)*V_L)

7 I_aph_FL=I_L ,I_aph=I_aph_FL

8 I_sc =(150/100)* I_aph_FL

9 V_OC_line =1744

10 V_OC_ph= V_OC_line/sqrt (3)

11

12 Z_s=V_OC_ph / I_sc

13 R_a=1

14 X_s=sqrt(Z_s^2-R_a^2)

15

16 phi=acos (0.8 ) // l a g g i n g
17 E_ph = sqrt((V_ph*cos(phi)+I_aph*R_a)^2 +(V_ph*sin(

phi)+ I_aph*X_s)^2)

18 regulation =100*( E_ph -V_ph)/V_ph

19 printf( ’ Vo l tage r e g u l a t i o n at f u l l l o ad 0 . 8 p f i s %
. 2 f p e r c en t \n ’ ,regulation)

Scilab code Exa 5.15 TO CALCULATE FULL LOAD REGULATION BY MMF AND SYNCHRONOUS IMPEDANCE METHOD

1 clc ,clear
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2 printf( ’ Example 5 . 1 5\ n\n ’ )
3

4 // pa r t ( i ) Ampere turn method
5 F_O =37.5

6 F_AR =20

7 V_L =6600 , V_ph=V_L/sqrt (3)

8

9 // l a g g i n g
10 phi=acos (0.8)

11 F_R= sqrt((F_O+F_AR*sin(phi) )^2 + (F_AR*cos(phi))^2

)

12 //E ph c o r r e s p ond i n g to F R can be ob ta i n ed by
p l o t t i n g open c i r c u i t c h a r a c t e r i s t i c s

13 E_ph =4350

14 regulation =100*( E_ph -V_ph)/V_ph

15 printf( ’ ( i )By Ampere−turn method or MMF method\ nFul l
−l o ad r e g u l a t i o n at 0 . 8 l a g g i n g p f i s %. 2 f
p e r c en t \n ’ ,regulation)

16 // l e a d i n g
17 phi=acos (0.8)

18 F_R= sqrt((F_O -F_AR*sin(phi) )^2 + (F_AR*cos(phi))^2

)

19 //E ph c o r r e s p ond i n g to F R can be ob ta i n ed by
p l o t t i n g open c i r c u i t c h a r a c t e r i s t i c s

20 E_ph =3000

21 regulation =100*( E_ph -V_ph)/V_ph

22 printf( ’ Fu l l−l o ad r e g u l a t i o n at 0 . 8 l e a d i n g p f i s %
. 2 f p e r c en t \n ’ ,regulation)

23

24 //EMF method
25 V_OC_ph =100, V_ph =100

26 I_sc= 100*( F_O/F_AR) // t imes the r a t ed va lu e
27 Z_s=V_OC_ph/I_sc

28 F_O= 100

29 F_AR= Z_s *100

30

31 // l a g g i n g
32 phi=acos (0.8)
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Figure 5.7: TO CALCULATE FULL LOAD REGULATION BY MMF AND
SYNCHRONOUS IMPEDANCE METHOD

33 F_R= sqrt((F_O+F_AR*sin(phi) )^2 + (F_AR*cos(phi))

^2 )

34 regulation =100*(F_R -V_ph)/V_ph

35 printf( ’ \n ( i i ) Synchronous impedance method or EMF
method\n ’ )

36 printf( ’ Fu l l−l o ad r e g u l a t i o n at 0 . 8 l a g g i n g p f i s %
. 2 f p e r c en t \n ’ ,regulation)

37 // l e a d i n g
38 phi=acos (0.8)

39 F_R= sqrt((F_O -F_AR*sin(phi) )^2 + (F_AR*cos(phi))

^2 )

40 regulation =100*(F_R -V_ph)/V_ph

41 printf( ’ Fu l l−l o ad r e g u l a t i o n at 0 . 8 l e a d i n g p f i s %
. 2 f p e r c en t \n ’ ,regulation)
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Figure 5.8: TO CALCULATE FULL LOAD REGULATION BY MMF AND
SYNCHRONOUS IMPEDANCE METHOD

Scilab code Exa 5.16 TO DETERMINE FIELD CURRENT REQUIRED DURING FULL LOAD

1 clc ,clear

2 printf( ’ Example 5 . 1 6\ n\n ’ )
3

4 V_L =6000 , V_ph=V_L/sqrt (3)

5 I_ph_X_Lph = 0.9*500 // l e a k a g e r e a c t a n c e drop in
v o l t s = 0 . 9 cm ∗ 500 V/cm

6 phi= acos (0.8) // l a g g i n g
7

8 E_1ph=sqrt( (V_ph*cos(phi))^2 + (V_ph*sin(phi)+

I_ph_X_Lph)^2 ) //From t r i a n g l e OAB
9 F_f1 = 26 // from OCC

10 F_AR= 2.9*5 // 2 . 9 cm ∗ 5 A/cm
11
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Figure 5.9: TO DETERMINE FIELD CURRENT REQUIRED DURING
FULL LOAD

12 F_R = sqrt(F_f1^2 + F_AR^2 -2*F_AR*F_f1*cos(phi+ (

%pi /2)) )

13 printf( ’ Requ i red f i e l d c u r r e n t i s %. 2 f A ’ ,F_R)

Scilab code Exa 5.17 TO DETERMINE VOLTAGE REGULATION ARMATURE REACTION AND LEAKAGE RESISTANCE

1 clc ,clear

2 printf( ’ Example 5 . 1 7\ n\n ’ )
3

4 V_L=400, V_ph=V_L/sqrt (3)
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Figure 5.10: TO DETERMINE FIELD CURRENT REQUIRED DURING
FULL LOAD

5 VA =40*10^3

6 I_L=VA/(sqrt (3)*V_L) , I_aph=I_L

7 I_aph_X_Lph = 0.65*50 // l e a k a g e r e a c t a n c e drop in
v o l t s = 2 . 4 cm ∗ 500 V/cm

8 X_Lph= I_aph_X_Lph/ I_aph

9 printf( ’ Armature l e a k a g e r e a c t a n c e i s %. 3 f ohms\
nNote : This answer doe sn t match with t ex tbook as
i t has been r e c i p r o c a t e d i n t ex tbook \n\n ’ ,X_Lph)

10 phi=acos (0.8) // l a g g i n g
11 E_ph = sqrt((V_ph*cos(phi))^2 +(V_ph*sin(phi)+

I_aph_X_Lph)^2)

12 F_f1 =15.6 // as ob ta i n ed from OCC co r r e s p ond i n g to
t h i s E ph

13

14 F_AR= 2.3*3 // 2 . 3 cm ∗ 3 A/cm
15 printf( ’ Armature r e a c t i o n i s %. 1 f \n ’ ,F_AR)
16 F_R = sqrt(F_f1^2 + F_AR^2 -2*F_AR*F_f1*cos(phi+ (

%pi /2)) ) // c o s i n e r u l e to T r i a n g l e OAB
17 E_ph =267.5 // c o r r e s p ond i n g to F R from open c i r c i u t

c h a r a c t e r i s t i c s
18 regulation =100*( E_ph -V_ph)/V_ph

19 printf( ’ Vo l tage r e g u l a t i o n at 0 . 8 p f l a g g i n g i s %. 1 f
p e r c en t \n ’ ,regulation)
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Figure 5.11: TO DETERMINE VOLTAGE REGULATION ARMATURE
REACTION AND LEAKAGE RESISTANCE
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Figure 5.12: TO DETERMINE VOLTAGE REGULATION ARMATURE
REACTION AND LEAKAGE RESISTANCE

Scilab code Exa 5.18 TO FIND VOLTAGE REGULATION OF ALTERNATOR FOR FULL LOAD CURRENT USING POTIER METHOD

1 clc ,clear

2 printf( ’ Example 5 . 1 8\ n\n ’ )
3

4 VA =10*10^3

5 V_L =11*10^3 , V_ph=V_L/sqrt (3)

6 I_ph_X_Lph = 2.4*500 // l e a k a g e r e a c t a n c e drop in
v o l t s = 2 . 4 cm ∗ 500 V/cm

7 I_ph_R_aph =VA/(sqrt (3)*V_L)

8 phi=acos (0.8)

9 E_ph = sqrt((V_ph*cos(phi)+I_ph_R_aph)^2 +(V_ph*sin(

phi)+ I_ph_X_Lph)^2)

10 F_f1 =109 // ob ta i n ed from open c i r c u i t
c h a r a c t e r i s t i c s c o r r e s p ond i n g to c a l c u l a t e d E ph

11 F_AR= 2.8*10 // 2 . 8 cm ∗ 10 A/cm
12 F_R = sqrt(F_f1^2 + F_AR^2 -2*F_AR*F_f1*cos(phi+ (

%pi /2)) ) // c o s i n e r u l e to T r i a n g l e OAB
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Figure 5.13: TO FIND VOLTAGE REGULATION OF ALTERNATOR
FOR FULL LOAD CURRENT USING POTIER METHOD
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13 E_ph =7700 // c o r r e s p ond i n g to F R from open c i r c i u t
c h a r a c t e r i s t i c s

14

15 regulation =100*( E_ph -V_ph)/V_ph

16 printf( ’ Vo l tage r e g u l a t i o n at f u l l −l o ad 0 . 8 p f
l a g g i n g i s %. 2 f p e r c en t \n ’ ,regulation)

Scilab code Exa 5.19 TO DETERMINE TERMINAL VOLTAGE AT A GIVEN EXCITATION

1 clc ,clear

2 printf( ’ Example 5 . 1 9\ n\n ’ )
3

4 VA =2000*1000

5 V_L =11000 , V_ph=V_L/sqrt (3)

6 R_a=0.3,X_s=5 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

7

8 // c a s e ( i )
9 phi=acos (0.8) // l a g g i n g

10 I_L=VA/(sqrt (3)*V_L) , I_a=I_L

11 E_ph = sqrt((V_ph*cos(phi)+I_a*R_a)^2 +(V_ph*sin(phi

)+ I_a*X_s)^2)

12

13 // Using E ph = s q r t ( ( V ph∗ co s ( ph i )+I aph ∗R a ) ˆ2 +(
V ph∗ s i n ( ph i )+ I aph ∗X s ) ˆ2)

14 //we ge t V phˆ2 −579.4455 V ph −44653301.91=0
15 p=[1 -579.4455 -44653301.91]

16 roots(p)

17 V_ph=ans(1) // second r o o t i s i g n o r ed as i t s −ve
18 printf( ’ Terminal v o l t a g e i s %. 4 f V ’ ,V_ph)
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Figure 5.14: TO DETERMINE TERMINAL VOLTAGE LOAD ANGLE
AND VOLTAGE REGULATION

Scilab code Exa 5.20 TO DETERMINE TERMINAL VOLTAGE LOAD ANGLE AND VOLTAGE REGULATION

1 clc ,clear

2 printf( ’ Example 5 . 2 0\ n\n ’ )
3

4 R_a=0.6,X_s=6 // armature r e s i s t a n c e and synchronous
r e a c t a n c e per phase

5 E_L =6599 , E_ph=E_L/sqrt (3)

6 I_L=180,I_a=I_L

7

8 // pa r t ( i )
9 // u s i n g E ph = s q r t ( ( V ph∗ co s ( ph i )+I a ∗R a ) ˆ2 +(

V ph∗ s i n ( ph i )+ I a ∗X s ) ˆ2) and s o l v i n g f o r V ph
10 p=[1 1135.83 -13338836.49]

11 roots(p)

12 V_ph=ans(2)

13 V_L=V_ph*sqrt (3)

14 regulation =100*( E_ph -V_ph)/V_ph

15

16 phi=acos (0.9)

17 theta=atan( (I_a*X_s+V_ph*sin(phi) )/(E_ph)

)

18 delta=theta -phi
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19 printf( ’ ( i ) 0 . 9 l a g g i n g \ nTerminal v o l t a g e i s %. 2 f V\
nVol tage r e g u l a t i o n i s %. 2 f p e r c en t \nLoad ang l e
i s %. 2 f d e g r e e s ’ ,V_ph*sqrt (3),regulation ,delta
*(180/ %pi))

20

21 // pa r t ( i i )
22 phi_2=acos (0.8)

23 // u s i n g E ph = s q r t ( ( V ph∗ co s ( ph i )+I a ∗R a ) ˆ2 +(
V ph∗ s i n ( ph i )− I a ∗X s ) ˆ2) and s o l v i n g f o r V ph

24 p=[1 -941.53 -11399574.87]

25 roots(p)

26 V_ph=ans(1) // second r o o t i s i g n o r ed as i t s −ve
27 V_L=V_ph*sqrt (3)

28 regulation2 =100*( E_ph -V_ph)/V_ph

29 delta_2 = asin( (tan(phi)*(V_ph*cos(phi_2)+I_a*R_a)

-I_a*X_s )/E_ph )

30 printf( ’ \n\n ( i i ) 0 . 8 l e a d i n g \ nTerminal v o l t a g e i s %. 2
f V\ nVol tage r e g u l a t i o n i s %. 2 f p e r c en t \nLoad
ang l e i s %. 2 f d e g r e e s ’ ,V_L ,regulation2 ,delta_2
*(180/ %pi))

Scilab code Exa 5.21 TO DETERMINE VOLTAGE REGULATION BY EMF METHOD AT VARIOUS POWER FATORS

1 clc ,clear

2 printf( ’ Example 5 . 2 1\ n\n ’ )
3

4 V_ph =2000

5 R_a =0.8

6 I_sc =100,I_a=I_sc

7 V_OC =500

8 I_f =2.5

9 Z_s=V_OC/I_sc

10

11 X_s=sqrt(Z_s^2- R_a ^2)

12 I_a_FL =100
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13

14 // Part ( i )
15 phi1=acos (1) // and l a g g i n g
16 E_ph1=sqrt((V_ph*cos(phi1)+I_a*R_a)^2+( V_ph*sin(phi1

)+I_a*X_s)^2)

17 regulation1 =100*( E_ph1 -V_ph)/V_ph

18 printf( ’ R egu l a t i on at upf i s %. 2 f p e r c en t \n ’ ,
regulation1)

19

20 // Part ( i i )
21 phi2=acos (0.8)

22 E_ph2=sqrt((V_ph*cos(phi2)+I_a*R_a)^2+( V_ph*sin(phi2

)-I_a*X_s)^2)

23 regulation2 =100*( E_ph2 -V_ph)/V_ph

24 printf( ’ R egu l a t i on at 0 . 8 l e a d i n g p f i s %. 2 f p e r c en t
\n ’ ,regulation2)

25

26 // Part ( i i i )
27 phi3=acos (0.71)

28 E_ph3=sqrt((V_ph*cos(phi3)+I_a*R_a)^2+( V_ph*sin(phi3

)+I_a*X_s)^2)

29 regulation3 =100*( E_ph3 -V_ph)/V_ph

30 printf( ’ R egu l a t i on at 0 . 7 1 l a g g i n g p f i s %. 2 f
p e r c en t \n ’ ,regulation3)

Scilab code Exa 5.22 TO DETERMINE CERTAIN QUANTITIES ASSOCIATED WITH SINGLE PHASE ALTERNATOR

1 clc ,clear

2 printf( ’ Example 5 . 2 2\ n\n ’ )
3

4 V=600

5 VA =60*10^3

6 I_sc =210

7 V_oc =480

8 I_f =10
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9 R_a =0.2

10

11 I=VA/V //VA=V∗ I and a l t e r n a t o r i s s i n g l e
phase

12 I_a=I

13

14 Z_s=V_oc/I_sc // Synchronous Impedance
15 X_s=sqrt(Z_s^2-R_a^2) // SYnchronous Reactance
16 printf( ’ Synchronous impedances i s %f ohms and

synchronous r e a c t a n c e i s %f ohms\n ’ ,Z_s ,X_s)
17

18 //PART ( i )
19 phi1=acos (0.8) // and l a g g i n g
20 E1=sqrt((V*cos(phi1)+I_a*R_a)^2+(V*sin(phi1)+I_a*X_s

)^2) // p l u s s i g n f o r l a g g i n g power f a c t o r
21 regulation1 =100*(E1-V)/V

22 printf( ’ \ nRegu l a t i on at 0 . 8 l a g g i n g p f i s %. 2 f
p e r c en t ’ ,regulation1 )

23

24 //PART ( i i )
25 phi2=acos (1)

26 E2=sqrt((V*cos(phi2)+I_a*R_a)^2+(V*sin(phi2)+I_a*X_s

)^2)

27 regulation2 =100*(E2-V)/V

28 printf( ’ \ nRegu l a t i on at UNITY pf i s %. 2 f p e r c en t ’ ,
regulation2 )

29

30 //PART ( i i i )
31 phi3=acos (0.6) // and l e a d i n g
32 E3=sqrt((V*cos(phi3)+I_a*R_a)^2+(V*sin(phi3)-I_a*X_s

)^2) //minus s i g n f o r l e a d i n g power f a c t o r
33 regulation3 =100*(E3-V)/V

34 printf( ’ \ nRegu l a t i on at 0 . 6 l e a d i n g p f i s %. 2 f
p e r c en t ’ ,regulation3 )
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Scilab code Exa 5.23 TO DETERMINE FULL LOAD VOLTAGE REGULATION AT LEADING AND LAGGING POWER FACTOR

1 clc ,clear

2 printf( ’ Example 5 . 2 3\ n\n ’ )
3

4 V_L =3300 , V_ph=V_L/sqrt (3)

5 I_a =100

6 I_f=5

7 V_OC_line =900 ,V_OC_ph=V_OC_line/sqrt (3)

8 R_a =0.8 // armature r e s i s t a n c e
9 I_aph=I_a

10 Z_s=V_OC_ph/I_aph

11 X_s=sqrt(Z_s^2-R_a^2) // synchronous r e a c t a n c e
12

13 // Part ( i )
14 phi1=acos (0.8) // and l a g g i n g
15 E_ph1=sqrt((V_ph*cos(phi1)+I_a*R_a)^2+( V_ph*sin(phi1

)+I_a*X_s)^2)

16 regulation1 =100*( E_ph1 -V_ph)/V_ph

17 printf( ’ R egu l a t i on at 0 . 8 l a g g i n g i s %. 2 f p e r c en t \n ’
,regulation1)

18

19 // Part ( i i )
20 phi2=acos (0.8) // and l e a d i n g
21 E_ph2=sqrt((V_ph*cos(phi2)+I_a*R_a)^2+( V_ph*sin(phi2

)-I_a*X_s)^2)

22 regulation2 =100*( E_ph2 -V_ph)/V_ph

23 printf( ’ R egu l a t i on at 0 . 8 l e a d i n g p f i s %. 2 f p e r c en t
\n ’ ,regulation2)

Scilab code Exa 5.24 TO CALCULATE PERCENTAGE REGULATION AT LEADING LAGGING AND UNITY POWER FACTORS

1 clc ,clear

2 printf( ’ Example 5 . 2 4\ n\n ’ )
3
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4 V_L =13500

5 R_a =1.5 , X_s=30 // armature r e s i s t a n c e and
synchronous r e a c t a n c e

6 V_ph=V_L/sqrt (3)

7

8 //CASE 1
9 phi1=acos (0.8)

10 P_out =1280*10^3

11 I_L= P_out/ (sqrt (3)*V_L*cos(phi1) ) // because
P out=s q r t ( 3 ) ∗V L∗ I L ∗ co s ( ph i )

12

13 I_a=I_L

14 E_ph=sqrt((V_ph*cos(phi1)+I_a*R_a)^2+( V_ph*sin(phi1)

+I_a*X_s)^2)

15 regulation =100*( E_ph -V_ph)/V_ph

16 printf( ’ R egu l a t i on at 0 . 8 l a g g i n g power f a c t o r i s %
. 2 f p e r c en t ’ ,regulation)

17

18 //Case 2
19 phi2=acos (1)

20 I_L= P_out/ (sqrt (3)*V_L*cos(phi2) ) // because
P out=s q r t ( 3 ) ∗V L∗ I L ∗ co s ( ph i )

21

22 I_a=I_L

23 E_ph=sqrt((V_ph*cos(phi2)+I_a*R_a)^2+( V_ph*sin(phi2)

+I_a*X_s)^2)

24 regulation2 =100*( E_ph -V_ph)/V_ph

25 printf( ’ \ nRegu l a t i on at un i t y power f a c t o r i s %. 2 f
p e r c en t ’ ,regulation2)

26

27 // c a s e 3
28 phi3=acos (0.8)

29 I_L= P_out/ (sqrt (3)*V_L*cos(phi3) ) // because
P out=s q r t ( 3 ) ∗V L∗ I L ∗ co s ( ph i )

30 I_a=I_L

31 E_ph=sqrt((V_ph*cos(phi3)+I_a*R_a)^2+( V_ph*sin(phi3)

-I_a*X_s)^2) // minus s i g n i n the second b r a ck e t
beacus e o f l e a d i n g p f
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32 regulation3 =100*( E_ph -V_ph)/V_ph

33 printf( ’ \ nRegu l a t i on at 0 . 8 l e a d i n g power f a c t o r i s
%. 2 f p e r c en t ’ ,regulation3)

Scilab code Exa 5.26 TO CALCULATE PERCENTAGE REGULATION USING EMF METHOD

1 clc ,clear

2 printf( ’ Example 5 . 2 6\ n\n ’ )
3

4 V_L =11*10^3

5 VA_rating =10^6

6 R_a =2.2 // a l t e r n a t o r r e s i s t a n c e
7 phi=acos (0.8)

8

9 I_L=VA_rating /(sqrt (3)*V_L)//VA=s q r t ( 3 ) V L∗ I L
10 I_a=I_L

11 V_ph=V_L/sqrt (3)

12 regulation =24

13

14 E_ph= (( regulation /100) +1)*V_ph // because
r e g u l a t i o n =100∗(E ph−V ph ) /V ph

15 // u s i n g E ph=s q r t ( ( V ph∗ co s ( ph i )+I a ∗R a ) ˆ2+(V ph∗
s i n ( ph i )+I a ∗X s ) ˆ2)

16 X_s=(sqrt(E_ph ^2-(( V_ph*cos(phi)+I_a*R_a)^2))-V_ph*

sin(phi))*(1/ I_a)

17

18 phi1=acos (0.8)

19 E_ph=sqrt((V_ph*cos(phi1)+I_a*R_a)^2+( V_ph*sin(phi1)

-I_a*X_s)^2)

20 regulation1 =100*( E_ph -V_ph)/V_ph

21 printf( ’ \ nRegu l a t i on at 0 . 8 l e a d i n g power f a c t o r i s
%. 2 f p e r c en t ’ ,regulation1)
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Scilab code Exa 5.27 TO DETERMINE CERTAIN CHARACTERISTICS RELATED TO STAR CONNECTED ALTERNATOR

1 clc ,clear

2 printf( ’ Example 5 . 2 7\ n\n ’ )
3

4 V_L =220

5 VA =100*10^3

6 R_a =0.1 // e f f e c t i v e r e s i s t a c n e o f a l t e r n a t o r
7 X_a =0.5 // l e a k a g e r e a c t a n c e
8 X_ar =2*X_a

9

10 Z_s=complex(R_a ,X_a+X_ar)

11

12 // Part ( 1 )
13 phi=acos (0.4)

14 V_ph=V_L/sqrt (3)

15 I_L=VA/(sqrt (3)*V_L)//VA=s q r t ( 3 ) ∗V L∗ I L
16 I_a=I_L

17 E_ph=sqrt((V_ph*cos(phi)+I_a*R_a)^2+( V_ph*sin(phi)+

I_a*(X_a+X_ar))^2)

18 printf( ’ ( i ) Requ i red no load v o l t a g e i s %. 3 f V ’ ,E_ph)
19

20 // Part ( 2 )
21 V_ph2=0

22 E_ph2=sqrt(( V_ph2*cos(phi)+I_a*R_a)^2+( V_ph2*sin(phi

)+I_a*(X_a+X_ar))^2)

23 printf( ’ \n ( i i ) Requ i red no load v o l t a g e i s %. 3 f V ’ ,
E_ph2)

Scilab code Exa 5.28 TO DETERMINE FULL LOAD PERCENTAGE REGULATION AT A LEADING AND LAGGING POWER FACTOR

1 clc ,clear

2 printf( ’ Example 5 . 2 8\ n\n ’ )
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Figure 5.15: TO DETERMINE FULL LOAD PERCENTAGE REGULA-
TION AT A LEADING AND LAGGING POWER FACTOR
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3

4 V_L =2000 , V_ph=V_L/sqrt (3)

5 VA =1000*10^3

6 I_L=VA/(sqrt (3)*V_L) // because VA=s q r t ( 3 ) ∗V L∗ I L
7 I_aph=I_L

8

9 I_f =28.5 // f o r t h i s I aph =288.67513 as ob ta i n ed from
SCC graph

10 V_oc_ph =1060 // f o r I f =28.5 as ob ta i n ed fromOCC graph
11 Z_s=V_oc_ph/I_aph

12 R_a =0.2 // armature e f f e c t i v e r e s i s t a n c e
13 X_s=sqrt( Z_s^2-R_a^2 )

14

15 // Part ( i )
16 phi1=acos (0.8) // l a g g i n g
17 E_ph1=sqrt((V_ph*cos(phi1)+I_aph*R_a)^2+( V_ph*sin(

phi1)+I_aph*X_s)^2)

18 regulation1 =100*( E_ph1 -V_ph)/V_ph

19 printf(” ( i ) Fu l l−l o ad p e r c en t a g e r e g u l a t i o n at 0 . 8 p f
l a g g i n g i s %. 2 f p e r c en t ”,regulation1)

20

21 // Part ( i i )
22 phi2=acos (0.8) // l e a d i n g
23 E_ph2=sqrt((V_ph*cos(phi2)+I_aph*R_a)^2+( V_ph*sin(

phi2)-I_aph*X_s)^2)

24 regulation2 =100*( E_ph2 -V_ph)/V_ph

25 printf(”\n ( i i ) Fu l l−l o ad p e r c en t a g e r e g u l a t i o n at 0 . 8
p f l e a d i n g i s %. 2 f p e r c en t \n\n”,regulation2)

26 printf( ’ Note tha t the answer mismatches because o f
c a l c u l a t i o n mi s take done i n the l a s t s t e p o f pa r t
1 ’ )

Scilab code Exa 5.29 TO CALCULATE PERCENTAGE REGULATION WHEN RATED OUTPUT SWITCHES OFF

1 clc ,clear
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2 printf( ’ Example 5 . 2 9\ n\n ’ )
3

4 V_L =3300

5 VA =200*10^3

6 R_a=0.6, X_s=6 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

7

8 I_L=VA/(sqrt (3)*V_L)//VA=s q r t ( 3 ) V L∗ I L
9 I_a=I_L

10 V_ph=V_L/sqrt (3)

11 phi=acos (0.8)

12 E_ph=sqrt((V_ph*cos(phi)+I_a*R_a)^2+( V_ph*sin(phi)+

I_a*X_s)^2)

13

14 regulation =100*( E_ph -V_ph)/V_ph

15 printf( ’ R egu l a t i on at 0 . 8 l a g g i n g power f a c t o r i s %
. 3 f p e r c en t ’ ,regulation)

16 printf( ’ \n Note : \ n Regu l a t i on i s p o s i t i v e f o r
l a g g i n g power f a c t o r l o a d s ’ )

Scilab code Exa 5.30 TO CALCULATE VOLTAGE REGULATION FOR FULL LOAD CURRENT AT CERTAIN LEADING AND LAGGING POWER FACTORS

1 clc ,clear

2 printf( ’ Example 5 . 3 0\ n\n ’ )
3

4 V_L =2300 , V_ph= V_L/sqrt (3)

5 f=50,R_a =0.2 // armature r e s i s t a n c e
6 I_sc =150

7 V_OC_line =780 , V_OC_ph=V_OC_line/sqrt (3)

8

9 Z_s= V_OC_ph/I_sc

10 X_s = sqrt(Z_s^2 - R_a ^2)

11 I_aph =25 , I_aFL=I_aph

12

13 // pa r t ( i )
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14 phi= acos (0.8) // l a g
15 E_ph = sqrt((V_ph*cos(phi)+I_aph*R_a)^2 +(V_ph*sin(

phi)+ I_aph*X_s)^2)

16 regulation =100*( E_ph -V_ph)/V_ph

17 printf( ’ Vo l tage r e g u l a t i o n at 0 . 8 p f l a g g i n g i s %. 3 f
p e r c en t \n ’ ,regulation)

18

19 // pa r t ( i i )
20 phi2= acos (0.8) // l e ad
21 E_ph2 = sqrt((V_ph*cos(phi2)+I_aph*R_a)^2 +(V_ph*sin

(phi2)- I_aph*X_s)^2 )

22 regulation2 =100*( E_ph2 -V_ph)/V_ph

23 printf( ’ Vo l tage r e g u l a t i o n at 0 . 8 p f l e a d i n g i s %. 3 f
p e r c en t ’ ,regulation2)
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Chapter 6

Synchronization and Parallel
Operation of Alternators

Scilab code Exa 6.2 TO DETERMINE TOTAL INDUCED EMF ON OPEN CIRCUIT

1 clc ,clear

2 printf( ’ Example 6 . 2\ n\n ’ )
3

4 X_d =0.7 , X_q =0.4 // d i r e c t and quadra tu r e a x i s
synchronous r e a c t a n c e p . u .

5 R_a=0

6 phi=acos (0.8) //Lag
7

8 V_t=1 // assumed r a t ed t e rm i n a l Vo l tage
9 I_a=1 // Fu l l−l o ad armature c u r r e n t

10

11 psi=atan( (V_t*sin(phi)+I_a*X_q)/(V_t*cos(phi)+I_a*

R_a) )

12 delta=psi -phi

13 I_d=I_a*sin(psi)

14 I_q=I_a*cos(psi)

15 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

16 printf( ’ Tota l e .m. f induced on open c i r c u i t i s %. 4 f
p . u . ’ ,E_f)
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Scilab code Exa 6.3 TO DETERMINE CERTAIN CHARACTERISTICS OF SINGLE PHASE ALTERNATORS WORKING IN PARALLEL

1 clc ,clear

2 printf( ’ Example 6 . 3\ n\n ’ )
3

4 // note tha t a new f u n c t i o n p2z has been d e f i n e d
below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form

5 function [FUN] = p2z(RRRR ,Theeeta)

6 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

7 endfunction

8

9 Z1=complex (0,3) // impedance o f a l t e r n a t o r 1
10 Z2=complex (0,4) // impedance o f a l t e r n a t o r 2
11 Z=6 // l oad
12 E1=p2z (220 ,0) // induced emf v e c t o r on no l oad
13 E2=p2z (220 ,10) // induced emf v e c t o r on no l oad
14

15 I1=((E1-E2)*Z+E1*Z2)/(Z*(Z1+Z2)+Z1*Z2)

16 I2=((E2-E1)*Z+E2*Z1)/(Z*(Z1+Z2)+Z1*Z2)

17

18 phi1=phasemag(I1) //Phasemag r e t u r n s the ang l e o f
complex number i n d e g r e e s

19 phi2=phasemag(I2) //Phasemag r e t u r n s the ang l e o f
complex number i n d e g r e e s

20

21 I=I1+I2

22 V=I*Z // Terminal v o l t a g e
23 printf( ’ ( i ) Terminal v o l t a g e i s %. 1 f v o l t s at %. 2 f

d e g r e e s \n ’ ,abs(V),phasemag(V))
24 printf( ’ ( i i ) Cur r en t s a r e %. 2 f A at %. 2 f d e g r e e s and

%. 2 f A at %. 2 f d e g r e e s \n Tota l c u r r e n t i s %
. 2 f A at %. 2 f d e g r e e s ’ ,abs(I1),phasemag(I1),abs
(I2),phasemag(I2),abs(I),phasemag(I))
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25

26 P1=abs(V)*abs(I1)*cosd(phi1)

27 P2=abs(V)*abs(I2)*cosd(phi2)

28 printf( ’ \n ( i i i ) Power d e l i v e r e d i s %. 2 f watt s and %. 2
f watt s ’ ,P1 ,P2)

Scilab code Exa 6.4 TO CALCULATE SYNCHRONISING POWER OF ARMATURE PER MECHANICAL DEGREE OF PHASE DISPLACEMENT

1 clc ,clear

2 printf( ’ Example 6 . 4\ n\n ’ )
3

4 V_l =10000

5 V_ph=V_l/sqrt (3)

6 VA =10*10^6

7 I_FL=VA/(V_l*sqrt (3)) // Current at f u l l l a od
8 IX_s =(20/100)*V_ph // product o f I and X s
9

10 X_s=IX_s/I_FL

11 N_s =1500

12 f=50

13 P=120*f/N_s // p o l e s
14

15 delta_dash_mech=%pi /180 // phase d i s p l a c emen t i n
d eg r e e mechan i ca l

16 delta_dash_elec=delta_dash_mech *(P/2) //P/2 i s p o l e
p a i r s ( and not p o l e s )

17 E=V_ph // s i n c e a l t e r n a t o r i s on no−l o ad
18 P_SY=delta_dash_elec*E^2/X_s // Synchronous Power
19 P_SY_3ph=P_SY*3 // For 3 phase s
20

21 printf( ’ S yn ch r on i s i n g Power o f armature i s %. 3 f kW. \
nSynch r on i s i n g Power f o r 3 phase i s %. 3 f kW’ ,P_SY
*10^-3, P_SY_3ph *10^ -3)
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Scilab code Exa 6.5 CALCULATE SYNCHRONISING POWER AND TORQUE AT NO LOAD AND FULL LOAD

1 clc ,clear

2 printf( ’ Example 6 . 5\ n\n ’ )
3 // note tha t a new f u n c t i o n p2z has been d e f i n e d

below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form

4 function [FUN] = p2z(RRRR ,Theeeta)

5 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

6 endfunction

7

8 V_L =6.6*10^3

9 V_ph=V_L/sqrt (3)

10 VA =3*10^6

11 I_FL=VA/(V_L*sqrt (3)) // f u l l l o ad c u r r e n t
12 P=8,f=50 // p o l e s and f r e qu en cy
13

14 X_s=complex (0 ,2.9) //X s=2.9
15 delta_dash_mech=%pi /180

16 delta_dash_elec=delta_dash_mech *(P/2) //P/2 i s p o l e
p a i r s ( and not p o l e s )

17

18 // pa r t ( i )
19 E=V_ph

20 P_SY=delta_dash_elec*E^2/abs(X_s) // Synchronous
Power per phase

21 P_SY_3ph=P_SY*3 // For 3 phase s
22 printf( ’ ( i ) S yn ch r on i s i n g power at no l oad i s %. 3 f

kW’ ,P_SY *10^ -3)
23 printf( ’ \n Tota l s y n c h r o n i s i n g power at no l oad i s

%. 2 f kW\n ’ ,P_SY_3ph *10^ -3)
24

25 N_s =120*f/P // i n rpm
26 n_s=(N_s)/60 // i n rp s
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27 T_SY=P_SY_3ph /(2* %pi*n_s)

28 printf( ’ \ nSynchronous t o rque per mechan i ca l d eg r e e
o f phase d i s p l a c emen t i s %. 2 f ∗ 10ˆ3 N−m’ ,T_SY
*10^ -3)

29

30 // pa r t ( i i )
31 phi=acosd (0.85)

32 I=p2z(I_FL ,0)

33 V=p2z(V_ph ,phi)

34

35 E=V+I*X_s

36 //E l e a d s I by phasemag (E) . V l e a d s I by phasemag (V)
37

38 delta=(%pi /180)* (phasemag(E)-phasemag(V) ) // power
ang l e i n r a d i a n s

39 P_SY2=abs(E)*abs(V)*cos(delta)*sin(delta_dash_elec)/

abs(X_s)

40

41 P_SY_total_2 =3* P_SY2

42 // n s=T SY/(P SY/(2∗%pi ) ) // because T SY=P SY
/(2∗%pi∗ n s )

43 printf( ’ \n\n ( i i ) Tota l s y n c h r o n i s i n g power i s %. 0 f kW
’ ,P_SY_total_2 *10^ -3)

44

45 T_SY2=P_SY_total_2 /(2* %pi*n_s)

46 printf( ’ \ nSynch r on i s i n g to rque i s %. 2 f ∗ 10ˆ3 N−m’ ,
T_SY2 /1000)

Scilab code Exa 6.6 TO DETERMINE PERCENTAGE CHANGE IN INDUCED EMF REQUIRED TO BRING UNITY POWER FACTOR

1 clc ,clear

2 printf( ’ Example 6 . 6\ n\n ’ )
3 // note tha t a new f u n c t i o n p2z has been d e f i n e d

below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form
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4 function [FUN] = p2z(RRRR ,Theeeta)

5 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

6 endfunction

7

8 V_l =10*10^3

9 V_ph=V_l/sqrt (3)

10 R_a =0.4

11 Z=complex(R_a ,6)

12 I_a=p2z(300,-acosd (0.8))

13 E=V_ph+I_a*Z

14

15 phi=acos (0.8)

16 alternator_op_ph=V_ph*abs(I_a)*cos(phi) //Power
d e l i v e r e d to i n f i n i t e bus per phase

17

18 //Power d e l i e r e d to the a l t r e r n a t o r = Power
d e l i v ew r ed to bus bar + I ˆ2∗R l o s s e s i n armature

19 alternator_power= alternator_op_ph+ abs(I_a)^2*R_a

20

21 // t h i s power deve l oped remains c on s t an t . change p f to
1 and c a l c u l a t e c o r r e s p ond i n g armature c u r r e n t

22 // a l t e r n a t o r p ow e r=V ph∗ I a 1 ∗ co s ( ph i1 )+I a 1 ˆ2∗0 . 4
23 // s o l v e the quad r a t i c e qua t i on 0 . 4 I a 1 ˆ2+5773.50

I a1− 1421640 =0
24 I_a1 =(-1* V_ph+sqrt(V_ph ^2-4*R_a*-1* alternator_power)

)/(2* R_a)

25

26 // a l s o as f o l l o w s
27 E1=V_ph+I_a1*Z

28 decrease =100*( abs(E)-abs(E1))/abs(E)

29 printf( ’ Pe r c en tage d e c r e a s e i n induced e .m. f i s %. 1 f
p e r c en t ’ ,decrease)
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Figure 6.1: TO DETERMINE LOAD SHARING AND UPF MAXIMUM
LOAD
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Scilab code Exa 6.7 TO DETERMINE LOAD SHARING AND UPF MAXIMUM LOAD

1 clc ,clear

2 printf( ’ Example 6 . 7\ n\n ’ )
3

4 // Line PQ f o r Al te rmnator 1 , and PR f o r a l t e r n a a t o r
2 .AB i s at f r e qu en cy x from P where t o t a l l o ad i s
3000 kW

5 QC=2000,PS=2.5, //PC=x
6 TR=2000,PT=2

7

8 // u s i n g s i m i l a r i t y o f t r i a n g l e s PAC and PQS
9 AC_by_PC =(QC/PS)// because (AC/QC)=(PC/PS)

10 // u s i n g s i m i l a r i t y o f t r i a n g l e s PCB and PTR
11 CB_by_PC =(TR/PT) // because (CB/TR)=(PC/PT)
12

13 AC_by_x=AC_by_PC // which imp l i e s AC=12.5∗x
14 CB_by_x=CB_by_PC // which imp l i e s CB=16.67∗x
15

16 AC_plus_CB =3000 // t o t a l l o ad at the f r e qu en cy at P
i s 30 kW

17 x= AC_plus_CB /( AC_by_x + CB_by_x)

18 AC=AC_by_x * x

19 CB=CB_by_x * x

20 frequency =50-x

21 printf( ’ Loads sha r ed by a l t e r n a t o r 1 and 2 a r e %. 2 f
kW and %. 2 f kW r e s p e c t i v e l y ’ ,AC ,CB)

22

23 // c o n s t r u c t i o n f o r max l oad : RT i s extended to cut
PQ at X.

24 QS=2000,RT=2000 // s e e f i g u r e
25 XT=QS*(PT/PS)

26 RX=RT+XT //maximum load
27

28 printf( ’ \nMaximum load i s %. 0 f kW’ ,RX)
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Figure 6.2: TO DETERMINE ARMATURE CURRENT OF ALTERNA-
TOR 2 AND PF OF EACH ALTERNATORS

Scilab code Exa 6.8 TO DETERMINE ARMATURE CURRENT OF ALTERNATOR 2 AND PF OF EACH ALTERNATORS

1 clc ,clear

2 printf( ’ Example 6 . 8\ n\n ’ )
3

4 P_out =1500*10^3

5 V_L =11000

6 phi=acos (0.8)

7 I_L=P_out /(sqrt (3)*V_L*cos(phi))

8

9 I_L_actv=I_L*cos(phi) // wa t t f u l o r a c t i v e
component o f c u r r e n t

10 I_L_reactive=I_L*sin(phi) // w a t t l e s s or r e a c t i v e
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component o f c u r r e n t
11

12 I_each=I_L/2 // i n i d e n t i c a l c o n d i t i o n s
13 I_arm1 =45 // g i v en
14 I_1_reactive=sqrt(I_arm1 ^2 -39.364^2 ) // from the

power t r i a n g l e
15 I_2_reactive =59.046 -21.80

16 I_a_2=sqrt( 39.364^2 + I_2_reactive ^2 ) // r e q u i r e d
armature c u r r e n t o f 2nd a l t e r n a t o r

17 printf( ’ Requ i red armature c u r r e n t o f s econd
a l t e r n a t o r i s %. 4 f A\n ’ ,I_a_2)

18 // power f a c t o r s o f 2 machines
19 cos_phi1 =39.364/45

20 cos_phi2 =39.364/54.1921

21

22 printf( ’ Power f a c t o r s a r e %. 4 f l a g g i n g and %. 4 f
l a g g i n g ’ ,cos_phi1 ,cos_phi2)

Scilab code Exa 6.9 TO DETERMINE LOAD ON EACH MACHINE

1 clc ,clear

2 printf( ’ Example 6 . 9\ n\n ’ )
3

4 // Line AB f o r Al te rmnator 1 , and AC f o r a l t e r n a t o r
2 .AF i s at f r e qu en cy x measured from A where
t o t a l l o ad i s 3000 kW

5 BO=2000,AO=5 //AF=x
6 DC=2000,AD=3, //AF=x
7

8 // u s i n g s i m i l a r i t y o f t r i a n g l e s AEF and ABO
9 EF_by_AF =(BO/AO)// because (EF/BO)=(AF/AO)

10 // u s i n g s i m i l a r i t y o f t r i a n g l e s AFG and ADC
11 FG_by_AF =(DC/AD) // because (FG/DC)=(AF/AD)
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Figure 6.3: TO DETERMINE LOAD ON EACH MACHINE
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12

13 EF_by_x=EF_by_AF // which imp l i e s EF=400∗x
14 FG_by_x=FG_by_AF // which imp l i e s FG=666.67∗ x
15

16 EF_plus_FG =3000 // t o t a l l o ad at the f r e qu en cy at P
i s 3000 kW

17 x= EF_plus_FG /( EF_by_x + FG_by_x)

18 EF=(BO/AO)*x

19 FG=(DC/AD)*x

20

21 printf( ’ Loads sha r ed by machine 1 and 2 a r e %. 0 f kW
and %. 0 f kW r e s p e c t i v e l y ’ ,EF ,FG)

Scilab code Exa 6.10 TO DETERMINE SYNCHRONISING POWER PER MECHANICAL DEGREE OF DISPLACEMNT AND CORRESPONDING SYNCHRONISING TORQUE

1 clc ,clear

2 printf( ’ Example 6 . 1 0\ n\n ’ )
3 // note tha t a new f u n c t i o n p2z has been d e f i n e d

below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form

4 function [FUN] = p2z(RRRR ,Theeeta)

5 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

6 endfunction

7

8 V_l =6000

9 V_ph=V_l/sqrt (3)

10 VA =2000*10^3

11 I_FL=VA/(V_l*sqrt (3))

12 X_s=complex (0,6) // synchronous r e a c t a n c e
13 P=8

14 f=50

15

16 delta_mech=%pi /180 // phase d i sp l a c emant i n deg r e e
mechan i ca l

17 // phase d i sp l a c emant i n deg r e e e l e c t r i c a l
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18 delta_elec=delta_mech *(P/2) //P/2 i s p o l e p a i r s ( and
not p o l e s )

19

20 phi=acosd (0.8)

21 V=p2z(V_ph ,phi)

22 E=V+I_FL*X_s

23 //E l e a d s I by phasemag (E) . V l e a d s I by phasemag (V)
24

25 delta=(%pi /180)* (phasemag(E)-phasemag(V) ) // power
ang l e i n r a d i a n s

26 P_SY=abs(E)*abs(V)*cos(delta)*sin(delta_elec)/abs(

X_s) // s y n c h r o n i s i n g power
27 P_SY_total =3* P_SY // t o t l a s y n c h r o n i s i n g power
28 printf( ’ Tota l s y n c h r o n i s i n g power i s %. 3 f kW’ ,10^-3*

P_SY_total)

29

30 N_s =120*f/P // i n rpm
31 n_s=(N_s)/60 // i n rp s
32 T_SY=P_SY_total /(2* %pi*n_s)

33 printf( ’ \ nSynch r on i s i n g to rque i s %. 0 f N−m’ ,T_SY)

Scilab code Exa 6.11 TO CALCULATE SYNCHRONISING POWER AND SYNCHRONISING TORQUE

1 clc ,clear

2 printf( ’ Example 6 . 1 1\ n\n ’ )
3

4 // note tha t a new f u n c t i o n p2z has been d e f i n e d
below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form

5 function [FUN] = p2z(RRRR ,Theeeta)

6 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

7 endfunction

8

9 V_l =3300

10 V_ph=V_l/sqrt (3)
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11 VA =3*10^6

12 I_FL=VA/(V_l*sqrt (3))

13 IX_s =(25/100)*V_ph // product o f I and X s
14 X_s=complex(0,IX_s/I_FL) // synchronous r e a c t a n c e
15 N_s =1000 // i n rpm
16 P=6

17 f=50

18

19 delta_dash_mech=%pi /180

20 delta_dash_elec=delta_dash_mech *(P/2) //P/2 i s p o l e
p a i r s ( and not p o l e s )

21

22 I=I_FL

23 phi=acosd (0.8)

24 V=p2z(V_ph ,phi)

25 E=V+I*X_s

26 //E l e a d s I by phasemag (E) . V l e a d s I by phasemag (V)
27

28 delta=(%pi /180)* (phasemag(E)-phasemag(V) ) // power
ang l e i n r a d i a n s

29 P_SY=abs(E)*abs(V)*cos(delta)*sin(delta_dash_elec)/

abs(X_s) // Syn ch r on i s i n g power per phase
30 printf( ’ S yn ch r on i s i n g power i s %. 3 f kW’ ,10^-3* P_SY)
31 P_SY_total =3* P_SY // Tota l s y n c h r o n i s i n g power
32

33 N_s =120*f/P // i n rpm
34 n_s=(N_s)/60 // i n rp s
35 T_SY=P_SY_total /(2* %pi*n_s)

36 printf( ’ \ nSynch r on i s i n g to rque i s %. 0 f N−m’ ,T_SY)
37

38 printf( ’ \n\nAnswer mismatches due to approx imat i on ’ )

Scilab code Exa 6.12 TO CALCULATE SYNCHRONISING POWER AND CORRESPONDING SYNCHRONISING TORQUE

1 clc ,clear
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2 printf( ’ Example 6 . 1 2\ n\n ’ )
3

4 V_l =3300

5 V_ph=V_l/sqrt (3)

6 VA =3*10^6

7 I_FL=VA/(V_l*sqrt (3))

8 IX_s =(20/100)*V_ph // product o f I and X s
9 X_s=complex(0,IX_s/I_FL) // synchronous r e a c t a n c e
10 N_s =1000

11 P=6

12 f=50

13

14 delta_dash_mech=%pi /180 // phase d i s p l a c emen t i n
d eg r e e mechan i ca l

15 // phase d i s p l a c emen t i n d eg r e e e l e c t r i c a l
16 delta_dash_elec=delta_dash_mech *(P/2) //P/2 i s p o l e

p a i r s ( and not p o l e s )
17

18 E=V_ph

19 Z_s=X_s // s i n c e R=0
20 P_SY=abs(E)*abs(V_ph)*delta_dash_elec/abs(Z_s) //

Syn ch r on i s i n g power per phase
21 printf( ’ S yn ch r on i s i n g power i s %. 3 f kW’ ,10^-3* P_SY)
22 P_SY_total =3* P_SY // Tota l s y n c h r o n i s i n g power
23 printf( ’ \n3 phase s y n c h r o n i s i n g power i s %. 3 f kW’

,10^-3* P_SY_total)

24

25 N_s =120*f/P // i n rpm
26 n_s=(N_s)/60 // i n rp s
27 T_SY=P_SY_total /(2* %pi*n_s)

28 printf( ’ \ nSynch r on i s i n g to rque i s %. 0 f N−m’ ,T_SY)

Scilab code Exa 6.13 TO DETERMINE SYNCHRONISING POWER PER MECHANICAL DEGREE OF DISPLACEMENT
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Figure 6.4: TO DETERMINE SYNCHRONISING POWER PER ME-
CHANICAL DEGREE OF DISPLACEMENT
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1 clc ,clear

2 printf( ’ Example 6 . 1 3\ n\n ’ )
3

4 V_L =11*10^3

5 V_ph=V_L/sqrt (3)

6 VA =700*10^3

7 I_FL=VA/(sqrt (3)*V_L) // f u l l l o ad c u r r e n t
8 IR_a =(1.5/100)*V_ph // product o f I and R a
9 R_a=IR_a/I_FL

10 IX_s =(14/100)*V_ph // product o f I and X s
11 X_s=IX_s/I_FL // synchronous r e a c t a n c e
12

13 // at f u l l l o ad and 0 . 8 p f
14 I=I_FL

15 phi=acos (0.8)

16 V_ph=complex(V_ph*cos(phi),V_ph*sin(phi)) // j u s t
i n t r odu c ed the ang l e

17 E_ph=sqrt( (abs(V_ph)*cos(phi)+ IR_a)^2+ (abs(

V_ph)*sin(phi)+ IX_s)^2 )

18

19 Poles=4,f=50 // p o l e s and f r e qu en cy
20 delta=asin( (abs(V_ph)*sin(phi)+IX_s)/E_ph) -phi

21 delta_dash_mech =(%pi /180) // d i s p l a c emen t i n d eg r e e
mechan i ca l

22 // d i s p l a c emen t i n d eg r e e e l e c t r i c a l
23 delta_dash_elec=delta_dash_mech *(Poles /2)

24 P_SY=abs(E_ph)*abs(V_ph)*cos(delta)*sin(

delta_dash_elec)/X_s // s y n c h r o n i s i n g power per
phase

25 P_SY_total =3* P_SY // t o t a l s y n c h r o n i s i n g power
26

27 ns=120*f/(60* Poles) // i n r . p . s
28 T_SY=P_SY_total /(2* %pi*ns) // Syn ch r on i s i n g t o rque
29 printf( ’ S yn ch r on i s i n g power i s %. 2 fkW\n ’ ,P_SY_total

/1000)

30 printf( ’ S yn ch r on i s i n g t o rque i s %. 2 f N−m’ ,T_SY)
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Scilab code Exa 6.14 TO CALCULATE SYNCHRONISING TORQUE PER MECHANICAL DEGREE OF DISPLACEMENT

1 clc ,clear

2 printf( ’ Example 6 . 1 4\ n\n ’ )
3

4 V_l =9*10^3

5 V_ph=V_l/sqrt (3)

6 VA =5.5*10^6

7 I_FL=VA/(V_l*sqrt (3))

8 IX_s =(25/100)*V_ph // product o f I and X s
9 X_s=complex(0,IX_s/I_FL) // synchronous r e a c t a n c e
10 N_s =1500 // i n rpm
11 n_s=N_s/60 // i n rp s
12 f=50,P=120*f/N_s // f r e qu en cy and po l e
13

14 delta_dash_mech=%pi /180 // d i sp l a c emnt i n d eg r e e
mechan i ca l

15 // d i sp l a c emnt i n d eg r e e e l e c t r i c a l
16 delta_dash_elec=delta_dash_mech *(P/2) //P/2 i s p o l e

p a i r s ( and not p o l e s )
17

18 E=V_ph

19 P_SY=abs(E)*abs(V_ph)*delta_dash_elec/abs(X_s) //
Syn ch r on i s i n g power per phase

20 P_SY_total =3* P_SY // Tota l s y n c h r o n i s i n g power
21

22 T_SY=P_SY_total /(2* %pi*n_s)

23 printf( ’ \ nSynch r on i s i n g to rque i s %. 2 f N−m’ ,T_SY)
24 printf( ’ \nAnswer mismatches due to approx imat i on ’ )
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Figure 6.5: TO CALCULATE SYNCHRONISING POWER SYNCHRONIS-
ING TORQUE PER MECHANICAL DEGREE OF DISPLACEMENT
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Scilab code Exa 6.15 TO CALCULATE SYNCHRONISING POWER SYNCHRONISING TORQUE PER MECHANICAL DEGREE OF DISPLACEMENT

1 clc ,clear

2 printf( ’ Example 6 . 1 5\ n\n ’ )
3

4 V_L =6*10^3

5 V_ph=V_L/sqrt (3)

6 VA =2000*10^3

7 I_FL=VA/(sqrt (3)*V_L) ,I=I_FL

8

9 X_s=1.2,R_a =0.01 // both per un i t
10 IR_a =(1/100)*V_ph // product o f I and R a
11 R_a=IR_a/I_FL

12 IX_s =(120/100)*V_ph // product o f I and X s
13 // IX s =(12/100) ∗V ph // t h i s i s the mi s take made

i n the t ex tbook
14 X_s=IX_s/I_FL

15

16 // at f u l l l o ad and 0 . 8 p f
17 phi=acos (0.8)

18 //V ph=complex ( V ph∗ co s ( ph i ) , V ph∗ s i n ( ph i ) ) // j u s t
i n t r odu c ed the ang l e

19 E_ph=sqrt( (abs(V_ph)*cos(phi)+ IR_a)^2+ (abs(

V_ph)*sin(phi)+ IX_s)^2 )

20 Poles=8,f=50

21

22 delta=asin( (abs(V_ph)*sin(phi)+IX_s)/E_ph) -phi

23 delta_dash_mech =(%pi /180) // d i sp l a c emnt i n d eg r e e
mechan i ca l

24 // d i sp l a c emnt i n d eg r e e e l e c t r i c a l
25 delta_dash_elec=delta_dash_mech *(Poles /2)

26 P_SY=abs(E_ph)*abs(V_ph)*cos(delta)*sin(

delta_dash_elec)/X_s // s y n c h r o n i s i n g power per
phase

27 P_SY_total =3* P_SY // t o t a l s y n c h r o n i s i n g power
28

29 ns=120*f/(60* Poles) // i n r . p . s
30 T_SY=P_SY_total /(2* %pi*ns) // Syn ch r on i s i n g t o rque
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31

32 printf( ’ S yn ch r on i s i n g power i s %. 2 f kW\n ’ ,P_SY_total
/1000)

33 printf( ’ S yn ch r on i s i n g t o rque i s %. 2 f N−m’ ,T_SY)
34

35 printf( ’ \n\nNote tha t answer ob ta i n ed doe sn t match
with t ex tbook due to the f o l l o w i n g r e a s o n s : \n ( i )
IX s i s c o n s i d e r e d wrong i n t ex tbook . \ n I t shou ld
have been 4 1 5 6 . 9 2 ( i n s t e a d o f 4 1 5 . 6 9 2 ) \nTo
v e r i f y t h i s use commented s ta t ement o f IX s ( l i n e
13) and n o t i c e tha t i t matches with t ex tbook ans

then ’ )

Scilab code Exa 6.16 TO CALCULATE SYNCHRONIZING POWER PER MECHANICAL DEGREE OF DISPLACEMENT AND CORRESPONDING SYNCHRONIZING TORQUE

1 clc ,clear

2 printf( ’ Example 6 . 1 6\ n\n ’ )
3

4 E=11*10^3/ sqrt (3)

5 I_sc =1000 , Pole=2,f=50

6 delta_dash_mech =1*%pi /180 // d i sp l a c emnt i n d eg r e e
mechan i ca l

7 // d i sp l a c emnt i n d eg r e e e l e c t r i c a l
8 delta_dash_elec=delta_dash_mech *(Pole /2)

9 P_SY=E*I_sc*delta_dash_mech // s y n c h r o n i s i n g power
per phase

10 P_SY_total=P_SY*3 // t o t a l s y n c h r o n i s i n g power
11

12 ns=120*f/(60* Pole) // i n r . p . s
13 T_SY=P_SY_total /(2* %pi*ns) // Syn ch r on i s i n g t o rque
14

15 printf( ’ S yn ch r on i s i n g power i s %. 2 f kW\n ’ ,P_SY_total
/1000)

16 printf( ’ S yn ch r on i s i n g t o rque i s %. 2 f N−m’ ,T_SY)
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Figure 6.6: DETERMINE THE LOAD SHARED BY EACH OF THE 2
MACHINES

Scilab code Exa 6.17 DETERMINE THE LOAD SHARED BY EACH OF THE 2 MACHINES

1 clc ,clear

2 printf( ’ Example 6 . 1 7\ n\n ’ )
3 // Line PQ f o r Al te rmnator 1 , and PR f o r a l t e r n a a t o r

2 .AB i s at f r e qu en cy x from P where t o t a l l o ad i s
30 MW

4 QT=25,PT=2,//PC=x
5 SR=25,PS=1.5

6
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7 // u s i n g s i m i l a r i t y o f t r i a n g l e s PAC and PQT
8 AC_by_PC =(QT/PT)// because (AC/QT)=(PC/PT)
9 // u s i n g s i m i l a r i t y o f t r i a n g l e s PCB and PSR
10 CB_by_PC =(SR/PS)

11

12 AC_by_x=AC_by_PC // which imp l i e s AC=12.5∗x
13 CB_by_x=CB_by_PC // which imp l i e s CB=16.67∗x
14

15 AC_plus_CB =30 // t o t a l l o ad at the f r e qu en cy at P i s
30 MW

16 x= AC_plus_CB /( AC_by_x + CB_by_x)

17 AC =12.5*x

18 CB =16.67*x

19 frequency =50-x

20 printf( ’ Loads sha r ed by a l t e r n a t o r 1 and 2 a r e %. 2 f
MW and %. 2 f MW r e s p e c t i v e l y ’ ,AC ,CB)

Scilab code Exa 6.18 TO DETERMINE THE EXCITATION OF 2ND ALTERNATORS

1 clc ,clear

2 printf( ’ Example 6 . 1 8\ n\n ’ )
3 // note tha t a new f u n c t i o n p2z has been d e f i n e d

below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form

4 function [FUN] = p2z(RRRR ,Theeeta)

5 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

6 endfunction

7

8 load_total =1600*10^3

9 pf=1/ sqrt (2) // l a g
10 V_L =6600

11 I_L=p2z(load_total /(sqrt (3)*V_L*pf) ,-1*acosd(pf))

12 I_1=p2z(90,-1* acosd (0.8))
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Figure 6.7: TO DETERMINE THE EXCITATION OF 2ND ALTERNA-
TORS
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13 I_2=I_L -I_1

14 phi=abs(phasemag(I_2))

15 I_a=abs(I_2)

16 R_a =1.05 ,X_s=5 // r e s i s t a n c e and synchronous
r e a c t a n c e per phase

17 V_ph=V_L/sqrt (3)

18 E_ph=sqrt( (V_ph*cos(phi)+I_a*R_a )^2 + ( V_ph*sin(

phi)+I_a*X_s )^2 )

19 E_line=sqrt (3)*E_ph

20

21 printf( ’ E x c i t a t i o n o f s econd a l t e r n a t o r i s %. 2 f V ’ ,
E_line)

22 printf( ’ \n The c o r r e s p ond i n g f i e l d c u r r e n t from the
graph i s about 310 A\n\n ’ )

23 printf( ’ Note : The answer ob ta i n ed w i l l d i f f e r from
tex tbook answer because o f h i g h e r d eg r e e \ no f
a c cu ra cy wh i l e s t o r i n g I 2 and the improper
round ing o f f o f I 2 i n the t ex tbook ’ )

Scilab code Exa 6.19 TO DETERMINE SYNCHRONISING POWER PER MECHANICAL DEGREE OF DISPLACEMENT UNDER NOLOAD

1 clc ,clear

2 printf( ’ Example 6 . 1 9\ n\n ’ )
3

4 V_L =10*10^3

5 V_ph=V_L/sqrt (3)

6 VA =5*10^6

7 I_FL=VA/(sqrt (3)*V_L) // f u l l −l o ad c u r r e n t
8 IX_s =(20/100)*V_ph // product o f I and X s
9 X_s=IX_s/I_FL // synchronous r e a c t a n c e
10 P=4

11 delta_dash_mech =1*( %pi /180) // d i s p l a c emen t i n d eg r e e
mechan i ca l

12 // d i s p l a c emen t i n d eg r e e e l e c t r i c a l
13 delta_dash_elec=delta_dash_mech *(P/2)
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Figure 6.8: TO FIND EMF AND POWER ANGLE

14 E=V_ph // at no l oad
15 P_SY= delta_dash_elec*E^2/X_s // s y n c h r o n i s i n g power

per phase
16 P_SY_total=P_SY*3 // Tota l s y n c h r o n i s i n g power
17

18 printf( ’ S yn ch r on i s i n g power per phase i s %. 2 fkW\
nTota l s y n c h r o n i s i n g power i s %. 2 fkW ’ ,P_SY /1000,
P_SY_total /1000)
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Scilab code Exa 6.20 TO FIND EMF AND POWER ANGLE

1 clc ,clear

2 printf( ’ Example 6 . 2 0\ n\n ’ )
3

4 Power_total =1.414 // per un i t
5 V_L=1 // per un i t
6 phi_t=acos (0.707)

7 I_L_T=Power_total /(sqrt (3)*V_L*cos(phi_t)) // Tota l
c u r r e n t

8 // Current s u pp l i e d by each a l t e r n a t o r
9 I_1=I_L_T /2

10 I_2=I_1

11 V_ph=V_L/sqrt (3)

12

13 phi=acos (0.707)

14 R_a=0,X_s =0.6 // r e s i s t a c n e and synchronous r e a c t a n c e
15 E_ph=sqrt( (V_ph*cos(phi)+ I_1*R_a)^2 + (V_ph*sin(

phi)+I_1*X_s)^2 )

16 delta= atan((I_1*X_s+V_ph*sin(phi)) / (V_ph*cos(phi)

)) - phi // power ang l e
17

18 printf( ’EMF i s %. 4 f p . u . and power ang l e i s %. 2 f
d e g r e e s ’ ,E_ph ,delta *(180/ %pi))

19 printf( ’ \n\ nFo l l ow ing as sumpt ions were made : \ n ’ )
20 printf( ’ 1 . Terminal or bus bar v o l t a g e at ppo in t o f

c onn e c t i o n i s c on s t an t \n ’ )
21 printf( ’ 2 . The a l t e r n a t o r s a r e i d e n t i c a l and a r e

i n i t i a l l y e q u a l l y e x c i t e d \n ’ )
22 printf( ’ 3 . The power s u pp l i e d by prime movers i s

a d j u s t e d so tha t each machine c a r r i e s h a l f the
l oad r e p r e s e n t e d by e x t e r n a l impedance Z=R+ j 2
p i f L , where R and L ar e c on s t an t \n ’ )

23 printf( ’ 4 . The s t a t o r r e s i s t a n c e i s n e g l i g i b l e ’ )
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Scilab code Exa 6.21 TO FIND THE EXCITATION EMF

1 clc ,clear

2 printf( ’ Example 6 . 2 1\ n\n ’ )
3

4 V_l =480

5 X_d=0.1,X_q =0.075 , R_a=0 // armature r e s i s t a n c e and
synchronous r e a c t a n c e o f d i r e c t , quadra tu r e a x i s

6 I_l =1200

7 I_ph=I_l/sqrt (3)

8 V_ph=V_l

9 V_t=V_l ,I_a=I_ph

10 phi=acos (0.8)

11 psi=atan( (V_t*sin(phi)+I_a*X_q)/(V_t*cos(phi)+I_a*

R_a) )

12 delta=psi -phi

13

14 I_d=I_a*sin(psi)

15 I_q=I_a*cos(psi)

16 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

17

18 printf( ’ E x c i t a t i o n e .m. f i s %. 2 f V ’ ,E_f)

Scilab code Exa 6.22 TO DETERMINE REGULATION AND EXCITATION EMF REQUIRED TO MAINTAIN CERTAIN TERMINAL VOLTAGE

1 clc ,clear

2 printf( ’ Example 6 . 2 2\ n\n ’ )
3

4 VA =3.5*10^6

5 P=32 // Po l e s
6 Power =2.5*10^6 // In watt s
7 V_l =6.6*10^3

8 phi=acos (0.8)

9 I_l=Power /(V_l*cos(phi)*sqrt (3))

10 X_d=9.6,X_q=6,R_a=0 // armature r e s i s t a n c e and
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synchronous r e a c t a n c e o f d i r e c t , quadra tu r e a x i s
11

12 V_t=V_l/sqrt (3)

13 psi=atan( (V_t*sin(phi)+I_l*X_q)/(V_t*cos(phi)+I_l*

R_a) )

14 delta=psi -phi

15 I_s=I_l

16 I_d=I_s*sin(psi)

17 I_q=I_s*cos(psi)

18 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

19

20 regulation =100*(E_f -V_t)/V_t

21 printf( ’ p e r c e n t a g e r e g u l a t i o n i s %. 2 f p e r c en t ’ ,
regulation)

22 printf( ’ \ nEx c i t a t i o n emf= %. 0 f V ’ ,E_f)

Scilab code Exa 6.23 TO CALCULATE PERCENTAGE REGULATION OF THE MACHINE

1 clc ,clear

2 printf( ’ Example 6 . 2 3\ n\n ’ )
3

4 X_d=7.6,X_q=4.5,R_a =0.15 // armature r e s i s t a n c e and
synchronous r e a c t a n c e o f d i r e c t , quadra tu r e
a x i sV l =13.8∗10ˆ3

5 V_l =13.8*10^3

6 V_t=V_l/sqrt (3)

7 phi=acos (0.8)

8 VA =25*10^6

9 I_a=VA/(sqrt (3)*V_l)

10 psi=atan( (V_t*cos(phi)+I_a*X_q)/(V_t*sin(phi)+I_a*

R_a) )

11

12 delta=psi -phi

13 I_s=I_a

14 I_d=I_s*sin(psi)
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15 I_q=I_s*cos(psi)

16

17 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

18 regulation =100*(E_f -V_t)/V_t

19

20 printf( ’ p e r c e n t a g e r e g u l a t i o n i s %. 2 f p e r c en t ’ ,
regulation)

Scilab code Exa 6.24 TO CALCULATE PERCENTAGE VOLTAGE REGULATION AT A CERTAIN PF

1 clc ,clear

2 printf( ’ Example 6 . 2 4\ n\n ’ )
3

4 X_d=1,X_q=0.6,R_a=0 // armature r e s i s t a n c e and
synchronous r e a c t a n c e o f d i r e c t , quadra tu r e a x i s

5 phi=acos (0.8) // l a g
6 V_t=1

7 I_a=1 // f u l l l o ad
8 psi=atan( (V_t*sin(phi)+I_a*X_q)/(V_t*cos(phi)+I_a*

R_a) )

9

10 delta=psi -phi

11 I_s=I_a

12 I_d=I_a*sin(psi)

13 I_q=I_a*cos(psi)

14

15 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

16 regulation =100*(E_f -V_t)/V_t

17 printf( ’ p e r c e n t a g e r e g u l a t i o n i s %. 2 f p e r c en t ’ ,
regulation)

Scilab code Exa 6.25 TO DETERMINE LOAD ANGLE AND COMPONENTS OF ARMATURE CURRENT
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1 clc ,clear

2 printf( ’ Example 6 . 2 5\ n\n ’ )
3

4 I_a =10

5 phi =20 // l a g and d e g r e e s
6 V_t =400

7 X_d=10,X_q=6.5,R_a=0 // armature r e s i s t a n c e and
synchronous r e a c t a n c e o f d i r e c t , quadra tu r e a x i s

8

9 psi=atand( (V_t*sind(phi)+I_a*X_q)/(V_t*cosd(phi)+

I_a*R_a) )

10 delta=psi -phi

11 I_d=I_a*sind(psi)

12 I_q=I_a*cosd(psi)

13

14 printf( ’ Load ang l e i s %. 2 f d e g r e e s \n ’ ,delta)
15 printf( ’ I d and I q a r e %. 4 f A and %. 4 f A

r e s p e c t i v e l y ’ ,I_d ,I_q )

Scilab code Exa 6.26 TO COMPUTE PERCENTAGE REGULATION AT DIFFERENT POWER FACTOR

1 clc ,clear

2 printf( ’ Example 6 . 2 6\ n\n ’ )
3

4 X_d=0.8,X_q=0.5,R_a =0.02 // armature r e s i s t a n c e and
synchronous r e a c t a n c e o f d i r e c t , quadra tu r e a x i s

5

6 // c a s e ( i ) l a g
7 phi=acos (0.8)

8 V_t=1

9 I_a=1 // f u l l −l o ad
10 psi=atan( (V_t*sin(phi)+I_a*X_q)/(V_t*cos(phi)+I_a*

R_a) )

11 delta=psi -phi

12

246



13 I_d=I_a*sin(psi)

14 I_q=I_a*cos(psi)

15

16 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

17 regulation =100*(E_f -V_t)/V_t

18 printf( ’ p e r c e n t a g e r e g u l a t i o n at 0 . 8 p f l a g i s %. 2 f
p e r c en t ’ ,regulation)

19

20 // c a s e ( i i ) l e ad
21 phi2=-1*acos (0.8) //minus s i g n because o f l e a d i n g p f
22 psi2=atan( (V_t*sin(phi2)+I_a*X_q)/(V_t*cos(phi2)+

I_a*R_a) )

23 delta2=psi2 -phi2

24

25 I_d2=I_a*sin(psi2)

26 I_q2=I_a*cos(psi2)

27

28 E_f2=V_t*cos(delta2)+I_d2*X_d+I_q2*R_a

29 regulation2 =100*( E_f2 -V_t)/V_t

30 printf( ’ \ npe r c en t ag e r e g u l a t i o n at 0 . 8 p f l e ad i s %
. 2 f p e r c en t ’ ,regulation2)

Scilab code Exa 6.27 TO CALCULATE THE OUTPUT POWER FACTOR OF SECOND ALTERNATOR

1 clc ,clear

2 printf( ’ Example 6 . 2 7\ n\n ’ )
3

4 kW=[800 ,500 ,1000 ,600]

5 cosphi =[1 ,0.9 ,0.8 ,0.9]

6 tanphi=tan(acos(cosphi))

7 kVAR=kW.* tanphi

8

9 kW_total=kW(1)+kW(2)+kW(3)+kW(4)

10 kVAR_total=kVAR (1)+kVAR (2)+kVAR (3)+-1*kVAR (4) // 4 th
c a s e i s l e a d i n g
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11

12 phi_c=atan(kVAR_total/kW_total) // t o t a l power
f a c t o r ang l e

13 phi_1=acos (0.95) // p f o f machine 1
14 kW_1 =1000 // a c t i v e component o f machine 1
15 kVAR_1=kW_1*tan(phi_1) // r e a c t i v e component o f

machine 1
16 kW_2=kW_total - kW_1 // a c t i v e component o f machine 1
17 kVAR_2=kVAR_total -kVAR_1 // r e a c t i v e component o f

machine 2
18

19 phi_2=atan(kVAR_2/kW_2)

20 pf_2=cos(phi_2) // power f a c t o r o f machine 2
21

22 printf( ’ Output o f s econd a l t e r n a t o r= %. 0 f kW’ ,kW_2)
23 printf( ’ \npower f a c t o r o f machine 2 = %. 2 f and

l a g g i n g ’ ,pf_2)

Scilab code Exa 6.28 TO CALCULATE THE POWER FACTOR OF SECOND MACHINE WORKING PARALLEL TO THE FIRST MACHINE

1 clc ,clear

2 printf( ’ Example 6 . 2 8\ n\n ’ )
3

4 kW=[250 ,300 ,150]

5 cosphi =[0.9 ,0.75 ,0.8] // a l l l a g g i n g
6 tanphi=tan(acos(cosphi))

7 kVAR=kW.* tanphi

8

9 kW_total=kW(1)+kW(2)+kW(3)

10 kVAR_total=kVAR (1)+kVAR (2)+kVAR (3)

11

12 phi_1=acos (0.8) // p f o f machine 1
13 kW_1 =100 // a c t i v e component o f machine 1
14 kVAR_1=kW_1*tan(phi_1) // r e a c t i v e component o f

machine 1
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15 kW_2=kW_total - kW_1 // a c t i v e component o f machine 1
16 kVAR_2=kVAR_total -kVAR_1 // r e a c t i v e component o f

machine 2
17 phi_2=atan(kVAR_2/kW_2)

18 pf_2=cos(phi_2) // power f a c t o r o f machine 2
19

20 printf( ’ Output o f s econd a l t e r n a t o r= %. 0 f kW’ ,kW_2)
21 printf( ’ \npower f a c t o r o f machine 2 = %. 4 f and

l a g g i n g ’ ,pf_2)

Scilab code Exa 6.29 TO DETERMINE VOLTAGE REGULATION AND OPEN CIRCUIT POWER SUPPLY OF GENERATOR

1 clc ,clear

2 printf( ’ Example 6 . 2 9\ n\n ’ )
3

4 V_L =6.6*10^3

5 V_ph=V_L/sqrt (3)

6 V_t=V_ph

7 X_d=9.6,X_q=6,R_a=0 // armature r e s i s t a n c e and
synchronous r e a c t a n c e o f d i r e c t , quadra tu r e a x i s

8 VA =3.5*10^6

9 I_L=VA/(sqrt (3)*V_L)

10

11 P=2.5*10^6 , phi=acos (0.8)

12 I_a=P/(sqrt (3)*V_L*cos(phi))

13 psi=atan( (V_t*sin(phi)+ I_a*X_q)/(V_t*cos(phi)+

I_a*R_a) )

14

15 delta=psi -phi

16 I_d=I_a*sin(psi)

17 I_q=I_a*cos(phi)

18

19 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

20 regulation =100*(E_f -V_t)/V_t

21 P_max=(V_ph ^2/2) *((X_d -X_q)/(X_d*X_q))*(sin(2* delta)
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)

22

23 printf( ’ p e r c e n t a g e v o l t a g e r e g u l a t i o n i s %. 2 f
p e r c en t ’ ,regulation)

24 printf( ’ \nPower under open c i r c u i t i s %. 1 f kW per
phase ’ ,P_max /1000)

Scilab code Exa 6.30 TO CALCULATE SYNCHRONISING POWER AND TORQUE PER MECHANICAL DEGREE OF DISPLACEMENT

1 clc ,clear

2 printf( ’ Example 6 . 3 0\ n\n ’ )
3

4 V_L =3.3*10^3

5 V_ph=V_L/sqrt (3)

6 VA =3*10^6

7 I_FL=VA/(sqrt (3)*V_L)

8 IX_s =(25/100)*V_ph // product o f I and X s
9 X_s=complex(0,IX_s/I_FL)

10 N_s =1000 // i n r . p .m
11

12 Poles=6,f=50

13 delta_dash_mech =(%pi /180) // d i s p l a c emen t i n d eg r e e
mechan i ca l

14 // d i s p l a c emen t i n d eg r e e e l e c t r i c a l
15 delta_dash_elec=delta_dash_mech *(Poles /2)

16

17 I=I_FL ,phi=acos (0.8)

18 V=complex(V_ph*cos(phi),V_ph*sin(phi))

19 E= V+ I*X_s

20

21 delta=(%pi /180)*phasemag(E)-phi //E l e a d s I by (
%pi /180) ∗phasemag (E) and V l e a d s I by ph i r a d i a n s

22 P_SY=abs(E)*abs(V_ph)*cos(delta)*sin(delta_dash_elec

)/abs(X_s) // s y n c h r o n i s i n g power per phase
23 P_SY_total =3* P_SY // t o t a l s y n c h r o n i s i n g power
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24

25 ns=120*f/(60* Poles) // i n r . p .m
26 T_SY=P_SY_total /(2* %pi*ns) // Syn ch r on i s i n g t o rque
27 printf( ’ S yn ch r on i s i n g power per phase i s %. 3 f kW\n ’ ,

P_SY /1000)

28 printf( ’ S yn ch r on i s i n g t o rque i s %. 0 f N−m’ ,T_SY)
29 printf( ’ \n\nAnswer mismatches due to improper

approx imat ion ’ )

Scilab code Exa 6.31 TO CALCULATE SYNCHRONIZING POWER PER MECHANICAL DEGREE OF DISPLACEMENT AND CORRESPONDING SYNCHRONISING TORQUE

1 clc ,clear

2 printf( ’ Example 6 . 3 1\ n\n ’ )
3

4 V_L =3.3*10^3

5 V_ph=V_L/sqrt (3)

6 VA =3*10^6

7 I_FL=VA/(sqrt (3)*V_L)

8 IX_s =(20/100)*V_ph // product o f I and X s
9 X_s=complex(0,IX_s/I_FL)

10 N_s =1000 // i n r . p .m
11 Poles=6,f=50

12

13 delta_dash_mech =(%pi /180) // d i s p l a c emen t i n d eg r e e
mechan i ca l

14 // d i s p l a c emen t i n d eg r e e e l e c t r i c a l
15 delta_dash_elec=delta_dash_mech *(Poles /2)

16

17 //E=V as the a l t e r n a t o r i s on no−l o ad and X s=Z s
18 P_SY=abs(V_ph)^2*( delta_dash_elec)/abs(X_s) //

s y n c h r o n i s i n g power per phase
19 P_SY_total =3* P_SY // t o t a l s y n c h r o n i s i n g power
20

21 ns=120*f/(60* Poles) // i n r . p . s
22 T_SY=P_SY_total /(2* %pi*ns) // Syn ch r on i s i n g t o rque
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Figure 6.9: TO DETERMINE SYNCHRONOUS POWER PER MECHAN-
ICAL DEGREE OF DISPLACEMENT AT FULL LOAD

23 printf( ’ S yn ch r on i s i n g power per phase i s %. 3 f kW\n ’ ,
P_SY /1000)

24 printf( ’ Tota l S yn ch r on i s i n g power i s %. 3 f kW’ ,
P_SY_total /1000)

25 printf( ’ \ nSynch r on i s i n g to rque i s %. 0 f N−m’ ,T_SY)

Scilab code Exa 6.32 TO DETERMINE SYNCHRONOUS POWER PER MECHANICAL DEGREE OF DISPLACEMENT AT FULL LOAD

1 clc ,clear

2 printf( ’ Example 6 . 3 2\ n\n ’ )
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3

4 V_L =11*10^3

5 V_ph=V_L/sqrt (3)

6 VA =700*10^3

7 I_FL=VA/(sqrt (3)*V_L)

8 IX_s =(14/100)*V_ph // product o f I and X s
9 X_s=IX_s/I_FL

10 //X s=complex ( 0 , IX s / I FL )
11 IR_a =(1.5/100)*V_ph // product o f I and R a
12 R_a=IR_a/I_FL

13

14 I=I_FL ,phi=acos (0.8)

15 V=complex(V_ph*cos(phi),V_ph*sin(phi))

16 E_ph=sqrt( (V_ph*cos(phi)+IR_a)^2 +(V_ph*sin(phi)+

IX_s)^2 )

17

18 delta=asin((V_ph*sin(phi)+IX_s)/E_ph) -phi

19

20 Poles=4,f=50

21 delta_dash_mech =(%pi /180) // phase d i sp l a c emnt i n
d eg r e e mechan i ca l

22 delta_dash_elec=delta_dash_mech *(Poles /2) // phase
d i sp l a c emnt i n d eg r e e e l e c t r i c a l

23

24 P_SY=abs(V_ph)*abs(E_ph)*cos(delta)*sin(

delta_dash_elec)/abs(X_s) // s y n c h r o n i s i n g power
per phase

25 P_SY_total =3* P_SY // t o t a l s y n c h r o n i s i n g power
26

27 ns=120*f/(60* Poles) // i n r . p . s
28 T_SY=P_SY_total /(2* %pi*ns) // Syn ch r on i s i n g t o rque
29 printf( ’ S yn ch r on i s i n g power per phase i s %. 3 f kW\n ’ ,

P_SY /1000)

30 printf( ’ S yn ch r on i s i n g power i s %. 3 f kW ; ’ ,P_SY
/1000)

31 printf( ’ Tota l S yn ch r on i s i n g power i s %. 3 f kW’ ,
P_SY_total /1000)

32 printf( ’ \ nSynch r on i s i n g to rque i s %. 2 f N−m’ ,T_SY)
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Scilab code Exa 6.33 TO DETERMINE CERTAIN CHARACTERISTICS OF TWO ALTERNATORS OPERATING IN PARALLEL

1 clc ,clear

2 printf( ’ Example 6 . 3 3\ n\n ’ )
3 // note tha t a new f u n c t i o n p2z has been d e f i n e d

below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form

4 function [FUN] = p2z(RRRR ,Theeeta)

5 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

6 endfunction

7

8 Z1=complex (0,2)

9 Z2=complex (0,3)

10 Z=6

11 E1=p2z (230 ,0)

12 E2=p2z (230 ,10)

13

14 I1=((E1-E2)*Z+E1*Z2)/(Z*(Z1+Z2)+Z1*Z2)

15 I2=((E2-E1)*Z+E2*Z1)/(Z*(Z1+Z2)+Z1*Z2)

16

17 phi1=phasemag(I1) //Phasemag r e t u r n s the ang l e o f
complex number i n d e g r e e s

18 phi2=phasemag(I2) //Phasemag r e t u r n s the ang l e o f
complex number i n d e g r e e s

19

20 I=I1+I2

21 V=I*Z // Terminal v o l t a g e
22 printf( ’ ( i ) Terminal v o l t a g e i s %. 2 f v o l t s at %. 1 f

d e g r e e s \n ’ ,abs(V),phasemag(V))
23 printf( ’ ( i i ) Cur r en t s a r e %. 2 f A at %. 0 f d e g r e e s and

%. 2 f A at %. 2 f d e g r e e s \n Tota l c u r r e n t i s %
. 2 f A at %. 1 f d e g r e e s ’ ,abs(I1),phasemag(I1),abs
(I2),phasemag(I2),abs(I),phasemag(I))

24
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25 P1=abs(V)*abs(I1)*cosd(phi1)

26 P2=abs(V)*abs(I2)*cosd(phi2)

27 printf( ’ \n ( i i i ) Power d e l i v e r e d %. 2 f watt s and %. 2 f
watt s ’ ,P1 ,P2)

Scilab code Exa 6.34 TO DETERMINE OPEN CIRCUIT VOLTAGE

1 clc ,clear

2 printf( ’ Example 6 . 3 4\ n\n ’ )
3

4 X_d=0.8,X_q =0.5 // both per un i t
5 R_a=0 // assumed
6 phi=acos (0.8)

7 V_t=1 //pu
8 I_a=1 // f u l l −l o ad
9

10 psi=atan( (V_t*sin(phi)+I_a*X_q)/(V_t*cos(phi)+I_a*

R_a) )

11 delta=psi -phi

12 I_d=I_a*sin(psi)

13 I_q=I_a*cos(psi)

14 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

15

16 printf( ’Open c i r c u i t v o l t a g e i s %. 3 f p . u . ’ ,E_f)

Scilab code Exa 6.35 FIND OUTPUT PF AND ARMATURE CURRENT OF SECOND MACHINE OPERATING IN PARALLEL WITH FIRST ALTERNATOR

1 clc ,clear

2 printf( ’ Example 6 . 3 5\ n\n ’ )
3

4 V_L =6600 ,I_L=110, phi_1=acos (0.9) // l a g g i n g
5 kW =[400 ,1000 ,400 ,300]*10^3

6 cosphi =[1 ,0.71 ,0.8 ,0.9]
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7 tanphi=tan(acos(cosphi))

8 kVAR=kW.* tanphi

9

10 kW_total=kW(1)+kW(2)+kW(3)+kW(4)

11 kVAR_total=kVAR (1)+kVAR (2)+kVAR (3)+kVAR (4)

12

13 phi_c=atan(kVAR_total/kW_total) // t o t a l power
f a c t o r ang l e

14 load_1=sqrt (3)*V_L*I_L*cos(phi_1)

15

16 kW_1=load_1 // a c t i v e component o f machine 1
17 kVAR_1=kW_1*tan(phi_1) // r e a c t i v e component o f

machine 1
18 kW_2=kW_total - kW_1 // a c t i v e component o f machine 1
19 kVAR_2=kVAR_total -kVAR_1 // r e a c t i v e component o f

machine 2
20

21 phi_2=atan(kVAR_2/kW_2)

22 pf_2=cos(phi_2) // power f a c t o r o f machine 2
23

24 printf( ’ Output o f s econd a l t e r n a t o r= %. 2 f kW’ ,kW_2
/1000)

25 printf( ’ \nPower f a c t o r o f machine 2 = %. 4 f and
l a g g i n g ’ ,pf_2)

Scilab code Exa 6.36 TO DETERMINE ALTERED CURRENT AND POWER FACTOR

1 clc ,clear

2 printf( ’ Example 6 . 3 6\ n\n ’ )
3

4 V_L =11000

5 V_ph=V_L/sqrt (3)

6 VA=2*10^6 , phi=acos (0.8)
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Figure 6.10: TO DETERMINE ALTERED CURRENT AND POWER FAC-
TOR

7 I_FL=VA/(sqrt (3)*V_L)

8 phi_1=acos (0.8)

9 IX_s =(20/100)*V_ph // product o f I and X s
10 X_s=IX_s/I_FL

11 I_1=I_FL

12 BC=I_1*cos(phi_1)*X_s

13 AB=I_1*sin(phi_1)*X_s , OA=V_ph

14 OC=sqrt( (OA+AB)^2+(BC)^2 ) ,E_1=OC

15 E_2 =1.25*E_1 ,OE=E_2

16 DE=BC

17 AD=sqrt(OE^2-DE^2) -OA // because OE=s q r t (
(OA+AD) ˆ2 + (DE) ˆ2 )

18

19 I_2sinphi2=AD/X_s

20 I_2cosphi2=I_1*cos(phi)

21 I_2=sqrt( (I_2cosphi2)^2 + (I_2sinphi2)^2 )

22 phi2=atan( I_2sinphi2/ I_2cosphi2 )

23 new_pf=cos(phi2)

24

25 printf( ’ Machine c u r r e n t i s %. 2 f A \n ’ ,I_2)
26 printf( ’ Power f a c t o r i s %. 4 f l a g g i n g ’ ,new_pf)
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Scilab code Exa 6.37 TO DETERMINE CERTAIN CHARACTERISTICS RELATED TO THREE PHASE STAR CONNECTED ALTERNATORS OPERATING IN PARALLEL

1 clc ,clear

2 printf( ’ Example 6 . 3 7\ n\n ’ )
3 // note tha t a new f u n c t i o n p2z has been d e f i n e d

below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form

4 function [FUN] = p2z(RRRR ,Theeeta)

5 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

6 endfunction

7

8 P_out =3000*10^3

9 V_L =6.6*10^3 , V_ph=V_L/sqrt (3)

10 phi=acos (0.8)

11 I_L=p2z(P_out/(sqrt (3)*V_L*cos(phi)) ,-1*(180/ %pi)*

phi)

12

13 P_out1=P_out/2

14 I_L1 =150 // g i v en
15 phi_L1=acos( P_out1 /(sqrt (3)*V_L*I_L1) )

16 I_L1=p2z(I_L1 , -1*(180/ %pi)*phi_L1)

17

18 I_L2=I_L -I_L1

19 pf_2=cosd(phasemag(I_L2))

20 Z_1=complex (0.5 ,10)

21 I_1=I_L1

22 E_1=V_ph + I_1*Z_1

23 delta_1 =(%pi /180)*phasemag(E_1) // l oad ang l e o f
a l t e r n a t o r 1

24 E_1L=sqrt (3)*E_1

25

26 Z_2=complex (0.4 ,12)

27 I_2=I_L2

28 E_2=V_ph + I_2*Z_2
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29 delta_2 =(%pi /180)*phasemag(E_2) // l oad ang l e o f
a l t e r n a t o r 2

30

31 printf( ’ Part ( i ) \ nCurrent s a r e %. 0 f A at %. 1 f d e g r e e s
and %. 1 f A at %. 1 f d e g r e e s \ nTota l c u r r e n t i s %. 0

f at %. 2 f \n ’ ,abs(I_L1),phasemag(I_L1),abs(I_L2),
phasemag(I_L2),abs(I_L),phasemag(I_L))

32 printf( ’ Part ( i i ) \nPower f a c t o r i s %. 4 f and l a g g i n g \n
’ ,cos(phi_L1))

33 printf( ’ Part ( i i i ) \nemf a r e %. 2 f V at %. 2 f d e g r e e s
and %. 4 f V at %. 0 f d e g r e e s \n ’ ,abs(E_1),phasemag(
E_1),abs(E_2),phasemag(E_2))

34 printf( ’ Part ( i v ) \nPower a n g l e s a r e %. 2 f d e g r e e s and
%. 0 f d e g r e e s \n ’ ,(180/%pi)*delta_1 ,(180/ %pi)*
delta_2)

Scilab code Exa 6.38 TO DETERMINE THE kW OUTPUT AND POWER FACTOR OF EACH OF THE SYNCHRONOUS GENERATOR

1 clc ,clear

2 printf( ’ Example 6 . 3 8\ n\n ’ )
3

4 Z1=complex (0.2 ,2)

5 Z2=Z1

6 ZL=complex (3,4)

7 Z=ZL

8 E1=complex (2000 ,0)

9 E2=complex (2200 ,100)

10

11 I1=((E1-E2)*Z+E1*Z2)/(Z*(Z1+Z2)+Z1*Z2)

12 I2=((E2-E1)*Z+E2*Z1)/(Z*(Z1+Z2)+Z1*Z2)

13

14 IL=I1+I2

15 V=IL*Z // Terminal v o l t a g e
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Figure 6.11: TO DETERMINE THE kW OUTPUT AND POWER FAC-
TOR OF EACH OF THE SYNCHRONOUS GENERATOR
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16

17 phi1=phasemag(V)-phasemag(I1) //Phasemag r e t u r n s
the ang l e o f complex number i n d e g r e e s

18 phi2=phasemag(V)-phasemag(I2) //Phasemag r e t u r n s
the ang l e o f complex number i n d e g r e e s

19

20 Pout1=sqrt (3)*sqrt (3)*abs(V)*abs(I1)*cosd(phi1)

21 Pout2=sqrt (3)*sqrt (3)*abs(V)*abs(I2)*cosd(phi2)

22 printf( ’ \nPower d e l i v e r e d i s %. 2 f kW and %. 2 f kW at
power− f a c t o r s %. 4 f l a g and %. 4 f l a g r e s p e c t i v e l y ’
,Pout1 /1000, Pout2 /1000, cosd(phi1),cosd(phi2))

Scilab code Exa 6.39 TO CALCULATE SYNCHRONISING POWER PER MECHANICAL DEGREE OF DISPLACEMENT

1 clc ,clear

2 printf( ’ Example 6 . 3 9\ n\n ’ )
3

4 f=50

5 P=12

6 V_L =6600

7 V_ph=V_L/sqrt (3)

8 VA =2000*10^3

9 I_FL=VA/(sqrt (3)*V_L)

10

11 IX_s =(25/100)*V_ph // product o f I and X s
12 X_s=complex(0,IX_s/I_FL)

13 N_s =12*f/P // i n rpm
14 delta_dash_mech =(%pi /180) // phase d i sp l a c emnt i n

d eg r e e mechan i ca l
15 delta_dash_elec=delta_dash_mech *(P/2) // phase

d i sp l a c emnt i n d eg r e e e l e c t r i c a l
16

17 phi=acos (0.8) // l a g
18 I=complex(I_FL*cos(-1*phi),I_FL*sin(-1*phi))

19 V=V_ph
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Figure 6.12: TO DETERMINE THE ALTERNATOR CURRENT AND
POWER FACTOR

20 E=V + I*X_s

21 delta=phasemag(E)*(%pi /180)

22 P_SY=abs(E)*abs(V)*cos(delta)*sin(delta_dash_elec)/

abs(X_s)

23 P_SY_total =3* P_SY

24 printf( ’ \ nSynch r on i s i n g power i s %. 2 f kW’ ,P_SY /1000)
25 printf( ’ \ nTota l s y n c h r o n i s i n g power i s %. 2 f kW’ ,

P_SY_total /1000)

Scilab code Exa 6.40 TO DETERMINE THE ALTERNATOR CURRENT AND POWER FACTOR

1 clc ,clear

2 printf( ’ Example 6 . 4 0\ n\n ’ )
3

4 V_L =22000

5 V_ph=V_L/sqrt (3)

6 power =230*10^6

7 phi=acos (1)
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8 I_FL=power/(sqrt (3)*V_L*cos(phi))

9 I_1=I_FL

10 X_s =1.2

11

12 E_1=sqrt( V_ph^2 + (I_1*X_s)^2 )

13 E_2 =1.3* E_1

14 AC= sqrt( E_2^2-(I_1*X_s)^2 ) -V_ph //
because Eˆ2=(V ph+AC) ˆ2+( I 1 ∗X s ) ˆ2

15 I2X_S=AC

16

17 I_2cosphi2=I_1 // because ph i 2=aco s ( I 1 / I 2 ) // from
ACD

18 I_2sinphi2=AC/X_s

19 I_2=sqrt( (I_2cosphi2)^2 + (I_2sinphi2)^2 )

20 phi2=atan( I_2sinphi2/ I_2cosphi2 )

21 new_pf=cos(phi2)

22

23 printf( ’ Machine c u r r e n t i s %. 2 f A \n ’ ,I_2)
24 printf( ’ Power f a c t o r i s %. 4 f and l a g g i n g ’ ,new_pf)

Scilab code Exa 6.41 TO DETERMINE CERTAIN CHARACTERISTICS RELATED TO EACH OF THE 2 ALTERNATORS

1 clc ,clear

2 printf( ’ Example 6 . 4 1\ n\n ’ )
3 // note tha t a new f u n c t i o n p2z has been d e f i n e d

below f o r d i r e c t r e p r e s e n t a t i o n o f complex
numbers i n p o l a r form

4 function [FUN] = p2z(RRRR ,Theeeta)

5 FUN = RRRR.*exp(%i*%pi*Theeeta /180.);

6 endfunction

7

8 P_out =1500*10^3

9 V_L =3.3*10^3

10 phi=acos (0.8)

11 I_L=p2z(P_out/(sqrt (3)*V_L*cos(phi)) ,-1*acosd (0.8))
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12

13 I_L1_magnitude =150 // g i v en
14 P_out1 =(3*10^6) /2 // because l oad i s EQUALLY shared

between 2 a l t e r n a t o r s
15 pf_L1=P_out1 /(sqrt (3)*2*V_L*I_L1_magnitude) //

op e r a t i n g p f o f a l t e r n a t o r 1
16 phi1=acosd(pf_L1)

17 I_L1=p2z(I_L1_magnitude ,-1*phi1)

18 I_L2=I_L -I_L1 // because I L=I L1 + I L2
19 pf_L2=cosd(phasemag(I_L2))

20

21 V_ph =6.6*10^3/ sqrt (3)

22 Z_1=complex (0.5 ,10)

23 I_1=I_L1

24 E_1= V_ph + I_1*Z_1

25 delta_1=phasemag(E_1) // l oad ang l e o f a l t e r n a t o r 1
26 I_2=I_L2

27

28 Z_2=complex (0.4 ,12)

29 E_2= V_ph + I_2*Z_2

30 delta_2=phasemag(E_2) // l oad ang l e o f a l t e r n a t o r 1
31

32 printf( ’ f o r machine 1\ ncu r r en t i s %. 0 f A at %. 2 f
d e g r e e s \nPower f a c t o r o f %. 4 f l a g \ ninduced emf o f
%. 2 f V\ n load ang l e o f %. 2 f d e g r e e s ’ ,abs(I_L1),
phasemag(I_L1),pf_L1 ,abs(E_1),delta_1)

33 printf( ’ \n\ n f o r machine 2\ ncu r r en t i s %. 1 f A at %. 1 f
d e g r e e s \nPower f a c t o r o f %. 4 f l a g \ ninduced emf

o f %. 2 f V\ n load ang l e o f %. 0 f d e g r e e s ’ ,abs(I_L2),
phasemag(I_L2),pf_L2 ,abs(E_2),delta_2)

Scilab code Exa 6.42 TO CALCULATE THE EXCITATION VOLTAGE

1 clc ,clear

2 printf( ’ Example 6 . 4 2\ n\n ’ )
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3

4 V_l =230

5 VA =5*10^3

6 X_d=12,X_q=7,R_a=0 // armature r e s i s t a n c e and
synchronous r e a c t a n c e o f d i r e c t , quadra tu r e a x i s

7 phi=acos (1)

8

9 I_l=VA/(V_l*sqrt (3))

10 V_ph=V_l/sqrt (3)

11 V_t=V_ph ,I_a=I_l

12

13 psi=atan( (V_t*sin(phi)+I_a*X_q)/(V_t*cos(phi)+I_a*

R_a) )

14 delta=psi -phi

15 I_d=I_a*sin(psi)

16 I_q=I_a*cos(psi)

17 E_f=V_t*cos(delta)+I_d*X_d+I_q*R_a

18

19 printf( ’ E x c i t a t i o n v o l t a g e i s %. 3 f V ’ ,E_f)

Scilab code Exa 6.43 TO DETERMINE EXCITATION EMF AT CERTAIN POWER FACTOR AND MAXIMUM LOAD THE MOTOR CAN SUPPLY AT NO EXCITATION

1 clc ,clear

2 printf( ’ Example 6 . 4 3\ n\n ’ )
3

4 V_l =6.6*10^3

5 V_t=V_l/sqrt (3)

6 X_d =23.2 ,X_q =14.5,R_a=0 // armature r e s i s t a n c e and
synchronous r e a c t a n c e o f d i r e c t , quadra tu r e a x i s

7 VA =1800*10^3

8 phi=acos (0.8) // l a g
9

10 I_a=VA/(V_l*sqrt (3))

11

12 psi=atan( (V_t*sin(phi)-I_a*X_q)/(V_t*cos(phi)-I_a*
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R_a) ) //minus s i g n i n numerator and denomenator
f o r motors

13 delta=psi+phi

14 I_d=I_a*sin(psi)

15 I_q=I_a*cos(psi)

16 E_f=V_t*cos(delta)-I_d*X_d -I_q*R_a

17 printf( ’ E x c i t a t i o n emf = %. 4 f V\n ’ ,E_f)
18 //P m= ( V t ∗E f ∗ s i n ( d e l t a ) /X d ) + ( ( 1 / X q )−(1/X d

) ) ∗0 . 5∗ s i n (2∗ d e l t a ) ∗V t ˆ2
19 //P m=0.4996∗ co s ( d e l t a ) +0.1877∗ s i n (2∗ d e l t a )
20 // f o r maximum power output , d i f f e r e n c i a t e and equate

to z e r o
21

22 delta_max =63.4 // deg r e e
23

24 P_m_max =((1/ X_q) -(1/X_d))*0.5* sind (2* delta_max)*V_t

^2 //Maximuum load s upp l i e d with E f=0
25 printf( ’Maximum load the motor can supp ly i s %. 4 f MW

per phase ’ ,P_m_max *10^ -6 )
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Chapter 7

Synchronous Motors

Scilab code Exa 7.1 TO CALCULATE THE BACK EMF INDUCED IN THE MOTOR FOR VARIOUS POWER FACTORS

1 clc ,clear

2 printf( ’ Example 7 . 1\ n\n ’ )
3

4 V_l =400

5 R_a=0.2,X_s=2 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

6 I_L =25

7 I_aph=I_L

8 V_ph=V_l/sqrt (3)

9 Z_s=complex(R_a ,X_s) // synchronous impedance
10 theta=(%pi /180)*phasemag(Z_s) //Phasemag r e t u r n s the

ang l e i n d e g r e e s not r a d i a n s
11 E_Rph=I_aph*abs(Z_s)

12

13 // c a s e 1
14 phi=acos (0.8) // l a g g i n g
15 E_bph= sqrt( (E_Rph)^2 + (V_ph)^2 -2*E_Rph*V_ph*cos

(theta -phi) )

16 printf( ’ \n ( i ) Back EMF induced with 0 . 8 l a g g i n g p f i s
%. 3 f V\n ’ ,E_bph)

17
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18 // c a s e 2
19 phi=acos (0.9) // l e a d i n g
20 E_bph= sqrt( (E_Rph)^2 + (V_ph)^2 -2*E_Rph*V_ph*cos

(theta+phi) )

21 printf( ’ ( i i ) Back EMF induced with 0 . 8 l a g g i n g p f i s
%. 3 f V\n ’ ,E_bph)

22

23 // c a s e 3
24 phi=acos (1)

25 E_bph= sqrt( (E_Rph)^2 + (V_ph)^2 -2*E_Rph*V_ph*cos

(theta) )

26 printf( ’ ( i i i ) Back EMF induced with 0 . 8 l a g g i n g p f i s
%. 3 f V ’ ,E_bph)

Scilab code Exa 7.2 TO DETERMINE THE OPERATING POWER FACTOR FOR DIFFERENT GENERATED EMF

1 clc ,clear

2 printf( ’ Example 7 . 2\ n\n ’ )
3

4 V_l =500

5 R_a=0.4,X_s=4 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

6 Z_s=complex(R_a ,X_s)// synchronous impedance
7 theta=(%pi /180)*phasemag(Z_s)// phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
8 V_ph=V_l/sqrt (3)

9 I_l =50

10 I_aph=I_l

11 E_Rph=I_aph*abs(Z_s)

12

13 // c a s e 1
14 E_bline =600

15 E_bph=E_bline/sqrt (3)

16 phi=acos( (-E_bph^2 + E_Rph ^2 + V_ph^2 )/(2* E_Rph*

V_ph) ) -theta // l e a d i n g
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Figure 7.1: TO DETERMINE GENERATED EMF ON FULL LOAD AND
THE LOAD ANGLE

17 // because E bph= s q r t ( ( E Rph ) ˆ2 + (V ph ) ˆ2 −2∗
E Rph∗V ph∗ co s ( t h e t a+phi ) )

18 printf( ’ ( i ) power f a c t o r i s %. 4 f l e a d i n g \n ’ ,cos(phi))
19

20 // c a s e 2
21 E_bline =380

22 E_bph=E_bline/sqrt (3)

23 phi= theta -acos( (-E_bph^2 + E_Rph ^2 + V_ph^2 )/(2*

E_Rph*V_ph) ) // l e a d i n g
24 // because E bph= s q r t ( ( E Rph ) ˆ2 + (V ph ) ˆ2 −2∗

E Rph∗V ph∗ co s ( theta−ph i )
25 printf( ’ ( i i ) power f a c t o r i s %. 4 f l a g g i n g \n ’ ,cos(phi)

)

Scilab code Exa 7.3 TO DETERMINE GENERATED EMF ON FULL LOAD AND THE LOAD ANGLE
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1 clc ,clear

2 printf( ’ Example 7 . 3\ n\n ’ )
3

4 V_L =6600

5 P_out =500*10^3

6 eta =83/100 // e f f i c i e n c y
7 R_a=0.3,X_s =3.2 // armature r e s i s t a n c e and

synchronous r e a c t a n c e
8 Z_s=complex(R_a ,X_s) // synchronous impedance
9 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

the ang l e i n d e g r e e s not r a d i a n s
10 phi=acos (0.8) // l e a d i n g
11 V_ph=V_L/sqrt (3)

12 P_in=P_out/eta

13

14 I_L= P_in/ (sqrt (3) * V_L * cos(phi) )

15 // because P in=s q r t ( 3 ) ∗ V L ∗ I L ∗ co s ( ph i )
16 I_aph=I_L

17 E_Rph=I_aph*abs(Z_s)

18 E_bph= sqrt( (E_Rph)^2 + (V_ph)^2 -2*E_Rph*V_ph*cos

(theta+phi) )

19 printf( ’ ( i ) Generated EmF on f u l l l o aad i s %. 2 f V\n ’
,E_bph)

20

21 delta= asind( (E_Rph/E_bph)*sin(theta+phi) )

22 // This i s ob ta i n ed a f t e r app l y i ng sune r u l e to
t r i a n g l e OAB from th r e phasor diagram

23 printf( ’ ( i i ) l o ad ang l e i s %. 2 f d e g r e e s ’ ,delta)

Scilab code Exa 7.4 TO DETERMINE CURRENT DRAWN BY THE MOTOR AND ITS FULL LOAD EFFICIENCY

1 clc ,clear

2 printf( ’ Example 7 . 4\ n\n ’ )
3

4 V_L=500, V_ph=V_L/sqrt (3)
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5 phi=acos (0.9) // l a g g i n g
6 output_power =17*10^3

7 R_a =0.8 // armaature r e a c t a n c e
8 mechanical_losses =1300 // mechan i ca l l o s s e s i s W
9 P_m=output_power+mechanical_losses // g r o s s

mechan i ca l power deve l oped
10

11 // P m= input power − s t a t o r l o s s e s
12 // input power= 3∗ V ph ∗ I aph ∗ co s ( ph i )
13 // S t a t o r l o s s e s= 3∗ I aph ˆ2∗R a
14 // s o l v i n g above e qua t i o n s we ge t 2 . 4 I a ˆ2 −

779/ . 4225∗ I a + 18300 = 0
15 I_a_eqn =[2.4 -779.4225 18300]

16 I_a_roots=roots(I_a_eqn)

17 I_a=I_a_roots (2) // n e g l e c t i n g h i g h e r va l u e
18 I_aph=I_a

19 printf( ’ Current drawn by the motor i s %. 3 f A\n ’ ,I_a)
20

21 input_power= 3* V_ph * I_aph * cos(phi)

22 eta =100* output_power/input_power

23 printf( ’ Fu l l l o ad e f f i c i e n c y i s %. 2 f p e r c en t ’ ,eta)

Scilab code Exa 7.5 TO DETERMINE kVA RATING OFDESIRED SYNCHRONOUS MOTOR AND ITS OPERATING POWER FACTOR

1 clc ,clear

2 printf( ’ Example 7 . 5\ n\n ’ )
3

4 // s u b s c r i p t 1 i s f o r i n d u s t r i a l l o ad and 2 f o r
synchronous motor

5 P_1 =800 // Act i v e power i n KW
6 phi_1=acos (0.6) // l a g g i n g
7 Q_1=P_1*tan(phi_1) // r e a c t i v e power by l oad 1
8
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Figure 7.2: TO DETERMINE kVA RATING OFDESIRED SYN-
CHRONOUS MOTOR AND ITS OPERATING POWER FACTOR
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9 output_power =200

10 eta =91/100 // e f f i c i e n c y o f synchronous motor
11 input_power= output_power/eta

12 P_2=input_power // a c t i v e power drawn by synchronous
motor

13 P_T=P_1 + P_2 // combined t o t a l l o ad o f i n du s t r y and
synchronous motor

14 phi_T=acos (0.92 )// l a g g i n g
15 Q_T=P_T* tan(phi_T) // from power t r i a n g l e
16 Q_2= Q_T - Q_1 // i t t u rn s out to be n e g a t i v e

i n d i c a t i n g i t s l e a d i n g na tu r e
17 S_2=sqrt( P_2^2 + Q_2^2 )

18 printf( ’ De s i r ed kVA r a t i n g o f Synchronous motor i s
%. 3 f kVA ’ ,S_2)

19

20 phi_2= atan (Q_2/P_2)

21 printf( ’ \nPower f a c t o r o f synchronous motor i s %. 4 f
LEADING ’ ,cos(phi_2))

Scilab code Exa 7.6 TO DETERMINE INDUCED EMF ON FULL LOAD

1 clc ,clear

2 printf( ’ Example 7 . 6\ n\n ’ )
3

4 V_L =400

5 output_power =37.3*1000 //Watts on f u l l l o ad
6 Z_s=complex (0.2 ,1.6) // synchronous impedance
7 theta=(%pi /180)*phasemag(Z_s) // phase mag r e t u r n s

the ang l e i n d e g r e e s and not r a i d i a n s
8 phi=acos (0.9) // l e a d i n g
9 V_ph=V_L/sqrt (3)

10 eta =88 // e f f i c i e n c y i n p e r c en t a g e
11 input_power =100* output_power/eta

12 I_L=input_power /(sqrt (3)*V_L*cos(phi))

13 I_aph=I_L
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Figure 7.3: TO CALCULATE MOTOR POWER FACTOR AND CUR-
RENT DRAWN BY IT

14 E_Rph=I_aph*abs(Z_s)

15

16 E_bph= sqrt( (E_Rph)^2 + (V_ph)^2 -2*E_Rph*V_ph*cos

(theta+phi) )

17 E_line=sqrt (3)*E_bph

18

19 printf( ’ Induced EMF i s %. 2 f V and i t s l i n e va lu e i s
%. 2 f V ’ ,E_bph ,E_line)

Scilab code Exa 7.7 TO CALCULATE MOTOR POWER FACTOR AND CURRENT DRAWN BY IT

1 clc ,clear

2 printf( ’ Example 7 . 7\ n\n ’ )
3

4 V_L =400

5 input_power =20*1000

6 R_a=0,X_s=4 // armature r e a c t a n c e and synchronous
r e a c t a n c e

7 Z_s=complex(R_a ,X_s) // synchronous impedance
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Figure 7.4: TO DETERMINE CERTAIN QUANTITIES RELATED TO
MAXIMUM MECHANICAL POWER

8 theta=(%pi /180)*phasemag(Z_s) // phase mag r e t u r n s
the ang l e i n d e g r e e s and not r a i d i a n s

9 V_ph=V_L/sqrt (3)

10 E_bline =550 // s t a r c onn e c t i o n
11 E_bph=E_bline/sqrt (3)

12

13 I_a_cos_phi=input_power /(sqrt (3)*V_L) // product o f
I a and co s ( ph i )

14 I_a_sin_phi= ( sqrt(E_bph^2- (abs(Z_s)*I_a_cos_phi

)^2 ) -V_ph )/abs(Z_s)// from t r i a n g l e DAB
15 phi=atan(I_a_sin_phi/I_a_cos_phi)

16 I_a=I_a_cos_phi/cos(phi)

17

18 printf( ’ Motor power f c t o r i s %. 3 f Leading \n ’ ,cos(phi
))

19 printf( ’ Current drawn by the motor i s %. 2 f A ’ ,I_a)

275



Scilab code Exa 7.8 TO DETERMINE CERTAIN QUANTITIES RELATED TO MAXIMUM MECHANICAL POWER

1 clc ,clear

2 printf( ’ Example 7 . 8\ n\n ’ )
3 printf( ’ Answer i n pa r t ( 1 ) mismatched because o f

improper approx imat ion i n book\n\n ’ )
4

5 V_L =3300 , V_ph=V_L/sqrt (3)

6 R_a=2,X_s=18 // armature r e a c t a n c e and synchronous
r e a c t a n c e

7 Z_s=complex(R_a ,X_s)// synchronous impedance
8 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n d e g r e e s not r a d i a n s
9 E_bline =3800 , E_bph=E_bline/sqrt (3)

10

11 // pa r t ( i )
12 P_m_max = (E_bph*V_ph/abs(Z_s))- (E_bph ^2/abs(Z_s))*

cos(theta)

13 printf( ’ ( i )Max t o t a l mechan i ca l power deve l oped tha t
motor can deve l op i s %. 2 f W per phase \n ’ ,P_m_max

)

14

15 // pa r t ( i i )
16 // from phasor diagram , app l y i ng c o s i n e r u l e to

t r i a n g l e OAB
17 E_Rph=sqrt( E_bph^2 + V_ph^2 -2*E_bph*V_ph*cos(

theta) )

18 I_aph= E_Rph/abs(Z_s)

19 printf( ’ ( i i ) Current at max power deve l oped i s %. 1 f A
\n ’ ,I_aph)

20

21 copper_loss =3* I_aph^2 * R_a

22 P_in_max_total =3 * P_m_max // input power at max
power deve l oped

23 total_P_in= P_in_max_total + copper_loss // t o t a l
i nput power

24 pf=total_P_in /(sqrt (3)*I_aph*V_L)

25 printf( ’ Power f a c t o r at max power deve l oped i s %. 3 f
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Figure 7.5: TO DETERMINE EMF AND MECHANICAL POWER DE-
VELOPED

l e a d i n g ’ ,pf)

Scilab code Exa 7.9 TO DETERMINE EMF AND MECHANICAL POWER DEVELOPED

1 clc ,clear

2 printf( ’ Example 7 . 9\ n\n ’ )
3

4 V_L =500

5 R_a =0.03 ,X_s =0.3 // armature r e a c t a n c e and
synchronous r e a c t a n c e

6 Z_s=complex(R_a ,X_s)// synchronous impedance
7 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
8 phi=acos (0.8)

9 eta =93/100
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10 output_power =100*746

11 input_power=output_power/eta

12 I_L=input_power /(sqrt (3)*V_L*cos(phi))

13 I_aph=I_L

14 E_Rph=I_aph*abs(Z_s)

15 // from the phasor diagram
16 E_bph = sqrt( E_Rph ^2 + (V_L/sqrt (3))^2 - 2*E_Rph

*(V_L/sqrt (3))*cos(phi+theta) )

17

18 cu_losses =3*( I_aph)^2*R_a // t o t a l copper l o s s e s
19 P_m= input_power - cu_losses // t o t a l mechan i ca l

power deve l oped
20

21 printf( ’EMF deve l oped per phase i s %. 4 f V \ nTota l
mechan i ca l power deve l oped i s %. 1 f watt s ’ ,E_bph ,
P_m)

Scilab code Exa 7.10 TO DETERMINE CERTAIN QUANTITIES RELATED TO 3 PHASE MESH CONNECTED SYNCHRONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 1 0\ n ’ )
3 printf( ’ Answer might mismatch because o f improper

approx imat ion done i n book\n\n ’ )
4

5 V_L =415

6 V_ph=V_L // due to d e l t a c onn e c t i o n
7 E_bline =520

8 R_a=0.5,X_s=4 // armature r e a c t a n c e and synchronous
r e a c t a n c e

9 Z_s=complex(R_a ,X_s) // synchronous impedance
10 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
11

12 delta=theta // f o r maximum power
13 P_m_max = (E_bline*V_ph/abs(Z_s))- (E_bline ^2/ abs(
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Z_s))*cos(theta)

14 P_m_max_total= 3* P_m_max

15 fi_loss =1000 // f r i c t i o n a l and i r o n l o s s e s
16 P_out_total = P_m_max_total -fi_loss

17

18 HP_output= P_out_total /746 // c o nv e r t i n g watt s to
ho r s e power

19 printf( ’HP output f o r maximum power output i s %. 2 f
HP\n ’ ,HP_output)

20

21 // from the phasor diagram
22 E_Rph=sqrt( E_bline ^2 + V_ph^2 -2*E_bline*V_ph*cos(

delta) )

23 I_aph= E_Rph/abs(Z_s)

24 I_L=I_aph*sqrt (3)

25 printf( ’ L ine c u r r e n t i s %f A\n ’ ,I_L)
26 cu_loss_total =3*( I_aph)^2*R_a // t o t a l copper l o s s e s
27 input_power=P_m_max_total+ cu_loss_total

28 pf=input_power /(sqrt (3)*I_L*V_L) // l e a d i n g
29 printf( ’ Power f a c t o r f o r maximum power output i s %. 2

f l e a d i n g \n ’ ,pf)
30

31 eta =100* P_out_total /input_power

32 printf( ’ E f f i c i e n c y f o r maximum power output i s %. 2 f
p e r c en t ’ ,eta)

Scilab code Exa 7.11 TO DETERMINE CERTAIN QUANTITIES RELATED TO 3 PHASE STAR CONNECTED SYNCHRONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 1 1\ n\n ’ )
3

4 P=8, f=50 // Po le and f r e qu en cy
5 N_s =120*f/P // synchronous speed
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Figure 7.6: TO DETERMINE CERTAIN QUANTITIES RELATED TO 3
PHASE STAR CONNECTED SYNCHRONOUS MOTOR

6 V_L =6.6*10^3 , V_ph=V_L/sqrt (3)

7 Z_s=complex (0.66 ,6.6) // synchronous impedance
8 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n d eg r e e , not r a d i a n s
9 E_bph =4500

10 input_power =2500*10^3

11 I_a_cosphi=input_power /(sqrt (3)*V_L) // I t s product
o f I a and co s ( ph i ) ; I a= I l f o r s t a r conneted

l oad
12

13 // app l y i ng c o s i n e r u l e to t r i a n g l e ABC from phasor
diagram and s o l v e

14 // tan ( ph i ) ˆ2 + 5 . 2252 tan ( ph i ) −2.2432=0
15 p=[1 5.2252 -2.2432]

16 tan_phi=roots(p)

17 phi=atan(tan_phi (2))

18 pf=cos(phi)

19 I_a= I_a_cosphi/ cos(phi)
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Figure 7.7: TO DETERMINE LOAD ANGLE ARMATURE CURRENT
AND PF WHEN EXCITATION IS CHANGED

20

21 // apply s i n e r u l e to t r i a n g l e ABC
22 delta= asin(I_a*abs(Z_s)*sin(theta+phi)/E_bph)

23 P_m =3* E_bph*I_a*cos(delta+phi)

24 T_g = P_m /(2* %pi*N_s /60)

25 printf( ’ ( i ) Torque deve l oped i s %f N−m\n ’ ,T_g)
26 printf( ’ ( i i ) Input c u r r e n t i s %. 4 f A\n ’ ,I_a)
27 printf( ’ ( i i i ) Power f a c t o r i s %. 4 f l e a d i n g \n ’ ,pf)
28 printf( ’ ( i v ) Power ang l e i s %. 2 f d e g r e e s ’ ,(180/%pi)*

delta)

Scilab code Exa 7.12 TO DETERMINE LOAD ANGLE ARMATURE CURRENT AND PF WHEN EXCITATION IS CHANGED

1 clc ,clear

2 printf( ’ Example 7 . 1 2\ n\n ’ )
3

4 input_power =15*10^3

281



5 V_L=400, V_ph=V_L/sqrt (3)

6 E_b=480, E_bph=E_b/sqrt (3)

7 Z_s=complex (1,5) // synchronous impedance
8 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n d eg r e e , not r a d i a n s
9

10 I_a_cosphi=input_power /(sqrt (3)*V_L) // product o f
I a & co s ( ph i )

11 // Apply ing c o s i n e r u l e to t r i a n g l e OAB and s o l v i n g
12 // tan ( ph i ) ˆ2+ 4 . 101∗ tan ( ph i ) −1.7499=0
13 p=[1 ,4.101 , -1.7449]

14 tan_phi=roots(p)

15 phi=atan(tan_phi (2)) // i g n o r i n g n e g a t i v e vau l e
16 I_a= I_a_cosphi/ cos(phi)

17

18 // app l y i ng s i n e r u l e to T r i a n g l e OAB
19 delta=asin( I_a*abs(Z_s)* sin(theta+phi)/E_bph )

20 printf( ’ Load ang l e i s %. 1 f d e g r e e s ’ ,delta *(180/ %pi))
21 printf( ’ \nArmature c u r r e n t i s %. 4 f A ’ ,I_a)
22 printf( ’ \nPower f a c t o r i s %. 3 f l e a d i n g ’ ,cos(phi))

Scilab code Exa 7.13 TO CALCULATE CURRENT AND PF IF INDUCED EMF IN SYNCHRONOUS MOTOR GETS INCREASED

1 clc ,clear

2 printf( ’ Example 7 . 1 3\ n\n ’ )
3

4 V_L=400, V_ph=V_L/sqrt (3)

5 E_b=460, E_bph=E_b/sqrt (3)

6 input_power =3.75*10^3

7 Z_s=complex (1,8) // synchronous impedance
8 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n d eg r e e , not r a d i a n s
9 I_L_cos_phi = input_power /(sqrt (3)*V_L)
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Figure 7.8: TO CALCULATE CURRENT AND PF IF INDUCED EMF IN
SYNCHRONOUS MOTOR GETS INCREASED

10

11 // Apply ing c o s i n e r u l e to t r i a n g l e OAB and s o l v i n g
f u r t h e r

12 // tan ( ph i ) ˆ2 + 458 . 366∗ tan ( ph i ) −450.65 =0
13 p=[1 ,458.366 , -450.65]

14 tan_phi=roots(p)

15 phi=atan(tan_phi (2)) // i g n o r i n g n e g a t i v e va lu e
16 printf( ’ Requ i red power f a c t o r i s %. 4 f l e a d i n g ’ ,cos(

phi))

17 I_L=I_L_cos_phi /cos(phi)

18 printf( ’ \ nRequired c u r r e n t i s %. 4 f A ’ ,I_L)

Scilab code Exa 7.14 TO FIND kVA RATING OF SYNCORONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 1 4\ n\n ’ )
3

4 // s u b s c r i p t 1 i n d i c a t e s i n du c t i o n motor 1
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5 P_1 =350

6 phi_1=acos (0.7071) // l a g g i n g
7 Q_1=P_1*tan(phi_1)// from power t r i a n g l e
8

9 // s u b s c r i p t 2 i n d i c a t e s i n du c t i o n motor 2
10 P_2 =190

11

12 // s u b s c r i p t T i n d i c a t e s t o t a l
13 P_T=P_1+P_2

14 phi_T=acos (0.9) // l a g g i n g
15 Q_T=P_T*tan(phi_T)

16

17 Q_2=Q_T -Q_1

18 kva_rating=sqrt(P_2 ^2+ Q_2 ^2)

19 printf( ’kVA r a t i n g o f synchronous motor i s %. 2 f kVA ’
,kva_rating)

Scilab code Exa 7.15 TO FIND GROSS TORQUE DEVELOPED AND PF WITH CHANGING CURRENT AND LOAD TORQUE

1 clc ,clear

2 printf( ’ Example 7 . 1 5\ n\n ’ )
3

4 V_L=400, V_ph=V_L/sqrt (3)

5 Pole=6,f=50

6 R_a=0.2,X_s=3 // armature r e a c t a n c e and synchronous
r e a c t a n c e

7 Z_s=complex(R_a ,X_s)// synchronous impedance
8 theta=phasemag(Z_s)*(%pi /180) // phasemag r e t u e n s

ang l e i n d e g r e e s . not r a d i a n s
9 N_s =120*f/Pole // synchronous speed

10

11 // s u b s c r i p t 1 ‘ r e f e r s to l oad 1
12 I_a1 =20

13 phi_1=acos (1)

14 E_R1= I_a1* abs(Z_s)
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15 E_bph = sqrt( E_R1^2 + V_ph^2 - 2*E_R1*V_ph*cos(

phi_1+theta) )

16

17 // s u b s c r i p t 2 ‘ r e f e r s to l oad 2
18 I_a2 =60

19 E_R2= I_a2* abs(Z_s)

20 phi_2= acos ((E_R2^2 + V_ph^2 -E_bph^2 )/(2* E_R2*

V_ph)) -theta //new power f a c t o r
21

22 input_power=sqrt (3)*V_L*I_a2*cos(phi_2)

23 cu_loss =3* I_a2 ^2* R_a

24 P_m=input_power -cu_loss

25 T_g =P_m /(2* %pi*N_s /60) // g r o s s mechan i ca l power
deve l oped

26

27 printf( ’ Gross t o rque deve l oped i s %. 4 f N−m and new
power f a c t o r i s %. 4 f l a g g i n g ’ ,T_g ,cos(phi_2))

Scilab code Exa 7.16 TO DETERMINE ARMATURE CURRENT AND PF OF 3 PHASE STAR CONNECTED SYNCHRONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 1 6\ n\n ’ )
3

4 V_L =3300

5 V_ph=V_L/sqrt (3)

6 E_bph=V_ph

7 Z_s=complex (0.5 ,5) // synchronous impedance
8 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
9 P=8,f=50 // po l e and f r e qu en cy

10 delta_mech =3 // mechan i ca l ang l e i n d e g r e e s by which
r o t o r i s beh ind

11 delta_elec =(P/2)*delta_mech // d e l t a mech conve r t ed
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Figure 7.9: TO DETERMINE ARMATURE CURRENT AND PF OF 3
PHASE STAR CONNECTED SYNCHRONOUS MOTOR

to e l e c t r i c a l d e g r e e s
12 E_Rph=sqrt( E_bph^2 + V_ph^2 -2*E_bph*V_ph*cosd(

delta_elec) )

13 I_aph= E_Rph/abs(Z_s)

14

15 // from the phasor diagram
16 phi=theta - asin( sind(delta_elec)*E_bph/E_Rph )

17 pf=cos(phi)

18 printf( ’ power f a c t o r o f the motor i s %. 5 f l a g g i n g ’ ,
pf)

Scilab code Exa 7.17 TO CALCULATE ARMATURE CURRENT DRAWN BY 3 PHASE STAR CONNECTED SYNCHRONOUS MOTOR
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Figure 7.10: TO CALCULATE ARMATURE CURRENT DRAWN BY 3
PHASE STAR CONNECTED SYNCHRONOUS MOTOR
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1 clc ,clear

2 printf( ’ Example 7 . 1 7\ n\n ’ )
3

4 V_L=400, V_ph=V_L/sqrt (3)

5 E_bph=V_ph

6 P=4,f=50 // Po le and f r e qu en cy
7 delta_mech =4*( %pi /180) // mechan i ca l ang l e i n d e g r e e s

by which r o t o r i s beh ind
8 delta_elec= delta_mech *(P/2) // de l t a mech conve r td

to e l e c t r i c a l d e g r e e s
9 Z_s=complex (0,2) // synchronous impedance
10

11 // r e f e r r i n g to phasor diagram
12 BC= E_bph*sin(delta_elec)

13 AB= E_bph

14 OA= V_ph

15

16 AC= sqrt(AB^2-BC^2)

17 OC= OA-AC

18 phi=atan(OC/BC)

19 OB=sqrt(OC^2 + BC^2)

20 I_a=OB/abs(Z_s)

21

22 printf( ’ Armature c u r r e n t drawn by the motor i s %. 4 f
A ’ ,I_a)

Scilab code Exa 7.18 TO CALCULATE PF LOAD ANGLE AND ARMATURE CURRENT OF 3 PHASE STAR CONNECTED SYNCHRONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 1 8\ n\n ’ )
3

4 V_L=400, V_ph=V_L/sqrt (3)

5 input_power =5472
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Figure 7.11: TO CALCULATE PF LOAD ANGLE AND ARMATURE
CURRENT OF 3 PHASE STAR CONNECTED SYNCHRONOUS MOTOR

6 Z_s=complex (0 ,10) // synchronous impedance
7 I_L_cosphi=input_power /(sqrt (3)*V_L) // product o f

I L & co s ( ph i )
8 BC=10* I_L_cosphi

9 AB=V_ph

10 OA=V_ph

11 // from Tr i a n g l e ABC in phasor diagram
12 AC = sqrt(AB^2- BC^2)

13 OC = OA - AC

14

15 // from Tr i a n g l e OCB
16 OB=sqrt( OC^2+ BC^2 )

17 E_Rph = OB

18 I_L=E_Rph/abs(Z_s)

19

20 phi=atan(OC/BC)

21 pf=cos(phi)

22 delta=atan(BC/AC) // l oad ang l e
23 printf( ’ Power f a c t o r i s %. 4 f l a g g i n g \n ’ ,pf)
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Figure 7.12: TO FIND POWER FACTOR WHEN INPUT IS INCREASED

24 printf( ’ Load ang l e i s %. 0 f d e g r e e s \n ’ ,delta *(180/ %pi
))

25 printf( ’ Armature c u r r e n t i s %. 3 f A ’ ,I_L)

Scilab code Exa 7.19 TO FIND POWER FACTOR WHEN INPUT IS INCREASED

1 clc ,clear

2 printf( ’ Example 7 . 1 9\ n\n ’ )
3

4 V_L =6600 , V_ph=V_L/sqrt (3)

5 Z_s=complex (2,20) // synchronous impedance
6 theta=(%pi /180) * phasemag(Z_s) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
7 P_1 =1000*10^3

8 P_2 =1500*10^3

9 phi_1=acos (0.8) // l e a d i n g
10

11 I_L1=P_1/(sqrt (3)*V_L*cos(phi_1))
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12 I_a1ph=I_L1

13 E_R1ph=I_a1ph*abs(Z_s)

14 E_bph= sqrt( V_ph^2 + E_R1ph^ -2*V_ph*E_R1ph*cos

(theta+phi_1) )

15 I_a2_cosphi_2=P_2/(sqrt (3)*V_L)

16

17 // Re f e r to the phasor diagram and s o l v i n g f o r I y
18 // 404 I y ˆ2 −152399.968 I y −4543000=0
19 p=[404 -152399.968 -4543000]

20 roots(p)

21 I_y=abs(ans(2)) // becuas e r o o t 1 i s too h igh and
r o o t i s −ve

22

23 I_a2=complex(I_a2_cosphi_2 ,I_y)

24 phi_2=phasemag(I_a2)

25 printf( ’ Requ i red power f a c t o r i s %. 3 f l e a d i n g ’ ,cosd(
phi_2))

Scilab code Exa 7.20 TO DETERMINE EMF GENERATED BY 3 PHASE STAR CONNECTED SYNCHRONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 2 0\ n\n ’ )
3

4 V_L =2300 , V_ph=V_L/sqrt (3)

5 I_L=200, I_a=I_L

6 Z_s=complex (0.2 ,2.2) // synchronous impedance
7 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
8 phi=acos (0.5)

9

10 E_Rph=I_a*abs(Z_s)

11 E_bph = sqrt( E_Rph ^2 + V_ph^2 - 2* E_Rph*V_ph*cos(

phi+theta) )

12

13 printf( ’ Generated EMF per phase i s %. 3 f V ’ ,E_bph)
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Figure 7.13: TO DETERMINE CERTAIN QUANTITIES RELATED TO
MAXIMUM MECHANICAL POWER OF SYNCHRONOUS MOTOR

Scilab code Exa 7.21 TO DETERMINE CERTAIN QUANTITIES RELATED TO MAXIMUM MECHANICAL POWER OF SYNCHRONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 2 1\ n\n ’ )
3

4 V_L =3300 , V_ph=V_L/sqrt (3)

5 E_bline =3800 , E_bph=E_bline/sqrt (3)

6

7 R_a=2,X_s=18 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

8 Z_s=complex(R_a ,X_s) // synchronous impedance
9 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
10

11 // pa r t ( i )
12 P_m_max = (E_bph*V_ph/abs(Z_s))- (E_bph ^2/abs(Z_s))*

cos(theta) //maximum t o t a l mechan i ca l power
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13 printf( ’ ( i )Maximum t o t a l mechan i ca l power tha t the
motor can deve l op i s %. 2 f W per phase ’ ,P_m_max )

14 // pa r t ( i i )
15 delta=theta // f o r max P m
16 E_Rph=sqrt( E_bph^2 + V_ph^2 -2*E_bph*V_ph*cos(

delta) )

17 I_aph= E_Rph/abs(Z_s)

18 printf( ’ \n ( i i ) Current at maximum power deve l oped i s
%. 1 f A ’ ,I_aph)

19 cu_loss_total = 3* I_aph ^2*R_a // t o t a l copper l o s s
20 P_m_max_total =3* P_m_max // t o t a l maximum t o t a l

mechan i ca l power
21 P_in_total = P_m_max_total+ cu_loss_total // t o t a l

i nput power
22

23 pf=P_in_total /(sqrt (3)*V_L*I_aph)

24 printf( ’ \n Power f a c t o r at maximum power
deve l oped i s %. 3 f l e a d i n g ’ ,pf)

Scilab code Exa 7.22 TO DETERMINE kVA INPUT TO SYNCHRONOUS MOTOR AND ITS POWER FACTOR WHEN DRIVING 6 kW LOAD

1 clc ,clear

2 printf( ’ Example 7 . 2 2\ n\n ’ )
3

4 // s u b s c r i p t 1 r e f e r s to l oad 1
5 I_1 =18

6 phi_1=acos (0.8)

7 V_L =440

8 S_1=sqrt (3)*I_1*V_L /1000 //kVA f o r l oad 1
9 P_1=S_1*cos(phi_1)

10 Q_1=S_1*sin(phi_1)

11

12 P_out=6

13 eta_motor =88/100

14 P_2=P_out/eta_motor
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15

16 P_T=P_1+P_2

17 phi_T=acos (1) // t o t a l power f a c t o r ang l e
18 Q_T=P_T*tan(phi_T)

19

20 Q_2= Q_T - Q_1 //kVAR supp l i e d by motor
21 // t h i s w i l l have a n e g a t i v e s i g n j u s t i n d i c a t i n g

i t s l e a d i n g na tu r e
22 phi_2=atan(abs(Q_2)/P_2)

23 pf=cos(phi_2) // l e a d i n g
24 S_2=P_2/cos(phi_2) //kVA input to the motor
25 printf( ’kVA input to the motor i s %. 3 f kVA \n ’ ,S_2)
26 printf( ’ Power f a c t o r when d r i v i n g a 6kW mechan i ca l

l o ad i s %. 4 f l e a d i n g ’ ,pf)

Scilab code Exa 7.23 TO DETERMINE MINIMUM CURRENT AND INDUCED EMF AT FULL LOAD

1 clc ,clear

2 printf( ’ Example 7 . 2 3\ n\n ’ )
3

4 output_power =8*10^3

5 V_L=400, V_ph=V_L/sqrt (3)

6 R_a=0,X_s=8 // armature r e s i s t a n c e and sync ronous
r e a c t a n c e

7 Z_s=complex(R_a ,X_s) // synchronous impedance
8 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
9 eta =88/100 , input_power=output_power/eta

10

11 //minimum cu r r e n t o c c u r s at max power f a c t o r s
12 phi=acos (1)

13 I_a_min=input_power /(sqrt (3)*V_L*cos(phi)) //
r e q u i r e d minimum cu r r e n t

14 printf( ’Minimum cu r r e n t i s %. 3 f A ’ ,I_a_min)
15 E_R= I_a_min * abs(Z_s)

294



16 E_bph = sqrt( E_R^2 + V_ph^2 - 2*E_R*V_ph*cos(phi+

theta) )

17 printf( ’ \ nInduced EMF at f u l l −l o ad i s %. 3 f V ’ ,E_bph)

Scilab code Exa 7.24 TO DETERMINE PF WHEN INPUT OF SYNCHRONOUS MOTOR IS INCREASED

1 clc ,clear

2 printf( ’ Example 7 . 2 4\ n\n ’ )
3

4 R_a=0.8,X_s=5

5 Z_s=complex(R_a ,X_s) // armature r e s i s t a n c e and
sync ronous r e a c t a n c e

6 theta=(%pi /180)*phasemag(Z_s) // synchronous
impedance

7 alpha=(%pi/2) - theta

8 V_t =3300/ sqrt (3)

9 P_e_in =800/(3) // per phase
10 phi=acos (0.8) // l e a d i n g
11 Q_e_in=-P_e_in*tan(phi)

12

13 // Using the f o l l o w i n g equa t i on
14 // P e i n= V t ˆ2∗R a /( abs ( Z s ) ) ˆ2 + V t ∗E b∗ s i n (

d e l t a−a lpha ) / abs ( Z S )
15 // Q e in= V t ˆ2∗X s /( abs ( Z s ) ) ˆ2 − V t ∗E b∗ co s (

d e l t a−a lpha ) / abs ( Z S )
16 E_b_sin_delta_minus_9 = 407.2

17 E_b_cos_delta_minus_9 =2413.6

18 // s o l v i n g f u r t h e r
19 delta = ( atand(E_b_sin_delta_minus_9/

E_b_cos_delta_minus_9 ) + 9)

20 E_b=E_b_sin_delta_minus_9/sind(delta -9)

21

22 P_e_in_new = 1200*10^3/3

23 // Using the f o l l o w i n g equa t i on aga in
24 // P e i n= V t ˆ2∗R a /( abs ( Z s ) ) ˆ2 + V t ∗E b∗ s i n (
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Figure 7.14: TO DETERMINE CURRENT AND PF OF A 3 PHASE STAR
CONNECTED SYNCHRONOUS MOTOR

de l t a−a lpha ) / abs ( Z S )
25 // Q e in= V t ˆ2∗X s /( abs ( Z s ) ) ˆ2 − V t ∗E b∗ co s (

d e l t a−a lpha ) / abs ( Z S )
26

27 alpha =delta - asind( (P_e_in_new - V_t^2*R_a/(abs

(Z_s))^2 ) / (V_t*E_b/abs(Z_s)) )

28 Q_e_in_new= V_t ^2* X_s/(abs(Z_s))^2 - V_t*E_b*

cosd(delta - alpha)/abs(Z_s)

29

30 pf=cos ( atan(abs(Q_e_in_new/P_e_in_new)))

31 printf( ’New power f a c t o r i s %. 2 f l e a d i n g ’ ,pf)

Scilab code Exa 7.25 TO DETERMINE CURRENT AND PF OF A 3 PHASE STAR CONNECTED SYNCHRONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 2 5\ n\n ’ )
3

4 V_L =6.6*10^3 , V_ph=V_L/sqrt (3)
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5 P_in =900*10^3

6 R_a=0,X_s=20 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

7 Z_s=complex(R_a ,X_s) // synchronous impedance
8 theta=phasemag(Z_s)*(%pi /180) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
9 E_b_L =8.6*10^3 , E_bph=E_b_L/sqrt (3)

10

11 // r e f e r to phasor diagram
12 OA=V_ph , AB=E_bph //OB= E Rph
13

14 I_a_cosphi=P_in/(sqrt (3)*V_L) // I a ∗ co s ( ph i )
15 BC=I_a_cosphi*abs(Z_s) //BC i s a v e c t o r i n phasor

diagram
16

17 OC=sqrt(AB^2 -BC^2 )- OA // from phasor diagram
18 I_a_sinphi=OC/abs(Z_s) // product o f I a and s i n ( ph i

)
19 phi= atan (I_a_sinphi/I_a_cosphi)

20 I_a=I_a_cosphi/cos(phi) // product o f I a and co s ( ph i
)

21 printf( ’ Motor c u r r e n t i s %. 3 f A\n ’ ,I_a)
22 printf( ’ Power f a c t o r o f motor i s %f l e a d i n g ’ ,cos(phi

))

23 printf( ’ \n\nNote : There i s s l i g h t mismatch in answer
due to the approx imat ion made dur ing I a ∗ s i n ( ph i
) c a l c u l a t i o n ’ )

Scilab code Exa 7.26 TO DETERMINE THE kVA RATING OF SYNCHRONOUS CONDENSER USED TO IMPROVE THE PF AND THE FACTORY

1 clc ,clear

2 printf( ’ Example 7 . 2 6\ n\n ’ )
3

4 // s u b s c i p t 1 r e f e r s to f a c t o r y l oad
5 P_1 =1800
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6 phi_1=acos (0.6) // l a g g i n g
7 Q_1=P_1*tan(phi_1)

8

9 // Sub s c r i p t 2 r e f e r s to synchronous conden s e r
10 P_2=0

11

12 // Sub s c r i p t T r e f e r s to combinat i on o f c onden s e r and
f a c t o r y l oad

13 P_T=P_1+P_2

14 phi_T=acos (0.95) // l a g g i n g
15 Q_T=P_T*tan(phi_T)

16

17 kva_rating=sqrt(P_T ^2+ Q_T ^2)

18

19 Q_2=Q_T - Q_1

20 printf( ’ ( i )kVA r a t i n g o f synchronous condender i s %
. 3 f kVA \n Minus s i g n i n d i c a t e s l e a d i n g na tu r e \
n\n ’ ,(Q_2))

21 printf( ’ ( i i )kVA r a t i n g o f t o t a l f a c t o r y i s %. 4 f kVA ’
,kva_rating)

Scilab code Exa 7.27 TO CALCULATE kVA INPUT AND PF OF SYNCHRONOUS MOTOR AT A CERTAIN INSTANT

1 clc ,clear

2 printf( ’ Example 7 . 2 7\ n\n ’ )
3

4 I_1 =35

5 phi_1=acos (0.8)

6 V_L =440

7 S_1=sqrt (3)*I_1*V_L /1000 // i n kVA
8

9 P_1=S_1*cos(phi_1)

10 Q_1=S_1*sin(phi_1)

11

12 P_out =12 //motor l oad
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13 eta_motor =85/100

14 P_2=P_out/eta_motor

15

16 P_T=P_1 + P_2

17 phi_T=acos (1)

18 Q_T=P_T * tan(phi_T)

19

20

21 Q_2=Q_T - Q_1 //kVA supp l i e d by motor
22 // n e g a t i v e s i g n o f Q 2 i n d i c a t e s i t s l e a d i n g na tu r e
23 phi_2= atan(abs(Q_2)/P_2)

24 S_2=P_2/cos(phi_2)

25

26 printf( ’ Power f a c t o r when motor s u p p l i e s 12kW load
i s %. 4 f l e a d i n g ’ ,cos(phi_2))

27 printf( ’ \nkVA input to the motor i s %. 3 f kVA ’ ,S_2)

Scilab code Exa 7.28 TO DETERMINE MAXIMUM OUTPUT POWER OF SYNCHRONOUS MOTOR

1 clc ,clear

2 printf( ’ Example 7 . 2 8\ n\n ’ )
3

4 V_L=400, V_ph=V_L/sqrt (3)

5 Z_s=complex (0.5 ,4) // synchronous impedance
6 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n d e g r e e s , not r a d i a n s
7

8 I_aph =60

9 phi=acos (0.866) // l e a d i n g
10 power_losses =2*10^3

11

12 E_bph = sqrt( (I_aph*abs(Z_s))^2 + (V_ph)^2 - 2*(

I_aph*abs(Z_s))*(V_ph)*cos(phi+theta) )
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Figure 7.15: TO DETERMINE MAXIMUM OUTPUT POWER OF SYN-
CHRONOUS MOTOR

13 delta=theta // f o r P m max
14 P_m_max = (E_bph*V_ph/abs(Z_s))- (E_bph ^2/abs(Z_s))*

cos(delta)

15 P_m_max_total= 3 * P_m_max

16 P_out_max= P_m_max_total - power_losses

17 printf( ’Maximum power output i s %. 4 f kW’ ,P_out_max
*10^ -3)

Scilab code Exa 7.29 TO DETERMINE INPUT POWER AND INDUCED EMF AT TWO DIFFERENT POWER FACTORS

1 clc ,clear

2 printf( ’ Example 7 . 2 9\ n\n ’ )
3

4 V_L =6.6*10^3 , V_ph=V_L/sqrt (3)

5 I_L=50,I_aph=I_L

6 Z_s=complex (1.5 ,8) // synchronous impedance
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7 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s
ang l e i n deg r e e s , not r a d i a n s

8 E_Rph=I_aph*abs(Z_s)

9

10 // pa r t ( i )
11 phi=acos (0.8)

12 P_in= sqrt (3)*V_L*I_L*cos(phi) // f o r both l a g and
lead , s u pp l i e d power w i l l be the same

13 printf( ’ ( i ) Power s u pp l i e d to the motor i s %. 3 f kW\n ’
,P_in *10^ -3)

14 // pa r t ( i i )
15 E_bph_lag = sqrt( E_Rph ^2 + V_ph^2 - 2* E_Rph*V_ph*

cos(theta -phi) ) // f o r l a g g i n g power f a c t o r
16 //Note tha t E bph lag > V ph
17 printf( ’ ( i i ) Induced EMF f o r 0 . 8 power f a c t o r l a g i s

%. 3 f V\n ’ ,E_bph_lag)
18 E_bph_lead = sqrt( E_Rph ^2 + V_ph^2 - 2* E_Rph*V_ph

*cos(theta+phi) ) // f o r l e a d i n g power f a c t o r
19 //Note tha t E bph l ead < V ph
20 printf( ’ Induced EMF f o r 0 . 8 power f a c t o r l e ad i s

%. 3 f V ’ ,E_bph_lead)

Scilab code Exa 7.30 TO DETERMINE AT FULLLOAD THE MINIMUM CURRENT AND ITS CORRESPONDING EMF

1 clc ,clear

2 printf( ’ Example 7 . 3 0\ n\n ’ )
3

4 V_L=400, V_ph=V_L/sqrt (3)

5 P_out =7.5*735.5

6 eta =85/100 // e f f i c i e n c y
7 R_a=0,X_s=10 // armature r e s i s t a n c e and synchronous

r e a c t a n c e
8 Z_s=complex(R_a ,X_s)// synchronous impedance
9 theta=(%pi /180)*phasemag(Z_s) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
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10 P_in=P_out/eta

11 phi=acos (1) // f o r mimimum cur r en t , power f a c t o r i s
maximum

12 I_L=P_in/(sqrt (3)*V_L*cos(phi)) , I_aph=I_L

13 printf( ’Minimum cu r r e n t i s %. 3 f A at f u l l l o ad
c o n d i t i o n ’ ,I_L)

14

15 E_Rph= I_aph*abs(Z_s)

16 E_bph = sqrt( E_Rph ^2 + V_ph^2 - 2* E_Rph*V_ph*cos(

phi+theta) )

17 printf( ’ and c o r r e s p ond i n g EMF i s %. 4 f V ’ ,E_bph)

Scilab code Exa 7.31 TO DETERMINE MAXIMUM POWER AND TORQUE A THREE PHASE SYNCHRONOUS MOTOR CAN DELIVER

1 clc ,clear

2 printf( ’ Example 7 . 3 1\ n\n ’ )
3

4 V_L =3.3*10^3 , V_ph=V_L/sqrt (3), V_t=V_ph

5 Pole=24,f=50 // Po le and f r e qu en cy
6 P=1000*10^3

7 R_a=0,X_s =3.24 // armature r e s i s t a n c e and synchronous
r e a c t a n c e

8 Z_s=complex(R_a ,X_s) // synchronous impedance
9 theta=phasemag(Z_s)*(%pi /180) // phasemag r e t u r n s

ang l e i n deg r e e s , not r a d i a n s
10 phi=acos (1)

11 I_aph=P/(sqrt (3)*V_L*cos(phi))

12

13 E_Rph=I_aph*abs(Z_s)

14 E_bph = sqrt( E_Rph^2 + V_ph^2 - 2*E_Rph*V_ph*cos(

phi+theta) )

15

16 P_m_max =3*( E_bph*V_ph/abs(Z_s)) //maximum power tha t
can be d e l i v e r e d

17 N_s =120*f/Pole // synchronous speed
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18 T_max=P_m_max /(2* %pi*N_s /60) //maximum to rque tha t
can be deve l oped

19 printf( ’Maximum power and to rque the motor can
d e l i v e r i s %. 3 f kW and %. 2 f ∗10ˆ3 Nm r e s p e c t i v e l y
’ ,P_m_max *10^-3, T_max /1000)
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