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DETAILED EXPLANATIONS

1. (d)

V, =120£0°V N,
-0 0 -
Vy =132V
The maximum volt-ampere rating in either winding of this transformer is 100 VA.
The voltage on series winding is 12 V

S 100
I.. = - =—- =833 A
series, max Vseries 12
Since I, ... is equal to I;;, so secondary apparent power is
Sout = Vlg=Vyl,; =132 %833 =1100 VA
2. (a)

Maximum efficiency occurs at unity power factor and when copper loss is equal to the iron loss
kVA rating at maximum efficiency

P
Sy = Sfyp = 300x /E =173.205 kVA
" e 45

Power output

Maximum efficiency = Power output + losses

173.205

% = x100 = %
® Mmax = 173205+ 15+ 15 98.29%

3. (a)
Power output, P, = 10 kW
Frequency, f = 50 Hz

Poles, P = 6
Slip, S = 0.04
Friction and windage losses = 0.4 kW
Mechanical power developed = 10.4 kW

Mechanical power developed ~ 10.4
1-s 1-0.04

Air gap power, Pg = =10.83 kW

120 x 50

Synchronous speed = 6

= 1000 rpm or 104.72 rad/sec

Full load electromagnetic torque,

P 3

e 10.83x10
T = % = 29X 0342 N-
¢ " o, 104.72 N-m
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4, (d)
V X
Hysteresis loss P, oc fB* f(?j
X
D _ A(hxf_z)
B LV fi
L TR
Py 1001 2000~ 50
700 x 100
P, = T =1400 W
Eddy current loss,
2
P, = B2f? o f2 [?)

- (]
Peo f Vo A

300 ( 50 )2(1000><100j2

Pea 100/ { 2000 x 50
P, = 1200 W
Total core loss, P. = P,, + P,, =1400 + 1200 = 2600 W
(c)
We know that,
Torque, T < ¢ I,
ﬂ q)l[ul
So, T, = 0
2 24a2
0yy4
T, = Mle
¢1Ia1
o, =12¢,1,=40A,1,=60A
60
= 12x—x20 = _
T, 40 36 N-m
6. (d)
2
Ty I
Ty~ |1, | o
fl I
For T, = Tﬂ
s _ L. 1 _q
Ifl Sﬂ 0.01
7. (b)
Rotation speed = 600 rpm
N = 00 10
= 0 rev/sec

Peripheral velocity of commutator,
Vp, = n DN =7 x50 x 10 cm/sec
Brush width

As we know, Vpxt,
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Time of commutation, f = ———— =1.273 msec
¢ nx50x10
8. (d)
We know that, emf generated,
PONZ 9000 4
= 20A = 0 x50 %18 x <0 XE
000 4
= OX50X18 X ——x—
357 0 60 3
Flux per pole, ¢ = 1.32 mWb
9. (b)
250
i = —=2A
Field current, I K 125
No load armature current, I,=16-2=14 A;
Constant losses, Py = (250 x 14 - (14)2 x 0.2) + 250 x 2 = 3960.8 W
I, =152-2=150 A
p, = IﬂzRa + Py = (150)? x 0.2 + 3960.8 = 8.461 kW
P, = 250 x 152 =38 kW
38 —-8.461
Efficiency, n, = — =, <100 =77.73%
10. (d)

For dc series motor;

Given, v,

NT

IEl

Rﬁl

Rse

Torque; T
back emf at 1500 rpm,

Ep

Ep

We know that, E,
Back emf at 1200 rpm;

Ep

195

E

b2

220V,
1500 rpm
25 A,

04 Q,
0.6 Q

12

V,- 1, (R, +R_) =220 -25 (0.4 + 0.6)

195V
N

1200
1500

12
= —x195 =
15 156 V

Let us assume R, to be connected in series:

Eb2 = Vt —[u2 (Ru + Rse +R
To obtain rated torque at 1200 rpm, armature current must be same;

ie. 1,
Now, 156
220 - 156

ext

=25A

220 - 25 (0.4 + 0.6 + R
25 (1+R
1.56 Q

ext)

ext)

ext)
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11. (¢)
The apparent power rating will be
S _ N series T N common STW
auto N series
1.2+12

= x 1000 =
12 11000 KVA

The transformer impedance in p.u. system when connected in two winding manner is,

Zo, = (001 +j0.08) pu.

The apparent power advantage of this auto transformer is 11, so the per unit impedance of the
auto transformer is,

0.01+ j0.08 .
w= g3 =(0.00091+0.00727) p.u.

12.  (d)

250

Iy = I~ 1= 200-25 =195 A

E, = V,-1,R, =250 - (195 x 0.06) = 238.3 V
At I, =200 A, the demagnetizing mmf is 840 A.T. So, effective shunt field current of the motor is
mmf 840

If = Ip-———=5-—"=43A
N 1200
From the given graph, if [; =43 AthenE =233V
Eine ~ NiNL
E, N
233 1200
2383  Nj
Speed of the motor, N = 1227.3 rpm
13. (b)
Given, I, = 6x IfL
Power inkVA _ 50x 10>
i = T Bxv,  Jaxaap TO0BA

Current drawn by auto transformer from the mains at starting,
I, = lest(motor) = x? X6x1g = (0.5 x 6 x 65.608 = 98.412 A
Starting kVA drawn by the auto transformer

= V3Viliauto) = /3 x 440 x 98.412 = 75 KVA

14. (a)
We know that,
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T T 3 X v S (for 1 lip)
orque, T = 7S (for low sli
4 Wy RZ P
Now, T = constant T o< V35
(or) Visy = Vis
2
Vi
(Or) 52 = V_Z 51
(or) s, = 4s;,
hence slip increases 4 times,
31/2 ’
Also, T = —2-x—2 = const.
0, S

(or) 12 -

S

I/

_% _ 52 _ \/E =9

Il Sl 1
Hence, current increases by 2 times.

15. (b)

The motor and generator are identical
DC supply given to motor,

V=1pu
Current in both motor and generator
L., = Iag= 1p.u.

R = Rag=0.02 p-u.

am

Back emf in motor, E, = V-1 R
E =1-1x0.02=0.98 p.u.

m

Also Elum = Eglyg
= E, = Eg=0.98 p.u.
Terminal voltage of generator, Vo= E,-I,.R,, =098-1x0.02=096 p.u.
Ve 096
Load resistance = g ~70 =09%p.u
16. (b)
120 x 50
Synchronous speed, N, = e " 1000 rpm
Stalling speed = 900 rpm
) ) 1000 - 900
Slip at stalling torque, s = 1000 0.1
ol s R, 0.01
ip at maximum torque wt T X, T X,
01 0.01
. - X2
X, =01Q

To obtain maximum torque at starting,
Let rotor resistance = Rz’
At starting, slip,s = 1
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SmT
= 1
= R5

The external resistance to be added,

ext

R;
X5
)
0.1

= 0.1 Q/phase

= 0.1 -0.01 =0.09 Q/phase

17. (¢
For maximum torque (T, ,,)
_ R
Smax,T - X2
1
Smax,T - Z
120 x50
Synchronous speed, N, = 6 - 1000 rpm
Now at T, speed of motor,
N, = (1-s) N,=(1-0.25) x 1000
N, = 750 rpm
18. (b)
Given that,
oc = 230V,
Inc = 13 A,
Pye = 100 W
Vic _ 2307
= e = Q
R P 100 529
Power factor angle,
0pc = cos™ _foc | s‘l(ﬂJ = 70.46°
Vocloc 230x1.3
Re 529
Xy = tandppc tan70.46° 187.73 Q
Referred to high voltage side,
2
400
= 529x| —| =
Re ( %) O) 1600 Q
2
400
= 187.73x| —| =567.
X, ( 230) 567.8 Q
19. (b)
Load characteristic is
T, « N2
For dc series motor, torque-current relation is given by
T, o 1?2
lp Ny
Ial N 1
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I 750
15 1500
I, =75A
Case-I:
005Q I,
00
0.03 @ (Eqy) ZOI v
a1 = 200 -15 % (0.03 + 0.05)
a = 1988V
Case-II:
When additional resistance added in series with the armature circuit,
1, =75A,
N, = 750 rpm
Now, E, =< ¢w,
E N, I
f = N_jﬁ (In dc series motor ¢ < I )
Epn,  750x75
1988 ~ 1500x15
E, =497V
E, = 200-75(0.08 + R, ) =49.7
200 - 49.7
008+R,, = 5
R, = 20.04 - 0.08 =19.96 Q
20. (d)
L) ® T
12V
120 V H . ov
12V
J
EMF per turn is constant on either side of transformer. Total voltage rating of secondary side of
transformer = 24 V. So, 24 turns will be required with center tap.
21.  (a)
V; N
As we know, —+ =1 5 V2=1><230 =46V
V, N, 5
I, = Y2 _46 115 A
R, 4
So, I = s&=£=2.3A
P Ny, 5
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2. (0 L, .
Case-1
r, =028, sE,
X, =29, |
E, = 60V
Impedance, Z, = (0.2 +0.04 x 2) = 0.2154.£21.89° Q
_ 1500-1440
° 1500
P, = |sE§||I§|cosez
= (0.04 x 60) x 11.14 x cos(21.8) ...(3)
Case-II 7y jsxy

_1500-1800 1
® 7 1500 5 E, +E)

!

N
Il

A~ 1
Impedance, 5 (0-2 —j2X g) = 0.447 £-63.43° Q

)
Il

(s x60 + E)) x 1,/ cos 6,/ ...(ii)

—l+E’
(' x60+E;) \ 12 2

I/ = =
P (> 0.4472

From equation (ii),

(124 £y (127 ED)

P’ = x 0.4472
ag 0.4472
Since torque is same for both cases
P, =P,
(-12 + E)')? = 24.84
E, = 1698V

23. (o)
Starting current drawn by motor rated voltage = I~
When supply voltage is reduced by factor “x’,

X Vrated

then starting current drawn by motor = Z. = xl,,.

Since autotransformers transformation ratio is 1 : x
So starting current drawn from supply by transformer is = x?I¢-
it is also given that, Is. = 61

50000

I = ——— =62.60 A
L 3% 440

Starting kVA drawn by auto transformer
2
(kVA) = \BVLIL(starting) = \/§VLXZISC = \/ngx 6XIfL

startor

\/§><440><%><6><65.60 =75 kVA

24. (b)
From the given condition,
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2 , 2 s
Laxs 18I 13
2
I nax 18
T 2-s TS L
As we know, L = J; ...(i)
Tmax sm,T +s fL
2
T L I L S T
Also, Tf ( i : J - (ii)
max max SfL
From equation (i) and (ii),
( IfL Jz 2S%L
Imax Si,T + S.%L
1 2
18 s 2
mI 4
SfL
= 5, 7 = S35 = 0.025x /35 = 0.1479 = 0.15
25. (a)
10x0.85
Mowdg = 10x085+ P, 000
P, = 04473 KW
10000
I 200 - 25 A
10000
I, 00 100 A
kVA 500 x 100 = 50 kVA
auto
kVA s 50 x 0.95
o = VAo FC0SO__ = 0.9906 = 99.06%
(kVA), o ¥cosd+ P, 50x0.95+0.4473
26. (d)
Total armature resistance = R
R,, = (armature winding + interpolar winding + brush) resistance
R,, =02+01+01=04¢
R, =100 Q
1% 220
Iy R_f = 700 =22A
E,=V-(- If)Ram =220 - (200 - 2.2) x 0.4
140.88 V
As we know,
E N ¢
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E,, NIty
En ~ Nilp (¢ == I)
220-0.4(200 -1 ,) 16001 1,
140.88 ©1200%2.2
220 - 80 + 041, = 8538 I,
I, = 140 1.6474 A
f2 7 8498
1%
I =
100 + Ry
220
- == _100 =
N Ree = Teara 33.54 Q
27. (a)
_ ZNPy  ZN¢( P
As we know, E, = "60a = 60 \ A
944 x N x 34.6 x107°
= 0 X2 for wave connected A = 2,
.= 1.088 N (i)
and EI = 4x10° (i)
V-E, 500-E,
I = 3 =" ...(iii)
500E, — E2
4000 = ——=2—*=
3
On putting equation (ii) in equation (iii),
500E, — E2
4000 = —
E2 —500E, +12000 = 0

On solving for E,

E, = 474.72 V, 25.27 (neglected due to efficiency consideration)
S N = o SR s
o T 1088 1088 U TPM
28. (a)
At no load;
Back emf, E,; = V,-1,(R)
E,, = 220 - 3(0.5)
E, = 2185V

At full load;
Back emf, E, ;, = V, - g R)
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= 220 - 45 (0.5)
E,, = 1975V
As flux is given constant;
then, we can write; E, < N

Eyf Ny
or, - = =
Eyg Ny
197.5
= 1500 = ~
Nfl (218.5) X 1355.83 = 1356 rpm
29.  (d)
Given:
S.C. Test (H.V): 575V, 834 A, 284 W
= E = 6.894 Q
eq 834
R = 2 40830
< T (834)

2 2 _
Xeq = \Zoy—R% =555 Q

For voltage regulation to be zero;

R
“’} = cos (36.32°)
e

cos ¢ = 0.805 leading

-1
Power factor; cos ¢ = costan (

30. ()
Primary is star connected and secondary is delta connected.
(VD primary = 11000V
11000 v
(Vph)primary = \/3
(Vph)sec _ 1
(Vph )prim 5
High volt
Turns ratio = —g1v0age
Low voltage
phase
11000
(Vph)sec = 5\/5

(Vos = (V)
Output kVA = BV,

11000
V3 x x 423 = 930.6 kKVA

53
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