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E!iﬂggm E(!E!E?a E ¢ MACHINE (DC+Transformer+Induction) 7
DETAILED EXPLANATIONS
1. (c)
For maximum torque (T, ,,)
Ry
Smax, T = X_2
1
smax, T — Z
120x 50
Synchronous speed, N, = 6 - 1000 rpm

Now at T speed of motor,
N, = (1-s) N,=(1-0.25) x 1000
N, = 750 rpm
2. (a)
In a wave winding the armature current get equally divided between two parallel paths but in lap
winding there can be a problem of circulating currents between two parallel paths and hence
causing unequal currents in both paths.

3. (b)
. L 2
Time constant = —=0.2; [“r=400W
r
1 1 L
Energy stored in Joules = ZLI? ==xI%rx=
2 2 r
1
= EX4OOX 0.2 =40 Joules
4, (c)
V=240V, [,=40 A
N; = 1500 rpm, R, =03 Q
TOLI?,, since the torque is constant.
2 - 72
Iy = Iz
= I, =1,=40A

During starting the induced emf is zero, hence the current is limited only by the resistance in the
armature circuit.

Total resistance = zi(? =6Q
Extra resistance to be added in series with armature = 6 - 0.3 = 5.7 Q
5. (a)
Impedance under block rotor condition,
Vv, 825
7, = L=""028870
I 9.3

Resistance under block rotor condition,

© Copyright: MADE EASY www.madeeasy.in



8 | Electrical Engineering

E MADE ERSY

Leading Instituts for [ES, GATE & PSUs

W, 500
Ry = 1279312
b (9.3)
Rotor resistance referred to stator,
Ry = R,-R,
= 578 -25=328Q

=578 Q

(b)
Rotor input (or) air gap power
= 45-15=435kW
s = 0.04
Internal mechanical power developed is

= 43.5 (1 - 0.04) =43.5 x 0.96 = 41.76 kW

(c)
T, =08T,_,,
0.8 = —isma"
Smin T 1
2
2 +1 =0

2 255 _+1 =0

Smax ~ 4+ Smax
Spax = 0.5
05 = 003+ Reyg
0.18
0.09 = 0.03+R

ext

R, = 0.09 - 0.03 = 0.06 Q
(d)

Nap)
We know, =5
Ny(p)
N Narpy  Vap
S0, =
Nypy  Vyp
400
Yoy = 3 ¥
Nxcp) 400
Vi = Ny YO = T
2000
For delta side, Vg = Varp) = NS \Y%

2000 v

V3
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9. (d)
For maximum efficiency at unity power factor using condition,

kVA

At maximum efficiency,

Pc = Pi
200
% = =99.30%
o 004 700 700
1000 1000
10. (o)
For a 3-phase induction motor, spatial displacement,
8 = 90 +9¢,
where ‘," is power factor angle,
coso, = 0.707
¢, = 45°
& = 90° +45° =135°
11.  (d)
For dc series motor;
Given, V, =220V,
N, = 1500 rpm
I, = 25A,
R, =04 Q,
R, = 0.6 Q
Torque; T o [2
back emf at 1500 rpm,
Ebl = Vt B Ial (Ra + Rse)
= 220-25 (0.4 + 0.6)
E, =1%V
We know that, E, < N
Back emf at 1200 rpm;
Ey» 1200
195 ~ 1500

£x195 =156 V

Ey, = 15

Let us assume R, to be connected in series:
Eb2 = Vt ~Ipp (Ru + Rse + Rext)
To obtain rated torque at 1200 rpm, armature current must be same;

ie. I,=25A
Now, 156 = 220 - 25 (0.4 + 0.6 + R_)
220-156 = 25 (1 +R_)
= 156 Q

ext

= (VA)g|-L =200 [ 22 400\ﬁ ~ 200 kVA
P, 2800 4

© Copyright: MADE ERASY

www.madeeasy.in



10 | Electrical Engineering

E MADE ERSY

Leading Instituts for [ES, GATE & PSUs

12.

13.

14.

(@
At no load;

Back emf, E,; =
= 220 - 3(0.5)

EbO

Ey =

At full load;
Back emf, E, ,

Vt - IaO (Ra)

2185V

_V Iafl( )

o< N

- 2015 (0.5)
1975V

@) x1500
2185

= 1355.83 = 1356 rpm

Eyqy =
As flux is given constant;
then, we can write; E,

Eyf
or, —

Eyo

Nj

(d)
Given:

S.C. Test (H.V): 57.5V, 8.34 A, 284 W

€q

R,

Xeq

Power factor; cos ¢

cos ¢

(a)

Primary is star connected and secondary is delta connected.
11000 V

11000 v

( VL) primary

( Vph) primary

(Vph )sec _

(Vph )prim

Turns ratio

( Vph) sec

61|

=6.894 Q

284
(8.34)>

= JZ%-RZ =55550Q

For voltage regulation to be zero;

4 R
costan

=4.083 Q

e"} = cos (36.32°)
eq

0.805 leading

High voltage
Low voltage phase

11000

53
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(Vena = (Vs
Output kVA = BVI,
11000
- J3x X423 =
5 \/g 930.6 kVA
15.  (b)
Given that,
VOC =230V,
IOC =13 A,
POC = 100 W
Vi 2
R . = 20 = & = 529 Q

c Py 100

doc = cos! PO—C =cos_1(i) =70.46°
Vocloc 230x1.3

Re 529

Xy = tandpc " tan70.46° ~ 18773 Q

Referred to high voltage side,

Power factor angle,

2
400
= 529x| —| =
Rc (23 O) 1600 Q
X = 187 73><(@)2 = 567.8 Q
¢ ' 230 '
16. (b)
Load characteristic is
T, < N
For dc series motor, torque-current relation is given by
Td o Ia2
Iy Ny
Iul N 1
I, 750
15 1500
I, =75A
Case-I:
005Q I,
o0
0.03 2 (Eq) 201 v
E, = 200 -15 x (0.03 + 0.05)
E, =198V

al
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(In dc series motor ¢ < 1)

Case-II:
When additional resistance added in series with the armature circuit,
1, =75A,
N, = 750 rpm
Now, E, < ¢w,,
By Naplp
a Niln
E,» 750%x 7.5
1988 150015
E, =497V
E, = 200-75(0.08 + R,,) = 49.7
008+R . = 200 —49.7
: ext 75
ot = 20.04 -0.08
= 19.96 Q

17. (o)

Armature power developed,

E bIa
Back emf is given by,

E, =

and armature current, [ =

E, ( 230 - Eb)
0.06

230 E, - E,2 - 96

Eb

Speed, N =

N
18.  (b)

= shaft power + rotational losses
= 1.5 kW + 0.1 kW
= 1.6 kW

NP¢Z _ N x0.035 x 500
Ax60 60
230 - E,

0.06

= 1600
=0
= 22958 V

60E, 60x229.58
¢Z  0.035x500

= 787.13 rpm

Consider the below circuit:

o

22kV

[

R

se

000
0.04 Q

+ -
0.02Q @

230 V

(For lap A = P)

550 V, 220 kVA

°
% at 0.6 pf lagging

Rated current in winding -

1

R
L 1220V, 220kVA
atupf
0
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;o= 2201000 _ 460, 53130 A
1 550
Rated current in winding - 2
= 2203000 _ 4600 00 A
2 220

Current in HV side due to rated current in winding - 1

(400.£ - 53.13) x 0.55

I = 20 =100£-53.13° A
Current in HV side due to rated current in winding - 2
, _ (1000£0°)x0.22 100.20° A
L= 22 -

HYV side current 100£-53.13° + 100£0°

I = 178.885/-26.565 A
7| = 178.885 A
19. (a)
V, =400V; I,=150 A

R

a
The value of load resistance,

012 ©Q; N, =1500 rpm

N _rero

150

Load current 100 A, the terminal voltage,

R

V,, = 100 x R, =100 x 2.67 = 267 V
I, = 100A; R, =012Q

E = wx E = E aN

8 60 A 8

Egl Nl th +1a1Ra

Eex Ny Vp+IpR,

400+150x0.12 1500
267 +100x0.12 N,

N, = 1001.19 rpm

20. (b)
There is a change of flux/pole due to armature reaction,
Eg o &N,
230

= L= —=115A
200

(V-IR) o ¢,N,
[230 - (10 - 1.15) (0.1)] o 14000, ..(1)
[230 - (200 - 1.15) (0.1)] & N,0, .(2)
Equation (2) divided by (1),
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21.

22,

23.

210.1 _ N, %0.96
229.1 1400
= N, = 1337 rpm
210.115%(200-1.15)
. Torque developed (T, = ( %1337 =298.4 N-m
60 j

(d)
V,=120V,I_=96A,P_=460 W

Vee 120

Z = —£=""=2125Q
¢ I, 96
P
R, = S£= 4602 =4.99Q
2. (9.6)
R, =15Q
Ry = R -R, =499-15=349Q
Given, V, =220V, [, =46 A, P,=125 W

Core, friction and windage losses

125 (4.6) (1.5 + %) =748 W

(0)
120f 120x50

Synchronous speed, N, = P 1 =1500 rpm
N.-N, 1500-1420
Forward slip, g, = —2 L= =0.053
f N, 1500
Backward slip, s, = (2-15) =(2-0.053) =1.947

The effective rotor resistance in backward branch

R, 7.5

2(2-s) 2(2-0.053)

1926 Q=193 Q

(d)
Given transformer rating 50 kVA, 22 kV/220 V percent resistance = 1% percent reactance = 8%.
Taking hv side voltage as base voltage is 22 kV.

Base apparent power, Sp = 50 kVA
As primary is A connected.
Phase voltage, V, = line voltage, V,
2 2
. Base impedance, Zpose = 3(V¢'base) = SX(ZZOO(;) =29040 Q
Spase 50x10
The per unit impedance of transformer,
Zeq pu = 0.01+j0.08 pu
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. High voltage side impedance,
th hv Zeq pu X Zbase
= (0.01j + j0.08) x29040
= 290.40 + j2323.2 Q
24, (a)
We know, Field I = 20 2A
e ow,Field current, = 200 T
At no load, [, =56-2=36A
E, = 400 - (0.18 x 3.6) -2=39735V
At full load, I(fl) = 603 -2=583A
E (fl) = 400 -0.18 x 58.3 - 2 = 387.506 V
Assuming initial flux be ¢ ,
New flux value due to weakening,
¢ = (1-0.04)0 =096 ¢
n(fl) 387506 1
TN = mamaE Xmas = 1.016
n(nl) 397.35 0.96
25. (b)
DI .
We know, flux/pole = TET x pole pitch
-2
- % x20x1072 x 0.4 = 0.0188 Wb
Induced emf £ - Pon Z  0.0188 x 1500 x 400 _ 188V
nauced emt T 60 A 60 )
Gross mechanical power developed
_188x30 564 KW
~ 1000
5.64 x 1000
Torque developed = %1500 - 35.905 N-m
60
26. (o)
Armature resistance is assumed negligible,
Also field current is ignored in comparison to armature current
I, =1
200 = K, x 600 (1)
T = K, x20=K; x (600) ..(ii)
When 20 Q resistor added in armature circuit
(200 -201)) = K,xn ..(iii)
Kl = K;n? .(iv)
Dividing equation (iii) by (i) and (iv) by (ii),
200-20I,  n_
200 600
L __m
20 (600)
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;o 2o
“ o (600)?
(o120 |
10 (600)> 600
(600)% - 212 = 600n
2n2 + 6001 - (600)% = 0
= 300, -600
practical value, n = 300 rpm
L _ n* (3007 _1
20 (600)> (600)> 4
20
I, = 5 =5A

27.  (b)
*  Astorque remain rated at 1500 rpm and 1000 rpm, so armature current and flux will be same.
* At 1500 rpm, using motor equation

V =E+IR,
240 = E, +50x0.2
E, =230V
Ny, |
E, = Ny b1 (as ¢ is constant)
E, = %XBO =153.33 V

At 1000 rpm, R, is introduced

Applying motor equation, V = E,,+I (R, +R_ )
240 = 153.33 +50(0.2 + R_,)
240 = 153.33 +10 + 50R_,,

ot = 10334 Q
28. (d)
By referring the transformer impedance to LV side,
Ry = 0.05+—— =008 0
(10)
X,y = 0.05+ 5'32 =(0.103 Q
(10)
Drawing circuit representation,
(0.08 +j0.103)Q
T; f
v, V, =200V
c L= 20><1000_1OOA
urrent, [, = —200 =
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Voltage drop = 100(0.08 x 0.8 + 0.103 x 0.6) = 12.58 V
12.58

200

Voltage regulation %100 =6.29%

29. (b)
For given transformer configuration,

500 kVA
11 kV .
(HV-side) 400 V (LV-side)
O
° o
Phase current at star side,
500
Ipy (rated) = m =721.687 A
Phase current at delta side,
500
Ipp (rated) m =15.151 A
2000
At lv side, resistance R, = 3% (721 687)2 =128 x103 Q
. . 2500
At hv side, resistance Ry, = —— —_—5 =3.63Q
3x(15.15)
Turn ratio,
Phase voltage (hv side) 11
=47.63

Phase voltage (Ivside) ~ 0.40 /3

Referred values on delta side (A side)
R, (HV) = 3.63 +1.28 x 1073 (47.63)% = 6.53 Q (per phase)
X(p.u) = 0.05
11000

Zbase(HV) = 15.15

=726.024 Q

Xequy = 0.05 % 726.024 = 36.30 Q (per phase)
30. (¢)

Case-I:

o

100 A I, 3A
300 V R,=0.02Q % 100 Q

[}
Armature current, I, =100-3=97A
Back emf, E, = 300-97x0.02

E, = 298.06 V
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Case-II:

When 50 Q external resistance added in field circuit,

Load torque is constant
Tec
¢21a2
¢

We know that, E

297.09
298.06

+
T 100 A I,

300V R,=0.02Q

2A

g/150 Q

1 3
= I1—=97x— =145.
al 0 > 1455 A
= 300 - 145.5 x 0.02
= 297.09 V
o< q)(Dm
0, N
¢ Ny
2 Ny
3 1600
= 239218 rpm
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