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DETAILED EXPLANATIONS

Section A : Power Electronics and Drives

1.  (b)

The distortion factor, DF = T

12
Isl = ﬁAmp
I, = \/52 +%(122 +A?)
62 12/42
= D.F. = _13 = I,
= I=13 A
2 2
= 132 = 52 +ﬂ
2
= A =12
2. (d)
The power factor, pf = P__ P
5 VrmsIrms
. Vl,rmsll,rms COS(¢1) (Il,rms ]COS(D
= = 1
p Vl,rmsIrms Irms

I .= 14 Amp
15 . 15 3
s factor = (JEJXCOSBO 22 15x1732
0, power factor = 14 14 28x1.414
3. (a)

2
2 1 2, .2 A2
Lims = \/8 +(ﬁ) [15 +67+2 ] = /82 +0.5(265) = /196.5

0.66

The current supplied to the gate should occur at a time when the main circuit conditions are

favourable to conduction.
4. (d)
Given,

The ambient temperature,
T,=28°C
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The junction temperature,
T, =100°C
The thermal resistance, 6 =24° C/W
The internal power dissipation,
p - Tj)-Ta 100-28 0w
PT 9 24
5. (o)
The load voltage waveform,
vo(t)
Vm TTTTTE
/ : ot
a=T n on
2
Here, V. = 230J2V

The rms voltage across load,

17 . 2 VT% T1—cos2mt
v, = \/ﬂj(vm sinot)’d(ot)) = \/E [ e d(of)
o o
1/2
sin2 x —
o= V(g sin20)? 20y2| xRN,
o~ odn > 2Jn 2 2
y, = 202 [5]1/2 - 20 g5y
o 2dn |2 2
So power loss or dissipated in load,
Vg, 1157
Py = % = o0 = 13225 Watts
6. (a)
For the given circuit,
o1
current, i = vadcdt

ijsoodt — 2500t
02
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10.

Latching current can be achieved by applying pulse for a minimum time i.e. ¢_,_
10 x 10 = 2500 ¢ .

-3
;- 10x107 10 o6
min 2500 2.5
toin = 4 usec

(c)
The harmonics present in output phase voltage is given by,
n=(6Kzx1)
K=1,273
So, lowest order harmonics is
n=6x1-1=5
So, frequency of lowest harmonics
fs = nf,=5x60 =300 Hz

(c)
With the help of PWM switching scheme, the total harmonics distortion is reduced with modest
filtering.

(d)
The fundamental peak voltage

. 4V, 4x130n
V01 = T - - =520V

The impedance at 100 Hz
Z = JR?+ X2 =52 +122 =13 ohm

The fundamental peak current,

o= Vo 520
oz 13
Io; =40 A

(a)

The rms voltage of waveform,

% \/gxl— / o
0 rms T 180°

,120 2
-V
VO rms 180 \/;

The fundamental rms voltage,

4V . 4x1 .
= d) = ———=sin(60) = 0.90 x 0.866
Yo X2 sin(d) X2 (©0)
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Vy =078V
Vharmonics V()Zrms — V021
THD = —RAmmomEs 100 — —2X100
01 Vo
2 2
=—(0.78
= g %100 = 058 %100
2 ]2
(0.78)
= J0.0957 x 100 = 30.94%
11. (b)
Vout
Vae T —2d— 2m
—2d — | _Vdc |
th . ~ Vdc d
The n'™ harmonics, Von = sin(nd)
5t order harmonics, 1705 = — L 5in(5d)

Given, ) s = 0= —2sin(5d)
sin (5d) =0
S5d=nmn n=1,2)
PR
"5 95
d =36° or 72°
So, pulse width, 2d =36 x 2 or 72 x 2
2d = 72° or 144°
12. ()
The fundamental component of load voltage,
~ 4Vdc
Vo = 4
242V,

The rms voltage, V, (tms) = =0.90 xV,,

T

Vot gy = 090 X 100 =90 V

The load rms current,

IO (rms) =

Sl
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The power, P = Vo1 rms) To (rms) €08 45°
= 90xixcos45° =225
V2
90
ZZA =
> 225
225
= — = 5
A 45
13. (b)
Tl
V,, sinot <~> D, Yo EE R

Here, V. = 2403 x+/2 = 2406V

The waveform

vy (t)

1% 1 1/2
The rms voltage, v, = #[(2% - 0c)+Esin20c:|
o = —rad
r 1/2
vV = 240J6 (2n—5)+1sin(2x5)
LN 2) 2 2
, o 2406 "3_n]1/2
or Z\E | 2
3\1/2
= 120V6 5) =360 V
. V2 360%
The power dissipated, P = R - 360 360 W
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14.

15.

16.

17.

18.

(b)
The average output voltage of a single-phase full wave rectifier with highly inductive load is given
by

W o - 2><230><J§><C

I 0s60°

=103.54 V
(b)

Power IGBT is a minority carrier device.

(b)
As compared to power BJT, a power MOSFET has lower switching losses but higher conduction
losses.

()

The output of the 1-¢ , full bridge converter is shown

ot

The frequency of output ripple = 2f, = 120
120
f.= > = 60 Hz

(a)

The output power for constant current load,

Py = Vil
For single phase fully controlled converter source current,
Isr = IO
. R
So, input power factor, IPF =
‘/SYIST
Volo
IPF = ———
VerO
o
0.85 =7,

sr

V, =085 x 230 = 1955 V
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19. (b)

The input power factor,

3
IPF = —coso
i

3 o
IPF = —c0s30° = 0.95 x 0.87 = 0.8265 = 0.83

20. (a)
io(oot)
t ot
| a T 2
1 T
The average current, I, = —Jlm sin wt(wt)
2n
_ L [cosotf = 1+ cosal
IO_an coswt], = S~ [1+cos
L, 1
Given, I, = Zm = ﬁ[l +cos o]
T
+ = —
1+cosa 5
o = cos ™t (g—l)
21. (b)

When an UJT is used for triggering an SCR, the wave shape of the voltage obtained from the UJT
circuit is a saw-tooth wave.

22. (a)
For boost-regulator V, = Vnc
’ ° 1-D
10
= 20 = 1-D
So, duty cycle (D) = 0.5
and average inductor current,
I
I e = —2==20A
L avg 1-D
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23. (d)
VL avg =0
= Von Ton * Vorr - Tops =0
= (20)(DT) + (-10)(1 - D)T = 0
= 20D -10+10D =0
L1
= "3
24. (c)
_ R(1-D)
n +R(1-D)?

Where r, is inductor resistance and R is load resistance,

As the duty ratio increases, efficiency of the boost converter decreases.

25. (b)
Buck-boost regulator provides output voltage polarity reversal without a transformer.
26. (<)
T
Duty cycle = —ON
T
4ms
= =04
= b 10ms
Vo ms = VD -Viy = (V0.4)100 = 6325 V
27. (b)
Yo L _ D
Vi Iy, 1-D
3__ D
- 2 " 1-D
L_3
- "5
3 2
= g,—Jﬁhmm——ng(l_B/S)—387A
28. (b)

1 1
Ripple factor = \/5—1 = \/1/—4—1 =3
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29. (b)
AB — Maximum limit for DC and continuous current.
BC — Limit of junction temperature to safe value.
CD — Secondary breakdown limit.
DE — Maximum voltage capability.
30. (b)
Switching speed of GTO is more than that of SCR.
31. (b)
The power delivered,
Pbattery = VBIO =200
I, = 20 _ 2A
07 100 ~ ~ P
So average load voltage,V, = V, + [ R
=100+2x20
V,=140V
32. (d)
The fundamental component of the source current,
fsl = 152 Amp
rms current, I; =15 Amp
The fundamental power factor angle,
o
q)sl - E
So, real power, P = V., cos ¢,
P =230 x 15 x cos(30) = 3 kW
33. (o)
Given, V. =400V
The average output voltage,
3V, 3x400x+2
V, = o Py =270V
Vo 270
So, average current, I, = R 10 " 27 Amp
34. (d)
The PIV of diode (PID), = 2 x (50+/2)
= 10082V

ocopyright: MADE ERASY

www.madeeasy.in



I'I'InDE EnSH Electrical Engineering | Test10 23

35.

36.

37.

39.

40.

(d)

For 1-phase, semi-converter,

slr

L=\~ To

Input power factor = g x FDF

Il

(@]
o]
(92}

(d)

The source inductance always reduces the average load voltage.

(a)

The lower the switching losses, higher will be the frequency of operation of the device.

()
Every SCR in 3-¢ full converter conducts for 120°.
(b)

Both are true but not related to each other.

Section B : Power Systems-1

41.

42.

43.

(c)
Electrostatic precipitator is installed between induced fan and air preheater.
(b)
Output power = WQh 1 x 9.81 x 10~ kW
Where, W = density ; h = head; Q = Reservoir capacity ; n = efficiency
P, =1000 x 50 x 100 x 0.7 x 9.81 x 10> kW
= 34.33 MW

()

Sum of individual maximum demand

Diversity factor = Vi mum demand on power station

1
Diversity factor

Coincidence factor =
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4. (o)
Classification of transmission lines based on f [ :
f1 <4000 short TL
4000 < f1 <10000  medium TL
f1>10000 long TL
Given : f=200Hz, [=75km
f1 =200 x75=15000

As f1>10000, so given power line is long transmission line.

45. (d)
Given, A =D =0.9£10°, B =100£70°
Vs =120 kV, Ve =100 kV
2
Py =~ = AR cos(p -0y
2
_ 120x100 _ 0.9x(100) cos(70° - 10°)
100 100
= 120—0.9><? =75 MW
46. (a)
Corona loss (P.) o (f + 25)
0.6 _ 50+25
P~ 75+25
06 _ 75 _3
P~ 100 4
P.=4x02=08kW/ph/km
47. (0
1£0° 1-£0°
L. 1 Vmid
Steady state power limit = 5/ /2
1x Vmid =
05/2 32
Vg = 0.8 pu. =

48. (b)

New surge impedance,

1-K 1-05
— Z SE = N
Zs1 = 08 \V1-Kg, 4OO\/ 1-0.75
0.5
400,|—> = = 565.68 Q
008 400/2
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49. (b)
Given, P =100 kW, p.f. = 0.6 lag
Reactive power supply to make,
p.f. = 0.8 lagis
Q. = P(tan cos™ 0.6 - tan cos™ 0.8)

- 100(2_9) = 100x-Z =5833 KVAR
6 8§ 12

Q. =3 V2 oC =5833 kVAR

58.33x10° 5833 =
= = 30 = x 10
3x(10x10°)* x314 942
= 0.619 pF
50. (d)
Length of distributor, I = 50 m
current loading, i =2 A/m
resistance per meter run of both of the conductors,
2x2
= Q =
(r) 1000 /m =0.004 Q/m
irl>  2x0.004 x (50)
Maximum voltage drop = % eta p alGh) g 25V
51. (c)
pih
R, = A 10 Q
Paly
p; = P, (resistivity)
i1
n=y
As volume in both the case is same
Vy= V)
)2
Iy R(Zl) =l -nr
L
16 ~h
= l,=161,

ocopyright: [MADE ERASY www.madeeasy.in



26 ESE 2023 Prelims Exam e Classroom Test Series

MADE ERSYH

Ny
N—_——
N

R 4 A L.n(

R2 Al l2 1611 T 7’12

0 1
R, 16x16
= R, = 2560 Q
52. (c)
For minimum cost of generation,
[y =1gy
0.2P, + 300 = 0.4P, + 250
0.2P, + 300 = 0.4(400 - P,) + 250 (As P, + P, = 400)
0.2P, + 0.4P, = 160 + 250 - 300
0.6P, =110

P, =183.33 MW
P, = 216.66 MW > 200 MW (maximum limit)
Thus unit-2 will be share 200 MW i.e., P, = 200 MW
then P, =400 - 200 = 200 MW
53. (a)
HVDC systems can use ground/sea return.
54. (c)

In HVDC transmission the rectifier consumes reactive power and inverter
from/to the respective connected ac system.

55. (d)
Radius of receiving-end power

VoVx  510x500

circle diagram = == = —— -0 MVA =1700 MVA
56. (a)
_|L
Zg = C

supplies reactive power

If we use bundled conductors, inductors L is decreased. So Z; is also decreased.

V2
If Z, is decreased, SIL will increase | "."SIL = - |
S

57. (b)

Both statement are individually correct.
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58. (d)
For lossless transmission line,
R=0
and G=0

Section C : Electrical Machines-2

59. (c)

. EV 1 -
Synchronous coefficient = X—.cosf) o stability, o excitation
S

At B excitation is more as compare to at A, hence alternator is more stable at B.
60. ()
Zs=(0.6 +j0.8) Q
Zs] =1

Maximum output power in case of synchronous motor is,

2
Er Vi E_f.(&]

Poutput = ZS B ZS ZS
1 0.6
= (4000) (— - —2) = 6.4 MW
1 1
61. (a)
Number of slots per pole per phase
36 3
- " ax3 T
180°
= = =20°
P (36/4)
. (mB) . (3><20°)
sin| - sin| —
= Breadth factor = B = 00\ 0.9598
msin() SSin( )
2 2
62. (b)

* In overexcited condition, synchronous generator will deliver inductive VARs or accept
capacitive VARs, hence it acts as a source.

* Synchronous motor in underexcited condition is absorbing inductive VARs so it is acting as a
sink.

* Induction motor absorbs active power and reactive power, so it is acting as a sink.
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63. (d)
V=3300V, pf=0707
800 x 10°
I = ~198A
al 3 %3300 x 0.707
Iy =1143 A

\E f‘ = /(3300 x0.707 — 02) + (3300 x 0.707 +114.3 x 5)2

= 3726.09 V
64. (d)

Since after connecting the stator to the supply, flux per pole is increased to 25 mWb from the initial
value of 20 mWb, hence effect of armature reaction is magnetizing i.e F; < F,, due to which motor

is under excited and runs at lagging power factor.

65. ()

The difference between electromagnetic torque and prime mover torque is due to losses in iron

core, friction and windage.

66. (o)
400
i =—=2A
If (field current) 200
Iano—load =56-2=36A
L tulldoaq = 683 -2=1663 A
Ea no-load — 400 - (36 X 018) -2=397352V
E, tuitoad = 400 - (66.3 x 0.18) - 2 = 386.066 V
N full-load _ Eafull-load % ¢1 _ 386.066 5
Npo-load Einodoad  0.970 397.352 x0.97
67. (d)

The field windings are divided into two halves and then connected in series or parallel to control

the field ampere-turns. In dc series motor,

N,/2 N,/2

se

5O0——TO0 o+

(a) series

¢(f1ux) <1,

se.

V

1/2

1,/2

N,./2

se

(b) parallel
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oc |

q)series a
q)parallel e

N

-e-|H N|::

N parallel
N

series

Hence parallel connection gives higher speed.
69. (b)
* physically the brush is along the direct-axis in dc machine.

* schematically the brush is along the quadrature axis, in dc machine.

* armature mmf is directed along the brush axis.

70. (o)
I-2§1—1A
f7 250
[[=21-1=20A

Torque is constant,

Hence I,=1,
E,, =250 - (20 x 0.5) =240 V
E,, =250 - 20(0.5 + 0.5) =230 V
Ep _ N
Ex M
= N, = 600x@ =575 rpm
240
71. (d)

Compensating winding ampere turns per pole,
AT = 0.7 x 15000 = 10500 ATs

mmf required for the air-gap under the interpole

B 0.25

Ko 4mx 10
=1989.43 = 1989 ATs
. Ampere turns furnished by each interpole are
= (15000 - 10500) + 1989 = 6489 ATs

x1%1072
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72. (b)
Given, [=03m, r=02m,
Z =500, 1.=20A
Ban =05T, P=4
21t x0.2x0.3
Flux per pole, ¢,,, = 0.5 XRT = 0.04712 Wb
Torque = P(I)-I—“-é = 4x (0.04712)><§><5—00 = 0.04712 x 0.159 x 10000
2n A 2n 4

=74.996 Nm = 75 Nm

74. (a)

The poor commutation in dc machine is caused by some mechanical conditions which includes

uneven commutator surface, non-uniform brush pressure, vibration of the brushes in the holders
etc. The electrical conditions include an increase in the voltage between commutator segments, an

increase in the current density at the trailing edge of the brush etc.

75.  (b)

Isolated generated is not connected to the bus-bar, so its frequency can be altered. But, when
generator is connected to an infinite bus then its frequency is governed by bus-bar frequency.

0000
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