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Detailed Solutions

ESE-2025 Electrical Engineering
Mains Test Series TestNo:6

Section-A : Power Systems + Power Electronics & Drives +

Q.1 (a) Solution:

Communication Systems

In Multiple Pulse Modulation (MPM), several equidistant pulses per half cycle are used.
Vo

ot

N a+

same.

The rms value of pulses in single pulse modulation and multiple pulse modulation are

(i) Positive and negative half cycle of V| are symmetrical about

n .
) and o respectively.
In addition these half cycles are also identical as a result coefficient a, = 0.

2 T
b = —JVO sinnmt - d(wt)
n T 0
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d
Y+E
_ 2 I Vssinnot - d(owt) x 2
T

_d
L

The use of factor 2 in the above expression accounts for the two pulses from 0 to m.

d
T+
b = %(— cosnmt)

nm

[

Vs cosn( —é)—cosn( +E)
T onm Y 2 v 2

b = %sinn sinn—d
"o v 2

.. The Fourier series expansion of output voltage in MPM PWM inverter is,

[}

Vs . . nd .

V. = > —sinnysin—sinnot

0 nmw 2
n=1,3,5...

(i) Vo

6,16, | 8 0,
f f I ot
Y — n

For N pulses per half cycle there are (N + 1) intervening equidistant spaces, each of
width 6, as shown above.

For these equidistant spaces V|, = 0

Total width of these equidistant spaces,

(N+1)6, = n - (width of N pulses)
= (n - 2d)
0. = n—2d
I N+1
0, = half of the pulse width = 4
N
y=0,+6,

©Copyright: MADE EASY www.madeeasy.in
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n—-2d d
YT N1 N
Where, N = Number of pulses per half cycle
and d = pulse width
Q.1 (b) Solution:
P, = 3 x800 kW
cos 0, = 0.8 leading
= ¢ = cos™! (0.8) = 36.87°

Transmission line impedance is,
Z = 20(0.015 +;0.02)
Z = (0.3 +;0.4)Q
0.5£53.13° Q

Vi, = Receiving end line voltage

V, = Receiving end phase voltage
Now, P, = \3Vg; I cosd

= 3% 800 x 10° = /3 x VI x0.8

! 1732.051x 10°
e =
R VRL
3
. ro- 1732.051x10° . oo
RL
3
. 1732.051x10° o,
R \/§VR
— T, = 1000 103 £36.87°
R VR
Now, Vs = Vp+1jZ
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We can write,

Ve = (Vg cosog + IgR)? + (Vi sinog + [z X; )2

3 2 3 2
3300 _ \/(VR w084 1000x10° h o) (VR 0.6 4 1000x107 0.4)

= NG Vi Vr
3 1000 x 10° ’ 1000x10° ;
10890x10” _ Ve x0.8+—""——x03 || Vg x0.6 + ————x0.4
3 R R
9%x10° 16x10Y

R 3630000 = Vg +480000 + ————+——

VR VR

10
R 3630000 = V2 + 22210, 960000
Vi
10
= Vi+ w ~ 2670000 = 0
VR

Solving this, we get
= V., = 1604.00

R
.. Receiving and line to line voltage is

Vi, = 3Vg =+/3x1604.00 = 2778.217 V

and line/phase current,

1000x10° _ 1000 10>
RO Vg 1604.00

=623.44 A

©Copyright: MADE EASY www.madeeasy.in
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Q.1 (c) Solution:
There are two types of error in delta modulation :
1. Slope-overload error. 2. Granular noise error

1. Slope Overload Error : This error occurs when the slope of staircase approximation
of the modulating signal is too small as shown in figure.

m(t) m(t)
A
Ai] Slope = T - sf,
‘? A = Step size
s T, = Sampling interval
A = GStep size
T, = Sampling interval

To avoid the slope-overload error, the following condition must be satisfied :

A ldm(h)
P
’115 - dt maxX
dm(t)
Af >
f; dt maxX

2. Granular Noise : Granular or Idle noise occurs when the step size is too large as
compared to small variation in input signal. This means for a very small variation in
the input signal, the staircase is changed by large amount because of large step size.

Reconstructed Signal
Original Signal
X —
Granular
Noise

To avoid the granular noise, the step size should be made smaller so that the staircase
approximation may become more close to the modulating signal.

Q.1 (d) Solution:
When the chopper is ON, freewheeling diode will be in OFF state.

dir

Thus, by KVL, Vs = Rir +L 0 +E ..(i)

©Copyright: NADE EASY www.madeeasy.in



16 | ESE 2025: MAINS TEST SERIES MADE ERSYH

Ton T .
v, ' i
] 1 1 t
i N Jmax i :
i [ Lmin L
It ; Imax E‘/\i Imax
T loin' a
min
i i i t
irp Imk# i
i i i

. Ldi
From (i), RZTdt + dtT

dt = (V- E)dt

Using the waveform, the average value can be written as:

TON TON Ton
= j RTdt+— j Lledt _ 1 [ (vs-Epat
T 0
1 Ton
N R— j szt+— j Lledt - (VST_E)-TON
. T L
R'ZT'Tm+?(ImaX_Imin) = (VS_E) a
a(Vs—E L
= ITavg - ( ; )_RT(Imax_Imin)

Hence proved.
Q.1 (e) Solution:
V = 15sin [3 x 108 + 50 sin(2500)¢]

Comparing this equation with equation of FM wave

e = Asin(w.t+ mesin o, t)
(i) To find values of carrier and modulating frequencies
3 x10%, o, =3x108
3x108, f.=47.74 MHz

wct
21 fc

ocopyright: [MADE EASY
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and ot = 2500¢
2rf, = 2500
f,, = 398.08 Hz

(ii) To find modulating index

Comparing given equation with equation of standard FM wave

m; = 50
(iii) To find frequency deviation
= Frequency deviation _ 06
f Maximum modulating frequency ~ f,,
8 = 50 x398.08 =19.904 kHz
(iv) To find power delivered to 75 Q resistor
( AY (15Y
V2 ) _\\2
p = R o5 T 1.5W
Q.2 (a) Solution:
Let, vV, = |Vt‘40c p-u.
Then, P = Msinoc
X
1.0 = 1.0x1.0 sino.
(0.1+0.5]/0.5)
= o = 20.49°
Now, current through the terminals
X
1.0£20.49° -1.0£0° .
.. Generated emf, E=V+I(GX)
= 1£20.49° + (1.0163.£10.25°)(j0.25)
E = 1.0747£33.94° p.u.
and |E| = 1.0747 p.u.

ocopyright: [MADE EASY
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When one of the line is shorted in the middle

j05  1.0°
% 000
t
E(O—tm—"—t00— (=) =
j0.25 j0.1 j0:5 ©

By Y-A conversion,

Transfer reactance, X

0.35+0.25+

0.25x0.5
0.35

0.35x0.5
0.25

0.25+0.5+

035+05+

During the fault, the swing equation is

H 2
180°f dt?

s
180°x 50 J¢2
1

2250 ¢2
2

dt?

2

dr?

and a9
dt
Attime £ =0,

do

dt

Il
)

-P

m e

=1- —‘EHV| sind
T
| 1.0747x1

1.55

sind

2250(1 - 0.693 sin d)

= (2250 - 1560.05 sind)

(2250 - 1560.05 sind)¢

0.35x0.25

=0.775 p.u.

=1.107 p.u.

=1.55 p.u.

=0 i.e., rotor speed cannot change suddenly
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with initial rotor angle,
5
ar?

r=0"*

Now, change in rotor angle,

1 d°8 5
= —X—— X (A =
Ad = X . (Af)

N | =

1.724 elec. degree/sec?
.. At the end of this internal, rotor angle is
5, = 8, + A5
= 33.94° +1.724°
= 35.66° elec. deg/sec?

And the angular acceleration is

@
Ar2 oos 2250 - 1560.05 sin &,
= 2250 - 1560.05 sin 35.66°
= 1340.53 elec. deg/sec?
Q.2 (b) Solution:
r = 0.125 Q/km
= R = 0.125 x 400 = 50 Q
L, = 1273 x 10°* H/km
= X, = 2nfL,l=2m x 50 x 1.273 x 103 x 400
X, =160 Q
and Y = jyl =728 x10°%x 400 =1.12 x 102 U
Given,
Sp = 48 MVA
Receiving end line voltage, Vg, = 220 kV
Phase voltage, Vg = %waZOOV
cos ¢, = 0.75 leading
= Op = —4141°

2250 - 1560.5 x sin 33.94° = 1378.99 elec deg/sec?

% 1378.99 x (0.05)?

ocopyright: [MADE EASY
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_ Sg 48x10°
T = =R/ ¢, = / —(~41.41°
RT3V % Bx220x10° ( )

I = 125.9672£41.41° A

\f R+ ]XL
50 + j160
Z. = —].1.12“0_3 =386.872./-8.68° Q

Propagation constant of the line,

Characteristic impedance is Z -

Y= ol+jBl=vZ2Y
= (50 + j160)(j1.12x107?)
= J0.187746./162.64°
= 0.433297./81.32°
vl = al +jBI
Where, ol = 0.06539 Neper
Bl = 0.42833 radian
= 0.42833x 180
T
= Bl = 24.54°
vl -l ol+ Bl —(al+jBI)
(i) Now, A = D=coshy=418 ¢ — *¢
2 2
_ 60'06539 . ej24.54° + 6_0'06539€_j24'540
2
0.06539 —0.06539
£24.54° —24.54°
= ° > e 2% g9122171°
vyl ol ,jBl _ —al jBl
sinh ’Yl _ e e _ e e e e

2 2

60'06539 _ 6_24'54 _ 6_0'06539 . e—]24.54

©Copyright: MADE EASY www.madeeasy.in
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006539 o4 sp0_ 006534 , o4 £h0

2
= 0.4205£81.86°
= B = 162.68£73.18° Q
and C = Lsinh\(l: L (0.4205£81.86°)
Zc (386.872.£ - 8.68°)
= C = 1.087 x 103£90.54°
(i) We have per phase,
Vs = AVgi +BIg
220

ﬁx

109.512£11.64° kV

(0.91241.710)( 10% 20° J+ (162.68.£73.18°)(125.967 £41.41°)

Vs
Sending end line voltage,
Vg, = V3[Vs| = V3x109.512KkV =189.68 kv
(iii) Sending end current,

Is = CVR +DTR

220x10°

5

(1.087 x 10—3490.54°)( £0° ]+ (0.912.£1.71°)(125.967.£41.41°)

I = 231.786£69.14° A
.. Sending end p.f.
cos O, = cos[LVS - LTS]

cos[11.64° - 69.14°]
cos(-57.5°)
0.5373 leading

Sending end power,

Ps = \J3Vs; Is cos g

J3 %189.68 % 103 x 231.786 % 0.5373
40.915 MW

©Copyright: NADE EASY www.madeeasy.in
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Q.2 (c) Solution:
1%

S

Impedance, Z

0

12042 sin (21X 60¢) V = 12032 sin (1207 ) V

JR?(2nfL) = \/102 +(2m % 60 x 20 % 10—3)2

12.524 Q

-3
el ( %L ) o (1201: % 20 %10

= 37.016°
10 J

0 = 37.02° or 0.646 radians.

The general expression for load current for R.L load supplied through sinusoidal

source is:

it

Atot=o0,1(t)=0
0
0
= A
it
(i) At extinction angle 3,  i,(t)
= 0
Let fB)
then 17 (B)

By Newton-Raphson method

Bn+1

B

—Rt
V7msin((ot -0)+ Ae /L

v _R
7’”sin((u)t —-0)+ Ae oL

(o)

e
120\/i sin ((l) _ 0646) + Ae 12015><20><10_3

13.55 sin(wt - 0.646) + Ae~1:326 (@)

13.55 sin(at - 0.646) + Ae 1326 ()
13.55 sin(1.047 - 0.646) + Ae~1:326 (1.047)
-21.2

13.55 sin(wt - 0.646) - 21.2 ¢71:326 (@)

0

13.55 sin(B - 0.646) - 21.2 ¢71326P
13.55 sin(B - 0.646) - 21.2 ¢71326P
13.55 cos(B - 0.646) - 28.11 ¢~1-320 B

£(By)

£'(Bu)

13.55sin (B, — 0.646) — 212¢~1-326Ps
13.55c0s (B, — 0.646) +28.11¢326P

Bu

ocopyright: [MADE EASY
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Initiate guess, B, = m=23.142
13.55sin (1 — 0.646) — 21.2¢ 132"
By = m- 55 = 3895
13.55cos (- 0.646) +28.11e ™"
f(B1)
= = P1 -
b= B ,)
13.55sin(3.895 — 0.646) — 21.2¢1326%3.8%
= 3.895 - ~1.326x3.895
13.55c0s(3.895 — 0.646) + 28.11¢ 207>
= 3.7768
f(B2)
& By = B2a—"5
> £'(B2)
_ 377gg . 13555 (3.7768 - 0.646) - 21.2¢71-326%3.7768
- 13.55 c0s(3.7768 — 0.646) + 28.111:326%3.7768
= 3.777
B = 3.777 radians = 3.777 x 180 = 216°
T
Since T+ o = 180° + 60° = 240° >
Thus, load current will be discontinuous in nature.
(iii)
o np@+o) 2n 3n
o tutt L L% |
+ fiy X '

B =3.777 rad or 216°

B
1 .
Average output voltage = V, = ;_[Vm sinotd (ot )
o

©Copyright: NADE EASY www.madeeasy.in
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%"[cosoc —cosB] = 202 (5600 - cos216°] = 70.712 Vs
T
Vo 70.712
Average load current, I, = ST
= I, = 7071 A

Q.3 (a) Solution:
The line constants are
R = 0.0195 x20=0.39 Q
X = 2nfL=2r x50 % 0.63 x 1073 x 20 = 3.96 Q

(i) For short transmission line,

I, = Ig=1
1| = 5000v2 _ 707.107 A
10
We have, |VS‘ = |VR‘ + ‘I‘(Rcosq)R + Xsindg)
= 10000+707.107 0.39x —= +3.96 X —=
Vs| = 12175 kV
- 12.175-1
and  %voltage regulation = Yoo =Via 100 = #x 100 =21.75%
RL
. _ , 21.75
(ii) Voltage regulation desired = T 10.875%
V|10
—=——x100 = 10.
10 10.875
= Vs| = 10.875 kV

Assuming total system p.f. to be cos ¢,

I=1=1I,

[

—~
@)
af——"—¢ <
T
o
Q0
Q.

V| =|Vk| = [I|(Rcosdg + Xsinog)

ocopyright: [MADE EASY www.madeeasy.in
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= (10.875 - 10) x 103

But |I‘

Substituting (ii) and (i),

= |1/(0.39cos ¢y, +3.96sin¢r) ..(i)
1

50002 x( ﬁ)

= (.. capacitor does not take)
10cosdr

500 .
= oson ...(ii)
- % (0.39cos by +3.96sin )

cosr
= 195 + 1980 tan ¢
= 0.4508
= 24.26°
= 09117

500 500

= Cospg 09117 ~ 04843 A
= I, -1

548.43 £-24.26° - 707.107 £-45°
(-0.0018 + j274.66) A

Note that here real part is obtained due to approximation we took, ignore this real

274.66 A

1 |vg|  10x10°

amfC |Ic| 27466

10%

1087.5
= 1087.5
= tan ¢,
Or
= cos Op
= i
IC
IC
term
IC
XC
1
=
2rnx50x C
= C

274.66
87.43 nF

(iii) Efficiency of transmission line

%01

_ Output <100

Output + Loss

ocopyright: [MADE EASY
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Case (a):
5000/2 x j_
% = - 2 x100
5000+/2 X —— + (707.107)* x 0.39x 107>
J2
= 96.246%
Case (b):
1
50004/2 x 5
% = I 2 %100
5000+/2 X —— + (548.43)* x 0.39 x 10~
J2
%M = 97.708%

Conclusion : Placing a capacitor in parallel with the load, the receiving end power factor
and the efficiency are improve while the line current reduces with reduction in voltage
regulation.

Q.3 (b) Solution:
Line Voltage, vV, =210V
Peak Line Voltage V , = \/EVZ =2 x210 =296.98 V
Average output voltage for field winding is

VOf = 3V:L cosaL ¢

For maximum field current, oo = 0°,

3VmL  3x296.98

Vo, = = 283.59 V
T
Vor 28359
Maximum field current, If = R_f =0 218A
Now, Torque, T, = Kulfla
110 = 1.2 x 2,181 x Iu
= I = 42.03A
. 2nN
(i) Also, E, = Kqu(D = 1.2 x2.181 x <0

1.2 x2.181 x ZR% =263.11V

©Copyright: MADE EASY www.madeeasy.in
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By KVL to armature circuit,

Vt = Eb + IaRa
%cosaa = Eb +I R
T a a
3x269.98
fco o = 263.11 +42.03 x 0.2 =271.516

= Firing angle of armature converter,
o, = cos1[0.9574] = 16.78

(i) T, = 110N-m
Ip =2181A
a, =0°
= v, = %coso%wxl =283.6V

T, = Ky, 1a
110 = 12 x 2181 x I,

[ =4203A
Now, V,, = E, +42.03x0.2
E,, = 275194V

275194 = 1.2 x 2,181 x @,
0, = 105.148 rads.

2TCN2
o 105.148
= N, = 1004.0848 rpm
(iii) N, = 1750 rpm
= ®. = 2N = 2n x 1750 =183.26 rad/sec.
3 60

T =110 N-m

Vt3 = Vtz =283.6 V

Eb3 = Vt3 —Iu3Ru = 283.6 —Ia3 x 0.2 ..(0)

©Copyright: NADE EASY www.madeeasy.in
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and E,, = KoIfws =1.21¢ x183.26 = 219.9121
and T, = Kl

110 = 1.2x1Ip <1,
= Iel,, = 91.667

From equation (i) and (ii),

2199121, = 283.6 - 0.2I,,

f 283.6 —219.9121 ¢
= by = 0.2
Substituting equation (iv) in (iii),
283.6 - 219.9121

f[ % } = 91.667
= 283.61; —219.9121; = 18.33
—219.91217 —283.61; +18.333 =0
= I, = 1221 A, 0.068 A
For If= 1.221 A
= 0 = 75.44 A (From eq™. (iii))

vof = [R,=1221x 130 =158.73 V
mlcoso s = 158.73
T

cos™1(0.5597)
= 55.96°

U
g
Il

...(ii)

...(iii)

(Neglected I, = 0.068 A as it will result ] 2y = 1345 A which exceeds the rating of the

machine)

Q.3 (c) Solution:

(i) Methods to improve string efficiency of an insulator:

* By using longer cross arm: The value of the string efficiency depends upon K

(ratio of shunt or earth capacitance to self capacitance of the insulator). Lesser the

‘K’ value, the greater is the string efficiency. Hence, longer cross arm will reduce

shunt/earth capacitance and maximum the string efficiency.

* By grading the insulators, such that the top most insulator unit has maximum

capacitance, increasing progressively towards the bottom unit.
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1
AS, V o E
This method tends to equalize potential distribution across the units in the string.
(i) Given, [ = 270m

Self weight of conductor,

Wg = 0.865 kg/m

Diameter of conductor, d = 2.76 cm

Ultimate strength = 9060 kg

Radial thickness of ice, t = 1.82cm
Wind pressure, P = 3.8 gm/cm?

Safely factor = 2

Density of ice = 0.91 gm/cc

I/Vlz
Sag,s = ——
ag, s aT
. Ultimate strength 9060
Where, Tension, T = Safety factor 5 = 4530 kg

W= W, + W%+ W2

=

Weight of ice = Density x Volume of ice
= Density x nt (d + t) x 100
= 0.91 x © x 1.82(2.76 + 1.62) x 100
= 2028.525 gm/m
= 2.029 kg/m
Weight of wind = Wind pressure x (d + 2t) x 100
= 3.8 x (2.76 + 2 x 1.82) x 100
= 1740.4 gm =1.7404 kg/m

W= W, + W%+ W2

= J(0.865+2.029) + (1.7404)> =3377 kg

WI*  3.377x270?
8T 8% 4530

S = 6.793m
©Copyright: NADE EASY www.madeeasy.in
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Q4 (a) Solution:
R=10Q,L=0.03H, f=50Hz, V, =230V

n™ harmonic impedance is

Z, = |R? + (2nfuL )
Fundamental load impedance is

Z, = \J10? + 2n x50 x 3x 0.03)° =13.741 Q

3rd harmonic load impedance is

Zy = 10?2 +(2n x50 x 3x 0.03)% =29.991 Q

(i) Square wave mode:

RMS value of nt" harmonic output voltage is

4V,
Vor = 2
fundamental output voltage is
V. = 4 x 230
M 1xmd2

and fundamental load current is

Vor  4x230 1

Iy, = Z: -~ X TS 15.07A
3'd harmonic output voltage is
4 x 230
Vos = 3n/2
34 harmonic load current is
Vos _ 4x230 1 2304

= = X
los Zy  3mJ2 © 29.991
RMS output/load current is

Iy = I3 + I3 =15.07% + 2302 = 15.245A

Power delivered to load, P, = I2R

15.245% x 10 = 2324.1 W
(ii) Two symmetrically spaced pulses:

The output voltage Fourier series is

8Vdc
nm

. . nd .
sinnysin > sin ot

Vy= 2
n=1,3,5
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n" harmonic RMS output voltage is

vV, = 8V;’lcsin (ny) sin(%d)

nm

Where, pulse width 2d = (Duty Ratio) x 180°
= 0.5 x 180°
d = 90°
= d = 45°
180°—-2d d
and VS TN + N (Where N =No. of pulses per half cycle)
180°—-90° 45°
= + =52.5°
2+1 2 525
. Fundamental output voltage is
8 x 230 45°
= in(1x52.5°)sin =125.
Vor = Txnda® ( )s (2) 125.736 V
Fundamental load current
I, = Von _ 125.736 _ 9154
Z; 13741
3 harmonic output voltage is
Vy, = ?? : jf’/% sin (3 x 52.5°)sin(3 X 45 ) — 48,808V
34 harmonic load current
Iy = Voo _ 28508 _ 1 6074
Zy 29991
RMS load current,
I, = 12 + 13 =9.15% +1.627°
= 9294 A
Power delivered to load,
p 0" IgrR
= 9.294? x 10
= 863.7841 W
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Q.4 (b) Solution:
(i) Faultat bus-1 with Z=

=70.2 pu.

Since prefault Voltages at buses are 1.0£0° pu.

Therefore,

Now, fault current at bus-1,

If=

E, =E,=V,=V,=V,=10£0°pu

Now, change in bus-voltages due to fault at bus (1)

[AV,
AV,
AV,

AV,
AV,
AV;

[AV,
AV,
AV,

L .

Post fault voltages at buses,
[ V1 (F)]
Va(F)

Therefore, Iy

G2

Current between bus-2 and bus-3,

23

Vi 1£0° .60
Zy+Z;  j0.0776+ 020 ~ J>OUPY
[0.0776  0.0448 0.0597 |[~1f
j10.0448 0.1104 0.0806 || 0
0.0597 0.0806 0.2075 | 0
[0.0776  0.0448 0.0597 | [ j3.60
710.0448 0.1104 0.0806|| O
0.0597 0.0806 0.2075|| 0
~0.27936
-0.16128
-0.2150
vi(P)] AW
Vo (P) | +| AV,
Va(P)| |AV;
-0.27936] [ 0.72
-0.16128 | = | 0.838
-0.2150 | |0.785
Vi(F) _1-072 _ ¢
]0.1 jo1 ~ /eopd
E,—V,(F) 1-0838
02 joo JUSlpu
V=V, _0838-0785 .
Zns jo.osoe PO P
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Current between bus-3 and bus-1,

_ V3-V;  0.785-0.72

b=~z jooso7 /1088 pu
Current between bus-2 and bus-1,

I V,-V; 0838-072 5 64

277y jo.o4ss TEUEPH

Q4 (c) Solution:

From the given figure of the power system, since there is no resistance in the transmission
cable interlinking the two stations, so there will be no real power loss in the cable.

So, P+ P. = Py +Pp,=15+25=40p.u.
o B _ 40
For load equalization, P., =P, = o 20 p.u

Equalization means that,

Py = Py=P,-Pp=20-15=5p.u
Viv, .
Now, Py = Py= L sin &
5 = 1x1 sind
- 008 '
= 8, = 23.58° = torque angle
Vi W
H , = ————%20080
ence Qg X X 1
12 1x1
= —————c0s23.58°
Qs 0.08 0.08
= Qg = 1.044 p.u. = -Qg
i.e. reactive power loss in the cable is
QLoss - QS - QR

1.044 - 1.044 = 2.088 p.u.
Total load on station-1 is
Po =Py +P;=15+5=20p.u.
Qo = Qpy +Qs=5+1.044 = 6.044 p.u.
Sc1 = Par +jQa
= (20 +j6.044) p.u.
ocopyright: IMADE EASY www.madeeasy.in
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Station-1 power factor is
COSs tan_l % = COoSs tan—l %
el 20

0.9572 p.f. lagging

cos ¢,

Section-B : Power Systems + Power Electronics & Drives +

Communication Systems

Q.5 (a) Solution:

For rated dc motor conditions,

Vt = Eb + IaRu
= Kmu)m+ IHRH
- K, x 2;5\1 +1,R,
N 600 = K, x 22100 7609
60
= K = 3.374Vs/rad or Nm/A
Iﬂ
Here, V. = 3V—mL(1+COSO(.) +
t 27
M
Where, V.= 2V, =2 %400 3.0 0
Suppl iy
upply
v, = 73\/5 X 400 (1+ cos45°) OR
2n ~
= 461.081 Volts. A
At o =45° and N = 1200 rpm. 3-¢ Semiconverter
V, = E,+1,Ra
461081 = K, x 2Nt 1 g
60 !
_ 3374x 21200
60 1
= Io, = 37.692 A

(i) RMS value of the source current,

I, = Ial\E = 37.092@ = 30.285A

©Copyright: MADE EASY www.madeeasy.in




MRADE EASY Test No : 6 ELECTRICAL ENGINEERING | 35

RMS value of the thyristor current,

I, = Ial\/i = 37.092\/i = 21.415A
3 3

(ii) Average value of the thyristor current,

21/31 L. 37.092
IT= Ia1|: o ]:%:

(iii) From power balance equation,
V3V lyp.f. = Vi,
J3 X400 x30.285 X p.f. = 461.081 x 37.092
p.f. = 0.8151 lagging.

=12.364A

Q.5 (b) Solution:

I j1.0 p.u.
oo
jo.6pu.e jX, X
L W= 1540 p.u. <~j V=1.0£0°p.u
|E|£8

For steady state maximum power limit,
d = 90°

Current I can be written as,

_ EfL8-Vi48  V,/0-1.40°

I'=""0e i1
On putting the values,
Ef490° -1540 15,0-1.20°
= o6 1
E,£90°-1.546 = 0.9£6-0.6
E;cos 90° + jEsin 90° = 2.426 - 0.6
JEf = 2.4 cos 6 +)2.45in6 - 0.6

On equating the real part,
24cos0-0.6 =0
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o = cos L[ 28] _ 75500
24

1.5£40-1 (1.5£75.52)-1
Current I, I = i1 = i1 =1.581£23.28 p.u.

Now finding E,,

E; = (1.5£75.52) + (1j0.6) = 2.323£90°
Steady state power limit, P__ = ‘Ef‘ il = 2921 1.451 p.u.
X 1.6
Q.5 (c) Solution:
(i) Image frequency and its rejection ratio at 950 kHz
Given, Q =90
IF = 455kHz,
f = 950 kHz
Image frequency, f, = f, +21IF=[950 + (2 x 455)]
f; = 1860 kHz (1)

Image frequency rejection ratio,

o

J1+Q%? ..(ii)

fi fo 1860 950
PT fe fu T 950 1860 =145 ...(iii)

J1+(90)2 x(1.45)2 =1305

where

o

(ii) Image frequency and its rejection at 10 MHz

Given, Q = 90,
IF = 455kHz,
f. = 10MHz
Image frequency, f, = 10+ (2 x 0.455) = 10.91 MHz .(iv)
1091 10

p = —-——=0174
10 1091

So, IFRR, 00 = 41+ (90)>x(0.174)> = 15.72

So without RF amplifier the image rejection is adequate at low frequencies however
it is inadequate at higher operating frequency. RF amplifier may therefore to be
used at high frequencies.
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Q.5 (d) Solution:

(i) The signals are band-limited to 5 kHz, 10 kHz and 5 kHz and hence Nyquist rates
are 10 kHz, 20 kHz and 10 kHz respectively.

Thus, there are 10 + 20 + 10 = 40 thousand samples per second.

Number of quantization levels,

L = 256
Hence, the numbers bits N is given as
L =2N
N = log, L =log, 256 = 8

Hence, output bit rate, R, = nf, =8 x 40 =320 kbps

, , , 1 _107°
Maximum bit duration, T, = R, =350 s =3.125 usec
(ii) Channel bandwidth required,
BW. = By 320 _ 160 kH
W. =5 5 = z

(iii) Since there are 10000 + 20000 + 10000 = 40000 samples per seconds generated by the
commutator. Hence, the samples generated in one minute is

60 x 40000 = 2400000 samples/minute

Commutator takes 4 samples in one rotation. Hence,

24%10°
4

(iv) For L =512, n comes out to be equal to 9 (as 2" = L). Hence,

nfs _ 9x40000
2 2

Commuator speed = =6 x 10° rpm

Channel bandwidth = =180 kHz

Q.5 (e) Solution:
f=50Hz
H = 5.66 M]/MVA
p,=P,=095 p.u.
Let, V, = [Vi|£6=1126p.u.

and 1%

1.0£0° p.u.
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@) @
V,=1140p.u. V=1.0£0°p.u.

j05  j0.158 | 0.4 |
E | o | ©)
V|V
We know, P, = | 1” |sin9
1.1x1 .
= 0.95 = sin 0
= 0 = 20.21°

V; = 1.1£20.21° p.u.

Now current through system per phase will be

Vi-V  11£20.21°-1.0£0°

T = j04 = 0.4 = 0.953£-4.85° p.u.

E = V, +(j0.5+j0.158)T

1.1£20.21° + (j0.658)(0.953 £~4.85°)

E = 1.479,42.80° p.u.
(i) Excitation emf/voltage is E = 1.479 p.u.
And the power angle is 6 = 42.80°

(ii) Now, swing equation (in per unit) is given by

2
H d—g P -P__ sind
1800f dt max

2
566 _d73 _ g5 E:Vns
180 %60 4¢3 Xr
2
_ 2666 _d70 g5 1479X1 405
180% 60 dt? 1.058
Swing equation:
s , ,
i (1812.721 - 2667.41 sin J) elec. degree/sec
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Q.6 (a) Solution:

(i) Fourier series of output.

Vo) = Vge+ Y [a,cosot + b, sinnot]
n=1,23,..
1 2n
0y = 3] od(o0) =0

[*.- Symmetrical positive and negative pulses.]

a, = % JZEVO (t)cos(nwt)d(wt)=0

[ V() has half wave odd symmetruity.]
1 2n
b, = = | Vo(t)sin(not)d(ot)
T
0

2

4" .
- Vy (f) sin(nwt)d(wt) [Using symmetry]

O —

- %{fsin(nmt)d(o)th f(—Vs)sin(no)t)d(mt)

0 o

n/2
+ J. V, sin(nwt)d((;)t)}

Ol

4V, {1 — cosnoy (cos 10l — COS10Ly ) | Cosnoy }

T n n n
= 4V [1 —2cosno + 2cosn0c2] forn=1,3,5, ......
T
4V, & |:1—2cosnocl +2cosna2] :
Hence, V() = 2 sin (not )
o) = "x n=1,35,.. n
(ii) To eliminate 3'4 and 5™ harmonic.
Vs =0
= 1-2cos3a, +2cos3a, =0 (i)
and 1 -2 cos 50, + 2 cos 5a,, = 0 ...(ii)
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Solving the pair of two non-linear equations using iterations method with initial

guesses,
o, = 33.33°
o, = 23.65°
Q.6 (b) Solution:
@) Y,y = Yy = —Yy = ~(16 - 32)
= 35.77£116.6° pu
P, = Pg - Py,
P, = P, - P,
= 50 - 305.6 =-255.6 MW = -2.556 pu
Similarly, P, = P, - P,
= -138.6 MW = -1.386 pu
Also, Q, = Qs - Qpo
= 30 -140.2 = -110.2 MVAR
= -1.102 pu
Yo =Yt Yn
B (R 1
0.02+;0.04 0.0125+ ;0.025

58.13£-63.4° pu

Iterative computation:

1P » —1Q (»)
= V(p+1) = — —* —Y21V1 —Y23V
2 Y22 | (VZ(P)) 3
1P -1 (p+1)
3 Y3 i (Vép)) 2

Slack bus voltage, V., = (1.05+;0.0)

Starting voltage, Vz(o) (1 +/0) pw; Vg(,o) =(1+0) pu
P, -jQ, (—2.556 +j1.102)

- = 0.0478.£220.1°
Now, Yoy 58.13.2—63.4°

YZl

2L = 03846

YZZ
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= -0.6153
YZZ
= Vi = 0'0478(;230'1 +0.3846V; +0.6153 VY
Vo]
o
Now, B ) o17.02920
Y33
Yy .
v = 04721756°
33
Yao o
v.. = 053218338
33
N yrH) = V021722292 47 /175.6°V, - 0.532./183.8° V™)
’ (V")

Now solving equations:
For first iteration assuming,
p=0
v = 0'04(756)2)30'1 +0.3846V; +0.6153 V")
2

0.98305£-1.8° pu

V3 = 1.0011£-2.06° pu
For second iteration:
Let, p =1
- v o _QOA7BZ20L° 6 a046,(1.05+ 70.0)+0.6153%1.0011.£-2.06°

(0.98305./-1.8°)"
0.9847./-3.18° pu

Vi = 1.0036.2-2.83° pu

(i) Computation of slack bus power:

After 24 jteration slack bus power is computed,
3
I)1 = kz“l‘V:[HVkHYlk‘ COS(elk —81 +8k)

Pl = |V1|2 |Y11|COS 911 +|V1||V2||Y12|COS(912 — 51 + 82) +|V1HV3HY13‘ COS(913 + 53 - 81)

P, = (1.05)2 x 53.85 cos(-68.2°) +1.05 x 0.9847 x 22.36 cos(116.56° - 0 - 3.18°)
+1.05 x 1.0036 x 31.62 cos(108.4° - 0 - 2.83°)
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= 3.93 pu = 393 MW

3
Q =- ‘VlukaYlk‘Sin(elk =8 +8)
k=1

Q, = 1.8055 pu =180.55 MVAR
Q.6 (c) Solution:

f=50Hz
Poles, P = 4
G = 200 MVA
J = 81000 kg-m?
p, =P , =40 MW
P , =60 MW
: : 1.2
(i) Kenetic energy, KE = E] 08
Wh = Z—EXE—Z—RXHOXSO =157.08 rad
ere, O, = 50 P " %0 1 = .08 rad/sec
1
Now, KE. = E><81ooo><(157.08)2 = 1000 MJ
. K.E. _ 1000M]J
Inertia constant, H = G 200MVA — 5mJ/MVA

(ii) Swing equation:

o
(P =P) = Pu= 18007 42
040 = _200x5 %
(60-40) = 180°x50 ar2
d%3 5
= pra o = 180 elec. degree/sec

o = 180><% mech. degree/sec?

2
= 18OXZ mech. degree/sec?

= 90 mech. degree/sec?
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90><( 60 ) rpm/sec

360°
o = 15 rpm/sec
t=15cycle = L 0.3
(i) =15cycle = &, =0.3sec
d%3 )
Now, ar = 180 elec. degree/sec
dd
= T 180t + K,
, . dd
At time t =07, I = 0,-0=0
= K, =0
o 180t i
= g ..(i)
d(f) = 90 +K,
Attime, t=0

d(t=0) = 6,=K,
= 3(f) = 90£ + §,
Change in rotor angle,
Ad(t) = §(f) - 8, = 90>

= Ad(t) = §(0.3) - 8, =90 x (0.3)> = 8.1 elec. degree
Now from equation (i),

dd

dt
At the end of t = 0.3 seci.e. 15 cycles

180t elec. degree = ®

do
® = o= 180 x 0.3 = 54 elec. degree/ sec

®, = >4 mech. degree/sec

T (P/2)

_ mech. degree/sec

(4/2)
= 27 mech. degree/sec
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= Change in speed from synchronous speed,

60xm, 60x0.4712 ,

2n 2n
120f 120x50
Synchronous speed, N, = P a1 - 1500 rpm

.. Rotor speed at the end of 15 cycles will be
N, = Ng+N=1500 + 4.4996 rpm

= N, = 1504.5 rpm
Q.7 (a) Solution:
. L D,
() D .
IL
V=T / C= g Vi
5 D
P, =P,+ P,
Vol = Vol + 1,71,

Vl, = V,I,(1-D)+1%,
Vi = Vy(1-D)+ 11,

I, = I,(1-D)
Yo
I, = —/————
L R@1-D)
Vor
- +V,(1-D
Vs R(1-D) o )

v Ve 1
" (1-D)|1+[r /RA-D)]

143
n = B _ R
P0+PLoss V—OZ-FIETL
R

L

o = 27X ﬁmech rad/sec =0.4712 mech rad/sec

pm = 44996 rpm
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14
S 1
= R =
W w r
ME + 0 r 1+ 7L2
R | R(1-D) R(1-D)
(ii) D = _£:1_£:0_5
A 10
1 [0)
n = 0.048 x100 =98.12%
o
10(1-0.5)
Q.7 (b) Solution:
Universal Torque Equation :
T, = K>+ K,V2+ K;VI cos(6 - 1) - K,
where, T, = Operating/driving torque of relay

K,I? = Over-current term
K,V? = Over-voltage term
K, VI cos(0 - 1) = Directional term
K, = Spring restraining torque
(i) Impedance Relay (Z):
* Also known as Voltage Restraint Overcurrent Relay.

* Assuming K, = K, = 0; K, = negative in UTE considering it restraining torque.

T,
For tripping condition,
K I* > K,V?

KLY
K, I
Kl

Z, K—2 = % PSB setting
Z

K,I2 - K,V?

jX
;= Fault impedance
o BLOCK
For tripping, Zf < Z, TRIP \

For blocking, Z. > Z

f

R
Locus of impedance relay,
Z, = R+jX

Z| = R} +X}
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|Z|* = R3+ X3 ...(equation of circle)
-. Locus of impedance relay is a circle with radius r = Z,.
(ii) Admittance Relay/MHO Relay :
* Also known as Voltage Restraint Directional Relay.
* Assuming K, = K, = 0; K, = Negative in UTE.
T, = K;VIcos(8 - 1) - K,V?
For tripping condition :
K,VIcos(6-1) > K,V?2
L VvV
K, > Icos(B—1)
Y cos(@ Ky 1
cos(0-1) > | =
©-9>1%, 7
Locus of MHO relay is a circle passing through origin, with diameter = Z,.
ix

BLOCK
TRIP

(iii) Reactance Relay :
* Also known as Directional Restraint OC Relay.
* Assuming K, = K, = 0; K, = Negative in UTE.
T, = KI?-K, VIcos(8 - 1)

For tripping : K,I? > K, VIcos(6 - 1)
Ky
K—3 > Zcos(0 - 1)
X, > X,
LOCUS: X BLOCK
TRIP
R

Q.7 (c) Solution:
Given, V, =220 kV

1 2
v, = V2V, :\/ExﬁvL = \gxzzokv
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Power factor, cos ¢ = 0.5 lag
¢ = cos! (0.5)
sin ¢ = sin (cos™ (0.5))

K, =sin¢ = 73

K, = First pole to clear factor

K, = Armature reaction component = 0.9
(i) (RRRV) . = KKK, o,V

= KKKy x 2nfy V,
* For grounded fault, K, =1

(RRRV)

max

For ungrounded fault,

K,

(RRRV)

max

(ii) Average RRRV

For grounded fault, K

1

Averge RRRV

Ungrounded fault, K

1

Average RRRV

1><0.9><§><2n><20><103><\/%x220x103

1.75938 x 1010 V /sec
17.594 kV/usec

1.1

1.1x0.9><§x2n><20><103><\/%x220><103

(TRV)
Time at which it occurs

1.632x K, K, K3V,

max

1.632x KK, K5V,

W LC
1.632 x 2f K,K,K, V,
1

n / 27fy

1.632><2><20><103x1x0.9x§x220><103

1.1194 x 10'° V/sec
11.194 kV/usec
1.1

1.632x2x20x 10% x1.1x 0.9 x

12.313 kV/usec

J3

—X

220%10°
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(iii) Time for maximum TRYV is

T 1 1
t = mJLC = = = =25 psec
2nfy,  2fy 2x20x10° "

Q.8 (a) Solution:

Generator | T & | Motor
Line
OHE 40
25 MVA 25 MVA
11/66 kV 66/11 kV
Given :Gen, Motor : 25 MVA, 11 kV,
X” =15%
T/F: X = 10%
Line : 25 MVA, 66 kV, X = 10%
P3¢ = 15 MW, pf = 0.8 lead,
p - I5MW 0.6
po” 25MVA P
Terminal voltage of motor = 10.6 kV
Let base voltage at generator side = 11 kV
Base MVA = 25 MVA
Prefault Conditions :
. _ 10.6
Terminal voltage of the motor in p.u. = 1
V, = 0.963 p.u.
(Pp.u.) = Vp.u. X Ip.u. X cos q)
E = x] x
= % 0.963 x I, 0.8
L, = 0.778436.86
Equivalent circuit :
j0.1 j0.1 j01
L1 T [
j0.15 j0.15
o
E7 X7,
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E’é =V, + Ipu(XTl + Vo + X + X’é)
= 0.963£0° + 0.778.£36.86 (j0.1 + jO.1 + j0.1 + j0.15)
= (0.8034.220.41°
E% = V- Ipu(X’EVI) =0.963£0° - 0.778 £36.86 (j0.15)
= 1.03£-5.16°
At fault:
r; jo1 jo1 jo1 - pmj0.15
j0.15
,, T
Eg
Il/ - Eg
0 j0.15+ 0.1+ j0.1+ j0.1
_0.8034£20.41° 1.785./-69.50°
T 0452900 e P
” 25
I = 1.785/ —69.58 x kA
g (actual) \/5 %11
I; (actual) = 2.34/-69.58 kKA
E’ 1.03£-5.16
I’ = m_ — = 6.87/-85.6°
mT 015 015 pu
1/1;’1 (actual) = 6.87/ - 9516Xi kA
J3x11
I (actual) = 9.01£-95.16 kA
I P = I s +17
= 1.785£-69.59° + 6.87£-95.16° pu = 8.51£-89.96°
I = 851/£-89 96><725 kA
f (actual) — ©- o \/5 %11
I}’ (actual) = 11.17£-89.96 kA
Subtransient current in generator = 2.34 kA
Subtransient current in motor = 9.01 kA
Subtransient fault current = 11.17 kA
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Q.8 (b) (i) Solution:
Given,

Transmission efficiency (n) :

n =
% power saving for m = 0.3
Power saving in DSB-SC

P, =
Form=0.3

p =

% power saving =

Power saving in SSB

% power saving =

% power saving =

Q.8 (b) (ii) Solution:

modulation index, p = 0.3

W (03)°
2+p%  2+4(03)2
0.043 or 4.3%
2
P, [1 + m—}
2
1.045P
Fe _ 95699
1.045P,

2 [ 2|
m
Pl1+— 1+ ——
= 2ﬁ=¢: 5 =
Pl1+™ 1+[’”—)
I | 2
1.0225 _ 97849
1.045 %7

Given, m(t) = 2 cos 100t + 18 cos 20007t
A =10, o, =109, k;=1000m and k, =1
1. Expression for FM and PM waves
Expression for PM :
Opy(t) = Acos[ot+ kp m(t)]
= 10 cos[10°t + (2 cos100¢ + 18 cos 20007t)]
Expression for FM:
Op(f) = Acos| @t + K [m(t)dt |
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10cos| 10°¢ + 10007 (2cos 100t + 18cos 2000mt)dt

20007sin100¢ | 18 10°x
100 20007

10 cos[1o6t + sin ZOOORt}

i Opas(f) = 10 cos[10° + 20 sin 100 + 9 sin 2000 tt]
2. Bandwidth
For FM:

Considering the expression of ¢, (t), we can obtain the maximum frequency deviation

as follows:
Smax = Kp[m(t) e
= 500 Hz x 20 Volt
= 10kHz
BW = 2. +9,)
= 2(10kHz + 1 kHz) =22 kHz
For PM:

m(f) = (2 cos 100t + 18 cos2000mt)

d . .
Em(t) = 200 sin 100¢ - 36 x 10° &t sin 2000 ¢

['(#)],.. = 200+36x10° 1 ~36x 10°®

Af kp X[m,(t)]max _ 1)(36)(10375
21 21

=18 kHz

BWof PM = 2(Af+f )=2(18 + 1)kHz =38 kHz
Q.8 (c) Solution:
Line length, [ = 150 km
Frequency, f=60Hz

. ) 0.2
Total resistance of the line, R = Ex 150 =60 Q

Total series reactance of the line,

0.4
= —Xx150 =
X 05 120 Q

(. resistance and reactance given are for per 0.5 km)
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Series impedance of the line per phase,

Z = R+jX =(60 +j120)Q
134.16.£63.43° Q
Capacitance shunt admittance of the line per phase

Y = (j2.5 x 107%) x 150

= Y = 3.75 x1074£90° S
% receiving end load power, P, = 40 MW
P.f. cos ¢, = 0.9 lagging
= dp = 25.84°
Receiving end current, Ty = —=— &——Z~0
eceiving end current, I = \/§VRL cosbp R
6
T, = 4010 £ -2584°A
J3x220%10% % 0.9
= 116.62£-25.84° A
T-model
- Vk
Is Ve Iy |
o—MM—TT———1—WW—T0: o
+ ~ ~— | +
Z T Z L
; ) c > 440, 10| 4oMw
s Al 09pf.1
L, 3 A pf. lag
° o
_ _ _(Z
Node voltage, Ve = Vp+lg (E)
= 127x10°£0° +(116.62£ —25.84")( 134.16 463.43°)
= Ve = 133.28£0.05° kV
Charging current, Ic = VoY
= (133.28.£0.05°) (3.75 x 10~4£90°)
= 49.98./92.05° A

(i) Sendingend current, Ig = I+ Ig
49.98.£92.05° + 116.62£-25.84° =103.17£-0.48° A
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Sending and voltage per phase,
_ = = (Z

— (133.28.£0.205°) + (0.103172 — 0.48) x(

134.16.£63.43°
2
Vs = 136.78£9.58° kV
Sending end line voltage,
ARG
= 136.78 kV
= 236.91 kV

(i) Power loss in the line,
-2 = 12\R
p, = ([ +[f )5
= 3%((103.17) +(116.62)* )x30 = 2.182 MW

4
Pr x100 = __40
P+, 40+ 2182

% efficiency, %m = X100 =94.83%

Q000
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