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Detailed Solutions

ESE-2026 Electrical Engineering
Mains Test Series TestNo:11

Q.1 (a) Solution:

Given, kVA rating of transformers,

S = 10 kVA
(i) P, =10%x08=8kW
Pcu,ﬂ = 60 % (2)2=240 W

ore = 100 W

%1 = _ B x 100
Pout + BOSSGS

%o mn = 8000 x 100 =95.92%
8000 + 240 + 100

(@ii) Per unit rating at which the transformer efficiency is maximum

P.. (100
x =4p B “ 240 =0.6455 pu

. _ Sxxxp.t 100
max - Sxxxpdf.+2P,

ore

10x10° x 0.64 .
_ O3>< 07 x 0.6455 x 0.8 %100 = 96.27%
10x 10 x 0.6455 x 0.8 + 2 x 100
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(iii) Total power output in 24 hrs,
E

out

120.8 kWhr
E__. =100 x 24 =24 kWhr

core

E_ = 240 x (0.7)> x 10 + 240 x (0.9)> x 8
= 2.7312kWhr
% Mottty = 1208 %100 = 95.93%
120.8 +2.4 +2.7312
Q.1 (b) Solution:
Inductance per phase, L = X0 =0.0159 H
2nf  2nx50
Capacitance per phase, C = 001uF=10%F
(i) Maximum value of recovery voltage (phase to neutral)
Epax = V2 x% =8.98kV
Peak re-striking voltage = 2 E__
= 2x898
= 17.96 kV
(ii) Frequency of oscillations is
B 1 1
KT TSP ryeeeTe
= 12,628 Hz
(iii) Peak re-striking voltage occurs at a time ¢ given by:
¢ = ——=nJIC

2f,
n/0.0159x1078

39.6 x 10 sec
39.6 usec

Average rate of rise of re-striking voltage

Peak re-striking voltage ~ 17.96 kV

453 x 10% kV/sec

Time upto first peak ~ 39.6 usec

0+ (10 x 0.7 x 0.8 x 10) + (10 x 0.9 x 0.9 x 8)
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Q.1 (c) Solution:

There will be no freewheeling action if o < 30°.

Source current waveform is shown below:

1200 |

0|77~ i .
E‘F(X @4_0(4 27 27'C+E+OC
6 6 6

To find displacement factor and distortion factor, we should know Fourier coefficients
forn=1.
Fourier series expression is

ft) = %0+ i [a, cos(nox) + b, sin(nowx)]

n=1
gy 2 2 < .
Trigonometric expressionis f(t) = 5 * V& * by Ellsm(nocx +6)
n=

Where 6 = tan ™ &
bﬂ

Ifn=1,

5m
2t
1 V3o
a, = — j I, cosotdox = ——1I,sino
T T
T
—+a
6

51
?+0L
_ 1 . 3
a, = — I I, sinwx dox = ——1, coso
T T
T
“+a
6

S
by

Displacement angle, 0 = tan o

Displacement factor, DPF = cos o
RMS value of fundamental source current,

sl \/E n\2
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From the waveform, RMS value of source current,

I

S

Distortion factor, DF

Power factor,

Q.1 (d) Solution:
(i) AC+ABC+AC

(ii) Xy+z)+z+xy+wz

(iii) AB(D+CD)+B(A+ ACD)

(iv) (A+C)(A+C)(A+B+CD)

DF x DPF =

L

J3

%1: 3

I w2

3 3
——cos0 = ——=c0s15° = 0.6522
w2 w2
C(A+A)+ABC
ABC+C
(C+C)(C+ AB)

+AB

‘ﬁl

Y zZ+z+xy+wz

/-\><|

X+y)z+z+xy
(z+2)[z+(x+y)]+xy
x+y+z+ay
x+y+z
AB(D+D)(D+C)+B(A+ A)(A+CD)
AB(D+C)+B(A+CD)
B[AD+ AC+ A+CD]
B[(A+A)(A+D)+AC+CD]
B[A+D+ AC+CD]
B[(A+ A)(A+C)+(D+D)(D+C)]
B[A+C+D+C]

[

B[A+D+1]
B

A+AC+AC+CC)(A+B+CD)
A+ AC)(A+B+CD)
A(A+B+CD)

A(B+CD)

(
(
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ABCD + ABD+ ABCD

v)

(a+c)(a+b+7)

(vi)

Q.1 (e) Solution:

The open loop transfer function is,

G(s)

G(s)

Ql D
SIS S IS R

Q|

(K,, +&)2L
s Js“+10s+25

(K,s+K;)25

s(s® +10s +25)

The system is “type-1" system, so the error constant is velocity error constant.

The characteristic equation,

1+ G(s)H(s)
25
)(52 +105+25) =0
$3 +10s? + 255 + 25K,s +2500 = 0
57 +10s” + (25K, + 25)s + 2500 = 0
By using Routh-Hurwitz table,

(Kps+100
1+
S

$° 1 (25+25K,)
52 10 2500

st | 25+ 25K, —250

g0 2500

lims-G(s)

5—0

. (Kps+Kp)25
lims-—
s=0  5(s” +10s+25)

100

0
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Since the system is stable.
So, 25+ 25K, -250 2 0
K, 2 =
P25
K, =29
The critical value of K, = 9, at which the system is marginally stable.
Q.2 (a) (i) Solution:

The expression can be generated using single op-amp with summing integrator circuit.
The output of summing integrator with three inputs is given by,

o 1 1 1
V. . = —J(—Vm +——Vi, + —Vms)dt
out o \RiCp R,Cp RyCp

Comparing this with the given expression we get,

LI 1
RlcF
1
=2
RZCF
1. 5
R3CF
Let us choose Cp as 10 pF,
Then, R, =100 kQ,
R, = 50 kQ,
R, = 20 kQ
R,=100kQ Cr=10 uF
le'—'VWV— ”
R,=50kQ
V1r12 ‘VAVAV‘V - ¢ ZV 5V )dt
V..=—|(V.,+2V. ,+5V.
R3=201(Q + —0 out ,([( inl in2 in3
V1n3’_m_

Q.2 (a) (ii) Solution:

The gain of an instrument amplifier is given by,

A = L - 1+& &
‘/inZ_Vinl RG Rl
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In the circuit given, we have,

R, = 200 Q,
R, =100 Q,
and R, = 100 kQ

R is the series combination of 100 Q and potentiometer of 100 k2.
Let potentiometer resistance is 0 Q at start,
Hence, R, =100+ 0 =100 Q

1+2xumx1m (um)
100 200 ) = 1000.5

When potentiometer resistance is at its maximum value, then
R = 100 + (100 x 10%) =100.1 kQ

Gain, A

_ 1+2xumx1m (um)
Therefore, Gain, A = 1001 x 10° 200) = 1.5
.. For all practical purpose, the gain can be varied from 1.5 to 1000.5
Q.2 (b) Solution:
(i) Given: Closed loop transfer function,
C(s)  ks+a
Ies) = R(s) s®>+bs+a
Cls) _ _G(s)
We know that, T(s) = RG) 1+G(s)
[1+GE]TE) = Gls)
_ _T0)
G = 179
(ks+a) /(s> +bs+a)
G(s) (ks+a)
=
s“+bs+a
ks+a ks+a ks+a

2+bsta—ks—a s +(b-k)s s(s+b—k)

The open loop transfer function,

ks+a

GO = Sero-n)
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We know that, for ramp input,

Steady state error, e, =
where, kv =
k, =
Steady state error, e, =
e =

(ii) Given: steady state error, e, =

Q.2 (c) Solution:

1
PR (where, k= velocity error coefficient)
4

lim s~ G(s) = lims- — =9 _
5—0 s—0  s(s+b—k)
a
b—k
1_ 1 bk
k, a a
(b—k)
b—k
a
15*7—£
°7 100
b-k_15
a 100
3a
3
—a
20
b—ia
20

Checking for discontinuity of inductor current, if L < L_. then converter is working in

discontinous mode.

Now, boundary conditions

ol
ot
Atboundary L=L_.
Al _
(1-D)Ts
Now, I =
0=

=V,  (Force charging time i.e. S is OFF)

Vo

0 at boundary

(IL avg)_%

... (ii)
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oy = L+ Is=To+t7—4To
1
(I ) = (—I_D)IO
From equation (ii) and (iii) we get
( 1 ) Al
—— |y = =L
1-D 2
2
= | ——=|I
Al (1—D) 0
Again from equation (i)
Alp
Lin——2= =
min (1-D)Ts I,R
21,
Lvin=——5— =[,R
(1-D)*R
Lmin - 2f
2
1-0.4)" x5
Now L .= ¥=9uH

min 5 100x10°

... (i)

Now as L <L _. So converter isin discontinuous mode. Now for discontinuous mode of

Buck-Boost converter,

... (iv)

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 11 ELECTRICAL ENGINEERING | 19

For discontinuous mode

U, = 5 XAl X(D+B) W)

Lavg

As average capacitor current is zero,

D
(ILavg) = IS +IO = (EIO +Io]

I
- 2(D+B) (V)
B
From equation (v) and (vi)
I
l><AIL><(D+B) - L(D+p)
2 B
1 Ip
—Al} =
27T B
21,
Al = T
. dif
Again, LE =V,
Al
BTs I,R
L2o/b
BTs 0
2L R
B*Ts
2Lf,
b=
-6 3
5 - /2Lfsz\/2x6x10 x100x10° _ o
R 5
Now from equation (iv),
D 0.4
Vo= 3757049
(i) V, = 19.6 Volts
0
. Vo 196,
(i) Iy = 5 =5 V=391Amp
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Ip(D+
(iii) Average inductor current (I, an) =Is+Ip= %
3.91(0.4+0.49)
(I an) = 0.49 =711 Amp

(iv) Average switch current, S = Average source current

D
I, = EIO =3.19 Amp

Q.3 (a) Solution:

Given that,
Message signal, m(t) = cos(2000mt) + 2sin(20007t)
Carrier signal, c(t) = 100cos(2nf t); f.=100 kHz

(i) The standard time domain expression for the LSSB-AM signal can be given as,
s(t) = A.m(t)cos(2nf,t) + An(t)sin(2nf,t)
m(t) is the Hilbert transform of the message signal m(t).
m(t) = sin(2000mt) - 2cos(2000mt)

So, s(t) = 100 [cos(2000mt) + 2sin(2000mt)] cos(2nf,t)
+100 [sin(2000mt) - 2cos(20007t)] sin(27f t)
100 [cos(2rf t) cos(2000mt) + sin(2r f.t) sin(20007t)]
+ 200 [cos(2rf t) sin(20007tt) - sin(2rt £ ) cos(2000mt)]
100cos[2x (f. - 1000)¢] - 200sin[2x (f. - 1000)¢]

(ii) By taking the Fourier transform of the above time domain expression of LSSB-AM
signal s(t), we get,

0
—~
=

1l

S(f) = 50[5(f - f. + 1000) + 8(f + f. - 1000)]
+ j100[3(f - £. + 1000) - 8(f + £. - 1000)]
= (50 + 100) 8(f - £. + 1000) + (50 - j100) §(f + . - 1000)

Hence, the magnitude spectrum of the signal can be given as,

1S(F) |

(50)% + (100)* [8(f — f. +1000) + 8(f + f, —1000)]

50\/5[8(f — £, +1000) +8(f + f. —1000)]
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The magnitude spectrum can be plotted, by taking f. = 100 kHz, as follows
S

[ T

100 -99 0 99 100

Q.3 (b) Solution:
Given, impulse response, h[n] = {an; nz0
0; n<0
Also we can write,
h[n] = a"u[n]
1; 0<n<N-1
{0 ;  otherwise

Also we can write,

x[n] = u[n] - u[n - N]

by taking z-transform,

H@) = 7= l4>ld
X(z) = 11_ Z__T; All z (by shifting property)
Therefore, Y(z) = X(z)if(z)
1 1-z7N 1-z7N

T1-az ' 1-27 1-zY[1-azh)

The ROC is |z|>|al. Consider

p 1 A 4 B
z) = = = =
@ 1-zH1-az) 1-z71 1-az!
1 1
For, A= 3 =
1-az |;127 1-a
1 1
B = 1-zt[ a1 1-471
a
1 1
_ =
P(Z)= 1-a +1 a

©Copyright: NADE EASY www.madeeasy.in



22 | ESE 2026 : MAINS TEST SERIES MADE ERSYH

1 1,
Therefore, p(n) = 7—_ulnl+ T u[n]

Now, note that,

by taking inverse z-transform
yln] = p(n) ~pln - N]

y[n] = 1151{”[”]_”[”_1\]]}4_

= {a”u[n] —a" Nu[n- N]}
This may write as,

0 ; n<0
n__ -1
@ -0), g<peN-1
y[n]: (1_ﬂ )
ne _ —N
td-a ), usN-1
(1-a7)

Q.3 (c) Solution:
Given: P(x;) = 04; P(x,))=019; P(x;) =0.16;
P(x,) = 015; P(x;)=0.1

(i) Shannon fano :

Sy('::i ';OI Prob;(l;il)ities Stage-1 | Stage-2 | Stage-3 | Codeword Le(r’;?)th
X4 0.4 0 0 00 2
X2 0.19 0 1 01 2
X3 0.16 1 0 10 2
Xq4 0.15 1 1 0 110 3
X5 0.1 1 1 1 111 3
. H(x)
Efficiency, n= i

where, H(x) = Entropy of source and

L = Average codeword length

5 1 5
H(x) = Z“l P(x;)log, Bx) =— i; P(x;)log, P(x;)

H(x) = —[0.4log,(0.4) + 0.1910g,(0.19) + 0.1610g,(0.16) + 0.1510g, (0.15) + 0.110g, (0.1)]
= 2.15 bits/symbol
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5
L = Z”ip (x;)
i=1
L =2x04+2%x019+2%x0.16+3x0.15+3x0.1=2.25
H(x) 215
ici = ——+=——=0.95555
Efficiency, n T 05
n = 95.56% ()
(i) Huffman code
Symbol | Probabilities
;) ()
X1 0.4 0.4 0.4 0.6 0
00
X 0.19 0.25 035 =— 0.4 1
000
13 0.16 019 =— 025 <=—
01
010
Xy 015 =—— 016 =—
001
Y5 01 ~———
011
Symbol | Probabilities Codeword Length
(x:) (*) (n,)
X 04 1 1
X, 0.19 000 3
X, 0.16 001 3
X, 0.15 010 3
%, 0.1 011 3
H(x) = 2.15 bits/symbol
5
Average codeword length, L = Z‘i”ip (x;)
1=
L =1%x04+3%x019+3%x0.16+3x0.15+3x0.1=22
H(x) 215
ici = —+-=—7>-=09773
Efficiency, n T )
n = 97.73% ...(ii)

From equations (i) and (ii), we can say that the efficiency of Huffman coding is more
than that of Shannon fano coding.
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Q4 (a) Solution:
Given, Window size, M = 7

~ 30 -37 3

H () =
0o, %<|w\$n

The filter coefficients are given by

1 = o
h(n) = Ede(eJ‘”)er”dm
—T

h) = — 31]/ 4 e 130 e/ doy
! 2n -3n/4
1 3n/4 _
- J‘ e+](n—3)codw
2n -3n/4
3n
1 [e/(3)0 | 4
2n{j<n—3>}_3n
4

Using L-Hospital’s rule,

——cos——(n-3)
4 3
h.(3) = =—=0.75
G) n 4
The filter coefficients,
h(0) = —sin (ﬂ) =0.075
3n 4
-1 . (-6r
hd(l) = ESIH (T) = —0 159
1 -3r
h,(2) = ——sin| — |=0.225
d( ) - sin 1 )
h.(4) = —sm(?)—n) =0.225
B = T 4 )
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1 . (6%
hd(5) = ESIH(Z):_Ong

1 or
hy6) = asm( 4) 0.075

The Hamming window function is,

0.54—046c0s2M . 0<n<M-1
W) = M-1
0 ; otherwise
For M =7, W) = 0.54-0.46 Cos(z%); 0<n<6

W(0) = 0.08, W(1) = 0.31, W(2) =0.77, W(3) = 1, W(4) = 0.77, W(5) = 0.31, W(6) = 0.08
The filter coefficients of the resultant filter,

h(n) = h(nWn);,0<n<M-1

h(0) = h(6) =0.075 x 0.08 = 0.006

h(1) = h(5) =-0.159 x 0.31 = -0.0493

h(2) h(4) = 0.225 x 0.77 = 0.1733

h(3) 0.75x1=0.75

The frequency response of designed filter,

6 |
H®) = ) h(n)e '™
n=0

h(0) + h(1)e7® + h(2)e7?® + h(3)e73®
+ h(d)e 0 + h(5)e 5O + h(6)e o
{ h(())e]3w+h 6)e 13(0)+(h(1)ej2w+h(5)e—j2w)

H(e®)

+((2)e® + h(4)e ™)+ (3) |2

H(e®) = e73[0.75 + 0.3466 cos ® - 0.0986 cos 2 + 0.012 cos 3w)]

Q4 (b) (i) Solution:

‘ v
+ -
g I, 000"

50V 5mH
BT r Ml
t V=50V

-100 V [-======- ==
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During T_, the circuit behaves as,

di

- L=

£ dt
Vi

= =t
di i

Integrating on both sides, we get

V
Ip = TSTon
T = ocngziB=80x10'6s
on f  5x10
I, = >0 =% (80x107°) =0.8 A
5x10~
During T ., itis T, <t < BT
Apply KVL in the circuit,
VL = Vs - VO
(VL)avg =0
VsTon + (Vs - VO) (BT_ Ton) =0
V.BT = V,BT-T,,)
Ww_ B
V, B-o
B =06 00—
From the graph of I, + Vi +
1 V.= -V
—xbxh - -
IL(avg) = T
leTxIP 1
=< = -—x06x08=024A
T 2

Q.4 (b) (ii) Solution:
Given, rotor induced emf at standstill = 700 V line
700
Per phase, E, = ﬁv

1500 -1200 _02

Slips = =559
Voltage drop in diode, Viiode = 07V
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Voltage drop in thyristor,  V, =15V

DC voltage across the diode rectifier is

3.6sE, 342 % 0.2 x 700
——~2XVDjode = -

V,= 1.4
d T T
= 187.67 V
With no voltage drop in inductor,
Ve = Va
36 x Vs
Inverter DC voltage = —| ———coso—Vy, X2
T
DC voltage across the diode rectifier without voltage drop in inductor = Inverter DC voltage
3v2 x415 312 x0.2x700
——————cosY+3 = -14
T T
_1[ -184.67 x n}
= COS | —p=———[=109.24°
b [ 32 x 415
Firing advance angle of inverter = 180° -y
180° - 109.24° = 70.76°

Q.4 (c) Solution:
(i) Condition for the desired response
1. system must be controllable.
2. system must be observable.

The state transition matrices,

A = [_21 i],B:[g]andC:[l 0]

For controllability

Q.| =0
We know that, Q = [B AB]
[ 2 3][0 |3
AB = -1 4][1] |4
0 3
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Q|

For observability, [ Q|
We know that, Qo
CA

Qo

H

0 - 3 # 0 so, system is controllable.
0

=
ool e
]

|Qy| =3 -0%0 so, the system is observable.

So, the desired response is possible.

(i) Given: Settling time, T
We know that, T,

We know that, o,

6

£ =

The second order characteristic equation,

$? + 28, 5+ 0>

s2 +16s + 100

Let the observer gain matrix be,

K

0.5 sec, damping frequency m, = 6 rad/sec

L I
go, — " 05

0, 1-E% = Jo? - (0,)?

2_g2
®, -8

8 8

o, 10

n

8

= o, =10rad/sec

0.8

0
0 .(0)

]

The desired response is given by,

X
Characteristic equation,
96)
(A - KC)
(A-KC)

(A-KC)x + Bu

|sI- (A-KC)| =0

(2 3] [K
-1 o
-1 4 _KZ[ J
(2 3] [K, 0] [2-K; 3
-1 4| |K, 0] [-1-K, 4
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s 0] [2-K; 3
[sT-(A-KQ) = |, }_[—1—1@ 4]

S

[s—-2+K; -3
| 1+K,  s-4
Characteristic equation,
s—2+ Kl -3
(s-2+K)(s-4)+3(1+K,) =0

s?-4s+(-2+K))s+8-4K, +3+3K,=0

s+ (-6 +K))s+ (11-4K, +3K,) =0 ..(ii)
On comparing equation (i) and (ii),
-6+K, =16
K, =16+6=22
11 - 4K, + 3K, = 100
11-4x22+3K, = 100
3K, = 100-11+88 =177
K, = 59

The observer gain matrix,
k] - 15
K, 59
Q.5 (a) Solution:
M.D =20 MW, LF =75%, PCF =50%
80%
Average load = MD x LF =20 x 0.75 =15 MW

(i) Daily Energy Generates = 15 x 24 = 360 MWh

(ii) Plant Reserve capacity = Plant capacity - Max. Demand

Plant use factor

Avg.load 15
Plant capacity = 1%7@ 05" 30 MW

P.C-M.D=30-20=10 MW

Plant reserve
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(iii) Max. Energy that can be produced daily if the plant running all the time

Actual Energy Generated _ 360 — 720 MWh
PCF 5

Q.5 (b) Solution:

Let X;, X, and X, be the positive negative and zero sequence reactances respectively of
the alternator.

For 3-phase fault,

Fault current = Eﬂ
Xq
11000 /~/3
2000 = —x.
1
X = _ 11000 =3.175Q
17 /3%2000
For line-to-line fault, we have
V3E,,
Fault current =
X1+X,
Sx 11000
2600 = N3
X1 +X5
11000
Xl + XZ = W:4231Q
X, = 4.231-X,=4.231-3.175=1.056 Q

For line-to-ground fault, we have,

3Eph

Fault current = m

3% 11000

4200 = —\/5

X1+ X5+ X
3x11000

Xl + XZ + XO = m—45369
X0 = 4536 - X1 - X2

4.536 - 3.175 - 1.056 = 0.305 Q
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Q.5 (c) Solution:
Assembly language program for the given problem is as follows:
LXIH, XX60H ; source pointer
LXID, XX80H ; Destination pointer.

MVIC, N ; Number of readings
LOOP: INXH ;  Skip high byte
MOV A, M ;  Skip low byte
XCHG
MOV A, M ;  Store low byte
XCHG
INXH ; Move to next reading
INXD ; Mark Next Destination
DCRC
JNZ LOOP
HLT
Q.5 (d) Solution:
(i) We may redraw the block diagram as shown in Figure (1).
LT
) N o(t) =—V(s) ~
O/ T [ O/
& &
S Ej
@% I_-l@
L L
S S
I S e I
Figure (1)
V(s) Y(s)
Let H(s) = X(s) and H,(s) = V()
H(s) = H,(s)-H,(s) (1)
Now, consider the left half section of the Figure (1).
1 V(s
VO = XO+ VO S
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(ii)

V(s)[1+g+l2]

Stz = X6
V(s) 52
X(s) ~ (s2+2s+1)
Vis) s” y
xe ~ YT =
Now, from the right half section of Figure (1).
Y(s) = V(s) +%V(s)(—1) +Sl2V(s)(—6)
Y(s) = V(s)[l—%—s%]
Y 2 _5-6
% _ Hys)= =570 S; ) ..(iii)
Now, from equation (i), (ii) and (iii), we get
He) = 52 o (s2 -5-6)
©) = (s2 +25+1) 52
2 —Qq —
HE) - (s"—5-6) _Y(s)

(s> +25+1)  X(s)

Y(s)[s?+2s+1] = X(s)[s*-s-6]
The inverse Laplace transform of the above equation yields the differential equation
of the system relating x(f) and y(t).

2 2
LU0 200 1y - LD B0 gy
He - (s> —5—6) (s=3)(s+2)

s+1)%  (s+1)?

We know that for a system to be stable, all the poles must lie in the left half of the
s-plane. The two poles of the system are at s = -1. We may conclude that this system
is stable.
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Q.5 (e) Solution:
. . . xZ
Armature circuit resistance, r Pl a_2
Here, x = individual resistance of conductor
z = number of conductors
a = number of parallel paths
r = 1000x2x107° lezzo.m

Let] f be shunt field current.

The generated emf at 1055 rpm is given by

Ey=V,+I +1)*x05
=100+ (10+1I) x 05
At 1105 rpm E,, =100+ (20+1) x05
But Generated emf o field current X speed
and E,q o< 1% 1055
E,p o< 11105
I;* 1055 o< 100 + (10 + 1)) x 0.5
and I 1105 o< 100 + (20 + 1) x 0.5
I;x1055 100+ (10+1,)x05
I;x1105  100+(20+1,)x05
Its solution gives I =1A.
E, =100+ (10+1) %05
= 105.5 volts at 1055 rpm
Now P o 0ZP
a
_ $x1000x1055 % 2
or 1055 = 0x2
o = 105.5 % 60 — 0,006 Wh
1000 x 1055
V., 100
Field circuit resistance = ]—t =7 100 €2
f
6
Flux per pole = 5= 3 mWb
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Q.6 (a) (i) Solution:

P, +P, = 210 (i)
For ELD without losses I -, = I -,
0.15P, +50 = 0.2P, + 40
0.15P, - 0.02P, = -10
= 15P, - 20P, = -1000 ...(ii)

By solving to the equations P, = 91.4 MW, P, = 118.6 MW
Total cost or production with ELD.

I, = (0.15x91.4 +50) + (0.2 x 118.6 + 40) = 127.43 Rs/ hr
Total cost of production when P, = P, = 105 MW

I, = (015 x 105 + 50) + (0.2 x 105 + 40)
C, = 0.075P7 +50P, +K;
C, = 0.1P§ +40P, +K,
F,=C, +C, = (0.075(91.4)2+ 50 x 91.4 + K,) + (0.1(118.6)* + 40(118.6) + K,

= 5196.547 + K, + 6150.596 + K, = 11347.136 + K, + K,

F,= C;+Ch = (0.075(105)% + 50 x 105 + K, + 0.1 (105)2 + 40(105) + K.

6076.875 + K, +5302.5 + K, = 11379.375 + K, + K,
Additional cost with the scheduling of P, = P, = 105 is

= (11379375 + K, + K,) - (11347.136 + K| + K,)

= 32.24 Rs/hr

Q.6 (a) (ii) Solution:

\/§VLI 7 COSO

P, = 3x500x20x0.8 = 13.856 kW

0, = cos(0.8) =36.80°, ¢,=cos1(1.0)=0.0
KVAR Raised P(tan ¢, - tan ¢,)
13.856(tan 36.86 - tan 0) = 10388.26 KVAR

10x746
Power rating of motor = 038 =9.325 kW

Load power rating P,

J9.3252 +10.3882 =13.9kVA

The KVA rating of the motor
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tan~1{ 19:388 )_ 45 0go
9.325
P.F = cos 48.08 = 0.67 lead

Q.6 (b) Solution:

State table:
Present state | Next state E.F Inputs
A B C|A" B C|]J, K,| Tz |Sc|Re
0 0 1 0 1 1 0 X 1 X 10
0 1 1 1 0 0 1 X 1 0 1
1 0 O 0 1 0 X 1 1 0| X
0 1 O 0 0 0 0 X 1 0| X
0 0 O 0O 0 1 0 X 0 1 0
K-map for ] ,:
BC
A 00 01 11 10
ol 0o m 0
1] X | X M X
J, = BC
K-map for K ;:
BC
A 00 01 11 10
o X [ X | X | X
1(|1 X | X | X
K,=1
K-map for Ty
BC
AN_ 00 01 11 10 . C
SR REEr = R
0|@|j1 |i1}] 18
1| XX X4
T, =A+B+C
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K-map for S
BC
A 00 01 11 10
ol [ x]jo|o
1] 0 X | X | X
Sc= ABor Sc=A+B
K-map for R
BC
A 00 01 11 10
0 0|0 |1 | X
1| X | X || X | X
R. =B
Circuit
AN
— LR
}IA A T, B S5 ¢
> (MSB) > J7> (LSB)
1 K, A B W Rc C
Clk

Q.6 (c) Solution:

There are four feedback amplifier topologies:

1.

=l N

Voltage series feedback
Current series feedback
Current shunt feedback
Voltage shunt feedback

Voltage series feedback:

+ + Voltage
Vi feedback
+ - amplifier

_BV0|:

+
Ve B
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2.

3.

4.

Current series feedback:

IO = I L:
Trans-conductance R
o/ L
amplifier
+
Bl = Vs p
Current shunt feedback:
I' IO = IL
1 —
Current
1
s CP amplifier R,
If = BI, l
B

Voltage shunt feedback:

+
I Trans-resistance
I ! V.
s @ amplifier R, 0

Ifzﬁvol

Voltage series feedback circuit is shown in figure below:

RO IO
+ AW o+

(N
&)
s
MW
=
Y
U/
b
<
WW
[__%
=
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V, = IR+ V,= IR +BV, ()
A, V:R
and V, = ﬁ=AinRi ...(i)
ARy
So, Avf = Ry + R, ..(1ii)

From equations (i) and (ii),

V. = LR +B(A,LR;)
VS
A R = R;(1+BA,)
For R, taking V_ = 0 means V, = -V, = -BV,
R, I
+ MW n— ° +
R =V <”:>Afvl. R, v,
) ] ~ 1.
U+ | |
Raf R,of
Vo . Vo-AVi
We have, [ = —+————
€ nave RL RO
1 1 AV
I = V0|:—+—]+ 4 . (iv)
Ry Rp Ry
BN LR PCH .\ W B
Ry R Ro Ry Ry
L S W
R;f Yo L R,
1+A,B
R R, IR R}
o - R 0 — L 0 — 0
R = R IR, L”1+Av[3 T AB 1T AR
R,
where, Ry = 1% AB
Ry = Ryllr,
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Q.7 (a) Solution:

Given, Sc1 = Pa1+1Qa
Spp = Ppy +jQp =2 +]1
Scp = P jQ5,=05+]1

Spy = Ppy +jQp, =0+50
Using nominal n-method for transmission line

1
= =941 - j11.764
Yseries =002+ j0.08 J

12.13£-75.96° p.u.
-.Each off diagonal term = -2.941 + j11.764 p.u.
Each self term = (2(2.941 - j11.764) + j0.01)
= 5.882 -j23.528
24.23/-75.95° p.u.
2423/ -7595° 1213£104.04° 12.13.£104.04°

12.13£104.04° 24.232-75.95° 12.13£104.04° |O
12.132104.04° 12.13£104.04° 2423/ -75.95°

=
1l

bus

Also given, V) =1+j0and &} =0

P, = [Vo|[V4|[Ya1|cos(6y; +8; —8,) + ‘V22“]/22|C05(922)
+‘V2HV3HY23‘COS(923 + 83 - 62)
I‘)3 = ‘V3HV1HY31|COS(931 + 61 — 83)
+‘V3HV2HY32|COS(932 + 62 — 63) + V32 ‘Y33‘COS(633)
Q = [_‘V2HV1HY21|Sin(921 +81 = 8;) — V3 [Yposin(6y)
[V |V3|[ Yo sin(®5 + 85 ~ 82)]
on = [(1.04) (1) (12.13) cos (104.04 + 0 - 0) + (1)? (24.23) cos (-75.95°)
+ (1) (1.04) (12.13) cos(104.04° + 0 - 0)]
= -3.064 + 5.8822 - 3.0604
= -(0.2385 p.u.
P3O = [(1.04) (1.04) (12.13) cos (104.04 + 0 - 0) + (1.04) x 12.13 (cos 104.04)

+ (1.04)% (24.23) cos(-75.95)]
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-3.18285 - 3.0604 + 6.3622
0.119 p.u.

Similarly, QY = -0.9715 p.u.

Checking for Q, range
Qy = —[V5|VyYay sin(@sy + 87 = 80) ~ [V Yo sin(Bs5)
~V3V, Yy sin(03, + 85 — 8)
= -12.7278 + 25.423 -12.238 = 0.2686
Q) = Qp; +AQY) = 0.6 +0.2686 = 0.8686 p.u.
Power residual,
APY = P, (specified) - APY(Calculated) = 0.5 — (—0.235)
= (.7385 p.u.

AP) = -1.5-(0.119) = -1.619 p.u.

AQY=1 - (-0.9715) = 1.9715 p.u.

So matrix equations for the solution of load flow by FDLF method,

r -

AP
vy [—Bzz —323:| A3y
AP0 | 7B B ASY)
AR
AQY .

and ‘V(O)‘ = [—Bzz][A‘Vz( )H
2 -

Here B,, and B, are the imaginary parts of Y, and Y,

0.7385

— 0.7385 [ 23.508 11.764}[A5(20)j|
_ | -11.764 23.528 0)
71'819 = ~1.5567 403
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Solving above equation,

ASY) = -0.0023 rad
AS®) = _0.0673 rad
8V = 0-0.0023 = -0.0023 rad or ~0.13178°

8 = 0-0.0673 = -0.0673 rad or -3.856°

o) = (—1.04 x1x 12.13sin(104.04° +0+0.0023 x @) — (24.23)sin(-75.95°)
T
~(1.04)(12.13 sin(104.04 £0.0023 x 220 _0.0673 x @D
T T

= -12.231 + 23.50 - 12.411 = -1.14227 p.u.
AQY) =1 - (-1.14227) = -2.14227 p.u.

214227 = 23.528(AV2(0))
Alvg| = 0.091
‘vz(n‘ _ ‘Vz(o)‘ N A‘VM 140091 = 1091 pa.

Q.7 (b) Solution:
Let 7500 kVA be the base kVA.
% Reactance of generator A on the base kVA

= 7xi00 =17.5%
3000

% reactance of generator B on the base kVA

= 8x 20 _1354%
4500

% Reactance of transformer on the base kVA

= 7.5x% 700 _ 7.5%
7500
Let the percentage reactance of the bus-bar reactor be X%. Then for 3-phase short-circuit
fault on an outgoing feeder, the reactance diagram at the selected base kVA will be as
shown in figure
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A Neutral B Neutral
17.5% % g 13.34% g 7.5% 7.57%% g (X +7.5%)
000 %
F X% F
Total % reactance from generator neutral to fault point F
= 757% || (X+7.5)%
_ 757(X+75),
T X+1507
Short-circuit kVA = 7500x100x =2 _
7.57(X+7.5)
But the short-circuit kVA should not exceed 150 x 10° kVA, the rupturing capacity of
the breaker.
7500x100x (X +15.07)
150 x 10° =
7.57(X+7.5)
757(X+7.5) = 5(X+15.07)
757X +56.77 = 5X +75.35
< - 75.35-56.77 _ 7939
7.57-5
The %age reactance can be converted into reactance in ohm by the following expression:
(kVA)X
PX = 10V
7500X
2
X = 7.23x10x(3.3)" _ 01050
7500

Q.7 (c) Solution:
(i) Given differential equation,
x"(5) -2x'(t) + 4 x(t) = u(f)

Taking Laplace transform,

$2X(s) - sx(07) = x"(07) - 2[sX(s) - x(07)] + 4X(s) = %
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1
X(s)[s>-2s+4] -4 = T

1 45+1
Xl -25+4] = S+4= ( = )
X(s) = (4s+1)
s(s® — 25+ 4)
Using partial fraction expansion,
A N Bs+C _
X(s) = 7 —(sz C2s+4) (1)
A = 2(45 +1) _1
(s"—2s+4) _, 4
P!
4
and (4s+1) = A(s>-2s+4) + (Bs+ C)s

(4s+1) = (A+B)s>+ (C-2A)s+4 A

Comparing coefficients of power of ‘s” on both sides, we get

A+B=0 , C-2A =4
1 2
= - = —— C—— =
B A 1 1 4
1 1
= —— = 4+ =
B C >
oo 9
2
Substituting all the values in equation (i), we get
1 9
1 | 74"
X(s) = —+
©) = & (s> =25 +4)
" 1 s N 9
O = 45Ty 2s+a) 2 —25+4)
1 s 9

45 46—17+ (B 2A-17 + (B
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1 (s—1) ~ 1 . 9
T ods 4(s-1)7+(V3)’] 4(s-1)7+ (V3’1 2(s—1)* +(V3)*]
_ 1 (s—1) .\ 17x~/3

45 4[(s—12 +(B)2] 4(s-1)%+(B3)21(W3)

Taking inverse Laplace transform,

x(t) = %u(t)—iet cos(\/gt)+%et sin(\/gt)’. £>0
x(t) = %[1 —e cos(\/gt) + %et sin(x/gt)] u(t)
(i) Given, frequency, f = 2Hz
: O = 2nf=2mx 2
= 4n rad/sec
Given input, x(t) = cos[ot]|u(t) = cos(dnt)u(t)

Given transfer function,

_ 10 .
T -0
S
) — g y()
y(t) = |H(j(z))‘0):4n cos[4nt+ 4H(j0))|®:4n:| ...(ii)
Now put, s = jm in equation (i)
iy = 10
() = o+ 10)
, 10
OO = Jo 1o
: 10
[HG) - 4 = 0.623
(4m)% +10
. _ 1( ® _ _1( 4n _
LH(]O))LD:Mt = —tan E) . = —tan (E)_ —0.899 rad

Substituting all the values in equation (ii), we get
y(t) = 0.623 cos(4nt - 0.899);, t>0

©Copyright: MADE EASY www.madeeasy.in



MRADE EASY Test No : 11 ELECTRICAL ENGINEERING | 45

Q.8 (a) (i) Solution:

Voltage commutated chopper circuit,

~P _
%
J_ T I,=20A
8 uF
T ~E

V=250V = T, A FD

| +
A"
[avoT]
=

D 1.25mH

Commutation circuit turnoff time,

CV, 8x107°x250

= = -4
t I 20 1x10*s
The minimum on period for this chopper is,
t, = —=nJLC
@

m1.25% 107 x8x10° =3.1416 x 10
The minimum average output voltage of the circuit is,

VO, min = st[tl + 2tc]
= 250 x 250 [3.1416 x 10 + 2 x 104]
Vj i = 32135V

Q.8 (a) (ii) Solution:

Average output voltage of 3-f full converter,

3-¢ full converter

V, = %cosa =E+IpR

T
2 % 22
M—+Ocosa = 110 + (10 x 0.2)
2971043 cos o = 112

o = cos_l(—112 )
297.1043
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Firing angle, o = 67.85°

SCR conducts for 120°.
L,
I,=10A 51
n 3 2|n of
2_TE T
3
fe—]
120°
For constant load current, I, = 10 A,

Supply current i, is of square wave of amplitude 10 A. As i, flows for 120° over every
half cycle of 180°, the rms supply current, L is,

I, = 10,{120 =8.1649 A
S 180°

Power delivered to the load = b, =V,

_ |:3><\/§><220

cos(67.85°)] x10 =1120.18 W
T

Input supply power factor = Yolo_ 1120.18 0.36 (lag)

T BV, J3x220x8.1649

or input supply power factor for 3-¢ full converter

= ECosoc = Ecos(67.85°) = 0.36 (lag)
T T

Q.8 (b) Solution:

Given, The phase voltage, V,, = N 254V

and slip, s = 0.025

<
>
Py
AAAA
VVVY

Equivalent per phase circuit diagram of induction motor
From equivalent circuit diagram, the rotor per phase current referred to stator side is
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I, = 7
Ry +(R2 )"‘ J(X1+X5)
s

7 - 254
5 =
0.25 + 0.25 +j(0.75+0.75)
0.025
B ous50,-833°A
10.25 + j1.50
Té = 24.52/-8.33° = (24.26 - j3.55) A
The no-load current is
= 22 _osua
c 100
LB osaa
m 71000
To = 254 -j0.254 A
The input line current is,
L =1+

(2.54 - j0.254) + (24.26 - j3.55)
26.8 - j3.804 = 27.07£-8.1° A
The power factor is cos 8.01° = 0.99

Synchronous speed can be given as

120f 120x50

= =1000 RPM
N, y 6
_ . 2N, 2mx 1000
The rotational speed is, O = T T e =104.72 rad/s

Py 3I7R; _ 3x(24.52)* x0.25

The developed torque is, T = o, s, T T 005110472 - 172.24 Nm
The power output is, P, = P_ .. - Rotational loss
12 17
= (1- S)M — Rotational loss
s
2
= (1-0025) 2% 24920 X025 _ 45 _ 17956 1y
0.025
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312 % R,
3 x (24.52)2 x 0.25 = 450.92 W

Rotor copper loss

The efficiency can be given as

Output Output

n = x100 = %100
Input Output + X Losses
_ 17136100 — 90.97%
17136 +800 +450 +450.92 "
Q.8 (c) Solution:
(i) Given:
Open loop transfer function,
8s
G(s)H(s) = (5-1)(s-2)

Open loop poles:s=1,5=2
There are two open loop poles on the right half of s-plane i.e., P = 2.

There are no open loop poles on the jw-axis. So, the Nyquist contour includes jo axis.

. . . j8®
Put s = jo, G(jw)H(jw) = (o-T)jo—2)
. . 8w
UGN = \/0)2 +1\/032 +4
ZG(jm)H(jo) = 90°—(180°— tan ! (@) — (180° —tan~! (%D
= 90°+tan"!(w)+tan! (%)
- LN 8w o -1 -1(®
G(w)H(w) = ol s 1Jarsa Z90°+tan” () + tan ( 2)
|G(jo)H (jo)| £G(jw)H(jo)
0 0 £90°
0.1 0.3975 £98.57°
1 2.53 £161.56°
1.5 2.662 £183.18°
2 2.53 £198.44°
10 0.78 £252.98°
oo 0 £270°
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Intercept with real-axis will occur at ® where,
ZG(jw)H(jw) = -180°

~180° = 90°+tan™* ()+tan™! (%)

(O]
O+
-90° = tan”! 22
w
1-2
2
2
®
1-— =0
2
= =+2 rad/sec
. . 8
G(jo)H(jo)|,_ 5 = 5£180°
Nyquist plot,
Im
-8 -
N .
W= \/5‘, —1, - Re
\ T

There are two encirclements of (-1, 0) in anti-clockwise.

i.e., N = +2
We know, N=P-7Z = Z=P-N
Z =2-2=0

Hence, there are no closed loop poles on right side.
So, the system is stable.

(ii) Given, open loop transfer function,

8s
G(s)H(s) = —(s N(s-2)
Characteristic equation,
1+G(s)H(s) = 0
1+ & 0

(s=1)(s-2)
$2-3s+2+8s =0

$2+5s+2 =0
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R-H Table:

211 2

Since all the coefficients of 1%t column of R-H table is positive. So, the system is
stable.

Q000
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