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ESE-2023 Electrical Engineering
Mains Test Series TestNo: 4

Section A : Electrical Machines

Q.1 (a) Solution:

MMEF = Ni =500 x 3 =1500 AT
B, = B,=12T (no fringing)
12.5+10
Mean radius of ring = — - 11.25 cm
(i) H=2__12 _959x105AT/m

$  n, 4nx107
Ni = HJ +H],
500 x 3 = 9.549 x 105 x 1 x 103 + H_ x 21 x 11.25 x 102
- H = 77116 AT/m

c
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(i) H

(iii) R

Q.1 (b) Solution:

For P_= 2000,

or

For P_= 3200,

BC
TTH
B _ _17'2 =1238.3
wH, 4nx107 x771.16
R, +R,
1x107° 2mx11.25% 1072

-7 ot -7 4
4 x 107" x2x25%x10 4t x 107" x1238.3x2x25x10
1.592 x 10° + 0.909 x 10° = 2.5 x 10° AT/Wb

P.=P,+P, =Kf*B2V +K,fB"V

On solving eqn. (1) and (2)

At =50 Hz,

Atf=75Hz

=K f?+K f (. B, is constant)
PC _ ’ ’
7 = Kef+ Kh
f=50Hz
2000 , )
W = 50Ke + Kh
50K’ + Kj, = 40 (1)
f=75Hz
3200
= 4 + ’
5 75K’ + K,
) , 128
75Ke + Kh = T (2)
o B o 1
e~ 75 RT3
P, = K;f2 =266.7 W : P, =1733.33 W
P, = 600 W and P, = 2600 Watts
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Q.1 (c) Solution:
Impedance of 66 kV feeder = (120 + j400) €2
Equivalent impedance of transformer
referred to LV side = (0.4 +/1.5) Q
referred to HV side = (0.4 + j1.5) x 102 Q
= (40 +j150) Q

120Q j400Q  40Q /150 Q I, =5.21./36.86° A
oA —TTT——WW— 00—

Vv Vi V=60kV

[O>0r

o
I Feeder <Transformer—t~—Load—

Load of 250 kW at 0.8 pf leading at 6 kV

L= 22 _508A
L~ 6x08
I',(HV side) = % =521

(i) Primary voltage of transformer,

Vl = ‘7+ZTTL

S~
|

= 60.£0° + (40 + j150)(5.21/36.86°) x 103
V, = 59.70.£0.72° kV

Sending end voltage of feeder
‘7 = ‘71 + ZfTL
59.70.£0.72° + (120 + j400)(5.21.£36.86°)

—

V = 59.01£2.71° kV
(iii) Complex power input at the sending end of feeder,

—

Sin - VI*L
(59.01.22.71) % (5.21./-36.86°)
= (254.44 - j172.57) kVA
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Q.1 (d) Solution:
Reluctance of air gap
! 2(D -
R L _20-x)
Holl, A UpA
N?  u,AN?
L(x) = =12
R 2(D-x)
A = N¢ = NAB, sin ot
. di
(i) e = —— =NAB_wm cos ot
dt "
. WO ) = 12% _1 _N?A%B}sin’ ot
) ) = L T Ny /2D - )
2
W.(A, x) = %(D - X)- sin” wt
f u
0
dW;  ABZsin? ot
F = — =
f ox Mo
1 2
Fe = AB;, (1 - cos2mt)
0
(i) oo mTa g, K(x + 1)
1 = —_— 2
f a? o dt 0
AB;
x, = —*
2K
x can be obtained from
2
L AB2 cos20t = M2 ’;1 +Bﬁ+Kx1
0 dt dt
. 1
H(jo) = 2
(j2w)” + B(j2w) + K
_ 1 P ( K- 4Moo)
J(K - 4Mw)? + 4B%w> 2Bw
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x,(t) =

Net moment is x(t)

Q.1 (e) Solution:

250 -E,
1
Under steady condition,

T
107.4 x 10312

I

a

Substituting (3) and (4) in eqn. (1)

250~ —
32.77
2, 10> 250x32.77 1000
11.25 11.25

n®+88.9n - 72.8 x 10*

1, AB,,
2J(K - 4Mow)? + 4B%w>

cos(2mt — y)

vt

x, + xl(t)

3.75x 1071, x n x 180 y
60

11.25 x 103n1,

1

1 375x 1071, x 180 x I,
21

107.4 x 10732

11.25x 107> x

32.77

0

0

-89 +/0.79 x 10* + 291.2 x 10*
2

810 rpm

=
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Q.2 (a) Solution:

(i) For no field excitation (E = 0) the machine behaves as reluctance motor.

P

_ Vtz(Xd - Xq)

= sin 29
r 2Xqu

For maximum 28 = 90° or § = 45°

_ 1x(12-06)

in

Phasor diagram :

Ix12x06 _ 04l67pu

Now from the phasor diagram,

11X

q):

Power factor

(i)

g-axis

|Iqu| =V, cos 45° = NG

1 1 1
—_ X— = — =
25X, 129z - b

1
— = =118
0.6 X2 P

JI +12 =4059% +1.18% =132 pu

| 1y 1 ( 0.59)
t — | =t — | = . o
an (Iq an 118 26.6

Y +8=45+26.6=71.6°
cos 71.6° = 0.32 lagging

E.-V 2
f tsin8+v—t L—i sin 29
X4 2 Xq X4
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On putting the values,

For maximum power
dar
ad
0.833E, cos d + 0.833 cos 25

E
From eqn. (1) and (2)
P
max
Pmax
1
or tan &

0.833E,sin & + 0.4167 sin 25 (1)

0

0

cos2d
cosd

—0.833 cos 28
cosd

-0.833(2 cos?d - 1)tan § + 0.4167 sin 28
-0.833 sin 26 + 0.833 tan & + 0.4167 sin 23
P ea=1pU

-0.833 sin 26 + 0.833 tan & + 0.4167 sin 23
1.2 + 0.5 sin 28

sind + 0.4167 sin 28

Now this equation, by trial and error

d
Now, from eqn. (2)

Q.2 (b) Solution:

Machines parameters :

(i) Speed, N

N,

r

58.69°

cos(2 x 58.69°)
c0s 58.69°

= (.8848 pu

0.015 ©, R’, = 0.035

120m x 0.385 x 1073 = 0.1451 Q
120m x 0.358 x 1073 = 0.135 Q
120m x 17.24 x 102 = 6.5 Q

120 x f  120x 60
p 8

(1+0.025) x 900 = 922.5 rpm

=900 rpm

(ii) Equivalent circuit of given system
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001Q j003Q 0015Q j0145Q j0.135Q

DO
| —
Z
y o460
¥3 v, g j65Q = 00 — 140
Zin
[} O
Input impedance, Z.. = (0.01+;0.03) + (0.015 +j0.145) + (j6.5 || (-1.4 + j0.135)
Z. = 1.39£155.35° Q
Taking V. as reference, then
V. = 460 _ 265.5811.20°V
s \/3 :
o= Vs 20998L0° g1, 1553504
1 Z 1.38£155.35°
V,=V.-Z,1
= 265.58£0° - (191.06£-155.35°)(0.01 + j0.03)
V, = 265.1.299°V (L-N)

(iii) Power from source,

P . =3xV xI cosb,

3 x 265.5811 x 191.066 x (-0.9089)
-138.5913 kW

Negative sign means the power is delivered to the source and machine is working

P

S

as induction generator.
Input power factor = cos 0, = cos(-155.35°) = 0.9089 leading
(iv) Air-gap power, P, =P+ 31,%(0.01 + 0.015)

b, = 138591 x 10% + 3 x (191.066)? x 0.025
P, = 1413383 kW

Mechanical power developed,
P, = (1-5)P,=(1+0.025) x 141.3383 x 103
P, , = 144.862 kW

Rotational losses, P, =3kW
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P

it = Poo + P = 144862 + 3 = 147.862 kW
P, =P, .=147.862 kW

P, 1385913

Effici ,N=——=——=093720r93.72%
iciency, M P~ 147862 or
Q.2 (c) Solution:
i I _ L _10000 100 A
(i) atrated) 7 100
_ VvV, 100 _ 3 3
Ia(start) = R_a = a =1000 A =10 Iu(rated) =10 pu
ii 200 = 100 R =04Q
(ii) R +R, = R_,=0.

100 A

where R, R,, R, represents total resistances of the box for position 1, 2, 3 respectively.
The handle will be moved to a new position when I, decreases to 100 A.

Now, from part (ii), R, = 0.4 Q = Total resistance in starter box

R, at any speed,

Vi = E, + I,(R,+R)
\: l \:
fixed increases  decrease with speed
with speed

©Copyright: MADE EASY www.madeeasy.in



MADE EASY Test No : 4 ELECTRICAL ENGINEERING | 21

At t = t, (before the handle is moved to position 2)

I =100 A
and E,=V,-I(R,+R)
= 100 - 100(0.1 + 0.4)
=50V
Att=t},
_ _VizEp
I, =200A= R TR,
s0p = 10050
~ 01+R,
R, = 015 Q
R, Att=1t,
I =100 A
E . = 100 - 100(0.1 + 0.15)
5 =100-25=75V
Att=t},
I —_ 200A - M
a ©01+R,
R, = 0.025 Q
R, Att=t,,
I =100 A
E_, = 100 -100(0.1 + 0.025)
= 8750U
Att=t},
I = 200 100-8750
a = VT 014+ R,

R, = -0.0375 Q (Not possible)

The -ve value of R, indicates that it is not required that is R, = 0. At T = t}, the
armature current without any resistance in the box will not exceed 200 A.
Att=t,

100 - 87.5

I = o1 - 125 A (within limit)
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Therefore, three resistances in the starter box are required. Their values are
R} =R, -R,=04-015=0.275
R} = R,-R;=0.125Q
R, = R;-R,=0.025-0=0.025Q

Q.3 (a) Solution:

(i) Asweknow,

da
e= N d_qt)
N.do = edt
N.A) = EAt
Flux linkage change = Volt-time product
Flux linkage during the each half cycle is

Ap = 5—(1)0{45><3—20+90><3—20+45><%}
A = 1x10° Wb

V., =0 - ¢ =0

av
. During positive half cycle of the input voltage, the flux varies from -0.5 x 10~ Wb
to 0.5 x 10~ Wh.

1
From0<t< ——=

360
3 45
= —05x107° + —t¢
4 45 1
Hl. 1 = —05x107° + — x — = 0. -3
o( )|t=% 200 < 3g0 = 025 ¥ 10° Wb
Fromi<t<L
180 120
o(t) = 0.25><10—3+£(t—i)
500\ 180
o(H_ 1 = 025%x107 + 45( L_ 1)
=15 5001120 180

0.5 x 10 Wb
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1
Now, since waveform is symmetrical about ¢ = 120" therefore, waveform in negative

half cycle will symmetrical about t =

120°

V& ot

0.5 x10° Wb +

90 V 1
0.25 x 10° Wb
45V

N

(ii) Slot/pole/phase,

90
M= 310
B 180°  180°x10
v slot/pole 90
Distribution factor,
sin(m?v)
K, =

m sin(l)
2

_sin(30°)

3sin(10°)

Winding is assumed to be full-pitched, then
E, =444 x9, > fx Np, x K,

=0.9597

M = 444 x 0.9597 x50 x 0.16 x N
\/5 - . . . ph
Nph = 186.30 ~ 187 turns
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Q.3 (b) Solution:
The rating of windings are as follows :
Vhrateay = 2200V
Viratedy = 220V
10000

IH(rated) = m =4545 A ~455 A
_ loooo o
Irated) = g = 4550

(i) The equivalent circuit at open circuit, on LV side.

VA, 2202
poc = RCL = RCL = W =484 Q
Rcp 484
X . = = =89.50 Q
" tang, tan| cos’ (100 )
2.5%220
ID
e
RcL = :E =
Ve 89.50 Q SR, =4840

At short circuit test, the equivalent circuit is given as (on HV side)

P = By * Rogmy)
25
Rge) = gz 10380
Z _&_@_329647163(’9
eqHV) © [ 455 7 '
Therefore, Zeq = 32.96£71.63 =10.38 +j31.28 Q

Ry, = 1038 0

X oy = 3128 Q
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1038 Q j31.28 Q
+——WA——T00— +

Vl V2
Therefore, equivalent :
On LV Side : On HV Side :
0.1038 j0.3128 0.1038 © j31.28 Q

© MW DO——o ° MW BO——o

18403 Bjsos5Q V. 4840002 88950 Q 4
v, ) Vy )
[+ *] O 0

(i) Power factor at no-load,

P, 100 )
cos o, = VoI = 550x05 0.182 lagging
Power factor at short-circuit condition,
P 215
cos ¢, = ——= = 0.315 lagging

V.I. 150x4.55
(iii) Load current at 75% load and 0.6 pf lagging,
I, = 0.75 x Iy Z~cos™(0.6)
I, = 341£-53.13°A

From the equivalent circuit on HV side

—

VH = VL/ +TL 'Zeq
= 2200 + (3.41£-53.13)(10.38 + j31.28)
Vg = 2306.84.20.88° V
Therefore, voltage regulation
V|-V
% VR. = Ful Vi
Vi
_ 2306.84 — 2200 100
2200
% V.R. = 4.85%
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Q.3 (c) Solution:
Nearest possible synchronous speed is 1800 rpm with 4 poles.

Slip of motor = e NVr
ip of motor = N.
_1800-1725 0.0416
- 1800
Equivalent Circuit :
R, X 28
I 2 2 E} 2
o——AWW—000 00
Forward | jX, =R, =| &
Branch | 2 =72 =| 2s
L
V=120V E,
E, +—\WM— 00— 000"
R, % X5
2 2 2
Backward J X sk |2 R;
Branch 2 2 |3 22-s)
o
Forward branch impedance,
= 1+71.5+ L
Zp= AT T

an T + .
j30 300 48+ /1.5
Z; = 2579£5472°
Backboard branch impedance,

. 1
Z, = 1+j15+ 1 . 1 . 1
730 300 (1.02+ j1.5)
Z, = 3.524./56.82° Q
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Stator current,

Voo 120
Zp+2, 2579/54.72°+3.524/56.82°

I = 410£-54.98° A
Forward branch voltage,

E, = IZ,= (410£-54.98°) x (25.79./54.72°)

105.739£-0.26° V

Backward branch voltage,

™
<
I

17, = (4.10/-54.98%) x (3.524./56.82°)
14.45/1.84°V

E; = Ef —Ix(1+ j15)
105.739./-0.26 - (4.10.£-54.98°%)(1 + j1.5)
98.35/-0.38° V

Forward branch rotor current

L E} 9835/ -0.38°
&f Ry . ].X_é 48+ j1.5
22-s) ' 2
Iy = 2.044-217° A
Now, E, = E,—Ix(1+j15)
= 14.45/1.84 - (4.10£-54.98)(1 + j1.5)
= 7.06£2.37°V
Backward branch rotor current,
Lo E,  7.06£237°
R 1.02+4 15 102+ )15
I, = 3.89/-53.41°

Rb
Forward power to rotor :

Pf = I%{fx 48 = (2.04)% x 48 = 200 W

Backward power to rotor :
P, = I}, x1.02=(3.89)> x1.02=15.43 W

Net rotor power, pP,= Pf— P, =200 -1543 =184.57 W
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Net mechanical power output,
P,, = Py(1-5)=184.57(1 - 0.0416)
177 W

Power input to motor,

)
Il

VI cos ¢,

120 % 4.10 cos(54.98°)
282.34 Watts
cos(54.98)

0.573 lagging

177
282.34

m

Power factor, cos ¢

Efficiency = =(0.627 or 62.70%

Q4 (a) Solution:
(i) At the rated load, motor counter emf,

E, =V, -1r,

a

K, .o, = 230-100x0.5=180V
o, = rated speed in rad/sec
1 1
Motor constant, K = 80 = 8060 _ 6.875 V-s/rad
"o 27 x 250

r
Armature current at any speed m is given by

Vi-E, 230-K,o
0.5

I =

a

Ty

.. Motor torque, T

e

Km
= —24[230-K, ®
K, I, = o2l 0]

Under steady state condition,

T,=T,

Kﬂ’l

—2[230 - K,,0] = 500 - 10w

0.5

%[230 - 6.875w] = 500 - 10w
On solving, o = 31.495 rad/sec
31.495 x 60

Speed, N = ——— =300.75 rpm

27
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The armature current taken by motor is given as

I = Vi - K,®
a Ra
= i[230 — 6.875 x 31.495]
0.5
I, =2691A
ii) Constant field t I—@—ZA
(i) Constant field current, = J00 =
.. Armature current, [,=22-2=20A

The speed is to be reduced from 1000 rpm to 800 rpm, by armature resistance

controlled method.

If = Constant — ¢ = Constant

(a) Since load torque is independent, the electromagnetic torque will be constant at

both the speeds.
T, = Constant

As we know,

By

= @ x [200 — 20 x 0.1]
1000
= 158.4 Volts

E,, = 158.40 Volt

Now, 1., = I, (after connecting external resistance in armature)

Therefore, E, = V-1, t+R.)
158.40 = 200 - 20(r, + R,)
200 — 158.40
= """ _01=1.
R, %0 1.98 Q

(.~ T = Constant)
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(b) Now,
and

Under steady state,

Therefore,

Also,

Q4 (b) Solution:

Rext = 1.98 Q
TL < N
T, o< I (- ¢ = Constant)
Te = TL
N _ I
Nl Ial
800
[,=——x20 =16 A
a2 1000 6
E , < N (" ¢ = Constant)
En _ Ny
Eal Nl
800
= (200 -20x0.1) x = .
E, ( ) 1000 158.40 V
Ea2 = Vt - IaZ(ra + Rext)
_ 200 — 158.40 01
ext 16
=250 Q

ext

Motor circuit seen on rotor side is shown in figure, stator impedance been neglected

jX2 12
+o /O™
V/a R,
S
-0
V.
I, = 1/a
R,\? 5
J(—z) +(%,)
s
T = i[%&
® s
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T(start) = (J)_SX R% + X% (vs=1)

Let the external resistance added to rotor circuit be R, then
R, = Ry =R, + R,

(total)
2
3 (VJ X RZt
3. \a) 7

Then, T(Start) = o, Rﬁt " X%
@) a=25, X, =04Q R,=008Q
Tstaryy = Tgoaq) = 25 Nm

This is minimum starting torque. Actual starting torque must be sufficiently more
than this.

400
V= f =231V, N, =750 rpm, o= 78.54 rad/sec
On substituting, the respective values,
2
E X Rz
3 o 25
7854 R3, +0.4

R2, - 13.04R,, + 0.16 = 0
R,, = 13.0277 Q or 0.0123 Q

25 =

Choose, R,, = 13.0277 Q
(otherwise will increases copper losses and decreases full load torque)
Therefore, R, = 13.0277 - 0.08 = 12.9477 Q

Were
(78.54) (Rszt) N (0'4)2

(i) Now, 25 =
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1061.125 or 0.99965
N/(1-5s)
750(1 - 0.99965) = 0.2625 rpm

Now, with external resistance cut out

With R,, = 0.137, we get s
Therefore, motor speed, N,
N

r

The solution would yield as before,

Ry Ry

o - 13.0354, T 0.01227
With R, = 0.08, we get

s = 0.0061, 6.52
Again under running condition, slip must be as small as possible.
So, s = 0.0061
So, motor speed, N, = N(1-5)
= 750(1 - 0.0061)
N, = 745397 rpm

Q4 (c) Solution:
(i) Ata field current of 2.20 A, the line to line voltage on the air-gap line is

v = 202 =116.70 V

ang = 3
and for the same field current, the armature current on short circuit is

I.=118A
Unsaturated synchronous reactance,

= 116.70 = 0.987 Q/phase

s.u. 118

Note that armature current is
45000
Ia,rated = m =118 A

Therefore, I

ssc = 1.00 pu. The corresponding air-gap line voltage is
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(i)

v = 202 =0.92
0,08 = 220 = U p-u.
0.92
NOW, Xs.u. = m =0.92 p-u.

The saturated synchronous reactance can be found from open and short-circuit
characteristics,

%
Vu,rated \/5

X, = Iz = 15 = (0.836 Q/phase
I i I = 12 =1.29
n per unit, = 118 " &
X = 10 =0.775
sT 129 " /O PH

Finally, from open and short-circuit characteristics, the short circuit ratio is given by
SCR = 28 1.29
S 220 7

As we know, the inverse of short-circuit ratio is equal to the per-unit saturated
synchronous reactance,

1 1
X, = SCR 129 - 0.775 p.u.
Let Base MVA = 325 MVA
Base voltage = 26 kV
Therefore, V,=1.0pu
P = 20 =(.7692 pu
325
Therefore I, = 07692 _ 0.8642/~-cos™! 10.89
’ apu)  1x0.89
= 0.8642/-27.12° pu
Now, E = [(Vicosg+ [,R,)? + (V;sing +1,X, )
= J(0.89)2 +(0.456 + 0.8642 x 1.18)?
E’ =1.723 pu
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Vising+1,X, 0.456 +0.8642 x 1.18
Vicosd+1,R, 0.89

tan~1(1.658) = 58.90°

Now, tan y

U}
Now, load angle

v - ¢ =5890 - 27.12
31.786°

Now, excitation emf,

E, = E +1,(X, - X))
= 1.723 + 0.74 x 0.77
= 229 pu
E; =229 x26 kV =59.62kV (L-L)

Q.5 (a) Solution:
For conductor 1, (self GMD)

S
I

1 %/077887’3( X Dlz X D13

30.7788 x 0.03 x 0.5 x 2 = 0.2858 m

For conductor 2,

>
I

o = {0.7788 X 1, X Dy X Dog

30.7788 x 0.5x 1.5 x 0.03 = 0.2597 m

For conductor 3,

D, = 3/0.7788 x 1, X D3; x D3,

= 3/0.7788 x1.5x 2 % 0.03 = 0.4123 m

Therefore, overall self GMD of conductor “x’,

Self GMD, D

SX

Similarly, for conductor v,

D, = Dy=D,= \/0.7788 X 1, X Dy

J0.7788 x 0.04 x 0.3 = 0.0966

= Y(D1yD1p)(DyyDyy )(D31:D3y)

Mutual GMD, D

ocCopyright: [MADE ERSY www.madeeasy.in



MRADE EASY Test No : 4 ELECTRICAL ENGINEERING | 35

D, = Y4 x43x35x3.8x2x2.3
D,, = 3189m

Therefore, inductance of conductor “x’,

— ny
L, = 02In mH/km
DS.X
3.189
= 0.21 =0.
n(o 3128) 0.464 mH/km
— Dx]/
and L = 02In mH/km
y D,
3.189
= 0.21 =0.
n( 0.0966) 0.699 mH/km

Therefore, total inductance of line,
L,=L+ Ly =1.1633 mH/km
Q.5 (b) Solution:

(i) Characteristics impedance

4 70.30

Z- o = oo g =28284Q
Y j3.75x10

Phase constant, B = X Xc

B = V030x3.75x107 =1.06 x 10~ rad/km
(ii) Propagation constant, jB = j1.06 x 103 per km
(iii) ABCD constant,

180°
T

A = cos Bl = Cos(400 x1.06 x 107> x ) =0.911

A =D=0911
B = jZ_sin(Bl) = j116.36 Q

C= ;—]sin(Bl) = 145 %107 S

[

C _ 3x10°
(iv) Wavelength, A= ? = >; 0

= 6000 km
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V2
) SIL = Z—R = = 565.69 MW

Q.5 (c) Solution:

RIM stands for ‘Read Interrupt Mask” and its format is as follows :

Serial
Input Pending Interrupt Interrupt Mask

SID | 175 | 165 155 IE | M7.5 | M6.5 | M5.5

Serial 4—‘ I—'—, I—Q

Input
Data
Pending Interrupt Interrupt Mask
1 =Pending 1 =Mask
0 = Unmasked
Interrupt Enable Flag
1 =Enable
0 = Disable

When RIM instruction is executed in software, the status SID, pending interrupts and
interrupt mask are loaded into the accumulator. Their status can be monitored.

It may so happen that when interrupt is being serviced, other interrupts may occur. The
status of these pending interrupts can be monitored by the RIM instruction.

None of the flags are affected by RIM instruction.
Q.5 (d) Solution:
Given : 2y(n) +y(n -1) = x(n)
Applying Z.T. on above expression
2y(z) + 27y(2) +y(-1) = X(2)

y(@)[2+z7 = X(z) - y(-1) (1)
Now, x(n) = (%) u(n)
[zt
1
X(z) = - 12_1
4

Putting X(z) in equation (1)
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1 2

y(z) =

1 1 1
= 5 -1
2 (1+1 ‘1)(1—1 —1) 142
4
1.1 5
oy A A
y@) = 1i4 T 15 15
(1——2‘ )(1+§z‘) 1—4 1+§Z
1 1 4
1 T2t 4? 1
A1 = (1—22 )y(z) ) = 1 - :g
=, 1+-z 1
=y
1 _ 2
A2= (14‘52 1) y(Z) 9 = A2=_§
P
2
5 . 1 1 2 1
0, yiz) = | — |~ 3%
6 1—% 3yt

Taking the inverse unilateral z-transform of y, yields

11" 2( 1\"
= —| — _—— R— . >
y(n) 6(4) 3( 2) ; forn=>0

Q.5 (e) Solution:

) . _ _Y(s) 25
(i) Given: H(s) = X(s) = 2 1oer1
Y(s)[s? + 25 + 1] = 2sX(s)
.
Py) o dy(t) | 2dx(t)
a2 g YO = Ty
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with T=1
D = ) - -1
4 d[d
= = fnga) (- D) - InGe - 1) -2

n(n) - 2(n - 1) + M1 - 2)
So, the differential equation is approximated by,
(y(n) - 2y(n - 1) * y(n - 2)) + 20y(n) - y(n - 1)) + y(n) = 2[x(n) - x(n - 1)]
y(n) -y(n-1) +0.25y(n - 2) = 0.5[x(n) - x(n - 1)]
(i) If x(n) = u(n), then x(n) - x(n - 1) = 8(n)
y(n)-ym-1)+0.25y(n - 2) = 0.58(n)
Using z-transform
y(z)[1 -2z1+0.25z72] = 0.5
0.5
¥E) = o5y Tt 1)(0.5)"u(n)
Q.6 (a) Solution:

(i) Since line is lossless, therefore, receiving end real power can be given by

P, = —VSD'(VR sin
33x33 .
30 = sin §
§ = sin! 6002
(33)
Load angle, d = 33.43°
Receiving end reactive power is given as,
_y2
Qg = —;R +—VS;</R cosd
-33% 332 .
Qr = 0 +ECOS(33'43 )
Qg = -9 MVAR
Q- = -Qr =9IMVAR

©Copyright: MADE EASY www.madeeasy.in



MRADE EASY Test No : 4 ELECTRICAL ENGINEERING | 39

(ii) Now if reactive power source is removed from the load end.

Suppose the active power transmitted is P at a power angle § and magnitude of
voltage at receiving end is V.

Now, P = Msi_‘nS
X
2
p? = (Mj sin? (1)
X
Since, no reactive power is transmitted,
— 2 .
VR +VS VR cosd =0
X
(Vs Vr)* 2 Vi
TCOS 6 = ? (2)
Adding eqn. (1) and (2)
Vﬁ - V52V1% + X2P2 = (
Let V2=

v? - V3o + X?2P?

V2 + VA - 4x2p?

2

(33)2 % /(33)* — 4 x 400 x P>
2

A solution of V, can be obtained if V has a real solution. Hence, for maximum power,

’U:

(33)* -4 x 400 x P2 = 0
b2 = (33)*
1600
P = 27225 MW

2

and v = (33) =544.5
2
V, = Vo =2333kV
and power angle,
S = sin_l( XP j
Us " Ur
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4 ( 27.22 x 20)
Sin —_—

23.33x 33
& = 45°
Q.6 (b) Solution:
(i) Let Vi(n) = u(n+5)
so that x(n) = i [V1(k) = u(k)]
k=—oo
Let Vy(n) = V,(n) - u(n)
x(m) = X Va(b)
k=—oo
[z
X@) = 77 V2(2)
Now, Vy@) = Vi)~ . -
5 4
and Vi(z) = 2 L_J
By substituting the values,
X@) = s ()
oz [ _z
- z—1_V1(Z) Z—1j|
_ _z _25 zz }
z—1[ z-1 z-1

X(z) =

z | 28 oz
2—1_2—1 z-1
22[25—1]
(z-1)°

Since x(n) =0 V x < -6 = x(n) is right sided.

Therefore, the ROC of X(z) must be outside the outermost pole.
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22[z° —1]
(z-1)°

Thus, X(z) = e >1

(i) (@) We know that

[}

x(n) = h(n) = Y, x(k)h(n—k)

k:—oo
Now, let n-k=v = k=n-v

oo

x(n) #h(n) = Y, x(n-0)-h(v)

; 3 i
x(n) * h(n) = h(n) * x(n)
(b) Again,
Le(n) # ly(n)] = hy(n) =, [x(D)* y(D]hp(n =1)

l:—oo

oo

Y @)y (D) hy(n=1)

J=—co

i( i x(k)'h1(l—k))-hz(n—l)

k=—c0

l:—oo

Now, by changing the order of summation, we obtain

(x(n) * hy(n)) * hy(n) = i i k) -y (1= k) - hy(n = 1)

= 2 x(k)- 2 h(l=k)hy(n—=1)

k:—oo l:—oo

Now, letA=1-k = l=A+k

=Y )Y () - k)
k=—o0 A=—c0

= S ) Y () ol - k)~ 2]
k=—o0 A=—c0
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[}

Y x(R)[hy(n=k) %Iy (n— k)]

k=—co
x(n) # (hy(n) * hy(n))

(x()*hy (n))*hy(1)
Q.6 (c) Solution:
(i) Inorder to find the parallel realisation of the given IIR digital filter, the partial fraction

expansion of HE) is determined.
z
3 [222 +5z+ 4]
Given, H(z) =
(2z+1)(z+2)
3752
H(z) E[Zz +52+4]

z z(z+%j(z+2)

Now using partial fraction expansion,

H(z) é+ B N C
z z (z+1) (z+2)
2
§(2z2 +52+4) é[4]
1 1
(z+)(z+2)
2 z=0
A =6
3.5 3( 1 5 )
- —|2x—=—+4
. 2(22 +5z+4) 2 ><4 2+
(z+2)z -0.5x1.5
L1
2
B = -4
3,42 3
5(22 +52+4)‘ §[2X4_5X2+4]
C = =
2 z=-2
c=1
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H(z) 6 (—4) 1

x(n)

and
o ®
Y
Hff)) = X(@)+ Hy()Y()
Y(2) = H @)X + H()H,()Y()
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Therefore, overall transfer function,

Y(z) _ (10B2)/(z-1)

X(z) 1—&[32><1
z—-1
B 10Bz 3 10Bz
C z-1-10pz z(1-10B)-1
103 z
H(z) = 1_1OB>< - T
1-108

In order to assess the BIBO stability of the system, we need to consider the poles of
the system function H(z). From the expression of H(z), we can see that H(z) has a

single pole at . Since the system is causal, the system is BIBO stable if and

1
1-10B

only if, all of the poles are strictly inside a unit circle. Thus, we have

1|
1-10B

- n1-10p > 1
1-108 > lor1-10B<-1

108 < 0 or 10p>2

1
<0 > —
g or B>
Therefore, system is BIBO stable if and only if,
B < O0ORPB> %

Q.7 (a) Solution:
(i) Faultat bus (1) with Z ;=702 pu.
Since prefault voltages at buses are 1.0£0° pu.
Therefore, E,=E,=V,=V,=V,=10£0° pu
Now, fault current at bus (1),
Vi 1.£0°
Zyn+Zp  j0.0776 + j0.20

I =

r = -73.60 pu
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Now, change in bus-voltages due to fault at bus (1)

AV,
AV,
AV,

AV,
AV,
AV,

AV,
AV,

Therefore, I

G2~

Current between bus (2) and bus (3)

IZ3

Current between bus (3) and bus (1)

I31

[0.0776 0.0448 0.0597 |[—1f
j10.0448 0.1104 0.0806 || 0
0.0597 0.0806 0.2075]| 0
10.0776 0.0448 0.0597 |[ j3.60
j10.0448 0.1104 0.0806 || 0
10.0597 0.0806 0.2075|| 0
[-0.27936
-0.16128
| -0.2150
Vi(P)| | AV
(P) + AVZ
V4(P)| | AV,
-0.27936 | [ 0.72
-0.16128 | = | 0.838
-0.2150 | |0.785
VW) _1-072
]0.1 jo1 ~ /eopd
E, -V,(F) 1-0.838
02 joo JUSlpu
_Va-Vs_0838-0785
Zos j0.0806  OPUT P
_Ys-Vy _0785-072 . oo
Za1 jo.oso7 PO PY

Current between bus (2) and bus (1)

I21

V-V, 0.838-0.72

Zo1 j004as  1*O4pu
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Q.7 (b) Solution:

(i) Given: VL = 11 kV, Srated =12 MVA
S
N : I = rated
ow L —\/ng
12 x 10°

IL = W =629.83 A

Y
Vph = ﬁ = 6350.85 Volt
IX
% reactance = —- x 100
14
where, X = reactance per phase
10 = 629.83X 100
6350.82
= X = 1.0083 Q

. Reactance of unprotected winding

= % of unprotected winding x X

= X = 1 x1.0083 =0.1512 Q
100

un

Let the voltage induced in unprotected winding = v
Voltage induced in unprotected winding

15 6350.85 = 9526279 V
100

fault current =200 A

~.
I

Z = Impedance offered to the fault
_ v _ 952.6279
i 200
= 4.7631
Z = r +j (reactance of unprotected winding)
Z = (r+;0.1512) Q
r = J47631% -0.1512

4.7607 Q

Therefore, earthing resistance required is 4.7607 Q.

r
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(ii) The frequency of transient oscillations,

1
fu = 21JLC

3
L= 5~ =5 =000954H

1
= =13.291 kHz

2m4/0.00954 % 0015 x 106
The equation of restriking voltage is
V.=V [1-coswt]

= 2Vm corresponding to o t =7

n

v

c'max

Therefore, maximum value of restriking

132

Voltage = 2V, = 2x~/2 x 75 =555 kv

= Maximum value of RRRV = oV,

2nfn><g><\/§

J3
132
= 21 % 13.291 x 1000 x == x /2 x 1000 V /s
J3
RRRV = 9.01045 kV/pS

Q.7 (c) Solution:

For providing delay sequence in given order for total sequence interval 40 sec, we can
develop the truth table.

Time Sequence  Don't Walk Walk
(in seconds)
0 D, Dy D; D, D, D, D, D,
15
15 0 1 0 0 0 0 0 1 = 41H
5
20 1 0 0 0 0 1 0 0 = 84H
20
40 1 0 0 1 0 0 0 0 = 90H
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For ‘Green’ signal and “Walk’ signal, 41H is sent to output port.
15 sec delay is provided by using 1 sec subroutine and a counter with a count 15,
Similar for (84),,(Yellow) and (90),,(Red) signal.

Flow chart for signal sequence program :

Start Subroutine
Delay

Turn on walk
light a_nd glgreen Load number of
S1gha delay counters
Call delay for Decrement
15 sec
Counter
Turn off green and
walk signal and Is
turn on yellow signal L« Counter
and don't walk No Zero?
Yes
Call delay for 5 sec

Turn off yellow signal
and turn on red signal

Call delay for 20 sec

Go back to
start again

Program :
LXI SP, XX99
Start: MVIA, 41H
OUT PORT #
MVI B, OFH
CALL DELAY
MVI A, 84H
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OUT PORT #
MVI B, 056H
CALL DELAY
MVI A, 90H
OUT PORT #
MVI B, 14H
CALL DELAY
JMP START
Delay Subroutine Program :
1 sec delay subroutine provides delay according to parameter assigned in register B.
Input : No. of seconds specified in register B for delay.
DELAY:  PUSHD
PUSH PSW
SECOND: LXID, COUNT
LOOP DCX, D
MOV A, D
ORA E
JNZ LOOP
DECB
JNZSECOND
POP PSW
POP D
RET

Q.8 (a) Solution:
Assume (kVA)

30 MVA

11 kV at generator terminal

—
S
I

For generator,

>
[

30
| = X, = j01x 25 =015 pu

. 30
and X, = jO.15x% o0 - j0.225 pu
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For transformer (1)

X, = X,=X,=012 pu

For transformer (2)

. 30 .
X, = X, =X,=7j0.05 XE =0.075
For transmission line,
22?
Zbase = E =16.133 Q
Hence, pu impedance of transmission line is

7 3 1+ 75
TL(Pw) — 16.133

Since load is unity power factor, so it can be represented by equivalent resistance R.

= (0.062 +j0.31) pu

2
R, cual = v _ @ =0.121
actual P 10 :
R = mxs =Mx30=3pu

PU (k)R T (11)2

Per unit value of fault resistance,

R B 6.6><30_0409
fow) = (222
10
Load current I = ﬁ = i =(0.33£0° pu
’ L(pu) Vpu 10 . p

N
E _ L} 230 1£0° I,
015 i - N > (0.161 + j0.535)
(0.062 +0.31) Positive Sequence
D j012@ ® joors @
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j012@ j0.075 @

N

N
j0.15 E 30 =
(0.062 + j0.31)
@ ®

@ ® @
e LA WA T
@D 012 (0.062+70.31) j0.075

Ia2

N

(0.161 + j0.535)

IaO

N

(0.062 + j0.431)

Assuming a prefault voltage of 1.0 pu at node (4), Thevenins equivalent voltage at node

3)

Vp = 1.0+0.33 x j0.075 = 1.0£1.46° pu
Assuming that V is the reference phasor at the fault point, i.e., node (3).
Vp = 1.0£0° pu

The interconnected network for an SLG at node (3) is shown

]

1.0£0° pu I Va
al
N (0.161 + j0.535) pu
1%
Iaz a2
(0.161 +j0.535) pu
1%
IHO a0
(0.062 +j0.43) pu
From the interconnected network
Ve

I . =

W Zy+Zy+Zy + 3Ry

3 x0.409
=1.227 pu
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1
0.384 + j1.50 + 1.227

1
lo = Te11+ jrso ~ 4994437 pu

31, = 1.3624/-43° pu

—
Il

Fault current,

f
30x 10°
Actual fault current, [ = 1.3624 X ———=— =1072.66£-43° Amp
f 2243
Q.8 (b) Solution:
, 1-0.25z72
Given : H(z) =

1+0.9z71 +0.18272

=1,a,=09,a,=018,by=1,b, =0, b, = -0.25

1
© o x()——(%) >—(D— )

-0.9 E‘Zl

-0.18 -0.25

Direct Form-I Direct Form-II

(i) Cascade Realization :

He) 1-0.25z272
Z —
1+0.9z71+0.18272
_ (1-05z7") (1+05z7)
(1+03z71) (1+0.6271)
Lot o) o 1-05z7" L HL() = 1+0.5z7"
© 10 = 105,71 ML) = g
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MADE EASY Test No : 4
1
X(Tl) m m y(Tl)
[=-]
-0.3 -0.5 -0.6 0.5
(iii) Parallel Realization :
HE) 1-0.25272 z2 -0.25
Z — =
(1+03z7)(1+0.6z7") (z+0.3)(z+0.6)
Using partial fraction
H(z) A B C
= —+ +
z z z+03 2406
- G 2025 | L5
where, T (z+03)(z+06)|_, — 7 18
2
B z=—-0.25 B 16
= — —Y = —
z(z + 0.6) <03 9
2
co 27025 o1
— _—m ﬁ _
z(z+0.3) e 06 18
o+ () B
® =95 " 9lz703) T18l 27 06
-25 16 1 11 1
®=95"7 (1 + o.3z—1j 18 ( 1+ 0.62‘1)
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=25
18
>
x(1) D) ~ Yo
T 1‘2 N
z-1 9
-03
<<

-0.6

—®
)
=RV,

Parallel Realization

Q.8 (c) Solution:
Given :
x,(n) = {1,2,3,1} and x,(n) = {4, 3, 2, 2}
The four point DFT of x,(n) is X, (k) and is given by
Xy (k) = [Wytxy

1 1 1 1

1 -j -1

1 -1 1 -1

1 7 -1 —j

[1+2+3+1 7
1-2j-3+j| |-2-j
1-2+43-1| | 1
1+2j-3-j] |2+

X,(0) = {7,-2-j,1,-2+ )

Similarly, X, (k) = [W,X,
1 1 1 114
1 -5 -1 ;1|3
N0 =11 a1 a2
1 5 -1 —j||2
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4+3+2+2 11
C|4-3j-2+2j| |2-]
4-3+2-2 | | 1
4+3j-2-2j 2+]
X(k)y = {11, 2-j, 1, 2+ }

Using circular convolution property,

y(n) = x,(m)xy(n)
X, (k)-X, (k)

ie.,

Y(k)

Y(k) = {7,-2-j,1,-2+}.{11,2-j,1,2 +]]

Y(k) = {77,-5,1, -5}

By applying Inverse Discrete Fourier Transform

1

—[Wﬁz]-YN

N

=

==

==

11 1 1
T j -1 -
1 -1 1 -1
1 -j -1 j

[ 77 -541-5 ]
77 -5j-1+5j
77+5+1+5

|77 +5j-1-5]]

68 17
76 19

88 22
76 19

{17, 19, 22, 19}

Q000
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