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Detailed Solutions

ESE-2024 Electrical Engineering
Mains Test Series TestNo: 4

Section A : Electrical Machines

Q.1 (a) Solution:

V; Ny
Assume, 72 = N—2

Referring the primary quantities to the secondary side

R7 bt
T 7 W_T_
2

2000 V g E E, =400V V2=VL[

| E—

2 2
R; = R2+Rl|:&j| =R2 +|:ﬁ:| Rl
1 V1
r 2
= 02+ 400 x55=042Q
2000
_ 2 b
X = X+ M2 x, =045+ {4—00} x12 = 0.93Q
‘ N, 2000
10x1000
I, = ———=2A ...(Approximate value)

400
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" 2 7\2
zZ, = \/(Re) (X)) =1.020
Voltage across the load at full-load and 0.8 p.f. lagging
V, = 400 -1,00.8-;0.6) (R,”+jX.))
= 400 - 25(0.8 - j0.6) (0.42 + j0.93)

‘VL‘ = 37785V ...(Approximate value)
% volt lation = —2=57785 100 = 5.86%
o voltage regulation = ——— "o =5.86%

Q.1 (b) Solution:
Assuming infinite permeability of iron path,

Reluctance of air gap

R = I 2(D-x)
Uol, A UoA
L = N? _ w,AN?
()= R Tap-9
A = N¢ = NAB, sin wt
_ A
(@) e = —— =NAB o cos ot
dt m
&) Wi = L A _ 1 N2A%Bjsin® of
i 0= 3L T2 Ny 20—
2
I/Vf(k, x) = %(D—x)sinz ot
Mo
E o _IWy  AB; sin® ot
f dx T
F = AR (1 - cos2mt)
foo2u, "
ces _ d2x1 del K
(iii) F, = M ) + ;"‘ (x0 +x1)
- AB2
° 2K
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Equating constant terms of F Iz

1

—~ AB?> =KX
2up " ’
2

X, = AB2
2Ky

x can be obtained by equating (i) and (ii),

2
L AB2 cos20t = M2 ’;1 +Bﬁ+Kx1
0 dt dt
, 1
H(jw) = — 5
M(j2w)” + B(j2w) + K
— ! Z—tan! —K — 4Mo’
(K - 4Mo?)? + 4B20 2B
-1 2
-u, AB
2(K - 4Mw?)? + 4B%0
4 K - 4Mo?
cy=tan | ———
2Bw
Net moment is x(t) = x5+ x,()
Q.1 (c) Solution:

120f 120x50
Synchronous speed, N, = P @ = 1000 rpm
Rotor speed, N, = 975 rpm

N, —-N, 1000-975

. - = =0.025
Slip, 5="TN, 1000
Power input to stator = 40 kW
Stator losses = 1 kW
Output from stator = Input to rotor

Therefore, Rotor input = Stator input - Stator losses

= 40-1=39 kW
Slip x Rotor input
0.025 x 39 = 0.975 kW

Rotor copper losses
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Rotor output i.e. power obtaining from the rotor shaft,

P = Rotor input - Rotor copper loss - frictional windage

or P

Output horsepower

Efficiency,

Q.1 (d) Solution:
At no load,

Substituting,

At aload of 30 A

a
228+ 041/
I
%

losses (assuming iron loss in the rotor core as
negligible)
39 -0.975 - 2 =36.025 kW

36025

ﬁ = 48.98

Output <100 = 36025 x100
Input 40000

=90%

V-IR,

240 -2 x 0.4 =2392V
KoN

K, I,N

1

V _20, 154
Ry 160

K, 220 800
160

239.2x160
240x 800

=0.199

I+ 1%

240 - (30 - I7) x 0.4

240-12 + 0.4If

228 + 0.41 (= 228 + 0.4If
Kll}N’

0.199 x If’ x 950

1.21 A

28.79 A
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Overall field resist -2
verall field resistance = =7
Rf’ = 198.35 Q
ot = Rf’ -160
ot = 3835 Q
Q.1 (e) Solution:
Transformer-A:
Rated output = 40 kVA,
Core loss = 500 W = 0.5 kW
Full-load copper-loss = 500 W = 0.5 kW
500
Copper-loss at half-load = e 125 W =0.125 kW

Assuming, power factor for lighting load = 1.0
All-day efficiency of transformer-A,

Output energy in kWh in 24h
Input engery in kWh in 24h

(40x1x4+20x1x8)x100
40x1x4+20x1x8+0.500x24 +0.500x 4 +0.125x 8

= 95.5%

Similarly the all-day efficiency of transformer-B is calculated as

All-day efficiency of transformer-B,

(40x1x4+20x1x8)x100
40x1x4x20x1x8+0.250%x24 +0.750x 4 + 0.1875x 8
= 96.8%

Q.2 (a) Solution:

(i) The high voltage side of this transformer has a base line voltage of 13800 V and a
base apparant power of 50 kVA,

Since the primary is A-connected

Vline = Vphase
Using, S34 = \/§VL Iy
50%10°

[ = ————=2091 A
L= Bxisoo 2V
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15

I_L_ 2.091
Iphase = \/5 \/5 =1.207 A

(Vphase)rated _ 13800

Zbase B (Iphase)rated 1207
Zpso = 114264 Q
Given, Rp.u = 1% =0.01 p.u.
Ry, = Rpu X Zy .o = 0.01 x11426.4
Ry, = 11426 Q
Given, Xp.u = 7% =0.07 p.u.
Xyy = Xp‘u_ X Zp e = 0.07 x 11426.4
Xy, = 800 Q
ZHV ZHV
° 1
ZHV
(o]
Zyy = Ryy+jXyy

(114.26 + j800) Q in each phase of A
(@ii) The referred circuit of transformer to HV side per phase,
(114.26 + j800)Q |

phase

Vs 13800 V

i l

Given, full load current is flowing (0.8 p.f. lagging)

Lpae = 1.207.2-36.87° A

From the circuit,

Ve = 13800.£0° + (1.207./-36.86) (114.26 + j800)

14505.983£2.725 V

Percentage voltage regulation,

Vs 13800, _ 14505983 — 13800
13800 B 13800

% VR =

x100 =5.11%
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(iii) In the per unit system, the output voltage is 1£0° and the current is 1./-36.87° A,

therefore, the input voltage is

Ve = 1£0°+ (1£-36.86) (0.01 + j0.07)

Vg =
%Vy =
Q.2 (b) (i) Solution:
On per phase base is
The terminal voltage, v,
The load current, 1
So, tan
tan y
W
So, for lagging load
W
d
The value of 1,

Q..N

So, excitation voltage E,
Eg
Eg
@ So, % regulation VR =
VR =
(i) Power developed, p, =
p, =

1.0511£2.726

Vg — Vi %100 _ 1.0511-1 «
R 1
5.11%

100

13800

J3
70 x10°
J3 x13800
Vising+1,X,
Vicoso+I,R,

= 7967.43 Volt

=2928.59 Amp

7967.43x0.6 +2928.59x1.21
7967.43x0.8+0

tan~(1.3059) = 52.56°

=1.3059

o+3d

Y- =5256 - cos! 0.8 =15.69°

I siny

2928.59 x sin(52.56°)

2325.27 Amp

V,cosd + X,

7967.43 % cos(15.69°) + 2325.27 x 1.83
11925.80 V

E,-V, _
sVt 1o _ 1192580-7967.43
7 7967.43

49.68%

P

output

70 x 0.8 =56 MW
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Q.2 (b) (ii) Solution:
In the first case,
E=V-I{R,*+R,)
= 200-20(0.5+0.2) =186V
E=K¢N
or 186 = K ¢ x 1000
Ko = 0.186

When a resistance R of value 0.2 Q is connected in parallel with the series field, 20 A

current will be equally divided between the series field winding and the parallel resistance

called the diverter. In this case flux will be produced due to 10 A current flowing through

the series field,

Induced emf, E, = K¢; N
=07xKo¢xN, (-Ko,=07K9)
E, = 0.7 x0.186 x N;
But E,=V-(IR +I,R,)
=200-(20x0.5+10x0.2) =188V
Thus, 188 = 0.7 x 0.186 x N,
188
N1 = m = 1444 rpm
Q.2 (c) Solution:
V,=100 VT V=100\2V
@Q?’
V |
45°
'V, =100V
VL
@ 1. v,| = V] = N

In balanced 2-¢ system,

Phase voltage

Line voltage

N
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Since in Scott connection, teaser voltage leads by 90°,

1002
= Z+90° = o
v, NG 100290

Main transform secondary voltage,

V, = 100£0°
Teaser transformer turn ratio
ol 0
2
N Vi
Now, N, = v,
Where, V., = 11000 volts and V, = 100 volts
N; 11000
— = ———=110
S0, N, 100

From equation (i),

Teaser tranformer turns ratio

NG

2. Line current in A phase,

IA _ I teaser secondary. _ 1000 90°
Teaser turns ratio  95.262
I, = 10.497.£90°
Main secondary current 1000 0°
and current [ = Main turns ratio (N1 /N,)
_ 1000 o
IBC = m = 90940 A
Current in Line-B,
- T 10.497 £90°
Iy = Ipc —%‘ =9.090° - ——
= 10.496£-30°
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(ii) For 50 Hz, 16 V, current I = 30 A at 0.2 lagging

So, Z = Z = 16 =
I 30£-cos™ 0.2
Z = (0.1067 + j0.523) ohm
For frequency of 25 Hz,
X' = (f—j x X
f
25
X' = | £7]%0.523 =0.2615 ohm
50
So, CurrentatV, = 16 V
c = Vs _ 16£0°
wrren Z' (01067 + j0.2615)
I' = 56.652-67.80° Amp
So, Short current I’ = 56.65 Amp
Power factor cos ¢ = cos(67.80°) =0.3778 (lagging)

Q.3 (a) Solution:
Output power = \/gVLI 1. =1200x1000

1200 %1000
= — =210A
T X300
For stat-connection,
Per phase, I, = I, =210 A
3300
V per phase = N =1905V
1100
Synchronous impedance, Z = mal%g
Xs = 2~ R}

J(3.175)% - (0.25)> =3.165Q
(i) For lagging in pf load,

E = (Veoso+ LR, +(Vsino+1,X,)’
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J(1905% 0.8 + 210x 0.25)2 + (1905 x 0.6 + 210 x 3.165)?
2398 V

ﬂ><1oo
1%

Regulation

_ 28981905 100 = 25.9%
1905

(ii) For leading power factor load,

E = \/(Vcos¢+luRa)2+(Vsinq)—Iqu)2

J(1905% 0.8 + 210x0.25)2 + (1905 x 0.6 — 210 3.165)?

or E = 1647V
E-V
Regulation = — X 100
1647 —1905
= —————x100 = - %
1905 13.54%

It can be noticed that for leading power factor load, the regulation is negative.
This is because a synchronous generator operating on leading power factor is under-
excited. The low value of excitation EMF is due to the underexcitation.

Q.3 (b) Solution:

The figure shown illustrates the circuit and phasor diagrams, where subscripts ‘s” and ¥
denotes the single phase and three phase loads respectively,

.1
3l
bSO
c L, 3-0
1 load
~ 3ls
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Let the single phase load be connected to ‘a” phase secondary.

Let the current due to single phase load be I,.

I _IX Zb+ZC _Ixﬁ:%
o S ZoAZy+Z, T Z+Z+Z 3
Is
Ib=Ic=?
Current due to signal phase load,
[ = 20000 _ 504
s 400

2
Current ¢ divides in the three phase delta winding. The current 51 s and I, in secondary

phase must flow in the same direction because the single phase load is connected across

this phase,
Current in secondary phase winding due to 3-phase load,
I = ﬂ =250 A
£ 3(04)
2 2
I =

I+ 51 =250+ (150) =350 A

Current in phase winding b and c are equal to phasor difference of I, and EIS

©Copyright: NADE EASY www.madeeasy.in
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\/(250)2 +(50)% +2x 250 x 50><% = 2784 A

11000

Turn ratio for each phase = ———— =15.88
F 3 x 400
The current in primary side are
I, 350
, = = =——=2204A
Law = La 15.88 15.88
I, 278.04
, = = = =175A
low = Loy 15.88 15.88
I. 278.04
lee = len 15.88 15.88
Q.3 (c) Solution:
The terminal voltage (per phase)
600
V,=—=V
NG
V, = 346.41 Volt
The synchronous impedance, Z, = 0.4 + ;7 =7.011£86.73° Q
The armature current, I, =1520° A
Excitation emf, E = V- 1,Z,
E; = 346.4120° - 1520°(0.4 +i7)
E; = 356.23/-17.142° Volt
04Q 79 T
——WW——— 00—
J 600
E; CN? V,= 3 A%

Now load torque is increased until the motor draw a current of 50 A, by keep field current
constant.

So, E, = 356.23 Volt
I, = 50 Amp

Let angle is ¢ (power factor angle).

So, EZ-8 = V-1, Z,
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356.23/-8 = 346.41.£0° - (50.£0)(7.011./86.73°)

356.23 /-9

So, 356.23

356.232

cos(d - 93.27)

¢ - 93.27

¢

So, New power factor

Power factor

and developed power, P ou

Pin

Pin

Pin

and loss
So, P

m(out)

Tm(developed)

Tm(developed)
Q4 (a) (i) Solution:
" At maximum efficiency,
P

cu

and P_ at75% laod = (0.75)> P_,

346.41.20° + 350.57 £ - 93.27°

346.41% +350.572 + 2 x 346.41
%350.57 x cos(¢p —93.27°)

120000 + 122900 + 242881.907 cos(¢ - 93.27°)
-0.47759

-118.528°

-25.26° (lagging)

cos (¢)

€0s(25.26°)

0.904 lagging

P, - losses

J3V,1, cosd

/3 x 600 x 50 x cos(25.26)

47 kKW

3IXR) =3 x 502 x 0.4 =3 kW
47 -3 =44 kKW

Pm(out) _ 44 % 103

s §x2n><50

420.17 N.m

500 0.75x 1.0
500%0.75% 1.0 +2x 0.752 X Py,

10.309 kW
10.309 0.02062.
500 O p.u.
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R, = 0.02062 p.u.
Zp.u. = 0.10 p.u.
X, . = 40.102 —0.020622
= 0.09785 p.u.
V' = 1.0+1.0£-36.87°(0.02062 + j0.09785)
V' = 1.07723/£3.5° p.u.
% VR. = Wx 100 =7.72%
Q4 (a) (ii) Solution:
E=V-IR,
= 250-50 x 0.3 =235V
E=KoN
or K¢ = % =0.235
To calculate E at 800 rpm,
E = K¢ x800=0.235x 800 =188 V

Let an extra resistance R be put in series with the armature circuit, then

E=V-I(R +R)
188 = 250 - 50 (0.3 + R)
R =094Q

If the load torque is halved, I  is halved since there is a linear relationship between torque

and I, now

I, =25A
E, = V-I(R,+R)
= 250 -25(0.3 + 0.94)
=219V
E_N
E, Ny
N, = N%=800x%=932rpm
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Q.4 (b) Solution:

p—

Total number of slots

Total number of slots per phase

Total number of conductors per phase

Total number of turns per phase
Number of slots per pole per phase

Slot angle

Since 1° mechanical

Slot angle, o

Distribution factor, K,

Substituting the values of m and o, K, =

5
Coil pitch is 3 of full-pitch

5
A full-pitch coil has 180° electrical between the coil sides A A pitched coil will have an

6, f=50
12x6=72
7 _
3
24 x 4 =96
9 _
2
£=4=m
6x3

Total mech. angle

24

48

Total number of slots

@ =5 mechanical
72

o

P— electrical
2

o

5° mech. = b X P? electrical
6 .
5x E = 15° electrical

. ma
sin——
2
msino / 2

Sin4><15 )
2 sin30 0.5 — 0.96

4sin125  4sin75 4x0.13

electrical angle of gx 180°, i.e., 150° between the coil sides,
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Thus, short pitch angle, 8

Pitch factor,

Substituting the value f3,

Induced emf,

Substituting the values we get,

Q4 (c) Solution:

From the dc test values,

From no load test,

Also,

From blocked rotor test,

Blocked rotor impedance,

L, av

¢, nl

|an‘

sc, nl

rot

L,av

| Z |

K

180° - 150° = 30°

COS—

p

P
E

E =444 x1.5 x50 x 48 x 0.96 x 0.96
14730 volts = 14.73 kV

K = COS% = cos 15° =0.96

444 of TK K, volts

Vb _ 136 _ 0.2428 A
2Ipc  2x28
8.12 +8.20 + 8.18

3 =8.166 A

208
3 =120.088 V

120.088
8.17

=14688Q =X, + X,

3I2R, =3 x (8.166)% (0.2428) = 48.572 W

P P

in, nl sc, nl

420 - 48.572 = 371.428 W

28.1+28.0 +27.6
3

Vo Vr

Vo R
I, B3I, 3(27.9)

=279 A

=0.517 Q
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Imped 1 O e
mpedance angle, o = \/§VTIL = \/5(25) (27.9)
os™ (0.7615) = 40.40°
Therefore, Ry = 0.517 cos 40.4° = 0.394 Q
= R, +R,
As, R, = 0243 Q,

R

Reactance value (at 15 Hz)

0.335 Q

The equivalent reactance at 60 Hz

Jrated
Xpp = ]r;lte X Xpg =
test

. _ v _XR _
Given, X, =X,= =0.67 Q

2

m

Final per phase equivalent circuit will be

, = 0394 -0.243 = 0.151 Q
0.517 x sin 40.4°

(60) x0.335 =1.34 Q
15

iX,=j0.67Q jX,=j0.67Q

X, = |Zu|-X, =147 - 0.67 = 14.03 Q

O_M—m /m\
R, =0243Q
X, =j14.03 Q g = Ry _0151
< s S
[
Xum
VTh
Ry, J Xt 7%,
——AMWW——O00———T50
< R
% ® i
~ vy w28, BB _gyay
X, +Xy 3 j(14.03+0.67)
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Ziy = J X [[ (R +jX7)
(j14.03)(0.243 + j0.67) |
= (0243 + j14.03+ j0.67) ~ 0221 #0643 Q
s - R, B 0.151
TR (X +X0)7 4(0.243)% +(0.643 +0.67)
= (0.1131 or 11.31%
The maximum torque of the motor,
R
3 Vi X g 2
Tmax = 2 x max
® 2
) (RTh + sz +(Xpp + X2)2
Smax
_120fxom
Oy = T hea0 5 rad/sec
3x (114.61)2 x 2L
_ 0.1131
2
(188.5) (0.221 + ﬁ) +(0.643+0.67)
0.1131
= 67.33N-m

Section B : Power Systems-1 + Systems and Signal Processing-2 + Microprocessors-2

Q.5 (a) Solution:

(i) V = 60kV (rms), g . =4kV/mm (rms)
vV 60
= —=———=221kV
Vi e 2718
r = 4 60 =55mm

g 2.718x4
2r=2x55=11 mm
V60

Radius of intersheath, r, = 2 — =15mm
max

2r1=2><15=30mm
V-V, =60-221=379kV

Diameter of core

Diameter of intersheath, d,
v,
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R = 1.881L = 1.881><% =282mm

Emax
Minimum overall diameter of the cable,
D = 2R=2x282=56.4mm
(i) Cable without intersheath

R
For economic cable size, —
,

R
e=2718; In—=1

R
vV = gmaxr1n7= Emax’

r = 4 :@:15mm

8max

2r=2x15=30 mm
er=2718 x 15 =40.77 mm
2R =2 x 40.77 = 81.54 mm

Diameter of conductor
R
D

Q.5 (b) Solution:

Analytical method:
(i) The maximum power received by the load is
V.V, AV}?
P = % - Trcos(ﬁ —-a)
For a short line
A=1, a = 0, B=Z
B = tan_lz, cos f = E, sin 3 = 2
R Z Z
In this problem, R = 10 Q/phase
X = 30 Q/phase,
V., =V =132kV
B = Z=R+jX =10+ 30 =31.62£71.56°
B = BZB,B=31.62Q,
B = 71.56°
p o 132x132 1x(132)? cos(7156" ~0')
" 31.62 31.62

= 551(1 - cos71.56°) = 376.7 MW
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(i) For the given values of V_and V, the power transfer is maximum when § = , where

d is the angle between V_and V,
d = B=7156°

(iii) The equation of the receiving-end circuit is

2 2
(Pr _Pro) +(Qr _Qro) - p%
2 2
AP S =) it R VIR TIVY
nT oz (10)? + (30)
2 2
0. = —Lx=- D0 _ 5 momvar
nT oz (10) +(30)
SV _102x132
Tz 312

Putting P, = 100 MW in the equation of the receiving-end circle we get,
(100 +174.24)> + (Q, + 522.72)* = (551)?
(Q, +522.72)*> = (551)> - (274.24)>
Q, +522.72 = (303601 - 75207.6)'/2
Q, = 477.90 - 522.72 = -44.82 MV Ar
Rating of phase modifier at full load
Q,, = P, tang, - Q, =100 x 0.4843 - (-44.82)
= 93.25 MVAr (leading)

Q.5 (c) Solution

|-<

—~
N

~
I

2[3X(z) + V(2)] + 2271 V(2) = 6X (z) +2(1 + z71) V(2)
2(1+z7)

{6+ 1-05z7" )X(z)

Y(z) 8-z

HE) = X2 1-0527

By taking inverse z-transform, we get,
h(n) = 8(0.5)" u(n) - (0.5 tu(n-1)
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Q.5 (d) Solution:

(i) Given: y(n)—%y( -

Given :

where,

and

Therefore,
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1z

x(n) = 3.5(1)11”(”)_2(1)1114(11); ROC 2| > %

2 3
(i) Given:
y(m+oym-1)+-y(n-2) =0
s
1. _
Y(@)+ 1Y (@) +y DI+ 7Y (2)+ 2 YD)+ y(-2)] = 0
1 1 _ 1

Y)|1+=z +=22| = —=y(-1)-=z " y(-1)-=y(-2
@[1+5214577 | = S ) -y

.

2 4

{4

Y(z) = T 5 15
1+-z " +—-z°
4
Using long division method
14 -2 14 314 1, 3 3
1+—z +4 )4+4z ( 173 SZ +32z .....
§+§zfl+—zf2
4 8 16
143
8 16

8 32
12 1 1
8 16 32
i,z_3+l241
32 32
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3 4 1 _ 3 _
Therefore, Y(z) = _Z+_Z 1+§z 2—52 SO
Iz
y(n) = —26(71) —5(n—1)+%6(n—2)—S%S(n—3)—é6(n—4) .....

Q.5 (e) Solution:

Memory mapping of an I/O device

I/O mapping of an I/O device

16-bit address are provided for
input/outputdevices.

The devices are accessed by memory
read or memory write cycles.

The input/output ports or peripherals
can be treated like memory locations and
so all instruction related to memory can
be used for data transfer between the /O
deviceand the processor.

In memory mapped ports, the data can
be moved from any register to the ports
and vice versa.

When memory mapping is used for I/ O
devices the full memory address space
cannot be used for addressing memory.
Hence memory mapping is useful only
for small systems where memory
requirementisless.

In memory mapped I/ O devices, a large
number of I/ O ports can be interfaced.
For accessing memory mapped devices
the processor executes the memory read
or write cycle. During this cycle I0/M is
asserted low (I0/M =0)

8-bit address are provided for
input/output devices.

The devices are accessed by I/O read or
I/ O write cycle. During these cycles, the
8-bit address is available on both low
order address lines and high order
address lines.

Only IN and OUT instructions can be
used for data transfer between the 1/0O
deviceand the processor.

In I/O mapped ports, the data transfer
can take place only between the
accumulator and the ports.

When I/O mapping is used for I/O
devices, the full memory address space
can be used for addressing the memory.
Hence it is suitable for systems which
requires alarge memory capacity.

In I/O mapping, only 256 port (2° = 256)
can be interfaced.

For accessing the I/O mapped devices
the processor executes the /O read or
write cycle during this cycle, IO/M is
asserted high (I0/M =1)
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Q.6 (a) (i) Solution:

5000
= =625A
Feeder relay current, I, = 755 /5
. 125
Feeder relay pick-up current = 5X 100 = 6.25 A
Feeder relay PSM = 22 =10
eeder relay = 605

From given data, the operating time corresponding to PSM of 10 is 3 seconds
Actual operating time for feeder relay,
3xTMS =3 x0.3=0.9sec

20 x 10°
Transformer overload current = X —\/5 11000 =1365 A
Transformer relay current, I RT = ﬂ =6.825 A
1000 /5

Transformer relay pick up current =PS x 5
Where PS means plug setting, since the transformer relay must not operate to overload

current,
' 6.825
plug setting (PS) > 5
= PS = 1.365 (or) 136.5%

The plug setting are restricted to standard values in steps of 25%, so the nearest values
but higher than 136.5% is 150%.
So transformer relay pick up current

_@x5_75A
1000 0 ©

Transformer relay current corresponding to fault current of 5000 A

5000
= ——— =25A

[
Il
&
@
@

Transformer relay PSM =

Given, time corresponding to PSM of 3.33 is 5.6 seconds

Time setting for transformer relay = Actual operating time of feeder relay + time grading
margin

0.9 + 0.5 =1.4 seconds
14

% =0.25
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Q.6 (a) (ii) Solution:
Industrial load, P,

4000 kW
pf of industrial load, cos ¢, = 0.8 lag
Phase angle, ¢, = cos™1(0.8) = 36.87° lag

Additional load _ 1103.25 _ 1379.06 kW

Motor load, P,

Motor efficiency 0.8

Total load on the system including additional load supplied by the synchronous motor

P =P +P,
= 4000 + 1379.06
= 5379.06 kW
Improved power factor, cos ¢, = 0.95 lagging
Phase angle ¢, = cos™ 0.95
= 18.195° lagging

Reactive kVAR supplied by the synchronous motor

= reactive kVAR drawn by industrial load of 4000 kW - Reactive kVAR drawn by the
combined load of 5379.06 kW

4000 tan 36.87° - 5379.06 tan 18.195°
1232 kVAR

kVA rating of the motor \/ P22 + (kVAR supplied by motor)

J(1379.06)2 + (1232)2 = 1849 KVA

Power factor of synchronous motor

1379.06
1849

= 0.7458 (leading)

Q.6 (b) Solution:

(i) To check whether the given system is linear on non-linear. We assume,
x1(n); nx1

yy(n) = 0; n=0 ..(i)
xi(n+1); n<-1

nz1
and y,(n) = 0; n=0 ..(ii)
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Let, x5(n) = ax (n) + bx,(n) ..(iii)

ya(n) = T{xz(n)} (iv)

Here, ‘T" represents the transformation from x(n) to y(n).

Now, from equation (iv) and (iii), we get

y3(n) = Tiax,(n) + bx,(m)}

y3(m) = ay;(n) + by,(n) (V)
xs(n); n=1
Since, ya(n) = 0; n=0
xz(n+1); n<-1
Now, x3(n+1) = ax,(n +1) + bx,(n + 1)
and let, ya() = ay,(n) + by,(n)
Since, yy(n) = y5(n)
So, the system is linear.
(ii) Since, y(n) = x(n+1)forn<-1

So, we can say y(n) depends on the future value of input sequence, so we may say
that given system is not causal.

(iii) As given, y(n) = 0;

x(n—k); n-kx1
So, y(n-k) = 0, n-k=0
x(n—-k+1); n-k<-1

Now, y(n, k) = T[x(n, k)]
y,(n, k) = T[x,(n, k)]

where, ‘T" is the transformation from x(n) to y(n).

Let, x,(n, k) = x(n - k) i.e., shifted by k" unit
ya(n, k) = Tlx(n - k)]
x(n—k); nx1
= 0; n=0
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Because, y,(n, k) # y(n-k)
So, the system is time-variant.

(iv) For this system when the input is bounded, the output is also bounded. So, the
system is stable.

Q.6 (c) Solution:
(i) X(z) = log(1+azY); [z|> lal
dX(z) = —az?
dz 1+az”}
dX(z
-z d;i ) _ az V(1 -az '+ a’z2 -aPz3 + a*z 4 - a®275 + ...
= az ' -’22+ a3z - afzt + P20 - bz 0 + L

(e}

i n+1 gy = 2 [(—1)n+1anu(n—1)}2_n

1M = —oo

From the properties of z-transform,

x(n) <= X(2)
nx(n) «=— -z ax(z)
dz
So, nx(n) = (-1)"*1a"u(n-1)
x(n) = %(—1)" Tl u(n-1)
. 221022 -4z+4
o) X0 = T

22 —2z—4)z3 ~1022 —4z+4(0.5z—4.5

23 - 22 -2z

972 -27+4

—922 +9z+18
-11z-14

So, X(z) can be written as,
55z+7
X() = 052-45-—ZM g5 g5 2247

2z -2z-4 z5—z-2
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- 05z2-45- 2t
(z+1)(z-2)
Using the partial fraction expansion, we get,
X(z) = 0.52—4.5+£—L
z+1 z-2
-1 -1
— 052-45+— 22 &

Given that the ROC of X(z) is |z > 2.
So, the inverse z-transform of X(z) yields,

x(n) = 058(n+1)-4.58(n) +0.5(-1)"-D u(n-1)

-6V umn-1)

Q.7 (a) Solution:

Phase voltage at the receiving end,

V. =60kV=60x103V

r

1
Power per phase gx 36MW =12 x 10° W

Therefore,

12x10°

The receiving-end current, I = —=250A

" 60x10°%0.8

Taking V, as the reference phasor,

V.=V +j0
cos ¢, = 0.8,
¢, = 36.8699°

Resistance per phase, R = 2.5 Q

Inductive reactance per phase,

Series impedance per phase,

Shunt admittance per phase,

X, =2nfL=2nx50x0.1=231416 Q
Z = R+jX=25+;31.4=31.499.85.448° Q
Y =2nfC=2xm x50 x0.25x10°=7854 x10°S
Y = 0+7.854 x 107° =7.854 x 10°£90° S

Nominal T-model:

A=p-1+2
- 2
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SN 0w 00w

(I:\<

Power factor, 0
Active power, P

Reactive power, Q.

V.R.

Nominal IT model:

Z(1+£)
2

=Y

= D =0.998825.6 x 10%

= 31.48./85.45° Q

= j7.854 x10° U

=AV,+BI,

= (0.9988.25.6 x 1073) (60 x 103.£0°) + (31.48.£85.45) (250£-36.87°)
= 65401.85£5.18° Volt/phase

= CV, + DI,

= (j7.854 x 107 x 60 x 10%) + (0.9988.£5.18 x 1073) (250£-36.87°)
= 246.90£-35.99° A

= co0s(5.18 + 35.99) = 0.7527 lagging

= 3 x 65401.85 x 246.90 x 0.7527 = 36.47 MW

= 3% 35401.85 x 246.90 x sin(5.18 + 35.99)

= 31.89 MVAR

P, 36

R 9% 100 Z og 10
=P 3647 =98.71%

S

Ve=Vi 100 = 6540185 - 6000
Vi 6000

x100 = 99%

= Y(1+Y—ZJ
Y

= D =0.9986./5.6 x 10

= 31.499./85.45° Q

= 7.85 x 10-5£90° U

AV, +BI,

= (0.9988.£5.6 x 1073) (60 x 103.£0°) + (31.499./85.45) (250./-36.87°)
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1%

¢ = 65403.55/5.185° volt/phase
I. = CV,+ DI,
= (j7.854 x 107 x 60 x 10%) + (0.9988.25.18 x 10%) (250£-36.87°)
I = 246.90£-35.98° A
Power factor, ¢, = cos(5.185 + 35.98) = 0.7528 lagging
Active power, P, = 3 x 65403.55 x 246.895 x 0.7528 = 36.46 MW

Reactive power, Q, = 3 x 65403.55 x 246.895 x sin(5.185 + 35.98)

= 31.88 MVAR
Pr 36
= S=—x100 = %
n P~ 3646 98.73%
VR - V.- Vg 100 = 65403.55 — 6000 %100 — g9
o Vr 6000
Q.7 (b) Solution:
Given that, f. = 1kHzand f, =5 kHz
2nf.  2mx1000 2w
So, = 2nfT = ¢ = ==
© R T
2n
Therefore, H,(el®) = L o< 5
0; otherwise
1 b ) ) 2n/5
_ J0y j0ON _ - jon
hn) = 5= [ Ha(e!®)e! " dor = o [ "o
- -27n/5
. (27m
1 [ pion 2n/5  sin ="
T 2n jn  om
-27n/5
The rectangular window, for the length of impulse response of 7, can be given by,
1, -3<n<3
wg(n) = 0; otherwise
The filter coefficients can be given by,
h(n) = hy(n) we(n)
. 2m
sin—n 5
h(0) = hy(0)wg(0)= lim =—=040
n—0 Tn 5
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sin—-
h() = h(-1)= = 03027
T
.4
sm?
hQ) = h(-2)= =0.0935
@ = h(-D=—
. 6m
Sm-—
h@) = h(-3)=——2=-0.0624

h(n) = {-0.0624, 0.0935, 0.3027, O.%O, 0.3027,0.0935, — 0.0624}
The transfer function of the filter is,

H(z) = ~0.06242° +0.09352° +0.3027z + 0.40+0.30272 1 +0.09352 72 - 0.06242>
But this filter is non-causal, which is practically non-realizable. The transfer function
of the practically realizable filter can be given by,

H'(z) = Z_3H(Z)
=-0.0624+0.0935z 1 +0.30272 72 +0.402° +0.30272% + 0.09352 > — 0.06242°
Q.7 (c) (i) Solution:

‘ROTATE’ command group has four instructions; two are for rotating left and two are for
rotating right.
* RLC: Rotate Accumulator Left
* RAL: Rotate Accumulator Left Through Carry
* RRC: Rotate Accumulator Right
* RAR: Rotate Accumulator Right Through Carry
The difference between these instructions are illustrated in the following examples.
1. RLC: Rotate Accumulator Left
- Each bit is shifted to the adjacent left position. Bit D, becomes D, .
- CY flag is modified according to bit D.,.
Example: Assume the accumulator contents are AAH and CY =0.

Figure below shows the contents of the accumulator and the CY flag after the execution
of the RLC instruction twice. The first RLC instruction shifts each bit to the left by
one position, places bit D, in bit D, and sets the CY flag because D, = 1. The
accumulator byte AAH becomes 55H after the first rotation. In the second rotation,
the byte is again AAH, and the CY flag is reset because bit D, of 55H is 0.

©Copyright: NADE EASY www.madeeasy.in



42 | ESE 2024 : MAINS TEST SERIES MADE EASY

Before the
instruction

After the first
RLC, (A)willbe A=|0|1]0[1]0[1]0][1] =55H

55H with CY set cy

After the second @

RLC, (A)willbe A=|1]|0]|1]0[1]0[1]0]| =AAH
AAH again with

CY reset

2. RAL: Rotate Accumulator Left Through Carry

- Each bit is shifted to the adjacent left position. Bit D., becomes the carry bit and
the carry bit is shifted into D,, .

- The Carry flag is modified according to bit D.,.
Example: Assume the accumulator contents are AAH and CY =0.

Figure below show the contents of the accumulator and the CY flag after the execution
of the RAL instruction twice. The first RAL instruction shifts each bit to the left by
one position, places bit D, in the CY flag, and the C bit in bit D. This is a 9-bit
rotation; CY is assumed to be the ninth bit of the accumulator. The accumulator type
AAH becomes 54H after the first rotation. In the second rotation, the byte becomes
A9H, and the CY flag is reset.

By these two examples, it can be seen that the primary difference between these two
instruction is that the instruction RLC rotates through eight bits, and the instruction
RAL rotates through nine bits.

Before the
instruction

After the first
RAL, (A)willbe [0]1]0]1]0][1]0]0] =54H
54H with CY set

CYy
One more RAL @
instruction will ‘1‘0‘1|0|1|0|0|1|:>A9H
change (A) to A9H
and reset the CY.
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3. RRC: Rotate Accumulator Right

- Each bit is shifted to the adjacent right position. Bit D, becomes D, .

- The Carry flag is modified according to bit D,,.
4. RAR:Rotate Accumulator Right Through Carry
- Each bit is shifted right to the adjacent position. Bit D, becomes the carry bit and

the carry bit is shifted into D,,.
Q.7 (c) (ii) Solution:

Program given below transfers sixteen bytes of data stored in memory to another location

starting from XX70H

START : LXIH, XX50H ; Setup HL as a pointer for source memory.
LXID,XX70H ; Setup DE as a pointer for destination memory.
MVIB, 10 H ; Set up B to count 16 bytes

NEXT : MOV A, M ; Get data byte from source memory.
STAXD ; Store data byte at destination.
INXH ; Point HL to next source location.
INXD ; Point DE to next destination
DCR B ; One transfer complete
JNZ NEXT ; If counter is not 0, go back to transfer next byte
HLT ; End
Q.8 (a) Solution:
0.3Q
012Q F, 000" 01Q
03Q m} 025 Q
0.3 Q
0.12Q F, 000" 01Q
[0 — 00—
OO
0.3 Q

ozgg

§ 015 Q
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0.7Q
012Q F, 000" 01Q
00 —000——o
OO
00508 070
O

From the positive-sequence network, the equivalent impedance upto the point of the
fault is given by

7, = 4}&3+0J2)H(Q25+0J:ﬁ%§]}
. 042%x05 .
= [(042) ]| (0.5)] = i ——=22=2 _ i0.22826 p.u.
71(0.42) || (0.5)] Joazro05 "/ p-u

From the negative-sequence network, the equivalent impedance upto F is given by

Z, j{(O.Z +0.12) || (0.15 +0.1+ %ﬂ

0.32%0.4
(0.32) [ (0.4) = § 222x04
JO3) 04 =330

From the zero-sequence network, the equivalent impedance upto F is given by
Z, = j(0.05+0.12) =j0.17 p.u.

= j0.1778p.u.

(i) LLG faultatF

If phase a is assumed to be the reference phasor and phases b and c are shorted at the
fault, then from equation

[ = \i _ 120°
" 21+M i 0.22826 + 217 x0.1778
T ZptZy ' 0.17 +0.1778

-73.1729 p.u. = 3.1729£-90° p.u.
If we put Z,= 0 and Z, = 0 then by current division rule

I,= _Iuli:]. 3.1729XM
Zoo+Zn 0.17 +0.1778
= j1.622 p.u. = 1.622.290° p.u.
I,= - alﬂzj 3.1729XL}
“ ZootZpn L 0.17 +0.1778

71.551 p.u. = 1.551290° p.u.
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Check

—~
Il

Ly+1,+1,=]1622-31729 +1.551 =0

@‘N
Il

Lo+02lq +0l,

= j1.622 + (1£240°) (3.1729.£-90°) + (1£120°) (1.551.£90°)
= j1.622 +3.1729.£150° + 1.551.£210°

j1.622 - 2.7478 + j1.5864 - 1.3432 - j0.7755

~4.091 + j2.4729

I = Ig+0l,+0%,

71.622 + (1.£120°) (3.1729.£-90°) + (1.£240°) (1.551.£90°)
= 1.622 + 2.7478 + 1.5864 + 1.3432 - j0.7755
= 4.091 + j2.4729

1| = |L| = /(4091) + (24729)2 = 478 p.u.
(i) LL faultatF

If the line-to-line fault is between phases b and ¢, then

N/ 1£0°
ad - Zn+Z,  j(0.22826 +0.1778)

-j2.4627 p.u. = 2.4627/-90° p.u.
The phase a negative-sequence current is given by
1, = -1,=;24627 p.u.=2.4627/90° p.u.

The phase a fault current

I = Ig+I,+1,=0-]24627+ 24627 =0

a

The phase b fault current

Ib IaO + OLZIal + O('IaZ
0+ (1.£240°)(2.4627.£-90°) + (1.£120°)(2.4627 290°)
2.4627 /150° + 2.4627 ~210°

-2.133 +71.231 - 2.133 - j1.231 = -4.266 p.u.

The phase c fualt current

— 2
IC - Ia0+0da1 + O 1612

0+ (1.£120°)(2.4627.£-90°) + (1.£240°)(2.4627 290°)
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= 2.4627/30° + 2.4627 /330°
= 2133 +1.231 + 2.133 - j1.231 = 4.266 p.u.
Thus, it is calcualted that
I, = -1.=-4.266 p.u.

Q.8 (b) Solution:
Let C represent the self capacitance of each unit. The capacitances of the link pins to earth
and to the line will, therefore, be 0.2C and 0.1C respectively. The capacitances, voltages
and currents are shown in below,

We have,

~
|

L =0,(oC), I =v(jo)02C)
1 = (V-2 j0010)

N
I

L=15L+I,-4
= v, joC +0.20; joC-0.1(V -v,) joC
= joC(1.3v, - 0.1V)
12
v, = ](1)—C =130, -01V

I, = (v, +v,) X 0.2 joC
= (v, + 1.30, - 0.1 V) x 0.2j0C = joC(0.460, - 0.02 V)
i) = 03 0.1 joC
3= L1, -i,
= j0C(1.30, - 0.1V) + joC(0.46v, - 0.02V) - 0.1joC v,
= joC(1.760, - 012 V - 0.10,)

v, = 3 =176v, - 012V - 010,
joC

©Copyright: MADE EASY www.madeeasy.in



MADE EASY Test No : 4 ELECTRICAL ENGINEERING | 47

1.760, 0.2V

U3 T 19 11 1.60, - 0.109 V
Also, v, to,to, =V
v, +1.30, - 0.1V + 1.60, - 0.109V = V
3.90, = 1.209V

1.209

v, = 130, -01V=13x031V-01V= 0303 V

v, = 1.6v; - 0.109V =1.6 x 0.31V - 0.109V = 0.387 V
String efficiency = 3‘;3 = 350387V 0.8613 p.u.

With the grading ring
The capacitance of the lower link pin now becomes 0.35C instead of 0.1C,
Therefore, i, = v,%0.35 joC
and I, = I, +1 -1, =joC (1.76 v, - 0.12V - 0.350,)

v, = 1—3 =1.76v; —0.12V - 0.350,

joC
v, = %Ul —%V =1.3037v, - 0.0389 V
5 1.35 1.35 1

Again, v, tov,tov, =V

v, + 130, - 0.1V + 1.30370, - 0.0889V = V
o,(1+13+1.3037) = (1+0.1+0.0889)V
1.1889

- =0.3299V
Y17 36037

v, = 130, - 0.1V = 0.3288V

vy = V (0, +v,) = V - (0.3299 + 0.32887)V

0.34123V

It is found that v, , v, and v, are practically equal to each other, that is, the voltage
distribution becomes practically uniform,

String efficiency = BLX 100 = 97.68 %
U3
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Q.8 () (i) Solution:

1.

PROM (Programmable Read-Only Memory) : This memory has nichrome or
polysilicon wires arranged in a matrix; these wires can be functionally viewed as
diodes or fuses. This memory can be programmed by the user with a special PROM
programmer that selectively burns the fuses according to the bit pattern to be stored.
The process is known as “burning the PROM” and the information stored is
permanent.

EPROM (Erasable Programmable Read-Only Memory) : This memory stores a bit
by charging the floating gate of an FET. Information is stored by using an EPROM
programmer, which applies high voltages to charge the gate. All the information can
be erased by exposing the chip to ultraviolet light through its quartz window, and
the chip can be reprogrammed. Because the chip can be reused many times, this
memory is ideally suited for product development, experimental projects, and
college laboratories. The disadvantages of EPROM are (1) is must be taken out of
the circuit to erase it, (2) the entire chip must be erased, and (3) the erasing process
takes 15 to 20 minutes.

EE-PROM (Electrically Erasable PROM) : This memory is functionally similar to
EPROM, except that information can be altered by using electrical signals at the
register level rather than erasing all the information. This has an advantage in field
and remote control applications. In microprocessor system, software update is a
common occurrence. If EE-PROMs are used in the systems, they can be updated
from a central computer by using a remote link via telephone lines. Similarly, in a
process control where timing information needs to be changed, it can be changed by
sending electrical signals from a central place. This memory also includes a Chip
Erase mode, whereby the entire chip can be erased in 10 ms vs 15 to 20 min. to erase
an EPROM. However, this memory is expensive compared to EPROM or flash
memory.

MASKED ROM : In this ROM, a bit pattern is permanently recorded by the masking
and metalization process. Memory manufacturers are generally equipped to do this
process. It is an expensive and specialized process, but economical for large
production quantities.

CONTROL BUS : The control bus comprises of various single lines that carry
synchronization signals. The MPU uses such lines to perform the third function :
providing timing signals.

The MPU generates specific control signals for every operation (such as Memory
Read or I/ O Write) it performs. These signals are used to identify a device type with
which the MPU intends to communicate.
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To communicate with a memory - for example, to read an instruction from a memory
location - the MPU place the 16-bit address on the address bus. The address on the
bus is decoded by an external logic circuit and the memory location is identified.
The MPU sends a pulse called Memory Read as the control signal. The pulse activates
the memory chip, and the contents of the memory location (8-bit data) are placed on
the data bus and brought inside the microprocessor.

Q.8 () (ii) Solution:
Data Flow from Memory of the MPU:

Below figure shows the timing of how a data byte is transferred from memory to the
MPU; it shows for different groups of signals in relation to the system clock. The address
bus and data bus are shown as two parallel lines. This is commonly used practice to
represent logic levels of groups of lines; some lines are high and others are low. The
crossover between the lines indicates that a new byte (information) is placed on the bus,
and a dashed straight line indicates the high impedance state. To fetch the byte, the MPU
performs the following steps:

* The microprocessor places the 16-bit memory address from the program counter
(PC) on the address bus.

Below figure shows that at T, the high-order memory address 20H is placed on the
address lines A ;- Ag, the low-order memory address 05H is placed on the bus
AD, - AD,, and the ALE signal goes high. Similarly, the status signal 10/M goes
low, indicating that this is memory-related operation.

The control unit sends the control signal RD to enable the memory chip. The control
signal RD is sent out during the clock period T, , thus enabling the memory chip.
The RD signal is active during two clock periods.

* The byte from the memory location is placed on the data bus.

When the memory is enabled, the instruction byte (4FH) is placed on the bus
AD, - AD and transferred to the microprocessor. The RD signal causes 4FH to be
placed on bus AD, - AD, (shown by the arrow), and when RD goes high, it cause the
bus to go into high impedance.
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* The byte is placed in the instruction decoder of the microprocessor and the task is
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carried out according to the instruction. The machine code or the byte (4FH) is decoded
by the instruction decoder, and the contents of the accumulator are copied into register
C. This task is performed during the period T,.

Q000
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