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DETAILED EXPLANATIONS

1. (b)
B 36.54
We know that, X, = 1-A = 1-099 - 3654 Q
X 3654
L= 2nf = 2xmx50
= L = 11.63 H
2, (c)

At SIL, the VARs consumed by series inductance of line are equal to the VARs generated by shunt
capacitance of line so no VARs is required by transmission line. Hence at all the points on the line
there is in phase voltage and current, i.e. upf, i.e. flat voltage.

3. (a)
Load, P; = 300 kW, motor load = 100 kW

P.f. of load, cos¢, = 0.6 lagging

P.f. of load, cos¢, = 0.8 lagging

Combined load P = P, + P, =300 + 100 = 400 kW

Loading kVAR taken by the motor
= P tan¢, - Ptan¢,

300tan(cos™0.6) - 400tan(cos™10.8)
400 - 300 = 100 kKVAR

Rating of the motor = /(100)? + (100)* = 141.42 kVA

P.f. of motor, cosd, = 100 = 0.707 leading
" 141.42
4. (d)
P avg
Plant load factor, Pf =
Pmax
08 = fovg
100
avg = 80 MW
Pwg 80
i = = —=0.267
Hence plant capacity factor 2 300
5. (b)
110
Vph \/g
f =50Hz
Cp, = 125nF/km
tand = 2 x 10
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10.

11.

Hence dielectric power loss, p, = V3 hOC,;, (tand) w/km/ph

1107 6 9 4
= f x10° x2mx50%x125x1077 x2x10

= 31.678 W/km/ph
(a)

440x10°

_ N3
11x10°

= 23.094 = 24

R= _\P - _\/ooz><10‘6

= %\/400><106 =10 kO

No. of insulator disc

(d)

(b)

The voltage transmitted into the overhead line is

2VZ
v = L _ 2><8><4c50:14.41<V
Zr +Z¢ 450 + 50

(d)

GMR = 40.7788xrx2rx2rx22r =1.723 1

(b)

* SF, is non-inflammable and chemically stable. Its products of decomposition are not explosive
there is no danger of fire or explosion.

* The operation of SF, CB is noiseless as there is no exhaust to atmosphere as in case of air blast
CB.

(c)

200

The turns ratio of CT = T

Pickup current setting of over current relay = 50%

The operating current of the relay = 1x05=05A
Hence the secondary terminal voltage of CT
4

= =8V
0.5
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12. (¢)
2
P, = VsVk cos(G—S)—V?COSG
For maximum power transfer,
6 =29
and also it is given that, V, = V.=V
v: v?
PR max = 7—7C086
Z = JR*+X?
o R
cos 7
b _Vv2 VR
R max \/R2+X2 (R2+X2)
Z = R+jX
dp,
So, keeping g;ax =0
We get, = 3R
X = V3x+3
X =3Q
13. (d)
A 01Q B 03Q C 02Q D
QA/ 60A I 50A I 20A I
WV
10A  30A 20A
Voltage node D = 220 - [(0.1 x 60 ) + (0.3 x 50) + (0.2 x 20)]
=195V
14. (d)
For unity power factor load, Qg =0
Ve = Vy=132kV
Qr =0
2
VslIVr| . |A”VR‘ -
= sin(f—-9) - sin(f—o
0 = S sin(-8)-—~sin(-a)
(132)° 0.98x1322
0= sin(75 - 8) - ————=sin(75 - 3) MVAR
0 11
0 = sin(75 - d) - 0.98 sin72°
sin(75 - §) = 0.98 sin72°
d = 6.25°
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|Vs||Vk|
R |B|

_|A|vkf

cos(B—-9) B

cos(B—a)

2 2
= 132 s75-6.25) - 098X 5 _3pmw
110 110

= 5741 - 47.97 MW = 9.44 MW

15. (a)
. = 04In _2x100_ mH/km
0.7788x1
= 222 mH/km
X; = 2mx50x10 x2.22 %103
= 6.97 Q
16. (c)
A
3m
2m
B 4m c
2
r = E: 1cm

D

= YDapxDpcxDca = 32x3x4 =2.884 m
D GMR =0.7788 r = 0.7788 cm

S

D D
-7 -7
Inductance/phase/meter = 2%10 l”[D_mJ = 2x10 l”(D_mJ

S S

_ 288.4
= 2x107In| 22| =
(0.7788) 118 uH/m
17. (b)
Penalty factor,
L= 1 1 10
! 1- dPLoss 1 _i 8
dp 10
and cost of received power
dF 10

= L . = —_— =

1 iP, (0.1x10+3)x 3 Rs 5/MWhr
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18. (d)
From the given voltages,
[ = Vo 10£0°
“« R R
Vi 10£-120° .
I, = iX, i1 =10£150° A
[ = Voo _10£120°_ 16, 15000
¢ —jXc 1
Given, I, =0=I[+1I+1I
= 1020 +10£150°+10£-150° =0
R = 0.577 ~ 0.58 Q
19. (b)
Let base impedance = Z
Xiq = 00257,
_ 14
Y(z;) - Zg
Assuming inductance of line, L H/km and capacitance as C F/km.
X = olL
Y = olC
X _0.025Zp B Y 14
L= O] a wl / T ol (DZZB
Velocity of propagation is,
1
HNTe
i 1
2= o025z, 14
wl wlZp
1/0.025x 1.4 x 3 x10°
Length of the line, | = X Lo XOX =178.65 km
2n x 50
20. (b)
Given, IC, = 1.0P, +85 Rs/MWhr
IC, = 1.2 P, + 72 Rs/MWhr
By; By, 0.012 -0.001
By, By |  |-0.001 0.4

Total transmission loss,

P, = By P? +2B,PP, + By, Py
OB, ~
P 2B,,P, + 2B,,P, = 0.024P, - 0.002P,
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P,
9p, = 2By,P; + 2B,P, = - 0.002P, + 0.08P,

The penality factor for the plant-1

L,=_1 _ 1
1_ 9P~ 1-(0.024P; -0.002P,)
oP,

The penality factor for the plant-2

1 1
k2 = OB T 1-(-0.002P, +0.08P)
b,
We know, IC/L, = IC,L, = A
P +85 12P, +72
= =150
1-0.024P, +0.002P, ~ 1+0.002P; —0.08P,
Using above relation,
4.6P, - 0.3P, = 65
-0.3P, +132 P, = 78
P, = 14.537 MW
P, = 6.239 MW
21. (b)
Given,
Real power (P) = 10 MW
Reactive power (Q) = 3 MVAr
MVA rating of alternator = /P2 +Q? =/100+9 =10.44 MVA
Z, =5 290°Q
Load power in MVA 10.44x10°
i = ~ ——==54796 A
Now, Line current (7)) BxV, Bx1ix10’
22. (d)
5 MVA
10 MVA 10%
20% X 5O =
6.6 kV 33KV 02x50=10Q
F
1x50=50Q

The above figure shows the single line diagram of the network.
Let 10 MVA (= 10* KVA) be the base MVA.
% reactance of the alternator on base MVA is

10
% = —x20 =20%
%o X, 10 20%

% reactance of the transformer on base MVA is
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23.

10
A)XT = ?xlo =20%
% reactance of the transmission line is

(KVA)xreactance in Q  10% x50
nX = 10 (KV)? " 10(33)?

% resistance of the transmission line is

=45.9%

(KVA)xresistance in Q 10* x10
%R, = 10 (KV)? T 10x(33)2
%R, = 9.18%

When the symmetrical fault occurs at point F on the transmission line (50 km away), then total %

reactance upto the point of fault F.

% X4+ % Xp+ %X, =20% +20% +45.9% = 85.9%
9.18%
. % impedance from generator neutral upto fault point F

% resistance

J(9.18) +(85.9)% =86.4%

o 100
Short circuit MVA = 10X@ =11.57 MVA

- Short circuit current fed to the fault by the alternator is

11.57x10°

[, = ————— _ =1012A
SC 7 /3%6.6x1000

(c)
Since there is no load at bus 1, evidently the transmission loss does not directly depend on Ig, .

Thus B,,, and B,, both are zero.
Further a power of 100 MW flows from bus 1 to bus 2 and causes a loss of 10 KW. So

— 2

P, = By, Py,
10 x 10> = By, (100 x 109)2
B,, = 1x10° MW-!

op,
- - 2 L _
P, = 1x10°P~ and o, =0
Penality factor for plant 1,
[ = 1 1
! _9B  1-2x107°R
1 Gy
alg,
Penality factor for plant 2,
1
L, = m =1

The generation at plant 1 is required to be determined for A = Rs 25/MWh
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dky Ly 4Ey Ly =2
dPg, dPs,
0.02P5, +16
1-2x10°p;, ~ »
Psy = 4489 MW
24, (a)
Given, P, = 2000 W
s = 2 _s00va
L™ 08

Qp, = JS2-P? = {(2500)2 - (2000)% = 1500 VAR
0, = cos(0.80) = 36.869°

0, = cos(0.90) = 25.841°
Q,, = P, tan ¢, = 2000 tan 25.841° = 968.604 VAR
2000 W

36.869° T

968.604 VAR

l 1500 VAR

T

531.396 VAR

i) i)

reactive power supplied by the capacitor,
Qc = 1500 - 968.604

= 531.396 VAR
V2 )

We know, Qe = T~ = V20C

(o)

Qc 531.396

C = V20 = (2302 x2xmx50 ~ 21975 uF ~31.98 uF
25. (b)

Let V, as reference phasor,

Vp = 220£0°V
Current in section PQ, [, = 20£0° A
Voltage at load point Q,

Vo = Vp+ 1,7,
= 220£0° + 20£0° (j1)
= 220.907.£5.20° V
Phase angle between VQ and V,,

0, = 5.20°
Phase angle between load armature I, and V,

Q
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¢ = cos™! (0.6) = -53.13°
Phase angle between load current I, and voltage at point P ( Vp)
¢ = -53.13° + 5.2° = -47.93°
So, load current at point Q, I,
I, = 12/-47.93° A
Ig = I, +1,=20+12£-47.93°
= 2942/-17.62° A
Vs = Vot Z
= 220.907£5.2° + (j1) (29.42£-17.62°)
= 233.90£11.86° V
Source power factor,
cos ¢, = cos (11.86° - (-17.62°)) = 0.870 lagging

26. (d)
We know, natural frequency of oscillation,
R
o= 2n\Lc
X, = 2nfL
8 =2nx50x%xL
= L = x50 0.02546 H
EY m—
Ju = 2n\0.02546x 0,025 x 100
f, = 631 kHz
Required damped frequency of oscillation
= ff =1.577 kHz
Also frequency of damped oscillation,
Lt/ 1
~ 2n\LC 4C?R?

1 1 1
1577°= op \/ 0.02546 x 0.025x 10 4 (0.025x107°)2 - R2

14
9818002161 = 1571091909 — > X;ZO
4x10
2 = 1472911887
R
R? = 2.7157 x 10°
R = 521124 Q
27. (C)
Primary earth-fault current at which the relay operates,
100x10° 15

— I ——— X s —
Bx11x10° 100 ~ /8729 A
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28.

The percentage of winding which remains unprotected is
P =100 -80=20%

20 11x 103
The fault current = 100 \/g R,

Where R, is the resistance in the neutral to ground connection

20 11x10°
100" BR, " 787.29
20x11x10°
R =1.61 ohms

n T 100 x~/3 x787.29
(a)

Let the operating voltage and power factor in both the systems be V volts and cos ¢ respectively.
If I, is single phase current, [, is the three phase current and R is the resistance of each conductor,
then

Single phase system:

P, = VI, cos ¢ Watts

Losses = 21,2 R Watts
W 2I2R

) = —1x100=—"1" %100

Percentage line losses P, VI, cos
3-¢ system:
p, = \/§VI 5 COSO
Line losses = 3I,°R
3I5R

. = —= %100

Percentage line losses \/§VIZ cosd

For the same percentage line losses in both the cases, we have

2 2
2R g0 o OBR
VI, cos ¢ V3VI, cosd

2 = \/512
2

I

Iz=ﬁ

. Power transmitted in 3-¢ system,

2
P, = \3Vx—=licosd =21, cos ¢ = 2P,

P, -P
. Percentage of additional load =% x 100

= ixlOO =100%
Py
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29.

30.

(b)
Since active power demand at bus-2 is 1 p.u. only S, can supply real power to the load at bus-2.
So this real power should flow in the transmission line from bus-1 to bus-2 complex power flowing

from bus-1 to bus-2, S,,

S, = Valp
V, = voltage at bus-1
I, = current through transmission line from bus-1 to bus-2
S = Vilp
120°0-1£-38]
= 140{.—} = 2[1£-90° - 1£(-8 - 90°)]*
j0.5
S, = 2[1£90° - 1.£90° + 9]
Sy = 2£90° -2290° + 8

The real power flow from bus-1 to bus-2 is,
P,, = 2cos 90° - 2 cos(90° + J)

Given that, P,, = 1 [Real power flow from bus-1 to bus-2 to supply S,,,]
Therefore, 1 = -2 cos (90° + J)

1 =2sind

d = 30°

Voltage at bus-2, V, = 1£-30°V
Complex power flow from bus-2 to bus-1,
Sn = Valy

I,, = Current flowing through transmission line from bus-2 to bus-1

21
1£-30°-1£0°
j0.5
2/-30° [1£120° - 1.£90°]

Syy = 2290° - 2£60°
The reactive power supplied by capacitor,

S, = 1£- 300[ } = 2/-30° [1£-120° - 1/-90]*

Qg = 2[sin 90°] - 2 sin 60° = 2 - 3 =0.268 p-u.

(a)

The initial symmetrical rms current is the current to subtransient state where the reactance is 10%

or 0.1 p.u.

Rated kVA
p-u. X;l’) X /3 x Rated voltage in kV

Initial symmetrical rms current = (

8000

= 01x3x138 024695 A

= 3.346 kA
Current to be interrupted by the breaker,
1.1 x symmetrical breaking current (.- the breaker is 5-cycle one)
1.1 x 3.346 kA = 3.681 kA
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