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DETAILED EXPLANATIONS

1. (c)
Vi
(RRRV),,,, = = (X, = 2nL)
L= — 10 o318
2xmx50
(RRRV)max = (@X 2]X 1
J3 J0.0318 % 0.040 x 10~°
(RRRV)__ = 9.16 kV/ps
2. (d)
| mee 7% 8.854 x 10712
c. - ; _ 5 = 4.646 nF/km
In| —F/— In
r 1+i 0.5x1072,[1 2
412 X T ax10?
3. (b)
. ) o B _ 3654 2654 0
e know that, L™ 1-A 1-099
L XL 3654
T 2nf T 2xmx50
N L =11.63 H
4. (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.

5. (b)
(SIL)N = (SIL)old X 1[1 + Kl = (SIL)OId x+1+0.3
% change = 1'?1) -1 x100 = 14.02%
6. (c)

When all conductors are shorted,

sheath

Capacitance between shorted conductors and sheath is 3C..
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4
Cs == % C, ==Cq
Sheath
3C, = 0.8 uF
0.8uF
C, = —5  =0.2667 uF

When two conductors shorted with sheath

Sheath

Co= —=C. =—=C

Cas = 2Cc+ G
-~ Capacitance between two conductors shorted with sheath and the third conductor is 2C. + C,.
2C-+C5 =04
2C-+0.2667 = 0.4
2C. = 0.1333
Cc = 0.0666 uF

(a)

Voltage across the circuit breaker contacts after the interruption of 10 A current

C N 0.01x10~

V =

= 105 x10*

= 100v5kV
(c)
Reactive power of capacitor Q- o< V2

Qc = Vf
2
1.1x33 0.85 x

~.Reactive power supplied = ( 33 ) X( 7 f J %100

= 102.85 MVAR
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9. (b)
Given, V., = 120 kV,
V, = 110 kV
A = 0.96
o = 10°,
B = 100
B = 80°
Maximum power transmitted is given by,
V.-V, AV?
Pmax = %_ Br COS(B _O(‘)
2
_ 110x120  0.96 x (110) cos(80° - 10°)
100 100
P_.. = 9227 MW
10. (b)
Capacitance per meter length,
-12
CN _ 2ngDO F/m _ 21 X8.8542>< 10 — 8555 x 10_12F/rn
In— ln( ?J
r 3x10™
Cy = 8555 x 10-3 uF/km
Cyof 50 km line = 0.4277 uF
%
Charging current = 7~ = VoC =220 x 103 x 27 x 50 x 0.4277 x 1076
I = 2956 A
11. (¢)
Vs| = |[Vg| =1pu
X = 3R
X
= — = 3
tan 0 R [
0 = 60°
S, R __R oo
cosO® cos60
_ VsV Vi
Pdelivered - 7 COS(8 - 6) - YRCOSG
= iCos(8 - 60°) - Lcos 60°
2R 2R
1 o 1
Pdelivered = E[COS(S — 60 )_Ej‘

1 o
ﬁ[cos(8—60) 0.5]
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12.  (a)
C = 12yF
12uF
-12 -3
C = 2m e _ 55.631 x 10 F/m = 55.631 x 10 uF/km
n D D D
In— In— In—
r r r
-3
. 55.631x10° o
D
In—
r
D
In— = 1.854
,
D
— = 6.3877
r
= ! =15.65
"7 eagy7 T M
D
Now,Inductance per phase= 0.21n7mH/ km
= O.ZInL =0.42 mH/km
0.7787 x 15.65
13.  (a)
Load, P = 1000 kW

cos™! (0.707) = 45°
Improved phase angle of load,
0, = cos(0.95) = 18.19°
Required rating of p.f. improvement equipment
P(tan ¢, - tan ¢,)
1000(tan 45° - tan 18.19°)
1000(1 - 0.328) = 671.32 kVAR

Phase angle of load, ¢,

kVA rating = M =674.7 KVA
sin(84.26°)
14. (d)
Given system can be drawn as,
I X I
I I
V,=12pu V,=1pu
As real power flow is zero, load angle is, § = 0.
Let, Bus 1 voltage = 1.2pu=V,
Bus 2 voltage = 1pu=1V,
A
le = Y_TCOSS
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_ (127 12)x@)

0s(°
X
144 12024
X X X

When reactive power requirement is increased by 20%.
Q1> = 1.2 Q,, and Bus 2 voltage remains unchanged

Using reactive power relation again,

vi2 vitxQ) 0.21
1.2 = L 1 qox—
Qu = X X
Resolving,
V{2 -V{-0288 =0
So, V{ =123, -0.233
Ignoring second value as it is impractical.
Vi =123 pu
15. (b)
For maximum power transfer putting 8 = § in below equation,
VIV, A 2
Py = M cos(B—-90)- —‘|VR| cos(B—a)
] B
oo vl WA .
Rmax - -
B[ Bl
Given, Pp.a = 100 MW, V, =110 kV

Solving for sending end voltage |VS| using equation (1),

Ve[x110  0.98x110

100 = cos(78°—3°)
98 98
100 = L2XM0 _151 cos750
98
V. x110
100 = =—-31.317
98
y = 1BL3I7X98 116 991 kv
. 110

16.  (b)

D, D,
fe——t—]
=3 m->t<=3 m—

fe——F——
D,
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Mo, (d)_ Mo, [(DiD2D3)°
Inductance, L ﬁln(—/) = _OIH(M

r 2n r
1
3
= 2 X 10_7 ln %
07788 x 10—
2
L = 1.375 mH/km/phase
17.  (a)
Given system can be represented assuming transmission line reactance X pu.
X=01pu X pu
o8
=38
100°
1pu X pu pu
Initially when both line are working.
Steady state stability power limit,
E(V, 1x1
P = == L =525
Xioral 0.1+ (X[ X) 01+
2
X
or, 5 = 0.190 - 0.10
X = 0.180 pu

Now, when one line is tripped steady state power limit,

1x1 1x1 1
P = =

= = =3.57 pu
2-max 01+X 014018 0.28

18.  (b)

2n elrfo F/m — 21X 4x8854x 10712
ln() ln(mj
r 0.4
Power factor on open circuit,

cos ¢ = 0.08
¢ = cos™! (0.08) = 85.41°
- Dielectric loss anlge, & = 90° - 85.41° = 4.59°
Dielectric loss = oCV? tan §
= 21 x 50 x 0.16 x 1076 x (11 x 10%)% x tan 4.59° = 488.28 W

Capacitance of the cable, C= =(0.16 uF/km

19. (o)
Primary earth-fault current at which the relay operates,

__100x10° 15 _
= Bxiixio® (100 =779 A

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

20 11x10°
The fault current = 7.5 J3R,
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20.

21.

Where R is the resistance in the neutral to ground connection

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

n 100 x /3 x787.29
(c)

Since the generators are in parallel, they will operate at the same frequency at steady load. Let

load on generator G, is P, , and load on generator G, is P,.

Gl
If Af is the change in frequency,
h A 0.04x50 .
then, Py = 200 (1)
Af ~ 0.05x50 .
From equation (i),
Af
o =001
Fer
Af = 0.01 x P, ..(iif)
1
From second equation, Af = %(600 - Fa1) - (1v)

From equation (iii) and (iv), we get
Pe1  600-Pgq

100 160
16 P, = 6000 - 10 P,
26 P, = 6000

P., = 230.76 MW
P, = 600 - 230.76 = 369.23 MW

(a)

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

Single phase system:

P, = VI, cos ¢ Watts

Losses = 2I,> R Watts
W, 2I7R
i = —1x100=—"1" %100
Percentage line losses P, VI, cos
3-¢ system:
p, = \/§VIZ cos O
Line losses = 3,°R

Percentage line losses = \/§VIZ cosd
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For the same percentage line losses in both the cases, we have

2
2R 00 -
VI, cosd

2, =
I =

2

3I5R
——X
J3VI 5 COSd
31,
2,

V3

. Power transmitted in 3-¢ system,

p, =

2
V3V Xﬁll cos¢ =2V cos ¢ = 2P,

b-n

.. Percentage of additional load =" p x100

22, (¢)

1

i>< 100 =100%
g

The self GMD of the seven strand conductor is the 49th root of 49 distances,

T
I

>
[

T
[

T
[

23. (b)

Let base impedance =

Assuming inductance of line,

X
Y:

L =
Velocity of propagation is,

v =

3x10° =

Length of the line, [

= () (D3, D3 D, Dy7)® (2r)%)1/ 4

((0.7788r)” (D, D3 D14 Dy7)° (2r)°)/#

= 21’, D26 = 2\/§1’, D14 = 47’, D17 =2r

((0.77887r)7 (22r% x 3 x 222 x 22 x 1 x 2 x 2r)0)1/49

2r(3x0.7788)1/7
61/ 49

21767 x 2 =0.435 = 0.44 cm

Zg

0.025 Z,
1.4

Zy

L H/km and capacitance as C F/km.
oIL

oIC

X 0.025Zp
=

Y

14
g T ool olZg

ol

1
VLC

1

\/0.02523
X
!

14
wlZg

J0.025x 1.4 x3x10°

21 x 50

=178.65 km
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24, (a)
V, 220£0°
Load current, I = = 10,500
I = 22/-50° A
o - 1000 - o
Vs C) Q. = VARs Z =10£50° Q

Real power supplied by source is,

P, = |V| |I|cos¢
= 220 x 22 x cos(50°) = 3111 W
25. (a)
At no load, Vg = AV,
Vs 240
Vi N) T AT 001 263.73 kV

The percentage voltage regulation is,

Vre) = Vr(rL)

% - x 100
% VR VR(FL)
263.73 — 220
= — = """ x100 = %
220 19.87%
26. (c)
For cable, insulation resistance and length relationship is:
R +
<
R L
R, 4
R - 25 %100
= 27 180
R, = 13.89 MQ
27. ()

Self GMD for 4 bundled conductors

Dy

(r’ X §X§X \/55)1/4

1/4
(0.7788><O.5><10‘2 x1x1xﬁ) /

=0272m
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28. (d)

49.33 MVAR

82.954 MVAR

Without Synchronous motor:

Q, = §;sin ¢,

= @sin(cos_1 0.75)
0.75
Q, = 13229 MVAR
With Synchronous motor:

Q, = S,sin ¢,

= Msin(cos_1 0.95)
0.95
Q, = 4933 MVAR
VAR supplied by motor = 82.954 MVAR

29. (b)
Mutual GMD between bundles of phases c and a is given by,

%/Duc 'Duc’ . Da’c 'Du’c’
42d-(2d +s)-(2d —s)-2d

N14x14x144x13.6
13.99 ~ 14 m

D

ca

30. (a)
Capacitance between any two cores of cable is
= 0.3 x 10° F/km

C = %CN =0.3x10"°F/km

Cy = 0.6x10°F/m
Capacitance per phase, Cyy = 0.6 x 10 x 10 = 6 uF
KVA taken by cable = 3V, I,
=3V, 1,oC

2
= 3Vj,2nfC

2
= 3><(M) X 21 x50 X 6 x 1070

5

= 188.49 kVA
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