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DETAILED EXPLANATIONS

1. (b)
We k h X, = B__ 3651 = 3654 Q
e know that, L= 1-A 1-099 —
- XL 3654
T 2nf T 2xmx50
= L =11.63 H
2 ()
V=128 V,=1£0°
@ 1.1
X =03
- - L
Spy=1+0 Sp,=11+0 _T_
V1V2 Sln8
p= X
11 = Sn® 8 = 19.268°
= 1="3 = §6=19.
Qe = Vl;f (cosd—1)
= X 0s19.068° - 1)
0.3
Qc = -0.186 or 0.186 leading
3 ()
Load, P; = 300 kW, motor load = 100 kW

P.f. of load, cos,
P.f. of load, cos,
Combined load P

Loading kVAR taken by th

Rating of the motor

P.f. of motor, coso,,

4. (d)

Plant load factor, P, =

0.6 lagging

0.8 lagging

P, + P, =300 + 100 = 400 kW
motor

P,tan¢, - Ptan¢,

300tan(cos™10.6) - 400tan(cos™10.8)
400 - 300 = 100 kVAR

(100)* +(100)* = 141.42 kVA

100 = 0.707 leading
141.42
Pavg
f Pmax
08 = &
100
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P, = 80 MW
Pan 8
i = = —=0.267
Hence plant capacity factor P 300
5. (b)
110
= ——kV
Vph \/g
f =50Hz
Cp, = 125nF/km
tand = 2 x 10+
Hence dielectric power loss, p, = szh(ncph (tand) w/km/ph
2
_ (MO < 10° x2mx 50x 125107 x 2107
V3
= 31.678 W/km/ph
6. (a)
440x10°
No. of insulator disc = %
11x10
= 23.094 = 24
7.  (d)
e lE
B 2Y0.02x107°
_ %\/400><106 - 10k
8. (b)

The voltage transmitted into the overhead line is

2VZ,  2x8x450

"= = ———=144kV
Vi = 2 vz T 150450
9. (d)
oo v
Source @ I s X1 | Load
g
C I Load
Current supplied by source, I =-1
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= I, = 0.78£(180° - 165°) pu
= I, = 0.78£15° pu
By KCL atnode 2, I 4 = -I-1 =1 -1,
o 1
I aq = 0.78£15° - T125]
= I aq = 0.962/-38.445

Power factor of load,cos ¢, = cos(38.445)
cos 0, = 0.783 (lag)

10.  (b)
Dgy = Dgy, = Dgy=Dgy =Dgs = Dgg
Dg, = {/Dy1D1D13D14Dy5D14Dy7
D,, = {(0.7788r)(2r)* (2/3r)?4r
Dy, = 2.2578r
D, = {/(0.7788r)(2r)°
D, = 1.7479r
So, GMR = {/(2.2578r)°(1.7479r)
diameter
GMR = 2.1767r where r= T
GMR = 1.0884 mm
11.  (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

= —:8V
0.5
12. (o)
2
Pp = VS—ZVRCOS(G—S)—V?COSG

For maximum power transfer,
0

1l
(2]
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and also it is given that,

So, keeping

We get,

13.  (d)

Mutual Inductance,

So,

Voltage induced,

Ve = V=V
V2 2
PR max = 7—7C086
Z = JR?+x?
R
cos O = E
b V2 VR
R max \/R2+X2 (R2+X2)
Z = R+jX
dPRmax _
aX
X = 3R
X = J3x+3
X =3Q
| 2m |
— @ @
2m \\\D2 ,//D 1
Yo @ -
0.7m 0.6m 0.7m
M = 2x107 ln(&J H/m
D,
D, = V132 +2 m
D, = 23854 m
D, = Nv0.72+2*> m
D, = 2119 m
M = 4x107 In[ 2384102 H/km
2.119
M = 0474 x 10 H/km
V = joMI
[V| = 2m x50 x 0.474 x 10~* x 120
V| = 1.787 V
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14. (d)
For unity power factor load, Qg =0
Vg = Vp=132kV
Qr =0
2
[Vs|[Vi| |A”VR‘ ,
= 2 ——gin(B-8)-———sin(f-a
0 = g i) - Hsin(p-o)
2 2
0 = U327 G755y~ 0981327 4 75 _3)MVAR
110 110
0 = sin(75 - d) - 0.98 sin72°
sin(75 - 8) = 0.98 sin72°
& = 6.25°
2
[Vs|[Vi| |Al[Vk|
p, = ———cos(B—-98)————cos(B-a)
. Bl B
2 2
= 1320 cos(75-6.25) - mcos(% -3 MW
= 5741 - 47.97 MW = 9.44 MW
15. (a)
2x100
= 04Iln| ———— | mH/km =
L n[ 07788)(1) /km =222 mH/km
X, = 2mx50x10x 222 x 107
= 6.97 Q
16. (c)
A
3m
2m
B 4m Je
2
r=5 =1lcm
D, = %/DAB XDpeXDea = 32x3x4 =2.884 m
D¢ =GMR = 0.7788 r = 0.7788 cm
D D
-7 -7
Inductance/phase/meter = 2x10 l”(D_m) = 2x10 Z”(D_mj
S S
_ 288.4
= 2x107In| =22 | 2
(0.7788) 118 uH/m
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17.  (¢)
1-K 1-0.3
New surge impedance,Z; = Z, [ﬁj = 400 (1 _0'2)
Z, = 374.165 Q
New surge impedance loading
2 2
- GOz eivw
Zy 374.165
18. (o)
Transmission line parameters,
V., = AV, +BI, ...(1)

There is no load current but current flowing through the shunt inductor is I;.
Now equation (i) becomes,

V., = AV +BI,
Dividing the above equation with I; on both sides.

Yo oAV gl
Iy LI
Since, Vg = Vi
X, = AX; +B
X, (1-A) =B
X, = B__ 160 = 3200 Q
1-A 1-095
19. (b)
Let base impedance = Z
Xiq = 00257,
L, 14
© = Zp
Assuming inductance of line, L H/km and capacitance as C F/km.
X = olL
Y = olC
_ X _0.025Zp Y _ 14
L = (Dl_ wl / T ol (DZZB
Velocity of propagation is,
1
ENTe
i 1
220 o025z, 14
wl wlZp
J0.025x 1.4 x3x 10
Length of the line, | = ;(n » 5>5 x =178.65 km
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20. (b)
Given, IC, = 1.0 P, + 85 Rs/MWhr
IC, = 1.2 P, + 72 Rs/MWhr

{311 B12}
By By

Total transmission loss,

0.012 -0.001
-0.001 0.04

P, = ByyP}+2B,PP, + By, P5
OB, ~
P 2B,,P, + 2B,,P, = 0.024P, - 0.002P,
op,

9P, = 2BioPy + 2B,P, = - 0.002P; + 0.08P,

The penality factor for the plant-1

= _ 1 1
' 1_9%  1-(0.024P -0.002P,)
oP,

The penality factor for the plant-2

1 1
L, = 1_ 9P~ 1-(-0.002P; +0.08P,)
P,
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) = 3MVAr
MVA rating of alternator = ,/p? +Q? =/100+9 =10.44 MVA
Z =5 290°Q
Load power in MVA 10.44x10°
NOW/ Line current (IL) = \/§XVL =~ m =547.96 A
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22. (d)
5 MVA
10 MVA 10%
20% =
() 6.6 kV § E 33kVH0|-|2><50 m’IOQ ?
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
% X, = —x20 =20%
%Xy = 1o 20%

% reactance of the transformer on base MVA is

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

(KVA)xreactance in Q  10* x50
L= 10 (KV)2 = 10332 ~ %

% resistance of the transmission line is

% X

(KVA)xresistance in Q@ 10* x10
10 (KV)? T 10%(33)?

%R, =

%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.

% X, + % Xy + %X, =20% +20% +45.9% = 85.9%
9.18%

- % impedance from generator neutral upto fault point F

% resistance

J(9.18)2 +(85.9)> = 86.4%

100
10X —— =11.57 MVA

Short circuit MVA 6.4

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

11.57 x10°

[o.= ——————— =1012 A
€ /3x%6.6x1000
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23. (a)

Metal sheath
/

(i oss

Let g be the charge per unit length of the conductor

gl max

and 8 2 max

From equation (i) and (ii),

rg 1 max

82 max

11.7835 + 4.2593

V

rms

24, (a)
Given, P,

0,
QLZ

q

2ney r

q

2neye, 1

we get

- meaXErrl

_ rglmax_0.5><34 — 34KV
= Ten | 5x1 oAkV/em

7’1 R
= 781 max In—+ 1 &2 max In—
r 7’1

= (0.5><34 xlni+1 X 3.4 xlnﬁ)
0.5 1

= 16.0428 kV peak

16.0428
= 7 =11.34 kV(rms)
= 2000 W
_ 2000 _ 2500 VA
08

= JS% -P? = J(zsoo)Z —(2000)> =1500 VAR
= cos71(0.80) = 36.869°

= cos(0.90) = 25.841°
= P, tan ¢, = 2000 tan 25.841° = 968.604 VAR
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2000 W o
36.869° T
968.604 VAR
l 1500 VAR
531.396 VAR

f—

reactive power supplied by the capacitor,

Q. = 1500 - 968.604
= 531.396 VAR
V2
We know, Qc= 77~= V2aC
1
(ij
Qc 531.396
25. (b)
The ratio of self capacitance (c) to pin-earth capacitance (c,) is £ o5, Suppose X_ =1 Q, then
1
X, =5 Q. Suppose the voltage V across the string is such that current in the top insulator is 1 A as
shown below then the potential across various insulators will be as shown below,
1A 1A T
Lia I
SQ | q02A
— 1 12A
5o 12V, oddA 12V
1 h B 164A |
10V, 1.64V
50
— T B |Mzmm i
1Q y, 2.408 V
JR =
The voltage obtained across the string is
V=1+12+1.64+2408
V = 6248V
6.248
i ici = —————x100
String efficiency 4% 2408
n = 64.86%
26. (d)
We know, natural frequency of oscillation,
_ L1
o = 2n\Le
X, = 2nfL

www.madeeasy.in
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8 = 2nx50xL

= x50 - 0.02546 H

1 1
fo = on \/0.02546 %0.025x107°

f, = 631 kHz
Required damped frequency of oscillation
= ff =1.577 kHz
Also frequency of damped oscillation,
R
~ 2n\LC 4C?R?

1 1 1
1577 = o \/ 0.02546 x 0.025x 10 4x (0.025x10°)% - R2

14
9818002161 = 1571091909 — = X;ZO
4x10™
>— = 1472911887
R
R? = 2.7157 x 10°
R = 521.124 Q
27. (a)
<< o}
100cm  103.07 cm
o
f~— 25 cm—]
GMR of conductor = 0.7788 x r

0.7788 x 0.5 = 0.3894 cm
Self GMD of aa” combination is,

D Q/Dua'Dua"Da’a"Da’u

S

4(0.3894)? - (100)? = 6.2402 cm
Mutual GMD between a and b,
Dm = yDab 'Dub’ 'Da’b 'Du’b’

4(25)* x (103.07)> =50.76 cm

Inductance per conductor per meter,

© Copyright: MADE EASY www.madeeasy.in
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D
2x10771 —m
oge[D]

S

50.76
6.2402

2x1077 loge( ) =042x10°H
.. loop inductance per km of the line
= 2x 042 x 107 x 1000 = 0.84 mH

28. (a)
Let the operating voltage and power factor in both the systems be V volts and cos ¢ respectively.
If 1, 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, cosd
3-¢ system:
p, = \/§VIZ cos
Line losses = 31,°R
3I5R

Percentage line losses = mx 0
2

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

2 2
2R 100 _ _3LR
VI, cos ¢ V3VI, cosd
2 = \/512

2

I

I, = Ne)
. Power transmitted in 3-¢ system,

2
P, = \3Vx—=licos¢ =2V, cos ¢ = 2P,

b-n

. Percentage of additional load =D, x 100

= ixlOO =100%
Py

www.madeeasy.in © Copyright: MADE EASY
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29. (a)
S, ’
1Qc2
vV, =1£0° -@ @~ V,£-3
512
Spi=1+jo z2=j05 Sp2=1+j0
P, = ViVa sind
L
1x1
1 = sin(0 — &
0.5 ( )
5 = -30°
VsV Vi
Qp = —= 080 — —
L L
= -0.268 pu
QC = QGZ = _QR = _(_0268)
= 0.268 pu
30. (a)

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

or 0.1 p.u.

Initial symmetrical rms current = (

0.1x+/3x13.8

Rated kVA

8000
=3346.95 A

= 3.346 kA
Current to be interrupted by the breaker,

1 x 3.346 kA = 3.681 kA

p-u. X;l’) X /3 x Rated voltage in kV

1.1 x symmetrical breaking current (. the breaker is 5-cycle one)
1.
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