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DETAILED EXPLANATIONS

1. (b)
3-¢ fault current:

Let system is under no load condition before fault,

E = 1£0°p.u.
E
3-¢ fault current, I [ = X_l
= X, = L,szQp.u.
1 -5

Line-line fault current:

J3E

X1+ X,
3
- 4% T Ths
= j02+X, =j0.69 p.u
= X, =j049 p.u.
2. (c)
For a solid LG fault,
3E
Fault current is: (Up)c = (2X1 + Xo +3X,) (Here, X, = X, for synchronous generator)
Similarly, for a solid 3-¢ fault
E
U)o = X,

For LG fault current to be less than 3-¢ fault current,

SE E
2X, + X0 +3X, ~ X
or, 2X, + X, +3X, > 3X,
Lex, -x
or, X, > 7 (X1=Xo)

Hence, option (c) is correct.

3. (b)
Y-bus matrix for the n equivalent circuit.
L, Ze L
+ T +
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A Ye 1
ZS@ 2 ZS@
Yoo T )11 Yy
ZSB ZSE‘ 2
Here, Z, = iX; Ysh =0
The above circuit diagram becomes,
L X L
P o OO o q
+ +
VP V‘?
po o
1 -1
XX
Ybus = __1 i
XX
4, (c)
In LLG fault,
Ipositive + Inegative + Izero =0
Here,j1.653 - j 0.5 - j1.153 = 0

Hence fault is double line to ground fault.

5. (b)
.. . dP,
Synchronizing power coefficient = P__ cos §;= s
Here, P =2
d = 30°
S, = 2cos 30°
= 2x ﬁ =3
2
6. (9
3E 1
SLG fault current /, = X+ Xy + X +3X,
or, 3X, = 3 -(0.75)
or, X, = 075pu
7. (0

P, = P, sing,
§, = sin™ (%) = 30degree or, 0.5235 rad

Critical clearing angle

or, §, = cos7Y(n - 28) sin §; - cos §]

or, § = cos![(n - 2(0.5235)) sin(30°) - cos(30°)]

cr
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5., = 79.55°
8. (c)
Vi = Y F Yty = - 2.86
Yoo = YatYpntYp=-jb6
Y3 = Vit Yp3 + V33 = - 8.86
Yip = Yy =-¥,,=0
Yig = Y3 = -¥y3 =7 2.86
Y3 = Y3 =Y =] 2
9. (a)
Total Kinetic energy of the two machines,
= GH, + G,H,
= 400 x 4 + 1600 x 2
= 4800 MJ
The equivalent H on the base of 200 MVA,
4800M]J
- 200 MVA
= 24 MJ/MVA
10. (¢

Minimum number of equations = 2n - m - 2
2(112) - 20 -2 =202

11. (b)
Th i 7 =z, x VAW
e reactance in p.u. = = X—
PR e T vy
(kV)°
= Z . X——
(33)°
= 0.10x—— =10.89 Q
10
So reactance per phase = th =10.89 Q
Z, = 3><th=3><10.89
Z, = 32.67 Q
12. (b)
Pe[
P, pre fault
(2 lines)
Pelll
post fault
m (1 line)
2>;1 L Pell
during
fault
0 Q) 60 @ 6max n 3
P = 20pu,
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Pmax 11 = 05 pu/
and,
Pmax it = 15 pu
Initial loading P, = 10pu
A 1
= sin™? T | =sin"! = =0.523 rad
P 1
= —_ 1 _1 mex = —_ 1 _1 —_— =
O, o T - sin L’Dmaxm] T - sin (1.5) 2.41 rad
cosd = ’Dm (Smax _60)_ ’Dmax 11 COS 6O + Pmax m COS 6max
“ PmaxIII - ’Dmax i
c0s§ = 1 .0(2.41 - 0.523)— 0.5c0s0.523 +1.5¢c0s2.41
er 1.5-05
5, =703°
13. (b)
The zero sequence impedance network from point P and ground
70.02 70.01 j0.1 j0.05 0.6
j0.45

ZTh
0

The Thevenin’'s equivalent zero sequence impedance
Zn, = (0.6 +0.16) p.u.

14. (a)

iX R %

E,B E,0°

P, = E, 1,
Ei/3—Ep/0°

P, = | =222~

’ 2(/%+/<><1+X2)]
Let Ri+j(X,+X,) = Z

|48

*

E/s-E,

- 5

P, = B {%4(3—5)—%243}
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EEy
P cos(B—38)-—=2cosp
2 |Z |
to obtain the maximum value of P,, differentiate it with respect to § and equate it to zero.
a5
Z21 =9
)
E|22E|1 sin(-08) =0
sin(-8) =0
p=23
ie. 3 <90°
similarly P, = EI; = E{%]
- Both P, and P,  occur at§ < 90°.
15. (a)
The earth fault is assumed to occur on the red phase. Taking red phase as the reference, its phase
e.m.f.
E, = 111000 _ 6351V
R V3

For line to ground fault the equivalent circuit will be

Iq Ig

20% X, =10%

000,

10% = 659 X, =5%

000,

X, = 30%

000,

The percentage reactances can be converted into ohmic values as under :
Z (MVA,)

% X = x100
(Kv)’
;- %X (KV)?
(MVA,)x100
_10x (117
X, = oo iog = 06050
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16.

17.

18.

_ Bx1f
X, = 25,705 = 0-3025 @
_ 30x1f _
X0 = Zoxion ~ 1€
Fault current . = S—E _ 3x6351
A X+ X+ Xy j0.605+ j0.3025+ j1.815
I, = -j6998 A
17| = 6998 A

(d)
Let us choose a base of 15 MVA, 11 kV on LV side of transformer.

MVA kV)?
We know that: Z(pu)new = Zooi ><( )b.new y (KV) b1
(MVA)p o (KV)

2
b,new

15
X, = — =03 pu.
2 0.2 x 10 3pu
- 15 _
ng = O.2><€ 0.6 p.u.
r = 01pu
., Eg_ 1.0
I = Z, 7 (j03][j0.6)+ 0.1
= -73.333 p.u.
Thus, I," = Substransient current of generator-1 = -j 3.333 pu
(@)
E 1
1” o= A =454 pu
Xj 022 T AoAPuU
MVA, 100 x 10°
I = =5248.6 A =5.248 KA

base \/§(kvb) - \/§X11X103

The magnitude of initial symmetrical rms current
= 4.54 x 5248 = 23.82 KA

(d)
Since the new branch is connected between bus-2 and reference bus, therefore
1 nd nd
)[2 column][z row]

7z = 7 S
bus, new bus,old
(Zige + Zs

or, Z = !

2, new — Zo2.0d m(zzz)(zzz)

1(0.34)(0.34)
(0.34+0.1)

0.0772 pu

0.34 -
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19.

20.

Also, Z

(a)

For three phase fault,

I3-0)

= 2000

X

For a line to line fault

Ly

= 2600

X, +X, =

For SLG fault

f(L-G)

= 4200

X, + X, + X,
X, + 4.231

Xy

(b)

23, new

1
253,014 ——(222 N Zs)(Zzz)(ng)

025-— ' (0.34)(0.25)

(0.34+0.1)
0.0568 pu

x|m

11000

J3
X1

11000
J3 % 2000

=3.175Q

J3E
X1 + X2

o

Xi+ X,
4231 Q
4.231 - 3.175 = 1.056 Q

3E
Xi+ X5+ X,

, 11000
\3

Xo+Xi+ X5

3

= 4.536 Q

4.536
4.536 - 4.231 = 0.305 Q

Line-to line fault occurs on b and ¢ phases of generator,
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I, = I,=-,

and I =0

a
The sequence network for line to line fault is

02j  Z4=0 0.2j
00 M 700

L = Vf
17z, +2,
~j\3V

and I, =

oo

B t = M =1312.16 A
ase curren Bl .

Fault current, If = 433 x 1312.16 = 5.68kA

21. (b)
Let the base kVA be 500 kVA and base voltage be 2.5 kV,
Per unit transient reactance of generator,

.- B8
Xg = 77 =70.08 p.u.

Per unit subtransient reactance of each motor,

500
v o j02x 2 _i04pu
Xy = JReXogg T IRAPY

Per unit reactance diagram is shown below,

j0.4 p.u.

1£0° .

o Fault T O j0.4 p.u.
120 > APy g j0.08 p.u. j0.4p.u.
j0.08 ) ~ j
70.08 p.u. j0.4p.u. . j0.4p.u.

()10 L
O/ -

Thevenin reactance when viewed from fault terminals,
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22,

23.

]07.4 % j0.08

X = 04 =j0.05 p.u.

“—+70.08
3 J

At fault location V, = rated voltage,

1
Fault current at F, [, = m =20 p.u.

The generator contribution is,

04
. 3
[, = —j20x —F—>—
8 .04 .
—+70.08
J 3 ]
I, = -j125 p.u.
Contribution of motors,
3, = If— Ig = -j20 - (-j12.5)
31, = -j7.5
I, = -25pu.

(c)

Only Yoo Your Yior Yuu will change because transmission line is connected between ond gnd 4th

buses.
Ysh

1
= —60+—+
Y. ] >

22 Zse

. 1
= —]60+].0—1+120 = -j60 - j10 + j20 = —j50

Yo,
Yy = Y= 0-==-j20

1 Y. 1
- —j25+—+-Sh _ 254 — 420 = _ips _ ;i -
Y, ] Z. 2 ] j0.1 ] 725 - j10 + j20
u = J15
(c)

Reactive power supplied by capacitor to bus-1,

Q, = %—%co%
Given that, Qy =0
ol el g
[Va| = [Vi]cosd
Given that, Vil = 1pu
[Va| = cos$ (i)

Since load demand at bus 2 is 1 p.u. (real power). This real power can be supplied by generator
Sy only. So this power should flow through transmission line from bus 1 to bus 2

www.madeeasy.in © Copyright: MADE EASY
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P, = 1pu.
. real power flow from bus 1 to bus 2,
V1|V
P, = Mllval s
1-cosd .
1 = -sind
0.5
05 = sin 20
’ 2
sin28 =1
2 = 90°
d = 45°
- from equation (i),
1
= c0sd =cos45° = —
[Va N
1 o
Voltage at bus-2, vV, = EZ —45
24.  (d)
Inertia constant, H = 4 MW-sec/ MVA
= 4MJ/MVA
No load voltage, V, = 1.2 p.u.
Infinite bus voltage, V, = 1 p.u.
Total reactance, X = X+ X, =0.25+0.15
X =04 pu
GH 1x4
Angular momentum, M = F ~ x50 ~ 00254 p.u.
_ _ 80
For 80% loading, sing, = 100 ~ 0.8
cosd, = y1-sin?8; =v1-082 =06
op, A% 1.2 x
886 = 120580= ><06—18
oPe
f, = 86 _ [ 18 =841rad/sec
0.0254
= 1.34 Hz
25. (a)
5 MVA 10 MVA
A-Y A-Y
13.2/132kV 138/69 kV

1321<V@—§ g L
7100

X, =10% X,,=8%

% E ® Zioaq =300 Q

© Copyright: MADE ERASY

www.madeeasy.in



18 | Electrical Engineering

India's Best Instituts for IES, GATE & PSUs

Let, Spase = 10 MVA
Viase = 13.8kV
Base impedance at section-3,
352
7, = O 7610
dhe 10x10
Z _ 300 0.63
load = 4761 ~ 07 P
Base impedance at section-2,
(138 x10%)?
Zoytose =  am e =19044Q
10x10
Z = j100 = j0.0525
e = 19044 /U0 P
2
132 10
Xﬂ (new) = 0.1X(@) X? =0.183 p.u.
X,, = 0.08 p.u.
E = 132 0.956
s 7 138 TP
j0.183  j0.0525 70.08
0.956 p.u. 0.63 p.u.
V, = 0.956 x - 0.63
7(0.183 + 0.0525 + 0.08) + 0.63
v, pu) = 0.956 x 0.63 =(0.854
J(03155)% + (0.63)2
Voltage at load =V .,y X V} (hase)
= 0.854 x 69 kV
= 58.926 kV
26. (b)
Let base MVA = 10 MVA

Per unit reactance of each generator is 0.3 p.u.
Per unit reactance of each reactor is 0.1 p.u.
Per unit reactance of each transformer on the base MVA

— ix@-()l
- 10075 P

www.madeeasy.in
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Neutral
j0.3
j0.3 E L
jO.1
K G
0.1

Total per unit impedance from generator neutral upto fault point F

Short circuit MVA

27. (o)

The rating of the machine, G
Inertia constant, H =

= HG =5 x 100 = 500 MJ

0.1+[(0.3) 0.5)]

N (0.3)(0.5)
(0.3)+(0.5)

Base MVA

=(0.2875 p.u.

10

Per unit fault reactance - 0.2785

= 100 MVA

5 kW-s/kVA

5KJ/KVA =5M]/MVA
Kinetic energy stored in the rotating parts of generator and turbine at synchronous speed (f = 50 Hz)

=34.78 MVA

Excess power input to the generator shaft before the steam valve begins to close,
= 100 - 60 = 40 MW
Excess energy transferred to rotating parts in 0.5 sec

40 x 0.5 =20 M]J

Since, Kinetic energy, K.E. < (speed)? < f2

So, frequency at the end of 0.5 sec

f,

h

Change in frequency

28. (o)
By equalizing the station,
fa
Now, 5
3

f \/ Total energy stored in 0.5 sec
1

Energy stored at synchronous speed

500+ 20

50, ———— =50x1.02=51 Hz

fz“fl

500

51-50=1Hz

Fs =20 p.u.

EM s it

1X| ~ 005
14.47°

sind
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Pg=5p.u. Q;=0.6344 p.u.

|—’ -~ | (20 +j15.6344)
@ }_l o l_{ Qe
(15 +j5) p.u. (25 +j15) p.u.
V| V. Vi
Qg = %COSS—% = -0.6344 p.u.

Total load on station 2 = (25 + j15) + (-5 +j0.6344)
= (20 + j15.6344)

_1(15.6344
Power factor of station 2 = oos(tan 1( 20 D

= (.78 lagging

29. (a)
Base MVA = 2 MVA
The p.u. reactance of 2 MVA transformer is j0.1 p.u.
The p.u. reactance of 10 MVA transformer,

2

X p-u.(old) X E

p-u. (new)

= X

0.1x 2 - 0.02 p.u.
10

The load current is 0.5 p.u. for 2 MVA base
j0.02 p.u. | j0.1lp.u.
Vs o 000 | 00

+
I, = 0.5/-cos™ (0.8) p.u.

1£0° p.u.

KVL in the loop:

<
I

o = LZ+ Ve
[(0.52£-36.87°)(j0.12)] + (1.£0°)
1.037.£2.65° p.u.

Vg = 1.037 x 33 = 34.22 kV
30. (b)
Sum of the line currents in a A is always zero
I+, +1 =0
I, = -1,
1 1

I, = E[Iu +aly +o’l | = RS
_ 1,(1-12120°) _ (10£0°)(1 - 1£120°)
- 3 3

1, = 5.77£-30° A

EEEE
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