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DETAILED EXPLANATIONS

1. (c)
The rating of the machine, G = 100 MVA
Inertia constant, H = 10 MJ/MVA
Accelerating power, P, = 90 MW - 60 MW = 30 MW
1
Angular momentum, M = GH _100x10 _ 2 M]J-s/electrical degree
180f 180x50 9
P, 30
Acceleration, a0 = 3= m = 270 elec. degree/s?
2. (c)

Assuming one-generator bus as slack bus

Number of slack bus-1

Number of PQ bus-2

Number of PV bus-1

Number of simultaneous equation to be solved is 2 (No. of PQ bus) + No. of PV bus

=2x2+1=5

3. (b)

Yy, = j40

Yi3 = /40

BT

Z13

Z, = 0025 pu.
4, (a)

The zero sequence network of the above single line diagram is as shown below,

j0.20 j0.10 | j0.05 | j0.20
[
ref bus
@
j0.10 j0.25
Z, = (j0.10) || (j0.25)
_ 010jx025j .
010j+025; 7

.. The zero sequence driving point reactance of bus-2 is 0.0714.
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5. (d)
3E
I = V3E, = 3 =433 p.u.
foX{+X, 02+02
25x10°
I, = 433x—=—— =568 kA
f Saxan 0
6. (a)
Fault current (kA) = Base current x Fault current (p.u.)
100
Base current = _MVA_ x1000 A = —————x1000 =437.4 A
3 x KV V3 x132
Fault current = 437.4 x 5=2187 KA
7. (a)

Positive sequence reactance diagram:

j0.5 j0.5 j05 -2
1£0° 1£0° 1£0°

.0.5
= Zy = ]?

Negative sequence reactance diagram:

j0.4 ]o.4% j0.4
=
.0.4
= Zyp = ]?
Zero sequence reactance diagram:
o %
j0.25 j0.25
o
=
_.025
= Zy = ]—2
poa o E )4 1
f Zo1 + Zop + Zgo j0.425
If = —j7.058 p.u.
= 1] = 7.058 p.u.
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8. (d)
P
1.0 e
05 |-/ b \
Sl() 6Icr 6nlqax 3
P, = P_. sing,
sind, = 0.5
. o
8, = 30° or 3 rad
T 57
and O = M-8, = —g=? rad or 150°
P 05(5n = o
cos §,, = K";((Smax —80)+Co8d ax = T(?—g) + cos(150°)

The critical clearing angle,

3,, = cos™ (0.18117) = 79.562°
9. (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
I, = 577/-30° A
10. (b)
This method is not directly applicable to multi-machine system.
11. (o)
Only Yoo Your Yior Yuu will change because transmission line is connected between ond gnd 4th
buses.
1 Y
= —j60+——+—2h
Y22 J Zse 2
. 1 . . . . .
= —j60+——+;20 = -j60 - j10 + j20 = -j50
j0.1
Yon .
Y, = Y,= 0—% =-;20
1 Y, 1
- =B+ 054 =120 - o5 _ 0+
Y, ] Z. 2 ] j0.1 ] 725 - j10 + j20
Y, = 15
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12. (¢)
Inertia constant, H = 4 MW-sec/MVA
= 4 MJ/MVA
No load voltage, V, = 12pu.
Infinite bus voltage, V, = 1p.u.
Total reactance, X =X;+X,
= 0.25+0.15
= 04 p.u.
GH 1x4

Angular momentum, M = F T x50 — 00254
For 80% loading,

] 80
sin §, = 100 = 0.8
cos 0, = \1- 0.82 =06
dPp, Viv, 1.2x1
— = = X 0,6 =
5 X cosdy 04 1.8

ap,
dd |g 18
O .
- \/ = = 8.41 rad/sec = 134 H
F M 0.0254 rad/sec z

13.  (b)
Full load current of each alternator,
6
V3 x11x10
Since the two identical alternators are operating in parallel
j0.18
Z, = S =70.09 p.u.
jo.15
Z, = o =70.075 p.u.
Z, = j0.10 + 3R,
2x20

j0.1+3x o =;0.1+0.992

For an L-G fault,

3E, 3
Zi+Zy+Zy  j0.09+ j0.075+ j0.1+0.992

2.92/-14.96° p.u.
fault current, If = 2.92 x 1.05 = 3.066 kA

Voltage drop across grounding resistor
= 3.066 x 2 =6.132 kV

fault current, I = 3, =

© Copyright: MADE EASY www.madeeasy.in



12 | Electrical Engineering 3 MADE ERSY

India's Best Institute for [ES, GATE & PSUs

14.  (¢)
Voltage magnitude at bus-2,
_ Zyp _ = L
V2" Zn T %el ( ! Z1y
09 =1-2,x125

0.1
2y = 25 = 0.008 p.u.

and voltage magnitude at bus-1,

z
Vv, =1-212 =1-27.1
1 Zzz 12 ﬁ
= 1-0.008 x 10
=1-0.08
V, = 092 pau.
15. (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
Xou. (new) = Xp.u.(old)xﬁ

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 00 000 +
| I, = 0.5Z-cos™!(0.8) p.u.
1£0° p.u.
KVL in the loop:
Vg = 1,2+ VZL0°
= [(0.5£-36.87°)(j0.12)] + (1£0°)
= 1.037£2.65° p.u.
Vg = 1.037 x 33 = 34.22 kV
16. (b)
Natural frequency of oscillations is,
(9F)
f, = 2% 5
M
GH = lM(Jo
2
GH 1x3

= —= =0.019
M nf x50
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_ [EV]
€ X
0.6 P = P .. sin g,
S, = sin”! (0.6) = 36.87°

———sind,

o, 11 36.87°
3 |5, = P,cos §, = ﬁCOS( 87°) =1.76 p.u.
1.76
f, = 0.019 = 9.62 rad/sec
9.62

fo = 5y =153Hz

17.  (c)
By equalizing the station,

E|lV] . 1x1
Now, 5 = _|X| sind = 0.05 sind
S = 14.47°

Pg=5p.u. Qr=0.6344 p u.
- - (20 +j15.6344)

@ | Qe
T

(15 +j5) p.u. (25 +j15) p.u.

P

Qr = |V1|>|<V2| cosd —+—— =-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 = €Os| tan 2—0
= (.78 lagging

18. (a)
Er
f3'¢ - Xl
3E Y
I - J
LG X+ Xy + X,
If3—(]) X1+X2+X0
Ifp g 3%,

0.30+0.30+0.10

- 3%0.30 =0.778
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19. (a)
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

_ 5,10
= 100 5 = U. p.u.
Neutral
j0.3
jO.BE L
0.1
K G
j0.1

Total per unit impedance from generator neutral upto fault point F

= 0.1+[(0.3)]|(0.5)]

= 01 +m = 0.2875 p.u.

(0.3)+ (0.5)

Base MVA _
Per unit fault reactance  0.2785

Short circuit MVA = =34.78 MVA
20. (¢)
The rating of the machine, G =100 MVA
Inertia constant, H = 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)
= HG =5 x 100 = 500 MJ

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]

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

So, frequency at the end of 0.5 sec

f Total energy stored in 0.5 sec
h ! Energy stored at synchronous speed

f = 50,20 *20 _50x1.02~51 Hz

500
Change in frequency = f, - f;
51-50=1Hz
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21. (a)
The earth fault is assumed to occur on the red phase. Taking red phase as the reference, its phase
e.m.f.
11x1000
Ep, = N 6351 V

For line to ground fault the equivalent circuit will be

Iz 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) 00
%o X = (KV)2
%X x(KV)?
Z = (MVA,)x100
10%(11)?
X, = ———L =0605Q
20x100
5x117
X, = = 03025 Q
2 20%100
30x 117
Xy = o——— =1815Q
0 20x100
_ 3Eg 3x6351
Fault current IR = X, +X,+X, ~ j0.605+ 03025+ 1815

Ip = -j6998 A

|[Tr] = 6998 A
22.  (b)
For 3-¢ transmission line we can use relation,
X, = X, -X, (1)
X, = X, +2X .(2)
Also given, X, =32Q and X, =16 Q
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*. Solving (1) and (2) simultaneously,

X, -X, =16

X, +2X =32

= =) )

-3X,, = -16
X, = %:5.339

23. (b)
Drawing single line diagram, assuming system B reactance be X,
0.2 pu | 0.1 pu | 0.2 pu | |
TS T I
1 T Q)
Py @ @ ) ®

If fault occurs at bus 1 after reactance,

0.2 pu 0.1 pu

;F 6pu

1 pu

Thevenin impedance, Z, = (0.2 +0.1) [l (0.2 + X)

~(03)(0.2+X)

- 05+X

. 1

Also, per unit fault current = ? =6 pu
1 (03)(0.2+X)

6 05+X
05+X = (1.8) (0.2 + X)

08X =05-036 or X=0.175 pu

Now using X = 0.175 pu, finding fault level at bus 3 after interconnection

New, Zihpu = % =0.1296 pu
Iy = ! _771pu
thpu
24. (b)
For the power system finding admittance value,
1 110
T 70705 3
1 1
Yo = Z_12 05
1 1
Yoo = Z_ZO 05
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bus

10/3+2 -27 [533 -2
-2 41 | -2 4

Admittance matrix, Y, . = {

Impedance matrix,

v ]_1_ 1 y 4 2
Zous = Lbusl T3 4 _(2x2) |2 533

4 2 0.230 0.115
0.0577 x =

2 533 0.115 0.308
25.  (¢)
v = 100 sin(1007t + 15°)
It will be maximum when,
(100mt + 15°) = 90°
75X T
100t = 180
75
t = 100x 180 - 416 ms

Now short circuit current is given by

i= Vr%ax sin(of + o —¢) + —V‘%a" sin(¢ — oc)e_t/ t

Where 7T is time constant,

Now, 7 = JR?+ X% = /52 +(100mx 0.1)? =31.81Q
Vioax = 100 Volts
o = 15°

o = tan—l(M) - 80.96°

_L_01_1
"SR 5 50
So L sin(100mt + 15 — 80.96°) + 100 sin(80.96 — 15)e %"
’ 31.81 31.81

3.1435sin(100mt — 65.96°) + 2.871e "

Particular Complementary

(d) att=4.16 ms

1007
s

-3
i= 3.1435sin([ x 180 x 4.16 X 10‘3) - 65.96°) +2.871¢°0x4-16x10

= 0.4874 + 2.3318 = 2.819 Amp

26. (b)
j0.18 .
Xieq = S =70.09 p.u.
j0.15
Xyeq = S =70.075 p.u.
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. 3x2
Zyoq = 101+ PEEe 20 = (0.9917 + j0.1) p.u.
3E;
Fault current, I, = - ;
P j(Xq) + jXp + Zpeq
- XA gms1496° A
1.0265214.96°  ~TTTT T
Current in grounding resistor,
I, = 2.922x 20__ 3.07 kA
1143
27.  (d)
Existing system and bus matrix is
1 j4 2
0.5
ref

s j0.5 ;0.5
Bus — | j0.5 j4.5
Modifying line with reactance j2 is equivalent to adding a line in parallel with impedance j4.

Thus it is type-4 modification.

subtract

1 old

(Z 1 = [Zul- 2°%column [Transpose]
new L+ 2oy — 2700 + 7

117 422 1277 1 to first column

[j05 j0.5] 1 I P

zod =t e o —j4]
uslnew _]0,5 ]4.5_ j0.5+ j4.5-2(j0.5) + j4| —j4

[j05 j0.5] 1{0 0}

|j05 j45| 8|0 -16
rjos jos] |° 26
~ 1jo5 ja5| |0 ——
/0.5 j4.5] 8

j05 - j05 1 rios o
j05 25

j0.5 j4.5—% B

Alternative :
New system will

@ 2 @

j0.5

ref
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First branch :

@

j0.5

ref
Z =1j0.5]
Type - 2 modification
@ 2 2
0.5
ref
jo.5  jo5 | [j05 j0.5
Z=1j05 jo5+j2| |jo5 j25
28. (b)
For single line to ground fault , fault current is
I, =3I,
—y©
and [0 = —=
a V4
80
yo = %[Vu LV, V] = %[0 +1.013£ —102.25° + 1.013.£102.257]
= -0.1433 p.u.
-0.1433
0) = - =-j1.43 p.u.
L [ j0.1 J SR P
I, = 3 x(-j143) = -j4.29 p.u.

20000
= —j429x| ="~ | = —i359kA
Iy J (ﬁxm.s) J
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29. (d)

Equivalent impedance Z,, between the zero potential bus and the fault point is

(b+x+b)||x (bn+x)||x
n-1 n-1

1 _ 1_1_ n-1
Zeq x bn+x
8
SCkVA = x 100
€q
= g1, o1 }xlOO
|x bn+x
If n is very large.
o 1.1
Short circuit kVA = 8| —=+—
lx b
30. (a)
3, = sin™ (0.25)
= 14.48°
3. = sin™ (0.5) P,
= 30°
[ (05-sind)is = | (ind-05)d 025 |
8o 3¢
= 0.5 (8, - §) + cos 3, - cos §, = cos 5, - cos 5, -0.5(5, -3
0.5 (5, -8, = cos14.48° - cos §,,

S, 6. &
1.0945 0 % Om 8

46.41°

059, +cosd,
S

m
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