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DETAILED EXPLANATIONS

12MVA} e

2
kVbase

1. (c)
Zact
We know, Z_ = 5
Pt Zpase
also 7 — %
4 base MV Abase
MVA
7 = ZauX base _
pu kV2
base
After capacity is tripled and voltage is halved,
, 3MVA
Zpu = (Zact) X—basze = Zact X
kVbase
2
Dividing equation (1) and (2),
X 1
— = — or Z,,=12x
Zpy 12 pu
2. (c)
For given power system four alternators are connected in parallel,
0.16 pu
0.16 pu
0.16 pu
0.16 pu
0.16
Thevenin’s impedance, Zy = - 0.04 pu
Also, fault ti I ! ! 25pu
so, fault current in pu, = ——=——=
P 1T Zg o004 P
per unit short-circuit of system,
MVA_ = 25pu

25 x base MVA
25 x5 =125 MVA

short-circuit MVA, MVA_

3. (d)

During fault, the current value increases the voltage drops, power factor decreases reactive power

drawn increases generally due to reactance of line.

fault current is high having 90° lagging nature in a transmission line for phasor diagram.
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The phasor of I, is having largest magnitude and lags voltage V, by almost 90°.

So quantities V; and I, resembles faulty condition.

location B is most feasible fault position according to phasor diagram.

(b)

We know for transposed transmission line,

= -Vve sequence reactance

N

X, =X -X,=X,

X, = X, +2X,
Given, X, = 08Q/km and X, =0.2Q/km
where, X; = +ve sequence reactance

X

X

o = Zero sequence reactance
. Negative sequence reactance,
X, = 08-02=0.6Q/km
Zero sequence reactance,
X, = 08+20.2)=12 Q/km

(a)

We know for coherently swinging generators,
Geq ’ Heq = GlHl + GZHZ

300 x 1.8 +450 x 1

Also given, G,, = common MVA =200 MVA
300x1.8+450x1
H, = 200 =495 pu
(b)
Kinetic energy o frequency?
W o< f2
2
wo_ A
W, — f3
W, 500 — (0.5 x 50)
= . = 50 X, |—————————= . = =
A fl,/w1 =00 [-W=GH =100 x 5 MJ]
= 48.734 Hz
Percentage deviation in frequency,
50 - 48.734
= ———x100 = %
50 2.532%
Thus we can say that [, and I, currents are going into bus thus they are PQ bus and I, is going
away from bus
. Bus-2 is generator bus (PV bus).
7. (b)
This method is not directly applicable to multi-machine system.
(a)

Fault current at bus 3 is,
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I
I
A
9. (d)

£3 =

V3(0) 1
Zyz+Zp  j0.2780+0.15
-j 2.336 p.u.

2.336 p.u.

Zero sequence current in R line is

—

Igy

Current in Y-line

10. (¢

1 . .
5 x Current in neutral wire

%x 300./300° = 100./300° A

TY = TRO + ﬂZTRl + ﬂTR2

(100.£300°) + (1£120°)2 (200.£0°) + (1.120°) (100.£60°)
(100.£300°) + (200£-120°) + (100.£180°)

(300.£-120°) A

<—200 MW —>=—200 MW—>  P(MW)

New frequency of operation of 200 MW alternator,

fi = 50 _%P 1
3
and, £, =50 —%PZ
Total load, P, + P, = 300 MW ..(1)
Units operated in parallel so,
fi=h=f
2 3
SO—EH = 50_%%
2P, -3P, = 0 ...(ii)
From equations (i) and (ii), we get
P, = 180 MW
P, = 120 MW

Machine (1) which has better speed regulation will be loaded first to its full load rating, so it will

operate on maximum load of 200 MW.
2P, -3pP, =

2 % 200 - 3P,

P,

0 ...(iii)

0
400
3 - 133.33 MW
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Total power delivered by two machine without overloading

P, + P, = 200 +133.33 = 333.33 MW
11.  (d)
MVA
We know, Z = Zat X#
P KVpase
For generators G, and G,, base voltage remains same but MVA doubled to 40 MVA and
Zow = 0.05 pu.
2
Z new = Zpuol d XMVAnew % kVoid
P MVA 4 KVhew

= 0.05><@(1)2 =0.10 or 10%
20
For transformers base voltage is same and per unit value is given as 10% or 0.10 pu.

X

pu base

40
= 0.10 pux—=0.22 pu
p 18 p
For transmission line, hv side voltage will be base value,

MVAbgse _ g, 40

Z = Zat X =
(kvbase )2 (100)2

pu

=0.36 pu

* g.i)ven, balanced system bus phase sequence RYB,
Ig = [;£0°=10 A

= [,£240° = 4210

Ig = I[;£120° =410

Iro ) 1 1 17 10
Ir1 | = 3 1 a a®|ad?10
Ira 1 42 4| al10
Ip = %(10+a310+a310)=%=10A

After fuses were blown,
10

Igo = Iin:ﬁzz:?A
As, I, =10A and I, =1;=0
Ir1 10
R t = R
e T T T 10/3
13. (¢)
2
We know, d = 9§ +&t— (1)
M 2

Also, 5 cycles of 50 Hz frequency
= 20 ms x 5 =100 msec = 0.1 sec
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M—G—H—840 M lec. d data in electrical d
180/  180x50 (MJ sec/elec. degree) ...(data in electrical degree)
According power,
P, = Py-Pg
Using equation (1) as load in removed,
P, =P,
50x180x 50 (0.1)*
& = 10°+ 2><840( ) =12.679° electrical degree
14. (b)
The short-circuit current, I = 6 pu
I = 100 xI=61
sC o
or %X = m=5?0=16.67%
% internal reactance = 5%
Required extra reactance = (16.67 - 5)% = 11.67%
Also, %X = 100><xpu=100><17x
_ kx V
- YT 00T
11.67 _(10x10°
. The reactance per phase, x = 100x1 ><( NG )
where I, full load current
6
P= g = o 200 gy57a
J3 Vi J3x10x10
11.67x10*
Using above value, x = x =0.584 Q
J3x100x1154.7
15. (d)
Voltage drop in each phase of generator is
av,] (7271 1L
av, | = [0 72 ([
AV, g1 g2l
or we can write in sequence components,
AV, | Xo 0 0 |[I
AVbO = 0 X1 0 Ial
AV, | 0 0 Xp||Ip
X, = X, +2X, =j2+2(1) =j4p.u
X, =X, -X, =2-j1=jlpu.
X, =X -X,=j2-j1=jlpu.

N
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L=1=—3t 31 _ 554
Fooe X+ X+ X, j(A+1+1)
AV, ] [i2 j1 j1|[-jo5 1
AV, | = j1 j2 j1f 0 |=]|05
AV. 1j1 1 2] 0 0.5
v, 'E,, | [AV, 1] [1 0
Vbn — Ebn - AVb — 1(-105|=]05
V., | Ecn AV, 1| |05] |05
16. (a)
From coordination equation,
ab, 1 _y
dPGn 1_8&
oL,
Given, P, = 0,5PC2;1
So, a1 _ 4 1
APy 1-P5; 4P 1-0
= 10000 —=— = 12500
TGl
1
PGl = gpu
as the base value of 100 MVA
1
Pg = 5*100 =20 MVA
1 2
P, = 05P% = 0.5><(g) =0.02 p.u.
= 0.02 x 100 =2 MVA
Pp = Pg *+ Py - Py
40 = 20+ P, -2
= P., = 22MVA
17.  (a)
Given, p, = 50 MW
K.E. = 800 MJ]
f =50 Hz;
d, = 10°
8
Time for 8 cycles = == 0.16 sec
Time for 4 cycles = 0.08 sec
P, = 50 MW
_ KE. _ GH
180f 180x f
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M = 800 = 0.088
180 x 50
2
We know that, Md—28 =P
dt
28 _ B
> M

Integrating twice we have,

2 2
5 = o)l |5 =20 1008 1, g0
M| 2 0.088| 2

1.81° + 10° = 11.81°

New value of power angle

18. (b)
Line-to line fault occurs on b and ¢ phases of generator,

I =1,=-I,
and I, =0

The sequence network for line to line fault is

02/ =0 0.2j

I, = Vf
17z 42,
—jN3V
- ety = (08 o)ty =3l =
—j/3x1
and lrpu = 027102
V3
‘pru. = ﬁ =433 p.u
25x10°
Base current = \/§><11 =1312.16 A

Fault current, If = 433 x 1312.16 = 5.68kA
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19. (b)
For the fully transposed transmission line,
Positive sequence impedance Z, = Z_-Z
Negative sequence impedance Z, = Z -7
Z,+27 +37,
Self impedance/ph

Zero sequence impedance, Z,
Where, Z
V4

m

S

Mutual impedance/ph

If the system voltages are unbalanced, we have a neutral current, I, flowing through the neutral

(ground) having impedance Z, .
From above equations, we can say
1. Positive and negative sequence impedance are equal.

2. Zero sequence impedance is much larger than the positive or negative sequence impedance.

. Statement (I) is true and statement (II) is false.

20. (a)
Total Kinetic energy of the two machines,
= GH, + GH,
= 400 x 4 + 1600 x 2
= 4800 MJ
The equivalent H on the base of 200 MVA,
4800M]J
~ 200 MVA
= 24 MJ/MVA
21. (b)
Y-bus matrix for the m equivalent circuit.
I, Zee I,
+ T T +
% Yo, Yo

I

O—o
O«— =
I

1 Ye 1
Z, 2 Z,
Yo T 111 Yy
Z, Z, 2
Here, Z, = iX; Ysh =0
The above circuit diagram becomes,
L jX L
ro 00 X
+ +
VP q
po °q
1 -1
XX
Yiws = | -1 1
XX
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22, (c)
Minimum number of equations = 2n - m - 2
= 2(112)-20-2
= 202
23. (b)
Let the base kVA be 500 kVA and base voltage be 2.5 kV,
Per unit transient reactance of generator,
X/ = B 10.08
s = 700 /008 p.u.
Per unit subtransient reactance of each motor,
) 500 .
X~ = j02x 550 = j0.4p.u.
Per unit reactance diagram is shown below,
]04: p.u. 1.20° .,
Fault T () j0.4p.u.
1£0° > j0.4 p.u. ~ j0.08 p.u j0.4 p.u
1400 . U B . .
70.08 p.u. j0.4p.u j0.4p.u.
S 1£0°
wsso—{( ) 000
o/ . F
-
Thevenin reactance when viewed from fault terminals,
]07'4 x j0.08
Xy, = S04 =70.05p.u.
® 10 oos
3
At fault location V,; = rated voltage,
1
Fault current at F, I [ = m =20 p.u.
The generator contribution is,
04
[ = —j20x—3
* %%+ joos
3
I, = 125 p.u.
Contribution of motors,
3L, = I-1I,=-j20 - (-j12.5)
31, = -j7.5
I, = 2.5 p.u.
24. (o)

Only Y,,, Y,,, Y,, Y,, will change because transmission line is connected between ond gnd 4th

buses.

1 Y
= —j60+—+—Sh
Yy ] 7. 2
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. 1 .
= —]60+],0—1+ j20 = -j60 - j10 + j20 = /50

Y, - e
. 1 Yy . ‘ ‘ ‘
Y, = “/25+ 7. o = TiBr T ]o 1120 = -j25 - j10 + j20
Yy = 15
25.  (¢)
Reactive power supplied by capacitor to bus-1,
2
V. Vo||V-
Qy = %——' 2}”{ 1|C056
Given that, Qy =0
% = |V2||V1|C056
Vy| = |Vi|cosd
Given that, |V1| =1pu.
V5| = cos & (1)

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

P, = 1pau.
". real power flow from bus 1 to bus 2,
Vi
p,, = —_>=sind
12 X
1 - 1'C086-sin8
0.5
sin20
05 = >
sin28 =1
28 = 90°
& = 45°

". from equation (i),
v,| = cosd = cos45° = L

1
Voltage at bus-2, v, = ﬁé —45°

26. (b)
Given, before fault,
06P, , =P, 4 sing,
3, = 36.86° (or) 0.643 radian

During fault,

)
Il

0.25 P, as X, = 4X1

m 2

www.madeeasy.in © Copyright: MADE ERSY
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After fualt,

~
Il

0.75 P, , (given)

m3
§ = 180—sin™! LIS
max 0.75P,4
= 126.86° (or) 2.214 radian
P.(8,nax —90) + P,,3 c0sd,,, — P, cosd
Since, cosd,, = P.—P
m3 m2
s 0.6P,1[2.214 - 0.643] + 0.75P,,; cos(126.86) — 0.25D,,; cos(36.86)
€08 Ocr = 0.75P,,; — 0.25P,;
_ 0.6(2.214 - 0.643) + 0.75c0s(126.86) — 0.25c0s(36.86)
- 0.75-0.25
cos §_, = 0.585
5, = 54.2°
27. (b
MVA
The reactance in p.u. = Z = Zg >
o (KV)p
_ (kVy)
Za = “PuT(MVA),
(33)°
= 0.10x—— .89 Q
0 10.89

So reactance per phase = Z, =10.89 Q
Zy = 3xZ,;,=3x1089

Z, = 3267 Q

28. (b)
Sp, = (0.8 +0) p.u.
This 0.8 p.u. active power is supplied by the generator G,

0.8 = 1><1sir1<3
— Sin_l (%) — o
o = 5 )= 23.58
AR _m
Qg X cosd X

= L cos(23.58) -
05 05

Qg = -0.167 p.u.
The VAR rating of the capacitor = 0.167 p.u.
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29. (b)
The zero sequence impedance network from point P and ground
10.02

] | 70.01 | 70.1 | 70.05 0.6

j0.45 g
ZTh
0

The Thevenin’s equivalent zero sequence impedance
Zy, = (0.6 +70.16) p.u.

30. (b)
3-¢ fault current:
Let system is under no load condition before fault,

E = 1£0° p.u.
E
3-¢ fault current, If = X_l
= X, = L_=j0.2p.u.
1 -5

Line-line fault current:

J3E

lr=X+x

3

- 4% T Ths
= j02+X, =70.69pu
= X, =j049 p.u
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