CLASS TEST

N=

MADE EAQASY

India’'s Best Institute for IES, GATE & PSUs

Delhi | Bhopal | Hyderabad | Jaipur | Lucknow | Pune | Bhubaneswar | Kolkata | Patna

Web: www.madeeasy.in | E-mail: info@madeeasy.in | Ph: 011-45124612

POWER SYSTMS-2

ELECTRICAL ENGINEERING
Date of Test:09/08/2022

ANSWER KEY >

1. (b) 7. (b) 13. (c) 19. (a) 25. (d)
2. (b) 8. (b) 14. (b) 20. (b) 26. (b)
3. (b) 9. (a) 15. (b) 21. (d) 27. (a)
4. (a) 10. (d) 16. (b) 22. (b) 28. (c)
5. (c) 1. (b) 17. (a) 23. (b) 29. (d)

6. (d) 12. (c) 18. (a) 24. (b) 30. (a)




FAMADE EASY Bl - Powersystems2 | 9

DETAILED EXPLANATIONS

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

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

The sequence network for line to line fault is

02j  Z4,=0 0.2j

L = Vf
1 oz +2,
. ~j\3V
= If= I, = (062 —a)l; = _]\/511 S Ae &
z, + 2,

~i\3x1
and Irpa = 502102

3

= — =433 p.u.
0.4 p-t

rp

B t 25x10° 1312.16 A
ase current = —— = .
3 x11

Fault current, If = 433 x 1312.16 = 5.68kA
2. (b)
For the fully transposed transmission line,
Positive sequence impedance Z, = Z_-Z
Negative sequence impedance Z, = Z - Z
Zero sequence impedance, Z, = Z_ +2Z +37Z,
Where, Z

s

Z

m

Self impedance/ph

Mutual impedance/ph
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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.

3. (b)
Y-bus matrix for the m equivalent circuit.
I, Ze I,
+ T T +
Vv Ych Ysh

I

O—o
O«— =
I

Yoo T 1 1 Y

Here, Z, =X Y, =0

se
The above circuit diagram becomes,

4, (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]
= 200MVA
24 MJ/MVA

5. (c)
Minimum number of equations

2n-m-2
= 2(112) -20 -2
202
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6. (d)
(MVA)new (kv)gld
= (£ X X
We know that, (Zp.u.)new (Zpu)oia (MVA)q14 (kv)?\ew
For G, and M;:
X - 005x@x(£)2—'01
( p.u.)new ’ 40 11 J P4 p
For line:
_ vy 33
(X0)bace MVA = 80 13.6125 Q
X _Actual value __ 50
(Xp.uwiine = Base value  13.6125
= j3.673 p.u.
j0.1 | 73.673 | j0.1
| ’GGU‘ |
jo1 j0.1
7. (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
1 .
= X, = $=]O.2p.u.
Line-line fault current:
Lo _OE
X+ X
= X+ X, = %
= j02+X, =j0.69p.u.
= X, =j049 pu.
8. (b)
The zero sequence impedance network from point P and ground
j0.02 j0.01 j0.1 j0.05 06

j0.45

ZTh
0
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The Thevenin’s equivalent zero sequence impedance
Zp, = (0.6 +70.16) p.u.

9. (a)
1.0 j05  j0.125 j0125  j0.5 1.0

Converting star into delta:

X,
. . i1.625 x j1.625
The transfer reactance, X, =] 1.625+ j1.625 + %
=148 p.u.
10. (d)
0.3 0.3 03 03
Zpusmew) = |03 03+05|~ |03 08
11. (b)

Let the base kVA be 500 kVA and base voltage be 2.5 kV,
Per unit transient reactance of generator,
8 .
X, = 700 =/0-08 p.u.
Per unit subtransient reactance of each motor,

500
v j02x 22 i04pu
X' = PHEXo5g = 104PY

Per unit reactance diagram is shown below,

120° > ﬂ%%};\u Ol Loe j0.08 p.u. j%%\u.
j0.08 p.u. AP e ., j(i.&)%‘u.
00 U .
=
Thevenin reactance when viewed from fault terminals,
]’OTA x j0.08
Xy, = m = j0.05 p.u.

At fault location V,; = rated voltage,

www.madeeasy.in © Copyright: MADE EASY
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1
Fault current at F, I, = W = —j20 p.u.
The generator contribution is,
.04
. I73"
I g = —]2O><4—
i— + 70.08
] 3 J
I, = -j12.5 p.u.
Contribution of motors,
31, = If— Ig = -j20 - (-j12.5)
3I, = -j7.5
I, = -25pu
12.  (¢)
Only Yoo Your Yaor Yau will change because transmission line is connected between ond and 4th
buses.
1 Y
= —j60 +—+—2h
Yzz ] ZS@ 2
, 1 . . . . .
= —j60+——+720 = -j60 - j10 + j20 = 50
j0.1
Y .
Y, = Y,= 0—% =-j20
. 1 Y ) 1 .
y = —j25+ +20 _ —j25+— 4720 = _io5 _ 110 + 20
44 w 2 j0.1 j25 - j10 +]
Y, = 15
13. (o)

Reactive power supplied by capacitor to bus-1,

Qi

Given that, Qn

Given that,

2
ﬂ ——|V2||V1| cosd
X X

0
= |V2||V1|c058

V1| cosd

1p.u.

cos § ...(1)

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

p,, =

1p.u.

. real power flow from bus 1 to bus 2,

P12

—|V1| V2| sind
X
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. from equation (i),

Voltage at bus-2,

14. (b)

Given, before fault,
06 P, ,
. 3,
During fault,

1-cosd .
1 = -sind
0.5
05 = sin28
’ 2
sin2d =1
28 = 90°
d = 45°
o 1
|V2| = €0sd =cos45° =—
1 o
V2 = $4—45
P, ,sin g,

36.86° (or) 0.643 radian

P, ,=02P jasX,=4X,
After fualt,
p,,=075P,  (given)
S 180 — sin ! 06F
max 0.75P,4
126.86° (or) 2.214 radian
Ps(Smax — 60) + Pm3 COSSm — PmZ C0360
Since, cos §_, P.-P
m3 m2
0.6P,1[2.214 — 0.643] + 0.75P,,; cos(126.86) — 0.25P,,; cos(36.86)
cos O, 0.75P,,, — 0.25P, 1
0.6(2.214 - 0.643) + 0.75c0s(126.86) — 0.25c0s(36.86)
0.75-0.25
cosd_. = 0.585
5, = 54.2°
15. (b)
MVA
The reactance in p.u. = Zp.u. = Zg X S
(kV)
_ (kVy)*
(33)°
= 0.10x = 10.
10 10.89 Q
So reactance per phase = Zy = 10.89 Q
Zy = 3xZ,;,=3x10.89
Z, = 32.67 Q
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16. (b)
Sp, = (0.8 +0) p.u.
This 0.8 p.u. active power is supplied by the generator G,

0.8 = 1x1 sind
T 05
. 1 0.8
§ = sin | - =23.58°
2
Vi <[V Vil
= ———"c0s0 ———
Qr X
- L cos(2358%) -
0.5 0.5
Qg = -0.167 p.u.
The VAR rating of the capacitor = 0.167 p.u.
17.  (a)
Positive and negative sequence reactance diagram:
i1 j0.25 il
00 00"
j0.5 0.05
F

Z, =2,
j2.751170.5=70.423 p.u.

Zero sequence reactance diagram:
j0.15

j0.8 0.8
—00—
j0.25 j0.25
F

Zy =j0811j025=7019p.u.
Considering system at no load before fault

ie. E = 1.0£0° p.u.
E 1
(Ip) =3 =3| - . .
Z1+ 2y + 2 j0.423 + j0.423 + j0.19
I = -j2.896 p.u.
18. (a)
E 1
I"| = === =454pu.
I X7 022 ~*OtPu
MVA, 100 x 10°
I = = 5248.6 A = 5248 kA

base ﬁ(kvb) B \/§X11X103

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

© Copyright: MADE EASY www.madeeasy.in
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19. (a)
I, = 100£0°A ; I, =100£-120°A ; I, =100£-240°A
1/ = =
Iy = §(IR +1, +IB)
I = %[100400 +100£240° +100£120°] = 0 A
- Ir> = o2
Iy = E[IR +aly, + ale]
= %(100400 +(1£120°)(100£ — 120°) + (1£240°)(100.£ — 240°))
= 100 A
S s
Iy, = E[IR +a’l, +aIB]
= %(10040% (1£240°)(100£-120°) + (1£120°)(100£ - 240°)) =0 A
20. (b)
8 = sin—l(ij = sin"1(0.5) = 30°
Pm
Pe = %sinﬁo
L;—% = %COSSO = 1'2><1cos30°

= 0.577 MW (p.u.)/elec. rad

GH 1x4
M= "0 T x50

1/2
[ dp, j
1/2
o = ﬂ = (@) = 4.8 rad/sec
M 0.025

=0.025s> /elec. rad

Frequency of natural oscillation,

= ﬂ—0764cH
f_21t_' z

21. (d)
Existing system and bus matrix is

ref

www.madeeasy.in © Copyright: MADE EASY
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L, j0.5 j0.5
Bus | 0.5 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 7z Zn —27. Z
1t 4y 12+ 4 to first column
[j05 jO.5] 1 I P
(Zgushew = |i05 45| 705+ ‘ a-ja 0
uslnew /0.5 j45| jO0.5+j4.5-2(j0.5)+ j4|—j4
[j0.5 jo5] 1[0 0
= /0.5 j45] ;8[0 -16
_ - 10 0
j0.5 0.5 16
T 1j05 j45| |0 -=
LJ 9] 78
j0.5 j4.5—% 05 j25
Alternative :
New system will
@ @
j0.5
ref
First branch :
@
j0.5
ref
Z =1/0.5]
Type - 2 modification
@ 2 @
j0.5
ref
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. {]05 j0.5 }_[]‘0.5 jO.S}

j0.5 j05+;52| [j0.5 ;25
22.  (b)
For single line to ground fault , fault current is
I, = 31
and [0 = —;//1(0)
8
Vo = %[Va +V,+V.] = %[0 +1.013£ -102.25° + 1.013.£102.25°]
= -0.1433 p.u.
0 = —[_0],‘3%133) = -j143 p.u.
I; = 3% (-j143) = -j4.29 p.u.
I = -j4.29 x(%} = -j3.59 kA
23. (b)

Reactance diagram of the system is

X, =j0.2
Ess (~)
Terminal voltage V, = 120
11
Power supplied = %.sine
X = j0.1+(]OT'4) =7(0.1+0.2)= 0.3
1
= —sin®
1.0 03
6 = sin"1(0.3) = 17.46°
R 106 -1£0°
Current, I = ]0—3
;o L1746 21207 148,8 73p 0,
j0.3
Excitation emf, E = V+jXI =1£17.46° + (j1.0118£8.73°)(0.2)
E = 1.05£28.44° p.u.
EV . 1.05)(1) .
Power angle equation = —-sind = (0—;()51115 = 2.1 sind

www.madeeasy.in © Copyright: MADE EASY
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2. (b)

We know that, 1,

%)
98 J5-5,
05P,
8

an,
98 I5-5,

M:

[ELV]

P .. cosd,= |X|

cosd

P___sin 60

max

30°

1.05x1
0.8

cos30° =1.1366 p.u.

GH _ 1x5
nf mx50

=0.0318

Natural frequency of Oscillations

25.  (d)

Md?s
dat?

d%s
At
d%s
dat?
ds

dt

ad
dt

26.  (b)
1eq

2 eq

1.1366
0.0318

0.9515 Hz

= 5.9787 rad

GH _100x8 _ 4
GH _ 100X8 _ 2 \ips/elec.d
nf  50x180 45 "D/ elec degree

P, -P)
30 x 4—5
4

337.5 elec deg/s?

337.5t

10 60 (2
50 360 \4

337.5 X—X—X —) = 5.625 rpm
4+ —
Pmo gy

120 x50
4

+5.625 = 1505.625 rpm

j0.18
T 70.09 p.u.

j0.15
o =70.075 p.u.

© Copyright: MADE ERASY
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) 3x2
Zyeq = 101772 %20 = (09917 +j0.1) pou.
| 3Ef
Fault current, I, = - ;
P j(Xq) + jXp + Zpeq
3x1£0°

= Toxessiaoe - 29224-14.96° A

Current in grounding resistor,
20
1143

I, = 2922 % =3.07 kA

f

27. (a)
Let the base MV A be 45 MVA.

45 .
% Reactance of alternator A at the base MVA(%X,) = 7% 40="72%

% Xy = 60%
% reactance of alternator B,

X, =72% Xy =60%

OO

[ - MvA _ 45x10°
e Bk Bx15%10°
Total % reactance from generator neutral to fault point is

B 60x72
B~ 60+72

=1732.05 A

%X = X, I1X =32.72%

P.u. short circuit current,

1
Isc = G375 = 30562 pu.

I =1 =5293 A =5.29 KA

SC actual SCp.u. x Ibase

28. (o)
For a line to ground fault,
Positive sequence current,

Eﬂ
ln = 72, +2,+2,
: 28
I, =~ . —— =14
@ = j0.25+j0.35+ j0.1 ~ I
B t I, = w =1093.46 A
ase current, B \/§X132X103 = .
Fault current, I ;= 31,1 %1,
= 3 x 1.428 x 1093.46
= 4684.38 A
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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 _ l+ n-1
Zeq X bn+x
8
SC kVA = x 100
eq
= gl, 1 }xlOO
|x bn+x
If n is very large.
L 1 1
Short circuit kVA = 8| —+—
lx b
30. (a)
S, = sin™! (0.25) ,
= 14.48° 1
3, = sin”! (0.5) 05
=30 0.25
8. Sy
[ (05-sind)ds = [ (sin3-05)ds
i) d¢

= 0.5 (8, - §) + cos 8, - cos §, = cos 5, - cos d, -0.5(5, -3)
0.5 (3,, - 8,) = cos14.48° - cos §,,
056, +cosd, = 1.0945
d 46.41°

m
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