Electrical Engineering

POWER SYSTEMS

Text Book: Theory with worked out Examples and Practice Questions



01.

Sol:

02.

Sol:

03.

Sol:

Power Systems

(Solutions for Text Book Practice Questions)

1. Generating Stations

Ans: (a, ¢)
PUF = Max.demand

Installed capacity

1L.C= % — 142.86 MW

Reserve capacity = IC — MD
=142.86 — 100
=42.86 MW

Ans: (a, b, ¢, d)
Maximum demand = 100 MW

no.of units
Average load= ————

duration

1000><100+;>< 7760 %90 + 7760 x 10

8760
=60.13 MW
PLF = avgload _
MD
_ 60.13 ~06
100
pUF =MD _ 100 _ 57
IC 130

No. of units generated = area under the

curve = 526.8 GW

Ans: (a)
pUF = MP
IC

=MD =0.2 x 100 =20 MW

04.

Sol:

0s.

Sol:

06.

Sol:

Avg.oad
MD

Average load = 0.5 x 20 =10 MW

LF=

Ans: (¢)
Avg.load

PCF =

= Avg. load = 0.5 x 300 = 150 MW

_ Avgload
MD

— MD =% =200 MW
0.75

LF

Ans: (a)
LF = Avg.load
MD

= Avg. load = 0.75 x 1000

=750 MW
Avg.load

PCF =

:IC=%=125OMW

Reserve capacity = IC — MD

=250 MW
Ans: (b)
LF = Avg.load
MD
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)

40x6+2x50+4x60+50x2+70x4
+80x4+40x2 8 1

24 80
=0.71
07. Ans: (b)
Sol: LF = Avg.load
MD
Avg. load = 0.5 x 8000 = 4000 kW
Ave. load = no.of units generated
& duration
_ 16,000 x10° = 4000 hrs
4000x10°
08. Ans: (b)
Sol: Load factor = Avg load

Avg. load = 0.45 x 25
= 11250 kW

2. Transmission & Distribution

2.1 Basic Concepts

01.
Sol:

Ans: (b)
Given data:
Complex power delivered by load:
S=VI
=(100£60°) (10£150°)
=1000£210
=—-866.6—j 500 VA
Complex power absorbed by load
Sioad = 866.6 +j 500 VA

. Ans: (b) i.e., load absorbs both real and

reactive power.

I=10£-150°
V=100£60°

1

Source G)

[o> o]

02. Ans: (b)
Sol: Given data:
VS k- Vl’ — 17
X=0.5,
Vvl
Real power P =———sino
]
_1.0x1.0 sins
0.5

= §=sin"'(0.5) =30°
Reactive power

UAUAYNN(5%
(X)

2
LOX10 .0 I*

Lﬁ]
2
:T_z =1.732-2=-0.268
2)
But O, + Oc =0
Oc=-0,=0268 p.u

r

03. Ans: (¢)

Sol: V) £8,=1.0.8 V, £8,=1.020
Pai | Py i0.1 P, | Pa

204jQa1 Gl——=A——mr——1—G) 15+iQa:
Qat MQ Qo 2[MQa

Pload1+ leoadl :15+.]5 Pioaaz + leoadZ = 20+J 10
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P, = Active power sent by bus (1)
= ﬂsin(sl -3,)
XL
P, = Active power received by bus (2)
Vv, .
= )‘(—Lzsm(ﬁ1 -3,)
1 = Reactive power sent by bus (1
p y
V.
=y Vi Vcos(3,-5,)
0, = Reactive power received by bus (2)
V.
= _2(V1 COS(Sl -8, )_ V, )
XL
Active power balance at bus (1):

Active power balance at bus 2:

=1.34 pu
=-1.34pu
Qiine = Qioss = 01 — 02
=1.34 - (-1.34)
=2.68 pu
QOloss = 2.68 pu
Reactive power balance at bus (1):

Reactive power balance at bus (2):

0Oc1 = 01+ Qioadi
O+ 062 = Qioad2

Qa1 =134+5

Qg2 = 10— (-1.34)

Oci = 634 pu

Oc>= 1134 pu

. Qg1= 6.34pu, Qg=11.34pu, Qiess=2.68pu

Pg1 =P + Pioaar
P>+ Pgy = Pioad2
20=P, + 15 04. Ans: (b)
P+ 15=20 Sol: Given data: I
R
P =5 Py=5 A
R £0°
L P=P = VW, —25in(5, -3,)=5 y
X IR
L > O
X f
Ix1 . o
= —sm(S 0)=5 VZ-120
0.1 Is V /+120°
. Iy B l
= sind = 0.5 oC
= 0 =30°
v, Ly+1,+1,=1=0
Ql =X_[V V COS(8 8 )] VZ 2302
=4000, R= =13.225
v, [ ( ) ] R 4000
Q, =—=|V,cos(d, -8 0 1900
X, :>IH=O=VZO +VL 120
1 R olZ+90
ﬁ[l 1cos30°| +VCL+120£+90
V V
0 —+— /210 +VeCZL+210° =0
=a[1cos30 1] oL
' V v 0 0
= —+——c08210" +V®wCco0s210" =0
ol
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01.

Sol:

= —isinzlo‘) +VoCsin210° =0
oL

i_[mzLCH)Xﬁ

R oL 2
L=729 mH
C=139.02 uF
If suppose ‘X¢’ on phase B, X; on phase C
A
R vV £0°
y o

o C
v V 'V
—+—+—=0
R X. X,
1 1 3
—+0CL-30+—4£+30"=0
R ol

l+(9C<:os300 +Lcos300 #0
oL

oCsin30 = Lsin 30
ol

1* condition never be zero, because all the

positive parts never becomes zero

2.2 Transmission Line Constants:

Ans: n’
Given data:

For same length, same material, same power

loss and same power transfer

02.

If the voltage is increased by ‘n’ times, what
will happen to area of cross section of
conductor.

PLOSS 1= PLOSS 2

PLossl :3112 Rl
P=\/§Vlllcosd)
P 2
P 0SS :3 —1 XR
ro! (\/ng coscl)} 1
P’R
PLosslz\lzl—lz
" cos” ¢
R 1
P, o —oC
Lossl V12 aV22
2 1
= aV oc——

Loss
— aV? = constant
"." Pross = Constant
a4, V12 2
a, sz
VZ
Vl

1

=n— given

=a,=—2a,

In this efficiency is constant since same

power loss.

Ans: (b)

Sol: Given data:

We know that P = Vicos ¢

Power loss P=T1°R
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1 14
- [ R= p—j L, = o.zfn(iij/km
a a I
2 pl
a=l " 2) 1.10mH/km = o.2zn($JmH/km
T,
Substitute eq. (1) in eq. (2) 1
I p Y Y, 1.10= 0.2£n[$J
- L T,
Vcoshp) a !
N gzgn[ij
(V oS (I))z 0.2 I,
1 d
aor 5 5 an
(Vcoso) r
Volume oc ;2 (" volume oc area) s d
(Vcos¢) €=
L
244.69 I = d1
03. Ans: (b) A
Sol: Given data: (1.10)x1.05 = 0.2€n(—2J
r
Self-inductance of a long cylindrical ’
conductor due to its internal flux linkages is 1.155=02 fn( d, ]
1 kH/m. b
1.155
LMok okt (1) Moty (1 S _dy
8n 27 r 27 d L,
——
WYint Wext 322 141‘2 — d2
L.; =L;duetoy, +L_,duectoy_, dzd— d, 100 — 322.1;124—62944.69r2 <100
_ Bl Mol ln(lj ! O7h
8n 27 r =0.3165 x100
=31.6%
“‘OMr 1
L =L = In| —
mutual mutual due to ext 27'C ( dj
Ans: 1 K H/m (- 1* term is independent of 0S. Ans: (b)
diameter) Sol: Given data:
d=4;
04. Ans: 31.6% (Range: 30 to 32) (@) Li Cu
Sol: Given data: After Transposition
L, = 1.10 mH/km increased 5% GMD, =V4x4x4 =4
(11) L2 Cn2
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06.

Sol:

After Transposition

GMD, =34x4x8 =5.02 m

GMD,; < GMD;,
Li<L,
Cn1 > Cn2

Resistances R; = R»

LT
Y27, = oI

Ans: (b)

Given data:

The impedance of a Transmission line
Z =0.05+0.35Q/phase/km

Spacing is doubled d, =2d;; R= 0.05
radius is doubled 1= 2r;

X1=0.35 Q/phase/km

GMD
loln| ——
GMR
l remain constant

2rnfL =0.35

= 0.35
2nf

B letR oc.£ ;Roci2
A T

07.

Sol:

Ans: (¢)

Given data:

= 0.03m

ry = 0.04m

GMDyystem = GMD,. GMD,,

s LS, 2 03
O O O O O
1 2 3

I 2
I'x I I y By
1/6
GMD, = (du‘ xd xd,xd,, xd;, % dsz‘)
= (4x4.3x3.5x3.8x2x2.3)""®
=3.189m

GMD,;, = GMD,= 3.189
+.GMDyysiem= /GMD, x GMD,

=3.189 m.
(Self GMD)system

= \/ (selfGMD of ststema) x self GMD,
selfGMD, =

=(r' x0.5x2x1/ x0.5x1.5x1/ x0.5x2)"”
= (0.7788°x(0.03)*x(0.5)’x2%)"" = 0.276m
Self GMDy, = (ry’ x 0.3 x ry' X 0.3)1/4

=+/0.7788x 0.04x 0.3
=0.096m

= Self GMD 4/0.096 x 0.276 =0.162m

L=2x02In GMD
GMR

ij/km

R Y 1) :O.4lanJx10_6H/m
Ry_[n) g, =gt 0.162
R, I, 2 ;
L=11.93x10" H/m
R 005 =0.0125
4 4
- (22)new = 0.0125+j 0.35Q/km.
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08. Ans: d=2.49 m (Range: 2.2 to 2.6)
Sol: Given data:
r=1cm
L=1.2mH/km
f—d —e— ¢ —

o O O

GMD =3/2 xd

m| L2924 ),
0.7788x0.01
d=249 m

09. Ans: 3.251 nF/km
Sol: Given data:
f=50Hz, d=0.04m, r = 0.02m
V =132kV
2me €,
GMD
/n
GMR

C=

_ 2mtx8.854x107"% x1

(o.ozj

=9.75nF/km

Interline capacitance =

C_9.75
3003

= 3.251nF/km

10. Ans: 1.914 (Range: 1.85 to 1.95)
Sol: Given data:

11. Ans:(a & c¢)
Sol: Corona loss can be reduced by using the

12.

Sol:

bundled conductor and by the increasing the

critical disruptive voltage

Ans: (a, d)

The advantages

of the interconnected

operation of power systems are:

I.

Less reserve capacity requirement:

True

Each station does not need to keep full
standby, the reserve can be shared across
the system.

This reduces the overall reserve capacity

requirement.

II. More reliability: True

I11.

IVv.

If one generating unit falls, others in the
interconnected system can supply power.

Improves the reliability of supply

High power factor: False
Not a direct advantage of
interconnection. The power factor

depends more on the load characteristics
and reactive power compensation.

Reduction in short-circuit level: False

Actually, the short-circuit level increases

because more source are available to

Self GMD = kR
Self GMD = ¥ R' x3Rx3R feed fault current
= 3/0.7788Rx 3R x 3R e So this is not an advantage.
— RY07788x3x3 The correct answer is option (c)
kR=1914 R
k=1914
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2.3 Steady state performance analysis
Of Transmission lines

01. Ans: (¢)
Sol: Given data:
A=D=0.936+j0.016 =0.936.£0.98°,
B=33.5+j138=142.0£76.4°,
C=(-5.18+j914) x 10°°,
V=50 MW, p.f=0.9 lag,
Vs (L-L)=?
Vo, =AYV

S ph rph
220 kV
Vrph = \/5
— Pr
\/gVL cos ¢,
B 50 M
V3%x220k x0.9

[, =145.72—- cos '(0.9)=145.7/-25.84

+B Irph

rL

=145.7 A

Vi, = (0.936.£0.98) (%]

NG

+ (142£76.4)(145.7£ — 25.84)
=133.24.7.7°kV
V,(L-L) =+/3 x133.24 =230.6kV

2306 =246.36kV

0.936

02. Ans: (¢)
Sol: Given data:

Load delivered at nominal rating
V=220 kV

03.

Sol:

04.

Sol:

Vs

— Vi
A

% VR = x 100%

|V,

240 _ 520

=094 L 100% =16%
220

Ans: (¢)
Given data:
A=D=0952127; B=92.4/76.87
C=0.006£90° ; Vs=V,=138kV
R, Y are neglected

Al

X

In nominal-t = B=27
Z=92.4,76.87° =21+90Q2
X=90Q

. 138x138

max

=211.6 MW

Ans: 81.04 kW (Range: 79 to 82)
Given data:
A=0.97720.66
B =190.18.264.12°
V=132kV
AD-BC =1
AD-1
B
_ 132x10°
- J3%0.97
0.977.£0.66x0.977.£0.66 —1
- 90.18./64.12°
0.9545/1.32 -1
" 90.18/64.12°
=5.62x10™" £90.2

C=

V, Z-0.66

C

race

Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online

Affordable Fee | Available 1M |3M |6M |12M |18M and 24 Months Subscription Packages




L

14 N
v )
M 4’ v
NS, Engineering Publications

Postal Coaching Solutions

Is = CV, +BI; =0.9359 lag
3 ~
5,62x10‘4490x132X10 = 0.936 lag
V3
P =3ViI cosd 06. Ans: (a)
p 3, 132x74.184 cos(902 - 0.66) Sol: Given data:
3x0.97 f=50Hz
P =81.04kW
. L
Surge impedance Z, = \/g =1
05. Ans: 0.936 lag
Sol: Given data: 5 C_
Short transmission line having impedance = Vet ave
. 1
2+_]SQ V:—:3X105
VLC
6kV 245 6kV . 1
J_ ——— =3x10’
2 MVAR LC
— Load ; 1 3% 10°
= 23y
2MW C
= cosl(ij =68.2 107
V29 ' Co=S
V.V AV’ 2nfL
P=—""cos(B—-8)-——-cos(f—a =
S -cos(B-3)-—=cos(B-a) X=="=xt
6 =5
2x10° = 36\/2_190 [cos(68.2 —8) - cos(68.2)] = 25020 400
cos(68.28-8) = 0.6705 =0.209
d=20.309° y = [2=nfc] /
2 10—5
Q:%sm(ﬁ—s)—Agr sin(B - o) =2x x50 % ——x 400
6 =0.418
300 (68.2 - 20.309) sin 68.2]
V29
—1.24 MW 07. Ans: (a, b)
~—124+2=Q, Sol: V,=AV, +BV,
Q. =0.7524 MW " Vs =Vg
P 2 Vr = AV + Blr
S.cosd = =
VP07 [4+(0.7524) Vr(1 - A) =Bl
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Ve IBI _ 250 55000 2.4. Transient Analysis &
Lo [=A[ 1209 2.5. Wave Traveling Analysis
XL =2500 = 2xnfL
01. Ans:
_ 2500 _ gy fls (©)
21x 50 Sol: Given data:
Let “I” be the total length of line
08. Ans: (¢) Total reactance of line = 0.045p.u. = 2rnfL
Sol: Given data:
e . . 0.045
Let characteristic impedance Total inductance of line =
21t x50
Z, 1.0 .
z,)= v = 0 = Ip.u. Total susceptance of line = 1.2p.u = 2nfC
) \/impe dance/ km Total capacitance of line = 3% 50
itt km .
admittance / D, M 0.045
Given that for a given line 30% series 2tx50x1
capacitive compensation is provided. Hence Capacitance/km = 1.2
the series impedance of line is 0.7 or (70%) 2nx50x1
of original value. Velocity wave propagation
z. =% ~0836pu. iy VP
1.0 ( L C
, . V2 km A km
Surge impedance loading (SIL) = o ’
1 [ 0045 1.2
= SIL o« — X
Z, 2nx50x1 2mnx50x1
(SIL), _Z, 30%10° =~
(SIL), Z,, 7.4x10
(SILZ) _ 1.0 <2280 % 10° .. Length of the line (1) = 222km
0.836
=2725x10° 02. Ans: (c)
=2725MW. Sol: Since load impedance is equal to surge
impedance, the voltage & current wave
forms are not going to experience any
reflection.
Hence reflection coefficient is zero.
Vreﬂection = ireﬂection =0.
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03. Ans: (¢)

Sol: V 1.0 pu

A
Reactor

e 0

The Reactor is initially open circuit
V,=V+ V;=10+1.0=2.0p.u
V, = reflected voltage

V, = Switched voltage

04.
Sol:

Ans: (b)
Given data:
V=50kV,
71 =100 Q,
Zc =400 Q,

The transmitted (or) refracted voltage

V, = ZV[ Z, j
Z +7Z

Here ‘2’ indicates that the voltage V, is

calculating in transient condition

S Vy=2 x50 % 10°% [&)
100 +400

V,=20kV

0s.
Sol:

Ans: (b)

Given data:

Lcable = 0.185 mH/km
Ceable = 0.285 pF/km
Liine =1.24 mH

CLine = 0.087 pF/km

L
Z. (Cable) — \/g

_0.185x107°

N 0.285%10°
= 25.4778 Q

L
Zc (Line) — \/g

_[1.24x107°
0.087x10°°
=119.385Q

z
V, =2V |t
Z, +Z,

:2x110kV{

119.385
119.385+25.4778

=181.307 kV

06. Ans: (d)

Sol: A short length of cable is connected between
dead-end tower and sub-station at the end of
a transmission line. This of the following
will decrease, when voltage wave is entering
from overhead to cable is
(1) Velocity of propagation of voltage wave.
(i1) Steepness of voltage wave.

(111) Magnitude of voltage wave.

v Cable
—
A N
U / \
Surge absorbers (or) S/S

Protect T/F from

Dead end Travelling wave.

Velocity of propagation

W ace
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0 m/s

3x
V(cabley = ——
Ve,

Vcable > V(OH line)

07. Ans: 2.93 kV (Range: 2.8 to 3.0)

Sol: —
20kV  —

DC (or) step voltage

(- line is of infinite length)

V, =2V, Zg
Z,+7Z,
= 2x20kx — 0
70+500
V3=491kV
Z.-Z
V, (Reflectionof V) =V, | =——=1
Z.+7Z,
= 401 S0=T0 588 kv
600+ 70
v, =v, | £a=%s
Z,+7Z,
= 388K |20 =791 5 03 kv
500+ 70

08. Ans: (d)

500
V7 =2V x——
T4 570
—6.8KkV

600

Vg =2Vg x—
2776670
600

=2x2.93x——=5.25V
670

09. Ans: (a,c, d)

Sol: for long transmission line

A B coshy/  z_sinhy/
{C' D’} - isinh v¢  coshyl
z
A=BandC=— L
z, sinhy/

AD — BC = 1 reciprocal network

2.6. Voltage Control

01. Ans: (a)

Sol: Given data:
A=D=0.9~£0°
B =200290°Q
C=0.95 x 10°.£90°

Pe+iQ [Viol
R T J QR
Vs )
A B
Qreactive XL -9

Without shunt reactor

Sol: Given data V. |= | Vs |
V=293 YA
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By adding shunt reactor 0sh= 3000 %100% = 0.986lag
= | V4| 3041.29
S
Pr =0 (no load
(l; _ Q( ) 03. Ans: (a)
V|V reacr)r Sol: Given data:
ITIM sin(B—5)— || g || 1V, [ sin(B—a) IM = 400 V, 50 Hz , pf = 0.6 lag,
VP input = 4.5 kVA
Q. =—7 p.f=0.6 load
XL
total supply = ?
At |V, | =V

in(p—8)— 2 sinp - @)=

IBI | B Xy

To get 8 at ([V, | =[Vs))

Vs |?
"B |B|
=cos(f—0) —|A|cos (B—a)
=¢0s(90 — 8) — 0.9 cos (90 — 0)

cos (90-3)=0

sind=0,6=0

L:Lsin(90 -0)— gsin(% -0)

X, 200 200

X =2000 Q or 2 kQ

b Al

cos(B—8) —— | Vg |* cos(B—a)=0

02. Ans: (d)
Sol: Given data:

P =2000

Q =2000 Tan (36.86)

=2000(0.749)=1499.46kW

T
400V, 50Hz
v

IM ‘
C\kc
[l
1]
¢
S=\3V, I, ; 45kVA
Qsh 3-¢9) = Pi(tan ¢; — tan ¢»)
P; =Real power drawn by IM
=P
= Sim €OS Opm
=4.5x0.6 kW
Py =2.7kW
Qun 3.4y = 2.7[tan(cos™'0.6) — tan(cos '0.8)]
=1.575 kVAr
1.575
Qg/pn =—5—kVAr
=0.525 kVAr

R(S)s motor — 1 OOO J 1 000 V2
Stow = S;_+S, Reactive power supplied = X, =525
= 3000 + j499.46 C=10.1 uF
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04. Ans: (¢ X
. ( ) A\/C :_QshCap
Sol: Given data A =0.85 £ 5° | Vs |
o=5° Q _AV, | V|
B =200/ 75° B=75° e X
Power demand by the load = 150 MW at upf X =X (k base)
PD = PR = 150 MW QD = 0 : pu MVAbase
Power at receiving end 2
VLIV, ‘ :0.25x@:48.4
B cos(B—8)—|—= \V \ cos(B—a)
275%275 0.85 Qac e 18.18kVAr
=150 = 0s(75 - 5)—%(275) cos70°
To reduce voltage by 2 kV, shunt reactor is
O =28.46°
used.
[VelVel
So X
Qr = “3‘ in(B-38)- ‘ ~|V ] cos(B—a) AV, =———Q, .,
| Vs |
_2T5%275 n(75-28. 46)—@(275) sin 70 2kx220k
200 200 Q. :W =9.09MVAr
=-27.56 MVAR ’
In order to maintain 275 kV at receiving end
Qr =-27.56 MVAR must be drawn along )
: Sol: Given data:
with the real power.
S0 —27.56+Qc=0 YIS LIV
F, =0.91,

Qc=27.56 MVAR
So compensation equipment must be feed in
to 27.56 MV AR to the line.

2
Reactive power absorbed by reactor= —
L

2
Q =~ 100MVAr
05. Ans: (¢) 2nf L
Sol: Given data: Then reactive power absorbed
X¢ =025 pu; 250 MVA, 220 kV R E
Qo —oc—
X\h X f
Vi =220kV b Q, _ (&JZL 1 ]
= Ql Vl f2
To boost the voltage 4 kV shunt capacitor is (1, 2 f
used. v, ) 0.9f,
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2 Given =cos ' 0.97
S0, 212000 \
0.9 0.9 =14.07°
= 1344 MVAr P(tan ¢,—tand,) = kVAR supplied by
capacitor
07. Ans: (b) 4 x 10° (tan ¢; — tan14.07) = 2x 10°
Sol: 3—phase, 11kV, 50Hz, 200kW load, at
d, =36.89°
power factor = 0.8
kVAR demand of Load cos¢, =0.8 lag
200x10° Hence if the capacitor goes out of service
(Ql) = —Xsin(COS_l 08) the load f;
0.8 e load power factor becomes 0.8 lag
- 01 =150kVAR
kVAR demand of load at upf= 0 09. Ans: (d)
So as to operate the load at upf, we have to Sol: The appearance will inject leading VArs into
supply the 150 kVAR by using capacitor the system is induction generator, under
bank. ‘ excited synchronous generator, under
kVAR  rginag COpEgE S excited synchronous motor and induction
v
capacitor bank = —2- =150 kVAR QU
Con
3><(l 1000)2 : 10. Ans: (a, ¢)
=150x10 Sol: Shunt capacitor is employed to improve
Con
power factor
X, =2420 Q BV
P= —sind
1 X
=2420Q . .
2nfC By adding the reactor series, reactance of the
C= 1 line increasing which limits the fault current.
2mx50x2420
=1.3153 puF 11. Ans: (a,d)
~1.316 uF Sol: Reactive power (Q) = Ptan¢
=300 x tan[cos ' (0.6)]
08. Ans: (¢) =400 kVr
Sol: Given Data: pf= p
Let the initial power factor angle = ¢, VP +Q
After connecting a capacitor, the power = 1200 _ =0.24 lead
factor angle = ¢, \/(l 00)" +(400)
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2.7.Under ground cables

01.

Sol: Given data:
L=5km
C=0.2 pF/km
E;=3.5 cored=1.5cm,
r=0.75 cm
V=66kV,50Hz="f
D=7

Ergrms) = ? Togms) = ?

(a) Concentric cable: core a placed exactly
of the center of the cable

- 1§Zt;0/€crl) B

C=0.2x10"°x10°

C =02x107°

Ph

0.2x1073 = 27 x8.854x107"% x3.5

1n(f1)>

(Dj 27x8.854x102 x3.5
In|—|=
d (0.2x10*3)

=9.731x10"

In (Bj = 0.9731
d

D
d
D=d xe"! =1.5x% 7
D =39707cm

V. OR_

r ln(Rj r
r

- 66

0.9731
=€

D
b) Eims)= -
(®)  Ertms) q

Eims=90.413 kV/cm
(c) Atcharging current = I¢ x /
=4.146 x 5
=20.73A

02. Ans: (b)

Sol: Given data:
V=11kV;C;= 0.6 uF; C,=0.96 puF
(1)

C; = 0.6 pF (given)

From network

Ci=Cs+2C¢
— Cs+2Cc=0.6uF ....... 1)
(i1)

C,=0.96 uF (given)
From network
C,=3Cs=0.96 uF

0.75 1n(3-97j
1.5
race
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Cs=0.32 puF

From (1) @T

032+2Cc=0.6 — Cq ——Cc == %zgc

Cc=0.14 uF l ) )

Effective capacitance from core to neutral @@

C/ph=Cs+3 Cc
=0.32+3x0.14=0.74 pF Lc 22%c.ic

03. Ans: (b)
Sol: Given data:
C.=0.5 uF; Cs=03 pF =12 pF

=2x0.5 + %x0.3

04. Ans: 38.32kW (Range: 37.5 to 39.5)
Sol: Given data

L =40 km
3-core ground cable = 12.77kV Ar/km
f=50Hz
Dielectric material is 0.025
cosd = 0.025
o = cos '(0.025)
d = 88.56
tan ¢ = %
3x12.77x40
" Tan(88.56)
=38.32 kW

05. Ans: (a)

Cs Sol: Given data:

@ || C1=02x10°F,C,=04x10°F
f=50Hz, V=11kV
C/ph=C,+3C,

@@ ) =04x10°+3x02x10"°

=1x10"° = 1pF.

—_—Cc Sheath
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~.Per phase charging current=V  oC

= £><103><275><50><1><10_6 =2 A.

7

2.8. Overhead line Insulators

01. Ans: (d)

V;=15.55kV
V:V1+V2:33.05 kV

03. Ans: (b)
Sol: Given data:
V=22kV,f =50Hz

Sol: Given data: 1 T
—C vy,
n=20; 3-¢; C
V =400 kV; 1 =80% H
Mg = — 2
string nXV20 :: C Vz
0.5 - 400Kk/+3 ) l
20xV,, 22kV, 50Hz
1-¢
-2
3 _Vi+V, V +(1+K)V,
iR 2V, 2xV, (1+K)
02. Ans: (b)
Sol: Given data: = 2;K = 221+11 = % =75%
Vo= 17.5kV (+D
C'=1/8C
04. Ans: (b)
-y T Sol: Given data:
€=C <o f=50 Hz
_{ V=11kV
Capacitance of insulators is 5 times the
c Va=175kV shunt capacitance between the link and the
—Or l ground.
Line // 4 T
C 5C e
Vi+V,=V J— )4 4{7
Vo,=(1+K)V ésc d
v
Vs _ 17? v Z . N
1+K 144
8 e;=¢; (1 +K)
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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e, +e, =1L Applying KVL,
V3 Vo= V=V, =0
5C 5
Vb=V, -Vo=3V
11 3
e (1+K)+ ¢ = E>< 10 But Vi, = (I — 10)0.1+(I — 30)0.15 +(I — 60)0.2
3=0451-175
_ AL s
e =2.8867 = 2.89 kV 2. Vp=35.55%0.1+15.55%0.15+14.45%0.2
ex=¢; (1 +K) Here we have to take magnitude only
=2.8867 x 1.2 oV =877
=346 kV. ooV, =220+8.77=228.7V
Vo=V ,-3=2257V.
05. Ans:(a,b & ¢)
Sol: Insulator used in power system should be D ()
Sol: Given data:

e have high mechanical strength
e have zero (or) low leakage current
e have to

ability withstand  high

temperature

2.10. Distribution Systems

01.
Sol:

Ans: (a)
Given data:

I
\\ R S V/
0.10 0.15Q 0.20
| 1 \ ‘ \Q

10A 20A 30A 15A

Let “V ;7 be the drop of voltage in line

All the loads are at unity factor. Let us take
current in 400 m section as I such that
currents in remaining sections are shown.

Assume that loop resistance feeder rQ2 /m

(reactance is neglected).

S, +—400m—<«200m>+200m+><+200m*> g,
Sh e o
400V I [-300 | 1-500 400V
50Hz 50Hz

200A  100A 200A

KVL From S; and S; is given as
Vs1 — Vs, =1(400 )+ (I-200) (200r)
+(I-300)(200r) + (I—500) (200r)
0 =400 1+ 2001-200 x 200 + 200 I
—300 % 200 + 200 I — 500 x200
1000 I =200000
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:200000:>I:ZOOA as =200 A, X ZXQxﬂA’"’;"
1000 (kV,)
Contribution to load at point P from source 200
) ) Xi =j150 x -
S; is OA from source S, is 100 A. (220)
=j0.62 p.u.
03 Ans: V,=271.0422.78°, pf = 0.74 (l1ag) XY =X
Sol: Given Data: .
V. =220 =j0.27 P.u
2
I, = 80./-36.86+ 50./— 45 1009 % (20())(&]
100 J\ 25
=129.9 £-39.98
=70.18 p.u.
Vo=V, + AV @\
V = (80./-36.86) (0.15+i0.2) + Xy X X,
129.9./-39.98) (0.15+j0.2 oL j9.62  j0.27
( ) L X éjOlS i0.18 3 %6,
=52.45 /-14.33
G,
V,=220£° +52.45 £14.33 Gl T
= 271.12 £2.74 - N
P.F.= cos (angle between V; and ) 02. Ans: ()
= cos (42.72) Sol: The value of the load. When referred to
=0.734 lag generator circuit in per unit is
2
7 -7 MVAnew ka old
3. PU System, Symmetrical Components & Punew = £P.uold X MVA._, X kv,
Fault Analysis
20 (69 Y
01. AnS: (b) = 072 X EX (mj = 36 p.u
2
Sol: X, =;0.09 x [20()] [%j
100 25 03.
=j0.18 p.u Sol: Given data:
X, = j0.12x 200 25Y Select the base MVA as 100MVA, Base
-/ (2_5] voltage as 33KV on the Generator side
~70.27 pu Base voltage on the line side = 110 kV
2
Zpu new — Zpu old X MVA'neW X kVOld
MVA KV, e
w ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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04. Ans: (d)
Sol: Given data:

ing Public 2]
Generator:
Xpunew = 0.15x 188 (%)2 =0.15pu
Transformer:
X pu new = 0.09 % 188 @;j ~0.09 pu.
Transmission line:
Xpu= 50x (111000)2 =0.4132 pu.
Motor 1:
Xpu. new = 0.18 x%x (%jz = 0.4958 pu.
Motor 2:
Koo =018 19020} 7438 pu
Motor 3:
Xpunew = 0.18x %X(igj =0.2975 pu.

The per unit reactance diagram of the

system can given in below.

| 0.09pu  0.4132pu  0.09pu |
| 41118 2111 41215 |

§ 0.15pu

0.4958pu
<~> 120°

0.909 p.u.

0.7438pu & 0.297 pu

0.909 p.u. 0.909 p.u.

E,=10£0°V, E, = 10£-90°V
E.=10£120°V,

As both sides of the circuit are grounded we
can take each branch is considered as

one circuit

0
L= B 1020 o o
X, j2
E _ 0
Iy=—t= u=3.334—1800
X, J
0
Lo B 102200 o o
X, Jj4

Positive sequence current,

11 = %(Ia + a]b+ azlc)

Where a=12120°

A Z%(S Z-90°+ 1/ 120° x 3.33 /-180°

+1 £240° x 2.5 £30°)
=3.510 £-81°

05. Ans: (¢)

Sol: V,, =277 20°
Vin =277 £-120°
Ven =277 £+120°

VO = %(Van + Vbn + Vcn) = 0

Vl = l (Van + avbn + O(az\fcn)

= W

=~ [277 £0° +(1 £120°)(277 £ —120°)

W

+(1.£-120°)(277 £120°)]

[3x277 £0°]=277.£0° V

1
3

V2 = % (Van + a2vbn + avcn)

% [277.20° +(1 £ 240°)(277 £ ~120°)

+(1.£-120°)(277 £120°)]

Il
=
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06. Ans: (b) 08. Ans: (i) V,=1429 volts
Sol: Per unit zero sequence reactance diagram of (i) V, = 1905 volts
the given single line diagram is shown Sol: Given data:
below. 01
jo.1 j0.05 007 3x025 5 (i) Xjq = JT =j0.05
o —EEE N —e—e- Y N e —— s —— NN —v—
g Xlo XTo 3Zn .
R Xoeg = 0.1 =j0.05
< | Zyp +—
2, X, X0t i
™ 2
” E
= I = I R1
© 0 Ry Xleq + XZeq + XOeq
Thevenin equivalent impedance, Z; at ‘B’ 10
is Z, = jO.1+ j0.05+ j0.07 +0.75 “02° =5.0p.u
= + /
0.75+/0.22 Vi = 31ro X = 3%5%0.05 = 0.75p.u
6.6x10°
. V. =0.75x = 2858volts
07. Ans: (b) n N
Sol: Given data: 2858
X;=0.3, V,= - = 1429 volts
X,=0.4 .
’ .. 0.1 .
Xo = 0.05 (ii) X, = JT ~ 0.05
Fault current = Rated current .
Xoeo = d0-1 _ 10.05
Iipu=10p.u 29 T, =Ju.
0 < 3Eq, Xoeq = Xo + 3X, = j0.2
X +X,+X,+3X, ., Eq, _2_333
1.0 (X1 + X0+ X0+ 3 Xo) = 3 RO T X g+ X + Xy 03
0.3+0.4+0.05+3X,=3 Vi = 3Iro Xa = 3x3.33%0.05 = 0.5 p.u
Xn=0.75pu 3
) V. =0.5x 2009 _1905vilss
kV 3
X =0.75
MVA,
2 09. Ans: |I¢|=8.39/4-47.83 pu.
=075 2% |- 14280 ns: 1l P
10 MVA Sol: Given data:
Two identical generators are operate in
parallel and positive sequence reactance
diagram is given by figure (a).
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1G, leg

Fig.(a)

_j0.18

leq

= 0.09jp.u.

where X;g) = positive sequence reactance in
p.u. of generator (1)

X2 = positive sequence reactance in p.u. of
generator (2)

Negative sequence reactance diagram 1is

given by figure (b).

qu g X3, <= X,
Fig (b)
j0.1 .
Xoeg = 10.15 =0.075)p.u.

Since the star point of the second generator
is isolated. Its zero sequence reactance does
not comes into picture. The zero sequence

reactance diagram is given by figure (c).

Xog,

Xy, <X

Oea

3R,

Fig.
Now all values are in p.u. ,then
20
R, =05 XF =0.08pu

o Xoeq=j0.1 + (3 x 0.08) = 0.24 + 0.1j

For LG Fault, Fault current

3E,,
X, +X, +X

leg 2eq Oeq

(If) = 3IR1 =

[ - 3x1
" j0.09+j0.075+ j0.1+0.24

(Assume Er; = 1.0 p.u.)

3
0.24 + j0.265

| I = 8.39 pu

10.
Sol:

Ans: (d)

Given data:
Zy=j0.1+0.1 = j0.2;
Z;=j0.1+30.1 =30.2

Z,=0.05
ZZ 7
Z,=2,+Z,
I, = £
Y Zy+Z,+72,+3Z,

1
0.2+ j0.2+0.34j+ j0.15

For L—G fault

=—j1.12 (pu)
20x10°
Iz (Base Current) = ———
V3x6.6x10°
= 1750 Amp
I (fault current) = (31,.) Is
=— j5897.6A
Neutral voltage V =1,.Z,
2
Where Z =7,x0.05= (i—z)x 0.05

=0.1089Q2
Vn =5897.6 x 0.1089 = 642.2 volts
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11. Ans: 7kA From figure (a), I, =— I,
Sol: Given data: X; = X, =j0.1, Xy =j0.05 From figure (b), L.i =— a2
[ E Positive sequence current
X +X, + X, . E,
al = T
Xieg T X
= : 1 : =- : =4pu e 2eq
j0.1+j0.1+j0.05  j0.25 (assume pre-fault voltage E,;= 1 pu.)
3 Positive sequence current
Lo :MXZ7kA a )
J3%6.6 1+ j0 :
al = ————— = —2]pu
j0.2+j0.3
12. Ans: V,3=13.33 kV Negative sequence current (Ip) = — I
Sol: Given data: =2j pu.
Xieqg = 02 pu., Xz = 03 pu. and A zero sequence current doesn’t exists in

Alternator neutral is solidly grounded (X,=

0)
Ial;: _IaZ
A"

Xle Ia2
Va2
al X s
Ea] § 2eq

Figure (b) Sequence Network with respective Fig.(a)

1.=0

»-

Figure (a)

rFigure (a)

Y

p—
o

Figure (a)

L-L fault because this fault is not associated
with the ground

Sl =0.

In this LL fault, fault current (Ir) = |Ip| = ||
b = Ipo + Ipit+ Iz

=0+ Ky +Klp (L =-1)
=(K*-K) L,
=[(-0.5-j0.8667) — (0.5 +j0.8667) ]l
=—71.732 1
Eal
I =3Iy =3 x ——
leq + X2eq
= 4/3 x=3.464 p.u.
. Fault current (Iy) = |Ip| = |L
= 3.464 pu.
Base MVA
Base current =
3 x Base voltage
6
= 210 59344

V3 x13.2x10°
.. Fault current in amps,

Ifactual = If pu X Ibase
=3.464x1093.4
=3787.5A.
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Var =Ea—1Ia Xleq [ = Eal
=1+j0—(~2j) (j0.2) o XX
1
=1-0.4=0.6p.u X, + X,

Var =—lap xXoeq =— (2j)x(0.3j) = 0.6pu B 1.05
5| Vai] = |Va2| = 0.6 pu - 0.2x(3x0.05+0.08)
For Phase ‘a’, ‘ 0.2+(3x0.05+0.08)
Va = Val + VaZ + VaO ( VaO = 0) = 342

=2V, =2x0.6=1.2 pu. Substitute I,; value in equation (1)
For Phase ‘b’, 0.2

5 w1, =3.42 i =1.59

Vb=V + A" Vy +AVy 0.2+(0.15+0.08)

— (12 . <

= (kKK Va (" Var = Va) =3To=3x159=477 = 48 pu

= (-0.5-0.8667)) + (- 0.5 + 0.8667)) Vai

— 0.6 pu. S 4.77{ 15 }kA
But we know that Vi, =V, J3x13.2
Line voltages, Voo = V. — Vi

=1.2-(0.6)=1.8 p.u. 14. Ans: Ig; = 6.22 kKA
Vie =Vp— Ve =0p.u. Sol: Given data:

Vea = Ve =V,
—_0.6-(12)=18pu.

Var=1.8x% 132 =13.33kV,
V3
13. Ans: I;=4.8 p.u
Sol: Given data:
\@ = LLG

The rating each generator 20 MVA,

6.6 kV, X; =X,=0.12 pu,

Xo=0.05pu

X, =0.05

The sequence reactance X; = X, = 0.1 pu

Xo=0.3 pu
_J0.12

+j0.1=j0.16

leq

Xzeq = Xleq :J016
XOeq = X0+3Xn +X0
=j0.05 + 3(j0.05)+j0.3=j0.5

13.
Prefault voltage = 139 _ 1.05 E,,
13.2 I, = "
Current through ground = Fault current Kieg + S
XZC + XOc
If = 3 Ia() q q
X, ~ 1.0 10
[,=-1 4 1 1 B
20 4N, X 1) 0164 0:-16x0.5 02812
a a 0.66
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I, =3.55pu =3.55x

15. Ans: (¢)

20 =6.22kA

\/§><6.6

Sol: Equivalent reactance seen from the fault

point

(j0.3 + j0.08)x (j0.1 + j0.08)

U701+ J0.2 + j0.08 + j0.08 + j0.1
~j0.12214
Fault level current = 1/Xpuy = 1/J0.12214

16. Ans: (¢)

Sol: SC MVA =

€q

= j8.1871

Base MVA

0.1

X, N :0.16{m} ~02
800
L 02x025 1
“ 045 9
1000

<. SC MVA =—— =9000 MVA
(1/9)

17. Ans: (b)
Sol:

0.06

X, New on 15 MVA Base

15
= 0.10|—=|[1]* = 0.15 p.
[10}[] p.u

= 3.33{ 15 }22.621(A

\/gxll

I, =833-333=5

15

«/gxll

ItG1(actual) = 5[ } =3.93 kA

18. Ans: Iy =11.43 pu

Sol: Given data:
Per unit positive sequence reactance
diagram of the given system when the

breaker closed is shown in fig.

|4 0.2pu | 03pu 7§ 3|
W 4 | LA
XT XI
X4=0.2pu T T X
X X
1 pu leq 3eq Ipu

The equivalent reactance with respect to
point “1” is [short circuit 1P.u sources]
X, =X, +X,)/(X, +X)
_ 04x(03+X) 0.12+04X
04+03+X 0.7+X
Given prefault voltage (Vi) = 1pu.
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|4 1.0
.. Fault current(/, ) = — I;)= ——=5.263pu
)=%" 7019 P
1 110x10°
= =5 pu 1 ase — T —————————— — 5773.5A
(012+Q4Xj e Bxl1x10°
0.7+X
Ifactual = Ibase X pru
0.7+X=50.12+04% ~ 5773.5 x 5.263 = 30.39 kA
2. X=0.1p.u
To find ‘fault level at bus ‘3°: ' ‘ 20. Ans: (d)
The equlva‘lent reéctance w.r.t. point ‘3’ in Sol: In phasor diagram [V1| > [Va|, so fault may
reactance diagram is not be at location P. If fault occurs at any
Koy = (X, + X, + X)X point, the voltage will be almost 90° lead
=(0.2+0.2+0.3) // 0.1 with the current at that point.
_0.7x0.1 0.0875 pu In phasor diagram currents I,,1, are almost
y 90° lag with respect to Vg .
.. Fault current (I f3)= E : = =
X., In phasor diagram current 1,,1, are almost
90° lead with respect to Vg .
= L0 a3 pu y K
0.0875 But in given diagram I,and I, are in
19. Ans: (¢) reverse (or) out of phase.
Sol: All the conditions are satisfied if the fault
~ — | occurs at a point ‘S’.
H )
21. Ans: (a)
Sol: For a line to line fault on a generator

3-phase fault

0.198x,”

For a 3-phase fault

Fault current ;= —"

leg

where, £, = Vin = 1.0 p.u, Xieq = X )

through a fault impedance of Z; the
sequence network is as follows.

7, Lais
il —>

Zs Z; Laos
e

O

E

a

J = e
VO Z+Z,+Z,
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Sequence network with zero fault Ip =1, 290
impedance is as follows — Vit Lags I
7 Lo (i1) Fault at F,
“FEE —>-
I A B
Z a20 F, |=In F
— Enss O————]—FO Es0
<~> E, VFQZOO 7
For a fault /,:
E Both Generator 1 and generator 2 are
Laro = 7 : 7 supplying the fault current the voltage at
4 bus A due to generator 1 the angle of
Iy = kly . o ..
‘ ' generator is O and it is positive so that
—J \/glalf =k (_J \/glaw) the voltage angle at bus A is also
E, KkE, positive Hence V, Leads I

Z+2,+Z, Z,+7,
W+ 2 =kZ kZy, + ka
Zi(1 = k) + Zo(1 — k) = kZ;

Zi= (Zl +Zz)(1_k)
k

22. Ans: (¢)
Sol: (i) Fault at F}
A

Now 1, is also £-90

= Vm leads Im

23. Ans: (a, ¢)
Sol: For 3-¢ symmetrical fault,
1 1 1
f=— =2>X;=—=—=0.05
! YL 20 pi

1 f

For LL, fault

Fio| ~ln ]|3 Ij= - \/EI
Exss () 7 = —( Es0 £= =3I,
Vi £0° Li=10pu= XX,
For a fault F: X;+X,=0.1
Both Generator 1 and generator 2 are X, =0.1-0.05=0.05
supplying the fault current the voltage at For LG fault
bus A is due to generator 2 The angle of 3
generator is zero so that the voltage e m
angle at A is negative. Hence Vp lags
Ir E, Lo Lao
I; fault current will be 7,£-90°
X, X Xo
I == I, = (1£180%).£-90°
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Lo= _ x X, (i1) Accelerating torque T, =?
WU MTX O RX, P
P, =T,» T,=—
1 X, 0)
L= X
(X0||X2)+Xl X2+Xo Pa:Ps_Pe
0= 1 . 005 Py =26800 x 0.735 = 1998 kW
(X, [10.05) 0.05+X, P,=19698 — 16000 = 3698 kW
Xo=0.025 pu 3698
a —m - 23.54 kN - m.
24. Ans: (b, ¢) 60
Sol: Ls=3 mH; L,,=0.1 mH (i) M dz? =P,
Lo=L,+ 2Ly N
=3+2(0.1) - S8 159 _
nf 180x 50
=32 mH &5
Loy =Lp=Li—L,=3-0.1=29mH ESRE Q¥
d’s 3698 2
25. Ans: (a) oo B 184.9 elec. deg/sec
Z, . 1 1 1]|2Z
Sol: | Z, |=5|1 a '}z, 02. Ans: (c)
Za: ba ajz Sol: Given data:
Za-—(z, +az, +2°Z)) N; = 3000,
f=60 Hz,
P 60 MW
4. Power Systems Stability 3 = cos¢p 085 70.58MVA
1
01. Ans: (i) 180 MJ (ii)23.54k N-m 5 lo; '
(iii) 184.9 Elec.deg Isec? H = 4 due to moment of Inertia, there
Sol: Given data: is no sudden change in angular velocity
H=9 kW —sec/kVA 1 (27N Y
_ —1 S| x107¢
K.E = stored? 2 60

K.E stroed

(1) Inertia constant H=— -
rating of the machine

K.E stored =H x S
=9x20 MVA
=180 MW —sec = 180 MJ

7058
L (8800) (2”3000}106
2 60

70.58
=6.152 MJ/MVA
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03.

Sol:

04.

Sol:

_ SH _ 70.58 x 6.15 — 0.04825
180f 180x50
Ans: (d)
Inertia constant, H o 1 :
MVA rating(S)
S
HA new = HA old X ?):
:L6ngz=40pu
100
HB new = HB old o
=1.0x 200 5.0 pu
100
Hl’q :HA new + HB new *

=4.0+50=9.0pu

Ans: f,=1.53 Hz

Given data:

Since the system is operating initially under
steady state condition, a small perturbation
in power will make the rotor oscillate. The

natural frequency of oscillation is given by

1

(5,
f — d6 30

" M

As load increases, load angle (3) increases,
there by Sind, increases.
-.sin o, = loading
At 60% of loading sin &y = 0.6
dp = 36.86

We know that P, = %sin O »

where E = no-load voltage,

V = load voltage

EV

dP,
=——cos9,
X

c

do

_Lix
(0.3+0.2)
SH

Moment of inertia M=—f ,
T

c0s36.86=1.76

where S = Rating of the machine,
f = frequency,

Inertia constant , H =3 MW-sec/MVA
(. Assume rating of machine 1 pu.)

1x3 3

:> _

x50  50m
The natural frequency of oscillation at 60%

loading,

o)

1
= (1.76><507ﬁj2 = 9.6 rad/sec

= %Hz =1.53Hz
27

05. Ans: 12.7

Sol:

1000 _

H=——=4MJ; 6§=10°
250
P;=P,=60MW
=0+ Ad
At P -
AsslA) _P-P
2 M

_(ar) _60-0_ (0.1)
2 5SH T 2
180 f
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_ 60x186x50 (0.1)°

Ad
250x 4 2

2
6><180><5><(0'1) =2.7°
2
o0=10+2.7=12.7°
06. Ans: 27 deg
Sol: Given data:

E=1.1pu V=1.0pu

Assuming inertia constant (H) = 1pu
P= gsin )

X
X=j.015+;.015 =;0.30pu

sind = %
EV

_j0.3x1
1.1x1.0

5 =15.82°

M=@=1.11x10"4pu
nf

1.0-0.0
a(+)_T_

0.5
0 )=— "7
a(0,) 1.11x107*

A3, = (At) a(0.05) x 4504 =11.26 deg

=0.2727

0.5

= 4504 deg/sec’

Rotor angle 6, = &g+ Ad
=15.82+11.26
=27deg

07. Ans: ., = 70.336°

Sol: Given data:
0=30%Pm=0.5Pnp=15P;=1.0
So(rad) = 0.52

08.

Sol:

S, =180—sin' b
Pm3

=180—sin™" (Qj
1.5

Smax: 180 —41.80=138.18

max

§  =138.18x——=2.41
180

5 —cos! [1.0(2.41—0.523)+1.5005138.18—0.5cos30°}
. 15-0.5

V3

1.00><1.887+1.5><—0.7452—0.5><7

=cos ™!
1

=cos ' [1.887+(~1.1175)-0.433]

=cos ' [1.887 — 1.5505]
= cos ™' [0.3365] = 70.336°.

Ans: 8. = 55°
Given data:
P;=1.0p.u
Pmi=18p.u
Xieg=0.72 p.u
X2eq=3.0p.u
X3¢ = 1.0 p.u

el

X
Pr3=Pmi X 1, where 1, = X_l

3
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Substitute these values tot get Py & P 5 _ COS_1|:PS (Sm _ 50) +P., cosd, }
-P,=1.8x 03'702 =0.416 P
P = 1.245 cos_{1.0(2.48 —0.471)+1.65 cos(142.7)}

" 1.65
5, =sin” [ - 2.48-0.471)-1.31
’ P 80=Cosl[(' —0471)-1. }
1.65
80=35.17°=10.614 rad y
=cos ' [0.423] = 65°
P
S, =180—sin”'| =
Pm3
126.56° = 2.208 rad 10. h: R 3
T oL sTe T Sol: Given data:
P —-0,)+P 5 —P o
80‘, = Cos’1 |: s ( max 0)+ij i(;s 2max m2 COS 0i| PS = ]?e1 = 1_0
5 —cos | 10(2:208-0.614)+1.245¢05126.56 ~0.416c0535.17 Pel =2.25in0d
w608 1.245-0.416
P =22
8er = 51.82° =55° 1
P_=0,P, =0

09. Ans: §. = 65° Py, =P, =22

Sol: Given data: 0o =27°
Py=P, =1.0 8o(rad) = 0.471
Pey =2.2 5md 5, =180-5, =153° =153 x —— =2.66
P =22 180
P =0,Pp=0 5 COS_1[1.0(2.66 ~0.471)+2.2 cos(153)}
Pm3=0.75 x2.2=1.65 . 2.2
5, =Sm1( P, j:ml(l] 5 = COS_1[2.66 -0.471 —1.96}

P 22 2.2
—270x = 0471 0. =84
180
5. <1 8O_Sinl( P, J 11. Ans: 0.20682 sec
P.; Sol: Given data:
. 4( 1.0 S=1.0,H=5,38=68.5° 8 =30,P;=1.0
=180 —sin'| — |=142.7°
165 L [PMG.-3)
8, =142.7x - =2.48rd g
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. _ [2xSHE, -8
< nf(P,)

2x1.0x5(68.5-30)x
180

fe = x50 1.0
=0.20682sec
12. Ans: Permissible increase = 60.34°
Sol: Given data:
Ps=2.5p.u.
Piax1 = 5.0 p.u.
.. Before fault @ =0,0=09y,P,=0
dt
Py =P
Ps = Ppax1 sin 09 = 0p = sin_l[ e }
max |
8o = sin™ [EJ
5
S = 30° =0.523 rad
Prax2 =2 p.u.
Pmax3 =4 p.u.

Omax = 180° — sin_l{ P, }

max 3

=180 — sinl[g}
4

=180 —36.68
Omax = 141.32° = 2.4664 rad

P[5 —&Ix—" +P .
s (8 o]xlgog+

P..—-P

max; max,

2.5[141.32—30]><% +4.cos(141.32)—2cos(30°)

4-2
_ 4.84+(=3.122)-1.73
2

cos 8. = — 6x10°°
8. = cos '(=6x107) =90.34°
Permissible increases = 0. — g
=90.34° - 30°
= 60.34°

13. Ans: (d)
Sol: Given data:
V =1.0pu; %, =0.12pu; |[E|=1.0pu

C 0.12pu

1.0pu

X
1124
X
11114

V=1.0pu

when one of the double circuit tripped, then

_ D1
T 02+x 02 OV

14.
Sol:

Ans: (¢)
Before fault
Mechanical input to alternator
(Py) = electrical output (P,) = 1.0 P.u.
Given §=30°, V=1.0P.u
During fault

KXeg = % pu
E=1.1pu,V=1.0P.u
‘3’ value cannot change instantaneously.
.. Initial accelerating power

(P)=P,~P,

1.1x1.0 .

sin 30°
e
[o8)

P,=0.56 P.u

P,=10-
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15. Ans: (a, d) 5. Load Flow Studies
Sol: KE = ljoaj = l><10“><(4TEXSOJ
2 2 2 01. Ans: (a)
=493.5 MJ Sol: Given data:
H= KE :493.5 —4.93 sec Y23 2]10;}/23:—Y23:—_]10
MVA 100 1
Z,, =—=]0.1
lMO)S ” Yas
=2
G
M = 2GH 2GM GH 02. Ans: (¢)
(OX 2nf nf Sol: Yll =Vi3 + Yi2
— -1 + -1_ .
M= 4.93x100 _ 3.14 MJ/ele.rad (10.2) (0.5) 17
x50 Y2 =ya21 +y23
Y33 =y31 +y3n
s = w £ 314116 rad/sec — (0.2 +(G0.25) " == 9

03. Ans: (a)
Sol: Y1 =(—30)+ (j10)=-320

16. Ans:a,b,c & d)
Sol: Power system transient stability can be

improved by Z11= j0.05
1. Kinetic energy (KE) is 493.5 MJ Yi2=-j10
2. Inertia constant M is 0.0493 MJ sec per Z1;=j0.1

elec.rad

3. Inertia constant H = 5.24 sec 04. Ans: (b)

Sol: Given data:
We know that

4. Angular speed is 314.16 rad/s

17. Ans: (c, d) Y22 =ya1 Ty tyx
Sol: During transient stability analysis using Yo1 = -yai Y23 ==y
equal area criteria, we assume From the data, Y2, =~18, Y21 = 10,
e rotor speed of the machine constant :{{Z Z ;0
e Accelerating area is higher than the _18= (=10) + ya + (~10)
decelerating area for unstable system — y2 =20 18
For stable system (A)decat > (A)acel- Shunt Susceptance, y = 2.
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05. Ans: Y;=j0.8 yiz =730.0016x100 = j0.16
~144 10 5 y;; = j0.0016x 200 = j0.32
Sol: Y, =j| 10 -115 25 ¥ =j0.0016x250=j0.4
5 25 -63 X 1
Yio , Y3
' ' Y=Y, +y,;+——+—
Y, _ Y +—2+4Y,+Y,, =-144 n= et N 2 2
2 2
. =—jl0—3j5+30.08+j0.16
Yio=-Yi2=j10 .
Yu=—Ya :j2.5 - 14.76 1 .
Y31 =-Y31 =35 y Yy
! 3T Y22:Y12+Y23+%+%
Y, +Y!, =2[-j14.4+ 10+ 5]
“12 1) g, et
Similarly =-J13.72
1 1
Y, +Y.,.=2|-j11.5+3j10+ j2.5 y y
2T Iy [ J J J ] Y., = Vis+ Vs +f+f
=72 i (2) . . . .
YL +Y! =2[(5+25-6.3)] —J15-j4+)0.16+0.2
=24 . 3) w | |
Y1’2 n Y3'1 =il.2WM. | (1) Y,=-y,=]10+Y;=-y;=35Y,;,=-y,; =}
Su,btract’ing (2’) and’(3) \ 1476 10 5
Yo +Yys Y, —Y;=)2—)2.4 Yeus=J 10 —13.72 4
=Y,-Y;,=-j04 ......... )] 5 4 —8.64
Solving equation (1) & (4) we get
YY; =jo.8 ~2976 20 10
07. Ans:Y, =j 20 —-27.72 8
—14.76 10 5 10 8 —17.64
06. Ans: Ybus Ij 10 -13.72 4 Sol: Z1n :_]00005 % _]005
5 4 -8.64 yi2 = —20j
Sol: z;, =j0.001x100=j 0.1 y13 =j0.0005 x 200 =30.1
yi2=-j10 yi3=—j10
713 =j0.001x200 = j0.2 Zp3 =j0.0005 x 250 =30.125
yi3=-j5 y23 =-j8
y23 =70.001x250 =30.25 y;, =j0.0016x100 = j0.16
y23 =—j4 y!, = j0.0016x 200 = j0.32
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y5; =j0.0016x250 = j0.4 =—j10 —j4 +j0.04 +j0.1
' ' = —1386
Y =yntyst y212 +% y! Y
) ) ] ) Y33:}’13+Y23+%+%
=—20—10 +j0.08 +j0.16
=_§29.76 =—j5 -4 +j0.04 + 0.1
' ’ = —J882
- Y3, Y3
Y=Yty t 2 " 2 Y, ==y, =]10;
=—10-38 +3j0.16 +;0.2 Yi3=-y13=j5;
:—j17.64 Y23 =—-¥23 :j4
Yi2=-y12=j20; Y13 =-y13=j10; ~14.88 10 5
Y23 =—y23=]8 Yos=j 10 1386 4
—-29.76 20 10 5 4 —-8.82
Yeus =1 20 -27.72 8
10 §  —17.64 09. Ans: 3500 (3500 t03500)
Sol: Given data:
—14.88 10 5 Number of Buses (N) = 1000
08. Anms: Y, =j 10 ~13.86 4 Number of non- zero elements = 8000
5 4 —8.82 = N+ 2N, (N, = Number of transmission
Sol: 712 = 0.001 x 100 = 0.1 lines)
. 1000 + 2 x N; = 8000
Y=o N, = 3500
z13=j0.001 x 200 = j0.2 s
yis =5 .. Minimum number of transmission lines
37—
723 = 0.001 x 250 = j0.25 and transformers = 3500
y23 =—j4
.. ) 10. Ans: 14 to 14
y;, =j0.0008x100 = jO.08
. . Sol: G - Slack bus
yis = J0.0008>x200 = j0.16 G, — having reactive power
Y =y, y,+ Y N y_;3 When it is. operating at. Q; max means tl.ler.e
2 2 is a reactive power divergent. Hence it is
=—10—j5 +j0.04 +;0.08 working as load bus.
=—j14.88 G; — 2 equations
_ Y, Y G; — 1 equation
Yy =Y +¥u+ -+
2 2 G4 — 1 equation
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L; — 2 equations
L, — 2 equations
Ls — 2 equations
L¢ — 2 equations
L; — 1 equation
Ls — 1 equation

Total No. of equations are 14

Postal Coaching Solutions
From (1),

A(8)=P—1.45ind - 0.15 sin25
f(0)=-1.4 cosd — 0.3c0s20
f(d) =0.8-1.4sin30° —0.15 sin(2x 30°)
=-0.0299
1 (80) =—1.4c0s30° — 0.3cos(2x 30°)
=-1.2124-0.15=-1.3624
According to Newton Raphson method,

11. Ans: (b) s —5 /)

n+il — Sn ’

Sol: Total No. of buses = 100 A (SH)
Generator bus =10 -1 =9 5 —5 7(8,)
Load busses = 90 o f,(So)
Slack bus = 1 n (=0.0299)
If 2 buses are converted to PQ from PV it "6 (-1.3624)
will add 2 unknown voltages to iteration but & =0.5016 rad
unknown angles remains constant. 8, = 28.74°

12. Ans: 332 to 332 14. Ans: (a, ¢)

Sol: 183 Bus power system network, n = 183 Sol: e PV buses has generator connected to it.
Number of PQ npq = 150 e Largest generator capacity is considered
Number of PV Buses npv = 32

as slack bus.
Remaining of PV Buses in slack bus
Number of |v|’s to be calculated = npq
6. Load Frequency Control

Number of 8’s to be calculated = npq + npv
Total simultaneous equations to be solved 01. Ans: (¢)

= (npq) + (npq + npv) Sol: Given data:

=150+150+32=332 Nominal frequency is 60 Hz,

Regulation is 0.1.

13. Ans: (¢) When load of 1500 MW,

Sol: Given, - i 0.1% 60
P=14sin5+0.158in28 ... (1) e regulation = — =

ial 5. =300~ " 6
Initial guess 0o = 30° = g =— Hz/MW
1500
P=0.8pu
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02. Ans: (a) 05. Ans: (¢)
Sol: Given data: Af  50-48
D=2,R=0.025, Sol: % regulation = AL = —150% =100
We know that Change in load ap i
1 p 100
APD :—(D + EjAf N 2

03.

Sol:

04.

Sol:

where Af = change in frequency

1
0.025
.. AFRC = 42 MW /Hz

:D+i:>2+ =42 MW /Hz

Ans: (b)

Given data:

f =50 Hz, generator rating = 120 MVA
Generator frequency decreases 0.01

Af _ 0.06X

f 120
X = E X ﬁ = 04MW
50 0.06
Ans: (¢)
Given data:

The energy stored at no load = 5x100

=500 MJ
Before the steam valves open the energy lost
by the rotor = 25x0.6=15 MJ
As a result of this there is reduction in speed
of the rotor and,

.. reduction in frequency

P [500-15
500

01.

==x100 =4%
50

7. Circuit Breakers

Ans: (a)

Sol: Given data:

02.

L=15x10"H
C=0.002x10°F

1
f =——
" 2x4LC
1

= =29 kHz
214/15x107 % 0.002x10°°

Ans: (b)

Sol: Given data:

03.

[=10A,C=0.01 x 10°F,

L=1H
1 - 1 2 :2 2
—Li"=—CV = Li"=CV
2 2
V =i i
C
f 1
=10 ,/—— | =100 kV
0.01x10°
Ans: (a)

Sol: Given data:

=49.24Hz . S
Maximum voltage across circuit breakers
contacts at current zero point = Maximum
value of Restriking voltage (Vimax)
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Vimax = 2 ARV
ARV = K1 K2 K3 Vmax sin ¢

K; =1 — No Armature reaction

K; =1 — Assuming fault as grounded fault
K3 =1—> ARV/phase
17.32

5

x 2

Vmax =

Fault PF
cos =0
sin ¢ = 1

V.o :2{1x1x1x17'32x\/§x1}

N

=28.28kV
04. Ans: (d)
Sol: Making current =2.55 x Ig
=2.55 e 144.25 kA
\J2x25
05. Ans: (a)
Sol: For 1-¢, breaking current = F@MVA
25kV
=80 kA
Making current = 2.55[80 kA]

=204 kA

06. Ans: (¢)

Sol: R =0.5\/Z
C
_o5 |-2omH o4
0.025uH

Q

Postal Coaching Solutions
07. Ans: (¢)

Sol: A.R.V =K K; V,,sind
K, — first pole clearing factor
K; = 1.5 (LLL fault)
K, — Due to armature reaction
K, =1 (Armature reaction not given)
¢ - p.f angle of the fault
cos ¢ =0.8 = ¢ =36.86°
Vm = maximum value of phase voltage of

the system

132kV «\2

NE]
132

A.R.V=15x—=x4/2 xsin 36.86

J3

Vm:

=96.7kV
08. Ans: (a,b & d)
Sol: 1. Circuit breaker-Over current protection
2. Lighening arrester — Over voltage
protection
3. Exciter- Voltage control
8. Protective Relays
01. Ans: (d)
Sol: Relay current setting = 50% x5
=0.5 x5 =25
PSM — primary current (fault current)
relay current setting x CT ratio
2000
=——=10
4(5)0 x0.5x5
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02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

Ans: (¢)
The minimum value of current required for
relay operation is the plug setting value of
current.

.. Minimum value of negative sequence

Current required for relay operation
=02 x% =1A

But for a line to line fault, I, =-I;

And fault current (I, )= 3 Iy,

=43 x1=1.732A

.. Minimum fault current required
=1.732 A.

Ans: (a)

From figure, it is clear that zone 2 of relayl
and relay 2 are overlapped. If there is a fault
in overlapped section (line 2), the fault
should be clear by relay 2. Hence zone 2
operating time of relay2 must be less than

zonel operating time.(TZ2y, > TZ2;,)

Ans: (b)
i1, = 400x - =20 _ 66,66
i, 66 6
. 5
i,=—==2.88
RVE)
¥—2 =23:1
1,
Ans: (b)
The active power restrained over current

relay will have characteristics in R-X plane.

06.

Sol:

07.

Sol:

08.

Sol:

X

»
7

Ans: (b)

CT ratio = 400/5 = 80

Relay current setting = 50% of SA
=0.5 x5A
=2.5A

PSM — Primary current (fault current)

Relay current setting x CT ratio

_ 1000

 2.5%x80
The operating time from given table at PSM
5 is 1.4 the operating time for TMS of 0.5
will be

0.5x1.4=0.7 sec

Ans: (b)

Timax ¢ cos(0 — 1)

When, cos(6 — 1) =1, Trax= 10, 1=90°
Impedance of relay 0.1 + ;0.1 =0.1414.£45°
0 =45°

. T _
Operating torque - 1 cos(45-90)

max 1

T, _ cos(—45)
10 1

T, =7.07 N-m.

Ans: (a, d)
1. Non-directional relay at the source end

2. Directional relay at the load end
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9. Fundamentals of Power Economics

01. Ans:.(i) P =20 MW, P, =20MW,

A=18.4 Rs/MWhr

(i) P; = 125 MW, P,=125 MW,
A=32.5 Rs/MWhr

(iii) P; = 63.636 MW, P, =86.364 MW,
A =26.36 Rs/MWhr

(iv) 40 MW; (v) 70 MW;(vi) 250 MW

(vii) 235 MW

As per equality constraints P;+P, =40 ...(1)
From the coordination equation I;; = I,
0.1P; +20=0.12P, + 16
0.1P; —0.12P,=—4 .......... (2)
Solving (1) & (2)
P;=3.6363 MW
P, =36.3636 MW
G violated its min power limit
Py =P min=20 MW
P, =40-20=20 MW
Ic; =0.1 x20 +20=22 Rs/MWhr
Ic2=0.12 x 20+ 16 = 18.4 Rs/MWhr
A always decided by the unit (or) group of
units which are participated in the
economic dispatch.
- A =18.4 Rs/MWhr
(i1) Pp =250 MW
S PP, =250 MW .......... 3)
0.1 P;+20=0.12P,+ 16

=0.1P-012P,=—4.......... 4)
Solving (3) and (4)
P, =118.1 MW, P, =131.81 MW
G, is violating its maximum power limit.
S P =125 MW
= P;=250-125=125 MW
IC; =0.1 x 125 + 20 =32.5 Rs/MWhr
IC,=0.12 x 125+ 16 =31 Rs/MWhr
‘A’ is always decided by the unit or group of
units which are participated in the economic
dispatch.
- A=32.5 Rs/MWhr
(ii1) Pp = 150 MW
Pi+P,=150................ (5)
0.1 P;+20=0.12P,+ 16
=0.1P;-0.12P,=—4 ............ (6)
Solving (5) and (6)
= P, =63.63 MW
P, =86.36 MW
IC; =0.1P; + 20 =26.363 Rs/MWhr
IC, =0.12P, + 16 = 26.363 Rs/MWhr
. A =26.363 Rs/MWhr
(iV) Pp min = P1 (min) T P2 (min) - - --- PN (min)
Pp (min) = 40 MW
(V) Ppgminy €conomic dispatch

I')D (min) ED:
It 1s the minimum demand on two

generators, such that both generators operate
at the economic dispatch.

To solve for Pp min ED

Solve for Pp = Pp min

Calculate Py, P, and I¢y, I

Ic max = max {Ici, Ico}

Ici =Icmax = P1=7?
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I = Ic max = Pr =2 Ic; =31 = 0.1P, +20 =31
Pp min ED: P,=110 MW
Pp = 40, P; = 20; P, = 20 I, =31 = 0.12P, + 16.31
e =22, 1= 18.4 P, = 125 MW
I (magy = 22 R/MWhr Pb (maxy ED = 110 + 125 = 235 MW
Ic1 = Ic max P
0.1P; +20 =22 4 |
P, =20 MW i
0.12 P, + 16 =22 | |
P, =50 MW i
Pb min ED = 20 + 50 = 70 MW | i ! i
IC 4 Region I = . G, as per gnmm as pser Pomn ED s pe]rz PDnm&PDm; ED
1o 1
e DA S Ci (P))
31 , )
22 fe-de--- ST T eI fosssses ! ]
184 [~7=""""" | . : :
2IO ;0 IIIO 1I25 " i i
V1) Pp max = P1 max + P2 max 2;) 110 1I25 " PIMW
125+ 123 QT EPonbD PolED Po
vii) To solve for Pp nax ED
Solve for Pp = Pp max tc=c+c
Calculate Py, P, and I¢y, I . . .
I min = min {Tc, Iez} et i
Ier = Iemin = Pr =7 EZ}i(e)ilrateSmin‘ | tsl?::iisrﬁesmin. : |
lc2 = Iein = P2 =2 poer 1 dmanpoverimicy
Pp o ED =P, + P,
P max ED i i i i
Pp = P max = 250 MW )
P, =125 MW ; P, = 125 MW o s 250MW Py MW
Iei =32.5 & Ier = 31
IC min = 31
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02. Ans: Pgi =212.44 MW
“t 4C; _0.018PG, +7
P¢2 =56.51 MW ;
Pg3 =230.98 MW 1 1 8 7
dF, Mooz T0018) =% o012 0018
Sol: —L=-2.5I7, +601., 120 ' ' ' '
1 A[138.88] = 1655.55
F =
%——21§2+401C2—14o A=11.92
a® ’ P =Xgal ! 10'9021;8 =326.6MW
F .
~1.512,+501,-90 :
3 l)2:7»—&2:11.92—7:273.33MW
P, + P, + P3 =500 MW B, 0.018
Optimal generation schedule
Loy =l =l =2 04. Ans: (¢)
—2.5324+ 600 — 120 — 222 + 400 — 140 Sol: Gen A will share more load as its
—1.5224 500 — 90 = 500 incremental cost is less
—6A% + 150 A — 350 = 500
L =1631: =868 Sol: F,=0.2P] +30P, +100Rs/hr — 20< P, < 80
Pg1 = —2.5(8.68)>+ 60(8.68)—120 F, =0.25P; +40P, +150Rs/hr— 40< P, < 100
212.44 MWy —1L=0.4P, +30 Rs/MWhr
P = —2(8.68) + 40(8.68) —140 dP,
=56.51 MW dF,
5 —==0.5P, +40 Rs/MWhr
Pgs =—1.5(8.68)"+50(8.68)-90 )
=230.98 MW

03. Ans: P;=326.6 MW
P, =273.33 MW

Sol: C,(PG,)=0.006PG> +8PG, +350 —>
100MW < PG, < 650 MW
C,(PG,)=0.009PG> +7PG, +400 -
50MW < PG, < 500 MW

M+l 1304 22+ 20
04 0.5 04 05

450 =285= L=63.33

p Ao 633330 000y
B, 0.4
Pzle—gaz 6333240,
2

Note: Here Generator 1 is violating upper

Pp =600 MW limit which cannot be allowed instead it is
dC fix to generate 80 MW and remaining rest of
=0.012PG, +8 . )
. the load is shared by unit 2
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.. Pp=P;+P; When the load is equally shared
130=80+ P, = P; =150 MW, P, =150 MW
P, =50 MW Substitute P, and P, values F; and F,
.. Py=80 MW, P, =50 MW . F1 =0.05(150)* + 20x150 + x Rs/hr
F, =0.06(150)" + 15 x 150 + y Rs/hr
06. Ans: 79716 Rs/annum . (Fi+F2)equats = (7725 + x +y) Rs/hr
Sol: Given: , . saving = (F; + F2)equat = (F1 + F2)economic
Alternators capacity =200 MW ~ 91 Rs/hr
Load =300 MW L
. savings in fuel cost per annum
il = 0.1P, + 20RS/MWhr =9.1 x 365 x 24 Rs/annum
: = 79716 Rs/annum.
ji = 0.12P, +15 RS/MWhr
2 07. Ans: (¢)
When the load is economically divided | Qol; Incremental fuel cost of generator ‘A’ for
between two generators maximum power generation
dF _ dE, = 600 Rs/ MWhr
dp,  dP, Incremental fuel cost of generator 'B’ for
=0.1P;-0.12P,=-5 ........ (1) minimum power generation
Py +P,=300............ (2) =650 Rs / MWhr
Solving (1) and (2) As the incremental fuel cost for maximum
= P;=140.91 MW and P, = 159.09 MW generation of generator ‘A’ is less than t the
F = O.IP—12 +20P, +x incremental  fuel cost for minimum
2 generation of generator ‘B’ is Hence we can
=0.05P +20P, + x Rs/hr operate the generator ‘A’ at its maximum
p2 output of 450 MW and the remaining will be
F, = 0'1272 +15P, +y generated by generator ‘B’.
=0.06P; +15P, +y Rs/hr
Substitute P; and P, values in the above 08. Ans: (¢)
equation Sol: gar _ b+ 2CP, Rs/MWhr
Fi =0.05(140.91)* + 20x140.91+x Rs/hr !
F> = 0.06(1589.09) + 15x159.09+y Rs/hr 9 b+ acp, RSMWHN
. (F1#+F2)Economic = (3810.98+x+3904.92+y) 2
= (7715.9 + x + y) Rs/hr For most economic generation
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09.

Sol:

&
dp,  dp,

b+2CP, =b+4CP,
P, =2P,
Given P,+P,=300
2P,+P, =300
P;=200MW, P, = 100MW.

Ans: P; =300 MW, P, =50 MW
PL = 90 MW

O PL:BuPl2 >_l

©

Py=260MW
10
B, = =0.001
1002
P1+P2—PL:Pd:26O
P, +P,—B,, P/ =260
P, +P,—0.001P} =260 ........... (1)

Assuming lossless problem

9C, _dCs .02, +16 = 0.04P, + 20
dp,  dP,

-4+ 0.02P; = 0.04P,

~0.02P, -4
: 0.04

P,=0.5P; — 100 .......... )
Substitute (2) in (1)

P, + 0.5P;—100-0.001 P/ =260
1.5P;—0.001 P>—360 =0

0.001 P’ ~1.5P;+360 =0

= P =300 MW
P,=10.5 x300- 100
=50 MW

P; = 0.001 x 300> =90 MW

10. Ans: P1=133.33 MW
P, =100 MW
P4 =215.53 MW

|
|x=25}_l}

d

Sol:

) Ok
L=1

o0
dp, ' dP,

0.06P,+ 19 =25

P2:25_19:100MW
6

@
dP,

(0.01P1+17):7{1—dPL}
dp

1
(0.01P1+17)=25(1 — 2By,Py)
P, =By, P12
10 = By, (100)?
B =10
(0.01P1+17) =25(1 — 2 x 0.001P)
0.01P;+ (0.025P;)2 =25 -17
0.06P, =25-17
P, =133.33 MW
Power received = P4=P;+ P,— P.
=133.33 + 100 — (0.001)(133.3)?
=215.53 MW
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11.  Ans: (b) P =P, = 200MW
Sol: P-1 P-2
| | P02
© ;@ —© d,
1 1
L,= = =1.25
TP 1-02
Bi1=B12=B2=0,B» #0 OP,
P S S LiIc; = Lylc,
2R 10 0.25%200+175
oP Li=125 | = = 1.5625
! 0.15x200+150
1 1
L2: =
oP -
-k 1-2B,,P, 14. Ans: (b)
2 Sol: A load curve is a graph shown in the
1

= =1.25
1-(2x107° x100)

12. Ans: (¢)

Sol: Lo
1
o
|
L2:1
APp=5 MW
AP;1=8 MW
AP =8 -5=3MW
P AR 58 0375
P, AP,
Penalty factor L;= I =1.6
|_ AP,
AP

1

13. Ans: L;=1.5625, L,=1.25

HO

variation in power demand over a specific
time period.

Statement (I) is correct because the area
under the load curve represents the total
energy (units) generated during that period.
Statement (I1) is correct because the lowest
point on the load curve indicates the
minimum demand that occurs regularly,
which is the base load.

15. Ans: (a)

Sol:

Statement (II) is correct: When a generator
is located farther from the main grid, the
transmission lines required to connect it are
longer. Longer transmission lines inherently
have higher resistance and impedance,
which leads to increased power losses

(primarily IR losses) during the

Sol: dey _ 0.15P. +150 Rs/MWhr transmission of electricity.
. - . 1
dp, Statement (I) is correct: In the context of
de, 0.25P. +175 Rs/MWhr power systems economics and operation,
dp, B generators that contribute more to system
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16.
Sol:

losses are typically “penalized” through
(e.g., in the

calculation of Locational Marginal Pricing

economic  mechanisms
or LMP). This penalty reflects the increased
cost of delivering power from that distant
location to the load centres.

Relationship: Statement (II) provides the
technical reason (higher losses due to
distance) that justifies the economic penalty

described in statement (I).

Ans: (a)

Unit commitment is optimally out of the
available generating sources to meet the
expected load and provide a specified
margin of operating reserve over a specified

period of time.

17. Ans: (d)
Sol: Statement (I) claims that if losses are

included but not coordinated in solving
economic dispatch, then the overall power
loss decreases. This is incorrect. Economic
the total

generation cost to meet the load demand,

dispatch aims to minimize
subject to constraints including generator
limits and potentially transmission losses.

Statement (II) claims that if losses are
then the

simulation time decreases. This is true.

included but not coordinated,
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