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Candidates are required to give their answers in their own words as far as practicable.
Attempt Al questions.

The figures in the maygin indicate Full Marks.

Assume suitable data if necessary.

.a)

b)

b)

What are the consequences of mismatch between real and reactive power generation
and demand in a power system?

Form the Yis matrix for the following network. All impedance values are in per umt
system.

[4]
(4]

Component
Ly
0.03-+j0.08

Ly
0.02+j0.05

L
0.0254j0.06

Ty
0.1

T
30,12

.Gy
0.1

Gy
30.12

Z, pu

A 3-phase unbalanced source with voltage given by Vg, = [200 <25° 100 < - 155°
80 < 100°]" V is feeding a 3-phase star connected load with series impedance per
phase of Z; = 8§ + j24 Ohms and load neutral impedance of Z, = j1.5 Ohms. Determine

the:

(i) Symmetrical components of voltage
(i) Symmetrical components of currents

How do the symmetncal components help us in analyzmo unbalance electric power
system? Explain bneﬂy

In the network given below, compute the short circuit MVA for a fault at bus 2.

1 jo.os 2

[8]

[4]
[6}

=100 MVA

Q
Obase

(6]
[6]

What is synchronizing power coefficient? Where it finds application?
Derive the swing equation of rotor of a synchronous machine.

In the power system network shown below, find the rotor angle before occurrence of
fault at bus 3 when the rotor was running at synchronous speed whern the mechanical
input to the generator is 1 p.u. Also compute the critical clearing angle. [10]

1 j05 3 2 [V{=1.08 pu

@] e x-oam

Vi jo.1 7504 1<0°pu




4. ay For the network given below, compute the bus x%c)}tage'magnimde and phasé angles
for 1 iterations by Gauss-Seidal method taking initial voltage magnitude estimates of
1.0 pu and phase angle estimates of for the required buses. o - - 18]

Vi =105 <0°pu

[Vs| =1.03 pu

Pg@;;Zpu »
SI,=3+j15pu

b) For the system given below, find the initial power mismatch matrix and initial

Jacobian matrix. Take a flat start of V3@ = 1.0 puand 8P =0°% = {8}
{ - s i , _
ST 1% S NN
@*f } o 1+]0.5 |
1.0 <(@°

5. a) For a Double Line to Ground fault in an unloaded genérator, show that the positive
sequence network is connected series with the parallel connection of megative sequence -

and zero sequence networks. _ {61
b) Compute the sequence currents for a LLG fault at bus 3 of the following network. The
fault impedance is j 0.1 pu. All the parameters are in pu. , o (101

2»

Item X1 X 1 X
TG | 100 [015[035}005]
Gy, | 7 015} 0.15]0.05 |
Ty | 0.1 | 0.1} 01
T2 | ” 01| 61 |0
L7 1012]012] 03 |
I | » '0.15] 0.15-1 0.35 |
1 | » 02510251071}
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. : .

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

Clarify the concept of real power with frequency and reactive power with voltage in
power system network. [8]
What are the approximations in fast decoupled method? How does ¢his method imporve

the computational efficiency than the NR method in power ﬁfﬂ%w problem? Write an

algorithm for this method. [2+2+4]
Define Sequence impedances. For the star connected load show that impedance matrix
has non-zero elements on its diagonal matrix. [8]

The bus 1 is assumed as slack bus for the 3-bus system shown below. Find [V3], 63, and
Qgz. The transmission line is represented as nominal 7 equivalent network with series
impedance of z;=(0.0 + j0.10) and half line charging admittance y=j0.02. (8]

. Pcfﬂﬁﬁﬁ‘i

e (V=104

Show that the sequence component are decoupled for complex power flow in a power
system. [8]
Prove that the symmetrical component transformation is power invariant. Discuss also the

significance of zero sequence circuit. 6+2]
Two alternators are operating in parallel and supplying a synchronous motor which is
receiving 60MW power at 0.8 pf(lag) at 6kV. Single line diagram for the system and its

data are given below. Compute the fault current when a single line to ground fault occurs

at the middle of the line through a fault resistance of 4.033 ohm. 1101

Data:

Gy & Gy 111KV, 100MVA, x4:=0.20 pu, xgg‘:xg.g:().lﬂ pu
Ty: 180MVA, 11.5/1 15KV, x11=0.10 pu

T,: 170 MVA, 6.6/115 KV, x12=0.10 pu

M:6.3 KV, 160 MVA, Xv1 = X2 ™ 0.30 pu, XM(F—O.lO pu
Line:

¥1LINEl= XLINE2=3O-25 ohm, XL[NE(}:ﬁO.S ohm

T,
. v Lo~ e T
& Lhg v

kA

7



8. Obtain the sequence network for double line to fault at alternator terminal with zero fault

impedance.

9. Find the maximum steady state power capability of a system consisting of a generator
equivalent reactance of 0.4 pu connected to an infinite bus through 2 series reactance of
1.0 pu. The terminal voltage of the generator is held at 1.1 pu and the voltage of the
infinite bus is 1.0 pu. ‘ ‘ -

10. How power system stability is classified? Derive the swing equation for the rotor angle of
the synchronous machine.

ook

61 -
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3.

4. Consider a three bus system of figure, each of the three lines has a series impedance of

Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary. -

Explain bus classification in power flow analysis with theif known and unknown
quantities and hence formulate the bus admittance matrix for four bus system.

A synchronous generator and motor are rated 30MVA, 13.2kV and both have subtransient
reactances of 20%. The line connecting them has reactance of 8% on the base of the
machine ratings. The motor is drawing 20MW at 0.8 pf leading and terminal voltage of
12.8 kV when a symmetrical three pbase fault occurs at the motor terminals. Find the
subtransient currents in the fault occurs at the motor terminals. Find the subtransient
currents in the generator, the motor and fault by using the internal voltages of machines.

For the system in figure below, perform the load flow analysis for the first iteration by G-
S method. :
BusNo.| Voltage Generator Load
P Q P
1 1.03 <0° pu - - - -
2 1.01 pu 0.3 pu - - -
-3 - - - 0.4 pu 0.2 pu

(0+j0.08) pu. The specified quantities at the buses are tabulated below. Perform single
iteration of load flow using N-R method. (Note: Reactive power limit is 0<Qg<1.5 pu)
Bus Demand v Generator Voltage |
Real Power | Reactive Power | Real Power | Reactive Power
- - - - 1<0° pu
0 0 0.5 pu - 1.02 pu
1.5 pu 0.6 pu - : - -

| b |-

(8]

8]

8]

(]



5.

6.

7.

8.

9.

A three phase balanced Y-connected load with self and mutual elements is shown in

figure below. The load neutral is grounded with Z;=0.0. Determine the sequence
impedance. ’ .
_ Ix Iy
- : . ——.I_Y..._.. ,—Z_Y__L} ZRY ZRB
- - ~ 1 - i In
VY v . . ‘
B @
- g . : l l‘ . .5
Starting from a suitable point show that a 3-phase unbalanced system of voltages can be

represented by a symmetrical components.

How do you represent 3-phase power of an unbalanced system in terms of symmetrical
components of voltages and currents? -

‘A single line to ground fault occur at generator terminal of 20 MVA, 13.8KV and having
%=j0.20 pu, %=j0.3 pu. Find the fault current and line to line voltage under fault

.+ :condition.

- Starting form suitable point, show that during a double line fault in a.txansmission line, -

zero sequence component is absent in the fault current.

10. Derive an expression for the swing equation of a synéhronous, machine. Signify the

- importance of inertia constant in the machine.

11. Calculate the critical clearing time and critical time and critical angle if the fault is at

point P for the network having inertia 5 MYMVA shown below. The machine is
delivering 1.0 pu and both the terminal voltage and the infinite bus voltage are 1.0 pu.

6]

[6]
[4]

(8]
(8]

[6+2]
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1. a) Comptxie Y-bus matrix for the following power system network shown in figure

below and list out the type of buses used in the network. [8]

- P+IQ

'b) List out the advantages of interconnected power syétem over isolated}lﬁower; system. {4]

2. a) A three bus power system network is shown in figure below. The series reactance of
each line is 0.1 per unit. Line resistances and shunt admittances are negligible. The

bus specification and power input, ete, at the buses is as under:

oy HO
L T’

1.2+j05

Bus No. | Pgen | Qaen | Prosd | Quoad | Bus Voltage Bus Type
?

1 ? 1 | 05 | 1.03+0 Slack
2 |15] 2 | 0 [ 0 1.04 PV
3 0] 0 | 1205 ? PQ

(i) Form [You]

(ii) Find the mismatch matrix [M°] and Jacobian Matrix [J°]

(iii)Perform 1% iteration of load flow Analysis by Newton-Raphson method and
calculate the above unknown quantities.

b) In what respect Fast Decoupled Load Flow Method is different from the Newton-
Raphson method? Describe the assumptions to bée made for FDLF method. ™ © [47

[12]




i g

3. a) Figure below shows a three—lﬂhase power system.

(ij Calculate the short circuit MVA and the fault current when a 3-phase balanced

short-circuit fault occurs at the High Voltage (HV) bus.

(ii) Calculate the ohmic value of reactor ‘X’ to be placed on the secondary side of

-transformer ‘T’ to limit the Fault Level to by 25%.

Assume the system data as under:

Generators: Transformers:

G1: 20 MVA, 11 kV, Xa1 = 50% Ti: 20 MVA, 11/132 kV, X1 =
G2 30 MVA, 11 kV, Xgz =50% T2 30 MVA, 11/132kV, X =5%

HV Bus
Gy

G,

fault

5%

[14]

b) Describe the effects of short circuit faults on' power system. Also, cxplam the

importance of fault calculations.

4. a) A double line to ground fault occur at generator terminal of 30 Mva, 11 Kv and
having ZI = Z2 = j0.2 pu and Z0 = j0.05 pu. Find the line currents, fault current and

line to neutral voltages under fault condition.

5]

b) Explain with necessary mathematical expressmns and diagram how fault current is

calculated when a line to line fault occurs in a three phase power system network.

[9]

5. a) A three phase fault is apphed at the point P as shown in below figure. Find the critical
clearing angle for clearing the fault with simultaneous opening of the breakers 1 and
2. The reactance values of various components are indicated in the diagram. The

generator is d.ehvermg 1.0 pu power at the instant preceding the fault.

j0.25 U 0

{|El=1.2pu

b) Describe the various method for improving transient stability of a power system.

o EEk

Infinite bus

V=1

(101

[6]
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

a) Describe the merits of interconnected power system over an isolated system. [4]

b) Explain the steps of forming Bus Admittance (Ypys) with an exainple of a 3-bus
power system network. : .

a) Perform the two iterations of gauss-seidal load flow analysis for the data table given

(8]

below to find the unknown variables of the busses after first iteration. Line impedance
of each line is (0.026 +j0.11) pu. [12]
Busno | PG | QG | PL | QL | Bus voltage | Type Configuration
1 21?2 |1.0]0S5 1.03<0 | Slack 1-2
2 151 2 {051 0 1.03 PV 2-3
3 00| 0 {1205 ? PQ 3-1
- b) Make a comparison between G-S method and N-R method of load flow analysis. . [4]
“a) - Calculate short circuit MVA and short circuit current when three phase fault occur at
load B of the following single line diagram. [10]
, : : 30 VA, 181 KV
;3& W“:- ;‘m K X=0.1452 oten
s: ' 0V, .E765 KV 30 MR, §6/2.81 KV ‘ C) X {74 ohon
(: ) — © . X=1452 ohm [refered to HY side) X=14.52 ohin (refered to HV side] .
( i j ) Transmission line ( i ; )
- a2, ] ’ xai7A ohm
oMV ESKY ™ m-
6. _ Load 8
x= o oMl Laadh : ' ; oMW, 3.s: Ky
15 MVA, L4 KV pr=08 1
predSbhy

b) A 25 MVA, 13.2 kv alternator with solidly grounded neutral had a sub-transient
reactance of 0.25 pu. The negative and zero sequence reactances are 0.35 and 0.1 pu
respectively. A line to line fault occurs at the terminals of an aliernator. Determine the
line to line voliages under fault conditions. Neglect resistance. [8]

R WA N ARENARTNY | L S R T A S TR ST




a) ‘Derive the rélationship to determine the fault current for a line-to-line fault on a
power system. Draw a diagram showing interconnection of sequence networks for this
type of fault. ' [6]

b) Three 6.6 kV, 3-phase, 10 MVA alternators are connected to a common bus. Each
alternator has a positive sequence reactance of 0.15 pu. The negative and zero
sequence reactances are 75% and 30% of positive sequence reactance. A single line-
to-ground fault occurs on the bus. Find the fault current for the following cases:

(i) All the alternator neutrals are solidly grounded.
(ii) One altcrnator neutral is grounded through 0.3 ohm resistance and the other two
" neutrals are isolated. {12]

a) Discuss the difference between the transient stability, steady state stability and
dynamic stability in power system. Also, explain the factors affecting transient
stability of the system. : {6}

b) The power system shown below is operating initiélly at power angle § =20°.
Calculate the power delivered to the infinite bus at normal operation. [10}

(M 2y V=1puxl®

@ 1 j0.25pu
) f

E=12puss .

j0.5pu

P §¥3———>—"] infinite bus
j0.5pu

-

If a 3-phase to ground fault occurs at bus (1) and fault is cleared when the power’
angle 8 reaches 45°. Determine, whether system come back to stable or not? If yes,
calculate the maximum 8-swing angle.

ko




i s i i G

0

25 TRIBHUVAN UNIVERSITY [ Exam.

_____________________ ; COResular o S
INSTITUTE OF ENGINEERING Level | BE Full Marks | 80
Fxamination Control Division | Programme | BEL Pass Marks | 32
© 2073 Chaitra Year/Part |TI/I Time 3 hrs.

Subject: - Power System Analysis Il (EE605)

v Candidates are required to give their answers in their own words as far as practicable.
v Attempt All questions.

v The figures in the margin indicate Full Marks.

v Assume suitable data if necessary. :

1. a) Compute Y-bus matrix for the following power system network shown in figure
below. (8]

b) Explain how the mismatch in active power affects the system frequency and mismatch
in reactive power affects the voltage magnitude in an-interconnected power system. [8]

S 2. a)’ In the power system network shown in figure below, bus 1 .is slack bus with

v, ‘--_1.0400 pu and bus 2 is a load bus with S, =150 MW + j50 MVAR.The line

admittance.is ¥y, =10/ -73.74° pu on a base of 100 MVA. Perform two iterations of
Newton Raphson load flow method to obtain the following: [10]

i) Voltage magnitude and phase angle of bus 2
ii) Real and reactive power supplied by stack bus and network losses

1
Yp=28496 150 MW
=50 MVAR
Vi =1.0< 0°
b) Describe about the assumptions to be made for decoupled load flow method, and
hence derive the required equations. [61

3. a) Figure below shows a three-phase system. Calculate the short circuit MVA and he
fault current when 3-phase balanced short-circuit fault occurs at the load end of the

transmission line. Also, determine the fault current supplied by each generator. [10]
' | LA X1 =200 ‘(
oMYA, 1KV | 30 M =208 J{ % Load
2 ’ _ - Overhead line y
G 15 MVA S N
= b 1133KV Fault
5MVA, 11KV

X =7.5%



b) Derive an expression of 3-phase complex power in terms of symmetricél componenis
of voltages and currents.

a) Starting from suitable point, show that the three sequence networks are connected in
series during a single line to ground fault in 3 phase power system network.

b) A 30 MVA, 11kV generator has Z, =Z, = j0.2 pu,Z, = j0.05pu. A line to line fault
occurs on the generator terminals. Find the line currents, fault currents and line to
neutral voltage under fault conditions.

a) Describe about the concept of Equal Area Criterion in deterrmmng the stablhty of
synchronous machines.

b) A balanced 3-phase fault occurs at the middle point of line 2 when power transfer is
1.5 pu in the system shown in the ﬁgurc below:

Given: E= 1.2, V=1, X4=02,X; =X =04 pu

i) - Determine whether the system is stable for a sustained fault.

if) The fault is cleared at 8 = 60°. Is the system stable? If so find the maxxmum Totor
swing
iii) Find the critical clearing angle.

P

6]

[8]

(8]

(8]

(8]



25 TRIBHUVAN UNIVERSITY
INSTITUTE OF ENGINEERING

Fxamination Control Division

]

Exam. Back »
Level BE | FullMarks |80 |
Programme | BEL | Pass Marks | 32 \
“Year /Part  |II/1 | Time 3hrs. |

2074 Ashwin

Subject: - Power System Aalysis ILEE09

v Candidates are required to give their answers in their own words as far as practicable.

v Atrempt All questions.

v The figures in the margin indicate Full Marks. ' - /7" - e T >

v Assume suitable data if necessary. R \Q g . =T
Y ¥ -

nection in power system. Explain briefly

1. a) Describe about the importance of intercon
r — voltage balance in

about the real power — frequency balance and reactive powe
Vv TV AT, ' ' ,
“ figure below, obtain node equations and then form bus

. unpedances are marked in pu. [8]

0.02+i0.04

X=10.1
e line diagram of 3 bus power sysiem network.

2. a) Figure below shows the singl
and perform load flow by N-R method up to one

Determine the jacobian matrix,

iteration. [8]
P, =0.4pu
L0pu | Yu=THOPE P l
@ vy =—j20pu O A

Slack Bus Generator Bus SR N

Yis == j20pu Val=t.05m % RN

Load Bus -

(5+ j4)pu |

b) Suppose you are given a 3-bus power system network with one reference bus, one

load bus and one generator bus with reactive power limits and asked to perform the

Joad flow analysis to determine the unknown variables and total losses in the network

using Gauss-Siedal method. How will you proceed? Explain step wise and mention
(8]

mathematical expressions where it is relevant.



3. a) Figure below shows a generating station feeding a 220 kV system. Determine the total
fault current, fault level and fault carrent supplied by each generator for a three phase
fault at the 1ece1vmg end of the line.

. Ll . MKV 220KV,
Gr: 11kV, 100 MVA, X/, =0.15 E—3 2o
Ga: 11 kV, 75 MVA, X% = 0.125 T Flz,
W Tt 00 VAx XT} Qﬁ% Fy. élrﬁ%@ kV - 1IRY ,ZZQKKV: ja2a Fault
. 1%%% B xod %%o 14220 KV @
T A , : :

b) The phase voltages across a certam Ioad are given as:
V, =(176-j132)Volts |
Ve = (728 —=196) Volie v : ‘.
V, = (=160 + j100)Volts | |
Compute positive, negative and zero sequence component voltages.

4. a) Explain with necessary mathematical expressions and diagrams how fault current and
: bus voltages are calcu}atea when a line-to-line fault occurs in a 3-phase power system
retwork.

A 0" MVA, 13.2 kV synchronous generator has a solidly rourded neutral. Its
oS! ‘negative and- zero sequence impedances are 0.30, 0.40 and 0.05 pu
pectively. Determine the following:

‘ «zﬁ* - The value of reactance that must be placed in the generator neutral so that the fault
-current. for a line-to-ground fault of zerc fault impedance shall not exceed the
rated line current. ,
i) The value of resistance to be placed in the neutral that will serve the same
purpose.
5. a) Derive swing equa‘uen of a synchronous machine to be applicable in the study of

power system stability. What is meant by swing curve? What information is supphed
by the swing curve?

b) A generator is delivering 0.9 pu to an infinite bus through a purely reactive
transmission line. Maximum power that could be delivered is 1.5 pu. A fault occurs
such that maximum electrical power output reduces to 0.5 pu. When the fault is
cleared, the maximum power that can be delivered is 1.2 pu. Determine the critical
clearing angle using equal area criterion. | !

koK

[10]

1G]

{8}

[81

[8]

(8]
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a)

b)

2. a)

b)

4—j12 —-2+j6 —2+j6
Yous = [

' The power and bus voltages in per unit are as follows;

- Subject: - Power System Analysis I1 (EES05)

Candidates are required to give their answets in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full M. arks.

Assume suitable data if necessary.

List out the advantages of interconnected power system over isolated power system.

Explain how real power and frequency balance is maintained in an interconnected

power system.

With the help of suitable 3-Bus Power System Network, deduce the expression for
¥-Bus Matrix elements. Also discuss how the consideration of lne shunt parameter
affects the Y-Bus Matrix elements. ’

Taking suitable power system network, develop the algorithm for Gauss-Siedel
technique for load analysis considering all three types of buses and generator reactive
power limitation into account.

A three bus power system network in figure below. The bus admittance matrix (Ypus)

of the system in per unit is;

1 . 2
S 1

~2%+j6 4—j12 -2+

—2+j6 —2+j6 4-j12

[6]

(8]

(8]

8]

BusNo. | Proa Quoa Pgen Qaen
P 0 0 7 ? 3
2 07 | - 05 0 0
3 0.6 0.3 0o | 0

ot flow analysis results are: V; =120%V, = 0.92—10% Py
otk real and reactive power losses.

¢

3. a) An interconnected generator reactor system has been shown in figure below. The base
values for the given % reactance are the rating of individual pieces of equipments.
Determine the fault current and fault MVA for a 3-phase short circuit fault at F.

Assume bus bar voltage as 11 kV. [1 d}
' 10 MVA 20 MVA 20 MVA
10% 15% 15%
6> .

10 MVA $.MVA

: 5% 1 4%

b) ‘Justify that in a delta connected system the zero sequence component of line currents A
are always. zero. ‘ t ‘ - [6}




4. Calculate the fault currents in each phase for the system shown in figure below if
() L-G (i) L-L (iii) L-L-G fault occurs at (q) bus. Neglect the fault impedances. [16]

Data for equipments are (in p.u.):

G X,y =j0.16,%,=10.17, X,=j0.06

Ga: Xq 50.2,%=j0.22, X,=0.15

T{: X1=X2“_‘.X0:j 0.1

Tz: X1=X2=Xa=j0;l

Line: X;=X,=j0.11, Xo=j0.33

,Gl.f T.g
_ﬁ[’@'—*—%t*

E=1<(° A‘r.j_

) - T"' .q Gy
Line "L EM h
B .'KA _ T

—
»

5. a) Discuss the transient stability enhancement Techniques in a power system. [6}

b) A generator is operating at rated voltage and s connected to infinite bus at 50 Hz with
. power transfer of 1.0 pu. A three-phase fault occurs and it is cleared after some time.
Power angle (P.-8) curves for the pre-fault condition, during fault and after the fault is
cleared is shown in figure below. Use equal area criterion to check whether the
system is stable or not. If the system is stable, determine critical clearing angle. - [12]

Pe

17
L L

Curve-| {Pre-fault)

_~ Curve-il {Post-fault)

N/

34

P

- Curve-il {During fault)

ook ok
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Assume suitable data if necessary.

a) For a synchronous generator connected to infinite bus, discuss how the generator can
supply or consume variable reactive power keeping its terminal voltage constant.

b) Obtain node equations and compute bus admittance matrix (Yaus) of the network

shown in figure below. All voltages and impedances are marked in pu.

Y joos 2 - j0.05 4

Line-1 - 3

Load

et

[6]-

{6}

: Series Shunt
Line ’
Reactance, pu Susceptance, pu
“ 1 Line-1 0.40 0.02
Line2 | 020 0.00
Line-3 0:40 0:02
2. a) Starting from Y-Bus, Bus voltage and injected current relationship deduce the basic

b

c)

b

load flow equations.

Classify and distinguish different buses used in load flow analysis. Mention the
specified and variable to be obtained from load flow. -

For the 2-bus power system, bus -1 is slack bus with V, =1.0<0°. A load of 100 MW

and 50 MVar is taken from bus-2. The line impedance is 0.12+j0.16 p.u on 2 base of
100 MVA. Using Newton Raphson load flow technique, determine the following after
2™ jteration. | , .

i) Voltage magnitude and phase angle in degree of bus-2.
ii) Real and reactive power supplied by slack bus and network losses.

(4]

[10]

Deduce the sequence networks for balanced Y connected load with neutral grounded .

through impedance Z, and show also that current through neutral impedance is three
times the zero sequence current.

For an unloaded 3-phase, ABC phase sequence, synchronous generator, starting from
the boundary condition draw and justify the interconnection of sequence networks if a
L-G fault occurs in phase B. :

(8]

18]



4. a) A 3-phase genefiator rated 15 MVA, 13.2 kV has a solidly grounded neutral. Its ‘

positive, negative and zero sequence reactance are 40%, 30% and 5% respectively.

i) Find the value of teactance to be connected in neutral circuit so that fault current

- for a single line to ground fault (of negligible fault impedance) at No-load does

not exceed line current, -

b) Figure below shoWs the power system ngtW(;_i;k.

1) Draw positive, negative and zero sequence networks
ii) Determine fault current in kA if line to line fault occurs at Bus 3.

JFquipment MVA rating | Voltage rating | X, pu_ Xpu | X pui
Qenerator, Gy .50 - . |11 kV 102 0.2 1005 .
Generator, G| 5q, T 1TkV 0.15 . |05 |003 _ |-
| Transformer, T, | 50 11/220kv [ 0.1 o1 ol ]
Transtormer, T, | 50 120KV [0.675  [0075 | 0075,
Eine1 50 220KV 0 o3 [o4z
Eine-2 50 2206V | 0.12 012|042 -

The pre-fault voltage at Bus -3 is 0.95 pu at common base of Gi.

5. a) What do you mean by rotor angle? Derive the swing equation for a single

synchronous generator connected to infinite bus.

b) Explain the Equal area criterion to study the transient étability of single machine
system connected to infinite bus with proper mathematical aids and diagram. -

¢) For a synchronous generator connected to infinite bus as shown in figure below.
- Compute the value of series capacitor so that the power angle at steady state could be

limited to 30° for generator supplying power of 1 p.u.

[ 3 W P NS

‘ Vo s
6.6 kv, 50 MVA 6.6 /132 KV
03pu - 50 MVA
- 0.1 pu
heskok

-JX

703

132 kv

. _Infinite Bus _.

6]

(0]

- {6]

6]

6]
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l.a)Fora 3-bus network, the bus admittance matrix is given as follows

—j30  j12
j12

Ybus
|8

j13

b) What will be the impact of mismatch in active an

j18

—j25 j13 ] pu, determine the respecti

~j31

U5

G) -

ve branch impedances,

d reactive power balance in an interconnected -
5( “

power system? Briefly describe the mechanism, which leads to this phenomenon.

2. a) What do you mean by load flow studies an

system,

b) What is the basis for development of decoupled load flow method and what are the advan

gained from decoupling?

¢) The .followlhg hus

Gauss Seidel method usi

and

+

d list down their applications in electric power

* 3

tages
e

line data are available for a poyer system, determine the fline flows by '
ng voltages obtained after 1 iteration. Consid

er flat voltage start for all the

load buses. L(10)
Bus data:
-Bixs No Pg. pu Q. pu Py, pu Qx pu |V}, pu ' 3, degree
1 - - - . 1.02 ¢
2 - - 08 | S S - -
3 - - 1.0 06 b L
Line data:
Line . Series admittanee, pu
1-2 0.01+j0.05
2-3 T 79.007+j0.037
31 0.012+0.064
3. Figure below shows power system fed by two generators. The rating and reactances of the
equiprents are shown. A 3-phase balanced short circuit fault occurs at the receiving end bus of 132
kV. Find (a) Fault level and fault current at receving end (b) Fault current supplied by generators Gy
' L ®

and Gs.
G,

100 MVA
11KV
15%

Gy

50MIVA
11KV
10%

T

100 MVA

X =0.2Q/km/phase -

Note that reactance of machines are
based on their own rating.

11/132KV
X~ 8%

e

"Line -1
- X =02Q/km/phase
" Line-2

C0)
50 MV A
11/132 KV
X =8%




- 4.8)A 3-phase supply system has folkowmg vnitaaes V,=220<120"V, VB—120<30° V and
Vc—240<210°V and the currents are [;=10<150°A, 1,=5<0"A and l(—15<180"A Determme sequence

currents, voltages and powers.

®

b) How do the different vector groups of transformer affect the fault current in the power system

network?.

5 a) Ina power system network shown in figure below, single line to ground (SLG) fault occurs at -

~bus 8. ,
) i. Draw the positive, negative and zero sequence networks;
B u | Deterxﬁine phase currents in pér units and amperes;

iii. Phase voltages in per units and kilovolts.
Specifications of the equipments are asuunder':

|Gy 100 MVA, 138KV, X(=X;=15% and X¢=5%

" Gy 100 MYA, 13.8 KV, X=X;=15% and X;=5%

" 'Gy: 100 MVA, 13.8 KV, X=X;=15% and X¢=5%
Ty: 100 MVA, 13.8/115 kV, X=Xy= Xo=20%
Ty: 100 MYA, T15/13.8 kV, X;=Xo=%,=18%

_ Line: 100 MVA 115 kV, X=X=30% and XQ“QO%

@@

T “b) - ‘Show that positive andnegative sequence currents-are equal»invmagniiude but-out of phase by

180° in a line to line fault on’'a power system network. Draw a diagram sho'wing inter-

. connection of sequence networks for this type of fault.
© 6. a) What do you mean by steady state and transient stability and their limits in a power system"

Describe the factors affecting the transient stability of a power system, -

b) For the system shown in figure, the numerical values for different quantxtxes are: }3 1 04 pu,.
V=1 pu, Xg= 0.2 pu, and reactances of each line is 0.4" pu. The generator is delivering a power

of 1.2 pu to the infinite bus. If a 3-phase short circuit fault oceurs at the mid point of one the

transmission lines, pcrform the following: . .
a) If the fault is cleared (swzthmo out of the faulted lme) when power angle.is 60°, check
whether the stable or not;
b) Determine the critical clearing angle.

Infinite Bus-

V £0°

5)

(10)

©

®

(12} |



25

2072 Kartik

' TRIBHUVAN UNIVERSITY
INSTITUTE OF ENGINEERING

Examination Control Division

Exam 3 06 3
Level BE Full Marks | 80
Programme | BEL Pass Marks | 32
Year/Part - | II1/1 Time 3 hrs.

Subject: - Power System Analysis Il (EE605)

NN NN

g

S (0:01540.12)
- magnitude and
- method. The data given below

3. a) What is the purpose of fault analysis in electric power system? What types of fault
occur in a power system network? '

Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions.

The figures in the margin in
Assume suitable data if necessary.

a) Expiain how reactive power and voltage balance is maintained in a power system.
b) What is a bus admittance matrix? Define its elements.

a)_ What do you mean by decoupled load flow equations? L
" made in Fast Decoupled load flow method. ' '

b) Ina 3-bus power system the series impedance and
pu. and (j0.02) p.u. respectively.

dicate Full Marksb.

2 .

Bus | P | Qa'| Pu | Qu | Bus voltage
i - - - - 1.03.£0°
2 | 1.5 - 0 0 1.03
3.1 0 - 12 | 05 -

ist the assumptions to be

shunt admittance of each line are
Form Y bus and compute the

phase angles of voltage at bus 2 and 3 after 2™ iteration using G-S
are in p.u. o ‘

.1

b) A 3-phase symmﬁtx*ical fault occurs at bus 3 in the _g’iven power system network.

Determine the fault current. Per unit values of reactance are based on 100MVA.base.

~-ﬁ"j_i'gj{).z 36.2 8 \"}b
‘ ‘IE A jov..aijéf2 %

0l
Bl

1]

(10}

[4]

[4]



4 aj Derive the expression to calculate symmetrical components of 3-phase un-balance
currents. ' ' ‘

b) A3 phase system has feilowmg voltage and currents
v’ =220V£0° V, =120V.£-120°,V, = 300VZ - 240°

I, =10AZ~10°,I, = SAZL-100°1, =15A.£—200°

' Calculate sequence voltages, currents and powers.

5. a) Starting from a suitable point, show that the three sequence networks are connected m :

series dunng a SLG fault in a 3-phase power system network

b) For the given power system network, draw sequence networks for DLG fault at bus
“no 2 and delemune the fault current, short circuit MVA.

‘ -‘ Line ] 23%¢ : :
\“_:f.: A/e -

G, 100mVALLS.T5KV, X, =X, =0.15pw X, —005pu
G, 100mVALS5. 75KV, X, =X, =0.2pu, X, = 0.1pu

 T,=T,:100mVA,15.75/138KV,X, =X, =X, =0.Ipu
Line:X, =X, =25Q.X,=70Q |

‘6 a) What is the: 51gn1ﬁcance of H constant in stabxhty of a-synchronous: machme‘7

'b) How Equal Area Cmtena can be used to: evaluate transient stability of a: synchronous
machine. - :

e A synchronous machme is comnected to an 1nfm1te bus and the follomng condmon

~ exists during normal operation and the following relationship 1s valid durmg, that

period:
P, =2.1Sind
P =1.0pu

'Follomng a three phase symmetrtcal fault at the bus of synchronous genmator’ and

fault is cleared at & = 30°. Check the stabzhty Calculate the maximum fault cleamng

angle so as to maintain synchromsm _ : ey
* ok ok

[51
(5]

(6]

[10]

4

(8]

(8]




26  TRIBHUVAN UNIVERSITY

- INSTITUTE OF ENGINEERING “Level “TBE | ’ M
Examination Control Division | Programme BEL Pass Marks |32 | |
2071 Shawan Year/Part 11/1 Time i3hrs |

Subject: - Power System Analysis II (EE605)
Candidates are required to give their answers in their own words as far as practicable.

Attempt Al questions. . o .
The figures in the margin indicate Full Marks.- IR
Assume suitable data if necessary. '

SRS

a) The single line diagram of a power system network is shown in figure below. If each

1.
line has series impedance of (0.05+j0.15) pu and shunt susceptance of j0.3 pu., find
bus Admittance matrix for the system. - - (53
1 v _ -

b) What are the advantages of interconnected power system Over isolated system? Also

describe demerits of interconnected power system. {53
2. a) The single line diagram of a power system network is shown in figure below. The
: Yy of the system is - [8]

o [4-iz -2+ 246 ..CT. , T,_.
Y\,u!;:ri—?.%‘ié 4-—~i12 -2-}-?6] 2 100k . ’

~24+i6 -Z+i6 4—iiZ]

200km

if the power and bus voltages with different buses afe as follows:

) ];“S Proaa QLDad i P gen ' Qgen v Bus Type
224 NG . . .
1 2.0 0.6 i Y - ? 10540 Slack
2 0.7 0.5 1.2 ? - L0 PV
3 0.6 0.3 0 0 ? PQ

Assume limit on Qgen 0 6.1 £ Qg = 043 , :
. “Garry out the load flow analysis (only two iterations starting from assumptions of unksown
- yolagé magnitudes as 1 p.u. and phase angles zero degree) using G-S to compute the
unknown parameters in above table. Also compute the network real and reactive power losses.
b) Compare Gauss-Seidel method and Newton-Raphson method in load flow solutions. {81

-3, a) In the power system shown in-figure below, the value marked are the per unit
reactance taking 20 MVA and 11 kV as base values in the generator circuit. Both the
transformers are rated for 11/110 kV. A three phase to ground fault with a fault
impedance of 0.088 pu occurs at bus 2. Determine the actual values of fault current
and'the currents supplied by the generators. [81

@M 505 @ 17, g

Gl T1
: 0225 X =j0.15
Xg =015 j0.1 J @~

1.0

0.75

(2)



4..

5.

r': ‘ : : ‘ : : o
b) ' Deduce the sequence networks for balanced Y connected load with neutral grounded
through impedance Z, and show also current thmuﬁh neytral impedance i s three times

Rk

the zero sequence current. {10}
a) A single line dlagram of a power system network is shown in f‘ igure below The
<ysfcm gia.ta is given in the table below: [3+7]
Element X; (pw) - Xz (pu) Xo {pu}
G 0.1 012 0.05.
M, 0.05 0.06 00625
M, 1005~ Tous [0.0257
T 0.07 T0.07 0.07
T 0.08 | 008 0.03
i Lisie 0.1 0.1 . (03
i) Draw sequence networks ,
ii} Find fault current for a line-to-line fault on phase b ané cat pomt q. Assume 1.0
pu pre-fault vohage thmughout . o
Line
" by Develop a muthemaacai expressxm for obtam fault current of a. szmcle line to ground
fault. : : [63
a) Explain the effect of change of eacxtatmn on the steady state stability . of a
synchronous generator feeding an infinite bus bar. - H
b) The power system shown in figure below is operating in steady state with which the
generator deliv enng L5 p.u power to the infinite bus. The circuit breaker A suddenly
opens and remain open. Find (i) whether the system remains stable or not. (i) Angle
to: Wthh the rotor swings. {61
o Fo=odpn 7 - -
P f W T ;21 — p‘u - Inﬁnite
ff& = h2pn R E =10 f;,a
v A N - .
K X
¢) What do you understand by term ‘Voltage stability’? What are the assumptmns :
made and factors affecting Transient stability study? ' [1+3]
d\ What is equal arca criteria. How this criteria is utilized to study the iranszcnt
Stablhty : {6}
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1. a)

. b)

20

b)

For the network given below, obtain node equations and then form admittance matrix
(Ypus). All impedances and voltages are marked in pu.

X =i0.13

(ME;=1 £-36.87°, X =j0.1

Discuss role of interconnection in power system. Explain how reactive power can be
controlled in power system network.

For a network given ‘below, series impedance of each line is 0+j0.12 pu. Shunt
admittance of the line is negligible. Claculate:

i) Voltage at bus-2 and bus-3 using Gauss-Seidel method (upto two iterations)
ii) Slack bus real and reactive power

iii) Network real and reactive power loss )
1.5+j0.4 pu

V= 1.020°

1.2+0.5p.u

Mention the various load flow techniques and hence compare them explaining their

merits. demerits, usages and limitation.

For the 3 bus power system shown in figure below the generators are rated 100 MVA
with transient reactance of 10% each. Both the transformers are 100 MVA with a
leakage reactance of 5%. The reactance of each of the line to a base of 100 MVA, 132
KV is 10%. Find the short circuit MVA of circuit breaker in outgoing feeder from
bus-3, if a 3-phase fault occurs beyond the CB at point F.

T, 1
& @31
111328V |
11/132KV

T; 2

002 EBp=1.0°

5]

(5]

[19]

[4]

(8]



b) What is the difference between symmetrical components of positive, negative and
zero phase sequence? A 3-phase synchronous generator with its neutral solidly
grounded and operating at no load develops an L-G fault in one of the phase have

3 fault impedance Z¢. Derive expressions for the fault currents and the line to gfound ‘
L voltage at the location of the fault at all the phases. . {10}

4. a) A three phase synchronous generator whose neutral is grounded through a reactance
X, has balanced emfs and sequence reactance as X, X, and Xg such that X; = X3 >>
X. ’ , [5+3+3+3]

1) , Derive the expression for fault current for so_il linc to ground fault on phase a,
ii) Draw the sequence networks and their interconnection for above fault.
!

iii) Show that if neutral is solidly grounded L-G fault is more sévere than 3-phasc
fault at the terminal of generator.

iv) Find the limiting value of neutral groundmg reactance so that fault cument inL-G
and 3-phase faults are equal.

b) Determine the symmetrical components of three unbalanced voltage V, = 200<0°,
Vi = 200<245°, V, = 200<105°V v [4]

5. a) Define steady state and transient stability of power system. What are the methods of
improving transient stability of a power system? Discuss various factors that affect
power system transient stability. [2+4-+4]

N ‘ b) The. figure below . shows the generator connected to infinite bus using parallel
: - transmission line. The generator is rated for 50 Hz and H constant of 2 pu. In steady
v stgte, the generator.delivers a power of 1.2 pu to the infinite. A sudden 3 phase to
ground fault occurs in one of the line near infinite bus as shown in figure. Determine
b the critical clearing angle and critical clearing time before which fault must be cleared
oo so that system remains in stable state. ; - [0

V=1pu

j0.2 pu

j0.2 pu (;7 Infinite bus

EE T
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NENENEN

—

a) What do you mean by interconnected power system? Describe the advantéges and the -
limitations of interconnected system. e

| U

b) The single line diagram of a power system is shown in figure below. If the per km line ‘
series teactance is 0.001 pu and shunt susceptance is 0.0016 pu. Find bus Admittance _
matrix using nominal pi-model of lines. [6]

100 km T T2

400 km

1

=3

.2:7a) Figure below shows the one line diagram of a power system with generators at buses

1 and 2. The line admittances are marked in pu in the diagram. Bus number, active
power generation (Pg), reactive power generation (Qg), active power load (Pu),
reactive power load (Qy), Bus voltage and bus type are tabulated below. All values are
in pu. : [4+8]

i) Determine reactive power at bus-2 (use initial guess for unknown voltages)
ii) Determine Jacobian matrix (J % for the first iteration of N-R load flow method.

® ©

yi12 = -j40 . ,
' ] : %e—— p2=40pu
— * i3 =320 R yn=-20 : A
SackBus (3 ‘L-\E-‘L" | ©wnl=tes
| S+j4 pu Lo : PR
Bus ~ Bus Bus _
No. |F6 | Qe | P Q voltage | Type | = i -
1 ? ? 0 0 1.0<0° | Slack
2 40 |7 0 0 1.05 PV,
3 0 0 504017 PQ

b) Mention the significance of various load flow techniques in an interconnected
power system. : [4]



3. For the 3 bus power system shown in figure below, the generators are rated 100 MVA
with transient reactance of 10% each. Both the transformers ate 100 MV A with a leakage
reactance of 5%. The reactance of each of the line to base of 100 MVA, 132 KV is 10%.
Find the short circuit breaker in outgoing feeder from bus-3, if a 3-phase fault occurs
beyond the CB at point F. ’

11110 kv

e
11/110 kv T

,v

Assume pre-fault voltage of bus-3 in 1 pu and pre-fault current through feeder is zero.

4. Derive an expression to determine sequence impedances for a balanced three-phase star-

connected load with impedance Z in each phase and grounded neutral with impedance Zy.

5. a) A three phase synchronous generator whose neutral is grounded through a reactance

b)

c)

X, has balanced emfs and sequence reactance as ‘X;, X, and X, such that

i

18]

X =X, >>X,. [5+3+3+3]

1) Derive the expression for fault current for solid line ground fault on phase a.
i) Draw the sequence networks and their interconnection for above fault,

-iif) Show that if neutral is solidly. grounded, L-G  fault is: more ‘severe than 3-phase

+faultat theterminal of generator.

~+iv) Find-the:limiting value of neutral: grounding reactance so that fault current in L-G

and 3 phase faults are equal.

For the power system shown in figure below, draw the zero' sequence network hence

. determine the Thevenin's equivalent zero sequence impedance as view from bus-2.

T,

T, 2 M '
43 Xo = 60 O “3’% H O\%

100 MVA - 100 MVA 100 MVA i
13.8 kv 13.8/138 kv 138/13.8 kv

. 100 MVA
*w=005pu 4/ Ya g /A 13.8 kv

X=0.10‘pu x=0.1 pu x=0.1pu
' - Xp = 0.05pu

6. a) What do you miean by steady state and transient stability in a power system? Describe

the methods of improving transient stability of a power system.

A 2 pole, 50 Hz, 11.5 KV turbo generator has a réting of 100 MW, power factor 0.85
lagging. Calculate the inertia constant in MI/MVA on a base of 500 MVA and its
momentum in MJ-sec/elec- degree. :

For the system shown in figure below, the numerical values for different quantities
are:E=12pu, V=1py Xs=02 pu and reactance of each line is 0.4 pu. Initially the
generator is delivering a power of 1.5 pu. If one of the double circuit lines is now

tripped out, using equal area criteria determine whether the system would be. able to
maintain its stability or not. '

E 45’ L% X =3j0.4 pu L‘J‘%__Q_ - yL00

@_—‘ CB | CB

- Infinite Bus
Xs 1 — T :
X=j04pu o

HRk

[4]

Bl

4]

8]
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1. The single line diagram of a power system network is shown in figure below. The per km line
series reactance is 0.001 p.u and shunt suseptance is 0.0016 p.u.

100 kim 2

400 km
200 km

The power and bus voltages are as follows;

PrLoad QLosd Pgen Qgen v
0 0 ? ? 1.05.£0°
1.0 0.6 0 0
0.8 0.3 0. 0 ?
" a. Find Ypus using nominal pi-model of lines. : ' [€]

b. Compute the voltage at bus 2 & 3 using G-S method for one iteration and also the slack bus
‘complex power using the computed and specified bus voltages. Start the analysis assuming
unknown bus voltage maguitudes as 1 p.u. & phase angles zero degree. - [3x2+4] .

2. Taking a suitable power sysiem network describe the steps to be carried out to perform the load
flow analysis using N-R method clearly defining the elements of Jacobean matrix of the example

network. : _ . {10}

3. The single line diagram of a power system is shown in figure below. Compute the fault current in
p.u. and in absolute value if a 3 phase to ground fault occurs at; (consider no fault impedance)
[6+6]
i. the point P i.e. connection point between transmission line and HV side of transformer T1
ii. the point Q i.e. connection point between transmission line and HV side of transformer T1

6KV 40 MVA
6kV 40 MVA X=10%
X=10% G
Gl C i % ¢ =
% ’ X = 500 0 % % ’,®
' T1 T2
6.6/132kV 50 MVA 132/6.6 KV 50 MVA l

=109 =
X=10% | X=10% LOAD



4. a. With the help of suitable mathematical aid verify that, for a line to line fault in a synchronous
generator the zero sequence component of current is absent and positive-sequence of current
is equal to the negative sequence component of the current. o - {10y
o, Across a symmetrical star connected impedance system with Z=10ohms in each phase, a
three phase unbalanced system of Voltages with Va=22010°, v,=200 (-110° &

- V=180 (+Hﬁo_ volts is applied. Determine the line currents if the system neutral ig (a)
isolated (b) solidly grounded. . ‘ i [12]

5. a. What is equal area criterion for assessing the transient stability of 2 two machine system?
Explain and justify with the help of a suitable example. ‘ [2+8]

b. A transmission line connecting a generator to an infinite bus has a series reactance of 08pu
Assuming the sending and receiving end voltage are at 1 p.u. each compute thefoiif;%vin :
' 5+5]
i. Power angle if the line delivers a 1 p.u. power to infinite bus
ii. Series compensation required to bring the power angle 1o 30°

=
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. a) What do you mean by mterconnected power system? Describe merits and demerits of

the interconnected system. , : o [1+5]
~ b) Explain how real power/frequency control is maintained in a interconnected power
system. . : [6]

2. A 3-bus power system is shown in ﬁgure The series impedance and shunt admittance of
each line are 0.026+j0.11 pu and j0.04 pu respectively. The bus specification, power and

- bus voltage are as under. (Pg, Qg, P, QL and bus voltages are in pu). , b [4x4)
: 1 5s .

.3

Bus No. | Pg Qs {PL | QL |Busvoltage | Bustype
1. ? ?7 110105 1.03<0° Slack
1.5 ?2 105] 0 1.03 PV
3 0 0112105 ? PQ

. l) Form YBUS
1) Generator reactive power at bus’ 2 using Gauss-Seidel method (up to first 1teranon)
iii) Voltage at bus 2 and 3using Gauss-Seidel method (up to first iteration)
iv) Total network real power loss (after first iteration)

3. a) For a power system network a 3-ph to ground fault occurs at P as shown in figure
calculate fault current and fault MV A.

O—@m— !
Gi L I P v )
G T 200km

G 100MVA, 11KV, X = 15%
Gy — 50MVA, 11KV, X =10%




Ty - 100MVA, 11/132KV, X = 10%
T; - SOMVA, 11/132KV, X = 8%,

L1, Ly—X =0.2C/phase/Km
J;) For a 3-phase symmetrical static cirouit, Jusﬁfy that sequence networks are
decoupled. [8]
4. a) Explain with necessary mathematical expressions and diagrams how fault current is ’ Ty
calculated when a line-to-line fault occurs in a 3-phase power system network. {81 :
'b) Draw positive, negative and zero sequence networks. If an unsynnnetncal fault occurs:
at bus 3, determine equivalent Zy, Z; and Z,. . . [8] ‘
L 3
100MVA,220KV
- . j0.1pu . :
100MVA AN PR ~ 5MVA
11KV, PRI ; ! A ‘ 11KV
X,~%,=j02pn  100MVA 100MVA ’ s
x01=j0 Zosﬁu'- 11/220KV, 220KV, = : le%(zo ;JO-ISP,U
' 10.1pu. 0-12pu 10.03pu,SOMVA, T IR
'  11/220KV,
--'jO.-O’?Spu

i

‘ 5 a) - Define steady-state, and transient stabxhty of a power system.. Starting: from the basm
‘principle of dynamics, “Accelerating torque for-a synchronous generator is given by
the product of moment of inertia and the angular : accelera‘hon of the' rotor”_d ive ik

- swing equation of the:rotor of the synchronous: generator. !

o bYiA 3-phase; 50Hz:generator:is connected:to-an infinite-bus via: Aransmission: lmf: The

“inertia constant‘of the generator is 6 MI/MVA and mechanical power inputis 1.Opu.
The maximum power that can be delivered by generator is 2.0 pu. A-3phase fault °
“oceurs at the infinite bus Deterrmne the critical clearing angle and critical clearing '
time. , , : ‘ 18]

. ¢) Explain factors affecting transient stability of a power system. ' o [4]
: ’ ' ko '

Ao
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R S,zbject _'Power Systemt Analysis

v Candidates are required to give thexr answets in their ow1l wnrds as far as. pracucabia

- Attempt any Five questions. s T , » y,
v The figures in the margin indicate Fuz‘lM’ar!s o s . R
v Assume suitable dmfa y‘necessmjy o T T T L e B T

1. M transposition is done in three phase transmission line. Derive the equation to
calculate inductance per unit length of a transposed 3+ pbass transmission line. [8]

b) Develop the reactance diagram of the following netwwk and express all the
parameters in pu values based powex = 1000 kVA and base vmtaﬂe =11 k\f at IDW
ﬂéltace 51de S e D 18]

v .. R . . -

.f.'.‘E'R-L‘.ne“ ~
© Xo = 10£) /phase -

Gyt 1000KVA, 11KV, Xg=2.5%  TR;: 1000KVA, 1 1KV/G6KY, Xni=2%
Gat S00KVA, 1KV, Xez= 0.130 TR, : 500 KVA, 12.5KV/T5KY, Xm= 2%
: TRy 1" 1500 kVA, 66KV/ 400V, Xrsa= 2%

u/ff tne load dravm a current of 1200 A, (‘alrL ats ihe current supplied by Grand Ga.

v‘y/.ﬂ. 3- Dhasp 50Hz¢ ran nsposed fransmi ulonl ins whoss cmmgummn is shown in & I gure

pe o-;low has an inductance of 1 mH/ph/km. ‘Find the inductance of the same line if the

. line configuration would have been changed to' symmetrical spacing k=69mc the
minimum spacing betwer‘:r the adjacent conducwr; to b same. {}ﬂ

6m . o 6m
: >

'D“"x?}’ncrure Below c”hc)ws thﬂ arrangc*neit oF a 3—phase ansmm;szm lme ‘The hne is
transposed and the diameter of each conductor is 2.6cm. Calculate the car*aczsaqce of

the line-per phase per km neglecting the effect of m‘ound {8]
y L 10m o - 10 32
gl 2 /“

O
.%.O“T
o O~




o
’

3, a) A three phass, 220 kv’ :O Hz transmission line su

pplies @ power of 200 MW ata - e ]
power tactor of 0.8 laccrmmand rhe line has ABCD p o

arameters &s fo llows: - [10]

[4 B]_[0sco00r* Bo 7 i SR e T
C DJ 7 [1.14x10% 2900, 0940001a BN P T T
- s | R
e 5---;—~~—Detr'=nn1nf= the Iollownlc S TR T s T T e e ]
: Sending end Voltaoe |
ig/ﬁ Ioad receiving end, voltacre ’ S
Meal and reactive power at sandlncr end at full Ioad o
vy Beal and reactive power loss | in the ling at full Ioad . i

)" Voltage regulation and Ime efﬁcwncy at full laad

b) For the transm15510n line shown in fig

voltdge in terms of receiving en
A at the receiving end and ‘hence
‘ ‘ voltaoa towards IOWEL

gure balaw denva the expressmn for sancunc end
d voltage, lins reactanne and complex power demand : S
Justuy that reactwe powr::r always ﬂow from hﬁher ) o

ggig!px power Lo d

*ch_rev bus power S}’SLUIT.L is show

[8]

1in ficure below The Y;ms of the sysremy i Ip uni

. "‘2+_/6 ~"+,16 . i
s L‘wé 4=J12° -2+ j6 |
e *"+16 “24 J6 4—-112

| e o Ihe bus pOW 3y m p.U. are as fal OWS

1-31-5 No. | Plosd QLogd’ *‘ ‘

I 0 0
1 2 09 I 05
T 08 | pa4

penu*m the, ].Oad flow ajalym

- The load flow ana 2lysis results \/' =1£0%pu, V,=
the network rea) and reawx/c pa,wer lOube :

i auuucaﬂ m,mrlx ofihe: e,\ampl




