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Assume suitable data if necessary.

. a)

b)

b)

. a)

b)

Clatify the concept of real power with frequency and reactive power with voltage in
power system network.

With a suitable example of a power system, show that the diagonal entries of a bus
admittance matrix are the sum of all admittances connected to the respective buses

whereas the off diagonals are negative of individual branch admiftances between
buses.

"Point out the key advantages of an interconnected power system compared to isolated
system,

Consider a 3-bus power system network as shown in figure. Assume base MVA as

g Full a_g-ks 5 80 __ i

i

(6]

t4]

(]

100 MVA. Find: [6+6]

Generato Quii | Ouix

No. | Volinge | ¢ [QlPlq| R |
1.0520°
o [ B =R .5 1k B3 NI,

AN 3 - = 2 L Kl N o

s, SRS

(i) Voltage at bus-2 and bus-3 using G-S method (up to first iteration)
(1) Generation reactive power at bus 2 using G-S method (up to first iteration)

Compare the performance of G-S method and N-R method for power system Ioad
flow analysis.

Prove that the symmetrical component transformation is power invariant,

Figure below shows two 11 kV gencrators feeding a 132 kV double circuit line
through generator transformers. Each 132 kV line is 40 km long and with an inductive

[4]
(6]

reactance of 0.4 ohm/km. Calculate the fault level for a three-phase fault at: [5+5]

(1) Point A on the busbar close to generator |,
(ii) Point B at the mid-point of one of the line.

Use 100MVA as base for the calculation, express your answer in amperes and 1gnore
the effect of any system loads. -




4. a)

b)

b)

Gen1 Gen?2

11KV 1 kY
125 VA , 75 MVA
X = 28% LB X =18%
OO ®
111324 | 132011V

} i

125 MVA /] 90 MVA

X=18% ¥ ) 2 X=12%
A

oo

Consider a synchronous generator whose neutral is grounded through a reactance
‘Xn”, The generator has balanced emf and sequence reactance Xy, X3, and X, such

that X; = X>>X. [4+4]
(i) Show that if the neutral is solidly grounded, the LG fault current would be more
than 3-phase fault current.
(ii) Write down expression for neutral grounding reactance such that LG fault current
is less than the 3-phase fault current.
A synchronous generator is connected to a synchronous motor through a transmission
line and two transformers as shown in the figure below. The sequence reactance of the
components are as follows: [8] -
Generator: X;=0.3, X5=0.2 and Xy=0.2.
Transformers 1 and 2: X;= 0.1, X,= 0.1 and Xo=0.1
Transmission line: X;= 0.1, X;= 0.1 and Xo=0.2
Synchronous motor: X;= 0.1, X5= 0.1 and Xo=0.1
A line to ground (L.-G) fault occurs in the middle of the transmission line, Determine
the fault current assuming the pre fault voltage at the fault points as 1 p.u.
Transformer! Transtorrer2
P L.
% @ © - Y®£\ @Y%’
Generator L Y: :-"‘: Maer
Derive the rotor angle swing equation and hence Justify that the swing equation is a
nonlinear differential equation. [6+2]
A 50 Hz, 500 MVA, 4-pole, 33 kV alternator has an inertia constant of 7.5 MI/MVA.
Compute: [2+3+3]

(1) Stored energy at synchronous speed.

(i1) The rotor acceleration in mech degree/sec’ if the Input to the generator is
suddenly raised to 400 MW for an electrical load of 350 MW.

(iii) The speed of rotor in rpm if the rotor acceleration is constant for 10 cycles.
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1. a)

b)

2. A

3.

Ta

fir

acg

b) [Describe about the assumptions

a)

What are the effects of real power and reactive power in interconnected power
system? Point out your opinion to minimize these effects.

Develop a bus admittance matrix for a typical 4 bus system starting from node

equations. Bus 1 and 3 are generator buses and rest are load buses. What are the
characteristics of diagonal and off diagonal elements?

B bus power system has the line data given in Table-1 and bus data as depicted in
le-2, compute the bus voltages at the end of the first iteration using G-S method for

iteration. Consider the generator reactive power limit as -0.2 < Que, < 2. Take
eleration factor a =1.6.
Table-1: Line data (p.u.)
Branch | Line reactance X [ Line half shunt admittance, Y/2
1-2 j0.1 j0.01
| 1-3 jO.1 j0.01
2-3 JO.1 j0.01

Table-2: Bus data (p.u.)
Bus P, Q, Py Qq [V

1 - l
2 0.67 - 1.05
3

- - 2.87 1.22 - -

- -

1 Do

to be made for decoupled load flow method, and
write down brief steps for the power system solutions using this method.
Three-generators are interconnected through three transformers and two transmission
flines as shown in the figure below. The rated MVA, voltage rating and percentage
Feactance of the generators and transformers are depicted in the figure. The reactance
of the transmission lines shown in the figure are in Q. Considering the pre-fault
voltage as 1 p.u, compute the fault current, if a 3-phase bolted fault occurs at bus 2.

[5+3]

[5+3]

(12]

[4]

(8]



b)

b)

50 MvA
6KV, 5%
50 Mva
132/6 kv
G1 G2
50 MVA 50 MvA
1M kv 6.6kV.6%
10% 100 MVA 50 Mva
11132 kV - 132/6.6 kv
5% 4%

Draw the positive, negative and zero sequence network for the following system.
Assume the system is unloaded and operating at nominal voltage. [8]
h’@'?‘éiﬁ}? — h’QY)-@ 5
Gy T . AA T, G,
h
Gy %
Xi(p.u.) Xz(p.u.) Xo (p-uw.)
G, 05 0.2 0.18
6; 0.33 0.15 ; 0.15
Gs 0.275 0.1 0.12
7, 0.2 0.2 0.2
T, 0.167 0.167 0.167
Ts 0.143 0.143 0.143
Ly 0.083 0.083 0.4
Es 0,103 0.103 0.6

Obtain the sequence network for double line to ground fault at alternator terminal
assuming a solid fault. Discuss the significance of zero sequence circuit, [8]

The sequence reactance of a generator in p.u. are X; = X, = 0,15 and Xy = 0.05. The

neutral of generator is grounded by impedance. Compute the neutral impedance in p.u
if the current for LG fault is same as that of LLL fault. (8]

Briefly describe about the stability enhancement techniques. What is the importance
of synchronizing power coefficient. [8]

Consider a system where an equivalent generator is supplying power to an infinite bus
through two parallel lines. Explain how equal area criterion is applied to study the
stability of this system when there is a three-phase fault at midpoint of one of the
lines. [8]
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a) What is the role of reactive power injection or consumption in a specified bus? For a
synchronous generator connected to infinite bus discuss the concept of maximum and
minimum reactive power generation limit. [3+5]

b) The figure below shows a five-bus power system. Each line has a series impedance of
0.05 + j0.15 pu. The line shunt admittance may be neglected. Compute the Bus-
admittance matrix. What are the driving point and transfer admittances? [6+2]

3

J—‘k
N

2. a) How G-S method is different from N-R method for the load flow analysis? Write
down the assumptions are to be made for decoupled load flow analysis. [4+2]

b) Figure shows a 3-bus system. The series impedance and shunt admittance of each line

are 0.026 + j0.11pu and j0.04 pu respectively. The bus specification and power input
etc. at the buses is as under:

Bus |Pg Qg P.™ JQU Bus Voltage
1 | Unspecified Unspecified| 1.0 | 0.5 1.03+j0(Slack bus)
2 1.5 Unspecified| 0 0 [V=1.03(PV bus)
3 0 0 1.2 | 05 Unspecified(PQ bus)
1.9 + jQs>
2 -7~ I"“ Pv
1+j0.5 bus
4
B'l!:!?lk \
Ll ea
2 bus
1.2 + fO.6

For bus 2 the minimum and maximum reactive power limits are 0 and 0.8 pu.

Form (i) Y bus (ii) find P,°, Q,°, P;° and Qs°(iii) find jacobian matrix (iv) form the
general equations for calculating the change in variables by N-R method for first
iteration. [3+2+2+3]



3..a)

b)

4. a)

b)

b)

Write down the importance of symmetrical components transformation for unbalance
system analysis. Also derive the expression to calculate the components of
3-phase unbalance currents.

Figure below shows generating stations feeding a 132-kV system. Determine the total
fault current and fault MVA level for a 3-phase to ground bolted fault at the point
marked by F. Consider the line is 200 km long.

100 MVA, 117132 kV

X = 10%
@35
X = 0.28¥Phase/kmn
100 MVA, 11 kV, Ty ]
X = 15% SRR S
T oanisciis s
X = 0.28¥Phase/km
@ 5E

SO MVA, 11 kV, SOMVA, 11/132 kV
X = 309 X = 8%

From suitable diagram and mathematics show that during a line to line fault in a
transmission line, zero sequence component is absent in the expression of fault
current,

A 3-phase synchronous generator with isolated neutral at no-load is subjected to
different types of faults at their terminal. Considering the line-to-line voltage rating of
generator as 380V and positive, negative & zero sequence impedances of the
generator are j2Q, j0.5Q & j0.25Q respectively, determine the fault current for
(i) L-G fault, (ii) L-L-G fault, and (iii) L-L-L-G fault. Comment on the results.

What do you mean by steady state and transient stability and their limits in power
system? Discuss the techniques for enhancing the transient stability of a power
system.

A 50 Hz synchronous generator connected to infinite bus as shawn in the figure below
has a H constant of 5 p.u. Under normal condition (just before disturbance), the
generator injects 1 p.u. real power to the infinite bus with generator excitation voltage
of 1.1 p.u. and infinite bus voltage 1 p.u. Suddenly a 3-phase bolted fault occurs at the
infinite bus. Compute the critical fault clearing angle and critical fault clearing time
for system to be transient stable.

Infinite Bus
X=1°o " =0.8 pu

ok

[3+5]

(8]

[8]

[6+2]

[4+4]

(8]
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. ) What are the advantages and disadvantages of interconnected power system? With the

schematic diagram, explain how load/frequency and reactive power/voltage are
controlled in the power system. [2+4]

b) What are bus admittance matrix and bus impedance matrix? Formulate the bus
admittance matrix for 4-bus system and state the properties of the matrix including
general equations of their elements. [2+4+2]

c) What is the significance of slack bus in load flow analysis? [2]

a) A thrfee-bus power system has all the three diagonal elements of Yy,s matrix equal
to -j12 pu and all the off-diagonal elements equal to j6 pu. The power and bus
voltages are as follows:

Bus P load Qload P&ﬂi Qm A" Bus

No Type
l 20 0.6 ? ? 1.05<0 Slack
2 0.7 0.5 0 G ? PQ
3 ] 06 | 03 0 0 ? PQ

Carry out the load flow analysis (up to 2 iteration) to compute the unknown
variables in the above table starting from assumptions of unknown voltage magnitude
as 1 pu and phase voltage angle zero degree using G-S method. Also compute the
network real and reactive power losses. [8+2]

b) Write down the specified and unspecified quantities of different types of buses used in
load fflow analysis. State the assumptions that are made in decoupled load flow
analysis and also write down in brief steps for this analysis. [2+4]

. @) With|proper mathematical interpretations, justify that for a symmetrical static circuit,

positive and negative sequence impedances are equal. Also discuss why the sequence
impedances for a generator are not equal, [6+2]

b) Figure below shows a power system network. Each alternator G, and G, are rated at
100MVA,11 kV and has a sub-transient reactance of 20%. Each of the transformer is
rated atl00MVA, 11 /132 kV and has a leakage reactance of 5%. The line L, of
1.2mH/phase/km and a length of 100km.Lines L, and L; have inductance of 1.0

mH/phase/km and has a length of 50km each. Find the fault MVA and fault current
for the fault at the bus 5. [8]

@t

Ls




4. a)

b)

b)

Starting from a suitable point, show that the three-sequence network are connected
in series during Single L-G fault in a 3-phase power system.

For the power system network shown below, compute the fault current if a L-L fault
occurs at point B. Assume pre-fault voltage at the point of fault is 1 p.u.

50 MVA, 6/66kV, a/Y <40 MVA,65kV/3.3 Y/A
¥ solidly grounded ¥ [solated 0MVA, 33

i X=300
1,710% 2,75% 6 2=2% @-{-@‘ — }(D—l@ 2,210%, 7,5% 8 132%
4%
¢ 0

"% | 220
Z:p0 . 4% ln Z,

State and explain in brief: power system stability, steady state stability, dynamic
stability, transient stability and voltage stability. Also, explain in detail how you can
use equal area criterion for stability studies in the parallel transmission lines.

A 50 Hz, 4 pole turbo generator 100 MVA, 11 kV has an inertia constant 8 MI/MVA.
(i) find the stored energy in the rotor at synchronous speed. (ii) If the mechanical
input is suddenly raised to 80 MW for an electrical load of 50-MW, find rotor
acceleration, neglecting mechanical and electrical losses.(iii) if acceleration calculated
in part (ii) is maintained for 10 cycles, find the change in torque and rotor speed in

(8]

(8]

[3+5]

revolutions/minute at end of this period. [2+3+3]

Aok
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Assume suitable data if necessary.

. a)

b)

c)

b)

. a)

b)

What are the advantages and disadvantages of interconnected power system? With the
schematic diagram, explain how load/frequency and reactive power/voltage are

controlled in the power system. [2+4]
What are bus admittance matrix and bus impedance matrix? Formulate the bus
admittance matrix for 4-bus system and state the properties of the matrix including
general equations of their elements. [2+4+2]
What is the significance of slack bus in load flow analysis? 2]
A three-bus power system has all the three diagonal elements of Yy, matrix equal
to -J12 pu and all the off-diagonal elements equal to j6 pu. The power and bus
voltages are as follows:

BuS | Poaa | Quoad | Peen | Qea | V| Bus

No '| Type

1 20 [ 06 | 7 | 7 1 105<0 | Slack

2 | 07 | 05 0 | 0 ? | PQ |

0.6 03 0 | o | 7?2 PQ

Carry out the load flow analysis (up to 2™ iteration) to compute the unknown
variables in the above table starting from assumptions of unknown voltage magnitude
as 1 pu and phase voltage angle zero degree using G-S method. Also compute the
network real and reactive power losses. [8+2]
Write down the specified and unspecified quantities of different types of buses used in
load flow analysis. State the assumptions that are made in decoupled load flow
analysis and also write down in brief steps for this analysis. [2+4]
With proper mathematical interpretations, justify that for a symmetrical static circuit,
positive and negative sequence impedances are equal. Also discuss why the sequence
impedances for a generator are not equal. [6+2]

Figure below shows a power system network. Each alternator G, and G, are rated at
100MVA,11 kV and has a sub-transient reactance of 20%. Each of the transformer is
rated atlOOMVA, 11 /132 kV and has a leakage reactance of 5%. The line L; of
1.2mH/phase/km and a length of 100km.Lines L, and L; have inductance of 1.0
mH/phase/km and has a length of 50km each. Find the fault MVA and fault current
for the fault at the bus 5.

@-+36T 3546

La

[8]




4. a) Starting from a suitable point, show that the three-sequence network are connected

L

b)

b)

in series during Single L-G fault in a 3-phase power system.

For the power system network shown below, compute the fauit current if a L-L fault
oceurs at point B. Assume pre-fault voltage at the point of fault is 1 p.u.

50 MVA, 6/66kV, A7Y 40 MVA 66KV/3.3 Y/
Y sofidly grounded ¥ isolated 20 MVA, 33KV

20MVA, GkY : X=300 i . .
1,710%,2,75% & 1,=2% ‘Q‘s—«{-@ i BB } ) o) glliﬁiiy—S%&Za-l%
Z2,=20 | i A 4% % i

B c D

State and explain in brief: power system stability, steady state stability, dynamic
stability, transient stability and voltage stability. Also, explain in detail how you can
use equal area criterion for stability studies in the parallel transmission lines.

A 50 Hz, 4 pole turbo generator 100 MVA, 11 kV has an inertia constant 8 MI/MVA.
(1) find the stored energy in the rotor at synchronous speed. (ii) If the mechanical
input is suddenly raised to 80 MW for an electrical load of 50 MW, find rotor
acceleration, neglecting mechanical and electrical losses.(iii) if acceleration calculated
in part (ii) is maintained for 10 cycles, find the change in torque and rotor speed in

(8]

(8]

[3+5]

revolutions/minute at end of this period. [2+343]
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. a)

b)

<)

b)

b)

What is interconnected power system? Write its advantages,

For the network shown below obtain a bus admittance matrix.

(O - 0.024i0.0 5 (D
E-l H e ! s To

- i

x=j0.02  j0.08

K3

@
B j0.12 x =70.13
0.01+j0.03

—)

" 0.02+j0.06

An 11 kV 100 MVA alternator having a sub-transient reactance of 0.25 pu is
supplying a 50 MVA motor having a sub-transient reactance of 0.2 pu through a
transmission line. The line reactance is 0.05 pu on a base of 100 MV A. The motor is
drawing 40 MW at 0.8 p.f. leading with a terminal voltage of 10.95 kV when three
phase fault occurs at the generator terminals. Calculate the total current in generator
and motor under fault conditions.

Perform the two iteration of Gauss-Seidal load flow analysis for the data table given
below to find the unknown variables of the buses. Line impedance of each line is
(0.02+j0.11)pu. All data are in per unit and have usual meanings.

Busno. | P | Qg | P | Qu | Bus voltage | Configuration
1 ? 1?7 11.0]05]1.03<0 |12
2 1512 105(0 |1.03 2-3
3 00({0 |12]05}7? 3-1

When and why power system engineer needs load flow study? Write the load flow
equations for NR method and make suitable assumptions to write load flow equations
for decoupled load flow highlighting its computational advantages over N-R method.

What do you understand by symmetrical components? Derive an expression of 3-
phase complex power in terms of symmetrical components of voltages and currents.

Define sequence impedances. For the star connected load, verify that impedance
matrix has non-zero elements on its diagonal matrix. Comment on zero sequence
impedance.

[4]
[4]

(8]

[12]

[2+2]

[2+6]

(8]



b)

a)

b)

Draw positive sequence, negative sequence and zero sequence network of
synchronous generator. Show that all three sequence currents of faulty phase are equal
in case of single line to ground fault of unloaded synchronous generator. Also find the

expression of fault current. (8]
A 25 MVA, 132 kv alternator with solidly grounded neutral had a subtransient
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 alternator, Determine the
line 1o line voltages under fault conditions. Neglect resistance. [8]
What do you mean by steady state and transient state stability? Explain. Also discuss
the transient stability enhancement techniques in power systems. [4+4]
A three phase fault is applied at the point P as shown in figure below. 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 delivering 1.0 pu power at the instant preceding the fault. [8]
i Infinite bus
L ELELLS RN
n j0.25 I ”__l[ j00s. |
(\G; ______________ sl N 1 3 ? i_ [y L_1 |V[=10
1E|=12p O T L1 . ’EIL_[ |
i / f
»
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a)

b)

a)

b)

| l 5 g I |
L‘.}; FENN ala & |
List out the advantage of interconnected power system over isolated system. How the
changes in active power affect the system frequency in power system?

What are difference between bus impedance matrix (Zy,s) and bus admittance matrix
(Yous)? Develop Yy for regulating transformers whose off-nominal turn ratio is 1t
and draw the equivalent w-model for this transformer.

A synchronous generator is rated 500 MVA, 20 kV, 60 Hz with having subtransient
reactance (Xd’’) = 0.20 per unit. It supplies a purely load of 400 MW at 20 kV. The
load is connected directly across the terminals of generator. If all the three phase of
load are short circuited simultaneously, find the initial symmetrical rms current in the
generator in per unit on a base of 500 MVA, 20 kV by using internal voltages of the
machine.

Describe about the assumptions to be made for decoupled load flow method, and
write down its algorithm.

For a network given below, series impedance of each line is 0 + 10.12 p.u. Shunt
admittance of the line is negligible. Calculate:

(1) Voltage at bus — 2 and bus - 3 by using G-S method (Upto 2 iteration).
(ii) Slack bus real and reactive power.
(111) Network real and reactive power losses.

1.5+3j04 pu

12+j05pu

What is significance of sequence components? Deduce the sequence network for a
loaded synchronous generator grounded through impedance Zn.

Draw the positive, negative and zero sequence impedance networks for the power
system shown in figure below. Choose a base of 50 MVA, 220 kV in 50 Q
transmission lines and mark all reactances in pu. The ratings of the generators and
transformers are:

Generator 1: 25 MVA, 11 kV, X** =20%

Generator 2: 25 MVA, 11 kV, X’ =20%

Three-phase transformer (each): 20 MVA, 11 Y/220 kV, x = 15%

(6]

[2+4]

(4]
[2+4]

[10]

[2+6]



The negative sequence reactance of each synchronous machine is equal to its
substransient reactance. The zero sequence reactance of each machine is 8%. Assume
that the zero sequence reactances of lines are 25% of their positive sequence
reactances. (8]

{&_g §{} L _ima g e fg}
Tt e
B | UV S - “

2 53
Y1 vy & N
X=5%
X = 5% at machine 2 rating

&8l machine 1 rating

4. a) A 30 MVA, 11 kV solidly grounded generator has positive, negative and zero
sequence impedance of j0.2 pu, j0.2 pu and j0.05 pu. Generator is under unloaded
condition. [6+2]

i) Calculate fault current and line to line voltages during fault condition if L-G fault
occurs at the generator terminals.
ii) Find the line current for 3-phase fault.

b) Figure shows a power system network. Draw positive, negative and zero sequence
network. If LG fault occurs at bus 1, find fault current. Assume fault impedance

Zi=0.05 p.u. [8]
:_ Equipment MVA ra:i—ng | Voltage rating | X1 (p@ X2 (p.u.) | X0 (p.u.) |
Gl 50 i 11KV | 020 0.20 0.08
Q2 _ 30 11 KV 0.25 025 | 0.
| Transformer T1 50 11/132 KV 0.1 0.1 | 01 ]
Transformer T1 | 30 11/132 KV 0.09 0.09 0.09
| LineLl 45 132KV 0.1 A 0.25 |
Line L1 45 132KV | 01 0.1 0.25
1 2

@8 —SE—(@
Y1 &%-l— N _f(\zgjoaah

5. a) What is stability of power system? State and explain the steady state stability and also
signify the importance of synchronizing power coefficient. [2+442]

b) For the system shown in figure, the per unit values of different quantities are E = 1.1,
V=1X4=015X,=X=04.
The system is operating in equilibrium with Pm = 1.2 pu. Find the critical clearing

angle if a 3-phase fault occurs on line-2 close to the generator. [8]
Xj
X
( 9 F
E<s | EB_ X2 Bl mfinite

hus
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a) Starting from the equivalent circuit of a synchronous generater, explain the Principle
how AVR (Automatic voltage regulator) control the bus voltage magnitude in a power
system, [8]

b) For a three phase system as shown in figure below, compute the Ypus Matrix. (8]

Vi=105£0 Zp=002+j004 2

P,=-40pu
Q,=-25pu

Z13=0.01+30.03 Z5=0.0125+0.025

3
P3=20pu
Va2=1.04 pu
(1.0 < <15 pu

Starting from Bus injected real and reactive Power expressions as;

N N
P = ZJV}{Van,[cos(ﬁm +8,-8;) and  Qp=-Y|ViVy Yin|sin®@y, +8, -5y)
n= n=1
where all notations have usual meanings, obtain the general expression for computing bus
voltage angle and magnitude corrections to be added to the initial guesses by N-R

method. Also develop an algorithm to solve load flow using N-R method. [16]
a) For the system shown in figure below, determine the fault current, fault level if three
phase balanced short circuit fault occurs at the far end F. (81
s 30 MVA 5%
20 MVA 15% . 1 & BFEiNG .. .

% Y

: 33kV
11 kV @____ 13 . F
10 MVA 10% . oot

b) Starting from suitable point, for a 3-phase star connected ioad with grounded neuiral
show that the sequence impedances are 7y = Zs +37Z,, Z1 = Zs and 7, = Z,. 8]




4. Determine the Fault current when a line to ground fault occurs at Bus 3 as shown in

figure below.

Gy, Ga: 100 MVA, 11 kV, X, =X5=15%, Xo= S%, Xn=6%
T1, T2: 100 MVA, 11 kV/220 kV, Xieax = 10%
L1, Ly X=X, = 10%, Xp = 10% on a base of 100 MVA

omn @
O3
&Y

5. a) In the power system network shown below, if the generator delivers 1 pu real power
at infinite bus 2. A 3-phase bolted fault occurs at the end of the 1* transmission line. The
fault is isolated by simultaneous opening of circuit breakers on the both end of the line.
Find the critical fault clearing time so that transient stability of the machine is maintained.

Li

® mn @

Lo

Inertia constant of the generator is SMI/MVA.

@—@—*

X'd=0.3

b) What are the techniques to improve transient stabﬂity in power system? Descnbe

bneﬂy

ook

S

X
@ vy

I -2
J0.3
-

L;

La
{1

1200

J0.3

(16}

[12]

(4]
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Candidates are required to give their answers in their own words as far as practicable.

Attempt All questions. ' A s m]
The figures in the margin indicate Full Marks. A5 BN
Assume suitable data if necessary.

. Q)

b)

b)

b)

What are the advantages of interconnected power system? Explain the mechanism for
real power frequency balance in an intercennected power system.

With an example of a 3-Bus system and n-model of inter-connecting transmission
lines derive the bus admittance matrix. Also define the diagonal and off-diagonai
elements of the matrix.

Taking a 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.

For the system shown in figure, determine the voltage at the end of the first iteration
by G-8 method. Neglect limits on reactive power generation.

Bus 1: Slack bus, V=1 2 0°

Bus 2: P-V bus, V=1.05 pu, Pc =3 pu

Bus 3: P-Q bus, PL=4pu, Q. =2 pu

® j03 @

j0.2 7702
®

Mention the advantages and disadvantages of N-R method over G-S method in load
flow system.

Derive an expression to determine 3-phase power in terms of symmetrical
components of voltages and currents.

For a single line to ground fault in an unloaded generator, show that all the sequence
networks are connected series with the source voltage.

A 40 MVA, 11 kV generator has 7; = Z, = j0.3 pu. Z, = j0.4 pu. A line to line fault
occurs on the generator terminals. Find the fault current.

A 50 Hz generator with inertia constant 5 MI/MVA is delivering 1 pu power to an
infinite bus. When a fault occurs, the maximum power transferable reduces to 0.5 pu.
The maximum power transferable before the occurrence of fault was 2 pu. The
maximum power after clearance of fault is 1.5 pu. Compute the critical fault clearing
angle.

Starting from the swing equation of the rotor of a synchronous machine connected to
an infinite bus, obtain the mathematical expression representing the rotor dynamics
for an incremental change in rotor angle of a synchronous machine.

* %k %

[8]

(8]

[10]

[10]

(4]

[8]

[10]

[6]
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Assume suitable data if necessary.

a)

b)

c)

b)

<)

b)

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

Form the Yy, matrix for the following network. All impedance values are in per unit
system.

1
|
Gl G T T I, Is Ls |
A *L?:pu 70.1 | j0.12 | jO.1 | j0.12 | 0.03+j0.08 | 0.02+j0.05 0.025+0.06 |

.

A 3-phase unbalanced source with voltage given by Vi = [200 < 25° 100 < - 155°
80 < 100"]r 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
(if) Symmetrical components of currents

How do the symmétrical components help us in analyzing unbalance electric power
system? Explain briefly. :

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

1 j0.08 2

Spass = 100 MVA

jo1 jo12
J

3

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 when the mechanical
input to the generator is 1 p.u. Also compute the critica! clearing angle.

1 10.5 3 2 Vi =1.08 pu

O+ e ekm

Vi j0.1 104 i<0°pu

[4]

.

(8]

[4]

(6]
[6]

[10]



4. a) For the network given below, compute the bus voltage magnitude and phase 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. [8]

1 j0.06 2g

L, V;=1.05<0°pu
[V =1.03 pu
Pg;=2 pu
SL,=3+j15pu

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

Jacobian matrix. Take a flat start of V2@ = 1.0 pu and 8, = 0". [8]
1 01 2
ot b 1+j0.5
1.0 <(Q°

5. a) For a Double Line to Ground fault in an unloaded generator, show that the positive
sequence network is connected series with the parallel connection of negative sequence
and zero sequence networks. [6]

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. [10]

Item | Base MVA | Xj Xy | Xp
Gy 100 0.15(0.15 | 0.05
G ? 0.15]0.1510.05
T, » 0.1 ] 0.1 ] 0.1
Ty 7 0.1 ] 0.1 | 0.1
Ly = 0121012 0.3
L, i 0.15]0.15 | 0.35
13 ” 0.25]0.25]0.71

E 2 24
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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 phase 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 q_
i [103<0°pu| - - » ‘
2 1.01 pu 0.3 pu - - -
3 - - -~ [04pu| 02pu

(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 Generator Voltage
Real Power | Reactive Power | Real Power | Reactive Power
1 - - - - 1<0° pu
2 0 0 0.5 pu - 1.02 pu
3 1.5 pu 0.6 pu - - -

[8]

[8]

(8]

(8]



5. 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. : '

. &, =

- e B e ]zm,\ L
" T,.z}_._g:«)zﬂ | |
_va ) _. *

6. Starting from 2 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 systerm in terms of symmetrical
components of voltages and currents? ; _

. Asingle lineto ground fault occur at generator terminal of 20 MVA, 13.8 KV and having

Z=10.20 pu, Z,=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 transmission line, -

zero sequence component is absent in the fault current.

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

importance of inertia constant in the machine.

11. Calculate the eritical clearing time and critical time and critical angle if the fault is at
point P for the network having inertia 5 MI/MVA shown below. The machine is

“delivering 1.0 pu and both the terminal voltage and the infinite bus voltage are 1.0 pu

v:
velo o 104 i
. . J0A . g

e gt

& kK

(6]

{6l

[4]

(81
(8]

[6+2]

(81
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Attempt All questions. ;
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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 this method imporve
the computational efficiency than the NR method in power #flow 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 © equivalent network with series
impedance of z;=(0.0 + j0.10) and half line charging admittance y.=j0.02. (8] !.

o (VI =1.04

Lt

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. [10]
Data:

Gy & Gy : 11 kV, 100MVA, x41=0.20 pu, Xe2=Xgo=0.10 pu

Ty: 180MVA, 11.5/115KV, x71=0.10 pu

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

M: 6.3 KV, 160 MVA, vt = X2 = 0.30 pu, xm=0.10 pu

Line:

XiINEl= X}_m132=30.25 ohm, XLmE:}:ﬁU.S ohm

Vi
7y

U
‘s
®

Lhs




8. Obtain the sequence network for double line to £ault 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 a 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.

Ak

on

(8]

(8]



* 45 TRIBHUVAN UNIVERSITY
INSTITUTE OF ENGINEERING
- - - - . i____—‘__._-__
Examination Control Division |TProgramme BEL
2075 Ashwin | Year /Part | /1 Time | 3 hrs.

ST SIS |

Subject: - Power System Analysis II (EE605)
Candidates are required to give their answers in their own words as far as practicable.
Attempt All guestions. :
The figures in the margin indicate Full Marks.
Assume suitable data if necessary.

TSENENEN

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

b) Explain the steps of forming Bus Admittance (Ypus) with an example of a 3-bus
power system network. L i8]

2. 2a) Perform the two iterations of gauss-seidal load flow analysis for the data table given
below to find the unknown variables of the busses after first iteration. Line impedance

of each line is (0.026 +30.11) pu. [12]
Busno | PG| QG | PL | QL [ Bus voltage | Type Configuration
1 2 1 2 |1.0]05| 1.03<0 |Slack 1-2
2 15 2 {051 0 1.03 PV 2-3
3 J00f 0 {12 0.5 ? PQ 3-1
- b) Makea comparison between G-S method and N-R method of load flow analysis. (4]
3.. ) Calculate short circuit MVA and short circuit current when three phase fault occur at
~ load B of the following single line diagram. [10]
' ’  mwRMKY
20 VA, K5 XY X0.14520ban
| X=0.655 obm

30 MVA, 56766 KV 30 MVA, 65 /281 KV

e .- . X=t1451chm roferedta HY slde) ~ ¥=14.52 ohem {refared to HV side]

Transmission line
G2 r =174 ohm
: Tr
- {0 MVA, 65KV
E Lo
X=1.X ohm Load A adB
. 1 FOKEW, 15T KV
15 MVA, £5 KV - P ooty

pi=biky

b) A 25 MVA, 13.2 kv altenator 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 voltages under fault conditions. Neglect resistance. 81



Derive the relationship 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]

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.

(i1) One altcrnator neutral is grounded through 0.3 ohm resistance and the other two
neutrals are isolated. (12]

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]
The power system shown below is operating initially at power angle & =20°.
Calculate the power delivered to the infinite bus at normal operation. [10}
1 ) 3V =1puzl®
(1) §0.5p0 (2)V=1pu
j‘____..-.—.-

j0.25pu
Oy
f
e
E=1.2puss infinite bus
j0.5pu
If a 3-phase to ground fault occurs at bus (1) and fault is cleared when the power
angle & reaches 45°. Determine, whether system come back 1o stable or not? If yes, . -
calculate the maximum 5-swing angle.

*¥ ok
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1. a) Describe about the importance of interconnection in power system. Explain briefly
about the real power — frequency balance and reactive power — voltage balance in
p > wer Sys 2Iu. o
b) F- “+ figure below, obtain node equations and then form bus
- wnpedances are marked in pu. 18]
0.02+j0.04 f
T, T E
E, jooe 2 AT B a e
X=0.12 R : . Bt
0.01+j0.03 0125+j0. T L S
. ) .
T, e
E-‘a
X=§0.1
2. a) Figure below shows the single line diagram of 3 bus power system network. ===~
Determine the jacobian matrix, and perform load flow by N-R method up to one
jteration. (8]
- . rmammrer By T i s e )
1 .
1£0°pu ¥y, =—J40pu 2 ‘
: ¥, = —J20pu : - .
Slack Bus Generator Bus Nk '
¥y3 = —j20pu Mj=105pm  ° = |
AR
2 Load Bus -7

(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 Jimits and asked to perform the

’ G w1 e s g avatarerls



3. a) Figure below shows a generating station feeding a 220 kV system. Determine the total
fauit current, fault level and fault current supplied by each generator for a three phase

fault at the receiving end of the line. [10]
11Ky 220KV
Gi: 11 kV, 100 MVA, X%, =j0.15 EF—3— uq
Ga: 11 kV, 75 MVA, X%, = j0.125 T Fl=.
s & Tl 00 YIVA, XT. _)0;]0 &1/220 kV 1Ky _220KVITa0 0 Fault

e 'ﬁiﬁ MV A, X j) %)1 18220 kV @9—%T2
' @ e v

b) The phase voltages across a ceTtain foad are given as: R 15]
V, =(176 — j132)Volts
Ve =(=72L—]196) Vel
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 calculated when a line-to-line fault occurs in a 3-phase power system
rletwork [8]

~,. b)) A 3@ VA, 13.2 kV synchronous generator has a solidly grounded neutral. Its
R posﬁ , negative and zero sequence impedances are 0.30, 0.40 and 0.05 pu
2ctively. Determine the following: [8]

The value of reactance that must be placed in the generator neutral so that the fault
current for a line-to-ground fault of zere. fault impedance shall not exceed the
rated line current,

ii) The value of resistance to be placed in the neutrai that will serve the same
purpose.
5. “a) Derive swing equation of a synchronous machine to be applicable in the study of
power system stability. What is meant by swing curve? What information is supplied
by the swing curve? [8]

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. Deiermine the critical
clearing angle using equal area criterion. (8]

&
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1. a) Compute Y-bus matrix for the following power sysiem petwork shown in figure
below and list out the type of buses used in the network. (8]

] Gy
G x=jo2ru _ i

Y=j2pu

P+JQ

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

2.3 A three bus power system network is shown in figure below. The series reactance of

cach fine is 0.1 per unit. Line resistances and shunt admittances-are negligible. The
bus specification and power input, etc, at the buses is as under:

-

@_ A __@_._..____._...__.___.__

1.2+j05
Bus No. | Poen | QGen | Proad | Quoad | Bus Voltage | Bus Type
1 ? 7 L | 0.5 1.03+0 Slack
2 151 2 0 0 1.04 PV
3 | o] o0f12]05 ? PQ

(i) Form [Yus)
(if) Find the mismatch matrix [M°] and Jacobian Matrix 3]

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



3. a) Figure below shows a three-phase power system.

(i) 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:
Gy: 20 MVA, 11 kV, X1 = 50% - T3: 20 MVA, 11/132 kV, X11 = 5%

Gy 30MVA, 11KV, X2 =50%  Ta: 30 MVA, 11/132 kV, Xr2 = 5%

HV Bus
G |

B>

G

B-QD——

fault

b) Describe the effects of short circuit faults on power system. Also, explain’ the
importance of fault calculations.

4. a) A double line to ground fault occur at generator terminal of 30 Mva, 11 Kv and

line to neutral voltages under fault condition.

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

calculated when a iine to _l@ljgufz_iult occurs in a three phase power system network.

~ 5. a) A three phase fault is applied 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 delivering 1.0 pu power at the instant preceding the fault.

jos

= rrrrm s Infinfte bus
j2.25 w ¥ jo.05 .

@__F“L e
T -—D—"mmjp—u—w-

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

Sy

A

' V=10

~ having ZI'=72 = 0.2 pu and Z0 = j0.05 pu. Find the line currents, fault current and

[14]

(4]

[9]

B 1) IO

(10]

(6]
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v i P erator €50
a) For a synchronous generator connected to infinite bus, discuss fow the gererator <2 -

i.
supply O consume variable reactive power keeping its tenninal veltage constant. tod
3 . y : w o e etwierl
b) Obtain node equations and compute bus admittance ATy (Ypyot of the netwiss ]
shown in figure below. All voltages and impedances are markes i F- Ly
HeR ) =
1‘ T : n ]d. et i3
jU'bb :?w i Line-1 3 %
N ] TN
5 i / i
( G}; ':___,L_J:/{ \}...q....'_, 8 L*“{ 2__ }M Y
"~ 1 X’ P _ S Wy {
~ 3
~. .
e ‘ Oag
% ey
L‘me-é\ |
“-.,“h E
\ %
.
T
Ao - i 8
f ine Gata ars as follows. -

! Socies [ Shunt !

i 1 |

LTS ! i
i Remctance, pY Suscepminoe, BE

l .
T .02
Ling-Z l .20 0.00 !
1

£ ok
| Line-3 ¢ b i 07 1
Lo ! s
g L) = f F 9 L A o EA AR Lt ‘ul‘ ] o L .?""'" s
7. @) Starting wom V.Bus, Bus voltsge and injeoted CUTTSE caiatinniing SHLHE = o
. Loy L
pad flow equations. k.
. PN g " gk . 3 taa T EYawens GELE A “'-:"-."' T_E.:_
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P i I . . b e}
27 eraiion. B
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b
g ™ 1 1 2 g T el 4] £ 1z 108 ¥
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y 9
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4. a) A 3-phase generator rated 15 MVA, 13.2 kV has a solidly grounded neutral. Its
postitive, negative and zero sequence reactance are 40%, 30% and 5% respectively. (6]

i) Find the value of reactance 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 network. (0]

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

Equipment MVA rating | Voltage rating | X, pu Xz pu Xopu
Generator, G, | 50 T 02 |0z 0.05 -
Gﬁnenator G s 11kV 0.15 . [015 | 0.03 .
Transformer, Ty | 50 11220kv 0.1 0.1 Gt oy
Transformer, T, | 50. [1720kV  |0.075 | 0075 | 0.075.
Eine-] 50 220KV 0.12 012|042
Eine-2 50 BELREE 012|042 -

T he pre-fault voliage at Bus -3 is 0.95 p.u at common base of G.

L/ Line 1
G’1 i
@M“ﬁ" Line 2
Y i
-

5. &) What do you mean by rotor angle? Derive the swing equation for a single
synchropous generator cornected to infinite bus. 6]
b) Explain the Equai area criterion to study the transient stability of single machine _
sysiem connected to infinite bus with proper mathematical aids and diagram. {6}

¢) 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

Hmited to 20° fi 1or generator supplﬂnn power of 1 p.u {6]
: N X
= 2¢ l Orr—-|
—— “5 \ J0.3 v 703
6.6 kv, 50 MVA SIS Y2 ' 132 kv
n ) 2 f131..K.\f Ir.;; e, B‘.JS
U.2 Pl :}G IVI\;A 1IENLE s
' 0.1 pu

#kx
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as practicable.

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

below.
@ x, = j0.1pu ®x:.=j0~213\1®

(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 systenl. (8]

2. a) In the power system network shown in figure below, bus 1 is slack bus with
V,=1.0£0°pu and bus 2 is a load bus with 8, =150 MW + jS0 MVAR. The line

admittance is y,, =10Z—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 slack bus and network losses

1 2
, 1
s | Y12 = 2896 =150 MW

L] 50 MVAR
V,=1.0<0°

b) Describe about the assumptions to be made for decoupled load flow method, and
hence derive the required equations. f6]

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]

G

@]

: T]
10 1\;1:2 110L/KV Load
o Overhead line
{5 MVA
G 133KV Fault
@———- Xy = 6%
5 MVA, 11 KV

X!'=17.5%



b) Derive an expression of 3-phase complex power in terms of :a'ymmetrical components
of voltages and currents. [6]

a) Starting from suitable point, show that the three sequence networks are connected in
series during a single line {0 ground fault in 3 phase power system network. i8]
by A30 MVA, 11kV generator has Z, =2, = §02puZo = §0.05pu.A fine to line fault

occurs on the generator terminals. Find the line currents, fault cutrents and line t0
neutral voltage under fault conditions. (]

. a) Describe about the concept of Equal Area Criterion in determining the stability of
synchronous machines. (8]

by 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 figure below: (81

Given:E=12,V~= 1, X4=02, X =% =04pu

i) Determine whether the system is stable fora sustained fault.

ii) The fault is cleared at & = 60°. Is the system stable? 1f so find the maximum rotor
swing

iii) Find the eritical clearing angle.

L S
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1.

b)- What is a bus admittance matrix? Define its elements.

2. a) What do you mean by decoupled load flow equations? List the assumpticns to be
made in Fast Decoupled load flow method. '

b) Ina 3-bus power system the series impedance and shunt admittance of each line are
(0:015+0.12) pu. and (j0.02) pu. respectively. Form Y bus and compute the
magnitude and phase angles of voltage at bus 2 and 3 after 2™ jteration using G-S

- method. The data given below arein p.u '

1 2
Bus | Pg | Qs | Py | Qu | Busvoitage
1 - . - - 1.03£0°
2 1.5 | - 0 0 1.03
3 0 - | 12105 -

b) A 3-phase symmetrical fault o

die . : ; , i n
Determine the fault current. Per unit values of reactance ar¢ based on 10

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

a) Explain how reactive power and voltage balance is maintained in a power system.

& . b4 ‘. .“n—"}‘ rrnlnl.['!-
3. a) What is the purpose of fault analysis in electric power system? What types ol 1awi

occur in a power system network?

ceurs at bus 3 in the given power sysiem network.
OMVA base.

[i0]



4. a)

b)

Derive the expression to calculate symmetrical components of 3-phase un-balance
currents.

A 3 phase system has follow{ng voltage and currents:
V, =220V£0° V, =120V.£ -120°,V, = 300V.£ - 240°

I, =10AZ-10°1, =5AZ-100°1, =15A£Z-200°

Calculate sequence voltages, currents and powers.

5. a)

0)

Starting from a suitable point, show that the three sequence networks are connected in

. series during a SLG fault in a 3-phase power system network.

- - + . . £, at }
For the given power system network, draw sequence networks for DLG fault at bus

- no 2 and determine the fault current, short circuit MVA.

1 T

o s o o HiA

PR R
=
&
""_J
e "—“
B =
g

G, :100mVA,15.75KV, X, =X, =0.15pu. X = 0.05pu
I :EG{'}n‘:ﬁ‘EA Ii.ﬂﬁ“‘aﬂ,}(: =X, :0-29‘-‘.«)(@ ={.1pu
T, :100mVA15.75/138KV, X, = X, =¥, =0.1pu
81X, =X, =Ba R =00

M)—'i

What 15 the significance of H constant in stability of a synchronous machin e?

How Equal Area Criteria can be used to evaluate transient stability of a synchronous
q
machine, .

A synchronous mac,lune is connected to an infinite bus and the following condition
exists durlag normal operation and the following relationship is valid during that
ﬂ\_;ll. JuL

Foliowing a three phase symmetrical fault at the bus of S}”lChI’CII]Q‘L]S generater, and

fauit is cleared at 8 = 30°, Check the stability. Calculate the maximum fault cleaning
El""rw S0 as o H'LSJILE‘!I] 1}’1”"'}1{'01'11331

& kg

—
ot
o

e

[5]
(51

) ool |
)
A

..\....1
L)
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. 2 wer systert.
a) List out the advantages of interconnec ted power system Ve s olated power S¥
1

§
3 ? i g ey
in Arn el opi Lt |

Explain how real power and frequency bai:-mc.c is maintained

(61
power system. B
) With the help of suitable 3-Bus Power System Network, dedu .
V. Pus Mamix elements. Also discuss how the consideration of line shutt P2 ron
e R
atfact; the Y-Bus Matrix elements. :
; » aiuoritam for
2) Taking suitable power system network, deveiop the aigoriiam 07
ae Al Rmitcan i 2 =,"';,'_.‘._"-‘-'""
techaique for load analysis considering all three types of pussd aud Bolt (2
o B
DOWEr limitation intc account. e
o o . The hus 24
b A three bus piywer system revwork in figure below. The bus a8 re
o1 the svstemn in per unit 55 -

&-j12 ~24+j6 -2+ j6
-2+ j6 &-ji2 -2+ j6
-2+ 6 -2+j6 4-jl2

~wrer and bus voltages in per unit are as fol

g T f
SHAd 1 Pj.r_-gf. ‘I QLaad 1 PG:H
A O |
| 67 (-05 | O
[ D6 03 | 0

d reagtive power Eosses.

et gf;nr:ra-,,or reactor systern has Seet
- the given Yo reactance are the ratmg of mﬁ
Setemning the fault current and fault MVA for a

St TER R T v L TR
Assume bus bar voltage as 11 kV.

10 MVA 20 MVA
10% 15%

Gl@ GE;E')

+e

sy
s LD

are always zero,

—
25
it



4. Calculate the fault currents in each phase for the system shown in figure below if

(1) L-G (if) L-L (iii) L-L-G fault occurs at (q) bus. Neglect the fault impedances. [16]
Data for equipments are (in p.u.): .
Gy: Xy =j0.16,X=]0.17, X;=j0.06 Gx: X4 50.2X,5j0.22, X,=j0.15 |
T X=X=X=j01 . Ty X =X;7%=J0.1

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

G T QTI Line | ¥ . 2
r &3+ F3E+—O%
E=1<(° A T"l-_ ._ﬁf e
5. a) Discuss the transient stability enhancement Techniques in a power system. [6]

b) A generator is operating at rated voltage and is 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 fauit and after the fault is
cleared is shown in figure below. Use equal area criterion o check whether the

systera is stable or not. If the system is stable, determins sritical clearing angle. 12]
Fe
] — e o
. / g Curve-i {Pre-fagit)
I A\
/ \\ Curvedit (pf‘bf'tﬁ"”““
4. 2 Yo / ........ /‘\-\@/)/ Uy e-ii (VosT-Tallity
/ ,/ N \

i0 y P
[/ Q ;
2.4 e N \\ Curve-H {During fautl)

-
/{7
> '
A\
&

*ok ok
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SANK

a) The single line diagram of a power system network is shown in figure below. If each
line has series impedance of (0.05+0.15) pu and shunt susceptance of j0.3 pu., find
bus Admittance matrix for the system.

—

- [5]

1

3

b) What are the advantages of interconnected power system over isolated system? Also
describe demerits of interconnected power system. [5]
2. ‘a) The single line diagram of a power system network is shown in figure below. The

Yius of the system is [8]
4-j2 -2+j6 —2+i6
Yoo = |-2+i6 4—j12 -2 +i6
-2+j6 —2+j6 4-—j12
if the power and bus voltages with different buses are as follows:
Bus Plnzd QLoad Pgm Qgen A% Bus Typc
No.
1 2.0 0.6 TR ? 1.0520 Slack
2 0.7 0.5 1.2 ? 1.0 PV
3 0.6 0.3 0 [ 0 ? PQ
Assume limit on Qgen0f 0.1 < @, < 0.4
‘Qarry out the load flow analysis (only two iterations starting from assumptions of unknown
voltage 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. (8]
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. [8]

(1) @ 1,

G,

j 0.5

GI T]

Xg1=0.15 0.1 j 0.225 Xa2 =j0.15
1=0. :

075 1.0




w -

b) Deduce the sequence networks for balanced Y connected load with neutral grounded
through impedance Z; and show also current through neutral impedance is three times

the zero sequence current. [10]

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

system data is given in the table below: [347]
Element X, (pu) Xz (pu) Xo (pu)
G 0.1 0.12 0.05
M 0.05 0.06 0.025
M, 0.05 0.06 0.025
T, 0.07 0.07 0.07
T; 0.08 0.08 0.08
Line 0.1 0.1 0.3
i i) Draw sequence networks _
_i§ .
' ii) Find fault current for a line-to-line fault on phase b and ¢ at point q. Assume 1.0
pu pre-fault voltage throughout.
s
' p T g : LB \‘/
1 'j) E | Line /H
1 ’fl/
a8
s Yo I YL
b) Develop a mathematical expression to obtain fault current of a single line to ground
fault. (6]
. a) Explain the effect of change of excitation on the steady state stability of a
synchronous generator feeding an infinite bus bar. [4]
b) The power system shown in figure below is operating in steady state with which the
generator delivering 1.5 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. (ii) Angle
to which the rotor swings. (6]
¥{=04p.u
B 1.2p:u . F Infinite
XL =02p.u E=10p.u
A B
NS NS
/N
¢) What do you understand by term ‘Voltage stability’? What are the assumptions
made and factors affecting Transient stability study? [1+3]
d) What is equal area criteria. How this criteria is utilized to study the transient
stability. (6]

* &k
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_1.a) For a 3-bus network, the bus admittance matrix is given as follows 3

-j30 j1z  ji8
Yoo j12  —j25 j13 | pu, determine the respective braach fnpedantes.
ji8 j13 -j3
b) What will be the impact of mismateh in active and reactive power balance in an imcrmmwmed::k_l
power system? Briefly describe the mechanism, which leads 10 this pliesomenon. ]

2. a) What do you mean by load flow stodies and list down their applications in electric puwer

system. &}

b) What is the basis for developmeit of decoupled load fiov method and what are the afi‘-vam“:eg?;_‘—i.
gained from decoupling? G

¢} The following bus and line data are available for a power sysiem, determine the iine flows Fy :
Gruss Seidel method using voltages obtained after i itevation, Consider flat voltage start for all the.

load buses. {19
Dy dgte:
| _Busio Poou | Qept |
1 - ..
2 - B
3 S .
Line data
- Line .
i-2 N
2‘3 e — s et 8 - .—.,_..__Jl
3-1 __J- R ..o ._Z.jlm._______l

3. Figure below shows power system fed by two generators. The rating and reaciances of tie
equipmenis are shown. A 3-phase balanesd short circuit fault oceurs at the rec nd bus of 132
KV, Find (2) Fault Jevel and fault current at receving end (b) Fault current supplied by generaters Gy
and G;. (g

Note that reactance

G F{.‘ ased on their own
E——

X = 0.2&/km/phase

100MVA 100 MVA /km/phas

11KV 11132 KV "Line ~!

15% X= 8% ¥
- X = 0.2Q/km/phase 1

*Line -2




4.2)A 3-phase supply system has following vnimoes V,=120<120°V, Vy=120<30' V and
V=240<210°V and the currents zre 1,=10<1350"4,, 1,=5<0"A and lc—-!‘sf-ISO“A- Determine sequence
currents, voltages and powers,

b} How do the d

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

bus3.

i. Draw the positive, negative and zero sequence networks;
n Determine phase currents in per units and amperes;

iii, Phase voitages in per units and kilovolis,

Specifications of the equipments are as under:

Gy 160 MVA, 138kV, ¥ =3=15% and X;=5%

Gy: 100 MVA, 138 KV, X(=Xz=15% and Xo=5%

Gy 100 MVA, 123XV, X, 2 4o=15% and X=3%

T 100 MVA, 13.8/1 13 kV, X;=X= X=i0%

T 100 MVA, 115/13.5 kY, X=X0=X=18%

Line: 100 MVA, 115 8Y, Xi=Xp=30%% znd Xp=50%

Show that pasifive and negarive sequence cusrents are equal in magnitude but out of phase by

180° is a line w lme fault on a power system network. Draw a diagram showing inter-

conngction e:;':"seq:_ience nstworiks for this iyps: of fanit.

Yor the sysiem s-';;-s.fm-, in i"gure, the numerical values for different quantities are: E=1.04 pu,

V=1 pu, Xe¢= 0.2 pu, and reactances of each line is 0.4 pu. The generator ig delivering a powe!

of 1.2 pu 1o the infinits bus, If & 3-phase short circuit fault occurs at the mid point of ons the
transmission lines, perform the following:

8 [f the fault is cleared (swithing out of the faulted line) when power angle is 60°, check
whather the stable or not;
Determine the critical ¢loaring angls,
Infinite Bus-

" X=04
; % temr? Line -1
P X=04. > .
0 RS A ; .'-ﬂ'r-‘h'n—-—"’—-‘_'-_”.—_‘-‘"‘ Vv Z0
SEMVA e Line -2
Xe=102 A

®)

do the different vector groups of transformer affect the fauit current in the power system
network? . 3)

10)

FEAnY
et
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I. a) What do you mean by interconnected power system? Describe the advantages and the
limitations of interconnected system. (4]

b) The single line diagram of a power system is shown in figure below. If the per km line
series reactance i1s 0.001 pu and shunt susceptance is 0.0016 pu. Find bus Admittance

matrix using nominal pi-model of lines. - [6]
+= 1 100km T T2
400 km
200 km
g

"

2. a) 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 (Pp),
reactive power load (Q; ), Bus voltage and bus type are tabulated below. All values are
in pu. [4+8]

1) Determine reactive power at bus 2 (use 1nitial guess for unknown voltages)
ii) Determine Jacobian matrix (1%) for the first iteration of N-R load flow method.

® )

Yi2 = -J40

p2=4.0p.u

C ; b yi3 = -j20 y23 = -j20 :

—

Slack-Bus @ "'"-L—L- |V,1=1.05

5+j4 p.u
Bus Bus Bus
No. |Po |Qo [P | Q voltage | Type
1 ? ? 0 0 1.0<0° | Slack
2 4.0 ? 0 0 1.05 PV
3 0 0 5.0 |40 |? PQ

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



d

For the 3 bus power system shown in figure below, the generators are rated 106 MVA
with transient reactance of 10% each. Both the transformers ate 100 MVA 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 oécurs’
beyond the CB at point’F. [8]

11/110 kv T T, 11/110kv

g F
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.  [8]

5. a) A three phase synchronous generator whose neutral is grounded through a reactance
X» has balanced emfs and sequence reactance as X;, X, and X; such that
X1 =X, >> X,. , [5+3+3+3]

1) Derive the expression for fault current for solid line ground fault on phase a.
i1) Draw the sequence networks and their interconnection for above fault.
iii) Show that if neutral is solidly grounded, L-G fault is more severe than 3-phase
/ fault at the terminal of generator.
iv) Find the limiting value of neutral grounding reactance so that fault current in L-G
and 3 phase faults are equal.

b) 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. [4]
T| T 2
G e A Line | gzé_'_ﬂ__&
£ O I 2E— X0 = 60 Q 1

100 MVA 100 MVA 100 MVA 1.

13.8 kv 13.8/138 kv 138/13.8 kv 10 I\;IVA

x0=0.05 pu

Rk A/ Ya 2 / A 13.8 kv
’ x=0.10 pu x=0.1pu Xo=0.1 pu
: Xn = 0.05pu
6. a) What do you mean by steady state and transient stability in a power system? Describe

the methods of improving transient stability of a power system. [8]

b) A 2 pole, 50 Hz, 11.5 KV turbo generator has a rating of 100 MW, power factor 0.85
lagging. Calculate the inertia constant in MJ/MVA on a base of 500 MVA and its
momentum in MJ-sec/elec- degree. [4]

¢) For the system shown in figure below, the numerical values for different quantities
are: E = 1.2 pu, V=1 pu, Xs = 0.2 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. (8]

g £S5 LS8 X=joapn OB |
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1. a) For the network given below, obtain node equations and then form admittance matrix
(Ypus). All impedances and voltages are marked in pu. [5]

Ty |l 0.02+0.04 F 5

j0.08 0.0140.03

E;=14£0°
X =70.12

0.01254j0.02

(DEs=1 £-36.87°, X =0.1

b) Discuss role of interconnection in power system. Explain how reactive power can be
controlled in power system network. (5]

2. a) For a network given below, series impedance of each line is 0+j0.12 pu. Shunt
admittance of the line is negligible. Claculate: [10]

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
15404 pu

V, =1.020°

1.24j0.5 p.u

b) Mention the various load flow techniques and hence compare them explaining their
merits. demerits, usages and limitation. [4]
3. a) 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. [8]

T, 1

b @——gé—r-]

13132 KN ks




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
fault impedance Zr. Derive expressions for the fault currents and the line to ground
voltage at the location of the fault at all the phases.

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

X, has balanced emfs and sequence reactance as Xy, X3, and Xy such that X; = X; >>

[10]

Xo. [5+3+3+3]

i) Derive the expression for fault current for soil line to ground fault on phase a.
ii) Draw the sequence networks and their interconnection for above fault.

A
iii) Show that if neutral is solidly gfounded, L-G fault is more severe than 3-phase
fault at the terminal of’ generator.

iv) Find the limiting value of neutral grounding reactance so that fault current in L-G
and 3-phase faults are equal.

b) Determine the symmetrical components of three unbalanced voltage V, = 200<0°,
V= 200<245°, V= 200<105°V

. 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

(4]

power system transient stability. [2+4+4]

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
state, 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
the critical clearing angle and critical clearing time before which fault must be cleared
so that system remains in stable state.

V=1pu

E=1pu 1 j0-2 pu ]

j0.2 pu ‘z‘mﬁme i

*k ¥k

[10]



2% [RIBHUVAN UNIVERSITY TN Remular |
INSTITUTE OF ENGINEERING | Level BE Full Marks 80

Programme BEL _ :
' Year/Part | 111/1 _Time 3hrs. |

"Examination Control Division
2069 Chaitra

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.

8%

H
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.

1 100 km p.
400 km
. 200 kn
-3
The power and bus voltages are as follows;
Bus PLoad Qi,ond chn Qgen Vv
No.
1 0 0 ? ? 1.05£0°
2 1.0 0.6 0 0 ?
0.8 0.3 0 0 ?
a. Find Yy using nominal pi-model of lines. [6]
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 magnitudes as 1 p.u. & phase angles zero degree. [3x2+4]

2. Taking a suitable power system 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]

. 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]
1. the point P i.e. connection point between transmission line and HV side of transformer T1
1i. the point Q i.e. connection point between transmission line and HV side of transformer T1

LS

6 kV 40 MVA

6 kV 40 MVA X=10%

X=10%
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4. a. With the help of suitable mathematical aid verify that, for a line to line fault in a synchronous
generator the zero séquence component of current is absent and positive-sequence of current

is cqual to the negative sequence component of the current. [10]

b. 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 l+110Y volts is applied. Determine the line currents if the system neutral is (a)
isolated (b) solidly grounded. [12]

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

b. A transmission line connecting a generatqr to an infinite bus has a series reactance of 0.8 p.u.
Assuming the sending and receiving end voltage are at 1 p.u. each compute the following; -
[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 to 30°




