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UNIT-I
PART-A
1. What is single line diagram and what are the advantages of it? (Nov/Dec-2011)(AU
NOV/DEC 2015)

A single line diagram is a diagrammatic representation of power system in
which the components are represented by their symbols and interconnection between them
are shown by a single straight line. The ratings and the impedances of the components are
also marked on the single line diagram.

The advantages (or purpose) of the single line diagram is to supply the

significant information about the system in concise form.

2. What are the components of power system? (May/Jun-2012)
The components of power system are generators, power transformers,
transmission lines, substation transformers, distribution transformers and loads.

3. Define per unit value?(Nov/Dec-2008, May/June-2013,2016) (AU NOV/DEC 2015)
The per unit value ofany quantity is defined as the ratio of the actual value of
the quantity to the base value expressed as a decimal. The base value is an arbitrary
chosen value of the quantity.

. Actual value
per unit value = ———
Base wvalue

4. What is the need for base value? (Apr/May2018)

The components (or) various sections of power system may operate at
different voltage and power levels. It will be components of power system are expressed
with reference to a common value called base value. The all the voltage, power, current
and impedance ratings of the components are expressed as a percent or per unit of the base
value.

5. Write the equation for converting the p.u impedance expressed in one base to
another? Or Write the equation for per unit impedance if change of base
occurs?[AU MAY/JUNE 2016]

kV, MV
Z — Z b,old )2 X( Ab,new

X
p.u,new p.u,old (kvbynew MVAbmd )

6. What are the advantages of per unit computations? (May/Jun-2006) (OR) Why is
P.U (Per Unit) system used in power system analysis? What is the need for per unit
value? (Nov/Dec 2014,2016) (Apr/May2017)

e Manufacturers usually specified the impedance of a device or machine in per unit
on the base of the name plate rating.

e The P.U values of acidly different rating machines line within a narrow range.

e The P.U impedance of circuit element connected by transformers expressed on a
proper base will be same if it is referred to either side of a transformer.

e The P.U impedance ofa 3 phase transformer is in dependent of the type of winding
connection.




7. How the loads are represented in reactance or impedance diagram? (or) What are
the types of load modeling?(Nov/Dec-2011,2016) ,(May/Jun 2014)

The resistive and reactive loads can be represented by any one of the
following representations.

o Constant power representation. Load power, S=P+ jQ.

—V(pli/TQZZS_Q

V[

P-]Q

. Constant current representation. Load current, | =

e Constant impedance representation. Load current, Z =

8. Draw the single phase equivalent circuit of a 3 winding transformer? (May/June-
2013)

COMmUTION

9. If the reactance in ohms in 15 ohms, find the p.u value for a base of 15 kVA and
10kV? (May/Jun-06)

Solution:
2 2
Base impedance, Z, LA 6666.67Q2 .
MVA 15
1000

reactance in ohms _ 15 — 00022pu

P.u value of reactance = , =
base impedance 6666.67

(Note: MVA= (KVA/1000))

10. A generator rated at 30MVA, 11kV has a reactance of 20% calculate its
p-u reactance’s for 50 MVA and 10 kV? (Nov/Dec-2004)
Solution:

New p.u reactance of generator,

kV, MV,
Xpunew:XpuoldX( Por )ZX( Ab,new
h h ka,new I\/I\/Ab,old

Xpu=20% =0.2p.u

)

kVb,= 11kV
MVA, o, = 30MVA
KV, o = 10KV

MVA, .., = 50MVA
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New p.u reactance of generator,

11 50
X =0.2x(>2)? x (=) =0.403p.u
<(5)" % (35) = 0.403p

p.u,new

11. A Star connected generator rated at 300MVA, 33kV, has a reactance of 1.24 p.u.
Find the ohmic value of reactance? (Apr/May 2017)
Solution:
. kv? 33
Base impedance, Z, = MVA 300" 3.63 ohms/phase

Actual value

P.ureactance per unit value =

2Base value

Reactance of generator = p.ureactancex Z»= 1.24 x 3.63 = 4.5012 Q) /phase

12. The base kV and base MVA of a 3ph transmission line in 33kV and 10MVA
respectively. Calculate the base current and base impedance?

Solution:
kKVA,  10x1000

Base current, Ib:\/S’k—V_ J3x33
b

=174.95A

. kv 33
Base impedance, Z, RV =108.9 ohms/ph.

13. What are the approximations made in impedance diagram?
The following approximations are made while forming impedance diagram.

e The current limiting impedance connected between the generator neutral and
ground are neglected since under balanced conditions no current flows through
neutral.

e The shunt branches in the equivalent circuit of induction motor are neglected.

e All the resistances in the equivalent circuit of various components of the system
are neglected.

14. Give equations for transforming base kV on LV side to HV side of transformer and
vice-versa? (Nov/Dec 2017)

rating

Base kV on HT side=Base kV on LT side x 2L vtage

LT voltage rating

LT voltage rating

Base kVV on LT side=Base kV on HT side x

HT voltage rating

15. Define Bus?

The meeting point of various components in a power system is called a bus. The
conductor is made up of copper or aluminum having negligible resistance. The buses
are considered as point of constant voltage in a power system. At some of the buses
power is being injected into the network, whereas at other buses it is being tapped by
the system loads.




16. What is bus admittance matrix? (May/June-2012)

The matrix consisting of the self and mutual admittances of the network of a
power system is called bus admittance matrix. It is denoted as Ypys. The bus admittance
matrix is symmetrical.

Where

V = Bus voltage

| = Injected bus currents.

Y = Bus admittance matrix

Yii = Sum of the admittance of all elements connected to the i*" node. It is
called as self admittance at the it bus.

Yij = Negative of the sum of the admittance of all elements connected between
the nodes iand j. It is called as mutual admittance between it and j' bus.

17. Name the diagonal and off diagonal elements of bus admittance matrix?

The diagonal elements of bus admittance matrix are called self admittance of
the buses and off diagonal elements are called mutual admittance of the buses.

18. What is bus impedance matrix? (May/June-2012)
The matrix consisting of driving point impedance and transfer impedance of
the network of a power system is called bus impedance matrix. It is denoted as Zpys. It is
also symmetrical.

19. Draw a simple per phase model for a cylindrical rotor synchronous machine?
(Apr/May-2011)
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Fig. Impedance Diagram

20. What are the functions of power system analysis?

e To monitor the voltage at various buses, real and reactive power flow between
buses.

To design the circuit breakers.

To plan future expansion of the existing system.

To analysis the system under different fault conditions.

To study the ability of the system for large disturbances and small disturbances.




21. Draw the impedance and reactance diagram for the given single line
representation of the power system?

Synchronous motor
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Fig. Reactance Diagram
22. Draw the impedance diagram for the given single line representation of the power
system?(May/Jun 2014)

Single line Diagram
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Solution: Impedance Diagram
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23. What are the main divisions of powe r system? (Nov/Dec 2014)
The main divisions of power system are

e Generating system
e Transmission system
e Distribution system
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24. What is the importance of power system analysis? (or) What is the need of power

system analysis in planning and operation of power system?

e The generation should be such a way that to meet out the required demand. When

this relation is satisfied, it gives good economy and security.

e The operation of a power system must be reliable and uninterrupted.

e The loads must be fed at constant voltage and frequency.

e Importance of power system planning and operational analysis covers the
maintenance of generation, transmission and distribution facilities.

25. For the power system shown in fig., by taking generator rating as base values,

specify the base values of the transmission line and motor circuit.

40MVA,25KV  33/220KV 220/11KV

35 MVA 30 MVA

Solution:

Generator circuit (selected base):

Base kilovolt =25KV
Base megavolt ampere =40 MVA

Transmission line:
Base kilovolt = 25x (220/33) =166.67 KV
Base megavolt ampere =40 MVA

(M)

25 MVA 10KV




Motor Circuit:
Base kilovolt = 166.67x (11/220) =8.33 KV
Base megavolt ampere =40 MVA

26. Determine b when Yy ={__Jl J: }
2 - JS
Solution:
7, Y- Adjoi_nt ofY,
Deter minantofY,
Deter minantofY, . = __Jl JZ. =(—j)(=is) - (iy)’?
2 —Js
=-5+4=-1

. . T } .
Adjointof Y, :{_ J_5 _1_2} :{_ J_s _1_2:|
—J —h - —h

e ERIi
- —h ), h

217. A 400 KV transmission line has a surge impedance 400 ohms. What
would be its surge impedance loading? (Apr/May 2015)

Given data: surge impedance, Zo = 400 Ohms Line voltage ,V| = 400 KV
To find :

Surge Impedance loading, Ps.

Formula:
PsiL=Vw2 / Zo
Soluion:
PsiL =400%/400 (KV?/Q)
=400 MVA
Result:

Surge impedance loading = 400 MVA.

28. Draw the II model of equivalent circuit of transformer with off nominal
tap ratio?[ Au May/June 2016]

Where
a = Off nominal tap ratio.
y = Admittance of the transformer.
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29. Define per unit value of an electrical quantity and write the equation for
base impedance for a three phase system? (Nov/Dec 2017)

The per unit value of any quantity is defined as the ratio of actual quantity to its base
guantity expressed as a decimal. The ratio in percent is 100 times the value in per unit.

kV, x1000  kV;  kV;

2y = KVA,  KVA,  MVA,
J3x
J3kv, 1000
30. Mention the requirements of planning the operation of a power system.

(Apr/May2018)

Planning the operation of power system requires load studies, fault calculations, the
design of means for protecting the system against lightning and switching surges and
against short circuits and studies of the stability of the system.

16 Marks

1. With the help of single line diagram explain the basic components of a power
system?(Apr/May-11)
An electric power system consists of three main divisions namely,
I) The generating system ii) The transmission system iii) The distribution system

e Transmission lines are the links between the generating system and the
distribution systemand lead to other power system over interconnection.

e A distribution system connects all the individual loads to the transmission lines at
substations which perform voltage transformation and switching functions.

e The components of power system are generating stations (Alternators), power
transformers, Transmission lines substations (substation transformers), Distribution
transformers and loads.

e The various types of loads are synchronous motors, Induction motor, Heating coils,
Lights etc.,
e The various components of power system and their interconnection are usually

represented by single line diagram.In a single line diagram the components are
represented by standard symbols and their interconnections are shown by single
line even though are they are 3phase circuits.

e The Advantage of the one line diagram is to supply in concise form the significant
information about the system. A typical single line diagram in shown in fig,




11kV

. 11/220kV
100kVA

3%@_C %%_& 1800 "

=

22kV
100 kVA
10%

Symbols used in single line diagram:

s

220/22kV

2

j10002 3% ! l i

10.8kV
160kVA

220/11kV

L% &

Machine or rotating armature

Power circuit breaker,

O (oil/gas filled)
Two-windin; wer sz G
o 8PC ~—§ %— Air circuit breaker —
lmnﬁf()r"lcr
Three-winding power Three-phase, three-wire f
transformer delta connection
Fuse —CD— Three-phase star, neutral Y
ungrounded 2
Dt stasal S A — Three-phase star, neutral \ﬁ_
grounded =
Potential transformer —g or —3 s— Ammeter and volumeter _®_ _®_

2. Write detailed notes on per phase model of single phase and three phase system?

(Apr/May-2011)

The electric power transmission lines are operated at very high voltage levels and
transmits large amount of power. Hence the operating voltage of transmission line in
expressed in Kilo volt and power transmitted in expressed in kW (or) MW and KVA(or)

MVA.

The various components of power system like alternators, motor, transformer have
their voltage, power, current and impedance rating in kV, kVA, KA and ohm respectively.

Per unit value of any quantity in defined as the ratio of the actual value of the quantity to
the base value expressed as a animal the base value in an arbitrary chosen value of the

quantity.

per uint value =

%per uint value =

Single phase system:
Let,

kVA;, = Base kVA

kV, = Base voltage in kV
I, = Base current in Amp

Actual value

Actual value
base value

X 100

base value




Zy = Base impedance in ohms
The following formulae relate the various quantities

kVA,
b
kV, x1000.
—————1in
b
On substituting for I, from equation (1) inequ (2) we get
kV, x1000  kV,? KV
KVA,  KVA,  MVA, 3)
kV, 1000

Actual impedance

Base current, 1, = inamps (1)

Base impedance Z, = ohms 2)

Base impedance Z, =

Per unit impedance = ,
base impedance

Three phase system:
e The per-unit value of a line- to- neutral(VV_n) on the line-to-neutral voltage base
(Vb,Ln) is equal to the per-unit value of the line-to- line voltage (V) at the same point
on the line-to-line voltage base(Vp L) if the system is balanced,
VLN _ VLL

Bb,LN Vb,LL

e The per unit value of a 3 phase kVA on 3 phase kVA base is identical to the per unit
value of the kVA per phase on the kVVA per phase base.
3 — phase kVA kVA per phase

3 —phase base kVA ~ base kVA per phase
¢ The base impedance and base current of 3phase system can be computed directly
from 3 phase value of base kVVA and line value of base kV.

Let,

kVy, = Line to line base kV
kVA, = 3phase kVA
Ip = Line value of base current

Now, kKVA,= V3 xkVpx I (4)

(In3 phase system, kVA = V3Vl x 10-3=v3(kV1)Iy
KVA,

Base current |, = ———
3kV, 5)

1

7 times the line voltage.

In balanced power system the phase voltage in

kV,
—=x1000
Base impedance per phase Z, = J3 " _ kv, x1000
b Ly Val,

(6)

Substitute 1 value,

10




_ kV,x1000  KkV2 KV
Jax VAT KVA T MVA,
J3kv, 1000 @

Here the equ (3) and (7) looks similar, but in 3-phase system, the kV}, is a line value
and MVA,, is a 3-phase MVA.

Z,

3. Derive the expression for changing the base of per unit quantities? (Apr/May-
2008)
e\When a system is formed by interconnecting various devices for convenient for
analysis the impedances are converted to common base. All impedance in any one part
of a system must be expressed on the common impedance base. Hence it is necessary
for converting per unit impedances from one base to another.
Let,
Z = Actual impedance, ohms
Z, = Base impedance, ohms

Per unit impedance ofa circuit element = Zz = Z__ZxMVA,

Z, kv o (kv,)’? )
MVA,

Let kVpand MV Apowa represents old base values kVpnew andMV Apnew represents new base

. _ ZxMVA,
p.uold — kV 2
b,old (2)
KV, g
Z = Zp.u,old X Z » Nkl)vld
A‘o,old (3)

If the new base values are used to compute the p.u impedance of a circuit element with
impedance Z, then equ(1) can be written as

Z x MVA, o
2

ka,new (4)

Z -

p.u,new

On substituting for Z from equ (3) in (4) we get,

kV 0 ? MVAb new
Zp.u,new = Zp.u,old oo X ' 2
IleAb,oId kV

b,new

kV, MV
Zpunew=zpuo|d><( b,old )2>< Ab,new
h h ka,new MVAb,oId (5)

11




The equ (5) can be used to convert the p.u impedance expressed on one base value to
another base.

4. A 3phase generator with rating 1000 KVA 33KV has its armature resistance and
synchronous reactance as 20o0hms/phase and 700hms/phase. Calculate P.U impe dance of
the generator.

Solution:

Given data:

Power = 1000 kVA = kVA,;

Voltage = 33kV = kVy

R, = 200hms/phase

Xs = 700hms/phase

1000kVA, = 1*10%*kVA, = 1 MVA,

Solution:

The generator ratings are chosen as base kV and base kVA.

Per unit impedance of the generator = Z; y gen
Z

_ actual
z p.u,gen — 7
base

Zactual = (Ra + st) = (20+ 170)

2 2
Zbase = Zb = ka = ﬁ =1089%hms
MVA, 1
Z ' .
Zpu gen — acal 20+ J7O =0.018+ JOO64pU
o Z 1089

base
5. A 3phase star to delta transformer with rating 100kVA, 11kV/400V has its
primary and secondary leakage reactance as 12ohms/ph and 0.050hms/ph respectively.
Calculate the p.u reactance of transformer. (Nov/Dec-2011)
Solution: Case:1

The high voltage winding primary ratings are chosen as base values.

Base kilovolt, kVp = 11kV

kVA, = 100kVA = (100/1000)*10° kVA

v 1z

= =12100hms
MVA, 0.1

Base impedance per phase Z, =

Transformer line voltage ratio, K = (400/11000)=0.0364
Total leakage reactance referred to primary
Xog = Xy + X, =X, +X—§= +—0'05 > =12+37.737
K (0.0364)
=49.737Q2/ phase
p.u reactance per phase, Xpu = Total leakage reactance/Base impedance
Xog 49.737

=20 =0.0411pu.
z, 1210

12




Case(ii):
The low voltage winding(secondary) ratings are chosen as base values.
Base kilovolt, kV, = 400 —— =0.4kV
1000

Base kilovoltampere, kVA =100kVA

2
Base impedance per phase Z, (kV )’ (0-4) =1.60hms
MVA, ~100/1000
400

Transformer line voltage ratio, K = —— =0.0364
11,000

Total leakage reactance referred to secondary X, = X, +X, = K*X, + X,

=(0.0364)* x12+0.05=0.0159+0.05
=0.06592/ phase
p.u reactance per phase, Xp, = Total leakage reactance / Base impedance

_ X 00659 0.0411p.u
Z, 1.6
6. A three phase star delta transformer in constructed using three identical single

phase transformer of rating 200kVA, 63.51 kV/11kV transformer. The impedance of
primary and secondary are 20+j45 and 0.1+j0.2 ohms respectively. Calculate the p.u
impedance of the transformer?

Solution:

The 3phase transformer in formed using 3 number of identical single phase
transformers. Hence the kVA rating of 3phase transformer in 3 times that of single phase
transformer.

kVA rating of 3phase transformer = 3*200 = 600 kVA
V3kv =110kV /11kV
kv

Line voltage rating of star delta transformer = 63.51=

Case (i):
The high voltage winding (Primary) rating are chosen as base values.
Base value, kV, =110 kV

Base kilovoltampere, KVA,= 600kVA

2 2
Base impedance/Phase Z, = I\E&A = 161000 =20166.7Q
b
1000

Transformer Line voltage ratio, K=11/110=0.1

Total impedance referred to primary 2, =7, +2,'=Z, +% =20+ j45+%
=20+ j45+10+ j20

=30+ j65Q2/ phase

Total impedance

.u.impedance per phase,Zpu =
p-u.fmp perp pu Base impedance

13




30+ j65
20166.7

=0.0015+ j0.0032p.u

Case i:

The low voltage winding (secondary) ratings are chosen as base values.
Base kilovolt, kVp =11 kV

Base kilovoltampere, kVA,= 600kVA

: kv, 1717
Base impedance/Phase Z, = = =201.67Q
MVA, 600
1000
K= L 0.1
110

Total impedance referred to Secondary Zoz = Z1'+ Z1= k2Z1+ Z>
=(0.1)* x(20+ j45)+ 0.1+ jO.2
=20+ j45+0.1+ jO.2
=0.3+ j0.65Q2/ phase

Total impedance
p. u.reactance per phase, Zpu =

Base impedance
0.3+ j0.65
20167
=0.0015+ j0.0032p.u
7. A 50kW, 3ph star connected load in fed by a 200kVVA transformer with voltage
rating 11kV/400V through a feeder. The length of the feeder in 0.5 km and the

impedance of the feeder in 0.1+J0.20hm/km.If the load Power factor in 0.8 calculate the
p.u impedance of the load and feeder.

Solution:

Let us chose the secondary winding rating of transformer as base values.
Base kilovolt, kV, = 400/100=0.4 kV
Base kilovoltampere, KVA,= 200kVA

2 2
Base impedance/Phase Z, = '\;&% = ggo =0.8Q
1000

Actual impedance of feeder Z ., =(0.1+ j0.2)x0.5=0.05+ j0.1Q/ phase

_ Actual impedance
p. u.impedance of feeder =

Base impedance

_0.05+j0.1
0.8
Given that P=50kW and pf =cos¢ =0.8

sing =sin(cos ™" 0.8) = 0.6

=0.0625+ j0.125p.u.

«sing =20+ 0.6 = 37.5kVAR
é 0.8

Real power Q = P
coS

14




V[ 400°  400°x10°

Load impedance per phase, Z, = — = - 3 -
P-jQ (50-j375)x10° 50— j37.5

160
62.5 < —36.87"

=2.56<36.87" =2.048+ j1.536W / phase

load impedance

.u value ofload impedance =
p-u value otload impedance = o e impedance

i ~2.048+ j1.536
Z, 0.8

8. a) A generator is rated 500MVA, 22kV. Its star connection minding has a
reactance of 1.1p.u. Find the ohmic value of the reactance of winding.

b) If the generator in working in a circuit for which the basses are specified as
100MVA, 20kV. Then find the p.u value of reactance of generator winding on the
specified base.

Solution:
Given data:

=256+ j1.92p.u.

kVp =22 kV
MVA,= 500MVA
a) The generator p.u reactance will be specified by taking its rating as base values.

kv2 2
=Y _22 9680
MVA, 500

Actual reactance

p.u reactance,Xpu = -
Base impedance

Actual reactance, X = XpuX Zp= 1.1 X 0.968 = 1.06480hm/phase

b) The formula in used to convert the p.u reactance specified on a base value to
another base in given below.

2
kVp.o1a y MVAp new

p.u,old X
ka,new MVA b,old

Xp unew

The new base values are,
kVbh=20kV
MVAp=100MVA
The old base values are

ka,0|d=22kV
MVAG,01i=500MVA
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X punew = L1 (2(2)) (@) 0.2662p.u

9. A 300MVA, 20kV, 3phase generator has a sub transient reactance of 20%. The
generator supplies 2 synchronous motors through a 64km transmission line having
transformer at both ends as shown in fig. In this T1 in a 3phase transformer and T2 in
made of 3 single phase transformer of rating 100MVA, 127/13.2kV, and 10% reactance.
Series reactance of the transmission line in 0.50hm/km. Draw the reactance marked in
p.u. Select the generator rating as base values.(Nov/Dec 2014) (Apr/May 2017)

3SOMVA 200 MVA

20/230kV, 3 100 MVA 5
WWOMVA 10%, ) AN 13.2 kV

o2 ¢t %\*) Caf
Q’.’/ - ¢ 0.5/ km

&Y A" ﬁr A —)
= 100 MV A
13.2kV
Solution:
kVb=20kV

MVAp=300MVA
Reactance of generator G:

Since the generator rating and the base value are same, the generator p.u reactance does not
change, p.u reactance of generator = 20% = 0.2p.u

Reactance of transformer T1:

ka,Old )2 « (MVAb,new

The new p.ureactance of transformer T1= X , 4 x(
ka,new IleAb,oId

)

20 300
=0.1x(=>)% x (=) =0.0857p.u
><(20) ><(350) p

Reactance of transmission line:
Reactance of Tr line =0.50hm/km
Total reactance of Tr line = 0.5*64 = 320hms

HT voltage rating

Base kV on HT side of transformer T; =Base kV on LT side X

=20x 230 _ 230kV
20

LT voltage rating

) kV.? 2
Base impedance, Z, = —2>— = 230 =176.33Q
MVA, 300
Z _Zwm 324515,

p.u,Tr.line — Zb 17633

Reactance of transformer T2:
The transformer T2 is a 3phase transformer bank formed using three number of single
phase transformer with voltage rating 127/13.2kV.

In this case high voltage side in star connected and low voltage side in delta
connected. VVoltage ratio of line voltage 3phase transformer Bank

16




_N3x127_ 220
132 132

Base kV on LT side of transformer

LT voltage rating

T, =Base kV on HT side %

=230x 132 =138
220

HT voltage rating

kV, MV
x p.u,T2 = x pu,old X( PO )2 X( A‘OHEW)
kvb,new IleAb,old
13.2,, 300
=0.1x x =0.0915p.u
(13.8) (3><100) P
Reactance of M1:
kV, MV
x p.u,M1 = x pu,old X( ol )2 X( Ab,neW)
ka,new IleAb,old
13.2 300
=0.2x(==2)? x (=) =0.2745p.u
(38 *Goo P
Reactance of M2:
kV 0 MVAb new
xp.u,MZ :Xpu,old X( 2ol )ZX( ' )

ka,new MVAb,oId

13.2 300
=0.2x(=2)? x (=) =0.549p.u
(13.8) (100) P
Reactance diagram:
F.1.r. (... 5T\
j0.0857  j0.1815  j0.0915
iC.2
i0.2745 10.549
+
E | + +
: Eml Em?

i

10. A 120 MVA,19.5 KV generator has a synchronous reactance of 0.15p.uand it is
connected to a transmission line through a transformer rated 150 mva,230/18
kv(Y/A) with X=0.1 P.U.

a) Calculate the p.u reactances by taking generator rating as base values.

b) Calculate the p.u reactances by taking transformer rating as base values.

c¢) Calculate the p.u reactances for a base value of 100 MVA and 220 KV on HT side

of transformer.

Solution:

a) Base megavoltampere, MVA} new=120MVA
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Since the generator ratings are chosen as base values, its p.u reactance wil not change,
Reactance of generator=0.15p.u.

— ka,oId 2 MVAbnew
New p.u reactance of transformer = X 4 x ( )7 x( )
’ ka,neW IleAb,old
18 120
=0.1x (———)* x (=) = 0.0682p.u
(19.5) (150) P

b) Base megavoltampere, MVAp new=150M VA
Base kilovolt, KVp pew = 18kV
Since the transformer ratings are chosen as base values, its p.u reactance wil not
change,
Reactance of Transformer=0.1p.u.

ka,oId )2 x (MVAbnew
ka,neW IleAb,old

195, 150
=0.15x (=)* x (=) =0.22pu
x(Cg) x50 p

New p.u reactance of generator = X, ;4 x (

)

c) Base megavoltampere, MVA} new=100MVA
Base kilovolt, KVp new = 220kV
In this case the base values are neither generator ratings nor transformer ratings.
Hence both the p.u reactances should be converted to new base.
ka,oId MVAb,new

New p.u reactance of generator = X X 2%
p g pu,old (kvb‘new) ( MVAbVOId )
230 100
=0.1x (=) x () = 0.0729p.u
(220) (150) P

The generator is connected to LT side of transformer,

Base kV on LT side of transformer = Base kV on HT side x ~1Yoltage_rating

=220x 18 =17.22kV
230

HT voltage rating

KV, o = 17.22kV
_ ka,oId 2 MVAbnew
The new p.ureactance of generator= X, ;4 % ( )2 x( )
’ ka,new IleAb,old
19.5 100
=0.15x (—=)? x (=) = 0.1603p.u.
(17.22) (120) P

11. Draw the reactance diagram for the powe r system shown in fig. The rating of
generator motor and transformer are given below neglect resistance and use a base
of 50MVA, 138KV in the 40ohms line.(April/May-2008 )
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Generator G1:20MVA, 18kV, X”=20%
Generator G2:20M VA, 18kV, X”=20%

Synchronous motor: 30M VA, 13.8kV, X”=20%
3ph, star-delta transformer: 20MVA,
138/20kV, X=10% 3ph, star-delta
transformer: 15MVA, 138/20kV, X=10%
Solution:

MVA, .., = 50MVA

KV new = 138KV

¢ 140 0 iccion ling-
kV,” 2
Base impedance, Z, = — ™" = 138 _ 38080
MVA, ., 50
X 40

actual __

p.u.Tr.line — Zb N 380.88

X =0.105p.u

Reactance of transformer T1:
Base kV on LT side of transformer T1 = Base kV on HT side X

=138x 20 = 20kV
138

LT voltage rating
HT voltage rating

ka,oId )2 % ( I\/IVAbnew

=X X
pu.ol ka,new IleAb,old

)
20,, 50
= 0.1x (52)? x (=) = 0.25p.u.
x(5g) x5p) pu

Reactance of Generator G1:

ka,Old )2 « (MVAb,neW

X
pu.cld.et (ka,new IleAb,old )

X puGl — X

18,, 50
=0.2x(32)% x(52) = 0.405p.u.
x(5g)" *x(5p) p

Reactance of transformer T2:

kV,, MVA, .o
X p.u,T2 = Xpu,old,TZ x (kV: s )2 X ( MVAb | )

19




20 50
=0.1x (=)? x (=) =0.25p.u.
X (20) X (20) p
Reactance of 20 ohms transformer line:
Base kV on HT side of transformer T2 = Base kV on LT side X

=20x 138 =138kV
20

HT voltage rating

LT voltage rating

kv, 138
MVA, 50

Base impedance, Z, = =380.8Q

.. . Actual reactance
p.ureactance of 20Q2 Transmission line = ——
Base impedance

_20 =0.0525kV

~380.88
Here it is observed that both the sections of j20Q2 transmission lines have same values of
reactances and base kV’s. Hence their p.u reactances will be same.
Reactance of transformer T5:

ka,oId 2 MVAb,new
X p.uT2 =X pu,old,T 2 x (kvb’new) X ( MVAb’OId )
138,, 50
=0.1x(—— —) =0.333p.u.
x (138) x (15) P

Reactance of synchronous motor:
Base kV on LT side of transformer T2 = Base kV on HT side X

=138x 138 =13.8kV
138

LT voltage rating
HT voltage rating

kV MV
— X ol x b,old )2 X( Ab,new)
Y ka,new IleAb,old
138 50
=0.2x(——=)? x (=) =0.333p.u.
(38 Gy P

Reactance of T6, T4, T3 and G2:
1. The transformer T6 in identical to that T5. Hence p.u reactance of TS5 and T6 are
same.
2. The transformer T, T2, T3 and T4 are identical. Hence p.u reactance of T5 and T6
are same.
3. The generator G2 in identical to that of G1. Hence p.u reactance of T5 and T6 are
same.

Reactance diagram:
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j0.25 j0.105 j0.25

j0.0525 j0.25
j0.333 10.405

12. Draw the reactance diagram for the power system shown in fig. Neglect resistance
and use a base of 100MVA, 200kV in 50 ohms line. The ratings of the generator motor
and transformer are given below.

l 50 Q =< -— | — )
(8- ;~%% L] O
1 Y

o A 7 fom

Generator: 40MVA, 25kV, X”=20%

Synchronous motor: SOMVA, 11kV, X”=30%

3ph, star-star transformer: 40MVA, 33/220kV, X=15%

3ph, star-delta transformer: 30MVA, 11/220kV, X=15% (May/Jun-2012)
Solution:

MV Ap=100MVA

kVb=220kV
Reactance of transmission line:

. kV,2 2
Base impedance, Z, = MV;:ew = 2120% = 484Q)

.- . Actual reactance
p.u reactance of Transmission line = S EE—
Base impedance
50
=——=0.1033p.u
484

Reactance of transformer T1:

. . LT volt: ti
Base kV on LT side of transformer T1 = Base kV on HT side x ———&¢ 178
HT voltage rating

=220x ﬁ =33kV
220
kV, MV
— x ol % b,old )2 X( Ab,new)
Y ka,new IleAb,oId

33,, 100
=0.15x(>2)% x (=) =0.375p.u.
(53 % (45) p

Reactance of Generator G:

kV, MV,
— x ol % b,old )2 X( Ab,new
ka,new IleAb,old

)
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25., 100
=0.2x(5)* x(=-) =0.287pu.
(35" ) p

Reactance of transformer T2:
Base kV on LT side of transformer T2 = Base kV on HT side X

=220x 1L =11kV
220

LT voltage rating
HT voltage rating

=X

ka,oId 2 IleAb,ne«/\/
pu,old X k ) X(
Vb,new I\/I\/Ab,old

11,, /100
= 0_15 —_— —_— ) = 0.5 U.
<) *G) P

)

Reactance of synchronous motor:

_ x ka,Old )2 x (MVAb,neW

- u,o X )
Pl ka,new IleAb,old

11, 100
=0.3%x(:2)* x (=) =0.6pu.
<) * o) p

Reactance diagram:

j0.375 p.u jO.1033 p.u  JO.5 p.u
OV Moo

é]o.za‘f pP.u jO.6 p.u

(e (m
I

13. Draw the reactance diagram for the power system is shown in fig. The generator
and transformers are rated as follows.(May/Jun 2014) (AU NOV/DEC 2015,2017)

4 ¥ :
j80Q2 Ty
jé:.' . . section 1 | 110002 %E 3
g A E. sectign 2
| \'\,~[::fif_7 A )
P 2
Fig

20k ¢V

Generator G1:20MVA, 13.8kV, X”=20%
Generator G2:30M VA, 18kV, X”=20%

Generator G3:30MVA, 20kV, X”=20%

Transformer, T, = 25MVA, 220/13.8kV, X=10%
Transformer, T, = 3 single phase units each rated at I0MVA, 127/18kV, X=10%
Transformer, T3 = 35MVA, 220/22kV, X=10%
Draw the reactance diagram using a base of 50MVA and 13.8kVon the generator G;[AU
NOV/DEC 2015]
Solution:
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Base megavoltampere, MVA new=50MVA
Base kilovolt,kVpnew=13.8kV

Reactance of Generator G;

kV, 0 MVAb new
X p.u,Gl1 =X pu,old,gl X (kV: < )2 x ( MVAb y )
13.8,, ,50
(13.8) (20) P
Reactance of Transformer T,
kV MV
_ X old X( b,old )2 x ( Ab,ne’W)
’ ka,new I\/lva,old
13.8 50
=0.1x (=2)? x (=) =0.2p.u.
x (13.8) x (25) p

Reactance of Transmission lines
Base kV on HT side of transformer T1 = Base kV on LT side X

HT voltage rating

LT voltage rating

~138x 220 _ 5o0kv
13.8

kv, 220
MVA, 50

Actual reactance

=968Q2

Base impedance, Z, =

p.u reactance of section 1 of Transmission line =

_ 80 0.0826kV
968

Base impedance

Actual reactance

p.u reactance of section 2 of Transmission line =

_100_ 5 1033pu
968

Base impedance

Reactance of transformer T2:

_V3x127 220, ,,
18 18
Base kV on LT side of transformer T2 = Base kV on HT side x L1 voltage rating

HT voltage rating

=220x 18 =18kV
220

New p.u reactance of transformer T,

ka,oId )2 % (MVAbnew

=X X
Pl (kvb,nevv MVAb,oId

)

18., 50
~01x ()2 (2 )~ 0.1667pu.
(8 G0 P

Reactance of Generator G»:
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)

ka,oId )2 x (MVAbnew
ka new MVAb old

_02x(8)2 ( ) 0.3333p..

18

X p.u,G2 =X pu,old,g2 X(

Reactance of transformer T3:

LT voltage rating

Base kV on LT side of transformer T3 =Base kV on HT side X

= 220><£ =22kV
220

HT voltage rating

NOW ka,neW = 22kV
New p.u reactance of transformer T;

ka,oId 2 MVAb,new
pu,old X ) X(

ka new MVAb old

22,,
=0.1 0.1429
x(22) ( ) p-u.

— X )

Reactance of Generator G»:

ka,oId )2 ><(I\/IVAb,new

X p.u,G3 = X pu,old,g2 X (ka MVAb . )

20 50
=0.2x(=2)% x (=) =0.2755p.u.
(5 C) p

Reactance Diagram

e, ]« 535\
, 10.2 j0.0826 j0.1033 j0.1667
j0.5 j0.1429
03332
0.2755 P
E . ( y
¥ . Eg( g
= B

14. The data for the system whose single line diagram shown in fig
Generator G1:30MVA, 10.5kV, X”=1.60hms

Generator G2:15MVA, 6.6kV, X”=1.20hms
Generator G3:256MVA, 6.6kV, X”’=0.560hms
Transformer, Ty = 1I5MVA, 33/11kV, X=15.20hms/phase on H.T side
Transformer, T, = 15MVA,33/6.2kV, X=16.0 ohms/phase on L.T side
Transmission line: X=20.5 ohms/phase
Loads:A:40MW,11kV,0.9p.f lagging

B:40MW,6.6kV,0.85 p.f lagging
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Choose the base power as 30MVA and approximate base voltages for different parts.

Draw the reactance diagram. Indicate pu reactance on the diagram. [AU MAY/JUNE
2016]

T T2

Solution;

High tension side of T1 and high tension side of T2 is specified. So we start from
transmission line.
Transmission Line:

Assume Base MV A,en=30MVA

Base kVpew=33kV

Actual impedance=j20.5Q/ph

P.U impedance - Actual impedance

Base impedance

_ Actualim pedance
(kV,)®

x MVA,

_j205

(33)*

Transformer T1 (referred to secondary side or H.T. side):
ka neW: 33kV

Z. j15.2x30 .
=l MVA =" "~ —i0.418
PKRV? A 332 J

Generator 1: Transformer T1 primary side change occurs, so calculate kKVy new @s

LT side voltage rating of T1
KVinew = KVioia X : . ~
HT side voltage ratingof T1

x30= jO.565p.u

_ 33x11 11KV
33
Z j1.6x30 .
Z =2l MVA =" —j0.397pu
P KVb2 A 11° J P

Load A:
KVp new = 11kV
P=15MW, 0.9p.f lagging
SL=40<c0s'0.9=36+j17.43MVA

2 2
L= kvf Y 704131810
S, 36— j17.43
ZL ZL
= = X MV
P Z base kvbiew Ab”eW
_ 36+ 1%7.43x30
11
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=8.925+ j4.32pu

Transformer T2(referred to primary or H.T side):
KVp new = kV Of transmission line=33kV

_ Zactual MVA, = 116><30
KV,?
Generator 2: Transformer T2 secondary side change occurs, so calculate KV new as

LT side voltage rating of T2
KVinew = KViog g g

= ]0.44p.u

p.u

bnew HT side voltage ratingof T2
_ 33x6.2 _ 6.9kV
= Zaw v, = 12230 50936
p.u KVb2
Generator 3:
Z.. j0.56x 30
= Zasuat iy, = 2220 g 437p
TR A, J p.
Load B:

P=40MW, 0.85p.f lagging
S.=40<c0s10.85=34+j21.07MVA

kv2 2 .
KV 66" _ (9256 j0.573
S: 34— j21.07
Z Z,
7 ="t _ x MV
i Z base kvbiew Ab"e""
_ 0925+ 10573, 35 _ 06374+ j0.394pu
6.6
000 00— 00—
Sowr : < : 2.2 e ! :
& : J : = = : :
P e F i e
A g A4 g
s 1 RSN L N ey
_ | L | — | L._'.J

Fig. Impedance Diagram

Assuming reactance diagram is used for short circuit studies, Current drawn by the static
loads can be neglected.
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Fig. Reactance diagram
15. Determine the bus admittance matrix of the system whose reactance diagram is

shown in fig. The current and admittances are given in P.U. Determine the reduced bus
admittance matrix after eliminating node 3. (May/June-2012)
P

Solution:
The bus admittance matrix can be formed by inspection using the following guidelines.

o The diagonal element Yj; is given by sum of all the admittances connected to node j.

o The off-diagonal element Yjis given by negative of the sum of all the admittances
connected between node-j and node-k.

—j2-j2-j2 0 j2 il
v 0 —j2—j4 0 j2
bus j2 0 —j2-j2-j5 i5
i1 j2 j5 - j1-j5-j2-j1

-j5 0 j2 j1
0 —-j6 O j2
2 0 -j9 5
1 j2 j5 -j9
For eliminating node 3, the bus admittance matrix is rearranged by interchanged
reow-3 & row-4, and then interchanging column-3 & column-4.

After interchanging row-3 & row 4 of Y,smatrix of equal we get,
-j5 0 j2 j1
0O -j6 0O j2
S I S A GRS
j2 0 -j9 J5
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After interchanging column-3 & column 4 of Yy,smatrix of equal we get,
-j5 0 12
0 —-j6 j2 0
L j2 -9 5
j2 0 5 -1]9
Now the last row and last column (ie., 4™ row and 4" column) of Ybus matrix of
equal can be eliminated.

The elements of new bus admittance matrix after eliminating 4" row and 4'" column
is given by

anYnk
ij,new :ij _Y—
where n=4; j=1,2,3 and k=1,2,3
Yitpew = Vi1 —ﬁ = —j5—M = —j4.556
Yaa (-]9)
Yoo new = Vi AR —0— (J2>-<O) 0
Yu -1]9
Yy = Vi _Y14Y43 - j1- (J2><- j5) _j2111
Y44 - ]9
Vo =Yy — 12Tz _ g (0X0 _ 4
Yy -]9
Y 3 new = Ya3 _Y2Y4Y43 _ j5— (OX-JQS) _j2
44 —J
Yarnew = Yiznew = 12.111
Y32,neW :Y23,new = 12
Y33,new =Y33 _% = _19——(J5X;5) = _]6222

44
The reduced bus admittance matrix after eliminating 3th is given by

~j4556 0  j2.111
0o -j6 2
j2.111  j2 - j6.222

Y,

bus —

16.For the network shown in fig from the bus admittance matrix. Determine the
reduced admittance matrix by eliminating node 4. The values are market in p.u.
(Nov/Dec-2008) (April/May-2018)

0.6
BT\
0.4

0.5
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Solution:
The Y s matrix of the network in

—(jO.5+ j0.4+ jO.4) jO.5 j0.4 jo.4
v _ jo.5 —(j0.5+ j0.6) j0.6 0
bue jo.4 j0.6 —(j0.6+ jO.5+ jO.4) jO.5
jo.4 0 jo.5 —(jO0.5+ j0.4)

~j13 jo5 jo4 jo.4

| jo5 -j11 jo6 0O
" jo4 jo6 -jL5 jo5
jo4 0  jos5 -09

The elements of new bus admittance matrix after eliminating the 4™ row and 4™ column is
given by
_ Y _ anYnk
=Y —-——
Ynn

The bus admittance matrix is symmetrical,

Y

jk,new

Y, oy, e g (104)xU0H) g5
Y Y (—j0.9)
Yiznew = Y12 _Yléi = j0-5_% = j0.5
44 —Ju.
Yisnew = Y13 _chi = j0-4_w = ]0.622
44 - Ju.
Y22,new :Y22 _Y2Y4i = _Jll_% = _Jll
44 — JU.
Y,,Y . 0x jO.5 .
Yosnew = Yz3 _% = 10-6—% = 0.6
44 .
Y31,new =Y13,new = j0.622
Y32,new =Y23,new = j0.6
Y33‘neW =Yg, _M = _j1_5_M =—jl.222

a4
The reduced bus admittance matrix after eliminating 4'" row is shown below.

~jl12 jo5  j0.622
. =| jo5 —jL1 jo6
j0.622 j0.6 —jl.222

Y,

17. Form Ypys by singular transformation for the network shown in Fig. The impedance
data is givenin Table. Take(1) as referance node?
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© - @
| A
m
oll—=ll ,
- =aer |
Sel,
Element No. e - !
B Bus code Impedance \
! 1-2(1) 0.6 . |
- 2 . 1-3 0.5
3 $ 0.5
I 1-2(2) 0.4
| 5 2-4 [ 0.2 |
Solution:
Oriented Graph
| 4
® ®
b i i
__’-_\_\_""'-\-..\_
@ i @
Take (1) as referance. Draw a tree
¢ @
b l’ o ‘;' [
- ]
L/-f— _“HHHK :-
il T T T S ———— L'
(@ ref i @
-1 0 0 -1 1
Incidence matrix [A]=| 0 -1 1 0 0
0 0 -1 0 -1
-1 0 0]
0 -1 0
Al =|0 1 -1
-1 0 O
1 0 -1

30




joe 0 0

0 jo5 0

Primittive impedance Matrix [Z primimve]: 0 0 jo5 0 O
0 0 0 jo4 0

0 0 0 0 0]

Primittive admittance matrix = [Yprimittive] = [Zprimmi\,e]'l

- j1.667 0 0 0 0 |
0 -j20 0 0 0
= 0 0 —-j2 0 0
0 0 0 -j25 0
0 0 0 0 - j5)
Ybus = [AIYprimittive IA]T
j1667 0 O
0 ji2 0
[Yprimittive IA]T = 0 —-j2 j2
j25 0 0
-5 0 j5]
- j1.667 0 j5
Yous = [AIYprimittive IA]T = 0 -j2-]j2 J2
ENE 12 —j2-)5
[~j9.167 0 j5
=l 0 -j4 j2
L i2 —j7

18. Form Yypys of the test system shown in fig by using singular transformation method.

The impedance data is given in Table. Take (1) as reference node. [AU NOV/DEC 2015]
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Self

SNo. — b ] Mutual
= | B“\'l"’l/t’_'_lﬂ{’cilllll('n’ | Bus code Impedance |
2 |- 2-2 0.5 =y
2 I—-3 0.6
> e owa o = I-2
3 | 3-4 0.4 0.1
= 4 e 2—4 | .3
® ¢ @ © 3
7.4 _J @ - ) o »‘Q
N /’l
- /! Ze * d b fu
e L Lo S S
RO @ @ RI® o @
Oriented graplh Tree
u h ¢ d
Solution:
-1 0 0 1
Incidence matrix ={ 0 -1 1 O
O 0 -1 -1

Primittive impedance matrix [Zprimittive]
jo.5 jo1 0 0

|jo1 jos 0 0
|l o o0 jo4a o
0O 0 0 jo3

Primittive admittance matrix [Yprimitive] = [Zorimittive]

Consider the matrix

jos jo1lt 1 [joe —joa

L‘o.l j0.6} :m{—jo.l jO.S}
— j2.0689 j0.3448

:{ j0.3448 —j1.724}

—J2.0689 0.3448 0 0

y | j0.3448 —j1724 0 0

primittive — 0 0 _ 125 0
0 0 0 -j3.333

Bus admittance matrix [Yous] = [AI[Y primittive] [A]"
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~j2.0689 j0.3448 0 0o -1 0o o

j0.3448 —j1.724 0 0 0O -1 0

AT =
[YPrlmlttlve][ ] 0 O _125 O O 1 -1
0 0 0 -J3333|1 0 -1

j2.0689 —j0.3448 0
| -jo3448 1724 0
- 0 —j25  j25
~j3.333 0 j3.333
j2.0689 —j0.3448 0

-1 0 O
—j0.3448  j1.724 0
=[AI[Y,, . JA]' =| O -1 1
[Ybus] [ ][ Prlmlttlve][ ] 0 _125 J25
O 0 -1 -1

~ j3.333 0 j3.333
— j5.4019 j0.3448  j3.333
Y, =| j0.3448 —j4224 j25
j3333  j25 - j5.833

19. Describe the Bus Impedance Matrix (Zpys ) building algorithm in detail by using a
three bus system.(May/Jun 2014) (Nov/Dec 2017)

Modification of an existing Bus Impedance Matrix :

Let us denote the original Zy,s of a system with n- number of independent buses as
Zorig When a branch of impedance Z, is added to the system the Zrig gets modified. The

branch impedance Z, can be added to the original system in the following 4 ways.

(1) Adding a branch of impedances froma new bus- p to the reference bus.

(2). Adding a branch of impedance Z, froma new bus p to an existing bus-g.

(3). Adding a branch of impedance Z, from an existing bus-q to the reference b us.
(4). Adding a branch of impedance Z, between two existing buses h and g.

Case 1: Adding Z, froma new bus p to the reference bus:

Consider a n-bus system shown in fig. Let us add a bus-p through an impedance Z, to
the reference bus. The addition of a bus will increase the order of the bus impedance
matrix by one.
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Fig. Adding a new bus through an impedance to reference bus

In this case the elements of (n+1)"" column and row are all zeros except the diagonal.
The diagonal element is the added branch impedance Z, The elements of orginal Zy
matrix are not altered. The new bus impedance matrix will be as shown in equ 1.

Case 2: Adding Z, froma new bus p to the existing bus g:

Consider a n-bus system as shown in fig. In which a new bus p is added through an
impedance Zy to an existing bus g. The addition of a bus will increase the order of the bus
Impedance matrix by one.

In this the elements of (n+1)'" column are the elements of g'" column and elements of
(g+1)™ row are the elements q row. The diagonal element is given by sum of Zq and Z;,
The elements of orginal Zy,s matrix are not altered. The new bus impedance matrix will be
as shown in equ 2.

Fig. Adding a new bus through an impedance to an existing bus

Case 3: Adding Zy, from an existing bus-q to the reference bus:

Consider a n- bus system shown in fig. in which an impedance Zy, is added from an
existing bus-qg to the reference bus. Let us consider as if the impedance Z, is connected

froma new bus-p and existing bus —q.

Now it will be an addition as that of case 2.The bus impedance matrix order (n+1) can
be formed that of case 2. Then we can short circuit the bus-q to the reference bus. This is
equivalent to eliminating (n+1)™" bus(i.e., bus-p in this case) and so the bus impedance
matrix has to be modified by eliminating (n+1)" row and (n+1)" column. The reduced bus
impedance matrix is the actual new bus impedance matrix. Every element of actual new
bus impedance matrix can be determined by using this equation.

7 =7, - Z i ik

jkact —
Z(n+1)(n+l)

o Zjkaa IS the impedance corresponding to row-j and column-k of actual new bus
impedance matrix.

o Zik, Zin+1kZjin+1),Zn+1)p+1) are impedances of new bus impedance matrix of
order (n+1).
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. Since bus impedance matrix is symmetrical.
Z =7

jk,act kj,act

Case 4: Adding Zy, between two existing buses h and g.

Consider a n- bus system shown in fig.1, in which an impedance Z, is added between
two existing buses hand g.

In this case the bus impedance matrix is formed as shown in equ(l). Hence the
elements of (n+1)" column is the difference between the elements of column-h and column-
g. The elements of (n+1)™" row is the difference between the elements of row-h and row-g.
The diagonal elements is givenbyeu 2

[ 0 A
._:'1 : "'_“'| Ly, = L
_i ' =~ \Z g ~7
| Zoi=Zo Zpa—-Z I e e
1)
Fig. Adding an impedance between bus-h and bus-q.
Zayngy =Ly + 2 + 2oy — 22y, 2)

Since the modification does not involve addition of new bus, the order of new bus
impedance matrix has to be reduced to nxn by eliminating the (n+1)" column and (n+1)™"
row.

Direct determination of a bus impedance matrix:
The bus

Zow =Z,

bus

20. Find the bus impedance matrix for the system whose reactance diagram is shown in
fig.1.All the impedances are in p.u? (May/Jun 2012 & Apr/May 2015)

@ o I® T TeaY |®
j0.25 J0-05 ]
g 11.25 :
% 11.0 L Reference bus:
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Step 1: Consider the branch with impedance j1 p.u. connected between bus-1 and
reference as shown in fig. The system shown in fig. has a single bus and so the order of the
bus impedance matrix is one, as shown below.

@

11.0

Reference bus

=[i1.0]

@

Step 2:

10.25
j1.0

Reference bus

7 - j1.0 j1.0 [j1o j1o
“ | j1.0 jlL.0+j0.25| |j1.0 j1.25
j0.25

j1.0 j1.25
Reference bus

Step 3:

@

jl.0 jL0 j1.0
= j1.0 j1.25 j1.25
jl.0 jL25 j1.25+ j1.25
jl.0 jL.0 j1.0
=|jL0 jl25 125
jl.0 j1.25 jl.25+ )25

YA

bus

Z.. .z
Liar =L - 7O \where n=2; j=1,2 and k=1,2
’ Z(n+l)(n+l)

Z,:Z j1.0x j1.0 _

j2.5

Zow =2y — = j1.0- j0.6

11,act
33

g _ZeZau o JLOX[L25_ o
vz j2.5

33

Zzl,act = le,act = j0-5

YA

12,act

[1.25% 125 _ 50 coc

ZZZ,act = Zzz -
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jo.6  jo.5
Zbus = . -
j0.5 j0.625

Step 4:

O 1 1@

j1.0 j1.25
Reference bus

[j0.6  jo5 j0.5
Z,.=|j05 j0.625 j0.625
| j0.5 j0.625 j0.625+ j0.05

[j0.6  jo5  jO5
j0.5 j0.625 j0.625
| j0.5 j0.625 j0.675

bus —

21. Form the bus impedance matrix for the network shown. (May/June 2013)
@ @

. o [l
g o2n .35

Solution:

Step 1:
Addition ofelement 0-1,p=0, g=1

Addition ofa branch. No mutual coupling. P is the refbus

:EE

Zbu’5 — |:ZOO ZOlj|
ZlO le

Zqi= 0

Zq4= Zpapq
Z11 = zo1,01 = 0.25
Neglecting the reference bus, we getz,,. = (1)[0.25]
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Step 2:
Addition ofelement 1-2. It is a branch p=1, g=2; No mutual coupling

@ @
]

024

0.25 Z,
Zbus: Z Z
21 22

Zgi= Zpi, i =1
Z1=Z11=0.25
Z12=172
Zog =Zpq tZpgpq
Lyp=Lp+ Zyp12
=0.25+0.2=0.45
0.25 0.25
Z,=
{0.25 0.45}
Step 3:
Addition ofelement 1-3. It is a branch p=1, g=3; No mutual coupling
® 02 ®
0.25 " O
025 025 Z,
Z,.=1025 045 Z,
Z3l Z32 233

Zg=Zp,1=1,2
Z3i= Z1i
Z31=7Z11= 0.25 = Z13
Z32=712=0.25 = Z23
Zqq= Zpa+ Zpapq
Z33=Z13+ z1313=0.25 4+ 0.1 = 0.35
025 025 Z,

=|0.25 045 0.25
0.25 0.25 0.35

YA

bus
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Step 4:
Addition of element 3-2. It is a link p=3, q=2; No mutual coupling. This adds a

fictitious node .

o
=
-

=1

025 025 025 Z,
, _|025 045 025 7,
" 10.25 025 035 Z,
Zy L, Ly Z;

Zi= Zpi—Zqi, 1=1,2,3
Zli= Z3i= Z2i
Zn=12731-221=0
Zip=Z32—Z2=0.25—-045=-0.2
Ziz=Z33—Z23=035-025=0.1
Ziu= Zpi—Zql+ Zpqpq
Zu= Z31—Zu+ z3232= 0.1 — —0.2 +0.1

025 025 025 0
, _|025 045 025 -02
“ 1025 025 035 0.1
0 -2 01 04

0.25 025 0.25

Eliminating the fictitious node, we get Z,,, ={0.25 0.35 0.3
025 03 0.325

Step 5:
Addition of element 0-2. It is a link p=0, g=2; No mutual coupling and p is the

reference bus.
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0.25 0.25 0.25
7 025 035 0.3
s 71025 0.3 0.325
Zil Zi2 Zi3
Zi=—Z4i,i=1,2,3
Zn=—Zn=-025
Zip= —Z22=-—0.35
Ziz=—2Z23=-—0.3
Z= —Zql+ Zpq,pq
= —Z+ zo02,02 =-(-0.35)+0.25 = 0.6
025 025 025 -0.25
B 025 0.35 03 -0.35
1025 03 0325 -03
-025 -035 -03 0.6

0.1458 0.1041 0.125]
Eliminating the fictitious node, we get Z,,, =|0.1041 0.1458 0.125
0.125 0.125 0.175]

j0.1458 j0.1041 j0.125]
ws =| J0.1041 j0.1458 j0.125
j0.125 j0.125 j0.175]

z

As a check Ypus is formed and is found to be

19 -5 -10

Y, =| -5 19 -10

-10 -10 20
100
Yous XZps =|0 1 0
0 01
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22. Explain structure of modern power system with neat sketch? (Nov/Dec 2014)

Generating station 6.6 KV, 10.5 kV, 11 kV, 13.8 kV and 15.75 kV
i

Q000 Step up transformer

: Sending end substation 11 KW220 kv
: or 132 kV or 110 kV or
; VI 400 kV or 765 KV

Primary Transmission

S S,
000000, Step down transformer -

Receiving station 220 kV/33 kV or 86 K\

S
l Secondary transmission

! Secondary substation —= 1P ey g
ary aton T IIKVMI KV or 6.6 kV

] l l Primary distribution
Big consumers

; " - 000/ Distribution step down transformer :
bution station *’WW 11 kVI400 V for 3¢ and 230 V for 1¢ i

Secondary distribution

Distributors

ARE R !E
5 ervice mains l__l Service mains Ig

i s - = - .. To.consumers — :

An electrical power system consists of generation, transmission and distribution. The
transmission system supply bulk power and the distribution system transfer electric power to

ultimate consumer.

The generation of electric energy in the conversion of one form of energy into electrical
energy. This energy is generated in hydrothermal and nuclear power stations sometimes
electrical energy is generated from non-renewable energy resources like wind, waves, fossil
fuels etc. The generating voltages are usually, 6.6kV,
10.5kV, 11kV, 13.8kV, 15.75kV etc

Components of an Electric Power System:

Generators - A device used to convert one formofenergy into electrical energy.
Transformer - Transfer power from one circuit to another without change of
frequency.

Transmission lines - Transfer power from one location to another
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Control equipments - Used for protection purpose.
Regional grid:

The interconnected transmission system of a state or a region is called the grid
of state or region. State grids are interconnected with the help of the lines and form the
regional grid.

Transmission System:

It interconnects two or more generating stations. Tolerance of transmission line voltage
is +5 to + 10% due to variation of loads.It can be divided into primary and secondary
transmission system. The highest A.C transmission in India is 765kV.

Secondary Transmission:

The secondary transmission forms the link between the receiving end substation and the
secondary substation. At the receiving end substation, the voltage is stepped down to a value
of 66kv (or) 33kV (or) 22kV using step down transformer.

Distribution system:

The components of electric power system connecting all the consumers in an area to the
bulk power sources or transmission lines are called distribution system.

A distribution station distributes the power to domestic commercial and relatively small
consumers. It can be divided into primary and secondary system.

Primary Distribution:

At the primary substations the voltage in stepped down to 11kV or 6.6kV using step
down transformer. It forms the link between secondary substations and distribution
substation and power is fed into the primary distribution system. It uses 3phase 3wire
system.

Secondary Distribution:

At the distribution substation the voltage is stepped down to 400V (for 3phase) or
230V (for single phase) using step down transformers. It uses 3phase 4wire system single
phase loads connected between one phase wire and one neutral wire.

23.Describe about the representation of loads. (Nov/Dec 2014)
Single phase load:
Let P = Active power
And Q = Reactive power
The complex power, S = VI*=P+jQ
(VIF)* = (P+jQ)*
V*I=P-jQ
_P-iQ

- @
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Let V =V|<& V' =N|<-6
And P- jQ=.P*+Q? <—tanl%:w/P2+Q2 <-0

Where @ =tan ‘1%

Fromequ (1), (2) and (3) we can write
| NP Q<0 VP QT 5 pfi|<s-0
V|<-o V|
(R
VI

Load impedance, Z :\Ii

On substituting for I from equ(1) in equ (5) we get

v w* V)
(P-iQ)/, P-iQ P-JQ
P—jQ

VI

Load impedance Z =

Load admittance Y = % =

Three phase load:
Balanced star connected load:
Let P = Three phase active power of star connected load in watts.
Q = Three phase reactive power of star connected load in VARSs.
V.,V = Phase & line voltage of load respectively
I, I = Phase & line current of load respectively
Three phase complex power, S=3VI* = P+jQ
@VI*)* = (P+jQ)*

3V*| = P-jQ
| = P- JQ
3\/*
Let V =N|<& V' =N|<-6
V|
== and 1=1
M \/§ L
V|
V*¥*=—_<-¢
\/§<

And P-jQ=+P*+Q° <—tanl%:w/P2+Q2 <-0

Where 6 =tan ‘1%

Using equ (2) and (3), the equation (1) can be written as,
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[ P-jQ P’ +Q*<-6 P?+Q? 5.0

3V [VL| \/_3|V |
3 ——=<-0 L
\/_ <
: : <o6-0 (4)

I |L|_

E
_\/P2+Q2 (5)

Load impedance, Z =\Ii (6)

On substituting for | from equ(1) in equ (5) we get

v Cawr )
P_ - - _ - - _ -
( JQ%V* P-jQ P-jQ

R (ARE
P-iQ  P-iQ
V[
P-iQ
P-jQ

[\/ 2
Balanced Delta connected load:
Let P = Three phase active power of delta connected load in watts.
Q = Three phase reactive power ofdelta connected load in VARS.
V,V| =Phase & line voltage of load respectively
I, I = Phase & line current of load respectively
@VI*)* = (P+jQ)*

Load impedance Z =

Load impedance per phase, Z =

Load admittance Y = % =

3V = P-jQ
P-JjQ
R 1
N 1)
Let V =N|<& V' =N|<-5
I
V =V, and |I|=u )

J3
And P-jQ=+P*+Q? <—tanl%:w/P2+Q2 <6

Where 0 =tan* S (3)
P

Using equ (2) and (3), the equation (1) can be written as,
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[ P-jQ P?+Q*<-0 P?+Q° <5_0_JP2+Q2 “5.0

vV* V<5 3| v, |
=|l|<5-6
VP Q
V3V
PZ 2 P2 2
||L|:\/§|||:\/§\/ +Q :\/ +Q
V| EA
Load impedance per phase, Z :\Ii (4)

On substituting for I from equ(1) in equ (4) we get
v oooawx v oavf
P-iQ) P-iQ P-JjQ P-]
) iQ jQ jQ
3 2
Load impedance per phase, Z = ﬂ
P-JQ

Load admittance Y = 1 = P- J?
Z 3v|

24. Draw a one line diagram of a sample power system with 3-phase
generator,synchronous motor,transformer ,induction motor,transmission
lines?(Nov/Dec 2008) (or) Draw the per unit equivalent circuit of 3-phase
generator,synchronous  motor,induction  motor,transmission lines, single-phase
transforme r?(Nov/Dec 2014)

Equivalent circuits of components of powe r system:

The equivalent circuit of a power system is needed to perform analysis like load flow
analysis, fault level calculations, ete. It can be obtained from the equivalent circuit of the
componenets of the power system. The various components of power system are generator,
transformer, transmission line, induction motor, Synchronous motor, resistive and reactive
loads. The equivalent circuits of various electrical machines developed in electrical machine
theory can be used in power system modelling with or without approximations.

Equivalent circuit of generator:

The equivalent circuit of a 3 phase generator is shown in fig. It consists of a source
representing induced emf per phase, a series reactance representing the armature reactance
and leakage reactance and series resistance representing the armature winding resistance.

Load impedance Z =
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Fig b : Singl

» y' ! > 4 577 B '-c . .
gie pnase equivailent circuit

Fig 1. : Equivalent circuit of génerator

Fig a : 3-Phase equivalent circuit (3-phase alternator)

Equivalent circuit of transformer:

The equivalent circuit of a single phase, two winding transformer referred to primary
is shown in fig. It consists of shunt branches to represent magnetising current and core loss,
series resistance representing winding resistance referred to primary and the series reactance
representing leakage reactance referred to primary.

k=E2_No Vo _ 1y

E, N,V

I,

. R
ROl:R1+R2:Rl+K—22

. X
X01:X1+X2:X1+K—§

The three phase transformer is represented by its single phase equivalent and the
equivalent circuit is similar to that of fig. In three phase transformers, the transformation

ratio, K is taken as the ratio of line voltages. This will facilitate the direct conversion of star
side impedances to delta side.

Fig : Equivalent cireuit of a transformer

Equivalent circuit of synchronous motor:

The equivalent circuit of synchronous motor is shown in fig. The synchronous motor

is similar to a generator in construction, but it performs the reverse action of the generator.
Therefore the direction of current in motor is opposite to that of generator.

46




(o
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X B iX B
L |

N P !i‘f
Dy
- s

Fig b : Single phase equivalent circuit

>
> . . p - -
<1, Fig : Egquivalent circuit of synelhronous

Mmictcn

+1) » :
;}—G“‘
,\-./ )

Fig a : 3-Phase equivalent circuds

Equivalent circuit of induction motor:

The single phase equivalent circuit of induction motor reffered to stator is shown in
fig. It is similar to equivalent circuit of transformer. (The induction motor is also called
rotating transformer).

I =
AAA____iTEE

v

1
L /

Fig : Eguivalent circwit of induction motor
Equivalent circuit of transmission line:
The transmission line can be represented by its resistance, inductance and capacitance.
The single phase equivalent n-type and T type model of the transmission lines is shown in

fig. The elements are resistance, inductance and capacitive reactance per phase respectively.
R X R X,

— i it j—=

4

2 2 2 T2
. — s AT
X -
* =
T

Fie b : - type
=] ¥4

Figa: - type

25.Determine the Ypys matrix by inspection method for the line specification as
mentioned below [AU MAY/JUNE 2016]

Line p-q Impedance in p.u Half line charging Admittance
in pu
1-2 0.04+j0.02 J0.05
1-4 0.05+j0.03 j0.07
1-3 0.025+]0.06 J0.08
2-4 0.8+j0.015 J0.05
3-4 0.035+j0.045 J0.02

Y11 :le +Y13 +Y14 +Y10
B 1 N 1 N 1
0.04+ j0.02 0.025+ j0.66 0.05+ j0.03

+j0.05+ j0.07+ j0.08
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bus —

= 20— j10++0.0573— j1.5129+14.705— j8.823+ j0.05+ j0.07+ j0.08
=34.7623— j20.53

1 .
Y, =Y, =————=-20+ j10
220,04+ j0.02 J
Yo =Y, = —;_ =-5.917+ j14.201
0.025+ j0.06
Y=Yy, = —;_ =-14.705+ j8.823
0.05+ j0.03
Yoo =Y + Yo + Yy

1 1
= +
0.04+ j0.02 0.8+ j0.015
=20- j10+1.2495— j0.023+ j0.05+ j0.05
=21.2495- j9.923
Y32 :Y23 =0

+ j0.05+ j0.05

1
Yo=Y, - -
%% 0.8+ j0.015
Y33 :Y31 +Y34 +Y30
1

= -
0.025+ j0.06 0.035+ j0.045
=16.6863— j27.9

= -1.2495+ j0.023

+ j0.08+ j0.02

1
©0.035+ j0.045
Yoo = Yoy +Yg + Y55 + Yy

1 1 1

= + +

0.05+ j0.03 0.8+ j0.015 0.035+ j0.045
=14.705— j8.823+1.2495— j0.0234+10.769— j13.846+ j0.02+ j0.07 + j0.05
=26.723— j22.5524

Y, =Y, = = -10.7692+ j13.846

+j0.02+ j0.07+ j0.05

34.762— j2053  —20+j10  —5917+ j14201 —14.705+ j8.823
~20+j10  21.249- j9.923 0 ~1.249+ j0.023
~5.917+ j14.201 0 16.683— j27.9  —10.769+ j13.846

~14.705+ j8.823 —1.249+ j0.023 —-10.769+ j13.846 26.723— j22.5524
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26. A 15MVA, 8.5kV, 3phase generator has a sub transient reactance of 20%.
It in connected through a delta star transformer to a high voltage
transmission line having a total series reactance of 70 ohms. The load end
the line has star-star step down transformer. Both transformer banks are
composed of single phase transformer connected for 3ph operators. Each of
three transformer composing 3ph bank in rated 6667kVA,10/100kV, with a
reactance of 10%. The load represented as impedance in drawing 10MVA at
12.5kV and 0.8pf lagging. Draw the single line diagram of the power network.
Choose a base of 10MVA, 12.5kV in the load circuit and determine the
reactance diagram. Determine also the voltage at the terminals of the
generators? (April/May-2011) (Nov/Dec 2016) (April/May-2018)

3= 60667 KVA 3w 6667 KVA

10MVA
lﬂa’lcﬁk}{. 10% 100410 kW, 10%

B i ] 12.5kV, 0.8 pflag

15MVA E r, 700 BE I,

25kV ( :: >__+“_ 'l

20% ;s 32_ @
A « &

Given Data:

Generator G1:15MVA, 8.5kV, X”=20%
Load: 10MVA at 12.5kV and 0.8pf lagging.
3ph, star-delta transformer: 6667kVA,10/100kV, X=10%
3ph, star-delta transformer: 6667kVA,100/10kV, X=10%
Transmission line: 70 ohms
To find: Z(pu) of various components., Draw the reactance diagram.
Formula used:

— kaZ,new
y =
MVAb,new
LT voltage rating

Base kV on LT side of transformer T1 = Base kV on HT side X -
HT voltage rating

kV, ..\ (MVA
X unew,T1 =X u,old X bold X bnew
P ' P ka,new MVAb,old
Solution:
MVA, pen, = 10MVA, KV, new = 12.5kV

Reactance of transformer T2:

100 x V3kV _ 173.2kV

10 x V3kV ~ 17.32kV
3ph kVA rating of transformerT, = 3 X 1¢ rating of kVA =3 X 6667 = 20000kVA = 20MV A
MVA, i = 20MVA

kVy o1 = 17.32kV(on LT side)

Voltage ratio of line voltage of transformer T, =

kVy o1 2 MVA,,
Xp.u,new.TZ = Xp-u"’ld X <kV - % MVA "
b,new b,old

_odx (17'32>2 x <1O> = 0.096
o 12.5 20) = P

Reactance of transmission line:

HT voltage rating
LT voltage rating

Base kV on HT side of transformer T2 = Base kV on LT side X
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=125 X 173.2 _ 125kV
T 1732

Vipew 1257

Z,= MVA, .. =30 = 1562.5 ohms
Actual impedance 70
Xpunewr tine = Base impedance T 15625 0.0448p.u
Reactance of transformer T1:
10kV 10kV

Voltage ratio of line voltage of transformer T, = =
& & 1T 100 x V3KV 173.2kV
3ph kVArating of transformer T, = 3 X 6667 = 3 X 6667 = 20,000kVA = 20MV A

MVA, gq = 20MVA
kVy o = 173.2kV(on HT side)

kVy oa ’ MVA,
Xpaumewr1 = Xpuoa X (ka :e 8 Wbr:‘:
new ,
=0.1 x (173'2)2 X (10> = 0.096
o 125 50) = 0:096p.u

Reactance of Generator G:

LT voltage rating
HT voltage rating

Base kV on LT side of transformer T1 = Base kV on HT side X

10
= X—=/.
125 1732 7.217kV

ka,new =7217kV
2
N v (ka.old ) x (M
punew,G — “pu,old kV MVA
bnew b,old

—02><(8'5 >2x<10)—0185
= 0e 7217 15) = Treop-

Load:

This can be represented as constant current load P.f of load = 0.8 lag
P.f angle = -cos10.8 =-36.87°

Complex load power = 10£-36.87° MVA

Actual load MV A 10h — 36.87°
=1£-36.87.u

p.u value of load(power) =

Base value of MVA - 10
l load volt _ Actual load voltage  12.5kV 1
p-u value of load voltage = Base voltage - 12.5kV p-u

Let,
I = Load current in p.u
V = Load voltage in p.u
We know that, V*I = p.u value of load (power)

p.u value of load 1/ —36.87°
I = v = 1 =1/ —36.87°
Reactance diagram:
— 1T BT , .
009 00448 .09 4 I=1£-36.87"pu
j0.185 iy
v Ve=10puw T §
| %8 :
Es = i l |
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27. Draw the reactance diagram for the power systemshow in fig .Neglect
resistance and use a base of SOMVA and 13.8KV on generator G1.(Nov/Dec-

2015)

[To, Y pingd

Given Data

G1:20MVA,13.8KV,X" = 20%
G2:30MVA, 18.0KV,X" = 20%
G3:30MVA, 20KV, X = 20%
T1:25MVA,220/13.8KV,X = 10%

T2:Single phase unit each rated 10MVA,§KV, X=10%

T3:35MVA,220/22KV,X = 10%

To Find
Determine the new values of per unit reactance of G1, T1, and Transmission linel,

Transmission line2 G2, T2, G3 and T3.
Solution:
Reactance of generator G1:
MVA KV 2
ZNew — Zold x (MVA New ) x ( G1ven>
Given

KVNew
MVAGiven =20
MVAye,, = 50
KVgiven = 13.8
KVye, = 13.8

MVA KV, 2
P = Zaa X () % ()
Given New
02 <50> y (13.8)2 05
— % \20/ " \138) TP
Reactance of Transformer T 1(Primary side)
MVA KV..; 2
Znew = Zola X (MVA - ) % <KVG Wen)
Given New
=0.1 X(50>X<13.8)2 = j0.5pu =j0.2
5% \25) " \13g) TIVoPUTITAPY

Reactance of Transmission line j8S0Q
Actual reactance Q

per unit reactance of transmission line =
Base reactance Q
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Actual reactance = 80Q)
HT voltage rating

Base KV on HT side of transformer T, = Base KV on LT side X _
LT voltage rating

220
Base KV on HT side of transformer T, = 13.8 X —— = 220KV

13.8
KV, .., = 220KV
KVZ 2202
Base impedance = = = 968Q
dase 1mpedance MVANeW 50

Actual reactance Q@ 80

Base reactance Q - 968
Reactance of Transmission line j100Q

Actual reactance Q

per unit reactance of transmission line = =j0.0826 p.u

per unit reactance of transmission line =
Base reactance Q

Actual reactance = 1000
HT voltage rating

Base KV on HT side of transformer T, = Base KV on LT side X -
LT voltage rating

220
Base KV on HT side of transformer T; = 13.8 X 138
KV, ew = 220KV
Base imped KvZ 220° 968Q
m nce = = =
ase impedance MVA. 50

Actual reactance Q _ 100
Base reactance Q 968
Reactance of Transformer T2(Primary side)
MVA KV,; 2
Iew = Lo X (MVA - ) 8 (KVGWEH>
Given New
ZOld = 0.1 p. u
Y/A connection : voltage rating:\/§ x 127/18KV = 220/18KV

per unit reactance of transmission line = =j0.1033 p.u

Z =0.1xX (50) X (22())2 = j0.1667
New — " 30 220 - ] * p'u

Reactance of generatorG2

MVA, KVgiven\
ZNew = Zowa X (MVA = ) % <KV Wen)
Given New

LT voltage rating

Base KV on LT side of transformer T, = Base KV on HT side X :
HT voltage rating

18
Base KV on LT side of transformer T, = 220 X 520 = 18 KV

Z —02x<50>x<13'8>2—'05
New = U2 X \50) *\138) TP

Z =0.2 X (50> X (18)2 =j0.333
Reactance of Transformer T3 (Secondary side)
MVA

KV¢; z
7 =7 % ( New ) % ( G1ven>
New old MVAGiven KV

New
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=0.1x (50) X (22())2 =j0.1429
~ % \35) " \220) TP
Reactance of generatorG3

lvIVANeW ) % (KVGiven>2
l\/[VAGiven KVNew
LT voltage rating

ZNew = Zold X (

Base KV on LT side of transformer T, = Base KV on HT side X -
HT voltage rating

22
Base KV on LT side of transformer T, = 220 X —— = 22 KV

220
Z =0.2 X (5()) X (20)2 =j02755
New — " 30 22 _] p'u

0183 (EXTT

28.Form bus admittance matrix for the data given below using singular
transformation method. Take node ‘6’ as reference node.(Apr/May 2017)

Elements Bus code X(p-u)
1 1-2 0.04
2 1-6 0.06
3 2-4 0.03
4 2-3 0.02
5 3-4 0.08
6 4-5 0.06
7 5-6 0.05
Solution: 1 2

TC

th
£y



The incidance matrix

f{ 1. o 0o 0 0 0]
I—l 01 1 0 o0 oI
[Al=l0 0o o -1 1 o0 ol
| |
|0 0 -1 0 -1 1 0|
lo 0o 0o o o -1 1

1 -1 0 0 0]
il 0o 0 0 0 }
lo 1 0 -1 o0
[A]" = I 0 1 -1 0 0 }
lo 0o 1 -1 ol
Io 0o 0 1 —1}
o 0o o o 1]
Ybus matrix
Yoo = [A] [yIA]
[41.67 -25 0 0 o ]
I ~-25 108.33 -50 -33.33 0 I
Yoo =il 0 - 50 62.5 -12.5 o |
: 0 -33.33 -12.5 62.5 —16.67I
| o 0 0 -16.67 36.67 |
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27. From Y, of the test system shown in fig using singular transformation
method. The impedance data is given in table take (1) as reference
node.(Nov/Dec-2015) (Apr/May 2017)

ST L .
'f : jO.1
. 11
1 2
Element No | Self Mutual
Bus code Impedance | Bus code Impedance
1 1-2 0.5
2 1-3 0.6
3 3-4 0.4 12 0-1
4 2-4 0.3
Solution:
1 -1 0 0
1 0 -1 0

A=l 0 1 -1

0o 1 0 -1
Take (1) as reference node and eliminate it. Bus incidence matrix
element/node2 3 4
1-2[-1 0 0
_1-3[{0 -1 0
~3—-4|0 1 -1
2—-411 0 -1
-1 0 0 1
At=lo0o -1 1 o0
L0 0 -1 -1
element/element 1-21—-3 3—-4 2—-4
1-2[05 jo1 O
_1-3(j0.1 jo6 O 0
Perimitive — 3—4| 0 0 j0-4 0
2—410 0 0 03
=7 -1

Perimitive

A

Z

Y,

Perimitive
Consider 2 X 2 matrix

j0.5 jo11™ 1 [j06  —j0.1] _ [—j2.0689 j0.3448
[iO.l j0.6 -~ —0.29 [—jO.l j0.5 ] N [j0.3448 —j1.724
—j2.0689 j0.3448 0 0
v 103448 —j1.724 0 0
Perimitive — 0 0 _j2-5 0
0 0 0 —j3.333

YBus = [A] [YPerimitive ] [AT]
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—j2.0689 j0.3448 0 0 -1 0
j0.3448 —j1.724 0 0 0 -1
[A] [YPerimitive] = 0 0 —]25 0 0 1
0 0 0 —j3.33311L 1 0
j2.0689 j0.3448 0
—j0.3448 j1.724 0
[A] [YPerimitive] = 0 —]25 ]25
| —3.333 0 j3.333
. j2.0689 j0.3448 0
- j0.3448 j1.724 0
At[YPerimitive][A] = 8 ] l _j2.5 j2.5
—3. 333 0 j3.333
—j5.4019 —j0.3448 j3.333
Yo, = [j0.3448 —j4.22  j2.5 ]
j3.333 j2.5 j5.833

0
0
-1
-1

30. Single line diagram of a simple four bus system. It gives line
impedance by bus on which these terminate .the shunt admittance at all

buses are assumed negligible calculate Y,  usingl.Rule of Inspection method,

2.singular transformation method.
1.Rule of Inspection method,

Vi V2
T Y12=2-6 | | B
Y23=0.666-J2
Y13=1-j3 Y24=1-i3
i ‘ | ¥34=2J6 =
V3

Apply KCL At node V1
0=~V = V)Y, +(V; —V3)Y;,
=Y,V =YV, + 15V =Y
=Y, + Y )I)V, =Y, V, =Y. Vs (D
Apply KCL At node V2
=V, = VY + (V, = V3)Yp + (V, = V)Y,
= Y12V2 - Y12V1 + Y23V2 - Y23V3 + Y24V2 - Y24V4

_Y12V1 + (Y12 + Y23 + Y24)V2 - Y23 V3 - Y24V4

Apply KCL At node V3
= (V3 - V1)Y13 + (Vaz - V4)Y34 + (V3 - Vz)Y32
= Y13V3 - Y13V1 + Y34V3 - Y34V4 + Y32V3 - Y32V2

= _Y13V1 - Y32Vz + (Y13 + Y32 + Y34)V3 - Y34V4

Apply KCL At node V4

=, = V)Y + (V, - V3)Yy,

=YV, — Vo Vo + Y3,V — V3,15

=YV, = Yo, Vi + (Yo + Y3, )V, voveen (4)
Using the equation 1,2,3&4Form the matrix
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[(Y12 +Y13) Y, Vi3 0 ]
I Y, (Y12 + Y + Y24) —Y)3 -1, |
—Yi; =Yy (Y13 + Y5, + Y34) =Y, l
l 0 T me (Y, + Y34)J
Now substitute given values.
3—j9 -2 +j6 —1+j3 0

_|-2+j6 3.666—j11 0.666+j2 —1+;3
" |-1+4+j3 —-0.666+j2 3.666—j11 -2+ j6
0 —1+j3 —24j6  3—j9
2.singular transformation method.
O

2

O
O,

qJ1 2 3 4
/1 0 -1 0
-1 1 0 of_
20 210 1|7
[0 0 -11
Lo 0 -1 1

[AllY] =

Y. 0 -Y. 0
vy 0. 0 Irt =1 0 o o
12 12 | O 1 _1 O _1
[A][Y]A_l = 0 _Y24 O Y24 | _1 0 0 1 1
0 O 0 0 1 -1 0
0 Y, -Y, O
_(Y12 + Y13) =Y, —Yi3 0 ]
- (12 + 23 +24) —23 —o4 |
Voo = [AIVIAT =) T2
pus —13 —23 (13 +32 +34) —34 l
i 0 24 34 (24 + 34)
Now substitute given values.
3-9 -2+ 6 -14+3 0

_|-2+6 3666-11 0666+2 -—-1+3
[-1+3 -0666+2 3666—11 —2+6
0] -1+3 —-2+6 3-9

57



31. The parameters of four bus system are:

Bus code Line Charging
Impedance(p.u) | admittance(p.u)
1-2 0.2+j0.8 jO0.02
2-3 0.3+j0.9 jo.03
2-4 0.25+j1 jo.04
3-4 0.2+j0.8 jOo.02
1-3 0.1+j0.4 jo.1
Draw the network find the bus admittance matrix.(May/june-2016)
(Nov/Dec 2016)
L
e el o.02
e ; J:m--;o.s
J0.01 j0.03 &3
B 147 0.4 _'__L
7 7 0.02
h 1 g:.m;u.n 5
=,
™ e ] 004
Jo 0.2+ 0.8 J0.08 N s

jo.02
Sy
.Apply KCL At node V1
0= = V)Y, + (Y, —V5)Yy,
=Y,V =YV, + Y3V, — Y51,
=Y, + V)V, = Y,V, =Y, Vs (D
.Apply KCL At node V2
= (Vz - V1)Y12 + (Vz - V3)Y23 + (Vz - V4)Y24
= Y12V2 - Y12V1 + Y23V2 - Y23V3 + Y24V2 - Y24V4
==Y,V + (le + Y5 + 1/24)1/'2 =Y Vs =Y,V (2)
Apply KCL At node V3
= (Vz - V1)Y13 + (Vs - V4)Y34 + (V3 - VZ)YSZ
= Y13V3 - Y13 V1 + Y34 V3 - Y34V4 + Y32V3 - Y32V2
=YLV, =Y,V + (Y + YV + )L =V, V, (3)
Apply KCL At node V4
=V, -V,)Y,, + (V, - W)Y,
=Y,V -V, V, +15,V, - V3,15
==YV, =Y,V + (Y24 + Y34)V4 ......... (4)

Using the equation 1,2,3&4Form the matrix

(Y12 + Y13 + Y10) _Y12 _Y13 0
Y — _Y12 (le + Y23 + Y24 + Yzo) _Y23 _Y24
Bus _Y13 _Y23 (Y13 + Y32 + Y34 + Y30) _Y34
0 _Y24 _Y34 (Y24 + Y34 + Y4o)
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Series admittance at different buses are:

Y, = Zilz = m = 0.294 —jl1.176p.u
1 1 )
Y13 = Z_13 = m = (0.588 — ]2352pu
1 1 .
Y23 = Z =m = 0.333 —]1p.u
1
Y24 = Z = m =0.235 — ]09pu
1 1 .
Y34 = Z = m =0.294 — ]1176pu
Shunt admittance at different buses are:
Y, =j0.03p.u
Y, =j0.09p.u
Y;, =j0.06p.u
Y,, =j0.06p.u
Now Yg,smatrix is;
0.822 —j3.498 —-0.294+j1.176 —0.588 + j2.352 0
—0.294 +j1.176  0.862—j3.026 —0.333 —j4.468 —0.235+j0.94
Bus ~ [—0.588 +j2.352 —0.333+j1 1.215—-j4468 —0.294+j1.176
0 —0.235+j0.94 —-0.294+j1.176 0.529—j2.056

32. Determine the Z bus for the network shown in fig where all impedance
are in p.u

jO.3
o

Solution
Stepl:Bus 1(New)to the ref bus (type 1 modification)
Zpys = [j1.2]

Step2:Connecting an impedance Z,; =j0.2 from new bus 2 to old bus 1(type 2
modification) j=1
_ [Z5us (old) Zy; l
Zg,s(New) = l z, Z,+12,
jl12 j1.2
- [j1.2 j1.4
Step3: Connecting an impedance Z;; = j0.3 from new bus 3(new) to old bus 1(type
2 modification)
[Zp,s(0ld) .. Zy;
= s s Z,;
|z, Z, Zj+Z,
1212 j12
Z.(New) = |j12 j1.4 j1.2]
j1.2 j12 j15
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Step 4: Connecting Z;, = j1.5 from new bus 3 (old) to ref bus

Zy;

ZZj [Zj1 ij Zj3]
[j0.72 j0.72  j0.6 ]

Zg,s(New) = Zg,  (old) —

(New) = |j0.72 j0.92 0.6
j0.6  j0.6 j0.75

ZBus

Step 5: Adding impedance Z, = j0.15 between old buses (2) and (3) i=2, j=3

1 Z1z —Z13
Zpus(New) = Zp,s(old) — Lyy—Z Zy—Z Zyp—Z Zy3—27
Bus ) = Zpys(old) Zoy+ 233 + 25 — 2243 ZZ—Z?? [(Z21 = Z31) (Z2—Z32) (Z23—Z33)]

j0.6968 j0.6581 j0.6290
Zg, (New) = [j0.6581 j0.7548 j0.6674
j0.6290 j0.6258 0.7157

33.b)using method of building algorithm find the bus impedance matrix for
the network shown in fig.(Apr/May-2015)

Stepl: Add Z,, = j0.2 between node 1 and reference node O. Type 1 modification

Zyus = 1j0.2]
Step2: add branch 2, Z,, = j0.3 between node 2 and reference node O Type 2

modification.
7 = Z, 0 _[jO.Z 0]
bus =10 Z,,] 10 03
Step3: Add , Z,; = j0.15 between new node 3 and existing node 1
Z Zy, Z [jO.Z 0 j0.2]

Zyys = [le Zy, Zy
Zy1 Zyp Zyt+ 275

Step4: Add link ,Z,, = j0.5between node2 and node 1

0 jo3 0
j0.2 0  j0.35

Z11 Z12 Z13 Z12 _Z11
7. = Zn Zy, Zy Ly —Zy
bus Z31 Z32 Z33 Z32 _Z31

Zz1 _Z11 Zzz _Z12 Zzs - Z13 Z44

jo2 0  jo2 —jo2
0 j0o3 0 03

jo2 0 j035 —j0.2

—j0.2 j03 —j02 Z,
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Zaa =Zyy + Zyy +Zyy — 22,5, = j(05 + 0.2+ 0.3 — 2(0)) = j1.0

—j0.2
AzZAZT 1 [/

= —|+j03[[-j0.2 +j03 —j0.2]
Zu  J10| o5

£j0.04  —j0.06  j0.04
= |-j0.06 j0.09 —j0.06]
| j0.04 —j0.06 j0.04

=10 j03 o0 ~j0.06 j0.09 —j0.06
jo.2 o 0351 L[jo.o4 —jo.o6 j0.04

0.2 0 jo.zl [j0.04 —j0.06  j0.04

j0.06 j0.21 j0.06
j0.16 j0.06 j0.31

Zbus =

j0.16  j0.06 j0.16]
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UNIT-I1

PART-A
1. What is the need for slack bus (or Swing bus)in a power

system?(or)What is the role of swing bus in the load flow study?
(Nov/dec-2007,2008) (May/June-2013&May/Jun 2014,2018 ) (Nov/Dec 2016)

One of the generator buses is assumed as slack bus to generate the
power for line losses which are estimated through the solution of load flow
equations.

(Sum of complex power of generators)= (sum of complex power of loads) +
(Total power loss in transmission lines)

Transmission line losses can be estimated only if the real and reactive
powers of all buses are known. The powers in the buses will be known only
after solving the load flow equations. For these reasons, the real and reactive
power of one of the generator bus is not specified and this bus is called slack
bus. it is assumed that the slack bus, the magnitude and phase of bus voltage
are specified and real and reactive powers are obtained through the load flow
solution.

2. What is a slack bus? Or What is swing bus?(May/Jun
2006,Apr/ may-2008,2011)

This bus is called as swing bus. But if the magnitude and phase angle of
the bus voltage are specified for the bus. The slack bus is the reference bus for
the load flow solution and usually one of the generator bus is selected as the
slack bus. This bus makes up the difference between the scheduled loads and
generated power that are caused by the losses in the network.

3. What is meant by acceleration factor in gauss seidel load flow solution
and its best value? (Apr/Jun 2008, May/June-2013,2018)

a — known as acceleration factor and is a real number a suitable value
of a for a particular system can be obtained by running trial load flows.
a = 1.6 is a general recommended value for most of the systems. However it
may be noted that a wrong relation of @ may result in slower convergence and
sometimes even result in divergence from the solution. Acceleration factor can
be used to improve the rate of convergence.

4. What is load flow analysis? Give the significance in power system
analysis? (May/June-2009)

Load flow analysis is determination of the voltage, current, real power
and reactive power at various points in electrical networks.

It is the backbone of power system analysis and design. They are
necessary for planning, operation, economic scheduling and exchange of
power between utilities. It also gives the alternative plans for system
expansion to meet increased load demand.

5. Why is one of the buses taken as slack bus in power system?
(May/June-2009)

The need to designate one of the buses as swing or slack buses is
evident from the fact that the system power losses are not known initially.
Therefore the net power into the system cannot be fixed in advance. It is a
generator bus and it will supply the difference between the specified real



power injected into the system at other buses and the total system output
pulse losses.

6. State at best four applications of power flow studies in the planning
and operations of electric power systems? (Nov/dec-2007)
* Economic scheduling.
* Exchange of power between utilizes
* Transient stability
* Contingency studies.
7. Compare Gauss seidel and N-R method?(or) Distinguish between the
Newton Raphson and Gauss-Seidel methods of load flow analysis?
(Apr/may-2010 & Apr/May 2015) (Apr/May 2017)

S.No Gauss seidel N-R
i Computation time per | Computation time per iteration is
iteration is less more
il The number of iteration|The number of iteration are

required for convergence | independent of the size of the
increase with size of the |system

system
iii It has linear convergence |It has linear quadratic
characteristics characteristics

8. How the buses are classified in a power system? (or) What are the
types of buses?(Nov/Dec-2010 & Nov/Dec 2011, 2017,MAY-2016)

Bus type Qualities specified Qualities to be
obtained
Load bus (or) PQ bus P, Q V|,&é
Generator bus(or)PV bus P, |V] Q, 4
Slack bus (or)Swing bus V|,é P, Q

9. What is Jacobian matrix? (NOV/DEC-2010, Nov/Dec 2016))

Jacobian matrix is the matrix formed from the first derivations of load
flow equations is called Jacobian Matrix and it is denoted by J.

In each iteration the elements of the Jacobian matrix are obtained by
partially differentiating the load flow equations with respect to an unknown
variable and then evaluating the first derivatives using the solution of
previous iteration.

10. How the disadvantages of -NR method are overcome?
(Nov/Dec-2010)

The solution involves the inversion of Ja & Jp matrices whose
dimensions are approximately one fourth the full size Jacobian matrixes
which saves 35-50% of storage when compared to original Newton method. It
reduces the computation time for each iteration that is 10%-20% less than
original Newton method.

11. Define Generator bus?(or) What is voltage controlled bus or PV
bus?(Nov/Dec 2014)

A bus is called generator bus if the magnitude of voltage and real power
(P) are specified for it. The load flow equation can be solved to find the reactive
power and phase of bus voltage. In a voltage controlled bus the magnitude of



the voltage is not allowed to change. The other names for generator bus are
voltage controlled bus and PV bus.
12. What do you meant by a flat voltage start?

In iteration method of load flow solution the initial voltage of all buses
except slack bus are assumed as 1+jO p.u. This is referred to as flat voltage
start.

13. What is PQ bus (or) Load bus?(Apr/May 2005)

A bus is called load bus or PQ bus when real and reactive components of
power are specified for the bus. The load flow equations can be solved to find
the magnitude and phase of bus voltage In a load bus the voltage is allowed to
vary within permitted limits for example +5 %.

14. What is the iterative method mainly used for the solution of load low
problems?

1. Gauss seidel (G.S) method.

2. Newton Rephson (N-R) method.

3. Fast Decoupled Power Flow method
15. When the generator bus is treated as load bus?(or)At what condition
generator bus is treated as load bus (May/Jun 2014 ,Nov/Dec-2015)

If the iterated value of reactive power of a generator bus violates the
specified reactive power limits then the generator bus is treated as load buses.
16. What is infinite bus?

A bus is called infinite bus if its voltage remains constant and does not
altered by any changes in generator excitation.

17. What are the advantages and disadvantage of Gauss Seidal(GS)
method?
Advantages

1. Calculations are simple and so the programming take is lesser.

2. The memory requirement is less.

3. Useful for small systems.

Disadvantage

1. Requires large number of iteration to reach convergence.

2. Not suitable for large systems.

3. Convergence time increases with size of the systems.

18. How a load flow study is performed?(Nov/Dec 2004)

1. Representation of the system by single line diagram.

2. Formulation of network equations.

3. Solution of network equations.

19. What are the advantages and disadvantages of NR method?
Advantages

1. The N-R method is faster more reliable and the results are accurate.

2. Requires less numbers of iterations for convergence.

3. Suitable for large size systems.

Disadvantages
1. The programming is more complex.
2. The memory requirement is more.



3. Computational time per iteration is higher due to large number of
calculations per iteration.

20. Mention three advantages of NR method over G.S?( May/Jun 2012)
1. The N-R method has quadratic convergence characteristic and so converges
faster than G-S method.

2. The number of iteration for convergence is independent of the size of the
system in N-R method.

3. In N-R method the convergence is not affected by the choice of slack bus.
21. How the convergence of N-R method is speeded up?

The convergence can be speeded up in NR method by using fast
Decoupled load flow (FDLF) algorithm. In FDLF method the weak coupling
between P-§ and Q-V are decoupled and then the equations are further
simplified equations are further simplified using the knowledge of practical
operating conditions a power system.

22. What are the information that are obtained from a load flow study?
The information obtained from a load flow study are magnitude and phase of
bus voltage, real and reactive power flowing in each line and the line losses.
The load flow solution also gives the initial condition of the system when the
transient behavior of the system is to be obtained.

23. What is the need for load flow study (Nov/Dec-2015,2017 ,May -2016)
The load flow study of a power system is essential to decide the best operation
of existing system and for planning the future expansion of the system. It is
also essential for designing a new power system.

24. What are the quantities that are associated with each bus in a
system? (Apr/May 2017)

Each bus in power system is associated with four quantities and they are real
power, reactive power, magnitude of voltage and phase angle of voltage.
25.What are the operating constraints imposed in the load flow studies?
The operating constraints imposed in the load flow studies are reactive power
limits for generator buses and allowable change in magnitude of voltage for
load buses.

26. Why do we go for iterative method to solve load flow problems?

The load flow equations are non-linear algebraic equation and so explicit
solution is not possible. The solution of nonlinear equation can be obtained
only by iterative numerical techniques.

27. What approximation is performed in Newton-Raphson method?

In Newton Raphson method, the set of non linear simultaneous (load flow)
equation are approximated to a set of linear simultaneous equation using
Taylor’s series expansion and the terms are limited to first order
approximation.

28. What isths reedfopreltage contraldn a,RONST S¥S18MRned to work
satisfactorily at rated voltage. If the equipment are not operated at rated
voltage then the performances of the equipment will be poor and the life of the



equipment will reduces. Hence the voltage at various points in a power system
should be maintained at rated value.
39. What is synchronous capacitor?

The synchronous capacitor is over excited synchronous motor running
on load and connected to a power system for the purpose of supplying reactive
power.

31. What is off-nominal transformer ratio? Draw the equivalent circuit
transformer with off-nominal transformer ratio connected to a
transmission line?

When the voltage or turns ratio of a transformer is not used to decide
the ratio of base KV then its voltage or turns ratio is called off nominal turn’s
ratio.

32. Write the load flow equation of Gauss-seidel method?
The load flow equation of Gauss-Seidel Method:

1 |p 0 p—-1 n
K+1 _ p I8 k+1 k
Vet = K+ _E Ypq Vg = E: Ypq-Vq
Y (V&)
pp q=1 q=p+1

33. Write the load flow equation of Newton Raphson method?

n

P, = Z ey(€qGpq+ FoBpa) + p(FgGpq = €4Bpq)

q=1
n
Q= z fp(qupq +qupq) N ep(qupq - qupq)
q=1

34. Mention the various method of voltage control employed in power
system?

e Voltage control by adjusting the excitation of generators

e Voltage control using shunt capacitors

e Voltage control using series capacitors

e Voltage control by synchronous capacitors

e Voltage control by tap-changing transformer

e Voltage control by regulating and booster transformer
35. What is the drawback in series connected capacitor?

e High voltage produced under short circuit condition

e High voltage produce damage the capacitor

e Capacitor will protected using a spark gap with a high speed contactor.
36. What are the two types of tap changing transformer? What is the
difference between them?

e Off-load tap changing transformer

e On-load tap changing transformer
Off-load tap changing transformer the load is disconnected before changing
the tap settings whereas in on load tap changing transformer special circuits
are provided to change the tap settings without interrupting the load currents.
37. Write the static load flow equation (SLFE)

The equations for real and reactive power injected to the bus are called Static
Load Flow Equations (SLFE)



n
Real power injected to bus —p ; P, = Re Z Y,aVa

q=1
n
Reactive power injected to bus —p;Q, = Im Vp*z YouVa
q=1
Where "Re” and "Im” stands for “Real” and “imaginary part”
38. What is power flow study or load flow study?(Nov/Dec 2014)

The study of various methods of solution to power system network is referred
to as load flow study. The solution provides the voltage at various buses,
power flowing in various lines and line losses

39. Briefly explain the importance of power flow analysis.
(Nov/Dec-2011)

Power flow studies are conducted to investigate the following features of a
power system network.

*Bus voltage profile to acceptable value and also system voltage profile.

*The effect of temporary loss of transmission capacity mainly for security
studies.

*System loss minimization and improvement of voltage regulation.

*The effect of change in configuration & incorporating of new circuit of system
loading.

*Economic system operation.

*Transient or dynamic stability analysis.

40. How the disadvantages of N-R method are overcome?

The disadvantages of large memory requirement can be overcome by
decoupling the weak coupling between P-6,Q-V,(Using decoupled load floe
algorithm).

The disadvantage of large computational time per iteration can be
reduced by simplifying the decoupled load flow equation. The simplifications
are made based on the practical operating conditions of a power system.

PART-B

1. Explain the importance of power flow analysis in planning and
operation of power system.
Importance of power flow analysisin planning & operation of power system:

Power flow studies help the planning and operation to meet contingency
situations such as loss of large generating unit or a major line outage due to
thermal overloading of line.

Power flow studies help to determine the best size and most favorable
location for power capacitors for improving power factor as well as voltage
profile of a system.

Online power flow studies are periodically executed for monitoring and
controlling a power system.

Power flow computation used to determine reactive power compensation
needed to establish bus voltages.



Used to establish the incremental transmission line loss associated with
changing the output of generator that is useful in deciding optimal generation
allocation to the generating stations so that cost of generation is minimal.

A power system study is a steady-state analysis of an interconnected
power system during normal operating conditions (the power system
operating under balanced conditions).

Generation and load demand at the buses has non linear.

Power demand at the bus is closely modelled by constant real and reactive
power, so that terminal voltage increase, but current demand decreases this
type of load is suitable for fixed power demand at a bus.

The generating plants normally operate at a regulated voltage level and
fixed real power injection.

The voltage phase angle between generator of the system are not known, if
a generator's reactive power output is within acceptable limits, it is
predetermined to vary so as to match system demand.

Mathematical formulation of power flow problem known as load flow
problem.
Power flow problem (Important aspects of power flow analysis):

Sum of real power injected at generating bus must equal at each instant of
time, the sum of total system load demand plus system losses to achieve
optimum economic operation, total generated power must be scheduled
between the generators outputs must be closely maintained at the
predetermined set points. As load demand slowly changes throughout the
day. Therefore these set point change slowly with time. Load flow changes
hour by hour per day.

Power transfer capability of a transmission line is limited to the thermal
loading limit and stability limit. Transmission lines do not operate too close to
their stability or thermal limits.

IT is necessary to keep the woltage level of certain buses within close
tolerances. This can be achieved by proper scheduling of reactive power.

Power system must fulfill contractual scheduled interchange of power to
neighboring system.

Power flow analyses are very important in the planning stages of new
networks or additions to existing ones.

Power flow or load flow problem to split into following sub problems:

The formulation of a mathematical model that describe the relationships

between voltages and powers in the interconnected system.

Specifications of power and voltage constrains that must apply to the
various bus of the network.

Computation of voltage magnitude and phase angle of each node or bus in
a power system under balanced three-phase, steady-state conditions. As an
offshoot of this calculation, the real and reactive power flow in transmission
line, transformer as well as equipment and system losses can be computed.
load flow studies will give:

» Magnitude & phase angle of voltage at each bus,



» P,Q flowing at each line,
» Initial conditions & transient behavior of system.
Load flow essential:

» To decide the best operation of existing system,
» Planning future expansion of system,
» Designing a new power system.
Load flow under balanced conditions:
» Single phase equivalent circuit of power system such as impedance
diagram.
Requirement of load flow study:
» Representation of the system by single line diagram.

» Draw the impedance diagram using single line diagram.

» Formation of network equations

» Solution of network equations.

Steady state condition:

Network equation will be simple algebraic equation (generator & load
continuously charging) but while calculating assume load &generator are
fixed at particular value for a suitable period of time Eg:15 (or) 30 minutes.
Bus: Meeting points of various components.

Generator: Feed energy to bus.

Load: Draw energy from bus.

Power system network bus = node (so voltage can be specified for each bus).
Quantities of bus: P, Q, | V|, d-Load flow problem, 2 quantities are specified
for each bus and remaining two quantities obtained by solving load flow
equations.

Types of bus:

Load flow: P, Q (specified) -->| V|, 6--> voltage vary= +5%.

Generator bus, | V| (specified) -->Q, 6 --> Reactive power limit specified.

Slack bus: | V|, & (specified) -->P, Q --> One of the generator bus selected as
slack or reference bus.

Need for slack bus: Real &reactive power required for transmission

Block diagram of planning & operation of power systems:

I Planning j

Steps to be followed for
Operating for Planning

Performance of
Operating system

J

Amnalysis and Comparing the
monitoring of o/p results

l

[ Corrective action l

l

| Deviation I——Iidake desirable action




2. Give the classification of various types of buses in a power system for
load flow studies.

Buses in a system can be classified as: load bus or PQ bus, generator bus
or PV bus and slack bus or swing bus.

Bus type Qualities specified Qualities to be
obtained
Load bus (or) PQ bus P, Q V],6
Generator bus(or)PV bus P, |V| Q, s
Slack bus (or)Swing bus V1,6 P, Q

Define Generator bus?(or) What is voltage controlled bus or PV bus?

A bus is called generator bus if the magnitude of voltage and real power
(P) are specified for it. The load flow equation can be solved to find the reactive
power and phase of bus voltage. In a voltage controlled bus the magnitude of
the voltage is not allowed to change. The other names for generator bus are
voltage controlled bus and PV bus.

What is PQ bus (or) Load bus?

A bus is called load bus or PQ bus when real and reactive components
of power are specified for the bus. The load flow equations can be solved to
find the magnitude and phase of bus voltage In a load bus the voltage is
allowed to vary within permitted limits for example +5 %.

Slack bus or swing bus.

The need to designate one of the buses as swing or slack bus is evident
from the fact that the system power loss are not known initially. Therefore, the
net power flow into the system cannot be fixed in advance. The swing bus is a
generator bus and generator at this bus supply the difference between the
specified real powers injected in to the system at other buses and total system
output plus losses. since voltage thought the system must be closed to 1pu,
we generally specify the voltage at the swing bus equal to 1pu.from elementary
AC theory we know that any one phasor can be selected as reference and
voltage of swing bus as reference making its angle d1 zero, the bus of largest
generating station is selected as swing bus numbered as busl

3. Load flow problem: Static load flow equation (SLFE)
Complex power injected by source in to it* bus of a power system is

SI=P1+Q1=VIII*.1=1’2 ...... n
Take complex conjugate of above equation,

l)i - Qi = VI*Ii;i =1,2,....n

V n
Now I; = Z—‘; = Z Y, Vi
W k=1

3
k=1

Equating real and imaginary parts

P-Q =V ;i=12...n




Pi(Realpower) = Real VI*

3 0

k=1

3 )
k=1 -

—IM |V

Qi(Reactive power) —

Now
Vi — |Vi|ej5i
Ve = [V, |e/%k

Y = |Yik|ej9ik

n
Pi(Realpower) = |Vl| Z |VK||Y1K | COS(Qik + 61{ - 61)
k=1

n
Pi(Reactive power) — _|Vilz |VK||YIK| Sin(gik + 5k - 51'); i=12..n
k=1

This is called power flow equation (or) static load flow equation [SLFE]

OPERATING CONSTRAINTS:

1. Voltage Magnitude|V;| Must Satisfy the Inequality|V;l,i < Vil < Vil nax
power system equipment is designed to operate at fixed voltage with
allowable variations of +(5— 10)% of rated values.
2. Certain value of thed;(State variable)mustsatisfy |8; — 8,1 < 16, — &,
For stability of operation.
3. PGi,min = PGi = PGi,max

QGi,min = QGi = QGi,max

2PGL‘ :ZPDi + PLoss

Q6 =2 Qpi + Quoss

4.From the line flows shown in fig. calculate the current flowing in the
equivalent circuit of line from bus 1 to bus 3.in 230KV system using
calculated current and line parameters are R=0.00744, X=0.03720.
calculate the line loss (I?R) and compare this values with difference
between the power in the line from bus 1.and power at bus 3.find 12X in
the line and compare with the values which could be found from the data

given in fig. Assume base value 100MVA, 230KV.
Given Data:

98.12MW o7.09MW

> —
61.27 | == —ap

65.085MVAR

* 59.932 *

3.875 3.638

10



R=0.0074,X = 0.03720, Base Value MVA; .. = 100,KVg,.. = 230

To Find:
1.I°R Loss
2.1%X Loss
3.Real power & Reactive power at bus 1 and 3

Formula used:
S=P+jQ
S

[=—
V3 X KV

Solution:
Total Megavolt ampere flow through R& X of all 3 phase is.

S=P+jQatBus1
=98.12 + j65.085
=117.74233.55 MVA

S=P+jQatBus3
=97.09 +j59.932

=114.09,31.69

NOW: [= _5
V3 x KV

= 117.74 x 1000

V3x230x% 1.0

114.09
I= = 295.55A
V3 x 230 x 0.969

The magnitude of current I in series (R+ jX) of line (1) and(3)
Base imped 7 (KV)?

ase impedance Zp = ot
(2302

~ 100

= 295.55A

=529Q

Loss:
3I°R= 3 x (295.55)? x 0.00744 x 529
=1.03MW
312X =3 x (295.55)? x 0.0372 x 529
= 5.156MVAR.

Conclusion:From diagram
Real power P=198.12-97.09 = 1.03MW

Reactive power Q = 65.085 - 59.932 MVAR
5.1In a given fig below bus 1 is reference bus with V, =120 and bus 2 is
PQ bus (Load bus).Find complex power at bus 1(S,) voltage at Bus 2.(V,)

Given Data:

11



I QG2=j1.2=8G2
i sG1 I SD2=PD2+jQD2

sD1 Z=j0.5

complex power at bus 1 (S,)
voltage at Bus 2.(V,)
Formula used:

S=P+jQ
Solution:
Complex power injected at bus 2.
S; = Sg2 — Spz
= P2 +jQc2 — (Pp; —jQp2)
V|2 VgV
P = ucose — #COS(G +8)
V|? Vq|IV
Qs = %sine — —l sllVl sin(0 + 6)
V|? V, ||V
S, =S, = | zl 49—' 2|z| 1'(6+62—61)
Z=17Z146 = 0.5290°
Now
V12 |V \Y%
—Pp, +j0.2 =] | ;I — Tzlcos(e +6,) —j%sin(6+ 5,)
Equating real and imaginary parts:
REAL PART:
Vv
Py, = ﬁ cos(6+6,)
=2V,cos(0+6,)
Pp,
0+086,) =—F i (1
cos( 5) 2, (1)
IMAGENARY PART
V2 |V
0.2 = | él —%sin(6+ 5,)
0.2=2VZ—2|V,|sin(6 + 5,)
0.2 —2V;
——= = —sin(6+6,)
2|V, | ?
VZ-0.1

sin(0 + &,) = = .. (2)

V|
Squaring and adding equation (1)an2d(2)
P3, + (VZ-0.1)?
4|VZ| V|2
P2,  IV,|*+0.01—0.2V2
~ avz| V2

cos?(0+ 8,) + sin?(6 +6,) =

1

12



_IVZIPZ, + 41V, |® + 0.04]V,|? — 0.8|V,|*
- 4|V,
4|V, |* = |VZ|PZ, + 4|V, |° + 0.04|V,|?> — 0.8]V,|*
4|V, |2 = P2, + 4|V,|* + 0.04 — 0.8]V,|?
4|V,|% + 0.8|V,|% = P2, + 4|V, |* + 0.04
4.8|V,|% = PZ, + 4|V,|* 4+ 0.04
4|V,|* — 4.8|V,|* + PZ, + 0.04 =0

1

V2 = —b ¥ Vb2 — 4ac
2 2a
V= 48F \/(4.8)2—4 x 4(PZ, + 0.04)
2 2 X4
_ 487F/(4.8)2—16(PZ, +0.04)
8

i.e 16(PZ, +0.04) > (4.8)2

16PZ, + 16 X 0.04 > (4.8)?

16P2, + 0.64 > (4.8)2
16P2, > (4.8)% — 0.64

P2, > 1.4
P2, ~ 1.183
VP = 48 F/(4.8)2 — 4 x 4((1.183)2 + 0.04)
2t - 8
IV,|% = 0.6125
V, = 0.788PU

Py, < 1.183,two solution not unique,
Pp, = 0.5,than |V,| = 0.253and 1.066PU

Angle 6,
cos(6+6,)
P,
cos(90 + 6,) = —sind, = ZI?IZI
2
Py, 0.5

sind, = = —0.2345

" 2|v,| 2 x1.066
6, = sin"1(—0.2345)
5,= —13.56

S, =-S5,
=P,, —j0.2
=0.5—j0.2 = 0.532 —21.8

6. Discuss in detail about gauss-seidal load flow analysis algorithm and
give steps for its implementation when PV and PQ buses also present

along with slack bus in the system.(Nov/Dec-2015,May/June-2016,Nov/Dec 2017)

Step by step procedure for G.S method
Step 1: assume a flat voltage profile 1+ jO for all the bus except slack bus.

Step 2: assume a suitable value of convergence criterion.

13



Step 3: set iteration count K = 0, and assumed voltage profile of buses are

V2, VR, V0,..... . V2except slack bus.

Step 4: set bus count P =1.

Step S: check for slack bus. If slack bus then goes to step .12 otherwise go to

Next step.

Step 6: check for generator bus. If it is generator bus go to next otherwise go to
Step 9.

Step 7: calculate reactive power of generator bus using

QK+l = | {(VK)}[ZP Y, Vk+1 + 3 PP_VK]

Calculated reactive power is specified limits then consider as
Generator bus, then go to step 8.Calculated power is violate (not
Specified limits) then treat the bus is load bus go to step 9.

If Qptar < Qp,min

Qptar > Qp,max

Step 8: generator bus the magnitude of voltage does not change bus voltage

Can be calculated as

1 [Pe-je
Vpk+1 — [ P&V P ZP -1 Y Vk+1 Z=p+1 qu VqK]

Calculatinng"“, for generator by go to step 11.

Step 9: for load bus. Calculate value of load bus voltage Vp"+1

k+1 — 1 |Pp—jQ P-1 k+1 K
Vo __[P(VP)P_ZQ=1YPQ Vo™ = Xg=p+1 Yeq Vq]

Step 10: an acceleration factor @ can be used for faster convergence.
VL = VE + a(VFrt - V)
Step 11: calculate change in bus voltage using AVF*! = Vk+1 — K
Step 12: repeat steps 5 to 11 until all bus voltage have been calculated. For
Increment the bus counts by 1 and go to step 5. Until bus count n.
Step 13: find out largest value of change in voltage.
|AV,,.| Is less than specified value move to next step. Otherwise
Increment the iteration count and go to step 4.

Step 14: calculate the line flows and slack bus power using bus (node) voltage.

14



Read number ofbulscs o R . -
Read slack bus volage, » 0. Read line admittances Y.,

generator buses read P_, |V |
» plapec

For load g
buses read P, Q . For

' Spman Np g

Form Y, matrix and determine Y, forj=1,2,..n

&k=1,2,...n

L

Set V,° = 1+j0.0 except slack bus, St convergence

criterion, €. Set iteration count, k =0

_d

Set bus count, p = |

e

Check

for slack bus

SetQ,=Q; ., and treat
this bus as load bus

Set Q’ =Q, e and treat
this bus as load bus

i el

Galculgte V **' and the V, _

A Lel
Set V=V,

Ld

L

Yes

Treat the bus as generator bus and calculate
8! (phase of V *''). Set V:" =V e 48""

~

Evaluate |AV, | which is
largest of AV"‘"

Evaluate line flow and
slack bus power

1

Calculate AV.“"

v .

Set V=V,

¥

Advance bus count i.e., set p=p +1 P

Checkif JNo
p>n
Yes

|
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7 .Consider the four - bus system, where line reactances are indicated in
PU. Line resistances are negligible. The magnitudes of all bus voltages
are specified to be 1.0 PU. The bus power specified below table.

Calculate the real and reactive power flow on each line.

S51=1.0+jiQ1 S3=-2+jQ3
@ - vi=1.0 -V 3=1.0
0.1
jo.1

Vas 1.0 = _— VI=1.0

®

Sa4=-2+iQ4 S2=3+jiQ2
Bus | “P” Demand | “Q” Demand Peon Qgen
1 Py, =10 Qp; =05 P;y =? Q. (unspecified)
2 Py, =1.0 Qp, =04 P., =40 Q;, (unspecified
3 Pps = 2.0 Qps = 1.0 P, =0.0 Qg3 (unspecified
4 P,,= 2.0 Qp, = 1.0 P.,=0.0 Q.. (unspecified
Solution:

Bus 3 and bus 4 have only Q sources.
System assumed loss less
Real power generation atbus1is P; = Py, + Pp, + Pps + Pp, — Pg,
P,;=10+10+20+20-40=20PU
To find:6,,6,,05, @1, Qsz, Qps and Qg,, Real and Reactive Power

CALCULATE Y BUS MATRIX:

Y,, Y, YsY,] [-21.667 j5.000  j6.667 j10.000
v | Yo YaY, j5.000 —j21.667 j10.000 j6.667
BUs Ty, Y, YV, j6.667  j10.000 j16.667 j0.000
Y, Y, Y.Y.l 1j10000 6667  j0.000—j16.667

Using Ygp,sMatrix Load Flow is expressed is

n
P, = IViIZIVKllYikI(éi —6y), i =2,3.....n[all the voltage magnitude 1 PU]
k=1

P,=3=5(5,—6,)+10(6,— &) + 6.667(5, — §,)[Bus 1 asreference . 6, = 0]
3=21.6678,— 108, — 6.6675, — — — — — 0
P,= —2 = 6.667(5; —8,) +10(8;— 5,)
—2=-108, + 16.6678, — — — — — (i)
P, =—2=10(5, - 8,) + 6.667(5, — 5,)
—2=—6.6675,+16.6675, — — —— — (iii)
solving equation (i), (i), (iii)
85, =—0.077
5, =—0.074
5, = —0.089

Substituting values in the equation.

n
0, = -Vl ZIVKIIYiklcos (6.— 8+ V21Vl i = 12,3 o
k=1
1



Q, =-15C0S(5,—38,)—6.667 COS (65— 6,) — 10 COS(6,—5,)+ 21.667
=—-5C0S5(0.077—-0) — 6.667 C0S(0.074—0) —10 €C0S(0.089 — 0) + 21.667
=0.07 PU

Q, =-5C0S(6,—6,)—10C0S (5, —65) —6.667 COS (5, —5,)

= —5C0S (0.077 + 0) — 10 €0S(0.077 + 0.074) — 6.667C0S(0.077 + 0.089) + 21.667
= 0.22PU

Q; = —6.667 COS (6, —6,)— 10 COS (65— 6,) +16.667
= —6.667 COS (0.074+ 0 — 10) COS (0.074 + 0.077) + 16.667
=0.132 PU

Q,=-10C0S(6,—8,)— 6.667 COS (5,— 5,) +16.667
= —10 C0S (0.089) — 6.667 COS (0.089 + 0.077) + 16.667
=0.132 PU

Reactive power generation at the four buses is:

1= 0, +Qp; =0.074+0.5=0.57 PU
Qs =0, +Qp, =022+ 04 = 0.62 PU
e3= 03 +Qps = 0132+ 1.0 =1.132 PU
Qs =0Q,+Qp, =0.07+05=1132 PU
Reactive line losses are:

Q; :iQGi _iQDi
i=1 i=1

sub n = 4,[Four Bus System]|

4 4
Q.= Z Qgi —Z Qp; = 3.454—-29=0.554 PU
i=1 i=1

Power Flow (Line Flow):

|V, |2 Vs 1Vk ]
p. = COSp — COS(p + 6)
STz " T T v
VeIV,
P. _ WsllVel Sg 4 sin &
Py isreal power flow from busito busk
3 RAIAN _ : _
Py=—P; = W5m(51 —§3) = 6.6667sin(0 + 0.074) = 0.492 PU
v, |1V, 1
P,=—-P, = Msin(51 —§8,) »—sin(0 — 0.077) = —0.385 PU
Xy, 0.2
1AllZ 1
P, =—P, = Al 4|sin(51 —8,) » —sin(0 + 0.089) = 0.888 PU
Xy, 0.1
V|1V, 1
Py =—P, = l‘;(lﬁsinw4 = 6,) > 575 sin(0.089 +0.077) = 1.10 PU
42 )
AL

1
P,y =—P;, = X—sm((S2 —83) = O—lsin(0.077 + 0.074) = 1.50 PU
23 :

REACTIVE POWER FLOW IN THE LINE IS:

ACES Vs [IVRl V12 V]IV,

Qs = 2 sin @ — 7] sin(p + 6); Qi = XZK — ;(iK 0s(8; — &)
. |? V. |V

QR=|;§I —|52R|c056

Q;x is reactive power flow from busito bus K
17



Q12 =01 =
Q13 = Q31 =
Q14 = Q41 =
Quz = Q24 =
Q2 =05 =

AR

Xl% XlZ
AANA
— cos(8, —

X13 X13 !
1AEANA

= — os(6, —
X14- X14- !
V,|? V. 1|V.

I IAGATA
X4—22 42
1A ANA

= — cos(6, —
X23 X23 ?

1 1
cos(6; —6,) > ————=cos(0+0.077) = 0.015 PU

0.2 0.2

5.) - — 1 0s(0+0.074) = 0.018 PU
- — : = 0.
377015 015"

5.) -~ — L 0s(0+0.089) = 0.04 PU
- — : = 0.
701 01

1 1
—————¢0s(0.089 + 0.077) = 0.092 PU

8:) > 5157015

1
——c0s(0.077 + 0.074) = 0.1132 PU

52) -
—) —
3 0.1

0.1

8.For the given system, the generators are connected at all the four
buses, while loads are at bus 2 and 3. Values of real and reactive powers
are given; all the buses other than slack bus are PQ type. Assume a flat
voltage start; find the voltage and bus angle at the three buses at the end
of first GS iteration.
Given data:

O

1-j3

O,

2-j6

0.666-j2

1-j3

e * ol
Bus “p” PU “Q” PU “V” PU REMARKS
1 - - 1.04 Slack bus
2 0.5 -0.2 - PQ Bus
3 -1.0 0.5 — PQ Bus
4 0.3 -0.1 - PQ Bus
To find:

Voltage and bus angle at all buses

Formula used:

SOLUTION:
Calculate Y,

V21 —
V31 —

V41 —

|~

oS

1
Y33
1
Yia

-Pz_]'Qz
2 (v2)
P3_jQ3
)
P4_jQ4
L (W)

- Y31 V1 - Y32 Vzr -

matrix of given system:

- Y21 V1 - Y23 Vso - Y24 V4]

]

- Y41V1 - Y42 Vzr - Y43 Vsrl




Y, Y, YioY, 3 -9 —2+j6 1—3 0
v Y Ya YasYay|_|~2+j6 3.666—j11 —0.666+ 2 —1+3
BUS T 1Y, Y Yas¥o| |-1+j3 —0666+j2 3.666—j11 —2+j6
Y,y Yo YV 0 —1+4/3 -2+j6 3-—j9
Bus voltages at the end of first iteration are:
1[P,—jQ . .
Vz1 =3 ﬁ =YV =Y V5 = Y24V4]
1 0.5 + 0.2
= ﬁ—z +j6> (1.04)—0.666 + j2— (=1 + j3) A1.019 + j0.046)
22 -
_ 224671104 1.019 +j0.046 = V;};1.020.20.045 Rad
TT3666—j11 o TR TR e e
P; —jQ , .
Vs1 v ¥ - Y31V1 - Y32Vz - Y34V:1
(v)
1.0 + 0.5
== [ﬁ — (=1+,3)(1.04) — (—0.666 + j2)(1.019 + j0.046)— (2 + j6)>
33 -
_281-/11.627 _ L0928 — 10087
T 366611 I
= V3!; (1.028 —j0.087) = —0.084 ;1.031.~— 0.084 Rad
1 [P, —j0Q : :
V41 = _4 W‘ Y Vi = Y,V = Y43V3l
1 10.3+ /0.1
20— (<14 j3)(1.019 + j0.046)—2 +j6> (1.028 — j0.087)
“Y, L 1-j0
2.991 — j9.253 _
=3 - 1.025 — j0.0093 = 1.025.— 0.0091 Rad = V,!
Result:

V} =1.019 + j0.046: 0.045 Rad
v} =1.028 —j0.087: —0.084 Rad

V! =1.025—;0.0093:—0.0091 Rad
9 . Given system shown in figure. Let bus 2 be a PV bus now with
|V,| = 1.04 PU. Again a flat voltage start, find Q,,4,,V;,V,at the end of
first GS iteration.(Nov/Dec 2017)

@ n _r 2-j6 @' B

0.666-j2

_ o) o1l—L

Given data:

Bus “p” PU “Q” PU “V” PU REMARKS
1 - - 1.04 Slack bus
2 0.5 -0.2 - PQ Bus
3 —-1.0 0.5 — PQ Bus
4 0.3 -0.1 - PQ Bus
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To find: Q,,5,,V;,V, at the end of first iteration.
Formula used:

i—-1 n
Q™ = —tm Vs Y VT V0 Y 1y b= m 1,
K=1 K=1
r+p 4 "
57 = v = Angle l(r) = Y Byt — z BiucVy”
(Vl ) K=1 K=i+1
0} = — L[ (V) YorVy + 1, * Yoy Vy + V3V + %3, V,]
1 (P, _]'Qz1 ° °
6; = Z@ W — YV Vi =3V = 15,V
Solution:

Note §, = 0;ie V, = 1.04+j0; ;' =1; V, =1
81 =—1,[1.04(-2+ j6)1.04 + 1.04(3.66 — j11)1.04 + (—0.666 + j2) + (=1 + j3)]
= —1,,[0.0693 — j0.208] = j0.2097 PU

1 [P,—jQ} . l
Sl=_ — |2 =2_Yv V —-Y.V.—Y,,V
2 Y22 (Vz) 21%1 2373 24 Y4
1 10.5 — j0.208
= |2 (2 + j6)) (1.04 + jO)— (—0.666 + j2) (1 + jO)— (—1 + j3)(1 + jO)
Yo, 1.04— 0

1
= /—[4.2267 — j11.44]
Yo
42267 — j11.44

=z 3.666 — 11 = 1.0512 +0.0339 = 0.032 rad
V!t = 1.04(cosé3 + jsin 65)
=1.04(0.99948 + j0.0339)
VZ1 = 1.03946 +;0.03327
Vi, Y, Yi3Y, 3—j9 —2+j6 1—j3 0
v (Y Yo YaYa|_|-2+j6 3666—j11 —0.666+)2-1+)3
BUS T Y, Yo, Yo Y., —1+4j3 —0666+j2 3.666—j11—-2+j6
Y, Y., Y.V, 0 —1+j3 —2+j6 3—j9
1|P,—] o o
Y31 gl%_ Y31V1 - Y32Vz - Y34V:;l
1 —1-,0.5 . . . .
= [—.— (-1 +]3)> 1.04 —(—0.666 + j2)(1.0394 + j0.0332)— (—2 +j6)
Y. 1 1—50
1

=—1[2.7986 — j11.6766]
Y3
_2.7986 — j11.6766

=1.0317 — j0.08942 = V!

3.666 — j11
1[P,—jQ, . l
Yl=— |22 -1,V - Y,V =Y,V
4 Y4_4 (V4) 4171 4272 4373
1 [0.3+/0.1
= ﬁ—o —(-1+ j3)) (1.0394 + j0.0332) — (—2 + j6)(1.0317 — j0.08942)
44 -

_ 1 s j9.3540] = 226587193540
Y, ]2 = 3- /9
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=1.0342 —0.01522 = V!
Not Permissible limits on Q,(Reactive Power Injection) are revised

025<Q,<10PU
Calculatd Value Q, = 0.208 is less than Q, min 0.2 ;ie Q, = 0.25 PU

~ Bus 2 becomes PQ bus from PV bus.
IV, =1.04; V, =1+j0 a flat start.

—JjQ . .
21 = AR — Y,V =YV =YV,
(V )
0.5—,0.25 ) ] )
[——(2 +]6)) (1.04)— (—0.666+ j2)— (-1 +j3)
Y22 1—-j0

1
=—1[4.246 —j11.49]

22
4246 - j11.49
~3.666 —j11
=1.0559 + j0.0341 = 1!

—JjQ . .
! = SR — Y, V) = Y3V, =Y,V

’ (V )
1 —1—j05 _ _ _ _
vl ]3)) (1.04)— (—0.666 + j2) (1.0559 + j0.0341)— (2 + j6)
33 -

1
=—[2.8114—-j11.709]

33
_ 28114 —j11.709

3.666 — j11
= 1.0347 —j0.08925 =V}

—JjQ . .
=== Y41V1 - Y42 Vz - Y43 V3

(V )
1 0.3 + 0.1 , _ _ ,
=—|————-0-(—1+ ]3)) (1.0559 +j0.0341)— (—2 + j6)(1.0347 — j0.0893)

Y,,L 1—j0

1 .
=—[2.9868 — j9.405]

44
_2.9868 — j9.405
B 3—J9
= 1.0401 —j0.0148 = !
Result:
Q3 =j 0.2097
8; =0.032

V! = 1.0559 +j0.0341
Vit = 1.0347 — j0.08925

V! =1.0401—;0.0148

1_
4

10. The system data for a load flow solution are given in tables2 and 3
Determine the voltages at the end of the first iteration using the

Gauss-seidel method. Take a =1.6 (Nov/Dec-2015)
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2

P 1y 238 P2=0.5+j0.2
——>|" <
0666-j2.664
1-j4 1-j4
Pa=0.4+j0% . P4=0.5+j0.2
3 2-j8 a
Line admittances
Bus code | Admittance
1-2 2-i8
1-3 1-j4
2-3 0.666-j2.664
2-4 1-j4
3-4 2-i8
Real and reactive powers
Bus code P in pu Qin P.u Vin p.u Remarks
1 - - 1.06 slack
2 0.5 0.2 Not specified PQ
3 0.4 0.3 Not specified PQ
4 0.3 0.1 Not specified PQ

Solution :
Yi1=Y,+Y53=02-j8) +(1—-j4) =3 —j12
=Y,y =—(2-j8)=-2+j8
Y=Y, =—(1-j4) =-1+j4

2 = Y1 — Y3

-

2 =Y =Y ==-(1-j4) =-1+j4

W=V =—Y, =—(2-j8)=-2+j8

W =Y, +Y, =(1—j4)+(2—j8) =3 —j12

3—j12 —2 +8
—2+j8 3.666— j14.664
—1+j4 —0.666+j2.664
—1+j4

Yll Y12 Y13 Y14-

Y. — Y21 Y22 Y23 Y24
BUs Y31 Y32 Y33 Y34
Y41 Y42 Y43 Y44 0

Atbus 2, pP,=P;,—P,,=0-0.5=-05p.u
Q=0 —Qp, =0-02=-02p.u
Q3 =0Qs3 —Cp3 =0-03=-03p.u
Atbus 4, P,=P;, —Pp,=0—-03=-03p.u

Q4 =CQg —0Qpy =0-01=-01p.u
First iteration:
V2 =Vi=V2=V2=--106-;0.0
Assume the flat start voltage for PQ buses
V=10V =1.0;V2 =10

22

= —Y,, = —(0.666 —j2.664) = —0.666 +j2.664

~Y,, = (2—j8) — (0.666 — j2.664) + (1 — j4) = 3.666 — j14.664

YZ
Y2
YZ
Yoy = Yoy = Yo, = Yy, = (1 — j4) + (0.666 — j2.664) + (2 — j8) = 3.666 + j14.664
Ys
Y,

0

—0.666 + j2.664 —1 + j4
3.666 — j14.664 —2 + 8

3—j12




The voltage at bus 2is

—JjaQ
V21 = (V ) 2 =2 Y21V11 - Y23V30 - Y24V40
1 —-0.54+;0.2 ] ] ]
= Y_ 1_—]0— 1.06(—2 +j8) — 1.0(—0.666 + j2.6664)— 1.0(—1 + j4)]
22
1 —-0.5+j0.2

= —1.06(—2 +j8) — 1.0(—0.666 +j2.6664) — 1.0(~1 + j4
3.666 —j14.664L 1 —j0 (=2+j8) ( +] ) (=1 +j4)]

V! =1.01187 —j0.02888
AV = V2-VP=1.01187—j0.02888 — (1 +j0) = 1.01187 —j0.02888

Vi =Vo+a AV}=(1+j0)+ 1.6(0.01187 —j0.02888)
V.. = 1.01896 — j0.04621

The voltage at bus 3is

]Q3
V31 = (VO) - Y31V11 -1, Vz1 — Y3 V;Ol
~ 1 0.4 —;0.3 , , , ,
=3 666 j14.664-[ 1=j0 — (-1 +]4)> (1.06)— (—0.666+]2.6664)(1.01187 —10.0288)—(—2 +j8)(1)

Vit = 0.9926 —0.026
AV = VE—V2=0.9926-;0.026 —(1—j0)=—7.4%10"%—0.026
Vigee=Ve +a AV} =(1+;j0)+1.6x(—-74x1073 —;0.026)

V2. = 0988 —j0.0416
The voltage at bus 4 is

—JjQ
Vi = (V ik e Y Vit =YV — Vs V3ll
1 0.3+,0.1 _ _ _ ,
=3-512 [ =0 0(1.06)) — (—1+,4)(1.01187 — j0.0288) — (-2 + j8)(0.988 — j0.0416)
= 0.9825 —j0.06

AVE= V!—VP=0.9825—;0.06— (1—j0) = —0.0175—j0.06

V4acc—V°+a AV1—(1+]0)+16><( 0.0175 —;0.06)
l/;acc =0.9721 —j0.096
Result:

The bus voltages at the end of first iteration are;
V= 1.06-;0.0

V.. = 1.01896 — j0.04621
V.o = 0.988 — j0.0416

Vi .. =0.9721—0.096
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11. Develop an algorithm and draw the flow chart for solution of solution
of load flow problem using N-R method.(Nov/Dec 2016,2017 ,Apr/May 2017)
Step 1: assume a flat voltage profile 1+ jO for all buses (nodes).

Step 2: assume a suitable value of convergence criterion, the specified change
in residue used to compare actual residue (AP,AQorAV).

Step 3: set iteration count K = 0, assume voltage profile of buses are

VO, VL VR ... V2except slack bus, real part el , and Reactive part f?

Step 4: set bus count p = 1

Step 5: check for slack bus. If slack bus then goes to step 13 otherwise go to
next step.

Step6: calculate real and reactive power of bus, p

n n
P, = Z €p(€qGpg+ FBpg) + fp(fGpg— €Bpq) €= Z Fo(€qGog+ £qBpg) = €, (fqGpg — €qBpg)
q=1 q=1

Step7: calculate change in real power Ak= P, — Pﬁ

Step8: check for generator bus. If generator bus go to step 9. If load bus go to
step 12.

Step9: check reactive power limit of generator bus. If limit is violated go to step
11, otherwise go to next step.

Step 10: calculate reactive power is specified limit this bus generator bus. Now
Calculate residue (change in voltage) |DVX|? = |V, |?spec — [VX|?, Then go

The step 13.

Step 11: if reactive power limit is violated, this bus load bus.

Qp < Qp,min QX > Qp, max

Step 12: change is reactive power for load bus. AQK = |Qpg,. |~%

Step 13: repeat step 5 to 12 until all change in (P and Q (or) V) calculated for
this increment the bus count by 1 and go to step 5.

Step 14: find largest of absolute value of residue ((APX,SQ¥, AP¥)?

SteplS: compare AE,AE < Convergeiterationgotostep 20.

AE > Convergeiterationgotonextstep.

Step16: Determine element of Jacobian matrix[J] by partially differentiating
load flow equations.

Step 17: calculate real and reactive part of voltage by solving matrix equation
[B] = U1IC].

step18: calculate new bus voltageV &+ = X 4 AyK

step19: Advance the iteration count i.e k=k+1 and go to step 14.
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step20: Calculate line flow.

Flow chart

Read number of buses, n. Read line admittances, ¥, Read
slack bus voltage, For load buses réad P & Q. For
generator buses read P, [V e me, i

)

Form Y mﬂm!amidztermmcG &
B, i"-'"‘J 1,2,...nandk=1,2,..

Q

Determine the largest absolute value of

Set ¥V * = 14j0.0 except slack bus, Caleulate e &L forp=1,
2, ..... n. Set convergence criterion €, Set iteration count, k=0

¢
+
Set bus count, p=1

N |

for slack bus

4 Yes

Calculate P!, QP‘ and "!'P;

Calculate Lﬂ.\p"']‘
Advance bus countp=p+ 1 |

e No Check if

-

Yes

25

residue, AE
Yes
Mo ,,
Determine the elements | |Caleulate the line fi
of Jacobian matrix (J) | | and slack bus power

[ Caiculate the voltage

increments ka and M'P‘

&

Calculate W,""'I

erI=|V | _cos§H
1=V sing b

i
&

N

Advance iteration
count, k = k+1




12.The resistance network shown, is supplying a load of 0.5 PU over a
line with resistance 0.4 PU .if bus 1 is assumed to be a slack bus having a
voltage of 1.0PU, using N.R iterative method, Determine,(Apr\May 2018)
(i)Voltage at load bus2,

(ii)current in line 1-2,

(iii)slack bus power,

(ivypower loss in the line.

¥

P2=0. 5pu

&

Power at bus 2 in termes of voltage and resistance.

_Vz(V1 _Vz)
T

RA

04

0.5

V.V, — V7 = 0.2[single dimension non — linear function]

df(v) _

fw= av,

2V, — V,

Iterative formula
vk f(V¥)  VZ-VV,+02

vl (V) 2V, -V,
dv,

AV = —

V2k+1 — Vzk + szk

Taking V, = 1.0,iterative formulaV, is assumed to 0.9(KVL)

K v fV)=vzi-vv, af (V) AVF AR
+0.2 dv, =V + AV
0 [0.9 0.1100 0.8000 [-0.1375 0.7625
1 |0.7625]0.0189 0.5250 |-0.0360 0.7265
2 [0.7265][0.0013 0.4530 [-0.0029 0.7236
3 10.7236| —3.04x10°° 0.4472 | —6.7978x 107° [ 0.7236
(V,—V,) (1.0-0.7236)

(i)Line current = = 0.691 PU

r 0.4
(ii)Slack bus power = V, X line current = 0.691 x 1 = 0.691PU

(iii) power loss in the line = power at bus1 — power at bus2

=0.691—-0.5=0.191PU



13. Single line diagram of a simple power system, with generators at buses
1 and 3 is shown in Fig. The magnitude of voltage at bus 1 is 1.05 p.u.
Voltage magnitude at bus 3 is fixed at 1.04p.u. with active power
generation of 200MW. A load consisting of 400MW and 250 MVAR is taken
from bus 2. Line impedances are marked in p.u. on a 100 MVA base and
the line charging susceptances are neglected. Determine the voltage at
buses 2 and 3 using Gauss-Seidal method at the end of first iteratin. Also
calculate Slack bus power?(Apr/May 2017)

Solution:

The line admittances are

12

1 :
Y, =—=10 - j20
ZlZ

Yy, =10 — j30andy ,, =16 — j32

[ 20 - j50 —10 + j20 —10 + j30]
Y o :I—10+j20 36 - j52 —16+j32l
|10 + j30 -16 + j82 26 - j62 |
. — (400 + j250) . .
S,=P,-jQ, = = -4 - j2.5p.u.(sin celoadbus )
100
P,2.0p.u.
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Bus 1 is taken as a slack bus. Starting from an initial voltage of

V,) =1+ Vv, =1.04 + joO
|— _ p-1 n —|
1 ,P,-1IQ

k + p p K+ k
Vp "= | A\ 72quvq - szqVq |
Ypp L (Vp) q-=1 q=p+1 J

1 Ip 1

Vzl = Y_| : OJ? : _Y21V11 Y _Vso |

2 L (VZ) J

1 [—4-j25
32 - jSZL 1+ jO

:
(=10 + j20)x1.05 — (~16 + j32)><1.04J

= 0.97462 — j0.042307

Bus 3 is regulated bus where voltage magnitude and active power are specified.
For a voltage control bus, first reactive power is

Qsl =—1Im [(V30 )* (Y3V11 + Y32V11 + Y33V3(J )]

~Im[{1.04 (-10 + j30 )x1.05 + (- 16 + j32 )x (0.97462 — j0.042307 )+ (26 — j62 )x1.04 }]

=1.16 p.u

The value of @, is used for the computation of voltage at bus 3.

1 J0.2-j1.16
2% — j62 L 1.04

—(-10 + j30)x1.05 — (-16 + j32)(0.97462 — j0.042307 )}
=1.03783 — j0.00517 =1.03783 < —0.2854 p.u

Since Vv, |__ is held constant at 1.04p.u. and s, can obtain only
V, =1.04 < -0.2854 p.u

=1.039987 - j0.00517 p.u.

Slack bus power



. 0
Sp :Pp_ JQp:VpZquVq
q=1

. 0
S, =P -Q,=V, [anl +Y,V, +Y13V3]

=1.05[(20 - j50 )x1.05 + (-10 + j20 ) x [(0.97462

= 2.1842 + j1.4085 p.u

The complex power can be calculated as

Spq = PPCI + jQPCI :Vplpq :VP(VP _Vq)ypq

S, =V, (V, —=V,)y, = (167 .97 + jl13 .88 )MVA

S, =V,(V, =V, )y, =(-160 .51 — j98 .94 )MVA

— j0.042307

S, = (26 .8+ j26.1L)MVA S, = (-26.67 — j25.73)MVA

S, =(-224 .06 — j136 .51)MVA S_ = (233 .13 + j154 .58 )MVA

32

The line losses are

S losspg = PIosqu + JQ losspq =S pg + qu
Sluss 2 = 512 + 521 = (747 + 11494)MVA
SIusslB = (013 + 1038)MVA Slnss 3 = (906 -+ 118

08 ) MVA

29

)+ (=10 + j30 )(1.030087

— jo.00517 )]



14.The three-bus power system network shown by using the G.S method
(iterative) to compute (i) Bus voltage,(ii) Line currents,(iii)slack bus
power (iv) total loss in the system. Assume bus 1 as slack bus with a
voltage of 1.0PU.the parameters of the system in PU. (Apr/May 2017,2018)

Given Data:

P3=0.1lp.u

To find:

V, =7,V =?,slack power, Total loss

Formula used:

Form Jacobian matrixV¥*1 = V¥ — [JX]~1[AP, ]

Solution:
! 1 1 7
05701 o1 0s
Y, Y, Y3 ' 1 ' 1 ) 1 12 -10 -2
Z Y. Y. Y. | = - —t — —— | =|-10 15 -5
Bl T v e 0.1 01 02 0.2 5 & 7
31 32 33 1 1 1 + 1
= 0.5 0.2 0.2 0.5-
The power at bus 2 and bus 3 is
P, = —10V,V, + 15V,V, — 5V, V,
P, = —2V,V, — 5V,V, + 7V,V,
= —2V,V, — 5V,V, + 7V2
Jacobian matrix:
[( 6P2>K (6132)“1
. \ov,)  \av,) |
| (8P3>K <6P3)K|
\av,) \av,) |
Assume V, =V, = V) = 1.0PU K=0 K=1 K=2
OP. 15 14.4450 14.429
—2 = —10V, + 30V,X — 5Vf
ov,
oP, K -5 -4.8815 -4.878
OP, X -5 -4.8440 -4.839
— =51}
OP.
a_Vg — 2V, — SUK + 14VK 7 6.6817 6.6712
3
APX = P, = —10V,V,f + 15[V,f]*> — 5V vk 0.2 0.0052 0.0000
APK = P, = =2V, VK — 5UXVEK + 7[VK]? 0.1 0.0032 0.0000
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Jacobian matrix:
VK+1 — VK _ []K]T[APK]
K=0
o_[15 5
Jo= [—5 7
o] = L[7 5 ] _ [0.0875 0.0625
80 15 0.0625 01875

oI IAP, ] = [0.0875 0.0625] [0.2 [0.02375]

0.0625 0.1875!10.1] ~ l0.03125
0 _ 7017 _ [1.0] _ [0.02375]. Vzl]_ 0.9763
Ve - UPTTIAR] = [10 0.03125]’ v~ [0.9688
K=1

_ [14.4450 —4.8815

Jt=
—4.8440 6.6817

1ok 1 166817 4.8815 [0.09169 0.06699

~ 7287148440 14.4450! ~ l0.06647 0.19823

T _ [0.09169 0.06699170.00521 _ [0.0007
UTIAR] = 0.06647 0.19823] [0.0032] - [0.0010]

=V, —U']"[AP]

V2| _ 0.9763]_ 0.0007]2[0_9756
v2| ~ lo.9essl ~ lo.0010] T l0.9678
K=2

jp o [14429 4878
—4.839  6.6712

1ok 1 166712 4.878 [0.09183 0.0671]

= 726514839 144291~ l0.0666 0.1986

[J2]7[AP,] = 0.09183 0.0671] [0.0000] _ [0.0000
L= =

- 0.0666 0.1986110.0000! ~ 10.0000
V.

V§3 = sz - UZ]T[Apz]

o [0.9756 B [0.0000

1096781 lo.0000

vy - [09756

V2|~ 10,9678

V,-V, 10-09756

Line current (Line 1 — 2) = 01 = 0.2440 pu
(Line 1— 3) Vv, -V, 1.0-0.9678 0.0644
ine1—3) = = = 0. u
r 0.5 P
. V, —=V; 0.9756 —0.9678
(Line 2—3) = = 02 = 0.039 pu
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Slack bus power = V; X (Line current of line 1 — 2 + linel — 3)
=1 % (0.2440+ 0.0644) = 0.3084
Loss in the system = (slack bus power — system load)

= 0.3084 — (0.2 + 0.1) = 0.0084pu
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UNIT-I1I

PART-A
1. What is meant by a symmetrical fault ? (May/June-2016)(Nov/Dec 2017)

% A fault in a circuit is any failure which interferes with the normal flow
of current. The faults are associated with abnormal change in current,
voltage and frequency of the power system.

% The faults may cause damage to the equipments if it is allowed to
persist for a long time.

% Hence every part of a system has been protected by means of relays
and circuit breakers to sense the faults and to isolate the faulty part
from the healthy part in the event of fault.

% Fault involving all three phase.
2. Why faults occur in a power system? (Nov/Dec-2007,Nov/Dec-2015)
The fault occur in a power system due to:
» Insulation failure of the system.

Flashover of lines initiated by a lightning stroke

Permanent damage to conductors and towers.

Accidental faulty operations

Falling of free along a line.

3. How the circuit breaker can be selected? (Nov/Dec-2007)

The circuit breaker for a particular application in selected based on the follow

ing ratings:

= Speed of circuit breaker.
* Normal working voltage.
* Momentary current rating.
» Normal working power level specified as rated interrupting
current or rated interrupting kVA.
4. Define short circuit MVA? (Or) What is short circuit capacity (SCC)(or)
What for short circuit capacity (SCC) should be known at any bus.Write down
the expression for SCC. (Apr/May 2015) (Nov/Dec 2016)
% The short circuit capacity at a bus is a common measure of the strengt
h of a bus.
% The short circuit capacity at bus k is defined at the product of the mag
nitude of the sated bus
Voltage and the fault current.
% The short circuit MVA is used for determining the dimension of a bus b
ar and the interrupting capacity of a circuit breaker.
Short crcuit capacity given by SCC = |V| X |I| x MV A, = V3IV||I|
= Vprefault X Ishortcircuit
Vpretauit = Pre fault voltage.
| I|sc = Short circuit current.
MVAb = Base MVA

5.Drew the zero sequence network of a star connection alternator with zero
sequence impedance when the neutral is grounded though impedance Zn. (N
ov/Dec-2007)

Zero sequence networks current causes zero sequence voltage drop only.

The grounding impedance is reflected to the zero sequence networks as 3Zn.



6.What is advantages of building algorithm over other method of forming Z
bus?
Any modification of the network does not require complete rebuilding of Z bus
» Easily computerized.
» Simplicity of the technique.
» Less computational time per iteration.
7. Explain the following terms:
i) momentary current. ii) Interruption current? (Nov/Dec-2009)
Momentary current:
The maximum current that may flow through a circuit breaker for a
short durationits is the current that may flow during subtrascent
period of fault condition.
Interruption current:
It’s the current in the transient that flows at the time of circuit interrup
tion. It’s result in large value flowing during a fault and must be
interrupted before the steady state condition are established.
8. The Zbus method is very suitable for fault studies on large system.why?
(or) Why is bus impedance matrix preferred for fault analysis? (Nov/Dec-
2009 & Apr/May 2015)
In Z bus method with the knowledge of the bus impedance matrix the fault cu
rrent & bus voltage
during the fault are reading obtained for any faulted bus network.
% This method is very simple & practical.
% Thus all fault calculation is formulated in bus frame of reference using
bus impedance matrix Z bus.
9. What are model used to represent generator in short circuit analysis? (Ap
ril/May-2010)
% Zero sequence.
s Negative sequence.
% Positive sequence.
10. What is need for fault analysis in power system? (Nov/Dec-2010)
% To obtain the rating of the productive switches.
% To determine bus woltage and line current during various types of fault.
% To obtain proper relay setting & coordinators.
% The three phase balanced fault in formulae is used to select & set phas
e relays.
11. List the symmetrical & unsymmetrical fault that occurs in a power syst
em? (May/June-2012,Apr/May-2011)
Shunt fault:
« Three phase fault (LLLG fault)
% Line to ground fault (LG fault)
% Line to line fault (LL fault)
% Double line to ground fault (LLG fault)
% Shunt fault are characterized by increase in current & fall in voltage & f
requency.
Series fault:
% Open circuit fault.
% Two open conductor fault.
12. Write symmetrical component of 3 phase system and
advantages of symmetrical components?
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Zero sequence components—It consists of three components is equal magni
tude zero displacement each other by.
Negative sequence components.—It consists of three components is equal m
agnitude displacement each other by.
Positive sequence components.—It consists of three components is equal m
agnitude displacement each other by.
Advantages
% The unbalanced system of n related vector can be resolved into n syste
m of balance vector.
+ The positive sequence component consists three vectors in equal to mag
nitude displaced from
Each other by 120° in phase as the original vector.
% Unsymmetrical fault analysis can be by using symmetrical components.
13.Name the two method of reducing short circuit current?(May/June-2012)
% By providing neutral reactance.
* By introducing a large value of shunt reactance between buses.

14. Write the relative frequency occurrence of various types of fault?
(May/June-2014)

Type of faults Relative frequency occurrence
3 phase fault 5%
Double line to ground fault 10%
Line to line fault 15%
Single line to ground fault 70%

15. What is meant by fault calculation?(Apr/May 2018)
The fault condition are power system can be divided into subtraction ,transien
t and steady state
period.
» The current in the various parts of the system & in the fault are deferent
in three in three period.
» The estimation of these current for various types of fault at various locat
ion in the systemare commonly referred toas fault calculation.

16. Define DC off set current?

The unidirectional transient of short circuit is called DC off set current.
17. What is meant by doubling effect?

In a symmetrical fault occurs when the voltage wave going though zero
then the max momentary of short circuit current will be double the value of
minimum symmetrical short circuit current. This effect
is called doubling effect.
18.Difference between transient & sub transient reactance of a synchronous
machine?

«+ The transient reactance is the ratio of induced emf and transient curre
nt.

% Sub transient reactance is the ratio of induced emf and sub transient c
urrent.
19. Why the circuit breaker interrupting current is asymmetrical?
% The interrupting current of circuit breaker is the sum of symmetrical sh
ort circuit current & dc off set current.

s The presence of DC offset current makes the intercepting current symm
etric.




20.Determine the interrupting of 3 cycle circuit breaker employed in a gene
rator rated at 20 MVA 33kV take. Take X’4=25% , E;=1 p.u

Solution
Eg 1

Transient symmetrical rms current, [’ = X oz —j4p.u =42 —90°p.u

interrupting currentinp.u=12x|[I'|=12%x4 =48p.u
(i.e, for 3-cycles breaker the multiplication factor is 1.2)
_ _kvab _ 20x10® _ 350
V3 KVb V3x33
Interrupting current in KA = (4.8 xX350)/1000 = 1.68 KA
21. Distinguish symmetrical and unsymmetrical faults? (May/June-2013)
Symmetrical Fault:
» The phase current and phase voltage are equal.(i.e.) equal magnitude &
equal phase shift (120°).
* 5% of the fault in any 1P or 3®.
Unsymmetrical faults:
» The phase current and phase voltage are unequal.
" 70% to 80% of the fault in 3® causes imbalances between the phases.

Base current, I

22. What are the characteristic of shunt and series fault?(Nov/Dec-2013)
% Shunt fault will decrease the voltage and frequency but increase the cu
rrent flow
% Series fault will increase the voltage and frequency but decrease the cur

rent flow.

23. Define bolted fault or solid fault. (May/June 2014 ,may 2016)(Nov/Dec 2017)

A fault represents a structural network change equivalent with that
caused by the addition of impedance at the place of fault. If the fault
impedance is zero, then the fault is referred as bolted or solid fault.

24. What is synchronous reactance?

The synchronous reactance is the ratio of induced emf and the steady
state rms current (i.e it is the reactance of a synchronous machine under
steady state condition). It is the sum of leakage reactance and the reactance
representing armature reaction.

25. Write the equation to find the subtransient current?

= | Eg |
Xd"
| I” | = Subtransient symmetrical fault current.
| E¢ | = RMS voltage from one terminal to neutral at no load.

Xd = Direct axis subtransient reactance.

26. Given one application of subtransient reactance?

Subtransient reactance of generators and motors are used to
determine the initial current flowing on the occurrence of the short circuits.
27. Write the equation to determine subtransient internal voltage of
the generator?

Eg” = Vt+ijl X,
E¢” = Subtransient internal voltage.
IL = Load current.
Vi = Terminal voltage.
Xq" = Direct axis subtransient reactance.
28. Write the equation to determine transient internal voltage of the
generator?



Eg' = Vt+jl Xy
Eg = Transient internal voltage.
IL = Load current.
Vi = Terminal voltage.
Xd = Direct axis transient reactance.
29. Write the equation for subtransient internal voltage and transient
internal voltage of the motor.
Em” = Vt —jl X4
Em' = Vt —jI X}
Es" = Subtransient internal voltage.
IL = Load current.
Vi = Terminal voltage.
Xd” = Direct axis subtransient reactance.
Eg’ = Transient internal voltage.
Xd = Direct axis transient reactance .
30. A motor is drawing 10,000 kw at 0.85 pf leading and a terminal
voltage of 12 kv. Determine the load current.

Load current, I = ——2 _ _“cos™10.85 = 566./31.8° amps
V3 x0.85 x12

31. The thevenin’s impedance and voltage at a fault is 0.576 £ 84" pu
and 1Z O° pu respectively. Determine the short circuit MVA for a base
of 30 MVA, 11 Kv.

Solution

Fault current in pu, If = 22 = =% — 1736/ -84° pu.
Zth 0.576..84°
Base current,Ib = Kvab _ 30x1000 _ 15746 A

VBkvb — V3x11
Line value of the magnitude of fault current in amperes

= | Ir |= | IrLin p.u.| X Ip= 1.736 x 1574.6 = 2733.5A= 2.7335 kA.
Short circuit MVA = /3 x | VpfL | x| IfL | = v/3 x 11 x 2.7335 = 52.08 MVA.

32. The generator emf is 1p.u. and the subtransient reactance is 20% .
Find the subtransient current.

Solution
Given that
Eg=1p.u
Xa =j0.2
Subtransient current I’ = E—y,, = = —j5p.u = 54 —90° p.u.
Xd j0.2

33. Generator emf is 1 p.u and the transient reactance is 25%. Find the
transient current.
SolutionGiven that

Eg=1p.u

X4 =j0.25
Transient current I’ = Xf;‘t = jo%s = —j4 p.u.= 4 2 —90° p.u.
34. Eg= 1 p.u and X4 = 40%. Find the short circuit current.
Solution Short circuit current I = 22 = - = —j2.5 pu.=2.5 £-90°p.u.

Xg  j0.4
35. Find the momentary current through the circuit breaker if the
initial symmetrical short circuit current through itis 5270.9A



SolutionThe momentary current = 1.6 x Initial symmetrical short circuit
current

1.6 x 5270.9 A = 8433.44 A
8.433 kA

36.What is the significance of sub transient reactance and transient reactance in short
circuit studies?(Apr/May 2017)

The sub transient reactance can be used to estimate the initial value of fault current
immediately on the occurrence of the fault. The maximum momentary short circuit current
rating of the circuit breaker used for protection or fault clearing should be less than this initial
fault current.

The transient reactance is used to estimate the transient state fault current. Most of the
circuit breakers open their contacts only during this period. Therefore for a circuit breaker
used for fault clearing, its interrupting short circuit current rating should be less than the
transient fault current.

37.what is direct axis reactance?(Nov/Dec-2015)

Under steady state three phase short circuit conditions, the armature
reaction of an alternator produces a demagnetizing flux. This effect is
represented as a reactance called armature reaction X,.the combine
armature reaction X, and leakage reactanceX; is called synchronou
reactance X.in case salient pole alternator the synchronous reactance is
called direct axis reactanceX,.

38. What is the need for short circuit study?(Nov/Dec 2016)

The short circuit studies are essential in order to design or develop the protective
schemes for various parts of the system. The protective schemes consists of current & voltage
sensing devices, protective relays and circuit breakers. The selection of these devices mainly
depends on various currents that may flow in the fault conditions.

39.How the shunt and series fault are classified?(Nov/Dec 2016)

In one method of classification, the faults are classified series and shunt faults. The
shunt faults are due to short circuits in conductors and the series faults are due to open
conductors.

In another method of classification the faults are classified into symmetrical and
unsymmetrical faults. In symmetrical faults the fault currents are equal in all the phases and
can be analysed on per phase basis. In unsymmetrical faults the fault currents are unbalanced
and so they can be analysed only using symmetrical components.



40. For a fault at a given location, rank the various faults in the order of severity?
(Apr/May 2017)

In a power system relatively the most severe fault is three phase fault and less severe
fault is open conductor fault.

e 3-phase fault

e Double line to ground fault
e Lineto line fault

e Single line to ground fault
e Open conductor fault.

41. What are all the assumption to be made to simplify the short circuit study? (Apr/May 2018)

All line capacitances are ignored
All non-motor shunt impedances are ignored , motor loads are treated the same way as generators
The voltage magnitude and phase angle of generators and in feeds are all set to the same value.

PART-B

1. Explain the Transient analysis of a transmission line:
Assumptions made by transient on a transmission line:

e Line fed from a constant voltage source.
e Short circuit takes place when the line is unloaded.

e Line capacitance is negligible and line can be represented by a lumped
RL Series circuit.

v =2 Vsin {wt + o)

e
O
[

The short circuit takes place att = 0,
a = Control the instant on voltage wave when short circuit occurs.

di
Apply KVL:Ri +L&= %4
di. R,V
L

—+ =1
dt L

(d_l_R),_V
ac L)' T



(%+§)i =% Is a non-homogeneous differential equation, forced

response is obtained from its solution.
The solution is given by
i=i,+1i,
i, = steady state current
\/EV ——sin(wt+ a — )
Tzl
Z=+R?+ w?L? < 0 =tan"(wL/R)
i, = transient current
i(0)=i,0)+i,(0)=0

Time constant of RL circuit is (%)

i, = —i (0)e )

V2V _(®)
I, =——sin(@ — a)e \t/
VA
Short circuit current is
V2V 14 R
I, = 7 —sin(wt+a—0) + —— 7 sin(6—a)e (L)t

symmetrical short ckt current + DC of f — set current
e Sinusoidal steady state current is called symmetrical short circuit
current.
e Unidirectional transient component called DC off set current.
e Which causes the total short circuit current to be unsymmetrical till
transient decays.
e Maximum momentary short circuit current
Ln,m(Short circuit time neglected)

. V2v V2v

Lym = 7] ——sin(6 —a) + T
Since transmission line resistance is small, § = 90°

_ V2V V2V

L = T cosa +—— iz

Maximum possible value for @ =0,
Short circuit occurring when the voltage wave is going through zero.

242V

imm(maxpossible): |Z|

= twice the maximum of symmetrical short circuit
current (doubling effect)
Selection of CB. Momentary short circuit current is taken corresponding

maximum possible value.



— - f
.--"----
Vo2 v -
1= Em (& —x) ;
H“H\;IM '
T 1;—-\—__&___—-— -

Maximum
momentary

current, ";mm

What is the current to be interrupted in CB?
Symmetrical short circuit current is interrupted in CB.

2. SHORT CIRCUIT OF NO LOADED SYNCHRONOUS MACHINE.

No load short circuit conditions.
X, = Armature reactance
X, = Leakage reactance
X, = synchronous reactance(direct axis)

SUDDEN SHORT CIRCUIT THREE PHASE
Synchronous generator initially operating under

conditions, machine undergoes transient in all three phase DC off-set
current appear in all three phase, each with different magnitude, short

circuit occurs at difference phase.

Short circuit studies need to concentrate symmetrical short circuit
current symmetrical short circuit current is limited only by leakage

reactance of machine (constant flux linkage)
X, = field winding

X,;,, = damper winding
X, =45 = Xd" = sub — transient reactance.
xa " xr ¥ xaw

X, = X, parallel X; = damper winding current died out

Short circuit current divided in to 3 periods

v Initial sub transient period---current is large machine offers sub

transient reactance.

v' Middle transient period ---machine offers transient reactance.

9



v Steady state period---machine offers synchronous reactance.
de

W al

Synchronous E;
reactance

ra e .
Direct axis subi ‘
ransiant D
irect axis
reactance ransiant
reactance

{b} Approximate circuit mo
del during  (¢) Approximate ¢
subtransient period af short circuit transient mmﬁ'ﬁ&?@ﬂ?m

(a) Steady state shart circuit mode|
of a synchronous maching

Relation between SC MVA and total fault impedance
Let V° = pre fault voltage in KV = Base voltage

Z= impedance from source to fault location

fault current I._ —— KA
f= \/—
4
Short circuit MVA = V3V, ,_V, X é
VZ
Short circuit MVA = 70
MVAg MVAg
Now Z,,, = z X =7 X
14 KVBZ VOZ
VZ
Z=17, 0
p MVA
o 3 MVA,
short circuit MVA = =
Zpu X —2 Zpu
MVAg

Assumptions for S.C study.

Synchronous machine are represented by an EMF behind appropriate
reactanceX,, X, X, .

Sub transient reactance (or) momentary S.C current -Use X, for
synchronous machine.

Transient current (after 3 cycle)-Used X, for synchronous machine.
Steady state current- Used X, for synchronous machine.

Circuit breaker interruption capacity-Use of X, Use of synchronous
generator. -X; For synchronous motor.

Transformer model — shunt element on account of magnetizing current
and core loss are neglected.

Transmission line model- shunt capacitance neglected.

Prefault current is much smaller than the fault current.

Normal or prefault operating conditions, bus voltage of lower system are
usually close to the normal value.

All prefault voltage and prefault voltage at fault point can be taken

asl/0p.u called Flat voltage profile.
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3. SHORT CIRCUIT OF LOADED SYNCHRONOUS MACHINE.

Circuit model of a synchronous generator operating under steady
state conditions supplying a load current I° to the bus at a terminal of VO.
E, —1Is induced EMF under loaded conduction,
X, — When short circuit occurs at the terminals of this machine
When short circuit occurs at the terminal of this machine.

.
]

Crremaid mrencdef o i
forcchedd mcchinne

FLg

Eg __J

{a) Circuit model for computing  (b) Circuit model for computing
sublranskant current transient current
Induced EMF to be used in these models are:
v oo 0v"
Eg =V +1'X,
" 0 oy’

Eg =V'+1°X,

EL‘; = voltage behind sub transient reactance.

E‘é = voltage behind transient reactance.
1° = 0(no load),

E, = E; = E; = no load voltage

E, =V°—jI°X,

E,=V°—jI%%,
Synchronous machines (generator and motors)replaced by
corresponding circuit model having voltage behind sub transient reactance
in series with sub transient reactance. The rest of the net work being

passive remains unchanged.

4. A synchronous generator and synchronous motor each rated
25 MVA, 11kV having 15% sub-transient reactance are connected through
transformer and lines. Transformer rated 25 MVA,11/66kV And 66/11KV
with leakage reactance of 10% each. The line has a reactance of 10%
on a base of25 MVA,66kV. The motor drawing 15MW at 0.8 p.f leading and
a terminal voltage of 10.6kV.when 3 phase symmetrical fault occurs at
the motor terminal. Find sub-transient current in the generator, motor
and fault.

GIVEN DATA:

T1 T2
Gen 3
Line

(b) Prefault equivalent circuit

(c) Equivalent circuit during fault

11



Formula used

E, =V +jI'Xd
E, =V —jI'Xd
I, =E,;/Xd

Iy =En/Xd'
Ir= 1I,+ I,

L,=1z %X I,

Solution:
All reactance on a base of 25MVA.

Terminal voltage  10.6

Actual voltage 11
Load = 15MW,0.8 p. f leading

=0.9636 0

Pre — fault voltage V' =

_b_ _lad 6 pu,08p.f leadi
=25~ act.mva 00 PU08D.f leading
Pre — fault current P = VI X cos@
O_Load(P)
UV xpf
0.6

voltage behind subtransient reactance(generator) E; =V +jl xd’
=0.9630.0 +0.7788.2436.9 x j0.45 + 0.35046 236.9

E, = 0.7532+;0.28 P.U

voltage behind subtransient reactance(Motor) E,, =V —jl xd’
= 0.9636 .0 — j0.15 % 0.7788.2436.9

= 1.0337 —j0.0934PU

Under fault condition
. E; 0.7532+0.28

I = d_q, = 045 = 0.6226 — j1.6737PU
. E, 1.0337—;0.0934 :
Iy=—7= 015 = —0.6226 — j6.8913PU
Fault current I7 =1, +1,, = 0.6226 — j1.6737 + (—0.6226 — j6.8913)
I =—j8-5644
25 x 103

Fault Current (generator) = ﬂ =1312.24
X

I, =1y x I, =1312.2(0.6226 — j1.6737) = (816.9 — j2196.2)A

I, =1y X I, =1312.2(—0.6226 — j6.8913) = (—816.9 — j9042.7)A

I = I+ I, =—j11239
5. A25 MVA,11KV generator with xd =20% is connected through a
transformer, line and a transformer to a bus that supplies three
identical motor as shown. Each motor has xd = 25%and xd = 30%on
a base of 5MVA,6.6kV,3phase rating of the step up transformer is

12



25MVA,11/66kV with leakage reactance of 10% and that of step down
transformer is 25MVA,66/6.6kV with leakage reactance of 10%. The bus
voltage at the motor is 6.6kV when a 3phase fault occurs at point F. for
specified fault calculate:

(a) Sub - transient current is the fault.

(b) Sub - transient current in the breaker B,

(c) Momentary current in breaker B,

(d) Current to be interrupted by breaker B in five cycles. (Apr/May 2017)

A Q
GO—II-U'i% . D‘% Motors

€N " 11/66 kV 66/6.6 kV |P F
B

Given Data:

Gen: 25MVA, 11KV, X, = 20%

Transformer 1: 25MVA, 11/66 KV, X, = 10%

Transformer 2: 25MVA, 66/6.6 KV,X,; = 10%

Motor: SMVA, 6.6 KV, X, = 30,X, = 25%

To Find:

Xd'm, I,., Momentary current in breaker B, interrupted current.
Formula used:

" Xy Act.Value
Xpy Base Value
[ = MVA
V3 X KV
Momentary current = 1.6 X I,

Solution:
Choose a system base of 25MVA
Generator voltage = 11kV
Transmission voltage = 66kV
motor voltage = 6.6kV
(a) For each motor,
X, . MVAg

X, =—2. X %
am XPU ¢ MVAACT

. 25
Xgm =025 X == j1.25PU

Line, Transformer, Generator, Reactance are 25MVA base.
j1.26 ,1£0°
1207 Jjo0.2 jO.1  jO.15 0.1 “/,-715.6255 ' )1/0?
r 8816855885055 B8 )—

; F/L;}.ZS & j'140°
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S 0.55

F1.25
]
/1.25 &+ 1207
F j1.25 :
Isc

Isc (Circuit breaker)
1
_ + _
j1.25  j0.55
I, =—j4.22PU
MVA  25x1000
V3XKV  /3x6.6
I, =422 x 2187 = 92294 for 6.6KV line.
(b) Current through breaker B is
1..(B) = 2x 1 + r _ 3.42
se\P) = 4% 95 T j055 . I
=3.42 X 2187 = 7479.54
(¢) Momentary current through breaker B = 1.6 X [, = 1.6 X 7479.5 = 119674
(d) Current to be interrupted by breaker, motor sub-transient reactance
(X, =j0.25) is now replaced by transient reactance (X, = j0.30).

I, =3X

= 2187A

Base currentin 6.6 KV circuit [ =

, ] 25
X, (motor) =j0.3 x 3 =j1.5PU

j0.55

1 1
=2 X——+—==3.1515PU

j1.5  j0.55
DC. off set value multiplying a factor of = 1.1 X 3.1515 x 2187
=75814

6. THEVENIN’S EQUALIENT CIRCUIT:

According to thevenin’s theorem any linear network containing any

number of voltage source and impedance can be replaced by a single EMF
and an impedance .The EMF is the open circuit voltage as seen from these
terminal and impedance is the network impedance as seen from these
terminal .the circuit consisting of a single EMF and impedance is known as
thenevnin’s equivalent circuit.

The calculation of the fault current can be very easily done by applying

this theorem .it is only necessary to find the open circuit emf and network
impedance as seen from the fault point .In the most of the calculation the
open circuit emf can be assumed to be 1 pu.

14



S.C.CURRENT COMPUTATION BY THEVININ’S THEOREM :
This method is faster, easily adopted to systematic computation for large
networks.

Consider a synchronous generator feeding a synchronous motor over a line.

The circuit model of the system under conditions of steady load fault
occur at the point “F” at the motor terminals.

Synchronous machine are represented by their transient reactance in
series with voltage behind transient reactance. This change does not disturb
the prefault current [°and pre fault voltageV° (at ‘F))

o x
__rb-n\_fL
= o X
-
+

o
g J E{;J'l
P S

Thenevnin’s equivalent circuit is

(Thevenin reactance)
It comprises prefault voltage V° in series with thevin impedance

network. Pre fault current I° does not appear thevinin impedance network.
Consider now a fault at F through an impedance Zf.thevenin

equivalent of the system feeding fault impedance.

— Vo

X +2°

, Xar —x If
(Xgg +X+X4)

f

Current Caused By Fault in Generator Circuit Al =

B Xgg +X y
(X, +X+ X'dg)

Current caused by fault in motor circuit Al If

Prefault current and voltage are obtained by superposition

£ _ 10
I, =1"+ Alg
If, = —1°+ AL,
Post fault voltage Vf=V°+ (—jX, 1)
Vi=Vo+Av

15



7. GENERAL PROCEDURE FOR CALCULATION OF SHORT CIRCUIT MVA
&SHORT CIRCUIT CURRENT :

(i).Draw single line diagram of given Power system network, on this diagram
indicate rating, voltage, impedance of generator, transformer, line& loads.
(ii).select common MVAbL & KVp and convert all impedance to pu(per unit Jon
this base.

(iii).draw pu (per unit Jimpedance diagram on single phase basis.
(iv).calculate total pu (per unit Jimpedance from the source to fault point by
circuit reduction. this may involve series parallel combinations conversions,
etc.

STEPS TO FOLLOW USING THEVENIN’S THEOREM :

(i).obtain steady state solution of loaded system.

(ii).replace = the reactance of synchronous machines by their

subtransient/transient values. Short circuit all emf sources, this is passive
thevenin’s impedance network.

(iii).excite passive thevenin’s impedance network at fault point by negative of
prefault voltage in series with fault impedance, compute voltage & current at
all points.

(iv).post fault voltage and current are obtained by adding the steps (i) & (iii).
ASSUMPTION MADE IN FAULT CALCULATION

1. The emf of all the generator are 1.0 per unit. This means that the system
voltage is at it nominal value of the system is operating on no load at the
time of fault. The effect of this is that all generated can be replaced by a
single generated since all emf are equal and in phase when desirable the
load current can be taken into the account ,at a later stage by superposition
2.Shunt elements in the transformer model that account for magnetizing
current and core loss are neglected.

3. Shunt capacitance of the transmission line are neglected.

4. System resistance is neglected and only inductive reactance of the system
is taken into account.

This assumption is generally made only for hand calculation and
approximation is not necessary .The subtransient reactances of the
generation are generally used in calculation. However, transient current is to
be determined, and then transient reactance should be used.

8. GENERAL PROCEDURE FOR CALCULATION OF SHORT CIRCUIT MVA
& SHORT CIRCUIT CURRENT :

(i).Draw single line diagram of given Power system network, on this diagram
indicate rating, voltage, impedance of generator, transformer, line & loads.
(ii).select common MVAp&KVs and convert all impedance to pu (per unit) on
this base.

(iii).draw pu (per unit) impedance diagram on single phase basis.
(iv).calculate total pu (per unit) impedance from the source to fault point by
circuit reduction. This may involve series parallel combinations.



Step in the calculation are as under: USING THEVENIN’S THEOREM

1. Draw a single line diagram of the system.

2.Select a common base and find out per unit reactance’s of all generator,
transformer, lines, etc. as referred to common base.

3.From the single line diagram draw a single line reactance diagram
showing one phase and neutral. Indicate all the reactance etc. On the
reactance diagram

4.Reduce the reactance diagram keeping the identity of the fault point
intact. Find the reactance of the system as seen from the fault point.

S.Find the fault current and fault MVA in per unit. convert these per unit
values to actual values

6.Retrace the steps of calculation to find the current and voltage
distribution throughout the network.

Assumption made in fault calculation:
1. EMF of all generator are 1<0
2. Shunt element in transformer model that account for magnetizing

current.

3. Shunt capacitance of the line neglected

4. System resistance are neglected, inductive reactance of system taken in to
account.

Assumption made only for calculation and educational purpose. computer
solution this approximation not necessary, subtransient reactance used in
calculation.

CONSIDERATION OF PRE FAULT LOAD CURRENT:

1. In general fault current much larger than load current, load current cab

be neglected during fault.

2. Flow of current, voltage at different point in power network 1lpu.it is
necessary to calculate prefault voltage at the fault point fault current can be
determined using prefault voltage.

3. Total current is phasor sum of load current and fault current.

MOTOR CURRENT UNDER FAULT:

Direction of motor current and fault current opposite to each other for motor
because load current flow in to motor terminal. While fault current flow out

of motor terminal.

9. For the radial network shown in fig, a 3-phase fault occurs at F,
Determine the fault current and the line voltage at 11KV bus under
fault conditions.(Nov/DEC-14) (Nov/Dec 2016)
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10MVA

15% ((? %) 12.5%

T, mmm 10%
Over head line | 30KM,2=(0.27+j0.36)

T 3kV Y
2 7~ 5MVA,8%
6.6kV
Feeder F
Z=0.135+i0.08

3 km Cable

Fault
To Find:
Fault current = I;

Line voltage =V
Formula used:

MVA

Zpu =17 sz
= \'%
f— Zf

Solution:
Select a system base of 100MVA,

Base woltage 11 kv in generator,33 KV for OHT line,6.6 KV for cable

(MVA)Base

Reactanceof G, =Z
! (MVA) pctyal

15
G, = —x10 =15
17700 J1-=>pu

12.5

G, = —>x10 =i1.25
27700 J1-£0 pu

T =22 w10=iL0
17700 —)upu
008x100
T2=T=]1.6pu

MVA
OHT Line impedance = Z x (MVA)gase

V)2 X Length
B

30 x 100
(33)2

=0.744+j0.992 pu

1

=(0.27 +j0.36) X



(MVA)Base

cable impedance = Z X (KV,)?

x Length

— 30135+ 0.08) X 20
- o e (6.6)2

=0.93 +j0.55 pu

X
Zy e Z

T T - | Y -

1.0 S em T F
0.744+j0.99

Total impedance up to fault F,
_j1.5xj1.25
f7 1.5 +j1.25

=1.674+j4.82 = 5.104270.8

+j1.0 + (0.744 +j0.99) +j1.6 + (0.93 +j0.55)

Short circuit current
V 1.020

=—=———
f~ 7, 512708
=0.1962 — 708

100 x 103
IBase = \/§X 6.6

I = I x 1

=8747.7A

Base

Igc = 0.196 x 8748 = 1715A
Total impedance between fault F and 11 KV bus.
Z¢ = (0.93 +j0.55) + (j1.6) + (0.744 +j0.99) + j1.0
=1.674+ j4.14
Z;= 446, 67.9 pu
Voltage at 11KV bus V= Z¢ X ¢
=4.46,67.9 % 0.1962 —70.8
=0.882—3 pu
=0.88x 11
= 9.68 KV
Result:
Fault occurs at = 6.6KV
Fault voltage = 9.68KV

short circuit current= 1715 A
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10.A 3-phase generator is rated for 60MVA, 6.9KV and sub transient
reactance of jO.19 p.u. the generator feeds a motor through a line with
impedance of jO.1pu on generator rating., the motor is rated at 10MVA,
6.9 KV withX, = 0.2pu.voltage at motor terminal is 1.0p.u and take a
load current of 1pu at unity power factor .A symmetrical fault occurs at
the generator terminal. Determine the sub transient current in the
fault in the generator and in the motor in KA.

Given data:

@ | Transmission line | @
| X;=j0.1Pu |
X,”=0.19Pu X,”= 0.2Pu

60MVA,6.9KV 10MVA,6.9KV
To find:
Sub transient fault
Formula used:
(pre fault condition)

(MVA)g,.. = 60,KV, = 6.9

I, = prefault current =1 pu

V.o = prefault voltage at motor terminal = 1pu

Reactance diagram:

Prefault voltage at fault point (generator terminal)
Vo = Vino + I X,
=1+j0.1 =1.004925.7105

Using Thevenin’s theorem:

j0.19xj1.3
th — ]1—49 = 101657pu
[ Ve _ 10049257105
7 X, j0.1657

=6.06452 — 84.3 pu
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\ X, +X
Al =T X ——3m __—
& (ng + X+ Xy,)
j1.2 +0.1 )
j1.2+ 0.1+ 0.19

= 6.0645(

=5.29112—-84.3 pu

Al = — Rag o
(Xgg + X+ X4m)

=6.06452 843(0'19>
o ~\1.49

=0.77332— 84.3 pu
Al = Al +1, =5.2911£84.3 + 1
=5.482— 73.84
Al = AL, — 1,
=0.77332-843 -1

=1.2012 — 140.18
60 x 10°
V3 %69 %103

I, = Ig, Al = 54811 x 502043 = 27.511KA

=5020.43

I5.se (Motor and generator) =

I, = Iz, Al =1.201 X 5020.43 = 6.029KA

Ip = Iy + 1, = 27.511 + 6.029

Iz = 33.540 KA
11.A generator is supplying a motor over a cable as shown. the motor is
drawing 20MW at 0.8 pf leading at the terminal voltage of 12.8 KV,
when symmetrical 3-phase fault occurs at the motor terminal. Find sub

transient current in generator and motor terminals and fault.

Given data:

| Transmission line |
O 1™
X, = 20% X, =20%,
30 MVA, 13.2 kV SO0MVA,13.2KV

To find:
I, Iy
Formula used:
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Solution:
Machine internal voltage method, machine model before fault and after fault

(MVA) g,ce = 30,KV,, = 13.2KV
VO = prefault voltage at fault pint (motor terminal)

12.8
VO = m =0.97 pu

Load = 20MW, 0.8 pf leading (power)
20
power = 30" 0.666pu, 0.8 pfleadng

prefault load current P = VIcos@
P 0.666

1= Vcosp 097 x 08
I, = VO +1°(I; + jX,)
=0.97 + 0862 36.87(j0.2 + j0.1)
= (0.815 + j0.206 )pu
I, = VO —1°(T,,)
=0.97 — 0.86£36.87(j0.2)
=(1.073 —j0.1375) pu

= 0.862 36.87

. Eq (0.814 +j0.207) _
[ =— = — _ =0.69 —j2.71 = 2.7992 — 75
& X +X j0.2 +j0.1
E, 1.073+j0.1375 _
= = 0.69 — j5.365 = 5.4082 — 82.69

=X~ 02
20 x 10°

I} .o (Motor and generator) = X132 % 10° = 874.773A
X 13.2 X

Fault current Ip=I,+ I
= (0.69 —j2.71) + (0.69 — j5.365)

=0.38 —j5.636
=8.1922 — 80.30
I X Iy = 874.773 x 8.192
I = Iy X Iy = 7166.12A

Using thevenin’s theorem:
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_0.3x0.2

Ly, = 03702 =j0.12 pu
oV 097 —i8.08 pu
P Z4 j0.12
. X j0.2
Alg = (Kg + ;1 X, ) I = —j8.08 x (jO.Z + ;0.1 + jO.Z) = TJ3.232pu
A = e XX e g ogx ( j0.2 +)0.1 ) = —j4.848 pu
(Xgm +X +Xg,) j0.2 +j0.1 +j0.2

I; = Al +1° = —j3.232 + (0.687 + j0.516) = 0.687 — j2.716
= 2.84—-75.8 pu
I = Al; —1° = —j4.848 — (0.687 +j0.516) = —0.687 — j5.364
=5.42—97.3 pu
[ = —j8.08 X I, =j8.08 X 874.773 = 7068A
I; = 2.8 X 874.77 = 2449.36A
I =54 x874.77 = 4723.75A
12.A generating station feeding a 132 KV system. Determine the total
fault current. fault level and fault current supplied by each alternator

for a 3- phase fault at he receiving end bus. The line is 200KM long.
Take Base of 100MVA, 11KV for LV side and 132 KV for HV side

(Nov/dec-13,May/June-2016)(Nov/Dec 2017)

X=0.2 Ohm
100MWVA [eh/Em |
11KV 100MVA F
Xe159% 11/ 132KV
e X=10%
X=0.2 Ohm |
Sphykm
SOMVA

Given Data:

SO0MVA
11KV
H=10% 11/132KV
X=8%

Tofind:
(i) I, (i) Iz suppiled by each alternator, (iii) Fault level.

Formula used:
(MVA)gpee .V  IXZ, L Ixz,

Z = Z X ) - ) - )
i (MVA)Actual f Zf ! Zl + ZZ g Zl + ZZ

Solution:

100
P.U Reactance of G; = j0.15 X 100~ j0.15Q
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100
P.U Reactance of G, =j0.10 X =0 " j0.2Q

100
P.U Reactance of T; =j0.10 X =0 - j1.0Q

100
P.U Reactance of T, = j0.08 X =0 - j0.16Q

j0.2 X 100

P.U Reactance of transmission line = W X 200 =j0.23Q

Reactance diagram:

jo.15 jo.1 .
a1 OIOST Omosn— o
F
j0.23
jo.2 jo.16
OTOEN =V

j0.265
ey i7e
Fault current:I; = K = - 120
Z; j0.2625
= —j3.8095 pu
baes current for 132 KV side P = V3 X VI cos@
100 x 10° =3 x 132 x 1031,
Iy = 4374 A
Now
(1) Short circuit currently, = I X I
=3.8095 x 437.42 — 90
=1666.272—90
(i) Fault level [; X 100 = 3.8095 x 100
= 380.95MVA
(iii) Base current for 11 KV side of transformer Iy = 100 x10° = 5248.63
V3x 11 x 103

Total current supplied by generator = —j3.8095 X 5248.63
=199952—-90

24



(199952 — 90)(j0.36)
j0.25 +j0.36

Fault current supplied by G, = (199952 — 90) —(11800.3)
=8194.742 — 90A

Fault current supplied by G; = = 11800.32 — 90A

13.A 3-phase transmission line operating at 33KV and having
resistance and reactance 5Q and 20Q respectively is connected to a
generator bus bar through a 15 MVA sep up transformer which has a
reactance 0.06pu alternator having capacities of 10 MVA and 5 MVA
with reactance’s of 0.1pu and 0.075pu respectively are connected to
generator bus. Calculate short circuit MVA for short circuit between
the phases occurring at,

(i)HV terminal of transformer,

(ii) At load end of line Select Base MVA=10,BaseKV=33(Line);
(APR/MAY-2015)

Given Data:

10MVA 1SMVA
X=0.1 X=0.06
F2 (5+j20)0h
_% g :‘ 120) mém
SMVA
X=0.075

Transmission line operating at 33KV
To find:

(i) Ip, at HV terminal

(ii) Iz, atload end of transmission line

Formula used:

MVA
Zpu = 7% ( )Base
(MVA)Actual

10
P.U Reactance of G, =j0.1 X 0= j0.1Q
. 10
P.U Reactance of G, =j0.075 x = = j0.15Q

X —'006X10—'004Q
t_]' 15_]'

25



MVA

7. =7 X
L KV?2

7 = (54 20) X 2
L= ] (33)2

= (0.046 + j0.184) pu
(i) FAULT AT HIGH VOLTAGE TERMINAL OF TRANSFORMER .

j0.1 xj0.15\
equ = (m) +j0.04
=0+ 0.06j + j0.04
Xequ = J0.1
Short circuit MVA = MVAg X V X |
g, = v = 120 = —j10
F2 X j0.1

equ
SHORT CIRCUIT MVA=10x1 x 10 = 100MVA
(ii)) FAULT AT LOAD END.

0.046+j0.184

If

equ

_ (jO.l % j0.15

2 2) 40.04 + 0.046 +0.184
0.1 +j0.15> : ]

=0.046 +j0.284

Lo v 120
F17 X ., 0.046 +j0.284

equ
Fault MVA = MVAg,.. X VX I,
=10 x 1 x 3.4758

Fault MVA = 34.758MVA

= 3.4758+4—80.79




14.Two generators are connected in parallel to the low voltage side of a
3 phase delta star transformer as shown in fig. generator 1 is rated
60,000KVA,11KV.Generator 2 is rated 30000 KVA,11KV.each generator
has sub-transient reactance of X, = 25%.the transformer is rated 90,000
KVA at 11KV -A/66KV Y with a reactance of 10%.before a fault occurred,
the voltage on the high tension side of the transformer is 63KV.the
transformer is unloaded and there is no circulating current between the
generators. Find the sub-transient current in each generator when a
three phase fault occurs on the HT side of the transformer. (APR/MAY-
2015)

S0, OO0 VA
11FEW

o RO
C_ D
Let KVAg,,, = 90,000KVA
KVg4se = 66KV
; 90MVA
For Generator G, :X,; = 0.25X COMVA 0.375p.u
; 90MVA
For Generator G, : X; = 0.25 X COMVA 0375 p.u
0.63
E, = 068 = 0.955p.u
0.63
2= 066" 0955 p.u
Reactance diagram:
:iO.-‘:S'?Sx

TN TN T T N Y §
© SV jo.10
jo.a7s JUUULY

j0.375 % j0.375
j0.375 + j0.375

. . 0.955
Sub transient current | = — -
(j0.25 +0.10)

Voltage at the delta side of the transformeris = (—j2.7285)(j0.10) = 0.27205p.u

Total reactance of parallel circuit = =j0.25p.u

=j2.7285 p.u
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0.955 — 0.2785
j0.375

=—j1.819p.u
0.955—0.2785
j0.375

=—j1.819 p.u

Subtransient current flowingin to fault current from generator 1 I; =

Subtransient current flowingin to fault current from generator 2 I; =

Actual fault current supplied in amperes
. 1.189 x90000

I — 8592.784
1 V3 x11

e 0.909 x 90000 _ 1294374

27 fBx11 '

15. Generator G1 and G2 are identical and rated 11kv,20MVA and have
a transient reactance of 0.25 p.u at own MVA base. The transformers
T1 and T2 are also identical and are rated 11/66KV, SMVA and have a
reactance of 0.06 p.u to their own MVA base. A 50 KM long
transmission line is connected between the two generators. Calculate
three phase fault, when fault occurs at middle of the line as shown in
Fig. (Nov/DEC-2015)

§

Base MVA,MVAy,,, = 20MVA
Base KV,KVy,, = 11KV
Reactance of generator G1
2

—025x(20)x(11) = 0.25
- 20/ “\11) T 0Pt

Solution:

Reactance of transformer T1

X =X % MVANew % KVGiven 2
Given New

= 0.06 X (20) x (11)2 = 0.24

Reactance of transmission line
Middle of the line (25km long),Actual reactance= 0.848 x 25 =21.2Q
HT voltage rating

Base KV on HT side of transformer T, = Base KV on LT side X -
LT voltage rating

66
Base KV on HT side of transformer T; = 11 X 1= 66Kv
Kv? B 662
MVAyew 20
Actual reactance Q  21.2

Base reactance Q - 217.8
Reactance of transformer T2(primary side)

= 217.8Q

Basd impedance =

per unit reactance of transmission line = = j0.0973 p.u




MVA KV, 2
XNew — Xold x < New ) x ( leen)

MVAGiven KVNew
=0.06 X (20) X (11)2 =0.24
= U. 25 11 = U. p.-u

Reactance of generator G2

. . LT voltage rating
Base KV on LT side of transformer T, = Base KV on HT side X

HT voltage rating

11
Base KV on LT side of transformer T, = 66 X 6= 11 KV
_ lleANew KVGiven 2
XNew - XOld X MVA X KV
Given New

=025 (29) x (1) = 025
- 20) “\11) T 42 PO

Pre fault reactance diagram

iO.24 j0.0973 jO.0973 jO0.24

jo.25

The above diagram is reduced to j0.25 +j0.24 +j0.0973 = j0.5873

If -
jO.5873 ZCTI') Eth jO.5873
+

Xt
Thevenin equalvant network
E
If -
Eth
4=
j0.29365

Thevenin equivalent impedance X, is j0.5873 parallel with j0.5873

_ j0.5873 x j0.5873

th " j0.5873 + j0.5873
Per unit voltage E,;, =1 20°
Fault impedance or reactance X, = 0

E., 1.20° )
Fault current [, = - = - = —j3.405p.u
J(Xen —Xp)  j0.29365

= j0.29365p.u
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MVAg,c. 20
dase current= ——— = —-X = .
B t x 103 103 = 174.95 A
V3KVp,ee V3x11

Fault current in A = Fault current in p.u I, X Base current
I =3.405 % 174.95 = 595.7054

16. A synchronous generator and synchronous motor each rated
30MVA,13.2KV and both have subtransient reactance of 20% and the
line reactance of 12% on a base of machine ratings. The motor is
drawing 25 MW at 0.85 p.f leading .the terminal voltage is 12KV when a
three phase short circuit fault occurs at motor terminals. Find the
subtransient current in generator, motor and at the fault
point.(Nov/Dec-2015)

I Line 12%0 I
() | _

30MVA,13.2KV,20% 30MVA,13.2KV,20%

Solution
Base MVA,MVAy,, = 30MVA
Base KV,KVy,,, = 13.2KV
Reactance of generator G1

XNew = Xold X (

MVANew ) % (KVGiven>2
lVIVAGiven KVNew
30 13.2

2
=02 X (—) X (—) =0.2 p.u
30 13.2
Reactance of transmission line

Actual reactance 12% = 0.12Q
Reactance of Motor M

_ MVANew KVGiven 2
Given New

30 13.2\?

=0.2 X (—) X (—) =0.2 p.u
30 13.2

Prefault reactance diagram

j-12 P

If -
Eth jO.2
+
xXr +
| Y=

The above diagram is reduced to j0.2 +j0.12 =j0.32
' F

If -
j0.32 {Il?»’f"th jo.2
[FXf
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Thevenin equivalent network
| 2}

If -
Eth
-+

jO.1231p.u

Thevenin equivalent impedance X,, is 0.32 parallel with j0.2
jO32xj02 _ oo,
=————=j0. U
th =032 +j02 7 P
Pre fault voltage at fault point=12V
Base KV, KV,

new=

13.4 KV

12
Pre fault voltage or Thevenin voltage E;, = 132°- 0.9091£0°

Fault impedance or reactance X, = 0 '

(i) sub transient current:
E,, _ 0909 L0°

I, = -
17 j(Xen — X;)  j0.1231790°

=7.385.2 — 90 p.u

MVA 30
Base current = — 22 % 103 x 103 = 1312.16 A

V3KV, ~ V3x132

Fault current in A = Fault current in p.u Iy X Base current
Ip =7.3852 —90 x 1312.16 = 9.690 — 90 KA
(ii) Sub transient current controlled by generator and motor:
' F

If -
j0.32 Eth jo.2
[EXf
X jO.2

I. = [[=—— %7385/ —90°=2.840/ —90°
7 iXe +X+X,) T j0.52

I, = g + X 1—j0'32x73854 90° = 4.545/ —90 °
M7 X + X+ Xy) T jo52 7 o
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17. Z BUS ALGORITHAM FOR SHORT CIRCUIT STUDY. (Apr/May 2017)
Explain how the fault current can be determined using Zbus with neat flow chart. (Apr/May 2018)

It is step by step programmable technique which produces branch by
branch. it has the advantage that any modification of the network does not

require complete rebuilding of Z, ¢
Adding a new branch:
1. Z, Is added from a new bus to the reference bus (ie. new branch is added

and the dimension of Z,,, goes up by one) - Type 1 modification.

Z . = 25‘{,’5-:9:,_—;_'.
BUSINEW) —

]
a
_CI
7

]

0 0 0l

2. Z, Is added from a new bus to an old bus (ie. a new branch is added and

dimension of Z,,, goes up bv onel-Tvpe 2 modification.

le-
Z pus (NEW) = Zsusiow) 225
. I Z?l_,i"

Z_,i"l Zj-g Z_’i.-._yl Z_,r'_,i'""ZEJ

3. Z, Is connected an old bus to ref bus (ie. a new loop is formed but the

dimension of Z,,, does not change)-Type 3 modification.

Zl_,i"

Zs“us-:o.'c'_'- 22 i

Zpus (NEW) = 7 j_

Z Z Z ! Z an
j1 j2 jn Zjj T Zb
—1 Z'lj A Z
ZBus(New) = ZBus(old) ~ 7+ Z N N CS 5N jn]

7] b an

4. Z, Connected two old buses (ie, new loop is formed but the dimension of

Zp,.s does not change)-Type 4 modification.

215 — Zl_,i"
Zsus-:o:c'_'- L2 — Z'_Zj
Zpys (NEW) = :
Zni— Z'n_,i"
Zy1—Z51 Zi2—Zj2 . Zin—Zm | Zp+Zy+Zy — 225
ZBus(New) = ZBus(old)
1 AT le [ ]
— : o VA, A P
] 27| [ i1 ]1]"' Zin —Zjn
Zb+Z]]+le ZZl] Z; an

5. Z, Connects two new bus (Z,,,remains unaffected in this case) this
situation can be avoided by suitable numbering of buses and from onwards
will be ignored.

Notation: i, j-old buses; r-reference bus; k-new bus.
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Flow chart:

START

Read Bus Voltage, Fault Bus Number,
Reactance X}, Xy, Xq,Zs,Base MVA

A 4

ASSUME INITIAL BUS VOLTAGE

A 4

DRAW RECTANCE DIAGRAM

A 4

FORMULATE Z ;5 MATRIX

A 4

Vo

DETERMINE FAULT CURRENT USING I = p.u
qu+Zf
ACTUAL CURRENT= p.u. VALUE X —22
\V3XKV

A 4

DETERMINE POST FAULT VOLTAGE USING V' = V° — Z;,I;

A 4

f_yf
v,

i

Determine post fault line current I;; = -
I Zzjj series

18. CalculateZp,, ; For given power system shown diagram.

Given data:

0.2

STOP

0.05 0.05
® ©,
0.1
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To find:

Calculate Zp,,; Algorithm

Formula used: Zp, ¢ building Algorithm
Solution:

Thevenin passive network for above system is

@ 0.1 @ 1
01J 0.25
u.1® -

Ref Bus

0.25

Stepl: Add branch Z,, = 0.25 [from bus]1 to Ref bus]
Zg,s = [0.25]
Step2: Add branch Z,, = 0.1 [from bus2 to busl| Type 2 modification.

Zoe =[025 025
Bus = 1025 0.25+ 0.1

_[025 025)
025 035

Step3: Add branch Z,; = 0.1 [from bus3 to busl] Type 2 modification.

[0.25 0.25 0.25
Zpus =10.25 0.35 0.25
10.25 0.25 0.25+0.1

[0.25 0.25 0.25
=10.25 035 0.25
10.25 0.25 0.35

Step4: Add branch Z,. =025 [from bus 2 old to ref bus] Type 3
modification

1 Zn

Zgys = ZBus(old) - m [221 Zy Zz3]
33 b

22
ZZB
025 0.25 0.25 0-25

ZBus=[0-25 0.35 0.25]— _ _ [0-35][0.25 0.35 0.25]
025 025 035 (0°35+0-25)[) o¢
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0.1458 0.1042 0.1458
Zgus =10.1042 0.1458 0.1042
0.1458 0.1042 0.2458
Step5: Add branch Z,; =01 [from bus 2 old to bus 3 old] Type 4
modification

[Z1i_Z1j]
1 [Zy — 7, |
Z. =7 — 2 2tz — 7 . Z. —Z.
Bus Bus (old) Zb+Zii +ij _ZZij : |[ i1 j1 in ]n]
lZni_anJ
[0.1458 0.1042 0.1458] 1 [—0.0416]
=(0.1042 0.1458 0.1042|- x| 0.0416
01458 01042 0245g] 0 1+0-1458+0-2458—-0-2x0-1042 | ;446
x[-0.0416 0416 —0.1416]
0.1458 0.1042 0.1458 —0.0416
Zg,s =0.1042 0.1458 0.1042 —52a3z < | 00416 x [-0.0416 0416 —0.1416]
0.1458 0.1042 0.2458 ' —0.1416

Zp,s =10.1042 0.1458 0.1042 0.0061 0.0061 —0.0208
10.1458 0.1042 0.24581 10.0208 -0.0208 0.0708

10.1397 0.1103  0.1250]
Zgs = 101103 01397 0.1250
0.1250 0.1250 0.1750]

0.1458 0.1042 0.1458] [0.0061 0.0061 0.0208]

19. For the above problem a solid 3-phase fault on bus 3, calculate the
following (a) Fault current (b) V’; and V’;(C) I{z,lis,and I’;s(d) I{;I and I’;Z.
(a) Fault current

0
1IF = L;
zr+z,.,)
V? =1 pre fault voltage
A 1 ,
Fault occurs atbus 3; I/ = = —j5.71

(0+Z5) jO175
(b) V{ and V’; Fault voltage at bus 1 and bus 2.

7.
f_ ir 0
V' = (1 — )V
1 zr+2z.,)) "

— <1 _ L) V30
(0+Z733)

=(1-—2— )V"

< (0+2Z5,)) 3
_(1 0-1250 )xl
B (04 0-1750)

v/ =0-286
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Vf—(l—i)V0—<1—ﬂ)xl
2 0+Zy)) 7 (0 + 0.1750)

v/ =0.286
Two Voltages are equal because of symmetry of given power network.

(C)post fault current [Fault current of line 1 and 2]
f_ f f
Iy =Y (v =v)

1{2 =Ty (V1f - sz)

; 1
I, =- (0.286 —0.286) = 0
j0.1103

1{3 = I3 (V1f - V3f)

1
Il = 0.286 — 0) = —2.288i
13 = 701250 ) '

(d)I’, and I, Fault current of generator 1 and 2.

f f f f
EGi_Vi _ EGl_V

1}, = = LBl =1
o f v f . G1
JX; JXG X1
_ 1-0.286
~j0.2+0.05

Il =—j2.86
f f
r_ Ve o
I, =+ f . Eg =1
JXeo T 7 X1
_ 1-0.286
~j0.240.05
17, = —j2.86

20. Four bus system shown in fig calculate Z
algorithm, take bus 4 as reference bus.

using bus building

Bus

Given data:




To find:

Calculate Zp,,; Algorithm

Formula used: Zp, ; building Algorithm
Solution:

Stepl: Add the element jO.5 between bus 1 and ref bus - Type 1
modification

Zgus = [j0.5]

Step2: Add the element jO.4 between bus 2 and bus 4 - Type 1
modification

[]O S5 0 ]
Bus ]'0.4_

Step3: Add the element jO.2 between old bus 1 and new bus 3

- Type 2 modification

j05 0 j0.5
Zpc =[ 0 jo4 O ]
j0o5 0 jo.7

Step4: Add the element jO.1 between old bus 2 and bus 3

- Type 4 modification

05 0 jos ) 0.5
[0 04 0 ]—_ — : 5 x[jo.4]x[—jo.5 0.4 —j0.7]
05 0 jozl 10-1Hi0-4+j0-7=0-2X0 | .47

ZBus -

j05 0 jo5s , [-j05
=[0 j0.4 O]—_—x[jOA x [-j0.5 jo.4 —j0.7]

j1.2

jo.5 0 jO.7 —j0.7
j0.5 ]O 5 j0.4166

= [ ] [ j0.3333 ] —j0.5 jo.4 —j0.7]
j0.5 j0.7 —j0.5833

0 j04 0 ~j0.1665 j0.1333 —j0.2333

ro.S 0 10.5] [j0.2083 j0.1666 j0.2916]
05 0 0.7l 1jo.2916 j0.2333 j0.4083

=1j0.1665 j0.2667 j0.2333

j0.2917 j0.1666 j0.2084
ZBus_[ ]
j0.2084 j0.2333 j0.2917
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21. A 3 phase 5 MVA,6.6 KV alternator with reactance of 8% is connected to a feeder
of series impedance of 0.12+j0.48 ohm/ph/Km. The transformer is rated at 3 MVVA,6.6
KV/33KV and has a reactance of 5%.Determine the fault current supplied by the
generator operating under no-load with a voltage of 6.9KV when a 3 phase
symmetrical fault occurs at point 15 km along the feeder. (Apr/May-2008; May/Jun-
2012) (Nov/Dec 2016)(Apr/May 2017)

Given data:

Base MVA =5 MVA
Base kV =6.6 KV

Solution:

The single line diagram of the power system and the prefault reactance diagram are
shown in figure. Let the point F be the point where the fault occours.

jxr B
o LETB\ - o
J0.0833 0. 0083
'A B|0 12+j0. 480/km jxd j0.08 +j0.331
e |(_ S k 4 Vu
m —
3¢, SMVA 3 MVA : E,
6.6kV, 8% 6.6/33 kV, 5% — reference bus =

Fig  .1: Single line diagram Fig  .2: Prefault reactance diagram

To find Eg and V!
Here the generator is not delivering any load current and so the induced emf of the
generator wiil be same as operating voltage.
Eq=6.9kV

. Al 1
p.u value of induced emf, E = S _Teactance

Base impedance

59 _1 0455pu
6.6

=6.9/6.6=1.0455 p.u

Actual value of prefault voltage V ; = 6.9x % = 34.5kv

The base kv referred to HT side of transformer = 6.6 x % = 33kv

Actual reactance

The p.u value of the prefault voltage =

Base impedance

_ 345 4 0asspu
33

=34.5/33=1.0455p.u.
To find generator reactance:

p.u reactance of the generator, X« =8% =0.08p.u
38



To find transformer reactance:

ka,oId MVAb,new

X =X X 2 x
P Pl ka,new ) ( IleAb,old )
X o =5% = 0.05p.u.
2
xT==a05x(9§) <2 = 0.0833pu.
6.6 3

To find the feeder reactance:

kVbznew 332
Base impedance, Z, = MVAb = = 217.8Q/ phase

Actual impedance of the feeder for a length of 15km
Zieeq=impedance/km*length

=(0.12+j0.48)*15=1.8+j7.20hm/phase

_ Actual impedanc e
Base impedance

1.8+ j7.2
217.8

=0.0083+j0.0331p.u
To find fault current:
Zy = X4+ 1X; +Z g
=j0.008+j0.0833+0.0083+j0.0331

=0.0083+j0.1964

0
|y = o 1045500 53179 876 pu
Z, 0.1966<87.6

_ kvA,  5x1000

Ib_\/§kV = \/§X33:87.4773A
b

I, = p.uvalueofl, x1,
|, =5.3179< —87.6° x87.4773

I, =4652 < -87.6amps.
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22.The power supply system is shown in fig work out the following
parameter for a three phase fault on bus 3.

3
0.12 .
3.3KV
‘ Gl;
3.3KV
‘ G2 ; F
0.12

(i) VyandV,

(ii)short circuit fault current,
(iii)I,,,1 ;and I,

(iv)I;,and I,

Stepl: Add the element jO.08+j012=j02 between bus 1 and ref bus - Type 1
modification

ZBus = []02]
Step2: Add the element jO.1 between bus 1 and bus2 Type 2 modification
7 = j0.2 j0.2

Bus = 1702 j0.2 +0.1

, _[jO.Z j0.2
Bus = |j0.2 j0.3

Step3: Add the element j1.0 between bus 1 and bus3 Type 2 modification

02 02 0.2
Zgs =102 03 0.2
02 02 03

Step4: Add the element 0.2 between bus 2 and ref bus Type 3 modification

1 Zy
Zpys = ZBus(old) - m 22 (221 Zy Zy]
0.2 0.2 0.2 1 0.2
Zgus(New) = 8% 8; 8;] “ 031 02X [8;‘ x[0.2 03 0.2]

Zpusvewy = |0.08 012 0.08
0.12 0.08 0.22

[0.12 0.08 0.12]
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[Z1i _Z1j]

1 | Z,; —Z,; |
Lo =72 — TNy =2y e Ly — Z;
Bus Bus(old) Z,+ 7, + ij — ZZijll : JI[ i1 j1 in ]n]
Zni _an
[Zli _le]
1 |Z, —Z,; |
Z =7 — 2 YNNIy =2y e Ly —Z;
Bus Bus (old) Zy + Zyy + Zgs — 225, : |[ i1 j1 in ]Tl]
|-Zni _anJ
[0.12 0.08 0.12] 1 —0.04]
Zpus =(0.08 0.12 0.08|— x| 0.04 | x[-0.04 0.04 -0.14]
012 008 0.22 0.1+0.12 +0.22 —2x 0.08 —014

0.1143 0.0857 0.1000
0.0857 0.1143 0.1000
0.1000 0.1000 0.1500

7. =

Bus

If the short circuit fault on node 3 then,

I, = v = —j6.66
375015 ™
VO
V=V —Z, x —
Z + 2,

vi=v0 -7, o _ 1—,0.10 x L 033
Z j0.15

0

4
v =V -2, x 2= =1-0.10 T
33 '

= 0.33

If the two voltages are equal there would be no transfer of current from node

1 fault

23. Determine the Z bus for the network shown in fig where all
impedance are in p.u

Solution
Stepl:Bus 1(New)to the ref bus (type 1 modification)

Zg = [1.2]
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Step2:Connecting an impedance Z,; =j0.2 from new bus 2 to old bus 1(type
2 modification) j=1
Z s (0ld) Zy;
P (ew) = I Zn % “L]Zbl

12 j12

~j12 j14
Step3: Connecting an impedance Z;;, = j0.3 from new bus 3(new) to old bus
1(type 2 modification)
[Z5,s(old) .. Zy;
= : : sz

Z. Z, Z.+Z

12 12 iz
Z.(New) = [j1.2 j14 j1.2]
j1.2 j12 j15
Step 4: Connecting Z;, = j1.5 from new bus 3 (old) to ref bus

7,
1 Y
Zgus(New) = Zp, . (old) — ZilZin Zj2 Zj3]

Zp,(New) = j0.72 j0.92 j0.6

j0.72 j0.72 j0.6]
j0.6  jO.6  j0.75

Step 5: Adding impedance Z, = j0.15 between old buses (2) and (3) i=2, j=3

Z12 - Z13
Zzz - Zza
232 - Z33

1
Zyy+ Zss +Zy— 27,4

Zgus(New) = Zp, (old) — [(Zo1 —Z31) (Zy2 — Z33) (Zoz — Z33)]

j0.6968 j0.6581 j0.6290
(New) = |j0.6581 j0.7548 j0.6674
j0.6290 j0.6258 j0.7157

ZB‘U.S

24. Find the bus impedance matrix for the following system whose
reactance’s are marked in p.u

@ jO.25 @ jO.05 @

%n.o %jl.zs
REF bus

Stepl: Adding an impedance Z, = j1.0 From bus 1 (New) to ref bus (Type 1
modification)

Zy s = [j1.0]
Step2: Adding an impedance Z,, = j0.25 from New bus 2 to old bus 1 (Type 2
modification)

P [j 1.0 j1.0

bus = 1j1.0 j1.25
Step3: Adding Z,, = j1.25 from bus 2 (old) to ref bus-(Type 3 modification)
j=2
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Zpus(New) = Zg, (old) — P [Zi Znj]
Bus Bus ij n Zb Z3j ] nj
7.
j1.0 j1.0 1 b 7 7
=[i10 j12s] “7.+7|, |¥ ]
Ji Zs;
_[j0.6  jO.5
~1j0.5 j0.625
Step4: Adding Z,; = j0.05 from bus3 (new) to old bus2. j=2
[Z 5, (0ld) .. Zy;
= s : Zy;

.z, Z, Z,+7,
j0.6  jO.5  jO.5
= 1j0.6 j0.625 j0.625
j0.5 j0.625 j0.675

25.A symmetrical fault occurs at bus 4 for the system. Determine the
fault current using Z Bus building algorithm.(May/June-2016)(Nov/Dec 2017)

G,G, = 25%,20% ;20KV, X" =25%
Transformerl,Transformer2: X, . a5 = 6%, 7%
L,L; X" =10%

Sequence diagram:

Solution:
Stepl: Adding an impedance jO.25 between ref bus and bus 1 [Type 1
modification]
Z,,. = [j0.25]

Step2: Adding an impedance Z,, = j0.06 from New bus 2 to old bus 1 (Type 2
modification)

P j0.25 j0.25]

bus = [j0.25 j0.31

Step3: Adding an impedance Z,, = j0.05 from New bus 3 to old bus 2 (Type 2
modification)
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j0.25 j0.25 j0.25
=(j0.25 j0.31 j0.31

j0.25 j0.31 j0.36
Step4: Adding an impedance Z,, = j0.07 from New bus 4 to old bus3 (Type 2
modification

Z

bus

j0.25 j0.25 j0.25 j0.25
5 _|/025 jo31 jo3i jo31
bus = 170.25 j0.31 j0.36 j0.36
j0.25 j0.31 j0.36 j0.43
Step5: Adding an impedance Z,, =j0.2 from old bus4 and ref bus (Type 2

modification

j0.25 j0.25 j0.25 j0.25] j0.25
_[jozs jos1 jos1 jos1 ost| o
Zus = 170.25 j0.31 j0.36 j0.36| T j043 +j02 +,oz jo3e|U0-25 J031 j0.36 j0.43]

j0.25 j0.31 j0.36 j0.43. j0.43

j0.25 j0.25 j0.25 j0.25] —0.0625 —0.0775 —0.09 —1075
, _|/025 jo31 jo.31 j0.31 1 100775 -0.096 -0.1116 —0.1333
bus = 1j0.25 j0.31 j0.36 j0.36|  j0.63| —0.09 —0.1116 —0.1296 —0.1548
j0.25 j0.31 j0.36 ;0.43] —0.1075 —0.1333 —0.1548 —0.1849

j0.1507 j0.1269 j0.1071 j0.0793
, _|/01269 jo1574 01328 0.0984
bus = 1401071 j0.1328 j0.1548 j0.1142
j0.0793  j0.0984 j0.1142 j0.1369

26.Three 6.6KV Generators A, B, and C each of 10% leakage reactance
and MVA ratings 40,50 and 25 respectively are interconnected
electrically, as shown, by a tie bar through current limiting reactors.
Each of 12% reactance based up on the rating of the machine to which
it is connected .A three-phase feeder is supplied from the bus bar of
generator A at a line voltage of 6.6 KV .the feeder has a resistance of
0.06Q)/phase and an inductive reactance of 0.12Q) /phase. Estimate the
maximum MVA that can be fed into a symmetrical short circuit at the
far end of the feeder.

40 50 25
o, o
MVA arva B ) 10% 2 A 10%
[
— 12% —12%
1 |
Tie bar
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Solution:
Choose as base SOMVA, 6.6KV
(0.06 +j0.12) x 50

Feeder impedance =

(6.6)?
= (0.069 +j0.138)p.u
0.1 x50
Gen A reactance = T 0.125 pu
Gen B reactance = 0.1pu
0.1 x50
Gen C reactance = 5 = 0.2 pu
0.12 x 50
Reactor A reactance = 20 = 0.15 pu
ReactorB reactance = 0.12pu
0.12 x50
Reactor C reactance = g = 0.24pu

Assume no load prefault conditions i.e. prefault currents are zero,
Post fault current can then be calculated by the circuit model,
The circuit is easily reduced to that.

: J jo.125 - ;50_1 = :{fio_z
I?-io-ls — —jo.12 — jo.2a +
L I
= (0.069+j0.138) vo C) z
vo=1 (") L - -
If
If i

Z = (0.069 +j0.138) +j0.125]|(j0.15 + j0.22]]j0.44)

=0.069 + j0.226

=0.236L73°

0

% 1
SCMVA = VOI[f =V© <7> = 2pu(since V% = 1pu)

1
=z X (MVA)gse

50
=——=1212 MVA
0.236

27. Consider the four bus system, buses 1 and 2 are generator buses
and 3 and 4 are load buses. The generators are rated 11KV, 100MVA,
with transient reactance of 10% each. Both the transformer is
11/110KV, 100MVA with a leakage reactance of5%. The reactance of
lines to a base of 100 MVA,110KV.obtain the short circuit solution for a
three-phase solid fault on bus 4(load bus) Assume prefault voltages to
be 1 p.u And prefault current to be zero.
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T1---—otli1i1/1310KV

jo.1s T - =

jo.=2

oy o
L

Tz 11 f110KW

Solution:

Change in voltages and current caused by a short circuit can be calculated
from the circuit model.

l:l: Eade oA .I_L —
Eaa = =
Jon. 2
Jo.-1 Tars FL=0 1
. Taa
- o .2 Taa q—-:

?z.-:; -

Fault current I/ is calculated by systematic network reduction.
Fige

1.0
j0.13560

Fault current is I =

= —j7.37463 p.u  Figd,

jO.03055 710.04583
j0.04166
j0.04166
' () Va=1.0
C Va=1.0 Va=1.0
T Ir mw;
Flg J{C} le Fig {d} Flg {e}



j0.19583

11 = If Xm = —]383701 p.u
. _j0.18055
IZ =] Xm = —1353762 p.u

Let us compute the voltage changes for buses 1,2 and 3 from fig b.
AV, =0 — (j0.15)(—j3.83701) = —j0.57555 p.u
AV, = 0 — (j0.15)(—j3.53762) = —j0.53064 p.u

Now
V/ =14 AV, = 0.42445 p.u

1

v/ =1+ AV, =0.46936 p.u

2
V1f B sz .
L5 =m =j0.17964 p.u
AV, =0 — [(j0.15)(—j3.83701) + (j0.15)(j0.17964)]
= —0.54860p.u
Vi=1-0.54860 = 0.4514p.u
/=0
Short circuit MVA at bus 4 (SC MVA), = 7.37463 x 100 = 737.643 MVA
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UNIT IV
2 Marks

1 .Name the fault in which positive negative and zero sequence
components current are equal?

In single line to ground fault the positive and negative sequence and
zero sequence component current are equal.
2 .Name the fault in which positive and negative sequence component
current is equal to zero sequence current in magnitude. (May /June
2012).

Double line-to-ground fault
3. Name the various unsymmetrical faults in a power system?
(Apr/ may-2008)

The unsymmetrical faults in power systems are,

Single line to ground fault

Line to line fault

Double line to ground fault

Open conductor fault.
4. Define negative sequence impedance? (May/June-2012, Nov/Dec-
2011)

The negative sequence impedance of equipment is the impedance
offered by the equipment to the flow of negative sequence current.
5. Name the fault which does not have zero sequence current flowing?
(Nov/Dec-2011)

In line to line faults the zero sequence current does not flow.
6. Name the fault involving ground?

The fault involving grounds are,

e Single line to ground fault.
e Double line to ground fault.
e Three phase fault.
7. Define positive sequence impedance?
The positive sequence impedance of equipment is the impedance
offered by the equipment to the flow of positive sequence currents.
8. In what type of fault the positive sequence component of current is
equal in magnitude but opposite in phase to negative sequence
components of current?
Line to line fault.
9. In which fault the negative and zero sequence current are absent?
In three phases fault the negative and zero sequence current are
absents.
10. Write the boundary condition in single line to ground
faults?(Nov/Dec 2013)
The boundary condition are Va = 0; Ip=Ic=0
11. What is the boundary condition in line to line fault?
[ = 0; Ip+Ic=0; Vpb=Vc



12. Write down the boundary condition in double line to ground fault?
[.=0; Vub=0; V=0
13. Give the boundary condition for the 3 phase fault? (May/June-
2012)
lat+Ibt+1c=0;
Va=Vp=V,c=0.
14. Draw the condition of sequence networks for a single line to ground
fault at the terminal of an unloaded generator?
Connection of sequence network of an unloaded generator for line to ground

fault on phase a

I

15. Draw the connection of sequence network for a line to line fault at

the terminals of an unloaded generator?
Connection of sequence network of an unloaded generator for line to

ground fault on phase b and c.

al a2
.__)
L,—™
T
Z, g Ve
4

16. Draw the connections of sequence network for a double line to
ground fault at the terminal of an unloaded generator?
Connection of the sequence network of an unloaded generator for a double

line to ground fault on phase b and c.



Poed

P
»
o

— ‘ e
T+ Z o T-{»-
8
2'2 Vaz ZO Vao
3Z
\L'_ =

17. Draw the connections of sequence network for line to line fault
without fault impedance?

i

= £ ois =
=] 1 1 B
= 1 I =
-5} L
= 1 2
= i P, 5 o

s
2 —
g ! Y% '3
2. 1 Z, a2 1 q%:-
2 1 1 1 2

(o
© 1 - 1 2
= : =
o on
b=3 1 L D
= B e e il =

18. Draw the connections of sequence network for double line to line
fault without fault impedance?

L]
[
et
o
=

— =
T+ T+
ZZ Vaé ZO[] V..o
4 -

19. Draw the connections of sequence network for single line to line
fault without fault impedance? (April/May-2005)

o
L
- -

network

N
<
l‘_ <
F g

11

N

1
1
[

L

l””

negative sequence ZCr0 sequence
network

e | mmraimlm | mmraT ALY . aremtes =
N
‘ L“z,<—~)
TR
- e e o oo b

Positive sequence
network
_)
+
e - - - - - —. -d bk




20. Draw the connections of sequence network for single line to line
fault through fault impedance? (April/May-2005)

I,=1

—>
= e

Zo Z, I, Vao Jr 1.,
{ o 3

21. Draw the connections of sequence network for line to line fault
through impedance?

al +}a_l%f
Z
‘ IaI=' _Ial
’ +
22 a2

22. Draw the connections of sequence network for double line to line
ground fault through impedance?




23. Write the matrix notation of the operator which relates the phasor
the Va, Vy and Ve with Vao, Va1 and Vaz. (May/June-2012)

Va 1 1 1 VaO
Vp[=11 a* allVa
V. 1 a a?llV,

24. Write the symmetrical components of three phase system?
(Apr/May-2011, Nov/Dec-2015,May/June-2016)
The symmetrical components of three phase system,

e Positive sequence components.

e Negative sequence components.

e Zero sequence components.

25. List the symmetrical and unsymmetrical faults? (May/June-2006)
The three phase fault is the only symmetric fault.
The unsymmetrical faults are,
e Line to line fault.
e Line to ground fault.
e Double line to ground fault.
e One or two open conductor faults

26. What are symmetrical components? (Nov/Dec 2014)

An unbalanced system of N related vectors can be resolved into N
systems of balanced vectors. The N-sets of balanced vectors are called
symmetrical components. Each set consists of N vectors which are equal in
length and having equal phase angles between adjacent vectors.

27. What is meant by symmetrical fault? (Apr/May 2018)

The fault is called symmetrical fault if the fault current is equal in all the phases.

This fault conditions are analyzed on per phase basis using thevenin's theorem
or using bus impedance matrix. The three phase fault is the only symmetrical fault.

28. What is sequence operator?(Nov/Dec-2015)
We define a new complex operator a« which has a magnitude of unit and

when operated on any complex number rotates it anti-clockwise by an angle
of 120°i.e.1.120°=—0.5+j0.866

29. What are Positive sequence components?

The positive sequence components of a 3 phase unbalanced vectors
consists of 3 vectors of equal magnitude, displaced from each other by 120°
in phase and having the same phase sequence as the original vectors.

30. What are negative sequence components?

The negative sequence components of a 3 phase unbalanced vectors

consists of 3 vectors of equal magnitude, displaced from each other by 120°



in phase and having the phase sequence opposite to that of the original
vectors.
31. What are Zero sequence components?

The Zero sequence components of a 3 phase unbalanced vectors
consists of 3 vectors of equal magnitude, and zero phase displacement from
each other.

32. Draw the zero sequence networks of a generator when the neutral is
grounded and when it is ungrounded? (Apr/May 2017)

= |

— ] [ Z- 8 1, = < vEJ
Neutral is Neutral ground Neutral is ungrounded
solidly ground through reactance

33. What are the features of zero sequence currents? (May /June 2014)(Nov 2017)
e The zero sequence currents of all three phases are equal in magnitudes
and are in phase with each other.
e The zero sequence currents flow only through the faulted line to
ground via the neutral.
34. Write the symmetrical component currents of phase ‘a’ in terms of
three phase currents. (May /June 2014,May/June-2016) (Apr/May 2017)(Nov 2017)

1 1 1
IaO = §[Ia + Ib + IC]’ Ial = §[Ia + aIb + aZIC];IaZ - § [Ia + aZIb * aIC]

35. What are Sequence impedances and Sequence networks? (Nov/Dec
2014)Apr/May 2018)

The Sequence impedances are impedances offered by the circuit
elements to positive, negative and zero sequence currents.

The Single phase equivalent circuit of power system formed by using
impedances of any one sequence only is called Sequence networks for the
particular Sequence.

36. Derive the expression for neutral grounding reactance such that the
single line to ground fault current is less than the three phase fault
current? (Apr/May 2015)

Fault currentinan L— G fault IF_. = 3IE,|
L=G ™ 2X, + X, + 3X,
. . 3|E,|
Fault current in symmetrical fault ISym = X
1
3|E,| _3IE,|

| PR =
L=G symrox, +X, +3X, 3%,

2X; + X, + 3X,, > 3X;
1
3X, = §(X1 - X,)
X, = positive sequence reactance



X, = Negative sequence reactance

X, = zero sequence reactance

E, = Phase voltage
37. Give the reason why, the negative sequence impedance of a
transmission line as equal to positive sequence impedance of the line?
(Apr/May 2015) (Nov/Dec 2016)

For static devices such as transmission lines, the phase sequence has
no effect on the impedance, because the voltage and currents encounter the
same geometry of the line, irrespective of the sequence. Thus positive and
negative sequence impedances are equal.

i.e.,Z1=7Z»

PART-B
1. Explain about Symmetrical components. (Nov/Dec 2014)

The majority of faults in power system are asymmetrical. To analyze an
asymmetrical fault. An unbalanced three phase circuit has to be solved, by
using symmetrical component.

3 phase unbalanced current (or) voltage are transformed into three sets
of balanced voltage (or) currents called as symmetrical components.
GENERAL PRINCIPLES:

Any set of unbalanced 3 phases (voltage (or) current) can be transformed
into 3 balanced sets.

BALANCED SETS ARE:

1. A positive sequence set of three symmetrical voltage (all equal magnitude
and displaced by 120°) having same phase sequence abc as original set
detonated by Vai1,Vb1,&Ve1.

2.A negative sequence set of three symmetrical voltage having the phase
sequence opposite to that of original set and denoted by Va2,Vio&Vco.

3.A zero sequence set of 3 phase woltages, all equal in magnitude and in
phase with each other and denoted by Vao,Vbo&Veo.

Positive, negative and zero sequence set are known as symmetrical
components; 3 phase voltage obtained by adding symmetrical
components.



Ve =axtVqq Vpi=a?v,, Yoz~ Ve

Va = Va1+Va2+Vao
Vb =Vp1+Vb2+Vho
Vc =Vc1+V02+Vco

FORTESCUE’S THEROEM :
The fortescue’s theorem states that 3 phase unbalanced phasor of a 3
phase system can be resolved in to three components of balanced phasor.

Let Va, Vb, Vc be a set of three phase unbalanced voltage vectors.
Let Va1, V2, Vc1 = Positive sequence components of voltages.
Va2, V2, Ve2 = Negative sequence components of voltages.
Va0, Vbo, Vco = Zero sequence components of voltages.
Now the unbalanced voltage vectors are related to sequence

component voltages by the following equations.

Va 1 1 1 Val
Vp|=1a® a 1f|Va|-——————— 1
Vc a a? 1 VaO
v, = [Al[V,]
Val 1 1 a az Va
Va2|=3[1 a® a|[Vp|-——————— 2
Vao 1 1 1 VC
1 2
V= 3 [V, +aV, +a°V,]
1 2
Vy, = 3 [V, +a“V, +aV,]
1
Vo = §[Va +Vy+ V]
Vpy =a?V, &V =aVy — —————— 4
Vi, =aV, &V, =a*V,, — ———— —— 5
a=12£120®a? =1£240°—— — — — — — — 6

Let I, In, Ic be a set of three phase unbalanced current vectors.
Let la1, In2, Ic1 = Positive sequence components of Currents.
a2, In2, Ic2 = Negative sequence components of Currents.

la0, Iro, Ico = Zero sequence components of Currents.



Now the unbalanced currents vectors are related to sequence

component Currents by the following equations.

I 1 1 17[lao
Ll=1 a? a|lly|—-——>———- 1
I 1 a a%lll,
IaO 1 1 1 1] Ia
Li|=3]1 a a||h|——————-— 2
Iaz 1 a* al Ic
Lg=lpo =l ——————— 3
I, =a%l, &l =al,; ——————— 4
Ipy = alpp&l, =a’ly, —————— - 5
a=1£120®a? =12240°— - — — — — — — 6

2.SEQUENCE IMPEDANCES AND NETWORKS OF SYNCHRONOUS
MACHINE:

An unloaded synchronous machine (generator (or) motor) grounded
through reactor (impedanceZ,).
E,, E, and E. — induced Emfs of the three phases when fault takes place at
machine terminal,
I,,Iyand I - Line current. Whenever fault involves ground current Iy =1, +
I, + I, flow to neutral from ground via Zy,
Unbalanced line current can be resolved into their symmetrical components
Ial + Ia2 + IaO'

141,

POSITIVE SEQUENCE IMPEDENCE NET WORK:
Synchronous machine having symmetrical winding, if induces E =~ MF of
positive sequence only.[no negative, zero sequence voltage induced in it]
when the machine carries positive sequence current only. This mode of
operation is balanced mode.

Sub transient reactance (X,)

Transient reactance (Xy)

Steady state reactance (Xy)
Positive sequence impedance of the machine is

Z, = jXj (if 1 cycle transient)
= jX4 (if 3-4 cycle transient)



= jX4 (Steady state value)
Positive sequence voltage of terminal a with respect to reference bus
V

al — Ea - leal

" -]T—‘Ll' RFeaf bus

E
= Fal

Z1

NEGATIVE SEQUENCE IMPEDANCCE AND NW:

Synchronous machine has zero negative sequence induce voltages with flow
of negative sequence currents in the stator a rotating filed is created which
rotates in the opposite direction to positive sequence field.

Double synchronous speeds with respect to rotor current at double the
stator frequency are therefore induced in rotor Field and damper winding.

In sweeping over the rotor surface the negative sequence MMF is alternately
presented by the machine with consideration given to the damper windings.

X, + Xy
Zz :q—; |Zzl < |le

2
Negative sequence voltage of terminal a with respect to reference bus
Vaz = —Z,1,;

ZERO SEQUENCE IMPEDANCE AND NETWORK:

There is no zero sequence voltage are induced in a synchronous machine.
Flows of zero sequence current create three MMF which are in time phase
but distributed in space phase by 120°. The resultant air gap field caused by
zero sequence current is zero.

Rotor winding present leakage reactance only to the flow of zero sequence
currentZ,, <7, <7,

Zero sequence voltage of terminal a with respect to ground (ref bus)
Current flowing the impedanceZ, between neutral& ground is I, = 31,
VaO = _3ZnIaO - ZOgIaO

=—(3Z,1, + Zog)la10 Z,, — zero sequence impedance per phase

g

10



Total zero sequence impedance
Zo = 3Ly + Zog
Zero sequence voltage of point a with respect to ref bus
Vao = ~Zolag 3Ea9 =0

Zero sequence neiwork
of a generator

3. What are the assumptions to be made in short circuit studies?
(May/June-2016)(Nov/Dec 2017)

(i) The normal loads, line charging capacitances and other shunt
connections to be grounded are neglected. This is based on the fact that the
faulted circuit has predominantly lower impedance than the shunt
impedances. The saving in computational effort as a result of this
assumption justifies the slight loss in accuracy.

(ii)the generator is represented by a voltage source in series with a reactance
that is taken as the subtransient or transient reactance. Such a
representation is adequate to compute the magnitudes of current in the first
3-4 cycles after the fault occurrence.in addition,all these voltages are
assumed to be equal.

(iii)All the transformers are considered to be at their nominal taps.

(ivithe resistance of transmission lines are smaller than the reactances by a
factor of five or more,they are neglected.this obviates the need for complex
arithmetic and the system will then consist of voltage sources and
reactances only.

4.A 25MVA,11KV, three phase generator has sub transient reactance of
20%.the generator supplies two motor over a transmission line with
transformer both ends as shown in one line diagram. The motor have
rated inputs of 15 and 7.5 MVA, both rated 10KV with 25% sub
transient reactance the three phase transformer are both rated 30
MVA,10.8/121 KV, connection.

A — YWith leakage reactance of 10% each, series reactance of line is
1009.

Draw the positive and negative sequence network of the system with
reactance marked in p.u.

Assume the negative sequence reactance of each machine is equal to
sub transient reactance. Select generator rating as base on generator

circuit. (Apr/Mmay 2018)
Given Data:

11



T, P " 15MVA

25MVA T, .
E 10002

11kv,m%©_._§$ . | | F 3¢ G —-—-(:)mkv,zs%
¢ Y

| Transmission line | 3 Q
\E A Ya A A @?.SMVA
E 30MVA, i0% 10KV, 25%
IOMVA, 10% ’
10.8/121kV 12.1/108kV E

To find:
Positive sequence, negative sequence

Formula used:
MVA, . KV, ew 2
Z = ZOld X <—ne > X ( ne >

new MVAold KVold
MVA
Zoew= LZX KV)?
Z,= 37,

Solution:[Base Value 25MVA ,11KV]

121
Transmission line voltage = 11 X 108" 123.2KV

Motor voltage Base = 123.2 X H = 11KV
Reactance of transformer, transmission line and motor converted to

p.u.base.

MVA KV
Transformer reactance T;; Z, o = Zoig X ( new) X ( new)
l\/IVAold KVold

—01x <25> (10.8)2
B 30 11
=0.0803pu

MVA
Transmission line reactance = 7Z X ——
(KV)?

=100 X ———
(123.2)2

=(0.164PU
MVA KV,
o . ¢ tor 1:.7 —7 % ( new) x ( new)
eactance of motor new old MVA, 4 KV, 14

25\  /10\2
=0-25 % (7)x (53

11/ 7 \11
=0-344 pu

MVA KV
React ¢ tor 2:.7 -7 X(ﬂ)x( new)
eactance of motor new = “old ™ \yyp KV, 4

=0-25 (755) < (3)

=0-69 pu

12



EE. _ Em2

j0.2 i0-69 497 0.69
Positive sequence reactance Negative sequence reactance

Negative sequence reactance is equal to positive sequence reactance
omission of voltage source.

S5.Draw the zero sequence network for the system .Assume zero
sequence reactance for generator and motor of 0.06pu. Current limiting
reactance of 2.5Q each are connected in neutral of generator and motor
no:2,the zero sequence reactance of transmission line is 300Q.

MVAnew> o (KVnew>2
MVAold KVold

25 10.8\?
=01 x(2) % (50)
30 11

= 0.0803 Both T,and T,

Zero sequence reactance of Transformer T;;Z, .., = Zgq X (

Generator reactance given by 0.06

MVA KV 2
Zero sequence reactance of motor My;Z, o = Zojg X ( new) X ( new)

1VIVAold Kvold
= 0- 06 (22) (12
B 15 11
=0-082pu

MVA KV 2
Zero sequence reactance of motor My;Z, o = Zog X ( "ew) X ( new)
MVAold KVold

—0-06x (22) x (2
B 7.5 7.5

=0-165pu
React f t limiti tor = z X MVA
eactance ol current imiting reactor = 7 (KV)Z
=2-5xX 25
B 112
=0-516PU

current limiting reactor in zero sequence networkZ, = 3 X Z,
Z,=3x0-516PU
=1.549 pu
MVA

KV?2

25
=300 X ——=— =0.494 PU
(123.2)?

Zero sequence reactance of transmission line = z X

13



j1.548 -9 j1.549

i0.06 j0.165

j0.0803 [j0.494;0.0803

6.Power system network shown in Fig. Draw zero sequence networks
for this system.[Nov/Dec-13]

Tq

220KV T2
© = — 2E—®
A Y1 & 3ohm
—  11/220kv 220/11kv =

Given Data:
G, = 50MVA,11KV,X, = 0.08 pu
T, = 50MVA,11/220KV,X, = 0.1pu
G, = 30MVA,11KV,X, = 0.07 pu
T, =30MVA,11/220KV, X, = 0.09 pu
Zero sequence impedance of transmission line is 555.6Q
To find:
Draw the zero sequence reactance diagram.
Formula used:
MVA

Zpu =zZX W

Solution:
Base MVA = 50
Base voltage = 11KV For LT side
= 220KV For HT side

P.u.imped ft ission li -Z—XMVA
.u.impedance of transmission line ;Z,,, = z V)2
= 555.6 X >0
~ T T (220)2
=j0.547pu
MVAg
P.u.Reactance of T, = X, X
MVA, ¢
—009><50—'015
=0. 30 10
P.u. React f T = X, X Vg
.u.Reactance of T, =Xo X yva,.
=0.1x 0 j0.1
=0.1x=5=10.
MVAg
P.u.Reactance of G, =X, X
MVA, ¢
—008><50— j0.08
=0. =g =10
MVA;
P.u.Reactance of G, =X, X
MVA, .

14



—007><50—'0117P
=0. 30—]. UL
MVA
(Kv)2
7. =3X >0 =1.239
o 1Dz
Z,=3x1Z,=3x1239=3.72

Zero sequence reactance diagram:

Impedance of neutral reactor Z, = z X

08 i3.72

0.117

—0000 ~2000 ——f—— 2000 - o

j0.1 j0.574 j0.15
7 .Derive an expression for total power in a three phase system in terms
of sequence components of voltage and currents [Nov/Dec-2012,2015]
Power invariance of symmetrical components:
The symmetrical components of transmission line is power invariant, which
means that the sum of powers of the three symmetrical components equal
the three phase power.
Total complex power in a three phase circuit is.

S=P+jQ = VpT Ip

=V, I + VI + VI
S = [AVg]T[AV,]*

= Vg ATA"I§
[1 a2 alf1 1 1
ATA* =1 a a2|la a% 1
1 1 11?2 a 1

[1 0 O

=310 1 0

0 0 1

= 3[U]; U = unity matrix
S=P+jQ=3VJ VI
=3V I}
= 3Va1la1 +3Vaplay +3Vyel5
= Sum of symmetrical component powers
= 3[per phase positive sequence complex power]
+ [per phase Negative sequence complex power]
+ [per phase Zero sequence complex power]

This is the transformation from 3-phaseunbalanced system to

balanced symmetrical components system is power invariant.

15



8. Discuss in detail about the sequence impedance of transmission
lines [Nov/Dec-12]

A fully transposed line carrying unbalanced currents, the return path

for I,,is sufficiently away for the mutual effect to be ignored.

Ia

x < [,
| ;QE?“’ T .
[Eammw—

T
I In=Ia+Ib+Ic

X, = Selfreactance of each line
X, = mutual reactance of any line pair
Apply KVL:
V,— V, =X, + jX, Iy + X L
Vy = Vp = X L +5X 1y + X L
V= Ve =X L, +iXpl, +iXle

In matrix form

Va Vijl XS Xm Xm Ia

Vo |- Vl; =] Xn X Xm] Ib]

Vc Vc, Xm Xm Xs Ic
Vp - Vp =1lp

A(Vg— Vg) = ZAIg
(Vg — Vg) = A1ZAlg

1 1 aZ da jXS ij ij_ 1 1 1

ATZAIS=_ 1 da a2 X ]Xm ]Xs ]Xm [a az 1]

1 1 1 K Xm Xslla2 a 1
v,1 [Vi] X =X, 0 0 1]
V= [v,[=] o Xs — X, 0 I,
Vol v 0 X + 2X,, 11, ]

0
Z, 0 07fl,
0 0 Z,JlI,

Z, = j(Xs — X, ) — positive sequence impedance
Z, = j(Xg —X,,) — Negative sequence impedance

Zo = j(Xg + 2X,,,) — Zero sequence impedance



We conclude that a fully transposed transmission line has:

1.Equal positive and negative sequence impedances,

2.zero sequence impedance much larger than the positive (or negative)
sequence impedance it is approximately 2.5 times.

Z1 Z1 z0
v vi v vz VO vo
Ref bus Ref bus Ref bus
positive sequence network Negative sequence network Zero Sequence network

If the mutual wire has an impedance Z, than

Z,=17,=Xs —X_,

Zy = Xg + 2X,, + 3Z,
9 . Analysis of line to Ground fault
Draw the sequence network connection for a single line to ground fault
at any point on a power system and obtain the expression for fault
current. (Nov/Dec 2017)(Apr/May 2018)

Consider a L_G fault on phase a through fault impedance Z; shown in fig

a Va
¥ e

b Vb

VW 1b=0

Vv
W Ie=0 ©
L_Zf

Boundary conditions:

V, = Z'1,[voltage at fault point]

Transformation by symmetrical component

Ial 1 1 a a2 Ia

| = 3|1 a? alllb=0

IaO 1 1 1 Ic =0
1

la = lag = lag = 3la v v (1)
I, = fault current = 3L,
vV, =27,
Vg +V,+ V=312 ... (2)

17



Connection of sequence networks:

Ial=Ia2=Ia0

3Zf

Fault current I, = I; = 31, = 31, = 3],
3E,

L =1 =
a7 47, + 7, + 37

=~ Fault per phase voltage,V, = 31, Z¢
= 31,Z;

3E,
Va:(z 7 )Zf
Y7, +Z, +3Z;

From the interconnected sequence network,
V.

a
Vaz = _IaZZZ yBy = 0
VaO =_IaOZO;Ea =0

1 =Ey 1174

Voltage of healthy phase (b& c) can be found as
Vi, = Vi1 + Vi + Vi
Ve=Ve1 + Ve + Voo
V.=aV, +a?V,+V,

Line voltage are given by

Vbc = Vb - Vc
Vab = Va - Vb
Vca = Vc _Va

10.Derive the necessary equation to determine fault current for a line-
to-line fault. Draw a diagram showing the interconnection of sequence
networks [nov/Dec-13,May/June-2016] (Nov/Dec 2016)(Apr/May 2017)



Analysis of L-L fault

Line to Line fault at F in a power system on phase b and c through fault
impedanceZ; shown in diagram .

a

i v
a
¢1a=0

RN

Ve
Ic t j' Ib

zf
Boundary conditions:
I,=0
I, =—1L
V, — V., =21,
Fault current I = I,

Transformation:
The symmetrical components of fault current are:
a?|[ 0
- [ 14
11 L=

a

3
1
=§(a —a?)l,
1 2
1
=3 (a? — a)l,
Ly = =Ly oo (1)
[,o,=0

1
L, = §(C1 —a?l,
=—{(—-0.5+j0.866) — (—.5—j0.866)I,}
[j1.732]1,

Il
[ SN SN SUY SN

i ()

Ial - \/’glb
\/B_Ial = ij

I, = —jV3 Iy e eee e e o (2)

The symmetrical component of voltage at fault point F
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Val 1 1 a 0.2 Va
Va2 ==-1 Cl2 a Vb
Vao 1 1 14V =V, =%,

1

1
3V, = [V, + (a + a®)V, — a®Z, ]

1

1

3V, = [V, + (a® + @)V, — aZ,
3[Var — Vgl = (a— Clz)Zflb
Sub I, = —jv/3 1,
3[Vay = Vool = (@ — a®Z(—V3 1)
= (—0.5 +j0.866) — (—.5 — j0.866)Z(—jV3 I,,)
3[Var = Vaol = j\/ng(_j‘/g I:;11)
3[Var — Vo] = 3Z¢ 1y

Vi = Vol = Ze Lg oo eee e (3)
Interconnection

The equation 1 and 3 suggest the parallel connection of positive, negative
sequence network through fault impedanceZ;

I,o = 0 zero sequence network is unconnected.

Fault current I, = —j+/31,

b = _]\Ezl + 7, + 7
Var = Ear = laaZy
Vaz = = LppZy5Eqp =0
V,o=0
Va = Val + VaZ + VaO
V, = a?V,, +av,, + V,,
V.=aV, +a*V,+V,
11.Derive the sequence network connection for a double line to ground
(LL-G) fault at any point in a power system and from that obtain an
expression for fault current [NOV/DEC-2012,May/June-2016](Nov/Dec 2017)

22



Double line to ground fault at F in a power system, the fault has impedance
Z; as shown.

a F
&Ia.=0
b
) \
Ic ~|v b 3120

Boundary conditions:
Current and voltage (to ground) conditions at fault are I, =0
Ial + I:;12 + IaO =0
V, = V.= (I, +1.)Z;
Fault current I; = I, + I

Transformation:
I[,=0Means I, +1,, +1,,=0
1
Io = §[Ia +I+ 1] (D)
1 1
=§[Ib +IC] =§If
If == 3130 peraes oaes aes (2)
Sequence component of voltage are,
Val 1 1 a (12 Va
Vaz| =511 a2 al|W
Vao 1 1 1LV
1
Vo = 3 [V,+ (@a+a®)Vp] oo o (3)

1
V,, = 3 [V, + (a? + a)V, ]

1
Vao =3 [V, + 2V, ]
1
Vio— Va1 = §{[va + 2V, ] - [V, + (a+ a®)V, I}
1
- § [va - (Cl + az)Vb]
1 2
1
= 5[2 — (—0.5+j0.866) — (—0.5 —j0.866)]V,
1
= 3 [2+0.5—j0.866 + 0.5 +j0.866]V,
1
=3 [31Vs
VaO - Val = Vb
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If == 3130

LY
f— Zf
Vo — Vi =310 Z¢ oo eve e . (4)

The above equation 1,3,and 4 suggest the interconnection of sequence
network is

lﬂ

0

—> e
T g Ts
g0
V.IQ Z'-7 Va()
3Z,
- =

From interconnected network, the thevenin’s equivalents

L, = E
A 7.+ Z,/] 7+ 3Z
- Z,XZy+3Z¢
Z,+ (zz+zo+3zf)
Val = Ea - IalZl
VaZ = Val
Vaz = Ea - Ia2 ZZ
. = _E
, =
a ZZ
I I £,
= — X——mmmm
az a7, +Zy + 3%
Vao = —LaoZo

Va = Val + Vaz + VaO
V, =a*V,, +av,, +V,
V.=aV, +a*V,, +V,,
Vo =V, = I¢Z;
Similarly

LL=1,+1,+L,=0

I, = a®l,, +al, +1,,

I. =aly, +a®l,, + L,

12.A 30MVA, 11lkv, 3Phase synchronous generator has a direct
subtransient reactance of 0.25 p.u. the negative and zero sequence
reactance are 0.35 and 0.1 p.u respectively. The neutral of generator is
solidly grounded. Determine the subtransient current in the generator
and the line to line voltages for subtransient conditions when a single
line to ground fault occurs at the generator terminals with the
generator operating unloaded at rated voltage. (Nov/Dec-2015)

(Nov/Dec 2016)
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Given Data
E,=1p.u
Direct subtransient reactance X; = Z, = j0.25 p.u
X, =Z, =035 p.u
Xy =Z,=ij0.1p.u

Zf: 0
Formula used:
3E,
Faul currentl; =, =

Zo+Z, +Z, + 3%

=1 = 3x1.0 = —j4.2857

f= 7501 +j025+j035+0 ) <92/ PU

MVA 30
Base current = ——23¢ % 103 = —— x 103 = 1574.59A

V3 X KVp,q. V3x 11

Faul current in A = Faul current in p.u(l;) X Base current
Solution:
Faul currentin A | I¢| = 4.2857 x 1574.59 = 6748.22A

The symmetrical components of the voltages from point “a” to ground are:
E, 1.0 .

=l = T 37, j01+j025+ 035 4%8epu

Vo = —10Zy = —(j0.1)(—j1.4286) = —0.143 p.u

V,, =E, —1,Z, = 1.0 — (j0.25)(—j1.4286) = 0.643 p.u

V,, = —1,Z, = —(j0.35)(—j1.4286) = —0.50 p.u
Line voltages are
V,=V,,+V,,+V,,=-0143+0.643—-0.50=0
V, =V, + a?V,, +aV,, =—0.143+ 14 —120° X 0.643 + 12 120° X (0.50)

= —0.143 + (—0.5-j0.866) x 0.643 + (—0.5 + j0.866) x (—0.5)
=—0.215—j0.989 p.u
V.=V, +aV,, + a®V,, = —0.143 + 12 120° X 0.643 + 1£ —120° x (0.50)
=—0.143 + (—0.5+j0.866) x 0.643 + (—0.5 — j0.866) X (—0.5)
=—0.215+j0.989 p.u

Line to Line voltages are:
Vop =V, -V, =0—-(-0.215-j0.989 p.u) = 0.215+j0.989 = 1.012£ 77.7°
Ve =V, = V.= (—0.215-j0.989 ) + (—0.215 +j0.989 ) = 0 + j1.978 = 1.978~/ 270°
Ve,=V.—V,=(-0.2154+j0989 )+ 0 = 1.012« 102.3°
The above line voltages are expressed in per unit of the base voltage to
neutral. Therefore, the post fault line voltages expressed in Kilovolts are.

I2310

11
V., =1012£77.7° X —=6427,77.7°KV
ab \/’g

11
V,.= 19782 270° Xx —=12.562/270°
bc \/’g

11
V., =1012Z 102.3° X \/_§ = 6427/ 102.3°
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13.Two 25 MVA, 11 KV synchronous generators are connected to
common bus bar which supplies a feeder. Star point of one of the
generator is grounded through a resistor of 1 ohm while that of other is
isolated. A line to ground fault occur at far end of feeder. Determine (i)
fault current (ii) voltage to ground of sound phase of feeder (iii) voltage
of star point of grounded generator with respect to ground.

Given data:

Sequence impedance Generator Feeder
Positive Sequence —jo0.2 j 0.4
Negative Sequence —j 0.15 j 0.4

Zero Sequence —j 0.08 j 0.8

L— . Feeder @
Iﬂ, L-G Fault
Yy O—

25MVA
11KV
Solution:
MVAg; = 25, KVz =11
MVA
R,=Zx KV)? =1 XW = 0.2066 PU
Feeder reactance in PU
iy MVA :
Positive sequence = Z X KV)? =j0.4x 102 =j 0.0826 PU
) MVA 2 .
Negative Sequence = Z X m =j04x m =j 0.0826 PU
A 25 )
Zero Sequence = Z X W =j08x @ =j0.16528 PU

Positive sequence network
jo.2

0.0826

£ TTTT™

jo.2

=y

Z1=j0.1826

Negative sequence network
j0.15

i 0.0826

j0.15

=>

§0.1376=Z2

Zero sequence network
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i0.08 3Rn=0.6198

b !
oono™ W jol 1652
j0.08 Y

e 0.6198+j0.24 =Z0
e T - — 0.666<21.61

For L — G Fault the sequence network connected in series
E 140
b2 = o = 7 7 17,0182+ 01576 + 024 + 0.6198
=1.1774£—-43.10 p.u
Fault Current I;= 31, =3 x 1.177£ —43.10 = 3.533/ — 43.10 p.u
=3.533/ —43.10 p.u
Var = Eay — 124
=1,0—- (11772 — 43.1)(j 0.1826)
=0.8674/—10.42
Vaz = —lazZ;
=—(1.177£—-43.1)(j 0.1576)
= (0.1854 £ 46.9
Vao = —lagZo
=—(1.1774 - 43.1)(0.6198 +j0.24)
=—(1.1774£ —43.1)(0.6646221.167)
=0.782 £158.06
s~ Vy=a?V,,+av,+V,
=1/240x%x0.8672—-10.42 + 1120 x 0.1854/46.9 + 0.782/158.06
=1.50384—-167.48 p.u
Ve =aV, + a?V,, + V,,
=1/120x%x 0.8674 — 1042 + 1240 x 0.1854246.9 + 0.7822158.06
=1.339/1359 p.u
Voltage of star point of grounded generator w.r.t ground
=3I, xR, = xR,
=3.5334—-43.10 x 0.2066
=0.72994£—-43.1 p.u

Ial -

14.A 33KV bus bar has a 3 phase fault level of 1000 MVA. The negative
and zero sequence source reactance’s are 2/3 and 1/3 of positive
sequences reactance. The zero sequence resistance is 60 Q. A 30 MVA,
33/132 KV solidly ground A/Y transformer having a reactance of 0.1 of
p-u is fed from 33KV bus. Find fault current and fault MVA at 132 KV
bus for following faults (i) 3 phase fault, (ii) Single line to ground (iii)
Line - to - Line (iv) Double line to ground fault.

Given Data
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SONW A

as 3313 2KW

2.

Fault level = 1000 MVA,
Formula used:

KV)?
(i) (KV) (DI =
MVA V3xV
\%
(1) 3(]) fault, I = i
N o . 3E,
(ii) Single line to ground fault, [f=c0—"F—
2, +72,+1Z,
3E
(iii) Line — to — Line Fault, I; = V3E,
Z,+7Z,
7,(Z,+ 3Z
(iv)Double line to ground fault = — + 2(Zo 2

Z, Z,+ (Zy+3Z)
Solution:

Let MVA; = 30MVA
MVA

Fault Level 1000

Positive Sequence reactance of source = = 0.03 p.u

2
Negative Sequence reactance of source = 3 X 0.03=0.02 p.u

1
Zero Sequence reactance of source = 3 X 0.03 =0.01 p.u

KV)2  (33)?

MVA 30 = 36.3 Q

Base impedance on 33 KV Side =

6
Zero Sequence resistance of source = 363 = 1.653 p.u

Base current for 132 KV side
P 30 x 10°

= = =131.22 A
V3xV /3x132x103
Sequence diagram
X, =j0.13
jo.o1
1.653
- ve Ssequence XZ — io. 12 | ZETO Sequence

(a)3 ¢ fault:
X, =j0.13



30
Fault MVA = — — = 230.77 MVA
a 013

\Y% 1
Fault Current = x= ]0—13 = 7.692 p.u
Actual Fault Current = [, , X Ipaqe
=7.692 x 131.22
=1009.34 A
(b)Single line to ground fault
B 3E, B 3x1£0
le= Z,+Z,+7Z, j0.13+j0.12+j0.1
Actual Fault Current I = I; XI5,
=8.571 x 131.22
=1124.7 A

Fault Level = V3x V X |
=3 x 132 x 103 x 1124.7
=257.14 MVA (or)30 x 8.571 = 257.13 MVA
(c)Line — to — Line Fault
- V3E  V/3x1L0
77, +7Z, j0.13+0.12)
I=1x Iz =6.928x 131.22 = 909.1 A
Fault Level = /3 x V x I
=+/3x 132 x 103 x 909.1
=207.84 MVA (0r)0.30 X 6.928 = 207.84

(d) Double line to ground fault
E
[Zl zz(zo+3zf)]
Z,+Zo+3Z¢

— 120 ~
~foas - 2y - P

j0.12+j0.1
=5419x 131.2 = 711.08 A
Fault Leve = V3 X V X 1
=v3x 132 x 103 x 711.08 = 162.57 MVA

= 8.571

= 6.928 p.u

15.A 50 Hz,13.2 KV,15 MVA, alternator has X, = X, = 20;X, = 28% its neutral
is grounded through a reactor of 0.5Q. Determine the
symmetrical rms current in the grounded and in line C, when LLG Fault
occurs on a phase b and c, the generator voltage is 12KV before the

fault takes place.
Given data:

Alternating rating: 50 Hz,13.2 KV, 15 MVA
X, =X, =20,X, =8%
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Z, =050

To find:
X L L]
Formula Used:
_ MVA _ E,
o = X vy Ia_xl+(M)
X, +X,
Vai = Eq — 12y
Vaz = — 122,
Vao = —la0Zo
[.=al,; +a®l, + 1, ; I =3 %1,
Solution:
MVAg = 15,KVp = 13.2 (Alternating rating)

X =17 XMVA—OSX( 15 )—0043
n= gz T U M \(z)z) T e P

Sequence Network:

e
Z0+3Xn
O 2 o
— 0.2 0.08+3*0.043
— =0.209 p.u
Ial Ia_2 IaO

: 12 0909 Actual Value
=—=090. W= ——"
a 132 p Base Value
1 E, 0.909 3 00
) — = = —] . p-u
" oz + 22039 ~ 03022
(0.24+0.209)

V,, =E,, —1,Z, = 0.909—3.00(j0.2) = 0.309 p.u
V,, =V,, = 0309 p.u

V,, 0309
Vo = —lapZy; 1y = _Z_z = ]0—2 = j1.545 p.u
V.o = Va = 0309 p.u
Voo 0.309
Vao = _IaOZO ; Iao = —Z—ao = —m = ]3.863 p-u

Fault Current in Line C:
I. =al,, +a’l, + L, = (—0.5+j0.866)(—j3) + (—0.5 — j0.866)(j1.545) + (j3.863)
=6.046/ 49.38
MVA 15 x 10°

T V3xKV /3x13.2x103
I. = 6.046 X 656.07 = 3966.65 A

= 656.07 A

IBase



Fault Current in the Ground; I, = 31, = 3 X j3.863 = 11.589.£90°
I, =11.584 X 656.07 = 7603 A
16.A star connected generator has sequence reactance’s X, = 0.09 p.u.
X;=0.22p.uandX, = 0.36 p.u. the neutral point of the machine is
grounded through a reactance of 0.99 p.u the machine is running on no
load with rated terminal voltage when it suffers an unbalanced fault.
The fault with respect to phase ‘a’ line to neutral voltage.
Determine:
(i) Terminal voltage in each phase of machine w.r.t ground.
(i) Voltage of neutral point of machine w.r.t to ground.
(iii) Type of fault from the result.
Given Data:
Generator reactance; X; = 0.22,X, = 0.36,X, = 0.09,X, = 0.99 p.u
Currents are: [, =0, I, =3.752150, I.=3.752 30
Formula Used:

1
L, = 3 [, + al, + a®1.]

1
I, = §[Ia1 + a?l, +al,]

Va = Val + VaZ + VaO
V, =a?V,, +av,, +V,,
V.=aV,, + a?V, +V,,
V=3I,,X,

Solution:

Sequence components of fault current:

Ial 1 1 a Cl2 Ia
Lo| = 3|1 a? alll
IaO 1 1 1 Ic

1
I, = §(Ia + al, +a?l.)
1
=3 [0+ (1£120)(3.75)£150) + (1£240)(3.75£30)]
=0 —j2.5p.u

1
IaZ = §(Ia + ClZIb + Cllc)
1
=210+ (12240 3.75) £ 150) + (120 x 3752 30)] = j1.25 p.u

1
Lo = §[Ia +1, +1.]=[0+3.75£150+ 3.75/30] =j1.25 p.u

Sequence Component of voltage at fault:
Vyu=E-1,Z,=1Z 0—j2.5(j0.22) = 0.45 p.u

V,, = —1,,Z, =—j1.25£(j0.36) = 0.45 p.u
V.o = —1,0Zy =— (j1.25)[j0.36 + 3 x 0.09] = 0.7875 p.u
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V, =V,, + V,, + V,o = 0.45 + 0.45 + 0.7875 = 1.6875 p.u
V, = a?V,, +aV,, + V,, = 0.45/ — 120 + 0.45./120 + 0.7875 = 0.3375 p.u
Vo= aV,, + a?V,, + V,, = 0.45/120 + 0.45/ — 120 + 0.7875 = 0.3375 p.u
(ii)Voltage of neutral w.r.t ground:
=31, Xo
=3 x1.25x%x0.09

= 0.3375 PU
(iii)V, = V, = 0.3375 Itis LLG Fault

17.A 3 phase generator is rated 20MVA, 13.8 KV and has direct axis sub
transient reactance of 0.25 p.u. The negative and zero sequence
reactance are 0.35 p.u and 0.1 p.u respectively. The neutral of
generator is solidly grounded. Determine the sub transient current in
generator and line to line voltage for sub transient condition when a
single line to ground fault occurs at generator terminal neglect
resistance and assume no load condition. (Apr/May 2017)

Given data:

Generator rated:20 MVA,13.8 KV, X, = 0.25,X, = 0.35,X, = 0.1

To find: fault current, line to line voltage at line to ground fault occurs.
Formula used:

I, = L' [ =1 =3I
al Zl + Zz + ZO ’ f a al
Val = Ea - Ialzl Va = Val + Vaz + VaO
Vaz = _IaZZZ Vb = Clzval + ClVaZ + VaO
VaO = _IaOZO Vc = Clval + azvaz + VaO
Solution:
E 120

a
1= 7, %7, j025+)0.35+j0.1
=1, =31, =3 xjl43 = —j4.29 p.u
P 20 x 10° B
V3XV V3x138x103
[ =15 X1, =837 x —j4.29 = —j3590A
V,, =E, —1,Z, =12£0—(—j1.43 xj0.25) = 0.643 p.u
V,, = —1,,Z, = —(—j1.43 x j0.35) = —0.5p.u
Vo =—1,0Zy = —(—j1.43 X j0.1) = —0.143 p.u
Line to Ground Voltage are :
V,=V,+V,+V,, =0643—-05-0.143=0
V, = a?V,, + aV,, + V,, = 0.643(—0.5 — j0.866) — 05(—0.5 + 0.866) + (—0.143)

= —j1.43 p.u

837A

IBase =
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=(—0.2165—j0.99)p.u
Line to Line Voltages:
V,, =V,—V, = 0—(-0.2165—j0.99) = 1.01£ 77.7° p.u

Vpe =V, — V. = (=0.2165 — j0.99) — (—0.2165 + j0.99) = 1.980.£ — 90° p.u
V.,=V.—V, = —0.215+j0.99 = 1.01.£ 102.3° p.u

Post Fault Line Voltage:
13.8
V., =101£77.7° x—=8.05£77.7
ab \/’g
V.. = 1980/ —90° X 138 _ 15.784 —90°
bC . ﬁ .
, 138
V., =1.01£102.3° x f = 8.052102.3 KV

20.A synchronous generator has following reactance’s.
X, =60%
X,=25%
X;=15%

(i) Calculate the percentage reactance to be added in the generator
neutral such that the current for L.G faults does not exceed 1 p.u.
(ii) Calculate value of resistance to be connected in the neutral to
achieve the same purpose.

Formula Used:

3E
i I(L—G) =3I, = -
(l) f( ) al Zl+Z2 +Zo +3Xn
Solution:
- 3a1£0 B 3
j0.6 +j2.5+j0.15 +j3X, j1.0 +j3X,
3
1=+
j(1.0 +j3X,)
j(1.0+j3X,) =3
3X, =3-1.0
2
X, = 3= 0.66 p.u
3 3E
(ii) 1=- = -
j1+3R, Z,+2Z,+Z,+3R,
3R, +j1=3
/1 +9R?=3
14+9R; = 3°
9RZ2=9-1
8
Ri=35
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8
R, = \/; = 0.9428 p.u

=94.28 %
18.Two 11 KV,20 MVA, Three phase star connected generators operate in
parallel as shown in figure. The positive, negative and zero sequence
reactance of each being j0.18, j 0.15, j 0.10 p.u respectively. The star
point of one of the generators is isolated and that of the other is
earthed through a 2.0 () resistor. A single line - to - ground fault occurs
at the terminal of one of the generators.
Estimate (i)Fault Current (ii) Current in grounding resistor, &
(iii)Voltage across the grounding resistor. (Apr/May 2017)

Ia
Rn=2 ohm —
a1 G ——
\I —
i L

Given data:

11 KV,20 MVA (Each)

Positive, Negative and Zero sequence

Reactance are : jO.18,j0.15,and jO.10 PU

Grounding resistor R, = 2.0 Q

To find:

(1)1, (ii) Current in grounding resistor, (iii)Voltage across the grounding resistor
Solution

Two identical generators operate in parallel

j0.18 j0.15
== =j0.09, X504 = =5 =j0.075

leq —

Star point of second generator is isolated; zero sequence reactance does not

come in to picture.
_2xMVA  2x20

" (KV)?2 T (11)2
Zoeq =J0.10 +3Z,;
=j0.10+ 3 x 0.3305
Zoeq = 0.99 +j0.1

= 0.3305

3E,
Xleq + XQeq + XOeq
B 3E, B 3
~j0.09 +3j0.075+0.99 +j0.1  0.99 +j0.265
I, = 2.827 — j0.756
(ii) I, = 2.827 — jO.756 = 2.927/ — 14.98

(i) =1 =3I, =
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MVA

[ =2027 X ———
f V3x11

=2.927x = 3.07 KA

V3x11

(iii)Voltage across the grounding resistor = R, X

MVA _ 20 _ 40
(12 77 (11)2 (40)2

=0.3305
V=IR,
=0.3805(2.827 — j0.756)
=0.934 —j0.249
11
=0.967 X —

V3
= 6.14KV

19.A generator supplies a motor through a Y- A transformer. The
generator is connected Y side of transformer. A fault occurs between
the motor terminal and the transformer. The symmetrical components
of current in the motor flowing towards the fault are

Given data:

T
O—+—= E=—+®@
TG ¥

Ta1 = & [a1
Iaz —M» €« lacz
Tao =3 € .0

I, =-08-j2.6p.u

I, =-j20p.u

ILo=-30pu

Current from the transformer towards the fault
I,, = 0.8 —j0.4 PU

I, =—j1.0 PU
Iao = O
Assume X; = X, for both motor and generator.

To find:
(i) Type of fault, (ii) Pre — fault current, (iii)Fault current
Formula used:
Ial = Ial (gen) + Ial (motor)
Pre — fault current = I ; (Transformer) — I, (Transformer)
Solution:
(i) Total sequence components of fault current are
I,, =(-0.8-j2.6) + (0.8 —j0.4) = —j3 PU
I,=-j20-j1.0=—-j3 PU
Lo =—j=—j3PU
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~ I, =15 =I5 itis line to ground fault
(ii)Pre — fault current
=1, (Transformer) — I, (Transformer)
= (0.8 —j0.4)— (—j1.0)
= (0.8 +j0.6)PU
(or)
=1,; (From motor) — L, (From motor)
= (-0.8 — j2.6)— (—j2.0)
=(-0.8—-j0.6) = (0.8 +j0.6)PU

(iii) Fault current
I, =31,
=3 x (—j3)
I, = —j9PU

20. Explain with neat diagram of open conductor fault.

Consider on no load, an open conductor fault is in series with line, line
current and the series voltages between the broken ends of the conductors
(F and F) are to be found.

Current and voltage in an open conductor fault. The ends of line on
the sides of fault are indentified as F and F’' while the conductor ends are
identified as aa’, bb’ and cc'.

Ia F a F
= —— a

Ib) [
b

b:b'

Ic

> —— c

Vaaz F Vaao F
ﬁ
Ia1 Iaz

+ve sequence NW -ve sequence NW Zero sequence NW

Set of series current and voltage at the faults are:

-Ia Vaal
IP = Ib ) VP = Vbbl
'IC \/CC1
Symmetrical Components of Current and Voltages are:
_Ia1 aa’1
I, = [laz |5 Vs = Vaal2
—IaO Vaa 0

Sequence network can be suitably connected depending on the type of fault.
TWO CONDUCTOR OPEN FAULT:
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Consider the conductors b and c are open as shown in figure.

Ia F a b oh
— — a
b =
> b ; b’ ©
Ic -
} [— o =
Bounding Conditions:
Vala1 =0
L, =1.=0
Transformation:
Vaall + Vaalz + Vaalo = 0
al 1 1 (04 0(2 Ia
Loz =31 o oll|llb =0
IaO 1 1 1 Ic =
1
Ial = Ia2 = IaO = _Ia
Interconnection:
rPe—go
manl, A,
Tsma=TIna W 1o A
R —a
T=tac by A

One conductor open fault

[P

Consider one conductor “a” open

Ia=0 F a F
= [ -
b [
> —
Ic 1
) c 0 -
Boundary conditions:
Vl;bz éC=0;Ia=0
Transformation:
Ial + laz + Iao = 0
aal1l 1 1 (04 (XZ Vaa'
Vaa12 511 0(2 (04 Vbb'
aalo 1 1 1 VCC/
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! ! 1A 1
Vaar = Vaaz = Viao = 5 Véa

aal — Yaa2 = Yaa0 — 3

Interconnection:
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UNIT V
PART A

1. What is power system stability? (Apr/May 2018)

The stability of an interconnected power system means is the ability of
the power system is to return or regain to normal or stable operating
condition after having been subjected to some form of disturbance.

2. What is rotor angle stability?

Rotor angle stability is the ability of interconnected synchronous
machines of a power system to remain in synchronism.

3. What is steady state stability?(or) Define steady state stability
(April/May-2010)

Steady state stability is defined as the ability of the power system to
bring it to a stable condition or remain in synchronism after a small
disturbance.

4. What is steady state stability limit? (Nov/Dec 2014)

The steady sate stability limit is the maximum power that can be
transferred by a machine to receiving system without loss of synchronism
5. How power system stability is classified?(Nov/Dec-2015)

POwer system stability

| |
Rotor angle Voltage
Stability stability
| |
Mid-term Long term
stability stability
= Transient
stability
Small signal
stability

Non oscillatory oscillatory
stability stability
Local plant
Inter area modes i
modes control modes torsinal modes

6.What is transient stability?(or)Define transient stability(Nov/Dec-
2009 ,May/June-2016)(Nov/Dec 2017).

Transient stability is defined as the ability of the power system to bring
it to a stable condition or remain in synchronism after a large disturbance.



7. What is transient stability limit?

The transient stability limit is the maximum power that can be
transferred by a machine to a fault or a receiving system during a transient
state without loss of synchronism.

Transient stability limit is always less than steady state stability limit
8. Define dynamic stability with an example.(May/June 2014)

It is the ability of a power system to remain in synchronism after the
initial swing (transient stability period) until the system has settled down to
the new steady state equilibrium condition.

Example: Transmission system faults, sudden outage of line, sudden
removal of load, sudden loss of excitation.

9. Define voltage stability?(Nov/Dec-2010)(Nov/Dec 2016)

It is the ability of a power system to maintain steady acceptable voltages
at all buses in the system under normal operating conditions and after being
subjected to a disturbance.

10. State the causes of voltage instability.

A system enters a state of woltage instability when a disturbance,
increase in load demand, or change in system condition causes a progressive
and uncontrollable drop in voltage

The main factor causing instability is the inability of the power system
to meet the demand for reactive power.

11. Write the power angle equation and draw the power angle curve of a
synchronous machine connected to an infinite bus and also the
expression for maximum power transfer to the bus.( Dec-2008,Dec-2015)

V
P=—Lsiné

T
Where, P — Real Power in watts

Vs — Sending end voltage; V:- Receiving end voltage
Xr - Total reactance between sending end receiving end
6 - Rotor angle.

Power angle curve

Maximum power transfer

V.V,
Pmax = )S(T
T



12. Write the expression for maximum power transfer.

A

max XT

13. Write the swing equation for a SMIB (Single machine connected to an
infinite bus bar) system. (or)
Give the expression for swing equation. Explain each term along with
their units. (APR/MAY 2005) (or)
Write the swing equation and explain the terms involved in it. (Nov/Dec-
2007), (April/May-2011),(Nov/Dec-2011)

Hd26_P P
nfdtz ™ ¢
_H
T oof
d?86
MF= Pm_Pe

Where H = inertia constant in MW /MVA
f = frequency in Hz
M = inertia constant in p.u
Pm= Mechanical power input to the system (neglecting mechanical losses) in
p-u.
Pe = Electrical power output of the system (neglecting electrical losses) in p.u.

14. Define swing curve and use of this curve (Nov/Dec-2013)(Apr/May 17)
The swing curve is the plot or graph between the power angle 6 and

time t From the nature of variations of 6 the stability of a system for any
disturbance can be determined.

15. In a 3 machine system having ratings Gi1, G2 and G3 and inertia
constants M1, M2 and M3.What is the inertia constants M and H of the

equivalent system.
M,G;, M,G, M,;G
1Y1 2V2 3Y3

M. =

o Gy Gy Gy
HfMeq

Heq = G

Where  Gi, G2, Gz — MVA rating of machines 1, 2, and 3
Gb = Base MVA or system MVA



16. State the assumptions made in stability studies.

e Machines represents by classical model

e The losses in the system are neglected (all resistance are neglected)

e The voltage behind transient reactance is assumed to remain constant.
e Controllers are not considered ( Shunt and series capacitor )

o Effect of damper winding is neglected.

17. State Equal Area Criterion (Nov/Dec-2011,2017, May/June-2016) (Apr/May 2017)
The equal area criterion for stability states that the system is stable if

the area under P — § curve reduces to zero at some value of 6.
This is possible if the positive (accelerating) area under P — 6 curve is

equal to the negative (decelerating) area under P — 6 curve for a finite change

in 6. hence stability criterion is called equal area criterion.

P&
P .
z - '_:.-'F_-E.., SIng
SAS
P, ==
A
Py of N
/ \
Ba a- Be ' ~&

18. Define critical clearing angle. and critical clearing
time(Nov/Dec2014)

The critical clearing angleé,., is the maximum allowable change in the
power angle 6 before clearing the fault, without loss of synchronism.

The time corresponding to this angle is called critical clearing time,t,..It
can be defined as the maximum time delay that can be allowed to clear a fault
without loss of synchronism.

19. List the methods of improving the transient stability limit of a power
system.
e Reduction in system transfer reactance
e Increase of system voltage and use AVR
e Use of high speed excitation systems
e Use of high speed reclosing breakers
20. What are the numerical integration methods of power system
stability?
(or)What is the use of swing equation? What are the method used to
solve it?(May/June-2009)
Swing equation:
d2s
M~z =Py P

It is used to describe the behavior of the synchronous machine during
transient period.

Methods:



i. Point by point method or step by step method
ii. Euler method

iii. Modified Euler method

iv. Runge-Kutta method(R-K method)

21. Write any three assumptions upon transient stability.

a. Rotor speed is assumed to be synchronous. In fact, it varies insignificantly
during the course of the stability study.

b. Shunt capacitances are not difficult to account for in a stability study.

c. Loads are modeled as constant admittances.

22. What are the machine problems seen in the stability study.

1. Those having one machine of finite inertia machines swinging with
respect to an infinite bus

2. Those having two finite inertia machines swinging with respect to each

other.

23. What are the assumptions made in solving swing equation?

1) Mechanical power input to the machine remains constant during the

period of electromechanical transient of interest.
2) Rotor speed changes are insignificant that had already been ignored in
formulating the swing equations.

3) Effect of voltage regulating loop during the transient are ignored.

24. What is the use of swing curve?

The swing curve is the plot or graph between the power angle 6, and
time, t. It is usually plotted for a transient state to study the nature of
variation in 8 for a sudden large disturbance. From the nature of variations of
0, the stability of a system for any disturbance can be determined.

25. Give the control schemes included in stability control techniques?
The control schemes included in the stability control techniques are:
a. Excitation systems
B.Turbine valve control
C.Single pole operation of circuit breakers
D.Faster fault clearing times
26. What is the systems design strategies aimed at lowering system
reactance?

The system design strategies aimed at lowering system reactance are:

a. Minimum transformer reactance

b. Series capacitor compensation of lines

C. Additional transmission lines.

27. What are coherent machines? (APR/MAY 2004)

Machines which swing together are called coherent machines. When
both ws and & are expressed in electrical degrees or radians, the swing
equations for coherent machines can be combined together even though the
rated speeds are different. This is used in stability studies involving many
machines.



28. State two technique to improve stability of power system (Nov/Dec-
2010)(Nov/Dec 2016)

e Using of AVR

e Use of high speed transfer reactances

e Use of high speed reclosing breaker

e Use of FACTS controller &Power system stabilizers (PSS).

29. What are various faults that increase severity of equal area criterion?
The various faults that increases severity of equal area criterion are,

e A Single line to ground fault
e A Line to line fault
e A Double line to ground fault
e A Three phase fault
30. Give the expression for critical clearing time (Nov/Dec-2007)
The expression for the critical clearing time tcr is given by
- 2H (8¢ — 8o)
cc T[me

Where, H is the constant

Occ is the critical clearing angle

60 is the rotor angle

Pm is the mechanical power

31. List the types of disturbances that may occur in a single machine
infinite bus bar system of the equal area criterion stability
The types of disturbances that may occur are,
e Sudden change in mechanical input
e Effect of clearing time on stability
e Sudden loss of one of parallel lines
e Sudden short circuit on one of parallel lines
i) Short circuit at one end of line
ii) Short circuit away from line ends
iii) Re closure
32. Define critical clearing time. And (Nov/Dec-2008)

The critical clearing time , tcc can be defined as the maximum time
delay that can be allowed to clear a fault without loss of synchronism . The
time corresponding to theoretical clearing angle is called critical clearing time
tcc.

33. Write the significance of critical clearing time?(Apr/May 2015)

» To find out the stability of the system

» To determine the characteristics of protections required by the power
system
34. What are the assumptions that are made in order to simplify the

computational task in stability studies?

The assumptions are,

* The D.C offset currents and harmonic components are neglected. The
currents and voltages are assumed to have fundamental component alone.



* The symmetrical components are used for the representation of unbalanced
faults.

* It is assumed that the machine speed variations will not affect the generated
voltage.

35. What is Multi machine stability?

If a system has any number of machines, then each machine is listed
for stability by advancing the angular position, & of its internal voltage and
noting whether the electric power output of the machine increases (or)
decreases. If it increases, i.e if 0Pn / 06n > O then machine n is stable. If every
machine is stable, then the system having any number of machine is stable.
36. Differentiate between rotor angle stability and voltage
stability?(Nov/Dec-2013)

Rotor angle stability Voltage stability
Rotor angle stability is the ability of | It is the ability of a power system to
interconnected synchronous maintain steady acceptable voltages
machines of a power system to at all buses in the system under
remain in synchronism normal operating conditions and
after being subjected to a
disturbance

37. What is meant by an infinite bus? (Or)Define Infinite bus in a power
System (April/May-2008)(May/June 2013)

The connection or disconnection of a single small machine on a large
system would not affect the magnitude and phase of the woltage and
frequency. Such a system of constant voltage and constant frequency
regardless of the load is called infinite bus bar system or infinite bus.

38. List the assumptions made in multi machine stability studies.

* The mechanical power input to each machine remains constant during
the entire period of the swing curve computation

* Damping power is negligible

* Each machine may be represented by a constant transient reactance in
Series with a constant transient voltage.

* The mechanical rotor angle of each machine coincides with 6 , the
Electrical phase angle of the transient internal voltage.

39. What is the significance of sub-transient reactance and transient

reactance in short circuit studies?(Apr/May 2018)

The sub-transient reactance can be used to estimate the initial value of fault

current immediately on the occurance of the fault. The maximum momentary

short circuit current rating of the circuit breaker used for protection or fault
clearing should be less than this initial fault current.

The transient reactance is used to estimate the transient stste fault current. most

of the circuit breaker open their contacts only during this period. Therefore, for a

circuit breaker used for clearing,its interrupting short circuit current rating should

be less than the transient fault curent.
7



40. On what basis, do you conclude that a given synchronous machine
has lost stability.(April/May — 2008)

If the power angle, 6 > 90- the system is said to be unstable. Then we
may conclude that a given synchronous machine has lost its instability.
41. Define transient stability and transient stability limit? (Nov/Dec-
2009)(May/June 2012)

Transient stability is defined as the ability of the power system to bring
it to a stable condition or remain in synchronism after a large disturbance.

The transient stability limit is the maximum power that can be
transferred by a machine to a fault or a receiving system during a transient
state without loss of synchronism. Transient stability limit is always less than
steady state stability limit.
42. A 50 Hz 4 pole turbo generator of rating 20MVA, 13.2kV has an
inertia constant of H=9kW sac/kvA. Find the kinetic energy stored in
the rotor at synchronous speed.

Solution: Kinetic Energy, E,, = 1/2Mw,
Where M = %andws = 2nf

— 15
Eke - 2 7l'f
43. Find the frequency of oscillation for a synchronous coefficient of 0.6
inertia constant H=4 and system frequency of SOHz. (May/June 2014)

Solution:

2nf = HS = 9 X 20 = 180MJ(mega joules)

Frequency of oscillation= \/%

Where C=Synchronizing coefficient

M=Inertia constant in p.u given that c=0.6

Minp.u =H -2 0.0255p.u

nf TX50

F f oscillation = 06 _ 4 85md _ 48 _ 0.7719H
requencyo OScllation = 0.0255 = 4, sec = 27_[ = 0. VA

44. Define power angle. (May/June-2006) (May/June-2013)

The power angle or torque angle is defined as the angular displacement of the
rotor from synchronously rotating reference frame.

45. Give the simplified power angle equation and the expression for
Pmax. (May/June-2012)

The simplified power angle equation for a generator feeding energy to infinite

bus is given by

P, = P, ,Siné
E[ v
Where, Py, = ——

|E|=Magnitude of internal emf of generator.
|V|=Magnitude of infinite bus voltage

X=Transfer reactance between generator and infinite bus.
6=Power angle or torque angle



46. What are the methods available to solve the swing equation?

1. Modified Euler’s method.

2. Runge-kutta method.

47. Explain stiffness electrical coefficient of synchronous machine or
what is synchronous power coefficient?

The quantity Ps=Pmax cosd, is the slope of the power angle curve at §,

P, =P, ., sind,
dPe v s
. EVcos
— _ds __ — 0
Py = == Ppgx €088y = —
0

Where Ps is known as synchronizing power coefficient or stiffness electrical of
synchronous machine this plays an important role in determining the system
stability.

48. The moment of inertia of a 4-pole, 100M VA, 11KV, 3-¢ , 0.8 power
factor, 50HZ turbo alternator is 10000kg-m? .calculate H and M.
(Nov/Dec-2015)

J = 10000Kg — m?
v = 120f 120X 50

f > 2 = 1500rpm
_ Ny _1500 .
"Te0 60 PS
w, = 2nn, = 50w
1 2
N 251(‘)5
1
=5 X 10000 x (2 x 7 x 50)?
=123.37 MJ
N 123.37
—_ = =1.2337 MJ/MVA

s 1
SH 100 x 1.2337

M= 180f 180 x50
=0.0137 M] Sec/electrical degree
PART-B
Introduction to power system stability
1. Power system stability:(Nov/Dec 2017,Apr/May 2018)
The ability of an electric power system, for a given initial operating
condition, to regain a state of operating equilibrium after being subjected to a
physical disturbance, with most system variable bounded so that practically
the entire system remains intact.
Classification of power system stability:
1. Steady state stability:
2. Dynamic stability:
3. Transient stability:
Rotor angle stability:
Ability to maintain equilibrium between electromagnetic torque and
mechanical torque of each synchronous machine in the system.
Basic phenomena associated with angle stability are:
() Imbalance between accelerating and decelerating generator torque.
(Il Negative surplus energy is stored in rotating masses.

9



(Il) Capture range of synchronizing torque is limited by pull-out (or)

power.

(IV) If the limits exceed, stability the synchronized operating may be lost.
Small-disturbance (small signal) rotor angle stability.

Ability of power system to maintain synchronism under small disturbance.
The disturbance are considered to be sufficiently small that linearization of
system equations is permissible for purpose of analysis.

Large - disturbance rotor angle stability (or) transient stability:

Ability of power system to maintain synchronism when subjected to a
severe disturbance. Such as a short circuit on a transmission line. The
resulting system response involves large excursions of generator rotor angle
and influenced by non-linear power angle relationship.

Voltage stability:

Ability of PS to maintain steady voltage at all the buses in the system after
subjected to disturbance from initial operating conditions it depends on
ability to maintain equilibrium between load demand and load supply from
the PS.

Voltage collapse:

It is the process by which the sequence of events accompanying voltage
instability leads to a black out (or) abnormally low voltage in a part of power
system.

Phenomenon associated with voltage stability:

High (reactive) loading reduces the voltage in an area.
Temporary load reduction.

Transfer capacity to the area is reduced.

Load demand recovers.

Voltage further reduced.

. No solution to load flow, voltage collapses.

Voltage stability:

The ability of power system to maintain steady voltage at all buses in the
system after being subjected to a disturbance from initial operating condition.

It depends on the ability to maintain equilibrium between load demand
and load supply from power system.

Instability may occur in the form of progressive fall (or) rise of voltage of
some buses.

A possible outcome of voltage instability is loss of load in an area, tripping
of transmission lines other demand by their protective system.

Progressive drop in bus voltage can also associated with rotor angle
instability.

Classification of voltage stability:

Large-disturbance voltage stability:-

Ability to maintain steady voltage (or) large disturbance such as system fault,

loss of generation, ability to determined system & load characteristics.
Involves

both discrete & continuous control & protection.

Determination of (LVDS) requires. Non linear response of Power system.
Ex: Motor, under-load transformer tap changes, gen-field-current limiters.
Time: Few second to ten of minute.

caRLOb=
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Small-disturbance voltage stability:-
Subjected to a small disturbance such as internal changes in system
load. Stability influenced by characteristics of load, continuous control,
discrete control at a instant of time-> system equation can be linearzed,
Time : few second to tens of minute.
Short-term voltage stability:
Steady period from in the order of several seconds. Analysis require the
differential equation, which involves fast acting load components, such as,
IM, electronically controlled leads, HVDC converters.
Long term voltage stability:
Involves slow acting equipment such as tap changing transformer, thermostatically
controlled loads generator current limiters. Time period: many minutes.
Frequency stability:
Ability of Ps maintain steady frequency if depends on ability to maintain equilibrium
between generation and loads with minimum unintentional loss of loads.
Instability occurs in the form of frequency swings loading to tripping of generation
units (or) loads.
Reliability:
The probability of its satisfaction operation over the long run. it denotes the ability
to supply adequate electric service to continuous basic.
Security:
The degree of risks in its ability to survive without interruption of customer service.

Three types of power system stability:

1. Steady state stability:

The determination of upper limits of machine loadings before losing synchronism,
loading is increasing gradually.

2. Dynamic stability:

Small disturbance are continuously occurring in (Ps) (variation in loading, changes
in turbine speeds etc)

3. Transient stability:

For large disturbance changes to angular difference may be as large as to cause the
maintain to fall out of step. This type of instability known as transient stability.

2. DYNAMICS OF SYNCHRONOUS MACHINE
The kinetic energy of the rotor at synchronous machine is
kinetic energy = %]a)szm X 107°MJ
J = rotor moment of inertia kg — m2,
Wy, = synchronous speed in mechanical rad/sec.

W = ga)sm = rotor speed (electrical rad)/sec.

At 1 2\? 2 -6
kinetic energy = ={J (—) ws X 107° | wy

2 P
1
=EM(1)S

2
M = ](—) @, X 107
p

11



= moment of inertia in MJ — S/electrical radian.
Inertia constant H such that
kinetic energy = GH(Energy stored in rotor per MVA capacity)
GH=K.E = %Mws mega jole
G=machine rating (base) in MVA in 3phase.
H=inertia constant in MJ/MVA (or) MW-Sec/MVA

M =20 -2 G—HM] — Sec/Electrical degree.
wg 2nf mf
GH

M_

" 180f
M=Also called inertia constant.

M] — s/Electrical . degree

G=as base, inertia constant in pu is M(pu) = % sec?/electrical .radin.
H

M=——
180f
Rang of inertia constant H

(i) Turbo generator=4-9MW sec/MVA
(i) Hydro generator =2-4
(iii Synchronous motor=2
(ivy Synchronous condenser=1-1.25
3. Derive Swing equation for single machine connected to infinite bus

system. State the usefulness of this equation. State the reason for non-
linearity of this equation (Nov/dec-2015) (Nov/Dec 2016)(Apr/May 2017,2018)

Swing Equation

" L—~ P,
Te = Tm S
- X

P~ E%%:%: Motor

Tm ws ws Ts

P Generator

The torque, speed and flow of mechanical and electrical power in a
synchronous machine assumed that the windage, friction and iron loss,
torque is negligible.

The differential equation governing the rotor dynamics is
]dzem
dt?

=T, —T, Nm......(1)

6,, = Mechanical angle in radian.
T,, = Turbine torque in Nm, it acquires negative value for motor action.
T, = Electromagnetic torque in Nm,it acquires negative value for m(;toring machine.
SE=T,-T,
Rotor speed changes by insignificant magnitude for time period of interest.
Assume rotor speed to remain constant at synchronous speed (w,,,)
Multiply (w,) on both sides of equation (1)
d?e,, .
wsm]? = Oy (T, — Te) 56,,, Mechanical angle
=P, —P, =P, Mw

While the rotor undergoes dynamics as per the equation: ]

12



P, =T, X () = Accelerating power.
P, = Mechanical power input.

P, = Electrical power output. Mw, stator Cu loss negilible.

2\* ]d%6, _
](E) O |9z = P, —P, =P,; 0,Electrical angle

P,=T, X 04,
P, =T, X &g,

dze,
M e =P, —P, =P,
22
M:](F) @

Angular position of rotor with respect to synchronously rotating frame of
reference
Torque angle (Or) Power angle:

6 = 60, — wst; Rotor angle displacement from synchronously rotating referance frame.

d?6  d%0,
dtz  dt?
d*6
MF = P, — P, Mega watt
<+ by G[MVA Rating of the machine]
d?6
MF = P, — P, = P, which is non — linear equation
H d%6 S
—qz = Pn P
Swing equation is 2nd order differential equation%i—(: =P, —P, ;% = — 2nf

Assumption made in swing equation:
(i) Windage, friction and iron loss in the machine is negligible,
(ii) Rotor speed assumed to constant at synchronous speed.
(iii) M is assumed to constant.
(iv) Effect of damper winding is neglected, damber winding torque is

proportional to % and it helps the system stabilize.

Significance of swing equation:
Solution of swing equation gives a curve of 6 V; t, which is called as a swing
curve. From swing curve the stability of system can be guessed.

3. Swing equation of multi machine system:
H d?6
of dt2
A multi machine system base must be chosen.

Giechanical = Machine rating (base).

Swing equation of each machine is P, —P, pu

Ggystem = System base.
The above equation
Gmech Edzal = (P —P )_Gmech
Gsystem rf dt? " © Gsystem
H d?6
r;[efch = = P,, — P, puin system base.

13



G h
HsYstem = Hpecn (G e )

system
=machine inertia constant in the system base.
Consider swing equation of two machines on a common system base,
H, (d?6,
E( de? ) = Pml - Pel pu

H, (d?6,
E de2 =M — Pez pu

Machine rotor swing together =6 =6, =6,

H, (d26
—)=p -P
rtf(dt2> meoe

Pm = Pml + PmZ
P. =P,y + P,
Heq =H,; +H,
_ Hl,mechGl,mech Hz,mech G2,mech
Hea =7 G
system system

This is inertia constant of multi machine system.

4. Machine connected to infinite bus bar (SMIB).
Infinite

X'y Xe bus
+ Pe

154742 |V]£0°

|

—0

The circuit model of a single machine connected to infinite bus through a line
reactance Xe.

Xtransfer = X;i + Xe
Power angle equation:
E,||E;
Prax = | ll)l 2|sin6
[EIIV]
P, = ————sind
Xtransfer
RNV
max Xtransfer
= P4, SIN0
The dynamics of this system are:
H d?8
Fae ~ fm—Fe pu

Two machine system:
Two finite machine connected through a line (Xe¢),one of the Machine must be
generating and other must be motoring under steady state condition,

14



7

Xl 3¢ Xa2

4——Pm2

|E'2| £ 62

Pm1— Pl

|E'1|£64

P. =P ,=-P,
Mechanical input/out put of two machines is assumed to constant during
steady state (or) dynamic condition; the electrical power output of generator
must be absorbed by motor.
Pe = Pel = _Pez
Swing equation for two machines.

d261 — r[f(Pm1 - Pel)
dt? H,

= nf(P‘“ _ Pe) (D)

H;
d*6, _ 1_[f<Pm2 - Pez)
dt? H,
P, —P
- nf< e m) 2
H,

Subtracting equation (2) in (1)

S22 (L) (b, -
dt2 Rl A
He, d%6
q__ = Pm - l:)e
nf dt?
H,H
H, —_ 172
4 H,+H,
Electrical power interchange between two machines is given by expression:
E,||E;
| 1” 2| sind.

¢ Xy X + Xy,
5.Steady state stability:
The maximum power that can be transmitted to the receiving end with out

loss of synchronism.

d*6
MF = Pm - Pe
VL .
= of In per unit system
E[IVI .
P, = sin = P ,,sind

d
X4 = Direct axis reactance,

System with steady state power transfer of P,, = P,, with torque angle §,,.
Assume a small increment AP in electrical power with input from the prime
mover remaining fixed P,,.Causing torque angle change to (&, + Ad)

16



aP,
APe=<68) AS
0

d?A6
MF = Pm - (PeO + APeO) = —Ape
d?Ad N <6Pe> AS =0

ez \as /,

e+ (55) 20 =
+(=2) [as=0
36/,

Where P=% The system stability to small changes is determined from

(%2)
) = 0 Whose roots are: P =+ [%Ql
0

ar,

characteristics equation MP? + ( Py

(%) = is positive, the roots are purely imaginary and conjugate and system
0

behavior is oscillatory about §, (Z?) >0
0

(%) = isnegative ,the roots are real, one positive and other negative but
0

equal magnitude, torque angle increased without bound up on occurrence of

a small power increment, the system is unstable (%) < 0.
0

9 . . . . :

(a—?) = is synchronising co — ef ficient Also stiffness of synchronous machine.
0

ElVlcos 6, <0,

X

Assume |E||V| to remain constant.the system is unstable,if

8, > 90

Maximum power transmitted without losses of stability occurs §, = 90
IE] VI
P =

max X *
5.BASIC FORMULA FORJovement of inertia,Inertia constant ,
Movement Of Inertia Of Rotor = WR?

W = Weight of rotating parts,
R? = square of the radius of gyration ( twist)
1m = 3.281 ft
1Kg = 2.205 ib(mass) = 0.0685 slug

1
1slug ft* = — 1.356 kg.m?
Slug F° = 50685 x (3.281)2 g-m

2

X 1.356

Movement of inertia | =
\Y/ n 1 ia | 322

1/]Jw?, x107°
Inertia constant H = — <]S"‘—>
2\ MVA Rating

1 [1Cm) (ﬂ)2 x 10~

= 60

2 MVA

Rating



J(RPM)?

H =5.584x107°
5.58 0 MVA

Rating

548 x107° x 1.356(WR?)(RPM)?
B 32.2 x MVA

Rating

- 231 x 10712 (WR?)(RPM)?
B MVA

Rating

Stored energy at rated speed = H X MVA pg1ing

Mechanical time T,, =2 X H

6.If the wR?of rotor including turbine rotor of 555 MVA,2pole ,60HZ
generating unit is 654158 1b.ft2 compute the following.

(i) Moment of inertia J.Kg.m?2

(ii) Inertia constant HMW-S/MVA rating,

(iii) Stored energy MW.S at rated speed.

(iv) Mechanical starting time, sec

Solution:
2
() J=2>x1356
_654158x 1356 _ o o
- 322 _oneRgm
(i) H=548x"0 L&
MvA Rating
o 27,547.8(3600)°
=548 X 1077 X oo = 3.525 MW.S/MV A
(iii  Stored energy at rated speed.
E=HXMVA

Rating
=3.525x 555 =1956.4 MW.s
(ivv  Mechanical starting timeT,, = 2 X H
=2 x3.525 = 7.05 Sec

7.The moment of inertia of a 4-pole, 100MVA, 11KV, 3-¢ , 0.8 power
factor, S50HZ turbo alternator is 10000kg-m? .calculate H and
M.(Nov/Dec-2015)
J =10000Kg — m?

120f 120x 50
s p - 4

N, 1500
60 60
. = 2nng = 507
— 1 2
= E]ws

= 1500rpm

S

= 25rps

g

=

1
=§><10000><(2><7r><50)2

=123.37 MJ
N 12337

<= ~1gq = 12337 MJ/MVA
SH 100 x 1.2337

M= =
180f 180 x 50
=0.0137 M] Sec/electrical degree
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8.4 200MVA,11 kV,50Hz,4 poleturbogeneratorhasan Inertia constant of
6MJ/MVA.

(@) Find the stored energy in the rotor at synchronous speed,

(b)) The machine is operating at a load of 120MW when load
suddenly increased to 160MW. Find rotor retardation neglect
losses.

(c) Retardation calculated is maintained for 5 cycles. Find the
change in power angle and rotor speed rpm at the end of this
period.

(d) Another generator 150MVA,3000rpmhaving H = 4MJ/MVAis put in
parallel with above generator. Find inertia constant for equivalent
generator on the base of 100MVA.

Solution:

(a) Energy stored= GH = 200 X 6 = 1200M]
(b) P,=P,—F
=120—-160 = —40MW

d?6
M.ﬁsz—Pe =P,
GH 1200 sec
M= 180f: 180x50=0.1333M].%.deg
d?s
0'1333W: —40
d?8 —40

= =01333 300ele.deg /sec?

Machine retardation = 300 ele.deg /sec?

(0 5 cycle = 0.1 sec

cycle = 50 Hz: T = ]1; =21 =0.02:T =002 %x5=0.01

50
1 1
Changein & = Ea(T)2 = 5(300)(0.1)2 = —1.5 ele.deg.
It is 4 pole machine, 1revolution corresponding to 4 X 180 = 720 ele.dge
60
a= —300 (—) = —25RPM /Sec
720

120f 120 x 50
=

Rotor speed at the end of cycle = 0.1sec —» 1500 — (2.5)(0.1) = 1497.5 rpm
_HiGy HyGy  6X200 4x 150
¢4 Gy Gg 100 100

synchronous speed = = 1500 rpm

H =18 MJ/MVA



9.State and explain equal area criterion. Indicate how you will apply
equal area criterion to find the maximum additional load that can be
suddenly added

EQUAL AREA CRITERION

In a system one machine is swinging with respect to an infinite bus,it is
possible to study transient stability by means of a simple criterion,

2
Consider the swing equation M% =P, —P,

d% 1 _ Py _ I .

o (P,—P.) = vl P, = accelerating power
H

M = — in pu system,
nf

If the system is unstable dcontinuous to increase indefinitely with time
and the machine loses synchronism,

If the system is stable §(t)performs oscillates (non sinusoidal) whose
amplitude decreases in actual practice because of damping terms,

The system is non linear, the nature of it’s response [§(t)] is not unique
and it may exhibit instability. Depending up on the nature and severity of
disturbance.

Indication of stability will be given by first swing where § will go to a
maximum and will start to reduce.

If the system is stable if Z—f =0

Is unstable if % >0

5max

Multiply both sides of swing equation by 2 Z—f
d6xd26_P P _2Paxd5
dt ~dtz ™ ¢ M T dt

2
Integrating the above equation;(g) = % f: P,dd
0

ds 2f5pd55
e (M) ¢

d,-initial rotor angle before it begins to swing due to disturbance,
Condition for stability can be written as

2 (° :
2 [ na] -
M6

0

é

fPadc?:O
)

0
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The system is stable if the area under P,,cceierating power)Vs 0 curve reduces to

zero at some value of 4.
Positive accelerating area under P,—§ curve must equal to negative
(decelerating) area. Is called equal area criterion of stability.
10. TRANSIENT STABILITY (May/June-2016) (Apr/May 2017)(Nov/Dec 2017)
For large disturbance changes to angular difference may be as large as to cause the
maintain to fall out of step. This type of instability known as transient stability.
(i) Sudden change in mechanical power input.

Consider a synchronous generator supplying a power to infinite bus
through a reactive network as shown.

Pe
7 7%
Els ey
X, X Lnﬁm;e 4
T #:( ) nm? ,\m\ Us Dar 7
" g)o &1 gz i )
1y R
P .= |Erlisin{i =P ___sind
e )(('i + Xe max

Initial condition:

Machine operating under steady state withP,,, = P,, = P4, 5ind,
(i)Accelerating power P, = P,,; — P, causes the rotor speed to increase (w > w,)
(ii)At point p, whené = §,:P, = P,,; — P, = P,;; — P4, Sind; =0
Rotor angle continuous to increase as (o > w,)

(iii) P, becomes negative (decelerating power) And rotor speed beings to reduce.
But rotor angle continuous to increase till§, with corresponding operating
point “c” where (w = w,)

(ivAt point C decelerating area Az=Accelerating area Aj.since rotor is
decelerating speed reduces below w.and rotor angle being to reduce.

(v) The system oscillates around new operating point b and settles finally at
point b,P,,; =P, = P, sind,

Accelerating area A, = f;l(Pm1 —P,)ds
0

Decelerating area A, = f;lz(Pe —P,,,)ds
It is possible to find §, such that Ai=Azand system is stable.
(vi) Decelerating area Az to neutralize accelerating area A: depends on the

amount of sudden change from initial condition. There is a limit to which
mechanical power can be suddenly increased. Limiting condition.A1=A2

80, =8y =T —06,=T sin‘l(Pml).

max

Any further increase in mechanical power input, the area available for
decelerating is less than accelerating area so that excess kinetic energy
causes rotor angle §to increase beyond C. and system become unstable.

20



(ii) Sudden loss of one of parallel line.
A generator feeding inifinite bus bar over two parallel lines.

X4
!E" 48 X/d NN
74 . :
— Infinite  Pp, Switched off |V] Lot
P, bus ~ N
V] £0° X,

Initial condition:

The machine is operating under steady state operating conditions with
d = 6§, and both lines.

= M sind = sind
X+ XX, maxt
Now line 2 suddenly switched off
P, = M sin = P ,,,sind
Xy + X,

Pmaxz < Pmaxl
Operating point at initial position a moves to b, than to C and then to D, it

makes oscillation about point C. and finally settles there.
At point C generator supply same output power.
1:)e = Pe0 = Pmaxlsinao = Pmaxz Sil’161
Rotor angle change from §,to 6,
Limiting condition:
The § increases tod,, where the transient stability limit has reached.
Beyond this the machine will loose synchronism with one line out.

- Pl (both lines in)

The angle §,, can be found out by equating accelerating area Aiand

decelerating area Ao.
8, 8,
50 80
5m
A, = (P, —P,)dS

81
Where
P,; = P ax1 SINS
P, = P .x,SIN8
P
8, = sin?! (i)
Pmaxl
P
8, =m—sin"? (L)
max2
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(iii) Three phase short circuit on one of the parallel line.
Consider a generator feeding the power to infinite bus through two
parallel line.

X4 N X4
IEN£8 51 EOpoR T infinite Bl £81: 55 allh
— bus TS 4‘
Pm St D_HM Z£0° P # <> L oob L |V| £0°
: é X> X2

Short circuit at one end of transmission line.
Consider a 3-phase short circuit at generator end of lins 2 than power
angle equation are.

|E|[V] .
P,,=— sind
X, + (X parallel to X,)
P, = P41 Siné(Prefault)
P,, = 0 (During fault)
_ Bl
e111 — X+ (Xl)sm
(post fault after opening line2)=P,,,, 11, Siné
Power angle curves for all above three conditions are

Pe

Pe1, prefault (2 lines)

Pemy, postfault (1 line)

The fault line should be opened as early as possible so that the
decelerating area A2 available is more than accelerating Area Al. And
generator remains in synchronism when rotor angle reaches §, the faulted
line is cleared.

Limiting case:d is maximum.

In limiting case,when faulted line is cleared the rotor angle is called
8. [critical clearing time]

Accelerating area:A4; = |, ;"(Pm —P,,,)ds
0

6CT
- f P ds =P (5. —5,)
I}

0

Decelerating area:A, = |, ;"“”‘(P6111 —P,)dé

5max
)

cr

= _Pmaxlll cos 6max+ Pmaxlll 605667" - Pm (Smax - 6(}7")
Equating both areas

A=A,
Pm(scr - 60) = _Pmaxlll Cossmax +Pmax111C058cr - Pm((smax - 8cr)
pm6cr - Pm 80 = _Pmaxlll C058max + Pmaxlll COsacr - Pm8max + Pm5cr
Pmax111 COSScr = Pmaxlll COS8max + Pm(smax - 80)
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Pmaxlll cos Smax + Pm((smax - 80)

cosd,.. =
r Pmaxlll
- Pmaxlll C056max + Pm(smax - 80)
“ Praxi11
Where 8., &8, are in radians
P
8, = sin™! ( = )
Pmaxl
P
Sax = T — sin‘1< il )
max1

11. Explain the terms critical clearing angle and critical clearing time in
connection with the transient stability of a power system (Nov/Dec 2017)
(iv) Effect of circuit breaker speed on transient stability and critical
clearing Angle.

If the available decelerating area is greater than the accelerating area
the machine will remain synchronism. The accelerating area (Al) can be
reduced by reducing the angle §.,. at which the CB clears the faulted line.

This is possible if CB is faster in operation. The critical clearing angle
6., 1is angle at which the faulted line is cleared and the machine just remains
in synchronism.

If 6,>3d, the machine will lose the synchronism, the critical clearing

cr

angle can be calculated from the equal area criteria.
Critical clearing Time:

The time corresponding to critical clearing angle &, (or) time interval
between the time when fault takes place and the time when CB clears the
fault critically is known as critical clearing time
The swing equation is

d?6
Mie = Pm—Fe
d’6 P, —P,
dtz
If during the fault P, =0, thanﬁ =-I
Integrating twice W.R.T t
P
2M T 9
Whent =t and § =4,
P
8o ﬁté + 6,
2M
ter = \/P (6cr - 50)
m
_H

2M
ter = ﬁ(acr —8y)
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t.,is valied only when during fault P, = P,;; =0
It is not zero the swing equation during fault becomes,
d?6 Py — Ppaxss SINd
dtz M
This is a linear second order differential equation which can be solved by
numerical method only.

12. Computational algorithm for obtaining swing curves using modified
Euler’s method.(May/June-2016)Nov/Dec 2017)

1. Carry out a load flow study (prior to disturbance) using specified voltages
and powers.

2. Compute voltage behind transient reactance of generatorsEg. This fixes
generator emf magnitude and initial rotor angle (slack bus voltage V,

3. Compute Yy, (during fault, postfault, line reclose)

4. Set time countr = 0.

5. Compute generator power output using appropriate Y,,, with help of the
general form P, = |E{|?Gy; + |ES||E; Y, [cos(S; — S, — Q,,) this gives

PG(Ir() for t = t™

6. Compute (X} X5 ), k=12..... n

X1k = le;_
TT
X = H—(ng — P k=12..n
k

7. Compute the first estimates for t = t0*Vas

C =xB +xPat, k=12..n
Xg:l) (r) + X(r)At

8. Compute the first estimates of Egﬂ)

EI((”D =E; (cosx( Rt ]smx(K 1))
9. Compute P(r“) (appropriate Y Bus)
10. Compute [( . x(”l)),K =1,2 n]

182K
11. Compute average values of state derivatives
1
) —_ s (r) (r+1)
XlK.avg - E[XlK ]K =12.
12. Compute final state estimates for t = t™*
(r+1) _ (r) 0] _
Xk T XlKan,At K=12...n
(r+1) _ (r) (r)
Xk T Xk +X2K.avg’At

13. Compute final estimate Egatt = tr+1 using
E(Hl) |EK|(COSX( + ]smx(rﬂ))

14. Print ( (Hl), xglr:l)); K=12...n

15. Test for time limit i.e. check if r > rg,,. If not r =r+ 1 and repeat step 5.
Otherwise print result.

This algorithm easily modified to include simulation of voltage
regulator, field excitation, and saturation flux path.
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13. Power system stability solution of swing equation by Runge-kutta
order 4 method. (Apr/May 2017)

Let a first order differential equation % = f(x,t)
1. Assume initial solution t,is x,,
2. Set step size Atthan the solution of differential equation is given at
t; =t, +Atas
X; = X, + Ax
Ax = % [K, + 2K, + 2K, + K]
K, = f(x,,t,) At
K, At
KZ = f(XO + 7, [tO +?] At)
K, At
K3 = f(XO + 7, [tO + ?] At)
K, = f(x, + K3, (t, + At). AD)
3. Similarly for ith generator,

Ky = f(x;,t;)At
Ky At

K, = f(Xi + 7, [ti + ?] At)
K,; At

K3i = f(Xi + 7, ti + ?] At)

K, = f(x; + Ky, [t; + At]AL)
And solution x;,,; =x; + % [Ky; + 2K, + 2K, + Kyl

Runge-kutta method for swing equation.swing equation for I th generator is
d?s, mf . _
F = E (Pmi - PeiSIIlSi); 1= 1,2, ..M
Multimachine system swing equation is written in state variable form
Xy = 8
Xy = Xy = £(8;, 00)

f )

Xp1 = £(8, ;)
Algorithm for Runge-kutta method
1. Carry out the load flow study(before transient) using specified voltage
and power.

2. Find the voltage behind transient reactance of generator(E;)
3. Compute Y, (During fault, post fault, line reclosed).
4. Set time county = 0 and set step size At(t((’),t(l))
5. Compute x,;, X,; from the equation
xq5 = £1(6;, ;)
mf _
Xy = £,(6;, ;)

6. Compute the two constant for each differential equation.
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K] = f,(&F, w])At
K5 =f, (8 + K[, wl + h))At
hi = £, (8], w])At
hj = £,(6] + K{, o] + h])At
7. Compute state estimation:
57 = & + A8

1
ASf = E (Kli + K;)

(r+1)

W

= wj + Awj
1

8. Test for time limit for which swing curve is to be plotted if r<ry,, than
r =r + 1 and repeat from step 5 above,o otherwise print resut and step,
9. Plot the curve between rotor angle(§)and time(t)

14.Asynchronous generator of reactance 1.2PU is connected to an
infinite bus bar |V| =1.0pu through transformer and a line of total
reactance 0.60pu.the generator no load voltage is 1.20pu and its inertia
constant is H=4MW.S/MVA. Resistance and machine damping may be
assumed negligible .the system frequency is SOHz.

Calculate the frequency of natural oscillation if the generator is loaded
to(i)50%,(ii)80%of its maximum power limit.

Given Data:

X, =12,|V|=10pu X, &X
Solution:

(i)For 50% loading

= 0.60, |E| = 1.20pu,H=4MW.s/MVA,f=50HZ.

Lne

P, = P, ,sind,

= siné,
max
siné, = 0.5 oré, = 30°
v
0013 Xy +X;
_12x1
12406
= 0.577 Mw(pu)ele rad
H 4

=E=nx50

0s9,

cos30

M = S?%/ele.rad

1
ESRE

From characteristics equation P = +j




6
Frequency of oscillation = 4.76rad/sec = 5n = 0.758HZ
s
For 80% Loading

P,=P,,.Siné,
sind, = —¢— = 0.8; 5, = 53.1
oP, |E'[IV]
= = 1 6
[86 Gy X%
1.2x1
=138 cos53.1 = 0.4MW

_.| 04
Chracterstics equation, P = +j |—; = j3.96

TX50

Frequency of oscillation = 3.96rad/sec

3.96
=——=0.63Hz
2T

15.The generator is delivering 1.0pu power to the infinite bus|V| =
1.0PU,with generator terminal voltage of |V,|=1.0PUcalculate the
generator EMF behind transient reactance find the maximum power that
can be transferred under following conditions;

(a)system healthy,

(b)one line shorted(3¢ in the middle).

(c)one line open.

Solution:
V=1V |=1za
: 4.
Power angle equation sind = P,
1x1
——sind =1
0.25+ 0.1
6=205°

Current to infinite bus

_ IV{|lZa—|V[£0 1£20.5-120

B iX B j0.35

=1+j0.18=1.016£10.3°

Voltage behind transient reactance,E =V + jIX,

E'=1.0+(1+0.18)(0.6)

=0.829 + j0.6
=1.075.339°

|

(a)system stability:
b [E'|IVI _ 1x1.075
max X1 0.6
P, = 1.79sind
(b) One line shorted in middle:

= 1.79PU
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0-25%x0:3540:35x0:54+0-5x0-25
2= =155
0-25
b _|EIvI _1x1.075
max ¥, 155

P, = 0.694sind

= 0.694Pu

(c) One line open:
X,=0254+0:140-5=0-85
_EfIVI 1x1.075
max = x.  0-85
P, =1-265siné

1-265

16.Given system when a 3¢ fault is applied at point P is shown fig
j0.5

j0.25 ' -‘??J-Dﬁ -

\ - jo.4 — 00000000
( 00001 - TD V=1<0

E'=1.2p.u

Find the critical clearing angle for clearing the fault with simultaneous
opening of the breakers land 2.the reactance values of various
components are indicated on the diagram, the generator is delivering
1.0pu power at the instant preceding the fault. (Nov/Dec 2016)(Apr/May 2018)
Solution :

1. Normal operation (prefault)

X = 0254 20 2X0 % 0 0s
== 0-5+0-4
X, =0-522pu
|EIv]
P,, = ——sind
Xl
~1-2x1

sind = 2 - 3sind

~0-522
Pre faultP,; =1-0

1-0=2-3sind,

(10 s _
8, = sin (ﬁ) =25-8°=0"45radian
(ii)During fault
No power is transmitted during fault
Pe1s =0
(iii)post fault operation (fault cleared by opening the faulted line)
X1, =0-254+0-5+0-05
=0-8



1-2x1-0

Sil’l6 = T sin60

EllV]|
Peiji = l Xl

iii
= 1- 5sind
Maximum permissible angle §,,,, for Area 4, = 4,
8oy = TU—sin™? (—m )
Pmax
v (3)
=n—sin"'|—
1-5
= 2 - 41 radians
Applying equalarea criteran for critical clearing angle &,

A1 = Pm(ﬁcr - 60)
=1.0(6,, — 0.45)
A, =8, — 045

amax
A, = f (Peiii - Pm)d6

cr

2.41
f (1.5sin6 — 1)d6
Scr
=[-1.5c0s6 — 6]%::1

—1.5(cos2.41 — cosb,,) — (241 -5,,)

A, = 1.5c0s6.. + 6., — 1.293

Now A, = A,
6. —0.45 = 1.5cosd.,. + 6., — 1.293

1.5cos6,,. = 0.843
_, (0843
6. = Cos <?> = 0.973
6., =0973 =55-8°
17.Find the critical clearing angle for the system, for three phase fault at
is delivering 1.0 PU under pre fault

point P. the generator
conditions.(May/June-2016) (Apr/May 2017)

jo.15

jo.1s _
== jo.2s 3=
— =11 +—==¢ jo.17
C _do.2s5 =1 — =% S,
. 3 & V=1<0

E'=1.2p.u =
Re= jo.14  jo.14

== 11 1

jo.15

jo.15

Solution:

(i)prefault operation:
Transfer reactance between generator and infinite bus is
154+ 0-28+0-15
=0-71

X;=0-25+0-17 + >

~P. = Msin6
el Xl
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1.2x1
= sind = 1 69sind,,

S 0-71
1.0 = 1.69sind,
6,= 0.633 rad

(ii)During fault:positive sequence reactance diagram during the fault is

0.58 x 0.29
——— (1145

T T
jo.28 jo.15

j0.15

0.29 X 0.29

j0.15  jo.14 jo.14  j0.15 m=ﬂ-ﬂ?35
0.28 x 0.29
=0.145

E=1.2
0.38 +0.29 + 0.29

Network after A — Y conversion

j0.145 i0.17
LN LN
j0.25 jO.115
j0.0725 V=1.0
E=1.2

Transfer reactance is given by
(0-25+0-145)(0-725) +(0-145 +0-17)(0- 0725) +(0-25 +0-145) (0 - 145+ 0- 17)

X =
0-075
= 2.424

P, = Msini‘)
el Xii
1-2x1 |
=————sin
2-424
=0-495sind
(iii)post fault operation(fault line switched off)
Xi;;=0-254+0-15+0-28+0-15+0-17=1.0
CEfvE o 1-2x1

elii =y

11

. (P
8 ax = IT— sin I(Pm)

eiii
1
= —gsin~1(—
rosm <1.2)
6 = 2.156 rad

max
Find critical clearing angle4, = 4,
A= 1:)m(acr - 60)
6

=1.0(6,, — 0.633) — |  0.495in6d5
o

sind = 1- 2sind

ﬁmax
AZ = me (Peiii - 1:)m)dﬁ

cr
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Smax
= J 1251r18 - 1-0(8max - 6C)
§)

cr

Smax
f 1.2sin6 — 1.0(8,,,« — 6.)
5

cr

6max
A, = f 1.2sin8 — 1.0(2.156 — &,)

cr

6cr
6., =0.633 — f 0.495sin6d6
0633

2155
= .f 1.2sn6d6 — 2- 155 + 6.,
5

cr

=—0- 633 + [0 495c0s8]%r,,

= —[1.2cos]§'clr55 — 2.155
8, = 49.1°

18.A generator operating at 50Hz deliverslp.u power to an infinite bus
through a transmission circuit in which resistance ignored. A fault takes
place reducing the maximum power transferable to 0.5p.u where before
the fault, this power was 2.0p.u and after the clearance of the fault, it is
1.5 p.u .by the use of equal area criterion, determine the critical clearing

angle.(May/June-2016)(Nov/Dec 2017)

Solution:
All the three power angle curves are shown fig
Pe A
Pel,prefault (2 lines)
Pelll,post fault(linel)
Pm
Pell,during fault
0
G0 be L ®max o )
Pmaxl = 2'0p' u, PmaxII = 05p u, PmaxIII = 1'5p-u
Initial loading P, = 1.0p.u
P, 1
8, = sin™? ( = ) = sin~! (—) =0.523 rad
maxI 2
P
8 gy =T — sin™1 ( = )
l:)maxlll
= ! ) = 241 rad
=TT — Sln — ) = 4. ra
1.5
Coss. = Pm(smax - 80) B PmaxII C0360 + PmaxIII Cossmax
v PmaxIII - PmaxII

31



_ 1.0(2.41-0.523) — 0.5¢050.523 + 1.5c0s2.41
B 1.5-0.5

8., = Cos™1(0.337) =70.3°

19. the generators are modeled as a single phase equivalent generator
represented by the classical model with the following parameters
expressed in per unit on 2220MVA, 24KV base.

S
Xy=03H=35MW._—— K,=0

Circuit 2 experiences a solid three phase fault at point F, and the fault is
cleared by isolating the fault circuit. Determine the critical clearing time
and critical clearing angle by computing the time response of the rotor
angle, using numerical integration.(APR/MAY-2015)

=0.337

LT HT
Trans ey CCTL
®
jo.15 ERER KRR
Ei !
p e j0.93 cer2
Qe Z

The generator represented by classical model, the system equivalent circuit is

Et=1.0<28.34 000 —
X1=0.5
é L 1

ALY

Solution:

shown in fig.

X2=0.93
EB=0.90081

For initial operating conditions

E =E, + jXyl;
j(0-3)(0-9 —j0 - 436)
=1-0£28-34°
0228347+ 1-0£—28-34°
=1-1626.41-77
(i)prefault:
X__'I'_=C_Jj7_75_2
EB=0.90081
|E|IE5| 1.1626 x 0.90081
P, = X, sind = 07752 sind
= 1.351sind
(ii)During fault:
P,=0

e
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XT=0.45
ER e

.
E'=1.1626
EB=0

XT=0.45

ES S 86090 aY
Es=0.90081
EB=0

(ii)Post fault:

|E|IE;| 1.1626 x 0.90081
P, =————sind = sind
=1.1024sind

Time response using numerical integration:

1
P(Aw,) = E(Pm — P, .xSind)
RECIVEY: (0.9 — P, Sind)
P(8) = 0,An,
=377A®,

When

1.351 Before the fault
P..x =1 0 During the fault

1.1024 After the fault
The initial values of § andAw, are 41.77 °and OPU respectively.

Let us consider the second order RK method.
The general formulas given the values of Aw,,6&t for(n + 1) step of
integration are as follows;
K; +K;
2

(Aw,),_, = (Aw,.), +
t(n+1) = tn + At

, P
Where; K, = [0.1286 — ;’B" sin(ﬁ)n]At

K, = [377( Aw,),]At

K, = [0.1286 - P;“?)X sin(6,, + K"l] At
K, =[377( Aw,), + K} ]At
Plot of § asa function of time,for 3 values of fault clearing time
t.:0.07s,0.086s,0.087s
Corresponding values of clearing angle §,.:48.58°52.0452.30°
From the result system is stable with ¢.:0.086s and 6,:52.04 ¢
Unstable with t,.:0.087s and §,.:52.30 %
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Critical clearing time is - 0.086 + 0.0005s

Critical clearing angle is 52.04°+ 0.13°

(ii)Equal area criterion:

The power angle diagrams for 3network conditions are shown. For critically
stable case, the maximum swing in § is given by,

From the concept of equal area A; = A,

A +A.=A, +A,

I 125.27
0.9(125.27 — 41.77) — = J 1.1024sin8d5
180 J,

1.3116 = 1.1024(cos6. + 0.5781)
Critical clearing angle is Critical clearing angleis 6_= 52.29°

20. b) The load in the motor is 30% and the initial operating load angle
beé,i.ep, = 0.3P,,,,.(Nov/Dec-2015)

3
Pmax}
0.6Pmax
0.3Pmax :
C o
Generlly P, ..sind, = p,
= O' 3Pmax
sin§, = 0.3
8, = 17.46°
W hen the load is doubled,p, = 0.3P,,,,
PmaXSin&l = Pe
= 0' 6Pmax
sind; = 0.6
5, = 36.87
To find the maximum value of§(5,,)
Using equal area criterion,A; = A,
51
Area A, = | (0.6P,,,, — P, ..Sind) dd
8o
= (0. 6P, (8; — 8y) + Py (053!
=0.6P,,,,(6; — 8y) + P, (cosb; — cosd,)
6m
Area A, = (PpaxSind — 0.6P,,,,) dé
81
= —P,.x(cosd,, — cosb,) — 0.6P,,,. (6, — &)

Area A, = Area A,
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0.6P,,,, (8, —8,) + P, (cosd, —cosd,)
= —P, ., (cosb,, —cosd,) —0.6P,,,,(5,, —6,)
0.6(8, — 8,) + (cosd, — cosd,) = cosd,; — cosd,, — 0.6(8,, — 6;)
—0.648, + cosd,; — cosd, = cosd, — cos,, — 0.66,,

/4
cosb,, = cos§, + 0.6(5, — §,,) X 180

0.6116,,

cosd,, = 0.95393 + 0.1828 — 180

cosb,, = 1.1338 — 0.010474,,
solving for §,, by trial and errror method,we get
6, >0,
6, =58.15°
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| Question Paper Code: 21403 |

B.E./B.Tech. DEGREE EXAMINATION, MAY/JUNE 2013.

Sixth Semester
Electrical and Electronics Engineering
EE 2351/EE 61/10133 EE 601 - POWER SYSTEM ANALYSIS
(Regulation 2008/2010)

(Common to PTEE 2351 Power System Analysis for B.E. (Part-Time) Fourth
Semester Electrical and Electronics Engineering Regulation 2009)

Time : Three hours Maximum : 100 marks

Answer ALL questions.
PART A — (10 x 2 = 20 marks)

1.  What is meant by percentage reactance?
2. Draw the equivalent circuit of a 3 winding transformer.

3. What is the necessity for slack bus?

4, What is meant by acceleration factor?

5. Distinguish symmetrical and unsymmetrical faults.
6. What is meant by fault level?

7.  Define negative sequence impedance.

8. Draw the sequence network connections corresponding to L-L fault at bus.

9.  Define infinite bus in a power system.

10. What is meant by power angle curve?



11. (a)

(b)

12, (a)

(b)

PARTB — (6% 16= 80 marks)
' shown in figure 11 @ @ détsrsx:;etzi s::;::it:;
B i ke £ 100 MVA and 210
voltage. Take a base O o
line. e

L T ey
O | Fi

5pMV‘
75 MyA 15 /’20 kv

5 kv
! "o.lP“

%
il ? And list its
i i analysis’ sti
Why is per unit system used in power gystem A o

advantages.

T OIS pu

(i1)

Or
Form the bus impedance matrix for the network shown in fig. 11. (bzllg

bus building algorithm.
o2

j038

I

Fig. 11. (b)

Consider the power system with the following data :
~hs Js s
Ym = js ‘jlz j4
Jo  J —Jg
. Generation  Load Voltage
BusNo. Type p Q@ P Q Magnitude Angle
1 Slack - - - - 1.0 0°.
2 PV 5.0 - 0 - 1.05 -

3 P-Q 0 0 30 05 = _

g::u:nt:r tthat t}}e bus i ca;ni supply any amount of reactive power. With a
» Periorm the first iteration of power fl i i
Newton-Raphson method. »e 7 R us(lllzg

Or

Discuss in detail about Gauss-Seidal load flow analysis algorithm and

give steps for its - .
Gonteat 1ts implementation when Py buses also present m(tilg;



13. (a)

(b)

14. (a)

15.

A synchronous
generator and
have subtransient reactancesm otor are rated 30 MVA, 13.2 KV and both

rokata of 20%. The li ;

20.000“;’:“?2:036 8°nfthe b?se of machine r:till::: '(I:“;\l:ante::tzg i s

b 0 3;¢ Pfaileladmg and terminal voltage of 12 SrI:r d!‘;\:xng
t occurs at the motor termins;ls. Fi:d :h:

. “ 2 s B]

Or

With a help of a detail .
e Analsoud Gatig Z.m.ed flowchart, explain how a symmetrical fault Z:an
16)

A single line diagram of a power network is shown in Fig. 14 (a).
P T r T2
EVE S MR o
LS ) LY & o

Fig. 14 (a)
The system data is given in the table 14 (a) as below:

Element Positive sequence Negative sequence  Zero sequence
reactance reactance reactance

(pu) (pu) (pu)
Generator G 0.1 0.12 0.05
Motor M 0.05 0.06 0.025
Motor M2 0.05 0.06 0.025
Transformer T 0.07 0.07 0.07
Transformer Tz 0.08 0.08 0.08
Line 0.10 0.10 0.10

(b)

(a)

(b)

Generator grounding reactance is 0.5 pu. Draw sequence networks and

calculate the fault current for a line-to-line fault on phases b and ¢ at

point q. Assume 1.0 pu prefault voltage throughout. (16)
Or

Discuss in detail about the sequence impedances and networks of

synchronous machines, transmission lines transformers and loads.
(16)

for a single machine connected to infinite bus

fulness of this equation. State the reasons for
(16)

Derive swing equation

system. State the use

non-linearity of this equation.
Or

al area criterion and disc
dditional load that can be suddenly added.

State and explain equ uss how you will appl(yl (1;;

to find the maximum a

e ——————
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10.

__Answer ALL questions.
PART A — (10 x 2 = 20 marks)

What are the functions of modern power system?

Name the diagonal and off - diagonal elements of bus impedance matrix.
Why do Y,,, used in load flow study instead of Z;,, ?

When will the generator bus be treated as load bus?

What is the order of severity and occurrence of different types of fault?

What are the characteristics of shunt and series faults?

What are the observations made from the analysis of various faults?

Write the boundary conditions for single line to ground fault. -

Differentiate between voltage stability and rotor angle stability.

Define swing curve? What is the use of this curve.



1. (@ A 90 Mva 11

(b)

PARTB __ (5, 16 = 80 marks)

of 256%. The
KV 3 enerator has a reactance ission
ge€nerator supplieg twopx:?t:r: through transformer and transmis

. line ag shown ip figure. 11(a). The transformer T: is a 3 — phase

transformer, 100 MVA, 10/132 KV, 6% reactance. The transf%l’l;:; :’1:;
Composed of 3 single phage units each rated, 300 MVA, o re'rated
5% reactance. The connection of Ty & T2 are shown. The motor'; ak' the
at 50 MVA and 400 MVA bogh 10 KV and 20 % e dicats b
generator rating ag base, draw reactance diagram and indica (16)
reactance in per unit. The reactance of line is 100 ohms.

T T2 YL
OB gp O
oY &% A ___@ ”

Figure. 11(a)
Or

(1) Determine Y,,. for the 3 — bus system shawn in figure. 11(b). The

line series impedance as follows. ' (10)
Line (bus to bus) Impedance (pu)
1-2 v 0.06+350.18
1-3 0.03 +30.09
2-3 . 0.08+;0.24
Neglect the shunt capacitance of the lines.

Ziy = @
o-obt‘l o8

®

X
g 9083 fouay

[5]

213 = 0.034j0-09
Figure. 11(b) (i)

(i) What are impedance and reactance diagram? Explain. (6)

12. (a) A three bus power system is shown in figure, 12(a). The relevant per unit

line admittance on 100 MVA base are indicated on the diagram and bus
data are given in table 12. (a) Form Yy, and determine the voltages at

bus 2 and bus 3 after first iteration using Gauss Seidal method. Take the
acceleration factora = 1.6 . (16)

®, -3 @
e
=

Figure. 12(a) A three - bus power system




Table: 12(a)
Bus number Type Generation Load Bus voltage
Pc Qo(MVAr) P. Qu V(pu) 4 deg

1 Slack ? ? 0o 0 102 0

2 PQ 25 15 50 25 7 ?

3 PQ © 0 60 30 ? ?

Or

(b) (@) Give the classification of various types of buses in a power system
for load flow studies. (6)
(i) Give the advantages and limitations of Newton Raphson method. (6)
(i) What is meant by decoupled load flow method? (4)

(a) A 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 puona
base of 100 MVA. The motor is drawing 40 MW at 0.8 power factor
leading with a terminal voltage of 10.95 KV when a 3-phase fault occurs
at the generator terminals. Calculate the total current in the generator
and motor under fault conditions. (16)

Or

(b) Figure 13. (b) Shows a generating station feeding a 132 KV system.
Determine the total fault current, fault level and fault current supplied
by each alternator for 8 3 — phase fault at the receiving end bus. The
line is 200 km long. Take a base of 100 MVA, 11 KV for LV side and 132

KV for HT side. (16)
IGOMYA 1 1Ry

gﬁﬂl x = 02-[Prase Jiem

oMYA, ,
Ky
X157 ' Ty ——> ¢
o % =0.2.0-|Prone |um
Ky SomvA
X = \04 T2 \aaxe, X~ 6

Figure. 13(b)

i i rmi fault current for a Line -
(a) Derive the necessary equation to determine the _
to - Line fault. Draw a diagram showing the interconnection of seque(x;z;

networks.
Or

(b) Figure. 14(b) Shows a power
network for this system. The sys

system network. Draw zero sequence
tem data is as under.

31403



Generator G 50 MVA 11 KV, Xo = 0.08 pu

Transformer T, 50 MVA 11/220 KV Xo=0.1Pu
Generator Gz 30 MVA 11 KV, Xo= 0.07 Pu
Transformer Tz 30 MVA 11/220 KV Xo= 0.09 pu

Zero sequence reactance of line 18 555.6 ohms. Choose base MVA 50 and
base voltage 11 KV for LT side and 220 KV for HT side, (16)

Figure. 14(b) Power System Network

15. (a) (i) Distinguish between steady state, transient and dynamic stability.

(6)
(i) Derive the swing equation of a synchronous machine. (10)
Or
(b) () Explain the methods of improving power system stabilitv (10)

Gi) Explain the terms critical clearing angle and critical clearing time
in connection with the transient stability of a power system. (6)
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10.

Answer ALL questions. -

PART A — (10 x 2 = 20 marks)

Draw the impedance dlagram for the given single line representatmn of the
power system.

@ T
C  Trasmissionline 7€ -

What are the types of load modeling?

What is the role of swing bus in power flow study? |

At what condition generator bus is treated as load bus?

Give thei frequency of various faults occurrence in ascending order.
Define bolted fault.‘ '

What are the features of zero sequence current?

Write the symmetrical component currents of phase ‘a’ in terms of three phase
currents. ;

Define dynamic stability with an example.

Find the frequency of oscillation for a synéhronizing co-efficient of 0.6, inertia

constant H = 4 and system frequency of 50 Hz.



11.

12.

13.

(a)

PART B — (5 x 16 = 80 marks)

The single line diagram of a power system is shown in figure. 11. (a)

(a),

' - along with components data. Determine the new per unit values and
draw the reactance diagram. Assume 25 MVA, and 20KV as new base on
generator G, .- ; . (16)

S :
@ —3t'l‘nnsmnsalon j100 0 JISOQ -‘Qf: ::g::\"/A
line 1 e -
30MVA i B—— N - . X7=20%
138KV 30MVA ' T,
X'=20% 22/220KV St T, . 30MVA
X7= 10% w7, 3x10MVA 220/18KV
20/127KV X'=10%
X"=20%
A
20MVA
20KV
X"=15%

Figure. 11 (a)

Or
(b) Descnbe the Zgus building algorlthms in detall by usmg a three bus system.
. (16)
(1)  Formulate the power flow equation for n bus system. : 4)
(1)  Give'the detailed flow chart for newton raphson method. (12) -

(b)

(a)

(b)

e S

Or

‘Describe the step by step procedure for load flow solution from Gauss

siedal method, if PV and PQ buses are present along with slack bus. (16)

A generator is connected through a five cycle circuit breaker to a

transformer is rated 100MVA, 18KV with reactances X,;"=20%,
X;'=25% and X, =110%. It is operated on no-load and at rated voltage.

When a 3 phase fault occurs between the breaker and the transformer,
find,

(i)  Short circuit current in circuit breaker ,
(i) The initial symmetrical rms current in the circuit breaker

(iii) The maximum p0831b1e de component of the short circuit current in -
the breaker

(iv) The current to be interrupted by the breaker

(v) The intérrupting MVA. - _ (16)
_ , P ‘

With the help-of a detailed algorithm, explain how a symmetrical fault

can be analysed using Zpus. i (16)

2 o . 51443



14.

15.

(a)

(b)

(a)

(b)

A 25'MVA, 13.2 KV alternator with solidly grounded neutral has a sub
transient reactance of 0.25 p.u’ The negative and zero sequence
reactances are 0.35 and 0.01 p.u. respectively. If a double line—to—ground
fault occurs at the terminals of the alternator, determine the fault

current and line-to-line voltages at the fault. « - (16)
- Or

Obtain the expressmn for fault current for a line to line fault taken place

through an 1mpedance Zb in a power system . ; (16)

Derive the swing equation of synchronous generator connected to infinite
bus from the rotor dynamics, and extend the derivation for two parallel

connected coherent and incoherent machines. (16)
, Or '
Describe the algorithm for modified Euler method of finding solution for

power system stability problem studies. A (16)

3 : ‘ 51443
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10,

Answer ALL questions,

PART A — (10.= 2 = 20'marks)
What are the main divissons of power avstem?
What is the need for per unit 'l"il:IJ.E?
What is load flow nrpuwer-ﬂnw study?
Define voltage controlled bus.
What is the need for short circuit ul,u..g'?
What ie symmetrical fault?
What are n"mm.trin:al components?
What is sequence networks?
Define critical clearing time and critical clearing angle.

What is steady state stability limit?
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PART B — (5 = 16 = 80 marks)

11. (a) (). Explain structure of modern power system with neat sketch, (8)

(ii} Deseribe about the representation of loads, {8)
Or
(b) (i) Obtain the per unit impedance diagram of the power system of
fig shown below : i
T,
‘E‘: T.L
e Vv

Fig one line dmgrs.m representation of a simple power system
Generator Mo 1:30 MVA, 10.5 Kv, X'"=1.6 chma :
Generator No. 2:15 MVA, 6.6 Kv, X"'=1.2 ochma
Generator No 3:25 MVA, 6.6 Hv, X"'=0,56 ohma

Transformer T,(3 phase): 15 MVA, 3311 Ky, X = 15.2 chms per
phase on high tension side.
Transformer T,[ﬂ phaaa]'. 15 MVA, 33/6.2 Kv, X = 16 chms per
phase on high tension side.
Transmisgion line : 20.5 chme/phase.
Load A: 16MW, 11 Kv, 0.9 lagging power factor.
Load B: 40MW, 6.6 Kv, 0.85 lagging power factor. (12)
{ii) Draw the per unit equivalent circuit of single — phase transformer?
: (4)
12. {a) (i) Write a ndte on elassifiention of buses. {6)
{ii) Fig shown below a three bus power system Bus.1: slack bus
V= LD5[07 p.u, Bus 2: PV EuulVI =1.0pu, P, =3p.u. Bus 3: PQ
Bus P, =dpu,@, =2p.u. carry out one iteration of load flow

solution by Gauss Seidel method. Neglect limits on reactive power
genaration” (10}

Or
(b} Develop an algorithm and draw the flow chart for the solution of load
flow problem using N-R method. (18}

2 81446
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13. (a) For the radial network shown below a three—phase fault occurs at F.
Determine the fault current and the line voltage at 11kv bus under fault
conditions, '

10MWVA 12.6%
IMVA 16%
PN Tgactance
: 11 Ev
= Transformer Mo, 1:10 MVA, 10% reactance
Orvachaad Hne: 30 km 2 = (027 +0.368ohma’km
33 Kv -
errpn, Transinrmeg e 25 MVA, 8% reactancs
GEEv ___|
Z = (0.316+j0.0E)ohmslcm
3km J F
Or
) For the 3-bus network fig shown belew obtain Z bus by hmldu:g
algorithm.

Refbus r
14. (a) Explain about concept of aymmetrical component. {16)
Or

() Annﬂa]lmtagmndfaultnmununﬂubmlu!tha syatem of
fig shown below find

} (i} Current in the fault
(i) BC current in phase a of generator
{1ii) Vaoltage of the healthty phases of the bus 1 using Zaw method.
. .

O i@
=y

a 91448
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16.

{a)

(b}

www.Vidyarthiplus.com

Given ; Rating of the each machine 1200 EKEVA, 800V, with
X=X, =10%, X, =06% each three phase tranaformer is rated 1200 KVA,

600 — AS3300V -Y with leakapge reactance of 5% the reactance of the
transmission line are X, =X, =20% and X, =40% on a base of

1200 KVA, 3300V, the reactance’s of the neutral grounding resctors are
5% on the KVA and voltage base of the machine. {16}

Explain the equal area criteria for the following applications : {16}
{i} Sustained fault
() Fault with subsequent cla-a.rmg

Or
Derive the swing equation from the basic principles. Why it is non-linear?
(186)
4 91446
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Answer ALL questions.

PART A — (10 x 2 = 20 marks)

1. A 400 kV transmission line has a surge impedance of 400Q . What would be its
surge impedance loading? '

2. The ABCD constants of a three 345 kV transmission line are A =D = 0.98182 +
j0.0012447, B = 4.035 + j58.947, C =3j0.00061137. The line delivers 400 MVA at
0.8 lagging power factor at 345 kV. Determine the sending end voltage.

3.  Distinguish between the Newton-Raphson and Gauss-seidel methods of load
flow analysis.

4.  Why is bus impedance matrix preferred for fault analysis?

5. What for Short circuit capacity (SCC) should be known at any bus. Write down
the expression for SCC.

6. For a system, the bus impedance matrix was found to be
0.0450 '0.0075 0.030

Z = 0.0075 0.06375 0.030 |. The impedances are in per unit. A three

0.030  0.030 0.0210

phase symmetrical fault occurs at bus 3 through a fault impedance of Z¢ = j0.19
per unit. Find out the post fault voltage at bus 2 assuming zero prefault
current.

www. Vidyarthiplus.com
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Derive the expression for neutral grounding reactance such that the single line

.-CI

to ground fault current is less than the three phase fault current.

8. State the reason why, the negative sequence impedance of a transmission line

is taken as equal to positive sequence impedance of the line.

9. A four pole, 60-Hz synchronous generator has a rating of 200 MVA, 0.8 power
factor lagging. The moment of inertia of the rotor 1s 45,100 kg-m?2, Determine

M and H.

10. What is the significance of critical clearing time?
PART B — (5 x 16 =80 marks)

11. (a) A230kV transmission line has a per phase series impedance of Z = 0.05
+j0.45 Q per km and a per phase shunt admittance of Y = j3.4 x 10-8
siemens per km. the line is 80 km long. Using the nominal ;rmodel,
determine the ABCD constants, sending end voltage and current, voltage
regulation, the sending end power and the transmission efficiency when

the line delivers 306 MW, unity power factor at 220 V.

Or

-(b) Using the method of buﬂding algorithm find the bus impedance matrix

for the network shown in figure 1.

Fig. 1

o

71509
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(a)

(b)

www. Vi dyart hi pl us. con

Figure 2, shows the one line diagram of a simple three bus power system
with generation at buses at 1 and 2. The voltage at bus 1is V=1+3j0.0 V
per unit. Voltage magnitude at bus 2 is fixed at 1.05 p.u. with a real
power generation of 400 MW. A load consisting of 500 MW and 400
MVAR is taken from bus 3. Line admittances are marked in per unit on a
100 MVA base. For the purpose of hand calculations, line resistances and

line charging susceptances are neglected.

1 12 = — 740 2 .
Py = 400 MW
: 127
viz = —3j20 yo3 = —j20
Slack Bus 3 | V5 |= 1.05
Vi = 1.0£0°
500 A0
MW Mvar
Fig. 2

Using Newton-Raphson method, start with the initial estimates of
Vz{o} = 1.05 + j0.0 and VS(O) = 1.05 +j0.0, and keeping |[V,| = 1.05 p.u,,

determine the phasor values Vz and Vs. Perform two iterations.
Or

In the power system network shown in figure 3, bus 1 is slack bus with
Vi = 1.0 +j0.0 per unit and bus 2 is a load bus with Sz = 280 MW + j60
MVAr. The line impedance on a base of 100 MVA is Z = 0.02 + j0.04 pe'r
unit. Using gauss-seidel method, determine Va. Use an initial estimate of

V2(0) =1.0 + j0.0 and perform four iterations. Also find S; and the real,

reactive power loss in the line, assuming that the bus voltages have

converged.

s l Z12 = 0.02 + j0.04
1

1 Sy = 280 MW +j60 Mvar

Fig. 3

3 71509
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(a)

(b)
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Two generators are connected in parallel to the low voltage side of a 3
phase delta star transformer as shown in figure 4. Generator 1 1s rated
60,000 kVA, 11 kV. Generator 2 is rated 30,000 kVA, 11 kV. Each

generator has a sub-transient reactance of X, = 25%. The transformer is

rated 90,000 kVA at 11 kV-A/66 kV-Y with a reactance of 10%. Before a
fault occurred, the voltage on the high tension side of the transformer is
63 kV. The transformer is unloaded and there is no circulating current
between the generators. Find the sub-transient current in each generator

when a three phase fault occurs on the ht side of the transformer.

60,000 KVA
11 KV

@___.__

AY

30,000 KVA
it KV

Flg 4
Or

A generator transformer unit is connected to a line through a circuit

breaker. The unit ratings are :
Generator: 10 MVA, 6.6 kV: X; = 0.1 pu, X;= 0.2 pu, and X4 = 0.8 pu
Transformer: 10 MVA, 6.9/33 kV, reactance 0.08 p.u

The system is operating on no load at a line voltage of 30 kV, when a
three phase fault occurs on the line just beyond the circuit breaker. Find

(i)  The initial synimetrical rms current in the breaker,
(i) The maximum possible dc offset current in the breaker,
(iii) The momentary current rating of the breaker

(iv) The current to be interrupted by the breaker and the interrupting
kVA, and

(y) The sustained short circuit current in the breaker

4 71509

www. Vidyarthiplus.com



14.

15.

(a)

(b)

(a)

www. Vi dyart hi pl us. con

A double line to ground fault occurs on lines b and ¢ at point ¥ in the
system of figure 5. Find the sub transient current in phase ¢ of the
machine 1, assuming prefault currents to be zero. Both machines are
rated 1200 kVA, 600 V with reactances of X" = X2 = 10% and Xo = 5%.
Each three phase transformer is rated 1200 kVA, 600 V — A/300 V - Y
with leakage reactance of 5%. The reactances of the transmission line are
X1 = Xo = 20% and Xo = 40% on a base of 1200 kVA, 3300 V. The
reactances of the neutral of the grounding reactors are 5% on the kVA
base of the machines.

1 T : T
f &Ry

& D

Fig. 5

g7y
Calculate the sub-transient current in each phase for a dead shorf"mrcui‘t"
on one phase to ground at bus ‘q’ for the system shown in figure 6.

Line a=730.
@Hg 3 4 E-oi i
| X, =X =5098,"1 Xo=30.15
Xo—]033
oon AU NI
Xz-JO 17 =

Xo=3j0.06 Xi1=Xz2=Xo=j0.10 X1 =Xz = X0=j0.10

Fig. 6

The single line diagram of a system is shown in figure 7. There are four
identical generators of rating 555 MVA, 24 kV, 60 Hz supplying power
infinite bus bar through two transmission circuits. The reactances shown
in figure are in per unit on 2220 MVA, 24 kV base (refer to the low
voltage side of the transformer). Resistances are assumed to be
negligible. The initial operating conditions, with quantities expressed in
per unit on 2220 MVA, 24 kV base, is as follows :

P=0.9, @ =0.436 (over excited), E, =1.0<28.34, E; =0.90081<0.

5 71509
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The generators are modeled as a single equivalent generator represented
by the classical model with the following parameters expressed in per
unit on 2220 MVA, 24 kV base.

de=0.3; H:3.5MW.SKMVA KD 30.

Circuit 2 experiences a solid three phase fault at point F, and the fault is

cleared by isolating the fault circuit. Determine the critical clearing time

and critical clearing angle by computing the time response of the rotor

()

(i1)

.angle, using numerical integration.

HT

A CeT

0.5
F - CCT2

5 70.93

TSR
o gl
=1 2
17

nfinite

Fig. 7

Or

Define steady state stability and stability limit with the help of
Power- Power angle curve. What are the techniques available to
improve steady state stability? (6)

A 60-Hz synchronous generator has a transient reactance of 0.2 per
unit and an inertia constant of 5.66 MJ/MVA. The generator is
connected to an infinite bus through a transformer and a double
circuit transmission line, as shown in Figure 8. Resistances are
neglected and reactances are expressed on a common MVA base
and are marked on the diagram. The generator is delivering a real
power of 0.77 per unit to bus bar 1. Voltage magnitude at bus 1 is
1.1 p.u. The infinite bus voltage V = 1.06£0 per unit. Determine the
generator excitation voltage and obtain the swing equation.

Xr1=028
Xp2=038
Fig. 8
6 | 71509
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PART A — (10 x 2 = 20 marks)
1.  What is single line diagram?
2. Define per unit value.
3. What is the need for load flow study?

4. When is generator bus treated as load bus?

Why do faults occur in a power system?

"q'.-'l

6. What is direct axis reactance?

=1

What are the symmetrical components of a three phase system?
8. What is the sequence operator?
9.  How is the power system stability classified?

10.  Write the power angle equation?




11.

(a)

(b)

PART B — (5 = 16 = 80 marks)

Draw the reactance diagram for the power system shown in fig. 1.
Neglect resistance and use a base of HOMVA and 138KV on
generator G

G1: 20MVA, 13.8KV, X" = 20%

Gz : 30MVA, 18.0KV, X" = 20%

Ga : 30MVA, 20.0KV, X" = 20%

Ti : 26MVA, 220/13.8 KV, X = 10%

Ts : 3 Single phase unit each rated 10MV4, 127/18 KV, X = 10%

Ts : 35MVA, 220/22 KV, X = 10%

T

; Llnel LiIZIE..“-E %E—I (G
.Yt(:} %ﬁ § 8000 j 1000 ?EI i
T

T ::;

Yi

Fig. 1
Determine the new values of per unit reactance of Gi, Ti, Transmission
line 1, Transmission line 2, Ga, Ts, Ga and Ts.
Or
Form Yuu of the test system shown in fig.2 using singular transformation
method. The impedance data is given in Table 1. Take (1) as reference

node.
3 “’—l* 4
.\.‘iﬂ.]
1 2
Fig. 2
Table 1
Element]  Self - Mutual
i No  |Bus code{Impedance{Bus code{Impedance
1 1-2 0.5
2 1-3 0.6
1-2 0.
3 3—4 0.4 1
q 2-4 0.3
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12. (a) The system data for a load flow solution are given in Tables 2 and 3.
Determine the voltages at the end of the first iteration using the Gauss-
Seidel method. Take @ = 1.6.

Table 2 : Line admittances

Bus code Admittance
1-2 2-38.0

1-3 1-j4.0

2-3 0.666—2.664
9-4 1-4.0

3-4 2-48.0

Table 3: Schedule of active and reactive powers
Pinpu Qinpu Vinpu Remarks

Bus

Code
1 = - 1.06 Slack
2 0.5 0.2 14§00 PQ
3 0.4 0.3 1450.0 PQ
1 0.3 0.1 1400 = PQ

Or

(b) Draw and explain the step by step procedure of load flow solution for the
Causs seidel method when PV buses are present.

13. (a) Generator G1 and G2 are identical and rated 11KV, 20MVA and have a
transient reactance of 0.25 p.u at own MVA base. The transformers
T1 and T2 are also identical and are rated 11/66KV, 5MVA and have a
reactance of 0.06 p.u to their own MVA base. A 50km long transmission
line is connected between the two generators. Calculate three
phase fault current, when fault occurs at middle of the line as shown n
fig. 3.

T T

¢ i g
e
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14.

(k)

30 MVA,

132KV, 20% (¢ | 30 MVA,
@ @ 13.2 KV,
l , 20%

(a)

(b)

(a)

(b)

A synchronous generator and synchronous motor each rated 30 MVA,
13.2 KV and both have subtransient reactance of 20% and the line
reactance of 12% on a base of machine ratings, The motor is drawing
25 MW at 0.85 p.f leading. The terminal voltage 1s 12KV when a three
phase short cirewit fault occurs at motor terminals, Find the
subtransient current in generator, motor and at the fault point.

L3
i

Line, 12% |

Fig.4

Derive the expression for the three phase power in terms of symmetrical
components.

Or

A 30 MVA, 11 RV, 34 synchronous generator has a direct subtransient
reactance of 0.25 p.u. The negative and zero sequence reactance are 0.35
and 0.1 p.u respectively. The neutral of the generator is solidly grounded.
Determine the subtransient eurrent in the generator and the line to line
voltages for subtransient conditions when a single line to ground fault
occurs at the generator terminals with the generator operating unloaded
at rated voltage,

(1)  Derive the expression for swing equation. {10

(i) The moment of inertia of a 4 pole, 100 MVA, 11 kV, 3-¢, 0.8 power
factor, 50 HZ turbo alternator 1s 10000 kg-m2. Calculate H and M.
(6)

Or

A synchronous motor is receiving 30% of the power that it is capable of
receiving from an infinite bus. If the load on the motor is doubled,
calculate the maximum value of & during the swinging of the motor
around its new equilibrium position.
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B.E./B.Tech. DEGREE EXAMINATION, MAY/JUNE 2016
Fifth Semester
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Time : Three Hours Maximum : 100 Marks

Answer ALL questions.
PART - A (10 x 2 = 20 Marks)

I. Define per unit value of an electrical guantity and write the equation for base

impedance for a three phase power systenm.

Write the equation for per unit impedance if change of base occurs.

o

3. What is the need for load flow analysis

4. Mention the various types of buses in power system with specified quantities for each
bus. /

5. State and explain symmetrical fault, -'-J_FI-;J’-" [, '-'J-"":'* f ot k bl 3 Phots

6. What is bolted fault or solid tault ?

7. What are the symmetrical components of a three phase system

8. Write down the equation to determine symmetrical currents from unbalanced current.

9,  State Equal arca criterion.

10. Define transient stability of a power system.
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PART - B (5 x 16 = 80 Marks)

(a) The data for the system whose single line diagram shown in Fig.11(a) is as

follows :
Gl: 30 MVA, 105 kV, X7 = 1.6 ohms
G2: 15 MVA, 6.0 kV. X" = 1.2 ohms
G325 MVAL 6.6 KV, X™ = (.56 ohms
T2 15 MVA 33/11 kV, X = 15.2 ohms/phase on H.T side
T2: 15 MVA, 33/6.2 kV, X=16.0 ohms/phase on L.T side
Transmission line : X = 20.5 ohms/phase
Loads : A : 40 MW, 11 kV, 0.9 p.f lagging
B:40 MW, 6.6 kV, 0.85 p.flagging

Choose the base power as 30 MVA and approximate base voltages for different

parts. Draw the reactance diagram. Indicate pu reactance on the diagram. (16)
G1
S — (D
X T1

Fig. 11(a)
OR
(b) (i) Determine the Ybus matrix by inspection method for line specification as
mentioned below. (12)
Line p-g | Impedance in p.u. | Half Line charging admittance in p.u.
1-2 (.04 +j0.02 10.05
-4 0.05+j0.03 j0.07
1-3 0,025+j0.06 j0.08
2.4 0.08+j0.015 i0.05
3-4 0.035+j0.045 J0.02

(1)) Draw the m-model representation of a transformer with off nominal tap

ratio ‘o’ k L ¥ (4)
2 57320




2
3. 9 With a neat flow chart, explain the computational procedure for load flow
solution using Gauss Seidal load flow solution. (16)

OR

(b) Draw the flow chart and explain the algorithm of Newton-Raphson iterative
(16)

method when the system contains all types of buses.

(a) A generating station feeding a 132 kV system is shown in fig. 13(a). Determine

13.
the total fault current, fault level and fault current supplied by each altemator for

a 3 phase fault at the receiving end bus. The line is 200 km long. (16}
100 Mva, 11 K"u"
Tl T1- 100 MVA, 11132 KV, X=10%
X=0.2 ohma/phase/km
3T
e F

Gry 38
@ 3 & ¥=0 .2 chma/phasehm

soMvA 11Ky T2-SOMVA, 117132 KV, X=8%
M=%

Fig.-13(a)
OR

(b) A Symmetrical fault occurs at bus 4 for the system shown in Fig 13.(b).

Determine the fault current using Zbus Building algorithm. (16)
N
._. o A -j _.j-j Tl
= CD] o, O ()
; o |
@ | 3 % Ly %ﬁt l @
G, T, Th Go
- Fig.13(b) Ry ar |
G1. G2 : 100 MVA, 20kV, X" = 15% a | '
Transformer : Xjo 00 = Q%
LI,L2: X'=10%
572
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4. (a)

(b)

(b)

R
(i) What are the assumptions to be made in short circuit studies ? ; (4
(i) Deduce and draw the sequence network for LLG fault at the terminals of

unloaded generator. (12)
OR

Dertve the expression for fault current in line to line fault on unloaded generator.
Draw an eguivalent network showing the interconnection of networks to
simulate line to ground fault. (16)

(1) A generator is operating at 50 Hz. delivers 1.0 p.u. power to an infinite bus
through a transmission circuit in which resistance is ignored. A fault takes
place reducing the maximum power transferable to 0.5 pu. Before the
fault, this power was 2.0 p.u. and after the clearance of the fault itis 1.5

p.u. By the use of equal area criterion, determine the eritical clearing angle. (10)

(ii) Discuss the methods by which transient stability can be improved, (6)
OR
Write the computational algorithm for obtaining swing curves using Maodified
Euler method. (16)
4 57320
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10.

‘equivalent circuit? . 27,9

Answer ALL questions.
'PART A — (10 X 2 = 20 marks)
State the advantage of per unit analys:s [ L )

How are the loads represented in the reactance and Impedanee dlagram" { %2)

What is Jacoblan matnx" [‘q 2')
Wnte the need for Slack bus in- load flow analysis. - L 3)

What is the need for short circuit study" -f~' 'Y

How the shunt and series faults are classxﬁed" J.;-s r3
Define short circuit‘ capacity., la‘ 2 ;

Why the neutra.l groundmg lmpedance Zn appears as 3Zn i in zero sequence

Define VoItage Smbiﬁty. Cﬁ 2) 3

State_few techniques to im.pmve the stability ot: the power system. :28 o 8 )

e r——




PART B — (5 x 16 = 80 marks)

11. (a) Prepare a per phase',schem;tic of the system shown in Fig.I 11(a) a.nd
show all the impedance in per unit on a 100 MVA, 132 kV base in the
transmission line circuit. The necessary data are given as follows: (16)

G1:50MVA, 12.2kV, X =0.15p.u i, 24 )
G2 : 20MVA, 13.8kV, X = 0.15 p.u_ |
T1: 80MVA, 12.2/161kV, X = 0.1 pu
T2: 40MVA, 13.8/161kV, X = 0.1 p.u

) Load : 50MVA, 0.8 pflag, operelltil.lgat 154 kV

Determine the p.u impedance of the load.

4 15% Aotles -

Fig. 1;(3)‘
Or

(B) The ¢.rameters of a 4-bus system are as under :
Line starting Line ending ~ Line Line charging -

bus bus impedance = admittance
1 2 0.2+j0.8 j0.02
2 3 0.3+j0.9 - j0.03
2 4 0.25+j1.0 j0.04
3 4 0.2+j0.8 j0.02
1 3 0.1+j0.4 j0.01
Draw the network and find bus admittance matrix. [ 30,5 3] (16)

12. (a) With a neat flow chart, explain the computational procedure for load flow
solution using Newton Raphson iterative method when the system
contains all types of buses. {2,237 (16)

Or

2 _ 80377




(b) The Fig. 12(b) shows the one line diagram of a simple 3 bus power system
with generators at buses 1 and 3.Line impedances are marked in p.u on a
100 MVA base. Determine the bus voltages at the end of second iteration
using Gauss — Seidel method. /| 229 _ (16)

2

et

\ 0.02+i0.04

, 0014003 \ 00125+j0.025

: \ $ - 1950 Mvar
Slack Bus - ! \
V1=1A.05+j0 200 MW )

Ervere
Gz

Flg\‘ 2(b) _

18 (a) ' For the tédial ne!:yvork shown in\Fi‘g. 13(a) 3® fault.oecur__s at point F.
Determine the fault current and the line voltage at 11.8 kV bus under:

fault condition. C 9.¢49)

e

\ : ; A . : ;

[2MVA X3 ou5p-0 - : \ T
33kv  gbkv : : e

(9-/:5‘1‘;/19..‘)4-]. , _6‘5?+J0'0‘f)-‘3-< ._ i |
@ G 9 t3d . |
wrn(@) = T o N e
Yot amvA, BT =Y :

o : T =Ngiolos Po5
Tt 3 nva, ?“z~\-§f°'°3_F. E

800 Gl I peo

Fig. 13(a)

: Or : : 3
(b) ; A 3 phase, 5 MVA, 6.6 kV alternator with a reactance of 8% is connected
" to a feeder series impedance (0.12 + j0.48) ohm/phase/km through a s p
- up transformer. The transformer is rated at 3 MVA, 6.6 kV/33 kv and
has a reactance of 5%. Determine the fault current supplied by the
generator operating under no load with a voltage of 6.9 kV, when a

3 phase symmetrical fault occurs at a point 15 km along the feeder. (16)

- -
AT S . -

/
19,3
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14.

15.

(a)

(b)

(a)

(b)

Derive the expression foxj fault current in line to line fault on unloaded
generator. Draw an equivalent network showing the interconnection of
networks to sinfulate line to line fault. {1225 ) 3 (16)

Or ¢ Sk
A 30 MVA, 11 kV generator has z1 =22 - j 0.05. A Line to ground fault
occurs at generator terminals. Find the fault current and line voltages

during fault conditions. Assume that the generator neutral is solidly
grounded and the generator is operating at no‘load and at rated voltage -

during occurrence of fault.@\r 25 : 5]
Derive Swing equation and discuss the importance of stability studies in
power system planning and operation. fz e . . (16)

. ' Or .
Find the critical clearing angle and time for clearing the fault with
simultaneous opening of the breakers when a three phase fault occurs at
point P close to bus 1 as shown in Fig. 15(b). The generator is delivering
1.0 pu. power at the. instant preceding the fault. | /b, 29 ) - :

r-p3 v ? - : v “- V= 1.0p.u.
: ] =j0.5
Xo = j0.15 xu e
)3 .
E’=12pu. Xir=jO.1 Xi>=jO.4
1 2 2

Fig. 15(b)
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B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2017
Fifth Semester

Electrical and Electronics Engineering
EE 6501 -POWER SYSTEM ANALYSIS

(Regulations 2013)
Time : Three Hours Maximum : 100 Mar]
Answer ALL questions
PART - A (10x2=20 Mark

1. Define per unit value of an,,électrical quantity and write the equation for base
impedance for a three phase power system.

2. Write the equation for per unit impedance if change 4 base occurs.

3. , What is the need for load flow analysis ? :

4, ?ention the various types of buses in power system with specified quantities for
ach bus.

on

State and explain symmetrical fault.
6. What is bolted fault or solid fault ?
7. What are the features of zero sequence current ?

8. Write down the equation to determine symmetrical components currents from

unbalanced currents.
9. State equal area criterion.

10. Define transient stability of a power system.
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PART - B (5x13=65 Marks)

. a) The single line diagram of an unloaded power system is shown in figure 11(a)
" along with components data determine the new per unit values and draw the
reactance diagram. Assume 30 MVA and 13.8 KV as new base on generator 1. (13)

TI=2SMVA, 13.0220KV, X™=10% TI=3SMVA, 20/22KV, X™=10%

O s i Lgags SV

20MVA, 138KV, X™=00% ‘ IOMVA, 20KV, X™=20%

U

T2=30MVA, 127/18KV, X"=10%

\}b\ 30MVA, 18KV, X~ =

f) (OR) !
(H\J Describe the Zy . building algorithm in details by using a three bus system. (13) ¢ i
12. a) With a neat flow chart. algorithm and explain the computational procedure for

load flow solution using Gauss-Seidal Methods. (13)
(OR)
b) Draw the detailed flow chart and explain he algorithm of Newton-Raphson
method when the system contains all types of buses. (13)

13. a) A generating stations feeding 132 KV system is shown in Fig. 13(a). Determine
the total fault current, fault level and fault current supplied by each alternator
for a 3 phase solid fault at the receiving end bus. The length of the transmission
line is 150 KM long. (13)

@ 3IF X=0.3Q/Phase/KM
o §

200MVA, 33KV X™=15%  Tl.gmmeva, mvoy xem , >

s TX. LINE=150 KM
o 3¢
L0OMVA, BEVT=15%  To-ameva motuxy,s-cm X=0.3C/Phase/KM

(OR)
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14.

15.

16.

b) A symmetrical fault occurs at bus 4 for the system shown in fig. 13(b). Determine

the fault current using Z, , building algorithm. (13)

Ly T2

OO,

Gl» .

G1, G2:100 MVA, 20 KV, X" = 16% Transformers T1, T2 : X[ ;,xage = 9%
L1, L2:X"=10%

a) 1) What are the assumption to be made in short circuit studies ? (4)
11) Deduce and draw the sequence network for LLG fault at the terminal of
unloaded generator. (9)
(OR)

b) Derive the expression for fault current in line fault on unloaded generator. Draw
an equivalent network showing the interconnection of networks to simulate line
to ground fault. (13)

a) 1) A generator is operating at 50 Hz, delivers 1.0 p.u. power to an infinite bus
through a transmission circuit in which resistance is ignored. A fault takes
place reducing the maximum power transferred to 0.5 p.u. Before the fault,
the power was 2.0 p.u. and after the clearance of the faultitis 1.5 p.u. by the

use of equal area criterion, determine the critical clearing angle. (8)

ii) Discuss the methods by which transient stability can be improved. (6)
(OR)

b) Write the computational algorithm for obtaining swing curves using modified-

Euler method. (13)

PART - C (1x16=16 Marks)

a) 1) Distinguish between steady state stability and dynamic stability. (8)

ii) Explain the importance of stability analysis in power system. 4
(OR)

b) Explain the term critical clearing angle and critical clearing time in connection
with the transient stability of a power system. (13)
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Fifth Semester
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Time : Three Hours \ Maximum : 100 Marks

Answer ALL questions
PART - A (10x2=20 Marks)
1. Mention the requirements of planning the operation of a power system.
2. What is the need for base values,?

3. What is the need for slack bus i power flow analysis ?

4/ Discuss the effect of acceleration factor in the load flow solution algorithm.

- 5/ What is meant by fault calculations ?
6. What are all the assumption to be made to simplify the short circuit study ?
7. What is meant by symmetrical fault ?

8. Explain the concept of sequence impedances and sequence networks.

9. Define stability.

10. What is the significance of sub-transient reactance and transient reactance in
short circuit studies ?

PART - B (6%13=65 Marks)

11. a) i) In.the single line diagram shown in figure 1, each three phase generator
G is rated at 200 MVA, 13.8 kV and has reactances of 0.85 pu and are

generating 1.15 pu. Transformer T, is rated at 500 MVA, 13.5 kV/220 kV
and has a reactance of 8%. The transmission line has a reactance of 7.8 Q.



e

V and a reﬂdﬂml.‘- of

nd draw the circuit

41003 2-
Transformer Ty has a rating of 400 MVA,
11%. The load is 250 MVA at a power factor of 0.85 lag.

to a common base of 500 MVA and 220 kV on the line a
diagram with values expressed in pu.

G 5% ' Transmission Line 4'_%€_+_——0 Load

O T,

Figure 1
i) A 200 MVA, 13.8kV generator has a reactance of 0.85 p.u. and is generating
1.15 pu voltage. Determine the actual values of the line voltage, phase ®

voltage and reactance
(OR)

b Determine Z-bus for system whose reactance diagram is shown in given figure 2

where the impedance is given in p.u. preserve all the node- (13)

io 2

25

1125 s 9

Figure 2

12. a) For the system shown in fig.3, determine the voltages at the end of the first
iteration by Gauss-Seidal method. Assume base MVA as 100. (13)
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Generator Load Qmin Qmax
Bus | Voltage P Q P Q |MVAR|MVAR
No.
1 11.05 £0° p.u. - - - . = -
2 |1.02p.u. 03 pu.| - - - -10 100
3 - - — |0.4p.u.|0.2 p.u. - —

(OR)

b) Perform an iteration of Newton-Raphson load flow method and determine the
power flow solution for the given system. Take base MVA as 100.

(13)
Bus Half line charging admittance
Line | From | To | R(p.u) | X(p.u.) (Yp/2 (p.u.))
1 1 2 | 0.0839 | 0.5183 0.0636
Bus Py QL
1 90 20
2 30 10

3. a) Figure shows a part of a power system, where the rest of the system at two
points of coupling have been represented by their Thevenin’s equivalent circuit

(or by a voltage source of 1 pu together its fault level which corresponds to the
per unit value of the effective Thevenin's impedance).

S

(13)
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With CB1 and CB2 open, short circuit capacitier are
SCCatbus 1 =8 p.u. gives Zgl = 1/8 = 0.126 pu
SCC at bus 2 =5 p.u. gives Zg2 = 1/6 = 0.20 pu
Each of the lines are given to have a per unit impedance of 0.3 pu.
Z1=22=03 p.u.
(OR)
b) Explain how the fault current can be determined using Z, . with neat flow
chart (13)
14. a) Brief discuss about the analysis of asymmetrical Faults in the power system
with neat circuit diagrams and necessary equations (13)
(OR)

b) Itis proposed to conduct fault analysis on two alternative configurations of the
4-bus system.

F(a}' | ,ii%bf%

1::-...«»‘3(1‘-l ik

G), G, : 100 MVA, 20 kV, x* =x" = x4 = 20%; x, = 4%: x, = 5%.

T,, Ty : 100 MVA, 20 kV/345 kV; X, = 8%

Ly, Ly : X" =x7=15% ; Xy = 50% on a base of 100 MVA

For a three phase to ground (solid) fault at bus 4, determine the fault current
and MVA at faulted bus, post fault bus voltages, fault current distribution in

different elements of the network using Thevenin equivalent circuit. Draw a
single-line diagram showing the above results. (13)

5. a) 1) Discuss the classification of power system stability problems in the power
system. (6)

i) Derive the swing equation of a synchronous machine swinging against an
infinite bus. (M

(OR)
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b) A 60 Hz synchronous generator having inertia constant H =
a transient reactance X, = 0.3 per unit is connected to an in
a purely reactive circuit as shown in figure, Reactances are
diagram on a common system base, The generator is delivering r

41003

9.94 MJ/MVA and

finite

bus through

marked on the

eal power of

0.6 per unit, 0.8 power factor lagging to the infinite bus at a voltage of V = 1 per
unit. Assume the per unit damping coefficient is D = 0.138. Consider a small

disturbance of A8 = 10° = 0.1745 radian (the breakers open and then quickly

close).

(13)

i) Obtain equations describing the motion of the rotor angle and the generator

frequency.
ii) The maximum power input that can be applied without loss of synchronism.
R I—D AL {1—2 V=10
O—3¢=
X; -03 g X12=0.3 -
PART - C (1x15=15 Marks)

16. Describe the importance of stability analysis of in power system planning and

operation.

(15)



