Subject Title : Power system analysis Subject Code : EE3501
UNIT I - INTRODUCTION

Need for system planning and operational studies — basic components of a power system.-

Introduction to restructuring - Single line diagram — per phase and per unit analysis — Generator -

transformer — transmission line and load representation for different power system studies.-

Primitive network - construction of Y-bus using inspection and singular transformation methods —

z-bus.

PART - A
1. Mention the requirements of planning the operation of power system
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 analyze the system under different fault conditions
To study the ability of the system for small and large disturbances (Stability studies)
2. What is the need for base values?
The components or various sections of power system may operate at different voltage and
power levels. It will be convenient for analysis of power system if the voltage power, current and
impedance ratings of components of power system are expressed with reference to a common value
called base value. Hence for analysis purpose a base value is chosen for voltage, power, current and
impedance. Then all the voltage, power, current and impedance ratings of the components are
expressed as a percent or per unit of the base value.
3. Define per unit value of an electrical quantity and write the equations for base impedance for
a three phase power system. ,
The per unit value of any 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.
The per unit value of base impedance for a three phase power system is as,
kVy;x1000
Zy= \Efb

4.  Write the equation for per unit impedance if change of base occurs.
The equation for converting per unit impedance form one base to another can be given as
follows.

KVibold"  MVApnew

T i I
Zpu new= Zpuold XVomew™  x MVApo1a

5. What are the advantages of per unit computation?
The advantages of per unit method over percent method is that the product of two
Quantities expressed in per unit are expressed in per unit itself, but the product of two quantities
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expressed in percent must be divided by100 to obtain the result in percent.
A'Y connected generator rated at 300 MVA, 33 KV has a reactance of 1.24 p.u. Find the
Ohmic value of the reactance.
Actual value
Per unit Value = Base value
Actual Value = Pu value * base value
= 1.24 * (33”2/300)
=4.5012 Q
State the advantages of per unit analysis.
The advantages of per unit representation are
1. Per unit data representation yields valuable relative magnitude information.
2. Circuit analysis of system containing transformers of various transformation ratio is greatly
simplified.
3. Circuit parameters tend to fall in relatively narrow numerical ranges making erroneous data
east to spot.

How are the loads represented in the reactance and impedance diagram? (NOV/DEC 2016)

The loads are represented in reactance diagram with an internal emf in series with reactance and
resistance.

The same load is represented in impedance diagram as internal emf in series with reactance
without resistance.

What is single line diagram
Single line diagram is diagrammatic representation of power system in which the
components are represented by their symbols and the interconnections between them are shown
by a single straight line (even though the system is 3- phase system). The ratings and the
impedances of the components are also marked on the single line diagram.
Define per unit value.
The per unit value of any 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 = EBase value

Define Power System, Power System Analysis and Per Phase Analysis.

Power system

The conveyance of electrical power from a power station to consumer premises is known as
electrical power system.

Power System Analysis

The evaluation of power system is called as power system analysis.

Per Phase Analysis.

A balanced three phase system is always analyses on per phase basis by considering one of the three

phase lines and neutral.
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What are the components of power system?

The various components of power system includes

Generators,

Power Transformers,

Transmission lines,

Substation Transformers,

Distribution Transformers and

Loads.

What are the main divisions of power system?

If a sudden change or sequence of changes occurs in one or more of the system

parameters or one or more of its operating quantities, the system is said to have undergone
a disturbance from its steady state operating condition.

The two types of disturbances in a power system are,

Large disturbance

Small disturbance

What is a small disturbance? Give example.

If the power system is operating in a steady state condition and it undergoes

Change, which can be properly analyzed by linearized versions of its dynamic and algebraic
equations, a small disturbance is said to have occurred.

Example of small disturbance is a change in the gain of the automatic voltage regulator in the
excitation system of a large generating unit.

What is a large disturbance? Give some examples.

A large disturbance is one for which the nonlinear equations describing the dynamics of the
power system cannot be validly linearized for the purpose of analysis.

Examples of large disturbances are transmission system faults, sudden load changes, loss of
generating units and line switching.

What are the assumptions for transient stability?

The assumptions to be followed for the transient stability are as follows.

Generators are represented by the constant internal voltage behind transient reactance.

The turbine mechanical power outputs are assumed to be constant and the governor corrective
action is ignored.

All resistance is neglected.

Damping is neglected.

When is a power system said to be transiently stable?

Transient stability is defined as the ability of the power system to remain in synchronism under

large disturbance conditions, such as fault and switching operations. The maximum power transfer
limit is less than that of the steady state condition.
If the machines of the system are found to remain essentially in synchronism within the first second
following a system fault or other large disturbance, the system is considered to be transiently stable.
What is the objective of short circuit study?

The objective of the short circuit analysis is to precisely determine the currents and voltages at the
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different locations of the power system corresponding to the different types of faults, such as three
phase to ground fault, line to ground fault, line to line fault, double line to ground fault and open
conductor fault. The data is used to select fuses, protective relays and circuit breakers to rescue the
system from the abnormal condition. The symmetrical components and sequence networks are used
in the analysis of unsymmetrical faults.

What is a bus?

The meeting point of various components in a power system is called a bus. The bus is a
conductor made of copper or aluminum having an eligible resistance. The buses are considered as
points of constant voltage in a power system.

Types of bus includes

Slack bus,

Generator Bus,

Load Bus,

State the need for per unit value. (or) What is the need of per unit

The needs of per unit value are stated as follows.

The per unit impedance referred to either side of a single phase transformer is the same.

The chance of confusion between line and phase quantities in a three phase balanced system is

greatly reduced.

What are the advantages of per-unit computations?

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

2. The p.u values of widely different rating machines lie within a narrow range, even though the
ohmic value has a very large range.

3. 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.

The p.u. impedance of a 3-phase transformer isindependent of the type of winding connection (Y or

A).

A generator rated at 30 MVA, 11 kV has a reactance of 20%. Calculate its p.u.

Reactance’s for a base of 50 MVA and 10kV.

Solution.

KVboid.  MVApnew
New p.u. reactance if generator = X p, ol XKV mew' x MVApoua
Here, X 5, ¢=20%=0.2 p.uU.; KV}, o= 11KV,MVA, ;:=30MVA, kV,, ., =10kV;
MVA, e, =50MVA

11 50
New p.u. reactance of generator=0.2x (To )*x 30 = 0.403 p.u

What is impedance and reactance diagram?
The impedance diagram is the equivalent circuit of power system in which the various
components of power system are represented by the approximate or simplified equivalent circuits.
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The impedance diagram is used for load flow studies. The reactance diagram is the simplified
equivalent circuit of power system in which the various components are represented by their
reactance. The reactance diagram can be obtained for impedance diagram fall the resistive
components are neglected. The reactance diagram is used for fault calculations.

What are the approximations made in impedance diagram?

The following approximations are made in impedance diagram.

The neutral reactance’s are neglected.

Shunt branches in the equivalent circuits of transformer are neglected

The resistances are neglected.

All static loads and induction motors are neglected.

The capacitances of the transmission lines are neglected.

Whatis busadmittancematrix?

The matrix consisting of the self and mutual admittances of the network of a power system is
called bus admittance matrix. It is given by the admittance matrix in the node basis matrix
equation of a power system and it is denoted as Ybus.

The bus admittance matrix is symmetrical. Inverse of bus impedance matrix is the bus admittance
matrix.
What is bus impedance matrix?

The matrix consisting of driving point impedances and impedances of the network of a power

system is called bus impedance matrix. It is given by the inverse of bus admittance matrix and it is

denoted as Zbus’
The bus impedance matrix is symmetrical matrix.
How the Zpus is modified when a branch of impedance Zp is added from a new bus-p to the
reference bus?

When a branch of impedance Zp is added from a new bus-p to the reference bus, the order of
the bus impedance matrix increases by one.
Let the original bus impedance matrix have an order of n and so the new bus impedance matrix
has an order of (n+1).The first nx n sub matrix of new bus impedance matrix is the original bus

impedance matrix. The elements of (n+1)th column and row are all zeros except the diagonal. The
(n+1) diagonal element is the added branch impedance Zp,
What are symmetrical components?

An unbalanced system of N related vectors can be resolved in to 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.

What are sequence impedance and sequence networks?

The sequence impedances are impedances offered by the devices or components for the like
sequence component of the current. The single phase equivalent circuit of a power system
consisting of impedances to the current of any one sequence only is called sequence network.

List out the major stages in a single line diagram of a power system.

The different stages of power in power system are
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Primary transmission

Secondary transmission

Primary distribution

Secondary distribution

Give the formula to calculate base current, I, and base impedance of a three- phase system.
The equation for base current I, is,

KVA,
V3 KV

Iy

The equation for base impedance is,

k1, x1000
Zn = \Efb

Where

I,=Line value of base current.

kVA,=3-phasebaseKVA

kV, =line to line base kV

Z,=Base impedance per phase.

What is the advantage of per unit method over percent method?
Theadvantageofperunitmethodoverpercentmethodisthattheproductoftwo

Quantities expressed in per unit are expressed in per unit itself, but the product of two quantities

expressed in percent must be divided by100 to obtain theresult inpercent.

What is the need for base values?

Thecomponentsofvarioussectionsofpowersystemmayoperateatdifferent

Voltage and power levels. It will be convenient for analysis of power system if the voltage, power,

current and impedance ratings of power system components are expressed with reference to a

common value called base value. Then all the voltages, power, current and impedance ratings of

the components are expressed as a percent or per unit of the base value.

Why the three phase kVA is directly used for per unit calculation in three phase systems?
The per unit value of a 3-phase kVA on the 3-phase kVA base is identical to the per unit value of

kV A per phase on the kVA per phase base.

3 phase KVA  KVA per phase
3 phase base KVA  base KVA per phase

Thereforein3phasesystems,thelinevalueofvoltageand3phasekVVAare directly used for per
unit calculations.

Give the equation for transforming base kV on LV side to HV side of a transformer
and vice versa.

HV rating
Base kV on HVside = Base kV on LV side x LV rating




LV rating

Base kV on LVside = Base kV on HV side x HV rating
36. List the methods of improving the transient stability limit of a power system.

The methods of improving the transient stability limit of a power system are listed as follows.

(1)Increase of system voltage, use of AVR.

(2)Use of high speed excitation systems.

(3)Reduction in system transfer reactance.

(4)Use of high speed reclosing breakers.
37. Give the equation for load impedance and load admittance per phase of a balanced star
connected load.

Vil P—j@
Load impedance per phase, Z = P —J%| a4 admittance per phase, = Vil
Where,
P = Three phase active power of star connected load in watts.
Q = Three phase reactive power of star connected load in VARSs.
V= Line voltage of load.
38. What are the methods available for forming bus impedance matrix?
Form the bus impedance matrix and then take its inverse to get bus
1. Impedance Matrix.
2. Directly from the bus impedance matrix from the reactance diagram. This Method utilizes the
techniques of modifications of existing bus impedance Matrix due to addition of new bus.
39. Name the diagonal and off diagonal elements of Bus Impedance Matrix.
Bus Admittance Matrix.
The diagonal elements of bus admittance matrix are called self-admittances of the Buses and off
diagonal elements are called mutual admittances of the buses.
Bus Impedance Matrix.
The diagonal elements of bus impedance matrix are called driving point impedances of the buses
and off diagonal elements of bus impedance matrix are called transfer Impedances of the buses.
40. Mention the advantages of bus admittance matrix, Ypus.
The advantages if bus admittance matrix is listed as follows.
i) Data preparation is simple.
ii) Formation and modification is easy.
iii) Since the bus admittance matrix is sparse matrix(i.e., most of its elements are zero), the
computer memory requirements are less.

41. What are the considerations used to select base values?
Selection of Base MVA.
First a base value is chosen for the network.
The same MVA will be used in all parts of the system.
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It may be the largest MVVA of a section, or total MVVA of the system or any value like 10,100,1000
MVA etc.

Selection of Base KVA.

The rated voltage of the largest section may be taken as base Selection of Base MVA.

The base voltages of remaining sections assigned, depends on the turns ratio of the transformer.
Prove the per unit impedance of the transformer referred to the primary side is equal to the
per unit impedance referred to secondary side.

Let the impedance of the transformer referred to primary side be Zp and that on secondary side be
Zs then,

Zp-Zs(Vp /! Vs)?

Where, Vp and Vs are the primary and secondary voltage of the transformer.

pr.U:( Ip Zp/Vp)

= Zs(Vo | Vs )Y ( Ip1Vp)

O =275 1b Vp I V&

i) =Zs (Is Vs/ Vs?)

II) =Zsls /Vs =Zs p.u

Therefore Zp p.u=Zsp.u

A generator rated at 30MVA, 11KV has a reactance of 20%.Calculate its per unit reactance
for a base of 50 MVA and 10KV.

MVA 1ew=50; KV 1w =10 ; MVA ;4=30; KV q¢=11

X pu=20% =20/100 =0.2 p.u

Base KV, ;2 17 [Fase MVA, ..
Kpaunew = Xpaola X [Sase KI”::.] % [Sﬂse _-'uﬂ"_:i:;i ]

, 1117 [50] .
-X,L".‘.i.?iél'_l' =j0.2x [ﬁ] x [ﬁ] = j0.4033 p.u

What is the new p.u impedance if the new base MVA is twice the old base MVA?

.'ll"f.['".’;].ngl_r = 2 .'ll"f.['".’;lalld

Base KV,4 ]: [S fase _.m!_qm,_l_]
X

ZT\1'TI':ZT|1' I 4 , *
p-umew = Sp.uold [Base KV on Base MVAy4

Base KV, 1" [2 Base MV A,
Zpaunew = Zpuola X [Sage ffv:j] “[ Base _.-uﬂf_qafj]
Write the equation for base impedance and per unit impedance if change of base occurs.
Base Impedance
The equation for base impedance is given as follows

(Base KV
Base MIYA

Base Impedance =

Per unit impedance if change of base occurs.
The equation for per unit impedance if change of base occurs.

_ Base KV, V' [Base MVA, .,
Zp.u.né"_r = Zp,"_{.ﬂt‘d x [SEIS'E' ffI—"_m_;..J.] X [SHSE' MVAy 4
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Why bus admittance matrix is preferred in load flow?
Bus admittance matrix is preferred in load flow problem because,
It is easy to formulate.
No need of taking inverse.
Computation time is less.
Matrix is symmetric, so calculation of upper or lower triangular matrix is enough.
Each bus is connected to only a few nearby buses.so many diagonal elements are zero.
Distinguish between impedance and reactance diagram
The resistive and reactive loads can be represented by any one of the following representation.
Constant power representation.
Load power, S=P + JQ.
Constant current representation.

" P: A4 Q: )
Load current. , | = V] 8 -8
Constant impedance representation.
IV

Load current, Z = F —j@

Give the methods available for forming bus impedance matrix.

The three main methods available in forming bus impedance matrix are as follows.
Form the bus admittance matrix and take the inverse to get bus impedance matrix.
Using bus building algorithm.

Using L-U factorization of Y-bus matrix.

List out the application of Y-Bus.

The application of Y-bus matrix is as follows.

Y-bus is used in solving load flow problems.

It has gained applications owing to the simplicity in data preparation.

It can be easily formed and modified for changes in the network.

It reduces computer memory and time requirements because of sparse matrix.
What are the various methods to form Y-Bus matrix by singular transformation?
Various methods to form Y-Bus matrix by singular transformation are

Formation of network.

Formation of Graph.

Formation of oriented Graph.

Formation of Loop.

Formation of Tree.

Formation of Link or chord.




PART B
1. In the single line diagramshown in fig. 1 each three phase generator G is rated at 200 MVA,
13.8 Kv and has a reactance of 0.85 pu and are generating 1.15 pu. Transformer T1 is rated
at 500 MVA, 13.5 KV/220 KVA and has a reactance of 8%. The transmission line has a
reactance of 7.8 ohm. T=Transformer T2 has a rating of 4010 MVA, 22 KV/33 KV and a
reactance of 11%. The load is 250 MVA at a power factor of 0.85 lag. Convert all quantities
to a common base of 500MVA and 220 KV on the line and draw the circuit diagram with

values expressed in pu. (APR/MAY 2018)
. ¢
G A 1 Transmission Line =_% Load
& 1
\ T
g T, :

2. A 200 MVA, 13.8 KV generator has a reactance of 0.85pu. and is generating 1.15 pu voltage.
Determine the actual value of the line voltage, phase voltage and reactance.
(APR/MAY 2018)




3. Determine Z-bus for system whose reactance diagram is shown in given fig. where the
impedance is given in p.u, preserve all the nodes. (APR/MAY 2018)

p——

jol B2
o ]

lllsg 125 g

4. Draw the reactance diagram for the power system shown infig. Neglect resistance and use a
base value of 50 MVA and 13.8 KV on generator G1. (Nov/Dec 2015, 2017)
Generator, G;=20 MVA, 13.8 kV, X”=20%

Generator, G,=30 MVA, 18.0 kV, X”=20%

Generator, G3=30 MVA, 20.0 kV, X”’=20%

Transformer, T, =25 MVA, 220/13.8 kV, X=10%

Transformer, T, = 3 single phase unit rated 10 MVA, 127/18 kV, X=10%
Transformer, T3 = 35 MVA, 220/22 kV, X=10%
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Determine the new values of per unit reactance of G1, T1, transmission line

Transmission line 2, G2, T2, G3 and T3.

Solution.
Choose
KVb,new
MVAb,neW
Generator 1,2 & 3:
kvb.g:r@n: MVAp 4ow
Zp.u. new = Zpu,given X KVonew:  x MVApgiven

Transformer, T1(Py):

T.Tr 2
KV, given

."lff I—'r_-':l h.ew
Zp.u.new = Zpu,given X kVpmew™  x MVApgiwen = j0.2p.u

Transmission Line:

Transformer secondary side change occurs, so calculate KVp pew as

H.T side rating of T,
KVpnew = KVpog * ( L-T side rating of Ty )
Zactual
Zou= ( kVp®
Transformer, T,(Sy):

) x MV Ay

T.Tr 2
KV, given

MVAp now
Zp.u.new = Zpu,given X KVpnew  x MVApgiven = j0.2 p.u

Transformer, T3(Sy):

T r i
kVp,given MVAp new

X zﬁffl',_qblg:L'gn = 102 p.u

1T 2z
Zp_u, new = Zpulgiven X '.{.[. hnew




Load, M : Transformer secondary side change occurs, so calculate KVp new as
L.T side rating of Ta

KVpnew = KVpog * (H-T side rating of Tz )

k15 “ r
b.given MVApR 4mow
z

X BV new x MV Ap,given

Zp.u. new — Zpu,given

5. Describe Z bus building algorithm in details by using a three bus system. (NOV/DEC 2017)

6. 300 MVA, 20 kv, 3 ® generator has sub transient reactance of 20%. The generator supplies 2
synchronous motors through a 64 KM transmission line having transformer at both ends as
shown. In this , T1 is a 3 ® transformer 350MVA, 20/230 KV, 10% reactance & T2 is made
of 3 single phase transformer of rating 100 MVA, 127/13.2 KV, 10% reactance.

(MAY/JUNE 2017)
Series reactance of the transmission line is 0.5(Q)/KM. The rating of 2 motors are M1 = 200
MVA, 13.2 KV, & M2 =100 MVA, 13.2 KV, 20%. Draw the reactance diagram with all the
reactance marked in p.u. select the generator rating as a base value.
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Solution:
Choose MVAp new
Choose kVenew
Generator:

;‘:L'rb.,_r,':ren‘ MVApR 4mow
Zpu.new= Zpugiven X KVbmew ™  x MVAp given
Transformer T, referred to Primary side:

Transformer Ty Primary side change occurs, so calculate KVp new as

"

KVy,given MVAp qow
Zpu.new= Zpugiven X KVbmew ™ x MVAp,given
Transformer T; referred to Primary side:
KVb’neW = 11 kV
kL"b.,_r,':L'gn‘ MVAp 4ow
Zp_u_ new = Zpu'given X k.['fb.?’n.?'.l-" X 'Ill'rf.['f'qb.\_l.',':l.'é'ﬁ
] 0.5Q/KM line :
Transformer T3 Secondary side change occurs, so calculate KVp new as
H.T side rating of Ty
KVpnew = KVpog * (L. T side rating of Tz )
Zacrual _ Zgcrual
Zp.u new = Lhasze a ( .:{-L'rb‘ ) X M1V Ay
Transformer Ts referred to Primary side:
KVp, = 66 kV

-

T

kVp,given MVAp now

Zp.ul newz Zpu’given X "{.[:'b.nl.‘:".” X _|'|,rf.[,-' 'qb.g:L'E'ﬁ
L.T side rating of Ts

Motor : KVpnew = KVpog * (H-T side rating of Ts )
KVgwen.  MVApyew

Zp.u. new — Zpu,given X kvb-n‘?'-"" X 'Iluﬂf'qb'g:rgn :j 0.225 p.u

7. Form bus admittance matrix for the data given below using singular transformation method.

Take node 6 as reference node. (MAY/JUNE 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
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Solution:
Solution:

The Y, . Matrix of the network is

bus

The elements of new bus matrix after eliminating

an'Ynk .
Y inew=Y jk — ~ , Where, n=4, j=1,2,3 , k=1,2,3.

nn

The bus admittance matrix is symmetrical. .Y, =Y

jknew

Yllnew =Y11 _ﬁ = _J13_w = —J112
44 - -9
Y12new :le _Yléli = JOS_ULO)SO) = ]05
44 —JU.
j0.4).(j0.5
Yiznew = Y13 _% = j0.4—% = J0.622
44 —Ju.
Y21new = Y12new = 105
0).(0
Y22new =Y22 _Y?i = _Jll_( )_O( 9) = —Jll
44 —Ju.
Y,,.Y 0).(0.5 .
Y23new :YZS _% :0-6_( )_(()_9 ) = JOG
44 .
Y31new :Y13new = 10622
Y32new :Y23new = 106
j0.5).(jO.5
Y33new :Y33 _Y:?i = _Jls_LéJg) = —J1222
44 —Ju.

The reduced bus admittance matrix after eliminating n+1" row is in order 5*5

8. Prepare a per phase schematic of the system shown and 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:

G1:50 MVA, 12.2 KV, X =0.15 pu
G2 : 20 MVA, 13.8 KV, X =0.15 ohms




T1:80 MVA, 12.2/161 KV, X =0.1 pu

T2 : 40 MVA, 13.8/161 KV, X” =16.0 pu

Load : 50 MVA, 0.8 pf lag operating at 154 KV
Determine the pu impedance of the load.

20+i80 20170 E
'-.———-.-
Lead
Solution.
Choose
KVb,new
IVlVAb,new
Generator:
KV, given : MVAp now

h] 2 .-’—
Zp.ul nEW: Zpu’given X "{.[:'b.nl.‘:".” X _|'|.rf.[, 'qb.g:L'E'ﬁ

4]

Transformer, T1(Py):

T r i
kVp,given MVAR now

Zp.u.new = Zpugiven X KVonew — x MVApgien = j0.2 p.u

Transmission Line:
Transformer secondary side change occurs, so calculate KV pew as
H.T side rating of Ty
KVpnew = KVpoig * (L. T side rating of Ty )
Zac‘rua.‘

Zow= ( K" )x MVA

Transformer, T,(Sy):

k1 - r
b.given MVApR now

Zpu.new= Zpugiven X KVbmew”  x MVAbgiwen =j0.2pu

Load, M : Transformer secondary side change occurs, so calculate KV new as
L.T side rating of T,
KVpnew = KVpog * (H-T side rating of Tz )

LV, z .
b.given MVAp now

1.1 2 4. .
Zp.u.new= Zpugiven X KVo,new x MVAp,given

9. The parameters of a 4-bus system are as under:




Line starting bus Line ending bus Line Impedance Line c.harglng
admittance
1 2 0.2+j0.8 j0.02
2 3 0.3+j0.9 30.03
2 4 0.25+j1.0 30.04
3 4 0.2+j0.8 30.02
L 3 0.1+j0.4 Jo.01

Draw the network and find bus admittance matrix.
Solution:
The Y, . Matrix of the network is

bus

Yo Yo _
Y inew=Y jk — ~ , Where, n=4, j=1,2,3 , k=1,2,3.

nn

The bus admittance matrix is symmetrical. . =Y

kjnew jknew

Yiinew = Yi1 _Y14-Y41 =—j13- (J0.4).(jO. 4) —jl12
4 -j0.9
Y12new :le _Yjéli = JOS_ULO)SO) = ]05
44 —Ju.
j0.4).(jO.5
Yl3new :YlS _Ylé.i = 104_% = JO622
44 -1
Y21new 12new JO 5
0).(0
Y22new = Y22 _Yzéi = _jl-l_% =—-j1.1
44 —Ju.
0).(0.5
YZSnew :Y23 YYY 0 6 % = J06
44 —VY.
Y31new : 13new JO 622
Y32new = 23new - JO 6
j0.5).(j0.5
Y33new :Y33 _Yeéi = _Jls_LéJg) = —J1222
44 —Ju.

The reduced bus admittance matrix after eliminating 4™ row is shown below

10. The data for the system whose single line diagram shown
G1:30 MVA, 10.5 KV, X” = 1.6 ohms
G2 : 15 MVA, 6.6 KV, X” = 1.2 ohms
G3 : 25 MVA, 6.6 KV, X” = 0.56 ohms
T1 : 15 MVA, 33/11 KV, X” = 15.62 ohms/phase on H.T side
T2 :15 MVA, 33/6.2 KV, X” = 16.0 ohms/phase on H.T side
Transmission line : X = 20.5 ohms/phase
Loads : A : 40 MW, 11 KV, 0.9 pf lagging
B : 40 MW, 6.6 KV, 0.85 pf lagging




Choose the base power as 30 MVA and approximate base voltages for different parts.
Draw the reactance diagram, indicate pu reactance on the diagram.

Gl G2

——

1 T2 G3

Solution.
Choose Base values
KVb,new, IVIVAb,new
For Generator, transformer and load:
KVi,given MVAp now
Zpu.new= Zpugiven X KVbmew™  x MVAp given

Transmission Line:
Transformer secondary side change occurs, so calculate KVp new as
H.T side rating of Ty
KVpnew = KVpoig * (L. T side rating of Ty )
Zac‘rua.‘
Zpu= ( KVoT )X MVA
Load, M : Transformer secondary side change occurs, so calculate KVp new as
L.T side rating of T.
KVpnew = KVpoig * (H-T side rating of Tz )

T r i
kVb,given MVApnew

IR i A,
Zpu.new= Zpugiven X ¥Vonew™  x MUAp given

9. Form Yy, of the test system shown in fig using singular transformation method. The
impedance data is given in Table Take (1) as reference node.

|

1

|

i

\ |
— R | i

|

|

|

|




Table

Element No self Mutual

Bus code Impedance Bus code Impedance

1-2 0.5 1-2 0.1
1-3 0.6
3-4 0.4
2-4 0.3

BAIWIN|PF-

Solution:
Let us first eliminate 4™ bus. .Y, =Y,, =—j18.0 )

The elements of new bus admittance after eliminating 4™ row and 4™ column is given by,

Y

Y'n'Ynk H
=Y =3 , Where, n=4, j=1,2,3 , k=1,2,3. (6)
ik Y

nn

jknew

Y Yy _ —j9.8—m =-]8.411
Y,, —-j18.0
Ve (150)(i50)

Y, . =Y. =0- = j1.388
12new 12 Y44 _ 1180 J

Yianew = Y13 A = j4-O_M = ]6.222
A -j18.0

Y, . =Y, =jl3888

21new 12new

Y22new :Y22 _M = _183_M = —16911
Yo -j18.0

Yo .. (i5.0).(j80)
Yot jpg (I90)-U80) 0
Y. —j18.0
- j6.222
Yy = 4722

anew = Ya3 Yauleg j14—m =-j10.444
Yo —j18.0
The reduced bus admittance matrix after eliminating 4™ node is given by,
—j8.411 j1.388  j6.222
=| j1..388 —j6.911 j4.722

j6.222  j4722 -jl0.444
= —j10.444

Y,

11new

= Y11

Yoznew = Vo3

23new

Y31new =Y,

13new
Y3

2new

Y3

Y,

bus

Elimination of node 3: Ym = Yz
The other elements of reduced bus admittance matrix can be formed from the equation

Y'n'Ynk -
=Y, - Where, n=3, j=1,2, k=1,2

jk

Y

jknew
nn

Y, =y, —ea _jgagq- (j6.222).(j6.222)

e Yas —j10.444

— —j4.7043




. ] j6.222).( 14.722 .
Yionew = Y12 A = J1.388— (J - ) (J ) = ]4.2011
Yas —j10.444
Y21new =Y12new = j4.2011
. ] j4.722).( j4.722 )
Y. :Yzz—%:—jagll—(J ) (J ):—14.7761

zznew Yy —j10.444

The reduced bus admittance matrix after eliminating node 3 and 4 is
—j4.7043  j4.2011

b { ja2011 - j4.7761}

10. Draw the structure of an electrical power system and describe the components of the system
with typical values.
Single line diagram
Single line diagram is a simplified representation of power system components along with their
interconnections with each other. Each component is represented by its symbol.
Limitations
The only limitation of single line diagram is that it cannot represent the conditions during
unbalanced operation of a power system. Under the unbalanced operation of a power system, all
three phases are to be shown for currents and voltages and single line diagram proves to be
insufficient.
Power system Components - Generator, Transformer, Transmission lines & Distribution
Generator —Generates electrical energy
Transformer — transfer power from one circuit to another without change in frequency.
Transmission line - Power transfer from one location to other location
Purpose of control equipment’s - Protection from lightning and prevent damage
Tolerance level - +5 to 10%. Difference in voltages caused due to variation in loads
Primary transmission - First stage of transmission, 110kV,132 kV or 220 kV or400 kV or 765
kV, high voltage transmission, 3¢ , 3 wire system.

Genaraling station 11kV

11KV 220 kY

Primary fransmission
{High voltage)

\ﬂﬂiﬂﬂ/ Step up transformer
]
]
I
I
I

Step down transformer

Receiving station 220 KV 33 KV
Secondary transmission Feeder
Step down transformer

Substation T 33KV 6.6 kV

Primary distibution To large bulk loads like
Feeder factories, industries

Distribution WA0000200000 Distribution transformer

substalion 6.6 kV/400Vor230V

Secondary distribulion Distributors

Service mains

To consumers




Secondary transmission - 3@ | 3 wire system,33kV high voltage line 66kv to factory supply
Primary distribution - 38 | 3 wire system,11kv or 6.6 kV, 3@ , 3 wire system
Secondary distribution - 400V, 3phase, 230V, 1phase, 3 phase 4 wire
Components of secondary distribution - Substation, feeders, service mains
Interconnection diagram - Feeders, service mains, distributors
Feeder - Conductors that take power from receiving station to substation
Distributor - Conductor that transfer power to consumers by tapping
Service mains - Connects distributor and consumer premises
I. 3 phase 3 wire circuits - Instantaneous sum of three line current is zero
ii. 3 phase circuit advantages - Economical , carry three times more power than single phase
iii. 3 phase 4 wire circuits - 4™ wire is Neutral wire and acts as return conductor
11. The three phase power and line to line voltage rating of the electric power system is shown
in figure

Tz

: ‘ %% Line ?g ‘ :
Generator, G= 60MVA, 20 kV, X”’=9 %
Transformer, T; = 50 MVA, 20/200 kV, X=10 %
Transformer, T, =50 MVA, 200/20 kV, X=10 %
Motor, M =43.2 MVA, 18 kV, X”=8 %
Line, 200KV, Z = 120 + j200 Q
Draw an impedance diagram showing all impedance in p.u on a 100 MVA base. Choose 20
kV as base voltage for generator.
Solution.
KVpnew =20
MVA new =100
Generator: KVy given = 20, MVAy given = 60 MVA, Z, given = 9% = 0.09

T r -
kVp,given MVAp now

Zp.u.new = Zpugiven X kVpnew™  x MVAp,given
20% 100
=0.09x 207 x60 =j0.15p.u

kI"rb.g:ré'n: MVAgp wow

Zpu.new= Zpugiven X KVonew™  x MVApgiven =j0.2 p.u

Transmission Line: 200kV, Z =120 + ;200 Q,
Transformer secondary side change occurs, so calculate KV new as
H.T side rating of T,
KVpnew = KVpod * (L-T side rating of Ty )
200
=20*( 20 )=200kV




Zactual 120 + jZﬂ'ﬂ'

Zp.u = ( kai ) x MVAy = ( 2002 ) x 100 =03 +j 05 p.u
Transformer, T,(Sy): KVpnew = 200, Zyy,given = 10% = 0.1
kL”b.g:wn: MVAp qow

Zp.u' neW: Zpu’given X k.[;b.ni.:”.l-" X "Ilrf[!-’:lb-,_f.‘:ré'n = j02 pu

Motor, M : Transformer secondary side change occurs, so calculate KV new as
L.T side rating of T,
KVpnew = KVpoig * (H-T side rating of Tz )
20
=20* (200 )=20kV

T r i
kVp,given MVAp new

Zp.u. new = Zpu,given X EVonew  x MVAp,given =j0.15p.u

Impedance diagram

j0.15

Emm

12. Draw the reactance diagram for the power system shown in fig. The ratings of generator,
motor and transformers are given below. Assume SOMVA as base in the jS0Q line
Generator G1:50MVA, 11kV, X”’=14%
Generator G2:50MVA, 11 kV, X”’=16%
Transformer, Ty, Ty, T3, T4 : 30MVA, 66/11 kV, X=12%
Synchronous motor: 20MVA, 11 kV, X”=15%

500

st

TG

Solution:
MVApnew =30 in transmission line (j 40Q)
kKVpmew =66KkV (voltage in the j 40Q)

j 50 line :




Zoctual _ Zactual
Zpunew = Zbase B ( RVs" ) xMVA
j50
=66% x30=j0.344 p.u

Transformer T, referred to Primary side:
Transformer T, Primary side change occurs, so calculate KVp new as

11
KVpnew =66 * (66 ) =11 kV
;‘:L'rb.,_r,':ren‘ MVApR 4mow

T z A
Zp.u.new= Zpugiven X KVbnew x MV Ap,given

117 30
Zpu new=j0.12x 112 x30 =j0.12 p.u

Generator, G; : KVppew = 11 kV
11* 30
KVpnew = j0.14 X 117 x50 = j 0.084 p.u
Transformer T; referred to Primary side:
KVpnew = 11 kV
kvb.g:ren: MVAp now

IR 2 i e A,
Zpu.new= Zpugiven X KVbmew™  x MVAp given

11* 30
Zpu new=j0.12x 117 x30 =j0.12 p.u

j 502 line :

Transformer T3 Secondary side change occurs, so calculate KV new as
H.T side rating of T

KVpnew = KVpog * (L-T side rating of T )

&6

KVppew =11* (11 ) =66 kV

Zoctual _ Zacrual

Zpunew= Zoase  ( KVe' ) xMVAp, e

j20
Zp.u. new =662 x30=j0.138 p.u
Transformer Ts referred to Primary side:
KV, = 66 kV

kL"b.,_r,':L'gn: MVAp 4ow

Zpu. new = Zpu given X kVmew x MVAp, given
H65 30
=j0.1x 66% x15 =j 0.2 p.u
L.T side rating of T
Motor : KVpnew = KVpog * (H-T side rating of Ts )
11

=66* (86 )=11kV




-

T r &
kVp,given MVAp now

Zp.u. new = Zpu,given X kVpnew™  x MVAp,given =j0.225p.u

Transformer Tg referred to Secondary side:
Kbenew = 11 kV

M"’b.,_r,':r@n‘ MVAgp pow
Zp.u. new = Zpu given X kKVomew™ X MVAp,given
11* 30
Zpunew=]j0.1x11% x15 =j 0.2 p.u
j 20Q line :
Transformer Tg Primary side change occurs, so calculate KV new as
66
KVpnew =11 7% (ﬁ ) =66 kV
Zacrual Zacrual
Zpunew = Zbase B ( kVy® YX MVAp | ow
j20

=66% x30=j0.138 p.u
Transformer T4 :  Z,unew=] 0.12 p.u (Because transformer T, is identical with transformer)
Transformer T, Z,unew=] 0.12 p.u (Because transformer T is identical with transformer)

Generator, Gy : Transformer T, Secondary side change occurs, so calculateKVp new as
11
=66* (66 )=11kV
11 30

Zpu.new = j0.16 X 117 x50 = j 0.096 p.u

Reactance diagram

[1]
0000 -
0000 ~ |
C o c

/ 0.096

13. The single line diagram of an unloaded power system is shown in fig. The generator and
transformers are rated as follows.

Generator, G1=20MVA, 13.8 kV, X”’=20 %

Generator, G2=30 MVA, 18 kV, X”=20 %

Generator, G3=30 MVA, 20 kV, X”=20 %

Transformer, T1 =25 MVA, 220/13.8 kV, X=10 %

Transformer, T2 = 3 single phase units each rated at 10 MVA, 127/18 kV, X=10 %

Transformer, T3 = 35 MVA, 220/22 kV, X=10 %

Draw the reactance diagram using a base of 50 MVVA and 13.8 kV on the generator G1.




YA A%—‘-Y rmi section 2 EEA_D_@\)L{_
Ruak ’

20kv %

Solution :
."l"f.[-"r_-‘:].blnglj.' = 50
kl'rb.ng'.l-' =13.8kV

ka.g:ren‘ MVApR now
Generator, Gy : Zp.u new= Zpugiven X KVomew™  x MVAp,given
13.8% 5o
=j0.2x13.8% x20 =j0.5p.u
Transformer T; referred to Primary side:
KVpnew = 13.8 kV

kvb.g:ren i MVAp now
Zpunew= Zpugiven X KVounew™  x MVAp,given
13.8% 50
=j0.1x13.8% x25 =j0.2p.u
Transmission line j 802 :
Transformer T, Secondary side change occurs, so calculate KV pew as
H.T side rating of T,
KVpnew = KVpoid * (L-T side rating of Ty )
220
KVpnew =13.8* (13.8 ) =220 kV
Zactual =] 80Q

Zacrual Zacrual
Zounew = Zbase ( kVs" )xMVAp oy
jG0

=2207 x50 =j0.0826 p.u
Transmission line j 100Q2 :
KVp new = 220 kV
Zactual = 100Q

J100
Zp,,=220% x50=j0.1033 p.u

Transformer T, referred to Primary side: 3 single phase units are used.

Voltage rating: 3 x 127/18 kV = 220/18 kV

Note: Star side, V. =¥3 V, ;Deltaside, V.=V, ; Power =3V, I_
MVAp,given = 3x10 = 30 MVA




KV new = 220 kKV
kvb.g:ren : MVAp now

Zp.u.new = Zpugiven X kvb.ne“.l-': x MV Ap,given

220% 5o
=j0.1x220% x30 = 0.1667 p.u
Generator, G, :
Transformer T, Primary side change occurs, so calculate KV new as

L.T side rating of Ty

KVpnew = KVpoig * (H-T side rating of Tz )

18
kvb.g:ren i MVAp now
Zp.u. new — Zpu,given X kVenew x MVAp,given
18° 50

=j0.2x 187 x30 =j0.333 p.u
Transformer T; referred to Secondary side:
KVb new = KVb,given =220 kV

kvb.g:r@n‘ MVAp 4ow
Zp.u. new = Zpu,given X kl”g.ngw‘ X -'"‘”'?-’45.;:1,-9“
220° 5o

Zpu new=j0.1x 2207 x35 =) 0.1429 p.u

Generator, Gs :
Transformer T3 Primary side change occurs, so calculate KVp pew as
L.T side rating of Ty
KVpnew = KVpoig * (H-T side rating of Tz )
22
KVpnew =220 * (220 ) =22 kV
KVb,given =20 kV

kVp,given MVAg now
Zp.u. new — Zpu,given X &V new x MVAp,given
20% 5o

Zpu new=j0.2 x 22% x30 =j 0.2755 p.u

Reactance diagram

02 00820
TR o] 01033 Ll
| —— 500 —
05 01429
0.33
02755
. +
b Egy ’ .




14. Draw the reactance diagram for the power system shown in fig. Neglect resistance and use a
base of 100 MVA, 220 kV in 50€2 line. The ratings of the generator, motor and transformer
are given below.

Generator: 40MVA, 25 kV, X”=20 %

Synchronous motor: 50 MVA, 11 kV, X”=30 %

Y- Y Transformer: 40MVA, 33/220 kV, X=15 %

Y -A Transformer: 30 MVA, 11/220 kV (A/Y), X=15%

T2

T1
§ j 50Q é
Solution : J E

Assume base MMArew;= 100 MVA (Highest rayapg N thé Machine)
Base kVpew =11 KV

LV, i .
b.given MVAp now

Zpu.new= Zpugiven X ©Vbmew  x MVAp given
11 100
=j0.2x 11% x100 =j 0.2 p.u
Transformer Primary : KV given = 11 KV, MVA given = 50 MVA

kVp,given MVAy naw
x M F—’;lb.g:r@n

1T 2
Zp.u. new — Zpu,given X &Ve,new

112 100
Zpunew=J0.1 X 117 x50 =j 0.2 p.u

Transmission line : KV} new = KV, 0f secondary side of transformer.
H.T side rating of Transformer
= KVpolg * ( L.T side rating of Transformer )

220
=11x 11 =220kV
Zgetual
Zou= ( kKVp® ) x MVAp
J120
= 220% x 100

Z,u=j0.248 p.u

Resistive load :
KVb’ new = 220 kV
Eacru‘a.‘

Rou= ( kV&© )xMVA

200
Rpu= 220% x 100 =0.413 p.u

Impedance diagram




15. The single line diagram of a power system is shown in fig. . Determine the new per unit
values and draw the reactance diagram. Assume 25 MVA and 20 KV as new base on

Genretor G;

wf‘ . 1'=Ny ) . A
/\\ e E50€2 A J0MVA
Gy S Eo— 100 0 03 ] 13k
ransmissiorn ! KV
\_. Jtliﬂ(‘. 1 ! WC ) lg

OMVA Tl _
138KV I0MVA
221220KV U Ty

r_ 900

X"=20% W= (0% - ENIOMV-"\
R 20/12TKV

W'=20%

N
20MVA
KV
X' 15%
Solution:
BaseMVApnew =100 MVA
Base KVonew =220 kV
Transmission line j 50Q:
Zactual = j50
Zacrual M
Zpunew = Zpase ( kVpnew ) X MVApnew
j50

Zownew = 2202 X 100 = j0.1033 p.u

Transformer Ti:
KVb,oId =220 kV
L.T side rating of T,
KVpnew = KVpog * (H-T side rating of Ty )

33
M"rb.g:rgn‘ MVAp now

T i r 4.
Zpu.new= Zpugiven X KVbmew™  x MVAp,given

Xe 20%
30M \I',’\

220/18KV

X"= 10%




337 100
Zounew =J0.15x 332 x40 =j0.375p.u

1T i
KV, given MVAp now

Generator, G]_ Zpu new — Zpuygiven X k.[;b.ﬂé"_l-" X -'ll'rf.[';-":]'b.\_l.',':l-'l‘.:'n

33 100
Zpunew=J0.2x 332 x40 =j0.287 p.u

Transformer T,:
KVyp,o1d = 220 KV(H.T side voltage)
L.T side rating of T
KVpnew = KVpog * (H-T side rating of Tz )
11
=220* (220 )=11kV
ka.g:yen: MVAp now

X kl”b.ng._._-: x MVAp given

Zp.u. new — Zpu,given

112 100
Zpunew=J0.15x 112 x30 =j0.5p.u

Synchronous Motor :

ka.g:yen‘ MVApR 4mow
Zpu.new= Zpugiven X ®Vomew X MVAp,given
11* 100

Zpunew=j0.3X 117 x50 =j 0.6 p.u

Reactance diagram.

16. Draw the reactance diagram for the system is shown in fig. and mark all reactance in p.u on
20 MVA and 6.6 kV basis

Generator, G1=10MVA, 65.6 kV, X”’=10 %

Generator, G2=20 MVA, 11.5 kV, X”=10 %

Transformer, T1 =10 MVA, 30, 6.6/115 kV, X=15 %

Transformer, T2 = 3 single phase units each rated at 10 MVA, 7.5/75 kV, X=10 %




¢ 1000
=
b :
= YiA
j75Q {500
i200Q
YIY
150Q 3 E
F 8 T2

Solution:
MVApnew =20
kVpnew =6.6 kV
Therefore first consider G; which has 6.6kV as base.
Generator, G; :kVenew =6.6 kV
kvb.g:ren : MVAp now

1 2 Ui
Zp.u.new = Zpu given X KVo,new x MV Ap,given

6.6% 20
Zpu new=J0.1x 6.6% x10 =j0.2 p.u

Transformer T, referred to Primary side:
kKVpnew =6.6kV

kvb.g:r@n i MVAp 4ow
Zpu.new= Zpugiven X KVbmew™  x MVAp given
6.62 20

Zpu new=J0.15x 6.6% x10 =j 0.3 p.u

Transmission line j 100€2 :
Transformer T, Secondary side change occurs, so calculate KV new as
H.T side rating of T,
KVpnew = KVpog * (L-T side rating af T, )
115
KVppew = 86 * (6.6 )=115kV
Zacrual = 100Q

Zacrual E—ac:uaé

Zp.unew= ZEG.SQ - ( kL'rb: )X."l-’ﬂ«’r_-ilb

1 NEw

j100
Z,,=115% x20=j0.1512 p.u

Transmission line j 75Q :
l(Vb’r]eW= 115 kV
Zactual =] 75Q

j7a
Z,y,=1153 x20=j0.1134 p.u




Transmission line j 50€2 :
KVb’neW: 115 kV
Zacrual =] 50Q

j5o
Zp,=115% x20=j0.0756p.u

Transmission line j 200€2 :
KV new = 115 kV

Zacrual =] 200Q

j200

Z,,=1157% x 20 =j0.0302p.u
Transmission line j 150€2 :
KVp new = 115 kV

Lacrual = 150Q

j150
Zp,y=115% x20=)0.2268p.u

Transformer T, referred to Primary 3 single phase transformer units.
Note:  Star side, V.= v3 V, ;Deltaside, V.=V, ; Power =3 VI,
MV Ap,given = 3x10 = 30 MVA

KVbnew= 115 KV, KV given = 75 X ¥3 = 130 kV

M"’b.,_r,':r@n‘ MVAp now
Zpu.new= Zpugiven X ©Vbmew  x MVAp given
130° 2o

Zpu new=j0.1x 115% x30 = 0.085 p.u

Generator, G; :

Transformer T, Secondary side change occurs, so calculate KV new as
H.T side rating of T,

KVpnew = KVpog * (L-T side rating af T, )

13
kL'rb.g:ren : MVAp now

R 2 K
Zp.ul newz Zpu’given X "{.['fb.?’n.l‘.:".l-' X _|'|.rf.[, -qb.g:ré'n

11.5% 2o
Zpu new=]j0.1x11.5%2 x20 =j 0.1 p.u

Reactance diagram.




0.1

17. Form Y-bus for the network shown in fig. The impedance data is given in table. Select node
(1) as reference node.

& )
—T T
4 1 1 1
O GO
Self Mutual
Element Bus Bus
No. co | Impedance co | Impedance
de de
1 1-2 0.6
2 1-3 0.5
1-2 0.1
3 3-4 0.5
4 2-4 0.2
Solution:
Oriented graph.
D | >
-_I_ ][:]_4 j_-
j0.6 ﬂiﬂ-l j03
Ref D GO

Take (1) as reference. Draw Tree




(CD I <.
()]
4 T d
o a @
Ref
(€D I <D
1
|
b 1
.l'k J-FP d
|
D a S
Ref
-1 0 0 0
_ _ [n -1 1 n]
Incidence matrix[A1 =lo o -1 -1
-1 0 0
0 -1 0
ﬂ —_
A1 =11 o -
05 jO01 0O 0
j01 joe 0O 0
0 0 04 o
Primitive impedance matrix [£primizive]l =1 0 0 0 ;O3
Primitive admitance matrix [?Pr:m:::y._a] = [ZF_1":_77::;':1;._:-]_:l
j0.5 joayt 1 [jOoe6 —jO1
Consider the matrix j0.1 jo.6l =_p29l-j01 ;OS5
~j2.0689 j0.3448
-l j0.3448 —j1.724
—j2.0689 j0.3448 0 0
v | /03448 —j1724 0 0
Primitiveld — 0 0 —3'2.5 0
0 0 0 -j3.333
Bus admittance matrix [Ysus] = LAY primizive ALY
~j2.0689 j0.3448 0 0 1 0 o
j0.3448 —j1.724 0 0 0 -1 0
0 0 -j2.5 0 0 1 -1
[YPr':m:::rg][-’;l]T: 0 0 0 -j3.333]l1 0 -1
~j2.0689 j0.3448 0
~j0.3448 j1.724 0
0 —i2.5 2.5
=1 -;3.333 0 j3.333




Bus admittance matrix
~j2.0689 j0.3448 0
—j0.3448 j1.724 0

0 —j2.5 j2.5
~j3.333 0 j3.333

-1 1

[—1 0 0 0 ]
0 0
[Yiysl = [-’4][YPr:n::::L'é'][-’;1]T =L 0 0 -1 -1

j0.3448 —j4.224  j25

[—j54ﬂlg j03448  j3.333 ]
Bus admittance matrix [¥zy:1 =1 j3.333 Jj2.5 —J5.8333

18. Determine Zy,sfor the system whose reactance diagram is shown in fig. where the impedance
are given in p.u. preserve all the three nodes.

0.3
ST [ R
(:) IS 'y N | e . (:)
iz @ j0.15
— |
il.2 il5
1 1

Refbus
Solution
Step 1:

Consider the branch with impedance j 1.2 p.u connected between bus-1 and reference bus.
e The system having a single bus and so the order of bus impedance matrix is one.

Zous =/ 1.2]
I
il2 é

a2
Ref.bus

Step 2:

e Connect bus 2 to bus 1 through am impedance j 0.2.

e This is case 2 modification and so the order of matrix is increased by one.

e In this new bus impedance matrix the elements of 1% row and column is copied as element of 2"
row and 2" column. The diagonal matrix is given by Zi; + Z, where Z,=j 0.2




O
0 0

2 é

I
Refbus

1.2 j 12 12 j1.2
Zous=L 12 jl24+j021=1j12 jl4
Step 3:
e Connect bus 3 to bus 2 through am impedance j 0.15.
e This is case 2 modification and so the order of bus impedance matrix is increased by one.

e In this new bus impedance matrix the elements of 2" row and column is copied as element of 3™
row and column. The diagonal matrix is given by Z,, + Zpwhere Z,=j 0.15

ilz
1
Ref.bus
jl12 j1.z2 jl.z j12 j12 j12
jl12 j14 jl.4 j12 j14 j1l4
Zos=li12 jl4 jl4+ jois|=|j12 jl4 j1.55

Step 4 :

e Connect impedance j1.5 from bus 3 to reference bus.

e This is case 3 modification. In this case new bus impedance matrix is framed as that of the last
row and column are eliminated by node elimination techniques.

e In new bus impedance matrix the elements of 3" row and column are copied for the 4" row and
column.

e The diagonal matrix is given by Zz3 + Zpwhere Z,=j 1.5

ilz2 il5

Ref.bus




1.2 j12 1.2 jlz2
1.2 j14 14 14
1.2 j14 j1.55 j 1.55

1.2
1.2

14 j1.55 j155+ j1l5

12 j12 j1.z2

12 j14 jl4 j14

12 j14 j1.55 j1.55

Zous=L 12 j1l4 j1.55 j3.05

Actual new bus impedance matrix is obtained by eliminating the 3 row and 3™ column. The element
Zjc of the new bus impedance matrix is given by,

zii n+1i Z,: n+1ik

N

o

c

w

1
[T s ———
L L U

Zik, act= Lk — Zint1jin+1) where n=3 ; j=1,2,3 and k=1,2,3
L1y Zyq J12 x j1.2

le,act: Z]_]_- E-H =j1.2- ] 3.05 310728
Zig Zyo J12x jl1.4

Z12 at=Z12- L =jl.2- 13.05 =j0.649
Zig Zy3 J1.2 x j1.55

Z13 act=2Z13- Zis  =jl.2- 13.05 =j0.590
Z1, act= Z12, act = J0.649

Loy Zyo Jldxjl4
Zpp at=2Zo2- Zas =jl4- 13.05 =j0.757
Loy Zys Jjl4 x j1.55

Z3 act=Zoz- Lis =jl4- ©j3.05 = j0.689
Z31,act= Z13,act = J0.590
Z33, act= Z23,act = J0.689
23_-1_ 2;1_3 j155 i _}'1.55
Zs3 act=Z33- ZLis =j1.55- 13.05  =j0.762
[}' 0.728 jos549 70590
Zpys =

j0.649 j0.757 j0.689
0590 j0.689 jO.762
Step 5: Connect impedance
0.3 between bus 1 and bus 3.
e Innew bus impedance matrix, the elements of 4™ row and column are obtained by subtracting the
elements of 1% row and column.
j0.2
- BIT———

rrret O

@ ey N |
i0.2 0.15
S (2) —

2 é gm

1 i
Ref.bus

° The element of Zyis given by Zan=2n+ 211+ Z33- 2713




WhereZ,=j0.3
Therefore Z44 = j0.3 +j0.728 + j0.762 — 2(j0.59) = j0.61

- j0.728 j 0.649 j0.59 j0.728 — j0.590
j 0.649 j0.757 j 0.689 j0.649 - j 0.689
j 0.590 j 0.689 j0.762 059 —j0.762
Zous = i 0.728 — j 0.590 j 0.649 —j 0.689 j 0.59 —j 0.762 j 0.61
70728 j0.649 059  j0.138
j0.649 j0.757 j0.689 —0.04
j0.590 j0.689 0762 —j0.172
Zos = L0138 -0.04 —j0.172 ;061

Since this modification does not add a new, the 4™ row and column has to be eliminated using node
elimination technique, to determine the actual new bus impedance matrix. The element Zj, of
actual new bus impedance matrix is given by.

Ei[ n+1i Z[|1+‘1]Iv:

Zik st = Zik— Lin+1)in+1) where n=3; j=1,2,3 and k=1,2,3
Z1a Zgq j0.138 x j 0.138

Z11,at=2Z11- Zis =j0.728 - j0.61 =j0.697
Z1a Zyo j0.138 x (—j 0.04)

Z12,at=Z12- Lss =] 0.649- ] 0.61 =j0.658
Z1a Za3 j0.138 x (—j0.172)

Z13,a0= Z13- Lss  =j0.59- ) 0.61 =j0.629

Z51,act= Z12,act = J0.658
Zyy Zyp (=7 0.04)x(—j0.04)

Zp at=Zpo- Lss =]j0.757- )0.61 =j0.754
Zos Za3 (—j 0.04)x(—j 0.172)

Z23,act= Z23-  Zss =j0.689 - j0.61 =j0.678

Z31, act= Z13, act = J0.629
Z33, act= 223, act = J0.678
23_-1_ 2;1_3 I: —_} G.l?ij( —_j' 'Dl?zl
Z33 act= Z33- Lis =]0.762- j0.61 = j0.714

j0.658 j0.754 j0.678

j0.697 j0.658 j0.629
Zous = 1j 0.629 j0.678 j0.714

19. For the system shown in fig form the bus impedance matrix using building algorithm.
Consider node 2 as reference node.

Solution :
Step 1: Add an element between reference and node (1).
Zous = 17 0.2




@

@
Step 2 : Add element between existing node (1) and the new node (3).

[j 0.2 jo0.2
Zpus =Li 0.2 j 0.6

jo.4 |

<) @

jo.2

@
Step 3 : Add element between existing node (3) and the reference node.
02 j02 ;o2
0.2 j0e jOb
Zpys =

102 j06 jO.8

jO.4
@
@
Using Kron’s reduction technique
Ziz Z3q Jj0O2xj0.2
211: le- EJJ :j0.2— ] 0.8 :j015
Ziz Z30 J02xj0.6
212: 221: le- E.H :j0.2— ] 0.8 21005
223 232 j' 0.6 x _}' 0.6
222: 222- EJJ :jO.G— ] 0.8 21015
[j 0.15 j0.05
Zys =L/ 0.05 j 0.15

20. Form Y-bus by singular transformation for the network shown in fig. The impedance data is
given in table. Take (1) as reference node.

(1)
()

= 10

oF 10
0




Self
Element No.
Bus code | Impedance
1 1-2 (1) 0.6
2 1-3 0.5
3 3-4 0.5
4 1-2 (2) 0.4
5 2-4 0.2
Solution:
Oriented graph.
(CD I <
b ) A e
O 4
Take (1) as reference. Draw Tree
DR D)
b ) A e
PN
co d )
-1 0 0 -1 1
_ _ [n -1 1 0 n]
Incidence matrix [A1 =lo 0o -1 0o -1
-1 0 0
0 -1 0
0o 1 -
-1 0 0
[ =l1 o -
j0.6 0 0 0 0
0 jO5 o© 0 0
0 0 /05 o© 0
0 0 0 jo4 0O
Primitive impedance matrix [£primizive]l =L 0 0 0 0 jo.

Primitive admitance matrix [¥erimizivel = [Zprimirive]l™




ﬁﬁ‘—_l._ﬁ
5%
=2 a8 o S

5
Bus admittance matrix [Ysus1 = [AYprimirive 0417

=
|
oy

71667 0 0

0 jz2 o
0 -j2 ;2
j25 0 0
[Yerimiciwell41T =L —j5 0 Jj5
[—jl.ﬁﬁ? -j2.5j5 0 i5
0 -j2 —j2 j2
Bus admittance matrix [Yous] = [AIYprimizive LAl = is j2 _j2 -5
[—j‘}.lﬁ? 0 js
0 -j4 j2
Bus admittance matrix [Yeusl =l J5 iz —j7
PART-C

21. For the network shown in fig. form the bus admittance matrix. Determine the reduced
admittance matrix by eliminating node 4. The values are marked in p.u.

Solution:
The Y, Matrix of the network is
—(jO.5+ j0.4+j0.4) jo.5 jo.4 jo.4
v _ jo.5 —(j0.5+ j0.6) jO.6 0
bus = jo.4 jo.6 —(j0.6+ jO.5+j0.4) jo.5
] jO.4 0 jo.5 —(j0.5+j0.4)

[-j1.3 jo.5 jo.4 jo.4

jo.5 —-j11 jo.6 0

w704 j0.6 —jl5  jO5

| j0.4 0 jo.5  —j0.9

The elements of new bus matrix after eliminating 4™ row and 4™ column is given by

Yo Yo _
Y inew=Y jk — v , Where, n=4, j=1,2,3 , k=1,2,3.

nn




The bus admittance matrix is symmetrical. .Y, ., = Y000

Yitnew = Y11 Ly =—jl-3—%'(j90'4) =—jl.12
1 -jo.
Yionew = Y12 e j0.5—% = jo0.5
1 —jo.
Yianew = Y13 —% = 10-4—(1-()4}% = j0.622
» _
Y, = Yioney = J0-5
Y nen = Yoo Yoy :—jl.l—w =—j1.1
» _
Y, =Y, —Yala _gg_ (0)(%5) _ 06
» _
Y, ow = Yis = j0-622
Yren = Yasey = 0.6
Ysnen = Yas Yl j1.5—m = —j1.222

u -j0.9
The reduced bus admittance matrix after eliminating 4™ row is shown below
-j1.12 jo.5 jO0.622
jo.5  —-jL.1  jo.6
j0.622 j0.6 —jl.222
22. A 90 MVA 11 KV 3 phase generator has a reactance of 25%. The generator supplies two
motors through transformer and transmission line as shoen in fig. The transformer T1 is a 3-
phase transformer 100 MVA 10/132 KV, 6% reactance. The transformer T2 is composed of 3
single phase units each rated 300 MVA: 66/10 KV with 5% reactance. The connection of T1 &
T2 are shown. The motors are rated at 50 MVA and 400 MVA both 10 KV and 20%
reactance. Taking the generator rating as base, Draw reactance diagram and indicate the
reactance in per unit. The reactance of line is 100 ohms.

Y,

bus —

A |
] iy
", g; > '..-_.“'?h"i@,, F':j'_'! f_:::-
(G —8 8— = &
= J_f = = D=
% ?f_ .an i ’,E o .hé'-‘:-‘f JE:_
ﬁw_'&&:ﬂ L= I _% - |
- v J

Solution:
."l"f.[-"r_-‘:].blng”.' = 90

kVpnew =11kV (Generator,G;)




b '[:'? - -
b,given MVAp now

Generator, Gl . Zpu new — Zpuygiven X k.[;b.ﬂé"_l-" X -'ll'rf.[';-":]'b.\_l.',':l-'l‘.:'n

6.6° 30
Zpunew=J0.2 X 6.6% X25 =] 0.24 p.u

Transformer T, referred to Primary side:
kKVpnew =6.6kV

kvb.g:r@n i MVAp 4ow
Zpu.new= Zpugiven X KVbmew™  x MVAp given
6.9% 30

Zpu new=j0.1 X 6.6% x30 =j 0.109 p.u

Transmission line j 120Q :
H.T side rating of T,
KVpnew = KVpog * ( L-T side rating of Ty )
115
KVb,new =6.6* (ﬁ ) =110 kv
Zactual = 120Q

Zacrual _ Eac:uﬂa:
Zounew = Zbase ( kVs™ )xMVAp | oy
J120

Zpunew =110% Xx30=j0.298 p.u

Transmission line j 90€Q2 :
KVb’neW: 110 kV
Zacrual =j 90Q

j90
Zpy=110% x30=j0.223 p.u

Transformer T; referred to Primary side: 3 single phase units are used.
V3 x 69
Voltage rating: ¥3 x 6.9 = 119.5/11.95 kV
MVAyp given = 3x10 = 30 MV A
KVp,new = 119.5 kV
kI'!b.L‘:L'E'?’L‘ MVAp 4 aw

X kVinew  x MVAp given

Zp.u. new — Zpu,given

11952 3
Zpunew=j0.1x119.5% x30 =j 0.1 p.u

Generator, Gj :

11.95
KVpnew = 119.5 * (11955 ) = 11.95 kV
kL'rb.g:ren : MVAp now

L1 z A,
Zp.u.new = Zpugiven X KVbnew x MVAp,given

13.2* 3o
Zpu new=j0.15x 11.95% x30 =j0.183 p.u

Transformer T, referred to Secondary side:




KVp new = 110 kV
M MVAp new
Zp . new = Zpu,given X kl'rb.new: x MV Ap,given
115% 30
Zpunew=]J0.1x 1107 x15 =j0.218 p.u
Generator, G, :
Transformer T3 Primary side change occurs, so calculate KVp new as
L.T side rating of T
KVpnew = KVpog * (H-T side rating of Tz )
6.9
KVpnew = 110 * (m ) =6.6 kV
rEiZL"r.!:l.,g':'L'e'.'zfl‘ MVAp 4ow
Zpu.new = Zpu,given X EVinew™ xMVApgiven
.65 30
Zpunew=J0.15x 6.67 xi5 =j 0.3 p.u

Impedance diagram.

}0.109 p.u, j0.298 p.u. j0223p.u jo1pu
V00 YTV
j0.218 p.u.

200

W

Egs

j0.183 p.u

23. Determine Ybus for the 3-bus system shown in fig. the line series impedance as follows

Line (bus to bus) Impedance (pu)
1-2 0.06+j0.18

1-3 0.03+j0.09

2-3 0.08+j0.24

Neglect the shunt capacitance of the lines.

* ¥
o =y
Ln = . e

oobTI0A8 1 TL’"«%\‘ C-08+

p—" ~————
OB

v . .
Zy3 = D034 §0-09
Solution:

Solution :

Step 1: Add an element between reference and node (1).
Yius = U 1.0]

JE-24

&




Element 1

©

Step 2 : Add element between existing node (1) and the new node (2).
i 1.0 j 1.0 1.0 j 1.0
vous =b/ 1.0 j 1.0+ 0251 =7, =j 1.0 j1.25

—~ {2
(M i0.25 "/

LN

Element 2

1.0

Element 1

©

Step 3 : Add element between existing node (3) and the reference node.
1.0 ;1.0 Jj 1.0 j10 jl.o0 1.0
E 1.0 j1.25 j 125 l k 10 j1.25 j 1.25]
Yo =/ 1.0 j1.25 j1.25+ j1.25|=|j1.0 j1.25 25

Py
e

i1 ; '
(1) j0.25 o

BT

Element 2

j1.0

Element 1
Element 3

Fictitious node can be eliminated by

Ziine1) Lins1)i
5 = Z5% ~ _ Loy

Ziz Z3q J10xj1.0
=z — T I =jlo- 12.5  =j0.6

Ziz Z372 J LD xj 125
V= =2 - TZm =j10- 525 =jos
Lz L3z J 125 x j1.25

—— Zi;z  =jl1.25- j 2.5 =j0.625
[_j': 0.6 .j 0.6
Ypus =7 0.6 j 0.625
Step 4 : Add element between existing node (2) and the new node (3).

new old
= T
2z

T
L




oy

Q) 0.25 =

—oo——{ oS
Element 2
Element 4

)
o

b L]
=7 =
Eofi10 2SR i1.25
w i
@ Ref
06 0.6 J 0.6
k’ 0.6 j0.625 j0.625 ]
Ypus =17 0.6 j0.625 j0.625+ j0.05

joe jo6 j 0.6
j06 jOe625 j0625
Yous =

0.6 j0.625 j0.675

24. Obtain the per unit impedance diagram of the power system of fig. shown below

Fig one line diagram representation of a simple power system
Generator, G;=1:30 MVA, 10.5 kV, X”=1.6 ohms
Generator, G,=2:15 MVA, 6.6 kV, X”=1.2 ohms
Generator, G3=3:25 MVA, 6.6 kV, X”=0.56 ohms
Transformer, T; = 15 MVA, 33/11 kV, X=15.2 ohms/phase on hgh tension side
Transformer, T; = 15 MVA, 33/6.2 kV, X=16 ohms/phase on hgh tension side
Transmission line: 20.5 ohms/phase
Load A: 15 MW, 11 KV, 0.9 lagging power factor
Load B: 40 MW, 6.6 KV, 0.85 lagging power factor
Solution:
MVAR now = 50
KVpnew =11kV
kVp, given MVAp yow
Generator, Gy : Zpy. new = Zpugiven X KVinew™  x MVApgiven
11* 50
Zpu new=j0.25x 117 x20 =j 0.625 p.u
Transformer T, referred to Primary side:
KVonew =11kV




T r 2
KV, given MVAp now

(5

-

JLEW X -"””',-’;lb.g:ren

4]

X kL

(s

Zp.u. new — Zpu,given

13.8% 50
Zpu new=J0.15x 117 x25 =j0.472 p.u

Transmission line j 80€2 :
Transformer T, Secondary side change occurs, so calculate KVp new as
H.T side rating of Ty
KVpnew = KVpoid * (L-T side rating of Ty )
220
KVpnew =11 *(13.8 ) =175.36 kV
Zactual =j 80Q2

Zactual Zacrual
Zpunew = Zbase ("% )X MVAp | ey
j80

Z,,=175.36% x50=]0.163 p.u

Transmission line j 1002 :
KVp new = 175.36 kV
Zacrual =j 100Q

J100
Zp,=17536% x50=j0.163 p.u

Transformer T, referred to line side: 3 single phase units are used.
Voltage rating: 3 x 127/18 kV = 220/18 kV

Note: Star side, V. =¥3 V, ;Deltaside, V.=V, ; Power =3V, I_
."I-"fI-’r_-;].h.g:-L'gn =3x10 =30 M4
kvb.g:ren : MVAp now

IR 2 i e A,
Zpu.new= Zpugiven X KVbmew™  x MVAp given

220% 5o
Zpu new=j0.15x 175.36% x30 = 0.393 p.u

Generator, G :

Transformer T, Primary side change occurs, so calculate KV pew as
L.T side rating of Ty

KVpnew = KVpoig * (H-T side rating of Ty )

18
KVpnew = 175.36 * (220 ) = 14.348 kV
kL'rb.,_r,':L'é'n: MVAp 4 aw

x MVAp given

Zp.u. new — Zpu,given X kLB.?’LE".I-'
183 50
Zpu new=j0.25 x 14.348% x30 = 0.656 p.u

Transformer T; referred to line side:

1 r o
kVp,given MVAR now

1T i 4. .
Zp.u.new= Zpu given X KVbmew x MVAp,given




220° 50
Zpu new=j0.15x 175.36% x35 = 0.337 p.u

Generator, Gs :

Transformer T3 Primary side change occurs, so calculate KVp new as
L.T side rating of T,

KVpnew = KV oid * ( H.T side rating of Ty )
22

KVpnew = 175.36 * (220 ) = 17.536 kV

KVb,given =20 kV

M"’b.g:rgn i MVAp now
Zpu.new= Zpugiven X ©Vbmew  x MVAp given
20% =11

Zpu.new=J0.21 X 17.536% x30 = 0.455 p.u

Impedance diagram.
047200 joA3pu. jo163pu.  j0.393pu.
[ [ — | N YT — U0

3 P 70337 pu. g 0656 pas
J0.455 p.u. "
+
C/ Egy + q) EG!

Egs

25. Explain the structure of modern power system with a neat sketch.
i. 3 phase 3 wire circuits - Instantaneous sum of three line current is zero
a. 3 phase circuit advantages - Economical , carry three times more power than single
phase
ii. 3 phase 4 wire circuits - 4™ wire is Neutral wire and acts as return conductor

Single line diagram
Single line diagram is a simplified representation of power system components along with their
interconnections with each other. Each component is represented by its symbol.

Generating station 11kY

Step up transformer
“HCEOoRoEIte 11 KV / 220 kW
'
Primary transmission )
{High voltage) |

1000000000000, Step down translormer

Receiving station 220 KV {33 K
Secondary transmission Feeder
Substation Step down transformer

A3 KV /B.6 KV
Primary distribution To large bulk loads like
Feeder factories, industries
Distribution Distribution transformer

substation 6.6 kV /400 W or 230V
Secondary distribution Distributors
Service Mmains
To consumers




Power system Components - Generator, Transformer, Transmission lines & Distribution
Tolerance level - +5 to 10%. Difference in voltages caused due to variation in loads

Primary transmission - First stage of transmission, 110kV,132 kV or 220 kV or400 kV or 765
kV, high voltage transmission, 3@ , 3 wire system.

Secondary transmission - 3@ | 3 wire system,33kV high voltage line 66kv to factory supply
Primary distribution - 3@ , 3 wire system,11kv or 6.6 kV, 3@ , 3 wire system

Secondary distribution - 400V, 3phase, 230V, 1phase, 3 phase 4 wire

Components of secondary distribution - Substation, feeders, service mains
Interconnection diagram - Feeders, service mains, distributors

Feeder - Conductors that take power from receiving station to substation

Distributor - Conductor that transfer power to consumers by tapping

Service mains - Connects distributor and consumer premises




Unit_: Il - POWER FLOW ANALYSIS
Importance of power flow analysis in planning and operation of power systems. Statement of power flow
problem - classification of buses into P-Q buses, P-V (voltage-controlled) buses and slack bus.
Development of Power flow model in complex variables form and polar variables form. Iterative solution
using Gauss-Seidel method including Q-limit check for voltage-controlled buses — algorithm and flow
chart. Iterative solution using Newton-Raphson (N-R) method (polar form) including Q-limit check and
bus switching for voltage-controlled buses - Jacobian matrix elements — algorithm and flow chart.
Development of Fast Decoupled Power Flow (FDPF) model and iterative solution — algorithm and
flowchart; Comparison of the three methods.
PART - A
1. Write the need for slack bus in load flow analysis. (APR/MAY 18, NOV/DEC 16)
The slack bus is needed to account for transmission line losses. In a power system
the total power generated will be equal to sum of power consumed by loads and losses. In a
power system only the generated power and load power are specified for buses. The slack bus is
assumed to generate the power required for losses. Since the losses are unknown the real and
reactive power are not specified for slack bus. They are estimated through the solution of load
flow equations.
2. Discuss the effect of acceleration factor in load flow study. (APR/MAY 18)
In load flow solution by iterative methods, the number of iterations can be reduced if
the correction voltage at each bus is multiplied by some constant. The multiplication of the
constant will increase the amount of correction to bring the voltage closer to the value it
is approaching. The multipliers that accomplish this improved convergence are called
acceleration factors. An acceleration factor of 1.6 is normally used in load flow problems.
Studies may be made to determine the best choice for a particular system
3. What is need for load flow analysis?

(MAY/JUNE 2016 & NOV/DEC 2015 & 2017)
Power flow analysis or load flow analysis is one of the basic tools used in power systems
studies. It is concerned with the steady state analysis of the system when it is working
under a normal balanced operating condition. Load flow or power flow analysis is the
determination of the voltage, current, real power and reactive power at points in electrical
network

4. Mention the various types of buses in power system with specified quantities for each

bus. (MAY/JUNE 2016, NOV/DEC 2017)
The following table shows the quantities specified and to be obtained for various types of
buses.

Bus type Quantities specified Quantities to be obtained
Load bus P,Q V], 35

Generator bus P, [V] Q3

Slack bus V], 38 P,Q

5. Compare the Newton Raphson and Gauss Seidal methods of load flow solutions.
(MAY/JUNE 2017)
Gauss Seidal method Newton Raphson method
Variable is expressed in rectangular Variables are expressed in  polar




coordinates. coordinates.

Computation time per iteration is less Computation time per iteration is more.

It has linear  convergence It has quadratic convergence
characteristics. characteristics.

The number of iterations required for The numbers of iterations are independent
convergence increases with size of the of the size of the system.

system.

The choice of slack bus is critical. The choice of slack bus is arbitrary.

6. Write are the quantities that are associated with each bus in a system. (MAY/JUNE 2017)
Each bus in a power system is associated with four quantities and they are
i. real power
Ii. reactive power
Iii. magnitude of voltage,
iv. phase angle of voltage.
7. What is jacobian matrix? (NOV/DEC 2016)
The matrix formed from the first derivatives of load flow equation is called jacobian
matrix and it is denoted by J.
The elements of jacobian matrix will change in every iteration. The elements of the jacobian
matrix are obtain matrix are obtained by partially differentiating the load flow equation with
respect to a unknown variable and then evaluating the first derivative as using the solution
of previous iteration
8. When is generator buses treated as load bus? (NOV/DEC 2015)
If the reactive power constraints of a generator bus violates the specified limits then the
generator is treated as load bus.
If Qi > Qi(max), substitute Qi = Qi(max)
If Qi < Qigminy , Substitute Qi= Qi(min)
9.Write the most important mode of operation of power system and mention the major
problems encountered with it.
Symmetrical steady state is the most important mode of operation of power
system. Three major problems are encountered in this mode of operation. They are,
1) Load flow problem
2) Optimal load scheduling problem
3) Systems control problem
10. What is power flow study or load flow study ?
The study of various methods of solution to power system network is referred to as load flow
study. The solution provides the voltages at various buses, power flowing in various lines and
line-losses.
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.

11.Why the load flow studies are important for planning the existing system as well as its
future expansion?
The load flow studies are very important for planning, economic scheduling, control and




operation of existing systems as well as planning its future expansion depends upon knowing the
effect of interconnections, new loads, new generating stations, or new transmission lines, etc.
before they installed.
12.Draw sample power system network.
Power system network consist of following parts namely as

a. Generator,

b. Transmission lines,

c. Transformer,

d. load

e
OR—T#10

13.Why power flow analysis is made?
Power flow analysis is performed to calculate the magnitude and phase angle of voltages
at the buses and also the active power and reactive volt-amperes flow for the given
terminal or bus conditions. The variables associated with each bus or node are,
a. Magnitude of voltage |V|
b. Phase angle of voltage
c. Active power, P
d. Reactive voltamperes, Q
14.What are the works involved in a load flow study? (Or) How a load flow study is
performed?
The following work has to be performed for a load flow study.
Q) Representation of the system by single line diagrams.
(i)  Determining the impedance diagram using the information in single line diagram.
(iti)  Formulation of network equations.
(iv)  Solution of network equations.
15.What are the information that are obtained from a load flow study?
The information obtained from a load flow study are magnitude and phase angles
of bus voltages, real and reactive power flowing in each line and line losses. The load
flow solution also gives the initial conditions of the system when the transient behavior of
the system is to be studied.
16.Write about ideal load flow problem.
The network configuration and all the bus power injections.
Pi =PG — PD
Where
Pi = bus power injection.
Pc = Bus generation
Pp = Bus demand.
To determine the complex voltages at all the buses.
The state vector X is definedas ~ X=[V1, Va....,Vn, 81, 6o....... Sal”
Once the voltages at all the buses are known, then we can compute slack bus power, power flows




in the transmission lines and power loss in the transmission lines.
17. What is meant by flat voltage start?

In iterative methods of load flow solution, the initial voltages of all buses exept slack bus are

assumed as 1+j0 pu. This is referred as flat voltage profile.

V = |[Vipec| £0° for slack bus

V = |Vipec| £0° for generator bus

V =1 £0° for load bus

18.Write an equation in loop frame of reference for power flow analysis.
[Vioor] = [ZLoor] [ILoor]
Where [Z, oop] = Bus impedance matrix.
[VLoor] = Voltage matrix
[ILoor] = Current matrix.
19. Why do we go for iterative methods to solve load flow problems?
The load (or power) flow equations are nonlinear equations and so explicit solution

is not possible. The solution of nonlinear equations can be obtained only by iterative

numerical techniques. As the number of iteration increases in a load flow problem or power

flow problem the solution obtained will be more accurate.
20. What are the operating constraints imposed in the load flow studies & What are the
iterative methods used for solution of load flow study ?

The operating constraints imposed in load flow studies are reactive power limits for

generator buses and allowable change in magnitude of voltage for load buses.
e |terative methods used for load flow study.
1. Guass seidal method
2. Newton Raphson method
3. Fast decouple method.
21.-Write about practical load flow problem.

The network configuration, complex power demands for all buses, real power generation

schedules and voltage magnitudes of all the P-V buses and voltage magnitude of the slack

bus.

To determine:

Bus admittance matrix.

Bus voltage phase angles of all buses except the slack bus and bus voltage magnitudes of all

the P-Q buses.

The state vector X is definedas ~ X= [V, V2....,Vy, 81, 82
22. What is a bus?

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

23. What are the different types of buses in a power system?
The buses of a power system can be classified into three types based on the
quantities being specified for the buses, which are as follows:
a. Load bus or PQ bus (P and Q are specified)




b. Generator bus or voltage controlled bus or PV bus (P and V are specified)
c. Slack bus or swing bus or reference bus (V| and é are specified)
24. Define Voltage controlled bus.
A bus is called voltage controlled bus if the magnitude of voltage |V| and real power
(P) are specified for it. In a voltage controlled bus the magnitude of the voltage is not
allowed to change. The other names for voltage controlled bus are generator bus and PV
bus. In this bus the phase angle of the voltages and the reactive power are to be determined.
The limits on the reactive power are also specified.
25. What is swing bus?
A bus is called swing bus when the magnitude and phase for bus voltage are specified for
it. The swing bus is the reference bus for load flow solution and it is required for
accounting line losses. Usually one of the generator bus selected as the swing bus.
Swing bus is also called as Slack bus.
26. What will be the reactive power and bus voltage when the generator bus is treated as
load bus?

When the generator bus is treated as load bus the reactive power of the bus is
equated to the limit it has violated, and the previous iteration value of bus voltage is used
for calculating current iteration value.

If Qi > Qimax), then Qi = Qigmax)
If Qi < Qigmin) , then Qi = Qjgmin)
Reactive power of the bus has violates the specified limits, then the P-V bus will act as
load bus.
27. What is jacobian matrix? How the elements of jacobian matrix are computed?
The matrix formed from the first derivatives of load flow equation is called jacobian
matrix and it is denoted by J.
The elements of jacobian matrix will change in every iteration. The elements of the jacobian
matrix are obtain matrix are obtained by partially differentiating the load flow equation with
respect to a unknown variable and then evaluating the first derivative as using the solution
of previous iteration .
29. What is the use of acceleration factor in load flow algorithm.
The acceleration factor is a real quantity and it modifies the magnitude of voltage alone.
Since in voltage controlled bus (generator bus), the magnitude of bus voltage is not
allowed to change, the acceleration factor is not used for voltage controlled bus. (i.e
acceleration factor is used only for load bus)
30. Give the power flow equation in polar form
Pi=ViI? |Yy| cos 6, X311Vl |3 ||Vi| cos (6;5 + 6; — &)
Qi=- [Vi|* 1Yyl sin 6 X3, Vil |Yij][Vi| cos (6;5 + & — 6:)
The above equations are called as polar form of the power flow equations.

31.Define primitive network.
Primitive network is a set of unconnected elements which provides information regarding
the characteristics of individual elements only. The performance equations of primitive
network are given below.
V + E =ZI (In Impedance form)




I +J= YV (In Admittance form)
where V and | are the element voltage and current vectors respectively.
J and E are source vectors.
Z and Y are the primitive Impedance and Admittance matrices respectively.
32.What are the iterative methods mainly used for solution of load flow study?
The Gauss seidal method and Newton Raphson method are the two iterative methods which
are mainly used in load flow study. Because Fast decoupled method requires more number of
iteration when compared to other two iteration methods and the FDLF is suitable only for
large size bus systems.
33.Why it is necessary to use acceleration factor in Gauss Seidal method of load flow studies?
In Gauss Seidal method, the number of iteration required for convergence can be reduced if
the voltage computed at each iteration is multiplied by a factor greater than unity called
acceleration factor to bring the voltage closer to the value to which it is converging. The
range of 1.3 to 1.7 is found to be satisfactory for the typical systems.
Vinew — ViOId + [Vinew _ ViOId]
Where V;° = Voltage value obtained in previous iteration
V" = New value of Voltage value obtained in current iteration
o = Acceleration factor
34. Write the load flow equation of Gauss-Seidel method.

1 (PimjQi i=1 new _ gN old

new i i L B .

Vi _Y_ii[V'*old - Zj:l Yij VJ T Lj=it+1 Yi'VJ ]
i

Above equation is used to determine the new voltage in load flow analysis in Gauss-Seidel
method.
35.Why bus admittance matrix is used in Gauss Seidal instead of bus impedance matrix?

Using bus admittance matrix is amenable to digital computer analysis, because it could be
formed and modified for network changes in subsequent cases. Bus admittance matrix is used in
Gauss seidal method because of the following reasons.

e It requires less computation time
e Less memory allocation
36.What are the advantages of Gauss seidal method?
The advantages of Gauss seidal method are as follows
i. Calculations are simple and so the programming task is less.
ii. The memory requirement is less.
iii. Useful for small systems
37.What are the disadvantages of Gauss seidal method?
The disadvantages of Gauss seidal method are listed as follows
I. Requires large no. of iterations to reach converge
ii. Not suitable for large systems.
iii.Convergence time increases with size of the system
38.Give the Q limit condition for Gauss seidal load flow method.
If Qimin) < Qi < Qi(max), then Qispecy = Qi ™
If Qimin) < Qai, then Qjgpec) = Qigmin) - QL
If Qitmax) < Qai, then Qjgpec) = Qimax) - Qi
If Q limit is violated, then treat this bus as P-Q bus till convergence is obtained.




39.What are the advantages of Newton-Raphson method?
The advantages of Newton-Raphson method are,
i. This load flow method is faster, more reliable and he results are accurate.
ii. Requires less number of iterations for convergence.
iii. The number of iterations are independent of the size of the system.
iv.Suitable for large size systems.
40.What are the disadvantages of Newton-Raphson method?
The disadvantages of Newton-Raphson method are,
I. Programming is more complex.
ii. The memory requirement is more.
iii.Computational time per iteration is higher due to larger number of
calculations per iteration.
41.How the disadvantages of N-R method are overcome?
The disadvantage of large memory requirement can be overcome by decoupling the weak
coupling between P-6 and Q-V. (i.e., using decoupled load flow algorithm). The
disadvantage of large computational time per iteration can be reduced by simplifying the
decoupled load flow equations. The simplifications are made based on the practical
operating conditions of a power system.
42. Give the Q limit condition for Newton Raphson load flow method.
for PV bus, Check for Q limit violation
If Qimin) < Qi ™ < Qigmax), the bus acts as PV bus
If Qi @ > Qi(max)s then Qicspec) = Qi(max)
If Q; cal < Qi(min) , then Qi(spec) = Qi(min), the PV bus will act as PQ bus.
43.Write the load —flow equations for Newton-Raphson method.
Pi= X)L IVil[Yy]|Vj|cos (6: + 6, —6)
Qi= XL IVil|Yij||v;|sin(6y; + 6; —6))
Above equation is used to determine the power flow in load flow analysis in Newton-
Raphson method.
44 How approximation is performed in Newton-Raphson method?
In Newton-Raphson method, the set of nonlinear simultaneous (load flow) equations
are approximated to a set of linear simultaneous equations using Taylor’s series expansion
and the terms are limited to first order approximation. The approximation procedure involved is
based upon the initial estimate of unknown and simply it is called as successive approximation
method.
45.How the convergence of N-R method is speeded up?
The convergence can be speeded up in N-R method by using Fast Decoupled Load
Flow (FDLF) algorithm. In FDLF method the weak coupling between P-6 and Q-V are
decoupled and then the equations are further simplified equations are further simplified
using the knowledge of practical operating conditions of a power system.
46.List out the advantages of Fast Decoupled method.
The advantages of Fast Decoupled method are,
I.  This load flow method is faster, more reliable and the results are accurate.
ii.  Programming is simple
iii.  The memory requirement is less compared to NR method.




iv. Computational time per iteration is less.
47.What are the disadvantages of Fast Decoupled method?
The main disadvantages of Fast Decoupled method are listed as follows,
i. Require more number of iterations.
ii.  Suitable only for large bus systems but the number of iteration does not depend upon
the size of the system.
48.1n contingency analysis, which load flow is preferred? And give reasons for it.
In contingency analysis, fast decoupled method is suitable for performing load flow analysis due
to following reasons.
i. Programming is simple.
ii. Computational time per iteration is less.
49. Give the Q limit condition for Fast decoupled load flow method.
for PV bus, Check for Q limit violation
If Qi(min) < Qi < Qi(max), calculate P;
If Qi < Qigmin) » then Qispec) = Qiminy
If Q; cal > Qi(max), then Qi(spec) = Qi(max), the PV bus will act as PQ bus.
50.Compare all the different methods of load flow study.

cal

S.Ng G.S N.R FDLF
Require large number Require less number
of iterations to reach of iterations to reach Require more number of
1 convergence. convergence. iterations  than N.R
Computation time perl Computation time per ESFrl;Bdtation time per iteration
2 iteration is less iteration is more is less
It has linear It has quadratic
3 convergence convergence No convergency
The number of
iterations required for The number of iterations | The number of iterations are
4 convergence increases are independent of the | does not dependent of the
' ] ] Less rhemory requirements
5 Less memory requirements. | More memory than N.R. method.
requirements.

PART -B
1. For the system shown in Fig., determine the voltages at the end of the first iteration by
Gauss — seidel method and also find the slack bus power, line flows, transmission line loss.
Assume base MVA as 100. (APRIL/MAY 2018)




®

Solution:
Volta Generator Load | Qmin Qmax
Bus No.
ge MVAR MVAR
P Q Q

1.05«

1 OO - - -
p.u.

2. 102 0.3 p.u. - - -10 100
p.u.

3. - - - 0.2 p.u. - -

Step — 1: From Y-bus.

-1 -1 -1 [ 4 L -1 -1
Yo Yo Yo [104 j0.3 jo.4 jo.3 }
N = Y -1 1 1 -1
Yous = Yo Yn Ys| o jo.4 J'0-4+ jo.2 j0.2
oo [ 1 1 L LJ
Y Yo Y ]0_3 ]0_2 jo.3 jo.2
(—j5.8333  j2.5 j3.3333
Ybus: ]2.5 _]7.5 ]5 ]
[ j3.3333 j5 —j8.3333

Step — 2: Initialize bus voltages.

V:?9=1.05,0°p.u. [Bus1isaslack busi.e., V and & is specified]
V%= 1.0220°p.u.  [Bus2isaPV busi.e., Pand V is specified]
V5°=1.0 p.u. [Bus 3 is a load bus i.e., P and Q is specified]
Note
For Slack bus, the specified voltage will not change in any iteration.
For generation bus, calculate V;"*" using the formula and write

Vinew = Vspecifiedéscalculated value
Step 3 : Calculate Q value for all generator buses.




Q¥ = - Im {V**[Z21 Yij Vinew + XN, Yij Vjold]}

Q2% = - Im (V22 Y V1™ +Y V22 + Y3V}

Q% = - Im {1.02£0° *[j2.5X1.05.£0° +(7.5X1.02/0°) + 5 X 1./0°}
Q%' = - Im {1.02.£0° *j2.625-j7.65+j5]}

Q%' =0.025 p.u.

Now Q2(min) < Q2™'<Qa(max)
i.e., Q% is within the specified limit.
Step — 4: Calculate V;"*" .

V"™ =1.05£0° p.u.
1 [Pi—jQ: i— new o
VI = R - RV = B Y V|
P>—jQ2 new o
V" = Yizz [ Vzo]m? = YouVi =Y Vs ld]
P, = 0.3 p.u. (Given); Q2= 0.025 p.u.

Vo= L [ZEL2 2.5 X 1.05.20° - j5 X 1.£0°]

= 1.0199+j0.0392

V" =1.020722.2°

V2™ = Va(ope 282 = 1.02./2.2° = 1.0192 + j0.0392
P3=Pg3—P3=0-04=-04 p.u.

Q3: QG3 — Q|_3 =0-0.2=-0.2 p.u.

VALLS 1 [Pa—iQ3 Yy V™Y — Y, Vznew]

old*
Y33 V3

1 —0.4+j0.2
Vgnew — [ ]

—j8.3333 L 1.0£0°

1

= T3 [-0.4 4+j0.2 — j3.4999 —j5.096 + 0.196]

1.0075 —j0.0244 = 1.0078 £-1.39°

— j3.3333 X 1.05£0° — j5 X 1.02.£2.2°]

V3" =1.0075 - j0.0244 = 1.0078 £ -1.39°

Step 5: Slack bus power
$1=P1—jQ1=V1 I, YV
S1=Vi [YuVi+ YiaVa + Yi3V3]
= 1.05[—j5.8333 X 1.05 £0° +j2.5 X (1.0192 +j0.0392) + J3.3333 (1.0075 —
j0.0244)]
=-0.0175 —j0.2295 p.u.

P.1=-0.0175 p.u. =-1.75 MW
Q1=0.2295 p.u. = 22.95 MVAR

Step 6: Line flow

Sij=Pij+jQij=Vi[ Vi - Vj*]Yij*series + |Vi|2YPi*

Line flow from bus 1 to 2.

S12=P1+jQ12 = V1[V1* - Vz*] Y12* series
=1.05[(1.05£-0°) — 1.0192+j0.0392] j2.5
=-0.1029 + j0.0808 p.u.

S21=P21+jQo1 = Vz[Vz*‘ Vl*] Y21* Series

= 1.0192 + j0.0392 [1.0192-j0.0392-1.05] j2.5




=0.1029 - j0.0746 p.u
S23= P23+)Q23
S23=Va[V2- V3] Y23  series
= 1.0192 + j0.0392 [1.0192 - j0.0392 — 1.0075 — j0.0244] 5
= 0.3218 +j0.072 p.u
S32= P32 +JQs2
S22=V3[Vs - V21 Y32 series
= 1.0075 — j0.0244 [1.0075 + j0.0244 — 1.0192 + j0.0392] j5
Sw  =-0.3218—j0.0512 p.u
S13= P13+ jQu3
S13= Vi1 [V1 - V3] Y13 series = 1.05[1.05.2-0° - 1.0075 — j0.0244] j3.3333
S13=0.085 + j0.148 p.u.
S31= P31 +JQa1
S31=V3 [V3*' Vl*] Y31* series
= 1.0075 — j0.0244 x [1.0075 + j0.0244 — 1.05] x j3.3333
So1= -0.085 — j0.1407 p.u
Transmission Loss
SijLoss = Sij * Sji
For line 1-2,
S12=P12Loss + JQ12 Loss = S12 + Sa1
St2 Loss = - 0.1029 + j0.0808 + 0.1029 — j0.0746 = 0+j0.0061
Pio Loss — 0, Q12 Loss — 0.0061 p.u. =0.61 MVAR
For line 2-3,
S23 Loss = P23 Loss T JQ23 Loss = S23 + S32
=0.3218 +0.072 +(- 0.3218 — j0.0512)
=0 +j0.021
P23 Loss — 0, ng Loss — 0.021 p.u.= 2.1 MVAR
For line 1-3,
S13Loss = P13toss + JQ13Loss = S13+ San
=0.085 +j0.148 + [ - 0.085 —j0.1407]
= 0+j0.00726
P131oss = 0,
Q13 L0ss = 0.00726 p.u. =0.726 MVAR

2. Perform two iteration of Newton Raphson load flow method and determine the power flow
solution for the given system. Take base MVA as base 100. (APRIL/MAY  2018)

Solution:
Line Data:
Line Bus R(p.u.) X(p.u.) Half line charging




From | To admittance (g (p-u.))

1 1 2 0.0839 0.5183 0.0636
Bus Data:
Bus P QL
1 90 20
2 30 10

Step_1 y.. o [0-3044—1816 —0.3044 +1.88
P bus 103044 +j1.88 0.3044 —j1.816

1842/ — 1405 1.904,1.7314 )
Yous = Note:
bus [ 1.904,1.7314 1.842/ — 1.405] {Note: Use in rad mode}

Step - 2: Assume the initial value i.e., 6=0, V=1.0

_[8]1_T0
Xl = vz] B [1.0]
Step — 3: Calculate P,%, Q. AP, and AQs.

P, = [V, [{IVi][Y2] cos(B12 + 8 — 1) + |Va|[Yaz|cos(02 + 8, — 82) }
=1.0[1.05 X 1.904 cos(1.7314) + 1.842 cos(-1.405)]
= 1.05 X 1.904(-0. 15991) + 1.842(0.16503)
=-0.015 p.u.
I:>2(spec) =Pg—PL
=0--2=-03pu.
100

Pz(spec) =- 03 pU

AP = Pa(spec) - P
=-0.3— (-0.015)= - 0.285
Q2™ = - Vo{|Vi]|Ya1] sin(@15 + &) — 85) + |Va[Yao| sin(022 + 8, — 82)}
= - 1.0[1.05 X 1.904 sin(1.7314)+ 1.0 X 1.842 sin(-1.405)]
=-0.157 p.u.
AQ2 = Qaspec) — Q™ = - 0.1 — (-0.157)
=0.057

Step — 4: Form Jacobian matrix
ap, 9P,
05, OV [A52] _ APz]
9@ Q| AV, AQ:
05, dV»

= Vol [Vi[[Y12] sin(012 + 81 — 82) + [V2]?[Y22|X O

= 1.0 X 1.05 X1.904 sin(1.7314)

aP,
05,

=1.973
Step — 5: Compute AX,
[ASZ] _|as av, APz]
AV2] |99z 0Q:| " [AQ,

05, oV,
-1




1.973

—0.3196
_ [ 0.493

~ 10.0949

0.289

0686
“osss) [0

0.586

0.145

[—0.285

0.057
.285

057

[aval =l

0.0064
o[ 50 [

Iteration — 2: Compute mismatch vectors.
P, =1.0064 [1.05 X 1.904 cos(1.7314 + 0+(-0.145)) + 1.0064 X 1.842 X cos(-1.405)]

=-0.297
AP; = Pyspecy — P2™ = -0.3 — (-0.297) = - 0.003
AP, = -0.003
Q. = - {1.0064 [1.05 X 1.904 X sin (1.7314+ 0-(-0.145)) + 1.0064 X 1.842 X sin(-1.405)]}
=-0.078
AQ2 = Qaspec) — Q™ = -0.1 — (-0.078) = -0.021
AQ, = -0.021

Compute Jacobian matrix

@ = 1.0064 X 1.05 X 1.904 sin(1.7314 + 0.145)

=1.919
% = 1.05 X 1.904 cos(1.7314+0.145)+2 X 1.0064 X 1.842 X cos(-1.405)
=0.011
2% = 1.0064 X 1.05 X 1.904 cos(1.7314+0.145)
0Q> _
— =-0.605
% =-1.05 X 1.904 sin(1.7314 + 0.145) — 2 X 1.0064 X 1.842 X sin(-1.405)
0Q: _
5 =175
AS2] _ [ 1.919 ’6.011] [APz]
Aav2l 7 10605 1751 "AQ;
_[052 —0.0033 [—0.003]
0179 057 1 1-0.021
AS2] _ [—0.0015
Av2l " 1-0.0125
821 _ [8:77 ., A
[V2] “ly, O‘d] * [AVz]
_ '—0.145] -0. 0015] [ 0.1465 rad] _ [ —8.39° ]
~11.0064] " 1-0.0125 0.994 p.u. |~ 10.994 p.u.

V, =0.994/-8.39°

3. With a neat flowchart, explain the computational procedure for load flow solution using
Gauss-seidal load flow solution. (NOV/DEC2015, 2017)




Read line data, tolerance (g), o
) Bus Data
Pifori=2 ... N
Qmin. Qmax fori=2... M
Qifori=M+1 ... N
|Vilfori=1, ... M

| Compute Y bus matrix ]

[ Initialize bus voltages |

[ Setiteration count iter = 1 |

Y
Bus No, i =1 |

r
L i=i+1 ]

No i refer to

generator
bus?

Yes
F VMW = Vigec) / scal J
!
- N o s
Qo= =MV Y] A
Y Qg = @/ +au

Qgi > Qi (max) % Qg < Qj (min)

Q limit

Qai = Q; (max) = Qai = Q; (min)
Qi (spec) = Qi (max) — QUi Q; (spec) = Q; Q; (spec) = Qi (min)— QL

I |

Py (spec) — Q; (spec) prdf N old
Ve = ST Yy
] V.OId % : 3 F¥q #

I

=i JiZ

No
new ne old
Vi =V +o[Vi =V, |
: g i oid new
Calculate all line flows, total line losses, reactive Vi =V, ,i=2toN

power generated at P-V buses, slack bus power

Print the results

4. Draw a flowchart and explain the algorithm of Newton Raphson iterative method when the
system containall types of buses. (NOV/DEC 2015)




FLOW CHART :

4

Read line data, Bus data,
tolerance for AP and AQ

Compute Y bus

I Initialize voltage state vector X° l

y
LSet iteration count, iter = 1 1

/

i

Calculate P; and Q;
I
PP = 5 IVil1Yi11V)]cos (87 +8;-3;)
J=1
cal N "
Q" == T IVillYi[1Vjlsin(8;;+8;-3;)
J=1

i refer to No
P-V bus
4
Calculate AP; and AQ;
cal
AP;=P; (spec) = P; I
! cal
cal AQ;=Q; (spec) ~ Qi
Q; < Qj (min)

Qj (spec) = Qi (max) = Qj (min) &
AQ; = Qj (pe) - Qj AQ; = Qj(spec)= Qi
| 2 p 1
Yes s
h i<N
No

P P

FormJ = W v

i 9a

96 aV

Calculate A5 and AV

ik er ]

I\% AQ
Y

Update bus voltage
VI 2Oy Ay, 57 =594 45

Check for tolerance
APj<e, AQ;<¢g

Calculate line flows, slack bus power,
total line losses, reactive power generated at
P-V buses

5. Write a neat flowchart, explain the computational procedure for load flow solution using

(stop)

Newton Raphson iterative method whenthe system contains all types of buses.




The most widely used method for solving simultaneous non linear algebraic equation is the

Newton Raphson method.
PLi+/Ql;=(Pgi-Ppj) + (Qg; - Qpj)

Pgi+jQgj ? Ppi +J Qp; A
t,
Jf Jrff Pf*J"Qfl .LI;

v

5

Pi+JQ;

from the fig the complex power balance at bus i is given by

Pl; +jQ|i =P +jQi ....................................................................
Complex power injection at the i bus PI; + jQl;

= (Pai - Poi ) *+ (1Qai - jQoi)

Since the bus generation and demand are specified, the complex the complex power injection
is a specified quantity and is given by,

(MAY/JUNE 17 & NOV/DE 16)

{

FLOW CHART :

Read line data, Bus data,
tolerance for AP and AQ
Compute Y bus

I Initialize voltage state vector X° ]

i

[ _setiteration count, iter= 1 __|
1

[omre =1 ]

Calculate P; and Q;
cal N
= = IVillYi11Vjicos (8 + 3, —8:)

P

No

i refer to
P-V bus

y

Calculate AP; and AQ;
cal

AP; =P (spec) — ”i‘_‘al

AQ; = Qi (spec) — Qi

l Qi (spec) = Qi (min) s

Qi (spec) = Qi (max) o -
AQ; = Q; (spec) — Q AQ; = Q; (spec) — Q7 aQ; = Q; (spec) — Qi
| I I

Yes Is

i<N
No
P aP
FormJ = DB OV
aQ aQ
235 AV

Calculate A3 and AV

e
¥

Update bus voltage
VW = \old 4 Ay, 3"W =5%d + a5

Calculate line flows, slack bus power,
total line losses, reactive power generated at

iter iter P-V buses

I:>|i(spec) + jQIi(spec) = [PGi(spec) - IDDi(spec)] +j [QGi(spec) - QDi(spec)]
The current entering bus i is given by,
IEDWERG17




In polar form
i= SN |V | IV 2B1j 4 87) oo, (b)
[Yi; = |Yi|26; ;v = Vil28)]
Equating the real and imaginary parts
Pi= X0 Vil ||V cos (Bij + 8 =61 vvovvevrirei. ©
Qi= IV VY Vi [SE(05) + 6) —61) wvovovveiiiieeeeee (d)

6. Single line diagram of simple power system, with generators at buses 1 and 3 is shown.
The magnitude of voltage at bus 1 is 1.05 pu. Voltage magnitude at bus 3 is fixed at 1.04
pu with active power generation of 200MW. A load consisting of 400 MW and 250 MVAR
is taken from bus 2. Line impedance are marked in pu on a 100 MVA base and the line
charging susecptances are neglected.

Determine the voltage at buses 2 and 3 using G-S method at the end of first iteration. Also
calculate slack bus power. (MAY/JUNE 2017)
Slacks bus
@

V.= 1.05£0° _
; 0.02 7 10.04

®

0.0125 +j 0.025
0.01+ 0.03

@ V= 1.04

P;=200 MW

Solution:
Stepl: Formulate Ybus.
When the switch is open, there is no connection of capacitor at bus 2.
Take the bus as load bus.
Step2: Initialize bus voltages
vV, = 1.05.20°
Vo =1.0420°
Step3: Calculate V,"™".

V""" =1.0182/-8.915°

Step 4: Calculate V,"" using acceleration factor
Step 5: Slack bus power
S1=P1-jQ1

Real power generation Pg1=P1+P4

3. The figure shows the one line diagram of a simple 3 bus power system with generators at




buses 1 and 3 line impedances are marked in pu on a 100 MVA base. Determine the bus

voltage at the end of second iteration using G-S method. (NOV/DEC 2016)
‘ 2
1 .
G, |
i j0.025
U.D1ﬂl}.03 0_.0125+J0 02 250 M
3

Slack Bus

V1=1.05+0 200 MW V3=104

Solution:
Formulate Ybus.
When the switch is open, there is no connection of capacitor at bus 2.
Take the bus as load bus.
Initialize bus voltages
Calculate V,"™".

1 [P2-jQ2 new
Vznew =\l — Y21 V]
Y22 V201d

Calculate V" using acceleration factor
Vznewacc:VZOId + OL[VzneW- VZOId]
Slack bus power
S$1=P1-jQ1
Line flow
Sij = Pi +JQi = Vi [ Vi = Vi 1Y series + [Vil*Yii
Line flow from bus 1 to 2.
S12=P12+jQ12=Vi[V1 - V2] Y12 series

7. The system data for a load flow solution are given in tables. Determine the voltages at the
end of first iteration using G-S method. Take a = 1.6 (MAY/JUNE 2016)
LINE ADMITTANCE

Bus code Admittance
1-2 2-j8.0
1-3 1-j4.0
2-3 0.666-j2.664
2-4 1-j4.0
3-4 2-j8.0
Schedule of active and reactive powers
Bus code Pinpu Qinpu Vinpu Remarks
1 - - 1.06 SLACK
2 0.5 0.2 1+J0.0 PQ
3 0.4 0.3 1+J0.0 PQ
4 0.3 0.1 1+J0.0 PQ




Solution:

Stepl: Formulate Ybus.

When the switch is open, there is no connection of capacitor at bus 2.
Take the bus as load bus.

Step2: Initialize bus voltages

Step3: Calculate V,"".

1 [PrjQ2 new
V= [ER
2 Yo Vzold 21 V1

Step 4: Slack bus power

S1=P1-jQ1
. Draw and explain the step by step procedure of load flow solution for Gauss-seidal method
with PV buses are present. (MAY/JUNE 2016)

Step 1 : form Y-Bus
Step 2 : Assume Vi = Vispec) 20°%at all generator buses.
Step 3 : Assume Vi = 120°= 1+j0 at all load buses.
Step 4 : set iteration count = 1 (iter = 1)
Step 5 : let bus numberi=1
Step 6 : If “i” refers to generator bus go to step no. 7, otherwise go to step 8.
Step 7(a) : If ‘i’ refers to slack bus go to step no. 9, otherwise go to step 7(b).
Step 7(b) :compute Q;using
Q™=-Im[IN, vV ¥; V]
Qei= Q™ +Qu
Check for Q limit violation
If Qi(miny < Qai < Qi(max), then Qispecy = Qi
If Qi(min) < Qgij, then Qi(spec) = Qi(min) - Qui
If Qitmax) < Qai, then Qjgpec) = Qimax) = Qi
If Qlimit is violated, then treat this bus as P-Q bus till convergence is obtained.
Step 8 : Compute V; using eqn.

1 Pi—jQ; j-1 new N
new_ i i : . -
Vi _Y_ii [ yoldx - Zizl Yij V] i=j+1 Yu
L

Step 9 : If i is less than number of buses, increment | by 1 and go to step 6.
Step 10 : Compare two successive iteration values for V;
If v*ew - 124 < tolerance, go to step 12.
Step 11 : Update the new voltage as
\/"ew — Vold + & (Vnew_ Vold)
Vnew= Vold
Iter = iter +1; go to step 5.
Step 12: Compute relevant quantities.
Slack bus power, Sy = V*I = Vi T, ¥; V;
line flow losses, Sj;= Pjj + jQjj
Real power loss, Pioss = Pij + Pji
Reactive power 10ss, Qjoss = Qij + Qi

old
Vi




Step 13 : Stop the execution.
9. Derive the development of load flow model in complex variable form and polar variable form.

Solution
The power flow or load flow model in complex form is obtained by writing one
complex power matching equation at each bus for the figure shown below.

Pgi*/ Qgi Ppi+J Qpi Pi+jQ;=(Pgi-Ppi) +J (Qai - Qoi)
A
Vi Vi

‘LI,« lli

Net power injected into the bus i.
Si = Sei — Spi
= Pgi *+ jQai — (Poi + JQoi)
=Pi+]jQi
We know,
Pi+jQi= Vil
Consider two bus system with I, and I, as net current entering into bus 1 and 2.

R P

[1]= [Y][V]

Iy :[Yn Yia V1]
L' Y21 Y2l V3

Yi1 = Y10 + V12
Y22 = Y20 + Y21
Yio=Yo1 =-yYn
In general, Yij = |Y;;|26;;
l1=Y1; Vit Y1V
I =Y Vit 1251
In general , the net current entering into i"™ bus
L= YilVi+ YioVot i, +YinVN = Z?’zl YijVj
Substituting the value of I;in power flow egn we get.
Si=Pi+jQi= Vil
Si=Pi-jQ=Vili
Pi-iQi=Vi XV, Y,V where i=1,23.............. N




There are N complex variable equations for which the N unknown complex variables
Vi,Vo....... Vn can be determined.
Substituting Y;; from the above egn, we get.

Pi-jQi=Vi Z?I=1|Yij|49ij V;
Where V= |V;|26;, Vi = |V;|2 - &;,
= [Vj|«8;
Therefore net power equations can be written as
Pi- Q= X)L IVil|Y|[Vj| 2655 + & — &)
Equating real and reactive parts,
= XL alVil|Yy ||V cos (655 + 85 — &)
Qi=- ZiLlVil|Yy,||vj] sin (6, + & = 6:)
We can write the above equation as

= [ViI? Yail cos 6y X1 1Vil Y] [V;] cos (65 + 65 — ;)
Qi =- [ViI* 1Yyl sin 6 X)_, Vil |Yij][Vj| cos (6;5 + & — 6:)

The above equations are called as polar form of the power flow equations.
10. Derive the load flow equation using Gauss seidal method.

Bus 1 is generator bus take it as reference bus or slack bus. Here the voltages are specified.
In load buses, assume initial value of voltage as 120°and find the new value of voltages.
The calculation starts from bus 2 onwards. In the generator bus first check generator limit and
find the voltages.

Injected bus power is given by,

=Pi-jQi=Vi |
= V. Z Y Vj
Pi-jQi= Vi Yu Vit Vi ] —12i Yij Vi

1

— Pi—jQi
Vi= [ = B Y V]

1=1,23........... N except slack bus.
Let vold yold .. V21 pe initial voltage. On substituting initial values in above eqn we get
Virew Ve View. After calculating each voltages replace the old values by new values.

Therefore Vl-"e"":yiii[P‘*o]lg‘ Y Y V- YV T (a)

For load bus,
The above equation is applicable to find |V| and § values.
For slack bus,
The voltage is specified and so it will not change in each iteration.
For PV bus or generator bus,
(i) Qvalue is not specified for PV bus. So V**" = |V;|spec 26
(i) Compute reactive power generation using the V;*¢"as

Q cal — _ Im{V*old [2 V]new ] i1 Yij VjOId ]}

QGI Q| cal + Q Di
If Qai(min) < Qai < Qai(max) » Set Qi = Qai - Qi then compute V;*¢¥




If Qci < Qai(min), Set Qai = Qai(min), then compute V;** using eqn (a)
If Qai > Qaimax), Set Qai = Qai(max), then compute V;**" using eqn (a)
Acceleration factor ()
Vinew — ViOId + [Vinew _ ViOId]
Where V;% = Voltage value obtained in previous iteration
V/**" = New value of VVoltage value obtained in current iteration
o = Acceleration factor
Computation of transmission loss.
Sij(loss) = Sij = Sji
= Pij + JQjj +P;i Qi
Real power loss = Pjj + P;i
Reactive power loss = Qjj + Qj;
11. What is the need for load flow analysis (or) importance of power flow analysis.
Load flow analysis is performed on a symmetrical steady state operating conditions of a
power system under normal mode of operation. The solution of load flow gives bus voltages
and line/transformer power flows for a given load condition. This information is essential for
long term planning and operational planning.
long term planning.
Load flow analysis helps in investigating the effectiveness of alternative plans and choosing
the best plan for system expansion to meet the projected operating state.
Operational planning.

It helps in choosing the best unit commitment plan and generation schedules to run the
system efficiently for the next day’s load condition without violating the bus voltages and line
flow operating limits.

Steps for load flow study.

The following work has to be performed for a load flow study.

(i) Representation of the system by single line diagrams.

(i)  Determining the impedance diagram using the information in single line diagram.

(iii)  Formulation of network equations.

(iv)  Solution of network equations.

12. Derive the load flow equation using Newton Raphson method.

The most widely used method for solving simultaneous non linear algebraic equation is the
Newton Raphson method.

. PLi+/Ql;=(Pai=Ppi) + 7 (Qni— Qs
PGi+/ Qg; Ppj+j Qp; i1 2= (Pei=Poi) + (Qgi- Qp)

S R
Pt || |y, Pi+jQ; llis

from the fig the complex power balance at bus i is given by

Pl JOL = Pid JQi ceeeie i (1)
Complex power injection at the i bus PI; + jQl;

= (Pai - Poi) *+ (1Qai - jQoi)




Since the bus generation and demand are specified, the complex the complex power injection
is a specified quantity and is given by,

Plicspec) + 1Qlispecy = [Pai(spec) = Ppispec)] Ti[Qaicspec) = Qpicspec)] -+ -vvvvvvvvrvnnenn ()
The current entering bus i is given by,
li= Xje Yy
In polar form
I = MalYi Vil 2(655 + 6))
.......................................................... (b)

[Yi; = |Yi;]26:5:V; = Vil26]
Complex power at bus i
Pi-iQi=Vi i=Vi g, Y,V
Substituting from eqgn (b), we get
Pi - JQI = |Vi|4_6i Z?’:llYLJ”V}lL(QU + (Sj)
= S Vil|Yi| vy ] 265 + 65 —6)
Equating the real and imaginary parts

Pi= 9,=1|Vl||Yl]||V]|COS(9U +6j —61) ........................... (C)

Qi= XN IVil|Yij | [Vi]sin(Bij 4 85 =6;) cveeieiiie (d)
The above eqgn constitute a set of nonlinear algebraic equations in terms of the independent
variables.

Substitute egn (a),(c),(d) in (1) we get power balance egns.
Pi (S,V) - Pli(spec) =0
Qi (5’\/) - Qli(spec) =0
13. Write the Procedure for load flow solution by Newton Raphson method.
Step 1 : form Y-Bus
Step 2 : Assume flat start voltage solution
50 =0,fori=1....N
[v?|=1.0,
|V;| = |Vi|spec
Step 3 : for load buses, calculate P; @ and Q;
Step 4 : for PV bus, Check for Q limit violation
If Qimin) < Qi ™ < Qigmax), the bus acts as PV bus
If Qi > Qimax)» then Qigspecy = Qimax)
If Qi cal < Qi(min) , then Qi(spec) = Qi(min), the PV bus will act as PQ bus.
Step 5 : Compute mismatch vector using.
AP = I::'i(s,pec) - P cal
AQi = Qigspec) - Qi cal

Step 6 : Compute  APjmagy= max |[AP;| i=12.......... N except slack
AQi(max) =max |AQ;| i=M+1.......... N
0P; dP;
as  alv|

Step 7 : compute jacobian matrix using J =




Step 8 : Obtain state correction vector [ﬁg =7t [ﬁg

Vnew = V0|d +AV
6new: 50|d+A5
Step 9 : Update state vector using .
Vnew — Vold +AV
6new: 50|d+A5
Step 10 : This procedure is continued until
|AP;| < eand |AQ;| < &, otherwise go to step 3.

14. Explain the significance of load flow analysis or power flow analysis.

The information of load flow is essential for analyzing the effective alternative plans for the
system expansion to meet increase load demand.

The load flow studies are very much important for planning, economic scheduling, control and
operations of existing systems as well as planning its future expansions depends upon knowing
the effect of interconnections, new loads , new generating stations, or new transmission lines,
etc., before they are installed.

With help of load flow studies we can determine the best size as well as the most favourable
locations for the power system capacitors both for the improvement for the power factor and
raising the bus voltages of the electrical network. It helps us to determine the capacity of the
proposed generating stations, substations or new lines.

The information obtained from a load flow study are magnitude and phase angles of bus
voltages, real and reactive power flowing in each line and line losses. The load flow
solution also gives the initial conditions of the system when the transient behavior of the
system is to be studied.

The mathematical formulation of the load flow problem results in a system of nonlinear
equations. These equations can be written in terms of either the bus admittance matrix or bus
impedance matrix. Using bus admittance matrix is amenable to digital computer analysis,
because it could be formed and modified for network changes in subsequent cases, and
requires less computation time and memory.

The load flow analysis can be carried out for small and medium size power systems. It suits for
radial distribution systems with high R/X ratio. The load flow analysis helps to identify the
overloaded or under loaded lines and transformers as well as the overvoltage or under voltage
buses in the power system network.

It is used to study the optimum location of capacity and their size to improve the unacceptable
voltage profile.

15. Draw the flowchart for Fast Decoupled method.




FLOW CHART :

Read line data, Bus data,
tolerance for AP and AQ
: Y

Compute Y bus
From Y-bus, find Bus susceptance matrix
B’ (imaginary part of Y-bus for all buses except slack)
B” (1P of Y-bus for load buses)

tnitialize voltage state vector X‘I

Y

I Set iteration count, iter = 1 I
>l

Calculate P; and Q;

cal N

Piv = X IVillYij[1V)|cos (8 +38;-8;)
J=1

cal N .

Qi == EIVillYijl1VjIsin (9 +8;-3;)
J=1

i referto No

P-V bus

]
Calculate AP; = P; (spec) ~ Pfa

»

cal

cal
Q; > Q; (max) Q; <Qj (min)

Calculate AP; and AQ;

Qi (spec) = Q; (max)

cal
Q; (spec) = Qj (min) AP; = Pj (spec) - Pj
cal
AQ; =Q,'(spec)-Q,'

cal cal
80Q; =Qispec)-Qj" | [4Q;=Q; spec)~Q;

f=

>|< ] J

Yes

No
Calculate A5 and AV

abj = -(pr | 2

i =~[B'] Vi

AQ;

av; = -[8”)" —
PeetE [lvn]

Y

Update bus voltage
V= Oy gy, oW < 50 4

Check for tolerance
APj<e,AQj<e

Calculate line flows, slack bus power,
total line losses, reactive power generated at
P-V buses




16. Explain the classification of buses.
The meeting point of various components in a power system is called a bus. At some of the
buses power is being injected into the network, whereas at other buses it is being tapped by
the system loads.
The buses of a power system can be classified into three types based on the quantities
being specified for the buses, which are as follows:
a. Load bus or PQ bus (P and Q are specified)
b. Generator bus or voltage controlled bus or PV bus (P and V are specified)
c. Slack bus or swing bus or reference bus (V| and 6 are specified)
Each bus in a power system is associated with four quantities and they are
Real power (P), Reactive power (Q), magnitude of voltage (V), phase angle of voltage(5).

Bus type Quantities specified Quantities to be obtained
Load bus P.Q V], 5

Generator bus P, [V] Q3

Slack bus V], P,Q

Voltage controlled bus. (Generator bus)

A bus is called voltage controlled bus if the magnitude of voltage |V | and real power
(P) are specified for it. In a voltage controlled bus the magnitude of the voltage is not
allowed to change. The other names for voltage controlled bus are generator bus and PV
bus. In this bus the phase angle of the voltages and the reactive power are to be determined.
The limits on the reactive power are also specified.

PQ-bus (load bus)

A bus is called PQ-bus when real and reactive components of power are specified for the
bus. In this bus the magnitude and phase angle of voltage are unknown. In PQ bus the
voltage is allowed to vary within permissible limits.

Swing bus (Slack bus)

A bus is called swing bus when the magnitude and phase for bus voltage are specified for it.
The swing bus is the reference bus for load flow solution and it is required for accounting
line losses. Usually one of the generator bus selected as the swing bus.

Need for Slack bus (or) Swing bus.

The slack bus is needed to account for transmission line losses. In a power system
the total power generated will be equal to sum of power consumed by loads and losses. In
a power system only the generated power and load power are specified for buses. The slack
bus is assumed to generate the power required for losses. Since the losses are unknown the
real and reactive power are not specified for slack bus. They are estimated through the
solution of load flow equations.

When the generator bus is treated as load bus the reactive power of the bus is equated to
the limit it has violated, and the previous iteration value of bus voltage is used for
calculating current iteration value.

If Qi > Qimax), then Qi = Qimax)

If Qi < Qigminy , then Qi= Qi(min)

Reactive power of the bus has violates the specified limits, then the P-V bus will act as load




bus.
If the reactive power constraints of a generator bus violates the specified limits then the
generator is treated as load bus.
If Qi > Qi(max), substitute Qi = Qi(max)
If Qi < Qimin) , Substitute Qi= Qi(min)
17. Write the step-by-step algorithm to solve the load flow problem using Fast decoupled metho

Step 1 : form Y-Bus and then compute bus susceptance matrices B’ and B’
Step 2 : Assume flat start for starting voltage solution
80 =0, fori=1.....N ( for all bus except slack bus )
|Vi0 |=1.0, fori=M+1.......... N (for all PQ buses)
|Vi| = |V;|spec Tor all PV bus and slack bus.
Step 3 : for load buses, calculate P; ® and Q; *
P = LA IVilYij | Vil cos (81 + 8 —6)
Qi =XVl [V sin(6y; + 6; =6))
Step 4 : for PV bus, Check for Q limit violation
If Qimin) < Qi < Qimax), calculate P; cal
If Qi < Qigmin) » then Qispecy = Qiminy
If Q; cal > Qi(max), then Qi(spec) = Qi(max), the PV bus will act as PQ bus.
Step 5 : Compute mismatch vector using.
AP = I:)i(spec) - Pi cal
AQi= Qigpery - Qi ™

Step 6 : Compute  APjmay=max |AP| i=1,2.......... N ; #except slack
AQ|(max) = maX |AQl| 1 = M+1 .......... N
9P 0Pk
_ . . o _las awi
Step 7 : compute jacobian matrix using J = 90, 90;
=<t =i
s av|

Step 8 : Calculate A§ and AV using
[a6,]=-[BT" [

il
— m-1 [AQ
[av] =[BT [T
Step 9 : Update state vector using .
VneW: Vold +AV
6new: 60|d+A5
Step 10 : This procedure is continued until
|AP;| < eand |AQ;| < &,
Otherwise go to step 3.

18. Perform power flow of one iteration for the system as shown in fig. using Gauss - seidel
method. Determine slack bus power, line flows and line losses. Take base MVA as 100

o




@

1.05 £0 — —-1 .
0.0839 + j0.5183 ,
L il j0.005

L T

70.0636  j0.0636 =
T I 30 +j10 MVA

Solution:

Stepl: Formulate Ybus.

When the switch is open, there is no connection of capacitor at bus 2.
Take the bus as load bus.

0.3044 —j1.816 —0.3044 + j1.88

—0.3044 +j1.88 0.3044 —j1.816

Step2: Initialize bus voltages

V% = 1.05.20°

Vo2 =1.020°

Step3: Calculate V,"™".

-30
P, =-30 MW = TooPU = -0.3 p.u.
Q= -10 MVAR = —Zp.u. = -0.1 p.u.

Ybus=

1 [Py
Vv, = L 2jQa Y, Vlnew]

- Y22 Vzold*
_ 1 —0.3+50.1
0.3044—j1.816" 1.0.4~0°

=1.0054-j0.1577
=1.018.£-8.915°

— (~0.344 + j1.88)1.05]

V,""'=1.018/-8.915°

Step 4: Calculate V,™" using acceleration factor
Vznewacc:V20|d + OL[VzneW- VZOId]
=1.0+1.1[1.0054-j0.1577-1]
=1.0059-j0.173

V"6 =1.0207 £-9.78°

Step 5: Slack bus power
S1=P1-jQ1
=1.05/-0°[(0.3044-j1.816)1.05+(-0.3044+j1.88)(1.0207 £-9.78°)]
=0.3566+j0.0388 p.u
=35.56+j3.88 MVA
P1=35.56 MW, Q;=-3.88 MVAR
Real power generation Pg;=P1+P;
=35.56+90=125.56 MW

Pc1=125.56 MW

Reactive power generation Qg1=Q1+Q1
=-3.88+20=16.12 MVAR




Q61=16.12 MVAR

Step - 6: Line flows
Bus
From To Sii=Pi+jQi=VilVi -V 1Y seriest | Vil Y i
1 2 S12=Vi1[V1 V2 1Y 12 seriest Vil Y 10
=1.05[1.05./-0°(1.0059+j0.173)]*(0.3044+j1.88)+1.052%(-
j0.0636)
= 0.3556 - j0.0383 p.u
P12=0.3556 p.u=35.56 MW
Q1= - 0.0383 p.u=-3.83 MVAR
2 1 S1=Va[V 2 - V1 1Y 12 seriest| V2l Yoo
= (10059 -  j0.173)[1.0059+j0.173-1.05]x
(0.3044+j1.88)+1.02072x(-j0.0636)
=-0.3459-j0.038 p.u.
P,1=-0.3459 p.u. = -34.59 MW
Q.1=-0.038 p.u. =-3.8 MVAR

Step — 7: Transmission line 10ss (Sij Loss = Sij * S;i)
PioLoss = P12 + P21 =35.56 -34.59 =0.97 MW
Q12L0ss = Q12 + Q21 = - 3.83 +(-3.8) = -7.63 MVAR
PioLoss =0.97 MW

Q2Loss =-7.63 MVAR

19. Perform two iteration of Newton Raphson load flow method and determine the power flow
solution for the given system. Take base MVA as base 100, Bus 2 is a voltage controlled bus
having the rating P = 60MW, V,=1.02p.u. -10 < Q; < 100 MVAR. Carry out two
iterations and determine bus voltage magnitudes.

Solution:

Yoo = 1.8422— 80.49°  1.904.299.2°
1.904..99.2°  1.842°— 80.49°
X°=[&] =0rad
Compute 01, in radians:
_[1.842— 1405 1.904.1.7314

bus =\ 1.904.1.7314  1.842.— 1.405
Check for Q- Limit:

Qo = - [VL{IVi| Y| sin(B12 + &) — 82) + [Va|[Yaa| sin(622)}
= -1.02 {1.05 X 1.904 sin(1.7314) + 1.02 X 1.842 sin(-1.405)}
Q. =-0.1239 p.u.
Qa(miny < Q2™ < Qa(max)
So the bus acts as generator bus.
Compute AP, :
P = Vol {|V1]]Y21] cos(012 + &) — 82) + |Va||Yaz|cos(02: + 8, — &) }
= 1.02[1.05 X 1.904 cos(1.7314) + 1.02 X 1.842 cos(-1.405)]




= 1.02(-0.3197 + 0.3100)
P,% =-0.009 p.u.
AP; = Pspec) _ p,cal
= 0.6 — (-0.009)= 0.609 p.u.

Form Jacobian matrix

J= %] IVl {IVi[Y21] + sin(012 + &1 — 62)}

=1.02 X 1.05 X 1.904 sin(0-0+1.7314) = 2.013
Compute Ad,:
A8, = [1T* [AP,]

= — X 0.609 = 0.303 rad
2.013

8" = §,° + A8, = 0+0.303 =0.303 rad
|V,"%] = 1.02
Iteration 2:
P,%! = 1.02[1.05 X 1.904 cos(1.7314+0-0.303) + 1.02 X 1.842 cos(-1.405)]
=0.606
APZ = P2(spec) _ chal
= 0.6 — 0.606= -0.006
Q. =-1.02 {1.05 X 1.904 sin(1.7314+0-0.303) + 1.02 X 1.842 sin(-1.405)}
=-0.128
Q2(min) < chal < QZ(max)
.. This bus acts as generator bus.
Jacobian matrix
1= [32]= VoIVl 1Yai] + sin610 + 8 — 5}
=1.02 X [1.05 X 1.904 sin(1.7314+0-0.303) = 2.0185
Compute Ad;:
AS, = [J]‘1 [AP,]
X -0.006 =-0.003
2 0185
8" = §,° + A8, =0.303+(-0.003)
d;=0.3rad =17.19°
|V2| =1.02 p.u.

20. Perform two iterations of decoupled load flow method and determine the power flow
solution for the system as shown in Fig. Take base MVA as 100.




(“ 60 MW

i ~10 < Qp < 100 MVAR
05 £0 @ @ 1.02 p.uvolt

0.0839 + j0.5183

1 1
i

\‘\

Jj0.0636 p.u

Solution:
Step -1 : Form Ypys matrix
0.3043 —j1.817 —0.3044 + j1.88

Yous= | 03044 1 j1.88 0.3043 — j1.817

1.842.—1.405 1.904.1.7314

Yous = 1.904.-1.7314 1.842.~— 1.405

] {Note: Use in rad mode}

Step — 2:Initialize bus voltages
V:2%9=1.0520 p.u. (slack bus)
V.2 =1.0220 p.u. (P-V bus)
Step — 3: Check for Q-limit violation.
Q™ = {|V2||V1||Y21| sin(021 + 81 — 82) + |Val*[Ya2! sin(0 + 8, — 8,)}
= -1.02[1.05 X 1.904 sin(1.7314)+ 1.02% X 1.842 sin(-1.405)]

Q. = 01228pu

Q2(min) = 10 MVAR = 1—00p.u. =0.1 p.u.

Q2 < Qaminy; - Q2 = Qo(miny = 0.1 p.u.
and the bus 2 will acts as load bus, V, =120 p.u.
Step — 4: Compute AP and AQ.
P2 = [Val{IVi]Y21] cos(B21 + 81 — &) + [Va|*[Yaslcos(0 + 8, — 82) }
=1.0[1.05 X 1.904 cos(1.7314) + 1.0° X 1.842 cos(-1.405)]
=-0.0157 p.u.

P2(spec) = P2 — P2 = ]_00 =0.6 p.u.
AP = Pa(specy — P2™ = 0.6 — (-0.0157)= - 0.6157

AQ3 = Qaspecy — Q¥ = 0.1 - (-0.1) = 0.2

Step — 5: Bus susceptance matrix
> [B1=2[1.817]
[B1= ———=-0.5504
[B"] = 2[1.817], [B"]™" = -0.5504
NOTE:
B’ matrix is the imaginary part of Y, for the buses except slack bus.
B” matrix is the imaginary part of Yy, for the load buses.
Step — 6: Calculate A5 and AV.

[A%:] = —[BT" |7] = -(-05504)| =%

[AV,] = —[B"]" [%] = (05504)[ 0]:0.1226 p.U.

2

0.6157

] 0.34




8ot = 8,0 + A8, = 0+0.34 = 0.34 rad
Vo' = Vo' + AV, = 1.0 + 0.1226 = 1.1226 p.u.
V,!' = 1.1226.20.34
Iteration — 2: Check for Q-limit
Q% = - [1.1226 X 1.05 X 1.904 sin(1.7314 — 0.34)+ 1.1226% X 1.842 sin(-1.405)]
= - (-0.0812) =0.0812
0.0812 < 0.1, Q:*'<Qy(min)
Qz = QZ(min) =0.1 p.u. MVAR
Bus 2 again act as load bus. V,% = 1.1226.£0.34
P, = 1.1226 X 1.05 X 1.904 cos(1.7314 — 0.34) + 1.1226% X 1.842 cos(-1.405)
=0.7836 p.u.

P2(spec) = P2 — P2 = ]6—000 = 0.6 p.u.

AP, = Pyspey — P2™ = 0.6 — (0.7836)= - 0.1836
AQ3 = Qaspecy — Q2 = 0.1 - 0.0812 = 0.0188
Step — 5: Bus susceptance matrix
[B"] =[BT =[1.817]
[B'1!=[B"]* = -0.5504
Step — 6: Calculate Ad and AV.
AP,

— ! _ ~0.1836] _ _
[A%] = —[B1] [|V2| B (0'5504)[ 1.1226] =-009
—_ ! [AQ] — 0.0188] _
[AV2] = —[B"]" [7F] = -(-0.5504)[ 32| = 0.0092

822 = 851 + A8, = 0.34+(-0.09) = 0.25 rad =14°
V22 = Vot + AV, = 1.1226 + 0.0092 = 1.1318
V' =1.1318/14°

PART-C
21. Obtain the power flow solution(one iteration) for the system shown in Fig. The line
admittances are in per unit on a 100MVA base. Use fast decoupled load flow method.

stack (1) ®

- j20 |«—300 MW

()] -j10 ji0 —©

1.05 £0° il (3) 102

400 MW 200 MVAR - 50 < Qp < 100 MVAR

Solution:
Step -1 : Form Yyys matrix
Yio+ Y13 Yo —-Yi3
Yous=| —Yi2 Yi2+ Y3 —Y23
Y13 —Y23 Yi3+ Y3




—j20 + (=j10) i20 i10
Yous = [ i20 —j20 +j10 j10 ]
i10 j10 —j10 + (—j10)

Ypus = 20£1.57 30£-157 10£1.57

10£1.57 10£1.57 20/ —1.57

{Note: Use in rad mode}

30£—-1.57 20£1.57 10£1.57 ]

Step — 2:Initialize bus voltages
V:%=1.0520 p.u. (slack bus)
"V, =1.0220 p.u. (P-V bus)
V59=1.020 p.u. (P-Q bus)
Step - 3: Check for Q-limit violation for Q bus.
Q™ = - {|Val V1| [Yau] sin(02; + 81 — 82) + [Va|*[Yao sin(0:2) + [Val[V3Ya3] sin(023 + 85 — 8,)3
=-1.02[1.05 X 20 sin(1.57-0+0)+ 1.02° X 30 sin(-1.57)+1.02 X 1.0 X 10 X sin(1.57-0+0)]

Q“‘ - 0.408 p.u.

0« 0408<@
100 00

Q2(min) < Q2 < Q2(max), .Bus 2 acts as P-V bus.
Step — 4: Compute AP and AQ.
P = [V [{IVi][Y21] cos(021 + 81 — 85) + [Va|*|Yaal cos(022) + [Vl [V3][Ya3] cos(0a; + 85 — 82) }
=1.02 X 1.05 X 20 cos(1.57-0+0) + 1.02% X 30 cos(-1.57) + 1.02 X 1.0 X 10 X cos(1.57 — 0 +
0)]

P,% = 0.05

P ={| V5|V [1Y31] cos(Bs31 + &1 — 83) + |V;[Val Y2l cos(832- 85+8,) + |V3|Vs||Yas] cos(833) }
= 1.0 X 1.05 X 10 cos(1.57-0+0) + 1.0 X 1.02 X 10 cos(1.57— 0 + 0) + 1.02 X 20 X cos(-1.57)]

P.% = 0.0324

Q™' = {|v3||V1||Y31| sin(0s1 + 81 — 85) + |V3||Val| Yol sin(03 - 85+8,) + |V3]|V3]| Y| sin(033) }
=-1.0 X 1.05 X 10 sin(1.57-0+0) + 1.0 X1.02X10 sin(1.57 -0 +0) + 1.0* X20Xcos(1.57 — 0 + 0)]

Q cal 07

AP, = I:)Z(Spec) - chal =3-0.05=2.95
AP3 = P3(spec) — chal =-4-0.0324 =-4.0324
AQ3 = QS(spec) - Q3cal =-2-(07)=-13
Step — 5: Bus susceptance matrix
_ [—30 10
[B1= [ 10 -20
[ r] 1_ 1 —-20 -10
_ 5001-10 -=30

> — —
e’ [251 32

[B"] = 3[-20]
[B]"=—=-0.05

[B"]!=-0.05




Note
B’ matrix is the imaginary part of Yy,s matrix for the buses except slack bus.
B” matrix is the imaginary part of Yy,s matrix for the P - V buses only.

Step — 6: Calculate Ad and AV.

AP 2.95
ASz]: _B7 |V = - [—0.04 —0.02] 0z | [—0.04 —0.02] 2.892]
ABs APy —0.02 —0.06] |z#032¢ —0.02 —0.06] |-4.0324
V3| 1.0
ASz]:[ 0.035
AS;171-0.184

8,1 = 8, + A8, = 0+0.035 = 0.035 rad
83t = 830 + AS3= 0+(-0.184) = - 0.184 rad
— ! [2%] = (- ] [
[AVs] = —[B"] [MI = -(-0.08)| =] = - 0.065 p.u.
V3t = V3" + AV;3 = 1.0 + (-0.065) = 0.935 p.u.

V5! =0.935 p.u.

22. For the system shown in fig., generators are connected to all the four buses, while loads are
at buses 2 and 3. The specifications of the buses are given in table.1 and the values of real
and reactive powers are listed in table. Bus 2 be a PV bus with VV; =1.04 p.u and bus 3 and 4
are PQ bus. Assuming a flat voltage start, find bus voltages and bus angles the end of first
Gauss-Seidal iteration. And consider the reactive power limit as 0.2 <Q2<1.

cl;gouje P Q \Y/ Remarks

1 - - 1.04L0° Slack bus

2 0.5 - 1.04 p.u PV bus

3 -1.0 0.5 - PQ bus

4 0.3 -0.1 - PQ bus
Solution

Step — 1: Formulate Y-bus matrix. The given values of admittance are.




3-j9 —2+j6 —1+j3 0
—2+j6 3.666—j11 —0.666+j2 —1+j3
—1+j3 —0.666+j2 3.666—j11 —2+j6

0 —1+j3 —2+j6  3-j9

Ybus =

Step — 2: Initialize bus voltages.
V;%=1.0420° p.u. (Slack bus)
V,%=1.04 p.u. (PV bus)
V5%=1.0 p.u. £0° p.u. (PQ)
V2= 1.0 p.u. £0° p.u. (PQ)
Step — 3: Calculate Q2 for the PV bus.
chal — ‘lm {VZOId X[YZl Vlnew + Yzz V20Id +Y23 V30Id + Y24 V40|d]}
= -1n{1.04 x [(-2 + j6)1.04 + (3.666 — j11) x (-0.0666 + j2) x 1.0 + (-1 +}3) x
1.0]}
= -1, {0.069 - j0.208} = 0.208 p.u
Q,*'=0.208 p.u

0.2 < Q,% < 1, within limits.
Bus 2 acts as PV bus.
P, =0.5p.u, Q2=0.208 p.u
Calculate V,
V" = Y%Z [P\z,;]lgz = Y Vi = Y3 V301d]
1 0.5—j0.208 . . i
~ 366611 [ 1?04 -(-2 + j6)x1.04 — (-0.666 + j2) 1.0 — (-1 +j3) x1.0]

=1.051 +j0.0339 = 1.0518 £1.846° = 1.0518.70.032 rad.
0, = 0.032 rad

V,""'=1.04,0.032 rad = 1.0395 + j0.0333

new _ 1 [P3—jQs new new old
V3" = v [V}—ld — YV T =YV —YuVy ]

= 666‘_j11 [0 (-1 + j3)x1.04 — (-0.666 + j2)x(1.0395 — j0.0333) — (-2 +j6) x1.0]

V5™ = 1,0317 — j0.0894 p.u
V4neW — L P4_jQ4 _ Y41Vlnew _ Y42V2new _ Y43 V3I’ICW]

= —_—
Yoo L v,

= ﬁ [F"2 -0x1.04 — (-1+ j3) X 1.0395 + 0.0333) (-2 +j6) X(1.0317 — 0.0894)]

V" =1.0343-j0.015p.u

23. for the system shown in fig., determine the voltages at the end of the first iteration by
Gauss-Seidal method and also find the slack bus power, line flows, transmission loss.
Assume base MVA as 100. Resolve the previous problem, the reactive power constraint on
generator bus — 2 be changed to 10 < Q, < 100. Determine slack bus power. [Q: in
MVAR].




Solution:

—j5.8333 j25 j3.333
Step 1:|Y,.=| 1J25 —j7.5 i5

j3.333 j5 —j8.333
Step 2: Initialize bus voltage

V. =1.0520" pu

V4 =1.0220 pu

VM =1.020" pu
Step 3: Calculate Q Value for generator bus
- Im[1.0240° [ 125%1.0520" +(~(5*1.0220°)+ j5*140°ﬂ

@ = 0.025 p.u

2" < Qymin [Q, €xceeds the limit . Bus 2 will act as load bus, i.e.V;" =1.0£0']
Substituting Q, =Q,;,) =10MVAR

= 10 =0.1p.u
100

V4 =1.020

Step 4: Calculate V.™"

new 1 P, - JQ new 0
Vv, =Y_22|: 2\/20|d* 2 P\l PAYA Id}

1 {0.3— jo.1
—j5| 120
=1.03+ j0.04=1.0308./2.22"

— j2.5x1.0520" - j5><140°}

new 1 P, - JQ new new
V= Y_S?[ 3\/3°'d* ? —Ya Vi =YV, }

1 [—o.4+ j0.2
—j8.3333| 1.0£-0’
1.014— j0.024=1.014/—1.36’

- j3.3333x1.05£0 - j5x1.030842.220}




Ve =1.0520°
V' =1.0308£2.22°
Slack b| ¥/ =1.014£-1.36

YV, + Y13V3 ]

T

=1.0520° [— j5.8333x1.0520" + j2.5x(1.0308.£2.22 ) + }3.3333(1.014.£ ~1.36' )]

=-0.0206 - j0.1794pu
P, = —0.0206 pu = —2.06MW
Q =0.1794p.u =17.94MVAR

24. Bus 2 is a P-V bus having the rating P = 60MW, V,=1.02 p.u. 10 < Q,< 100 MVAR, carry
out one iteration. Perform load flow using Newton Raphson method to determine bus
voltages. Take base MVA as 100

Line data:
bus Half line charging
Line R X admittance
From To (p.u) (p.u) (x;_p (p.))
1 1 2 0.839 0.5183 0.0636
Bus data:
Bus P QL
1 90 20
2 30 10
Solution:

Step 1: Form Yys
|1.842£-1.405 1.904/1.7314
1 1.9041.7314 1.842./-1.405

6, inrad.

Step 2: Check for Q limit violation.
2 =~ NoINarlsin (6, = 8, + 6,) + N Voglsin 6, |

= —{1.02x1.05x1.904xsin (1.7314) +1.02° x1.842 xsin (~1.405)}

Q¢ =-0.1239
S Qx(rminy
Q,=Q,,.,= 10 =0.1p.uMVAR
2min) 100
Now bus will act as load bus.
V, =1.0£0pu

Step 3: Compute AP, and AQ,




chal = |V2”V1||Y21| C05(1912 - 52 + 51) "'[Vz|2 |Y22|COS 622
=1.0x1.05%1.904 x cos (1.7314) +1.0% x1.842 x COS(—1.405)

P =-0.0157

AP, =P, . —P& = % ~(~0.0157) = 0.6157

2(spec)

AQ, = Qe — Q™ =0.1-(~0.1239) = 0.2239

Step 4: Form Jacobian matrix.
oP, :
i =V, |Vi||Y,2|sin (6, + 5, - 6,)
2

=1.0x1.05x1.904xsin(1.7314—0+0)
P 1973
00.

2

oP.
aTZ = [\/1||Y12|cos(912 —5,+0,)+ 2|V2||Y22|cos¢922
2

=1.05x1.904 x cos (1.7314) +2x1.0x1.842xcos (—1.405)

& _ 0.288
oV,

2
%

55, V, || |Yyz|cos (6, + 6, —4,)

R _ 3197
05,

0 i .
2% Nsin (0 =3, +.8,)+ 2, Vfsin
2

=-1.05x1.904sin (1.314) —2x1.0x1.842xsin (—1.405)

EO
oV,

Step 5: Calculate Ao and AV
{A&z} ~ {1.973 —0.3197}1 { AP, }
AV,| |0.288 166 | |AQ,
1 [ 166 0,288 0.615

:%{—0.3197 1.973}{0.2239}
AJ, 0.3227rad
ij:{ 0.073p.u }
52 =82 +AS, = 0+0.3227 = 0.3227rad =18.49°

V; =V, +AV, =1.0+0.073=1.073
Vv, =1.073/18.49°




UNIT IIl - FAULT ANALYSIS-BALANCED FAULTS
Importance of short circuit analysis - assumptions in fault analysis - analysis using Thevenin’s theorem -
Z-bus building algorithm - fault analysis using Z-bus — computations of short circuit capacity, post fault
voltage and currents.

PART - A
1. What isthe significance of sub transient reactance and transient reactancein short circuit
Studies? (APR/MAY 2017)

The sub transient reactance is the ratio of induced emf on no-load and the sub transient
symmetrical rms current, (i.e, it is the reactance of a synchronous machine under transient
condition)

The faults or short circuits are associated with sudden change in currents. Most of the
components of the power system have inductive property which opposes any sudden change in
currents and so the faults (short circuit) are associated with transients.

2. For afault at a given location, rank the variousfaultsin the order of severity. (APR/MAY 2017)
In a power system relatively the most severe fault is the three phase fault and less severe fault

is the open conductor fault.

The various faults in the order of decreasing severity is given below.

a. 3-phasefault.

Double line to ground fault.

Lineto line fault.

Single line to ground fault.

. Open conductor fault.

3. What isthe need of 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 scheme consists of current & voltage sensing devices,
protective relays and circuit breakers. The selection (or proper choice) of these device mainly
depends on various currents that may flow in the fault conditions.

4. How the shunt and seriesfaultsare classified? (NOV/DEC 2016)
Shunt faults
a.  Shunt faults are symmetrical in nature.
b. Shunts faults are caused due to short circuits in conductors.
c. Theshunt fault isaso called as short circuit faults.
Seriesfaults
a. Seriesfaults are unsymmetrical in nature.
b. Seriesfaultsare caused due to open conductors.
5. Stateand explain symmetrical fault. (MAY/JUNE 2016)
The currents and voltages at various parts of the system can be estimated by different methods.
The fault on the power system which gives rise to symmetrical fault currents (i.e. equa fault current
in the lines with 120° displacement) is called as symmetrical faults. The symmetrical fault occurs
when al the three conductors of phase are brought together simultaneously in short circuit condition.
6. What isbolted fault or solid fault? (MAY/JUNE 2016)

®oooT




A fault represents a structural network change be equivalent with that caused by the additional of
impedance at the place of fault. If the fault impedance is zero, then the fault is referred as bolted fault
or solid fault.

7. Why do faults occur in a power system? (NOV/DEC 2015)

In a power system the fault may occur due to the following reasons.

Insulation failure of equipment’s., Flashover of lines initiated by alightning stroke, Switching surges,
Sudden releasing of heavy loads at same instant of time, Due to accidental faulty operation of power
System operators.

8. What isdirect axisreactance? (NOV/DEC 2015)

It is the apparent reactance of the armature winding just at the instant of the short circuit

occurs at the terminals of the unloaded synchronous generator and it causes heavy currents to flow
during the first few cycles.
9. What is meant by a fault?

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 equipment’s 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.

10. Givethe general reason for which fault occursin a power system.

In a power system the fault may occur due to the following reasons.

a. Insulation failure of equipment’s.

b. Flashover of linesinitiated by alightning stroke.

c. Switching surges.

d. Sudden releasing of heavy loads at same instant of time.

e. Dueto accidental faulty operation of power system operators.

11. Why does symmetrical fault occur in a power system?
The short circuit fault occursin a power system due to the following reasons.

a. Insulation failure of equipment’s,

Flashover of linesinitiated by alightning stroke
Through accidental faulty operation.
Birds shorting out lines.
Aircraft colliding with lines.
f. Treesfalling over lines.
12. How arethefaults classified?
Generdly the faults are classified as follows.
1. Shunt faults
d. Shunt faults are symmetrical in nature.
e. Shunts faults are caused due to short circuits in conductors.
f. Theshunt fault isalso called as short circuit faults.
2. Seriesfaults
c. Seriesfaultsare unsymmetrica in nature.
d. Seriesfaults are caused due to open conductors.
13. List the types of Short circuit faults.
Shorts circuit faults can be classified as follows:
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Symmetrical fault or balanced fault
- Three phase fault
Unsymmetrical fault or unbalanced fault
- Line to ground (L-G) fault
- Lineto Line (L-L) fault
- Double line to ground (L-L-G) fault.

14. List out the variousfaultsin the order of severity.

In a power system relatively the most severe fault is the three phase fault and less severe fault

is the open conductor fault.
The various faults in the order of decreasing severity is given below.

3-phase fault.

Double lineto ground fault.
Lineto line fault.

Single line to ground fault.
Open conductor fault.

15. List out the differences in representing the power system for load flow and short circuit

studies.
SNo | Load flow studies Fault analysis
1 Both resistances and reactances are | Resistances are neglected.
considered.
2 Bus admittance matrix is used. Bus impedance matrix i used.
Th It m 1 p.u.

The exact voltages and currents are e voltages can be safely assumed as 1 p.u
3 . and the prefault current can be neglected.

to be determined.

16. What isthe need for short circuit studiesor fault analysis?

a

The short circuit studies are essential in order to design or develop the protective schemes for
various parts of the system.

The protective scheme consists of current & voltage sensing devices, protective relays and circuit
breakers.

The selection (or proper choice) of these device mainly depends on various currents that may
flow in the fault conditions.

17. What arethe objectives of short circuit analysis?

a. To check the MVA ratings of the existing circuit breakers, when new generation are added into
the system.
b. To select the rating for fuses, circuit breakers and switch gear in addition to the set up of

protective relays.

C.

To determine the magnitudes of currents flowing throughout the power system at various time

intervals after afault occurs.
18. State the applications of short circuit analysis.

a
b.

For proper relay setting and coordination.
To obtain the rating of protective switch gears.




19.

20.

21.

22.

23.

24,

25.

c. Toselect the circuit breakers.
d. To perform whenever system expansion is planned.
What are the waysto reduce short circuit current?
Following are the two important ways to reduce the short circuit current:
a. By providing neutral reactance.
b. By introducing alarge value of shunt reactance between the buses.
What arethevariousperiod involved in fault calculation?
The fault condition of a power system can be divided into
a. Sub transient period,
b. Transient period,
c. Steady state periods.

The currents in the various parts of the system and in the fault locations are different in these
periods. The estimation of these currents for various types of faults at various locations in the system
iscommonly referred to as fault calculations.

How are symmetrical faults analyzed?
The symmetrical faults are analyzed using per unit reactance diagram of the power system.
Once the reactance diagram is formed, then the fault is simulated by short circuit or by connecting the
fault impedance at the fault point. The currents and voltages at various parts of the system can be
estimated by different methods. The fault on the power system which gives rise to symmetrical fault
currents (i.e. equal fault current in the lines with 120° displacement) is called as symmetrical faults.
The symmetrical fault occurs when all the three conductors of phase are brought together
simultaneously in short circuit condition.
What arethe pointsto be noticed while undergoing symmetrical fault analysis?
The points to be noticed while undergoing symmetrical faults are given as follows.
a. The symmetrical faults rarely occur in practice as maority of the faults are of unsymmetrical
nature.
b. The symmetrical fault isthe most severe and imposes more heavy duty on the circuit breaker.
Why the computation of prefault currents neglected in fault calculation?
The changes in the short circuit currents are limited only by the series impedance elements.
Post fault currents are amost purely reactive whereas the pre fault load currents are amost purely
real. The total post fault current is therefore obtained as the vectorial sum of two currents having a
phase difference of almost 90°. The magnitude of total current is approximately equa to the
magnitude of the largest component. So we can neglect the prefault current.
What arethe different methods by which faulted network can be solved?
The different methods by which faulted network can be solved are listed as follows.
1) By use of transient and subtransient interna voltages.
2) Using Thevenin’s theorem
3) By forming bus impedance matrix.
What are symmetrical components?
An unbalanced system of N related vectors can be resolved into N systems of balanced
vectors called symmetrical components. The various symmetrical components are as follows.
a. Positive sequence components
b. Negative sequence components
C. Zero sequence components




This type of fault is defined as the simultaneous short circuit across all the three phases. It
occurs infrequently, but it is the most severe type of fault encountered. Because the network is
balanced, it is solved by per phase basis using Thevenin’s theorem or bus impedance matrix or
KVL, KCL laws.

26. What arethe needs of sequence network in power system?
a. Sequence network in power system is very much useful for computing unsymmetrical for
computing unsymmetrical faults at different points of the power system network.
b. Positive sequence network is necessary for load flow studies.
c. Negative and zero sequence networks are used in stability studies involving unsymmetrical faults.
27. What are the assumptions made in short circuit studies of a large power system network?
a. The phase to neutral emfs of all generators remain constant, balanced and unaffected by the faults.
b. Each generator is represented by an emf behind either the sub transient or transient reactance
depending upon whether the short circuit current is to be found immediately after the short
circuit or after about 3 — 4 cycles.
c. Load currents may often be neglected in comparison with fault currents.
d. All network impedances are purely reactive. Thus the series resistances of lines and transformers
are neglected in comparison with their resistances.
28. Write few words about Positive sequence components.
Positive sequence components consist of three phasors equal in magnitude, displaced from

each other by 120° in phase, and having the same sequence as the original phasors.
It is denoted as a,b; and c;.

\

L
s,

Positive sequence components

29. Write about negative sequence components.
Negative sequence components consist of three phasors equal in magnitude, displaced from

each other by 120° in phase, and having the phase sequence opposite to that of the origina
phasors. V5, V,, and V, are the negative sequence components of V., V, and v...

If &, by and c; are the three phasors and if & is followed by ¢, followed by b, they are said to
have negative sequence.

Negative sequence components

30. Write about zer o sequence components.
Zer 0 sequence components consist of three phasors equal in magnitude and with
Zero phase displacement from each other. V,V,, and V_ are the zero sequence components

of V,V,and V..
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Zero sequence components
31. What ar e the advantages of symmetrical components?
The advantages of symmetrical components are given as follows:
a. The unbalance system of n related vectors can be resolved into n system of balanced vectors.
b. The positive sequence components consists of three vectors equal in magnitude, displace from
each other by 120° in phase, and having the same phase sequence as the original vectors.
c. Unsymmetrical fault analysis can be done by using symmetrical components.
32. In what way does the negative sequence network differ from the positive sequence network?
The negative sequence network is very much similar like that of positive sequence network but
they differ in following aspects.
a. Normally there is no negative sequence e.m.f source.
b. Negative sequence impedance of rotating machine is generadly different from their positive
sequence impedances.
c. The phase displacement of transformer banks for negative sequence is of opposite sign to that of
positive sequence.
33. How does the zero sequence networks differ from positive sequence and negative sequence
network?

Zero sequence network differ greatly from positive sequence and negative sequence network
in the following aspects.

a. Zero sequence reactance of transmission linesis higher than that for positive sequence.
b. Equivalent circuit for transformersis different.
c. Theneutral grounding should be considered in zero sequence network.

34. Why delta connected load will not have any zer o sequence components?

The current in the neutral is three times the zero sequence line current. A delta connected |oad
provides no path to neutral and hence the line currents flowing to a delta connected load contain zero
components. Hence the delta connected load will not have any zero sequence components.

35. Write down the expression of power in termsof symmetrical components.
The expression or equation power in terms of symmetrical componentsis given by
P=3Volo +3Vil; +3Valy
Where Vo and |y are zero sequence voltage and current.
V, and |, are positive sequence voltage and current.
V, and |, are negative sequence voltage and current.
36. What issymmetrical components of three phase system?
Symmetrical components of three phase system is given as:

For voltage
Va 1 1 17V
L e el
Vol 1 a a®l1V,
For current.




I, 1 1 17 ae
L1=11 & u|{a
Ir: 1 L ﬂ: 'r.zf

37. Writetherelative frequency of occurrence of varioustypes of faults.

Types of fault Relative frequency of occurrence of
faults

Three phase fault 5%

Double line to ground 10%

fault

Lineto Line fault 15%

Lineto ground fault 70%

38.Name the reactance used in the analysis of symmetrical faults on the synchronous
machines as its equivalent reactance.
The reactance used in the analysis of symmetrical faults on the synchronous machines as its
equivalent reactance are given below. They are.
a. Subtransient reactance.
b. Transient reactance.
c. Synchronous reactance.
39. Define synchronousreactance?

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.

It is given by,
Xs = XI + Xa
Where,

X = Synchronous reactance

X, = Leakage reactance

X, = Armature reaction reactance.

40. What isthereason for transientsduring short circuits?

The faults or short circuits are associated with sudden change in currents. Most of the
components of the power system have inductive property which opposes any sudden change in
currents and so the faults (short circuit) are associated with transients. 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 (or protection), the
interrupting short circuit current rating should be less than the transient fault current.

41. Define sub transient reactance and give its significance.

The sub transient reactance is the ratio of induced emf on no-load and the sub transient
symmetrical rms current, (i.e, it is the reactance of a synchronous machine under transient
condition)

Induced emy vu no—load
Sub mancient symmetrical rms current

The sub-transient reactance can be used to estimate the initial value of fault current

Sub transient reactance =




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.

42. List the advantages of symmetrical components.
a. Thismethod issmple.
b. This method leads to accurate prediction of system behavior.
c. Unsymmetrical faults on the transmission system are studied by the method of symmetrical
components.
d. They suitable to determine the currents and voltages in all parts of the power system after the
occurrence of fault.

43. How transients occur during short circuits?

A sudden change or sudden disturbance in the voltage and current rating of a system then the
system is said to be in transient. The faults or short circuits are associated with sudden change in
currents. Most of the components of the power system have inductive property which opposes any
sudden change in currents, so the faults are associated with transients. The main reasons for
transients are insulation failure, switching surges, improper earthing, flashover,etc.

44. What isthe purpose of analyzing unsymmetrical fault?
Analysis of unsymmetrical fault is very important for the following reasons. They are given as
follows
a. Relay setting,
b. Single phase switching
c. System stability studies
45. Write down the equation to find the fault current in bus-k and changein voltagesin other buses
dueto a 3-phasefault in bus-k using impedance matrix.
-

The fault current in bus-k, I = EEL

L3

Where, V7, , = prefault voltage in bus-k, (normally 1 p.u)
The change in bus-q voltage due to a 3 phase fault in bus-k, AV = -ls Zy ; for g=1,2,3...n

46. Define direct axis subtransient reactance and transient reactance.

It is the apparent reactance of the armature winding just at the instant of the short circuit
occurs at the terminals of the unloaded synchronous generator and it causes heavy currents to flow
during the first few cycles.

The effective reactance after the damper winding currents have died out is called transient
reactance of the machine. It determines the fault current after several cycles.

47. Define direct axis synchronous reactance and state which fault is the severe fault when
compared to all.

Direct axis synchronous reactance is the apparent reactance of the armature winding and it
comes into action only after the transient period is over and steady state condition is reached.

Three phase short circuit occurs rarely but it is the most severe type of fault involving largest
fault currents.

48. What ar e sequence impedances and sequence networ ks?
The sequence impedances are the impedances offered by the devices or Components for
the like sequence component of the current.




49.

50.

1.

The single phase equivalent circuit of a power system consists of impedances and current at any
one sequence only is called sequence network.
Define transient reactance and DC off set current
Transient reactance
The synchronous reactance is the ratio of induced emf on no load and the transient symmetrical
rms current.
DC off set current.
The unidirectional transient component of short circuit current is called DC off set current.
Define short circuit capacity of power system (or) fault level.
Short circuit capacity or short circuit MVA of fault level at a bus is defined as the product of the
magnitudes of the perfect bus voltage and the post fault current.
Uses of short circuit capacity
a. Itisused for determining the dimension of a bus bar
b. It isused for determining the interrupting capacity of acircuit breaker.
c. It helpsto find out the magnitude of fault current.

PART - B
A 3 phase 5 MVA 6.6 KV alternator with a reactance of 8% is connected toa afeeder series
impedance (0.12 + j0.48)chm/phase/lkm through a step 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 occursat a point 15KM along the feeder. (APR/MAY 2017)
\ Actua value of fault current, I+= p.u. valueof It~ I, =9.3179D-84.9° " 67.4773

l+= 45.2D-97.6° amps.

Result:

Fault current = 7.9D-17.6° p.u. or 465.2D-87.6° A.
Draw the detailed flowchart, which explains how a symmetrical fault can be analyzed using Z -
bus. (APR/MAY 2017)

Step 1: Start.

Step 2 : Read line impedance, generator impedance and fault impedance.

Step 3: Form the Zy,s matrix using step by step assembly using 4 types of modifications.

Step 4: Set al busvoltages as 1D0° p.u.

Step 5: Connect Z; in series with faulted bus.

Step 6 : Calculate fault current for i™ bus.

Iy(F) = e

Eitip
Step 7 : Calculate the generator current g = Zeg lgi
Step 8: Calculate change in voltage AV, and V;i(F)
VI(F) = I‘?-.:_:r_. + ﬂ"]"rl:
Step 9: Caculate Vi(F) =V, = -L7=1 Z,;1,(F)

=}

Step 10 Calculate 1y(F) = 24D




Step 11 : Print the resullt.
Step 12: Stop.

3. A 100 MVA, 11 KV generator with X”=0.20p.u is connected through a transformer and line to
a bus bar that supplies three identical motor as shown in fig and each motor has X’=0.20 p.u
and X”=0.25p.u on a baase of 20 MVA, 33 KV, the bus voltage at the motors is 33KV when
three phase balanced fault occurs at the point F. calculate (i) sub transient current in the fault
(if) sub transient current in the circuit breaker (iii) Momentary current in the circuit breaker

(iv) thecurrent to beinterrupted by C.B.B in 5 cycles. (APR/MAY 2017)
. A T1 . TE
11/66 kY ¥ 6633 kV
100 MVA 100 MVA -D——@
x=0.1 x=0.1 !
F
B

Actua value of current in the fault during subtransient state I;” = 10.1D-80° x 156.16
l¥” = 50.56D-90° = 16.752D-20° KA

lf” = 50.56D-90° KA

4. For theradial network shown in fig. 3 phase fault occurs at point F. deter mine the fault current
and thelinevoltage at 11.8 KV busunder fault condition. (NOV/DEC 2016)

|2 VA X300 5p-0-

G | 2BV Gb kY
F

(ﬂ- &5‘-&; 114-_}-1‘ G:El"f '!'Jp-li'ﬁ-)il_
. ¢ d
S T ! 3t T e o

I:mtl T, _ T
12 MVA 4 -

a
T v pamvA, ¥T, zyor- prU

X3 i
- Jdoled pota =2 — "
P a b 3 HV!; H'li_-_ J 0'ng P-u-.

l¥” = 12.0D-90°

lf” = 12.0D-90° KA

5. A 3-phase, 5 MVA, 6.6 kV alternator with a reactance of 8% is connected to a feeder of series
impedance of 0.12+j0.48 onms/phase per km. Thetransformer israted at 3 MVA, 6.6kV/3.3 kV
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 a point
15km along thefeeder. 1.For the two bus system as shown in fig. Deter mine the fault current
at the fault point and in other element and post fault voltage, for a bolted fault at bus 4.The
subtransient reactance of the generators and positive sequence reactance of other elements are

given. (NOV/DEC 2016)
10




M I:': T £ faz F

§ [oy T S ¢ T {
0.0833 00032 1,
A 3 Jﬂ.ll+li:'.43f:|"]-.'}l_'ll i e FORIT: 110,331
@ it — 15 km a_-p- -\.r"r
3, sMva MV E,
G.6uV, Bup G533 RV, 5% referenee bus _

Single line diagram Frefault reactance diagram

L et us choose generator rating as base values.
\ MVA,=5MVA and kV, = 6.6 kV
Tofind generator reactance:
\ p.u. reactance of the generator, X4 = 8% = 0.08 p.u.

Xq=8% = 0.08 p.u.

Tofind transformer reactance:
—_ k¥ 2
Xpu,new - Xpu,old X (k._i_‘j] =

Here Xpu,0d = 5% =0.05 p.u.
\ p.u. reactance of transformer, X+ = 0.05x E * Ez 0.0833 p.u.

MV
MV A

X+ = 0.0833 p.u.

Tofind feeder reactance:
Zeed = (0.12+j0.48)" 15 = 1.8+j7.2WIphase

_ Actual tmpsdaonca _ 1b+70.2

\ p.u. value of the impedance of the feeder, Zseeq =

Hoss impeada e 217,18

Zieed = 0.0083+j0.0331 p.u.

Tofind fault current:
Z, = 0.1966D87.6° p.u.
The fault in the feeder can be represented by a short circuit as shown. Now the current If through

the short circuit is the fault current.
R
U 196E SB7 .E"

\ p.u. value of fault current, Is = l— = =5.3179D-87.6° p.u.

I+ = 5.3233D-90° p.u.

It isimportant to note that the error in neglecting the resistive component is negligible.
K¥a- MV A: X100 — =l L

Base current, Iy = —= —— = 874773 A.

3KV VI KR w3 K33

Result:
Fault current = 5.3179D-87.6° p.u. or 465.2D-87.6° A.

. Generator G1 and G2 areidentical and rated 11KV, 20MVA and have a transient r eactance of

0.25p.u at own MVA base. Thetransformers T1 and T2 are also identical and are rated 11/66
KV, 5 MVA and have a reactance of 0.06p.u to their own MVA base. A 50KM long
transmission line is connected betweek the two generators. Calculate three phase fault current,
when fault current occursat middle of thelineas shown in fig. (MAY/JUNE 2016)

11




SR jtton

Assuming bolted fault or solid fault, z,=0. Prefault voltage Eqp, = 1207

- - 1r0"
Fault current I;= —2—=_"T&__ — =0.68£— 90" p.
ault current I Zpkiry Epti,  0+iD1s4 9.68 -

Fault current ;= 9.682 — 90° p.u

7. A synchronous generator and motor are rated for 30000kVA, 13.2kV and both have
subtransient reactance of 20% . The line connecting them has a reactance of 10% on the base of
machine ratings. The motor is drawing 20000kW at 0.8pf leading. The terminal voltage of the
motor is 12.8kV. When a symmetrical three phase fault occurs at motor terminals, find the
subtransient current in generator, motor and at the fault point. (MAY/JUNE 2016)

30 MVA, , Line, 12% | 30 MVA,
132KV, 20% (@, M ) 132KV,
‘ ‘ 20%

The basevalues are, MVA, =30 MVA, kV,=13.2kV

KVAy 30 X1000
—— =———=1312.16 A
V3kVy  V3x13.2

Base current, I, =

lpb =1312.16 A

Prefault condition:

The voltages and currents in the various elements of the system just before the fault are shown in
fig. in this circuit Vi, and I are known values and using these values the subtransient internal
voltages Eg” and En” can be calculated by Kirchoff’s voltage Law(KVL) as shown below.

Fig. Prefault current and voltages.
By applying KVL in the circuit of fig, we get,
Ey”=)0.2 1. +jO0.1 1. + Vim
= jO3 IL +Vim
\' En=Vim—]0.21.=0.9697D0° - (0.2D90°x 0.8594D36.9°)
=0.9697P0° - (0.1719D12.9°) = 0.9697 — (- 0.1032 +j0.1375)
=1.0729-j0.1375 = 1.0817Db-7.3° p.u.

En” = 1.0817D-7.3° p.u.
lg” = 2.802D-75.8° p.U.
lm” = 5.4085D-97.3° p.u.

Actual value of current in the fault during subtransient state I;” = 8.081D-90° x 1312.16
lf” = 10603.56D-90° = 10.60356D-90° kKA
12




l¥” = 10.60356D-90° KA

8. A generating station feeding a 132 KV system is shown in fig. deter mine the total fault current,
fault level and fault current supplied by each alternator for a 3 phase fault at the receiving end
bus. Thelineis 200KM long. (NOV/DEC 2015)

100 MVA, 11 KV

X=15% T1- 100 MVA, 11132 KV, X=10%

3 < X=0.2 ohma/phase/km

@ ; g X=0.2 chma/phase/ian

X=10%

Assuming bolted fault or solid fault, Z, = 0. Prefault voltage Exi = 1£0°

- — 120"
Fault current Ij= —2—=—"T. - _— __-§94, —90%pu
Lp¥iry  Lptimp u+pu.las

Fault current |y = 6.942 — 20° p.u

9. A symmetrical fault occurs on bus 4 of system shown in fig. Determine the fault current, post
fault voltages and line currents. (NOV/DEC 2015)
Gy, G2: 100MVA, 20KV, X"=15%.

Transformer: X eax=9%

Ly, Ly X'=10%.
O © ® ©

1 |_1 |
O o
|
j0.1075 jO.1/2 jO.068 jU.U424
j0.172 jo.132  j0.108 j0.068
j0.068 §0.108 j0.13 j0.082
j0.0424 j0.13 j0.08B2 jO.O7S
Step 1: fault current
lj=——=222_=93,—90 pu
"‘:u'_TIE '."£.|r Juimya
lf= 9.32£— 90" p.u
Actua current in KA = p.u value x base current.
=03z —90%x ¥4
¥ KV
=932 —90%x —— = 26.85KA
1 I

13




Actual current in KA = 26.85 KA
Step 2 : Post fault line currents.
- 5 _ t‘f—i'{: UBUSE—D36BE

U & sies 1oLz Loz Juad

|7, ] = 2634 pu

= v vl vssse-vzsia
23~ -

0 FREIS]

|iZ,| =263 p.u.

i v v _wama-u
Tojuas

34 -
L34

|12, | = 2.637 p.u.

10. For the two bus system shown in fig. determine the fault current, bus voltages, line currents
during the fault when a 3 phase fault impedance Z¢=0.15. p.u occurson Bus 4.

© ® 0 0
B C.
AN, Yo A t
- - E
Therefore Z, = —Eiz j;:“ =j0.1275

Zm =] 0.1275

Thevenin’s equivalent circuit.
Prefault voltage Ep = 1£0°

_ _brm 1r0”
Fault current I Zm+Z 7011278 + 015

= -j3.604 = 3.604.£ — 90° p.u

Fault current | = 3.6042 — 90 p.u

2'“1 =_‘FD.1EF5

g1 =0.5406 £ — gg? p.u
lg2 = 3.0634 £ — 90° p.u
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Lineflows (post fault):

Wy — Wy U¥18Y —0.E10d

12 = _z,.. = 02 = -]05406 p.u
lys = l.fi;uf-s _ u.alu-a:;:,b-wr: = j0.5406 p.u
|34 — h’-z:-:." — U;Hﬁiu—lfh-}ﬂt — 'J054 p.u

1o =- j05406 p.u

lo3 =-j0.5406 p.u

l34=-]0.54 p.u

11. For thetwo bus system shown in fig. determine the fault current at the fault point and in other
elementsfor afault at bus 2 with Z¢=0. The subtransient reactance of the generatorsand
positive sequence reactance of other elements are given.

Generator X=10%, Transmission line X=20%, Transformer X=12 %.

® ([3 @ @®
= 38 [ 36|
= @I HH—®Y=

S ﬂf & ¥ )

p.u

Fault current | = 6.942 — 20° p.u

Step 1: Current contribution from generators.

§jﬂ.:‘2
Iz Tﬁg:

In general, g = lyorg X222

otal

@

f
jo.42

lo1 = lf X ———— = -j4.55 p.u= 4.55 2 — 90° p.u

JUIEE JusE

lg1 =455 £ — 90" p.u

le2 = It X Mﬁ‘”{fﬁ =-j2.39 p.u=2.392 — 90" p.u
lg2 = 2.394 — 90° p.u
Em=7.843p.u

scc= % PUMVA = ——=6.94p.u. MVA

SCC =6.94 p.u. MVA

15




12. For the radial network shown in the figure, three phase fault occurs at F. Deter mine the fault
current and thelinevoltage at 11KV busunder fault conditions.

LR B E 4 ? Sk A
REECRE R e AT A R R R
oA

T4 b Tk

e o L e

LR I o e Y (R SR R T T B

Rl

T Y 1.8, ¥ L §
T s e i

Z=10.135+40. 0810 hmdkm

3 km cable
=
Base MVA =10 MVA
Base KV = 11KV
Voltageat 11 KV bus: Zar =j0.1+ 0.0744 +j0.0992 + j0.16 + 0.093 + j0.55
=0.1674 +)0.4142
=0.447 267599 p.u

Voltageat 11 KV bus = Zarpu X lfpu
=0.447 £67.99"x 1.959 »—70.85"
=0.874-j0.0436 = 0.875 p.u
= 0.875 x Base voltage
=0.875x11 =9.615KV

Voltageat 11 KV bus = 9.615 KV
13. A 60 MVA, Y connected 11 kv synchronous generator is connected to a 60 MVA, 11/132 KV

AlY transformer. The subtransient reactance Xy of the generator is 0.12 p.u on a 60 MVA
base, while the transformer reactance is 0.1 p.u. on the same base. The generator is unloaded
when a symmetrical fault is suddenly place at point P as shown in fig. Find the subtransient
fault current in p.u amperes and actual amperes on both sides of the transformer. Phase to

neutral voltage of the generator at noload is1.0 p.u.

€

3t
: 11;&32 KV &,
® LE

Secondary side of transformer:
_ HY side rating
Base KVnew = KVoia X LV oA ratieg

_ 1
=11x 1 - 132 KV

Base KVpew = 132 KV

16




Base current = 225498 - __ = — 0262 KA

V3 KV LR E ¥

Base current = 0.262 KA

Actual current = I, , , X Base current
=4.54x0.262=1.189 KA

Actual current = 1.189 KA

14. A 3 phase transmission line operating at 33kv and having resistance and reactance of 5 ohms
and 15 ohms respectively is connected to the generating station bus-bar through a 5000 KVA
step up transformer which has a reactance of 0.05 p.u. Connected to the bus-bars are two
alternators, are 10,000 KVVA having 0.08 p.u. reactance and another 5000 KVA having 0.06 p.u.
reactance. Calculate the KVA at a short circuit fault between phases occurring at the high
voltage terminals of the transformers.

(E‘ > =000 KYA

10000 Kve j0.05 p.u
i0.08 pou. < E

F.
3¢ X
SOO0 KA Q) S >

[ i

a Tota impedance upto the fault F1, Z; p,= -j0.148 p.u
Short circuit KVA fed into thefault at Fi= [KVA, . | =

|evagl

121 gl
= T2 = 67567.56 KVA

=67.568 MVA

Short circuit KVA fed into the fault at F; = 67.568 MVA

b. Tota impedance upto the fault F», Z,,,= 0.0459 +j0.2857 p.u

20u| =0.289 pu
Short circuit KVA fed into the fault at Fo = [KVA, ., |= _l“"'“hi
2 il
= T2 = 34602 KVA
= 34.602 MVA

Short circuit KVA fed into the fault at F, = 34.602 MVA

15. A symmetrical fault occurs on bus 4 of system shown in fig. compute the fault current, post
fault voltage, line flow.

&, @ &y, O
o/ m f;;
@ ‘ EE L, =12 E:I
T : cal ¥
PR &5 3%,
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Generator: Gy, Go: 100 MVA, 20KV, X" =15%.
Transformer: Ty, T2 X jeak = 9%.

Transmission lineL 1, Ly X* =10%.

Thevenin’s equivalent circuit.

ETh =_‘Fﬂfn?5
i .
Zf': 0
l12=-]2.632 p.u
I3 = "":£ ::5 = “‘Ebiz_i::-w =-j2.632p.u
I3 =-]j2.632 p.u
— U.d3e 77— .
l3q = I‘rg‘{c:" = 009 =-j2.6p.u
l3g =- 126 p.u

16. A 25 MVA, 11 KV, 3¢ generator has a subtransient reactance of 20 %. The generator supplies
two motors over atransmission line with transfor mers at both ends as shown in fig. The motors
have rated input of 15 and 7.5 MVA, both 10 KV and 20% subtransient reactance. The 3¢
transformers are both rated 50 MVA, 10.8/121 KV with delta-star connection with leakage
reactance of 10% each. The series reactance of the line is 80 Q. Draw the impedance diagram of
the system with reactances marked in p.u. when symmetrical fault occursat bus 2 and calculate
fault current.

o @

E Muler -
Slrur

© |

CHILCTATOL

ol
©
ot 16

lf=5.28 £ — 90" p.u

_ Mvay _ Z5 & 10°
Base current lpas = Y3z kvy W3z lidiazll0®
[KV, for secondary of transformer 1 or transmission ling]

=117.119 Amp.

Base current lpae = 117.119 Amp.

Actual fault current = I X lpase=5.28 x 117.119 = 618.388 Amp.

Actual fault current = 618.388 Amp.
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17. The generator at buses 1 and 3 of the network have impedances j1.5 p.u. If a 3 phase short
circuit fault occurs at bus 3, when there is no load (all bus voltages are equal to 1.0L0° p.u),
find initial symmetrical current in fault in the line 1-3, and post fault voltages when a fault at
bus 2 using bus building algorithm.

Lineflows.
-'le _ V- — 110400464 — 'j 00447 p.U

L3 gerims .4

Iy; =-]0.0447 pu

Faultisat bus 3, so, Zt, = Z33 =j0.7879 p.u
Ep, = 1£0°,Z,=0

lp=—Th_ =0 _ 72692 =1.2602 2 —90° p.u

ZpptZp  JUTEIUHD

lf =1.2692 £ — 90° p.u

V; = 1£0° —1,Z,, = 1£0° — (—j1.2692)2 jO.7111 = 0.09/4/ p.u
V, = 1£0°—1,Z,, = 1£0° — (—j1.2692)x j0,7551 = j0.4163 p.u

Vi = 00974/ p.u
V, =j04163 p.u

V; = 120°— 1,25, = 120" — (—j1.2692)x jO.7879 =0 p.u.

'Ii'3 = 0 p.1e.
Lineflows.
Ve — W Uusrs/—u .
Iy = - 2= TR 0.3249 p.u

l,; =-j0.3249 p.u

18. Three 11 KV generators, A,B and C each of 20% leakage reactance and MVA ratings 50,75
and 100 respectively are interconnected electrically as shown in fig. by a tie bar through
current limiting reactor, each of 25% reactance based upon the bus-bar of generator A at aline
voltage of 11 KV. The feeder has a resistance of 0.08 Q/ph and an inductive reactance of 0.16
Q/ph. Estimate the maximum MVA that can be fed into a symmetrical short circuit at the end
of the feeder.
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FL. i o)
s

Current limiting reactor at A :

kW, given 12 MVAp moy
Zpu new= Zpugiven X X —
P pug [ K¥p naw ] [*""” 4p given

= 0.25 x (11/11)* x(100/50)

]

Znew =] 0.5p.u

Current limiting reactor at B :

;\-I‘ . Mll.ﬂ ]
- . b given 2 Wi
Zp.u. new Zpu,gwen X [ KV maw ] X [ MVAp given ]

= 0.25 x (11/11)* x(100/75)

Znew =] 0.33 p.U

Current limiting reactor at A :

&y jiven ]2 X[ MVAp oy

Z = Zpugiven X
p.u. new pu,given [ k¥, e MVag gen

=j 0.25x (11/11)* x(100/100)

Lpew = ] 0.25 p.u
jo.4 jo.z67 3 jo.z . joz67 2 joz
s | 1207 120° joa _ _
jo.5 j0.333 8] foz25 o ; 40.333 f0.25
s JS0.5
E L s LLl s
0.068 +jn_132 p.u. 0.066 + 0.132
: F (/0.2 + j0.25) If (f0.267 +0.333)
f
s * [/0.257 + j0.5) # jO.4
] 0. 120"
é J0.4 S0.257 # | P - /0.2617 p.u.
a jO5
F P 1110 F
0.066 + /0.132

0.066 + /0132

0.066 + f 0.394 p.u.
0.399 ~ 80.45°

LI |

Short circuit MVA = dTi p.u MVA
= ——=2506 p.u MVA

T uEyy

= 2.506 x100 = 250.6 MVA

Short circuit MVA = 250.6 MVA
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19. A 100 MVA, 11KV, 50 Hz, star connected three phase synchronous generator connected to a
11/220 KV, 100 MVA, & - Y connected transformer. Thereactances arein per unit on the same

base.
Reactance of generator: Xd =09p.u. X;=0.2p.u; X; =0.1p.u
Reactance of transformer is0.2 p.u
A three phase load of 100 MVA, 0.8 p.f. lagging is connected to the transfor mer secondary side as
shown in figure. The line to line voltage at the load terminalsis 220 KV. A 3 phase short circuit
occursat theload terminals. Find the generator transient current including theload current.

3
AL
11 KY
100 MWVA,
Generator transient current = I + I,
=-j25+0.8-j0.6

=08-j3.1pu
=32 2-7553"p.u

Generator transient current = 3.2 £ —75.53" p.u

20. A synchronous generator and synchronous motor each rated 30 MVA, 11 KV having 20%
subtransient reactance are connected through transformers and line as shown in fig. the
transformersare rated 30 MVA, 11/66 KV and 66/11 KV with leakage reactance of 10% each.
The line has a reactance of 10% on a base of 30 MVA, 66 KV. The motor isdrawing 20MW at
0.8 p.f leading and a terminal voltage of 10.6 KV when a symmetrical three phase fault occurs
at the motor terminals. Find subtransient current in generator and motor.

Ling F I
oR ! o

Generator: Voltage behind sub transient reactance
E,=V°+j1°X, =0.9636D0 + j0.865D36.87°" 0.5
= 0.704+j0.346 p.u

E, = 0.704+j0.346 p.u

£

9
Z upto fault point fromGenerator

_0.704+j0.346
j0.5

Under faulted condition I; =

=0.642- j1.408 pu

;= 0.642- j1.408 pu

Motor: Voltage behind sub transient reactance:
E. =V°- jl° X, =0.9636D0- j0.865D36.87°" 0.2
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=1.0674- j0.1384 pu
-

m

- Zupto fault point frommotor

Under faulted conditions, 1,

:1.0674_-0120-1384:_ 0.692- j5.337 pu
JU.

|, = -0.692- j5.337 pu

m

Fault current | =1 +1 =- j6.745pu

MV,
Base current (Gen/motor) = NS Q\’/ = \/53,011:1.5746KA
b

|, =(0.692- j1.408) 15746=1.086- j2.217KA
=- 0.692- j5.337" 0.5746=- 1.089- j8.404KA
=- j6.745" 1.5337=- j10.62KA

Im
If

|, =- j10.62KA

PART-C
21. A symmetrical fault occurs on bus 4 of system shown in fig. When Zf = j0.14 p.u., determine

fault current and current supplied by the generators.

©. G &7 @
36 L 6
il & 1
g:(, ﬁh{f W? gxn

Fault current I = 4.04 B-90° p.u
Actual fault current = p.u value x base current.
=404x 28 22T 11 66 KA

V3 KV w32

Actual fault current = 11.66 KA
Current contribution from the Generators.
B - 11434 2 —90%pu

ler =l x JUds+ JUSE
_ Juas _ _ |
lg2 = lf X TUise UE 2.8966 £ — 90" p.u

lg1=1.1434 » — 90" p.u
lgs = 2.8966 £ — 90 p.u

22. Draw theflowchart for symmetrical fault analysisusing Zs
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23. A generator is connected through a transformer to a synchronous motor. The subtransient
reactances of generator and motor are 0.15 and 0.35 respectively. The leakage reactance of the
transformer is 0.1 p.u. All the reactances are calculated on a common base. A three phase fault
occurs at the terminals of the motor when the terminal voltage of the generator is 0.9 p.u. The
output current of generator is1 p.u. and 0.8 pf leading. Find the subtransient current in p.u. in
thefault, generator and motor, Usetheterminal voltage of the generator asrefer ence vector.

Using Thevenin’s theorem,
Tofind fault current:
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I 2
] jo.1
J R ey L J0.15 z, 03 é = 1035 Z,
E q) J Alf E * 1 j0.1s
o= i T | = Io

Infig. using KVL we get,
Vig=jO0.1lL + Vi
Thevenin’s voltage, Vi = Vig—j0.1I.
=0.9D0° - (0.1D90° x 1D36.9°)
=0.9b0° - (0.1D126°) = 0.9 - (-0.06 + j0.08)
=0.96-j0.08 = 0.9633 B-4.8° p.u.

Thevenin’s equivalent impedance, Zy, = ;Da;"":;”;f: > =j0.1458 p.u.

Zin = j0.1458 p.u.

The Thevenin’s equivaent of the circuit with respect to fault point is shown. Now short circuiting
the terminals of the Thevenin’s equivalent circuit as shown is equivalent to the fault condition. The
current flowing through the short is the fault current.

II-'lr"l'll
g | s F
jO.1458
+ Short
'\«’mce ],"l cirgwil
B n Cr
Prefault thevenin's Thevenin's equivalent
equivalent al_fault point under fault conditicn
- 99 ¥z Usbdds—au"
Current in the fault, If” = —= ———— = 6.606D-94.8° p.u.
£:  U135BL30°

If 7 = 6.606D-94.8° p.u.

24. Two synchronous motor s are connected to the bus of a large system through a transmission line
as shown, Theratings of the various componentsare,
Motor each: 1 MVA, 440V, 0.1 p.u. transient reactance
Line: 0.0 ohm reactance
Large system: Short circuit MVA at itsbusat 440V is8.
When the motors are operated at 400V, calculate the short circuit current fed into a three phase
fault at motor bus.

Line '
Large Motors

= —(9

I+ = 21.6969D-90° p.u.
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=1312.16 A = 1.3122 KA.

_ kWA: _ I¥1umu
Base current, | = - = 3 0s

\ Actua value of fault current, It = p.u. valueof It~ |, =21.6969D-90° ~ 1.3122

ls= 28.4707D-90° KA.

Result:
Fault current = 21.6969D-90° p.u. or 28.4707D-90° KA.

25. The busimpedance matrix of four bus system with valuesin p.u. isgiven by,

0.15 0.U8 0.04 0.U7
=] 0.08 0.15 0.U6 0.0Y

0.04 0.U6 0U.13 0.US

0.07 0.0 0.05 0.1Z

In this system generators are connected to buses 1 and 2 and their subtransient reactances

wer e included when finding Zbus. If prefault current is neglected, find subtransient current in p.u.
in the fault on a bus 4. Assume prefault voltage as 1 p.u. If the subtransient reactance of generator
in bus2is0.2 p.u. find the subtransient fault current supplied by generator.

Zbus

114: xq.‘
y — v
4 4
hus -d | ﬁﬂT bus -2
g 5
['_ I
v + :.
JE, "~E,=1£0° pu.
reference
With reference tofig.
The subtransient fault current delivered by the generator at bus -2, I, = E;_::_r:

O 7 i Rt W | e e T - I °
lp = - o - o ob-90% p.u.
I = 3.75D-90° p.u.

Note: ls=1"g+ 1"y
Result:
The subtransient fault current in the bus -4 = I; = 8.333D-90° p.u.
The voltage at bus— 2 when there is a 3 phase fault in bus— 4 =V, = 0.75D0° p.u.

The subtransient fault current delivered by the generator - 2

2 = 3.75D-90° p.u.
when there ix a 3 — phase fault inn bus— 4 }92 3.75D-90° p.u
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IV - FAULT ANALYSIS - UNBALANCED FAULTS
Introduction to symmetrical components — sequence impedances — sequence circuits of synchronous
machine, transformer and transmission lines - sequence networks analysis of single line to ground,

line to line and double line to ground faults using Thevenin’s theorem and Z-bus matrix.

PART - A

Introduction to symmetrical components

1. What is meant by unsymmetrical fault?

When the system is unsymmetrically faulted or loaded, neither the phase currents nor the
phase voltages will possess three phase symmetry i.e the system remains unbalanced with
unequal displacement. If the insulation of the system fails at a point or if a conducting object
comes in contact with a bare conductor, an unsymmetrical fault is said to occur. If
unsymmetrical fault occurs, the balanced currents will flow in the system. Symmetrical

components are used for analyzing the unsymmetrical faults.
2. List out the different types of unsymmetrical faults.

The types of unsymmetrical faults are listed as follows.
e Lineto Line fault (L-L)
e Line to Ground fault (L-G)
e Double line to Ground fault (L-L-G)

e Open conductor fault.

3. What is the purpose of analyzing unsymmetrical fault?

Analysis of unsymmetrical fault is very important for the following reasons. They are
given as follows

e Relay setting,

¢ Single phase switching

e System stability studies




4. For a fault at a given location, rank the various faults in the order of severity.

In a power system, the most severe fault is three phase fault and less severe fault is open

conductor fault. The various faults in the order of decreasing severity are,

= Three phase fault

= Double line to ground fault
= Line to line fault

= Single line to ground fault
= Open conductor fault

5. Give the steps followed in short circuit analysis of unbalanced low order systems?

The different steps to be followed in analyzing short circuit of an unbalanced low order
system are as follows:
e Draw the positive, negative and zero sequence networks with their appropriate
description.
e Choice of type of fault (L-G, L-L, or L-L-G) and location of fault and mathematical
description for the particular type of fault.
e Using Thevenin’s theorem or bus impedance matrix, determine the solution of the
network equation. Fault current, post currents, post fault voltages are found at the

point of fault, all the bus voltages, and the line flows.

6. What are the different symbols used in unsymmetrical fault calculation?

The following symbols are used in unsymmetrical fault calculation.

e Superscript f represents post fault or fault values.

e Super script +, - and O represents positive, negative and zero sequence voltages,
current and impedance.

e A number subscript following this positive (+), negative (-) and zero (0) represents

the bus code.




e Phase values of voltages and currents are indicated collectively by subscript p and
individually by the subscript a, b and c.

Sequence Impedances — Sequence Networks

7. What is sequence network? (M/J’11). What are sequence impedances?

An unbalanced system of n related phasors can be resolved into n systems of balanced
phasors called symmetrical components. Symmetrical components are positive, negative and
zero sequence components. Hence these sequence component creates the network called as
Sequence network.

Sequence impedances are the impedances offered by the power system components or

elements to +ve, -ve and zero sequence current

8. What are the features of zero sequence current? (M/J’13)

It consists of three phasors equal in magnitude and with zero phase displacement from
each other.

Zero sequence phasors a, b, ¢ can be written as
13=12=1

Where 12,12,1° are the sequence components of 1°,1°and 1°

9. Define negative sequence impedance. (M/J’13. N/D’11)

The impedance offered to the flow of negative sequence currents is known as the
negative sequence impedance and it is denoted by Z'. The negative sequence impedance is
occurred in all the fault condition and it is important to find the fault current.The positive
sequence impedance and negative sequence impedance are same for transformers and power
lines. But it in case of rotating machines the positive and negative sequence impedances are
different.

10. Write the symmetrical component currents of phase ‘a’ in terms of three phase
currents. (M/J’14)




The symmentrical componets of currentsare,

] 1 1 141,
+ 1 2

I, |==|1 a a’ ||l
_| 3 2

(N 1 a° al|l

c

|g:%[|a+|b+|c]
|+=1[| +al, +a’l, ]
a 3 a b c

Ia:%[la+azlb+alc]

11. Draw the sequence network for A — A connected transformer. (N/D’12)

Symbol Connection Zero sequence network
a A
400 o }+0 00l
/
£
AA ol
b
co

12. Draw zero sequence impedance of generator. (M/D’12)




N
la

a — )y

|0
|

Reference bus Reference bus

13. Write down the equation for symmetrical component of current vector of a three phase

system.
I =12+1]+1;
=10 +1; +1,
_q0 + -
. =1, +1.+1;

21| 1=
1 a a“ ||,

wherea=1,120°and a’ = 1./240°

14. Draw the sequence network for Y — A connected transformer. (M/J’10)

Connection
Secondary Zero sequence

nﬂwork
Symbol

15. Write the symmetrical components of a 3 Phase system. (M/J’11)

In a 3 phase system, three unbalanced vectors can be resolved into three balance system

of vectors.

e Positive sequence components

e Negative sequence components




e Zero sequence components.

16. What are positive sequence components?

The positive sequence components of a three phase unbalanced vectors consists of three

components of equal magnitude, displaced each other by 120° in phase, and having the phase

sequence same as the original vectors.
Three phases are written as
I, =1 £0°
I, =1, £240°=a1;
I/ =1, Z120°=al;
wherel ], 1, 1 arethe Positive sequence component of 1, I andl,

17. What are negative sequence components and zero sequence components?

The negative sequence components of a three phase unbalanced vectors consists of three
components of equal magnitude, displaced each other by 120° in phase, and having the phase
sequence opposite to that of the original vectors.

The zero sequence components of a three phase unbalanced vectors consists of three

vectors of equal magnitude and with zero phase displacement from each other.

18. Write down the equations to convert symmetrical quantities into phase quantities.

Letl,,1,, 1 betheunbalanced phasecurrents.
Let 12,17, 1, bethe symmetrical componentsof phase.

LT 11 1][1®

a
2 +
I, [=|1 a° a||l]
2 —
I 1 a a“||l;

c

wherea=1-120°and a® = 1.2240°

19.What is positive, negative and zero sequence impedance?




20.

21.

Impedance offered to the flow of positive sequence current is known as positive sequence
impedance and it is denoted by Z*
Impedance offered to the flow of negative sequence current is known as negative sequence
impedance and it is denoted by Z°
Impedance offered to the flow of zero sequence current is known as Zero sequence

impedance and it is denoted by Z°
What are the causes of unsymmetrical faults?

The various causes for unsymmetrical faults are listed as follows.
Lightning
Wind damage
Tree falling across lines
Vehicles colliding with towers or poles, birds.
Shorting lines

Breaking due to excessive ice loading or snow loading, salt spray.
What is meant by fault calculations?

The fault condition of a power system can be divided into transient, sub-transient and

steady state periods. The currents in the various parts of the system and in the fault locations are

different in these periods. The estimation of these currents for various types of faults at various

locations in the system can be commonly referred to as fault calculations.

22.

Name the fault involving ground.

The fault which involve ground are given as follows.
Line to ground fault
Double line to ground fault

3phase to ground fault




Representation of single line to ground fault

23. What are the observation made from the analysis of various fault 2 (N/D’13)

24.

Finding out the value of Fault current under different fault conditions
Zero sequence is not presence in LL fault conditions

Positive and negative sequence component of currents are opposite and equal to each other
in LL fault condition

Positive and negative sequence component of voltage are equal in LLG fault condition

Write the boundary condition for the single line to ground fault. (N/D’13)

25.

The boundary condition for the single line to ground fault are
If the generator is solidly grounded, Z, = 0 and for bolted fault or solid fault, Z; = 0.

If the neutral of the generator is ungrounded, the zero sequence network is open circuited.

~r=1-=1%and 1, =0

Draw the diagram for L-G fault at phases.

Single line to ground fault at phase ‘a’




26. Draw the equivalent sequence network diagram for LG fault.

+

.

+
ZrK
+

Ea

Zrk

I,
ST
=
s
o
Zxk= Zs + 3Z,

27. Draw the figure showing direct short circuit or bolted line to ground fault.

o

-O C

Direct short circuit LG jfaulr ar phase ‘a’

28. Draw the equivalent sequence network diagram for direct short circuit or bolted L-G
fault.

5
Zkk

Ea

ZkK

0
L 232,

LI




29. Name the fault in which all the sequence components are to be presents and give the

reason for occurrence.
Single line to ground fault is the fault in which all the sequence components are present.

The reason for occurrence of fault are given as follows
e Lightning

e Conductors making contact with grounded structures like towers or poles, etc.
30. Write down the expression for fault current in LG fault.

The expression for fault current in LG fault is given as follows

3E

a

TZ0 1747, +32Z,

I

Where Z,, =Zero sequenceimpedance
Z,, = Positive sequenceimpedance
Z,, =Negative sequence impedance
E, = prefaultvoltage
Z . =Faultimpedance

31. In which type of fault at phase ‘a’, there is no current flows through ‘b’ and c’ phases.

Line to ground fault is the only fault in which there is no flow of current between the phases

Ia
—>
Zs z It
+
- Zg b
Zy Zs b
I
— >




From the above figure b and ¢ phases are open. Therefore no current flows through b and ¢

phases.

32. Write the general equation to determine post fault voltages.

Post fault positive sequencebusvoltages :
V::w;+ZMf:V;_Z$”

Post fault negative sequencebus voltages :

V;:_Z&”
Post fault positive sequencebusvoltages :
Vf=—ZﬁW

33. Write the general equation to determine sequence line currents.

it + VfJIr _Vf}r
Positive sequencecurrent | =———

+
ij

. V. —-V.
Negative sequencecurrent I, = 8
ij
0 0
\hi_vﬁ
0
i

Zero sequencecurrent |2 =

Representation of line to line fault

34. Name the faults which do not have zero sequence current flowing (N/D°11) and zero

sequence components.

Double line fault (LL fault) because voltage through zero sequence network is zero and
there are no zero sequence sources and 12 =0, current is not being injected into that network
due to the fault. Hence LL fault does not involve zero sequence network.

The faults which does not have zero sequence components are given as follows. They
are:

e Three phase fault




e Line— Line fault

35. Draw the equivalent sequence network for L-L bolted fault in power system. (M/J’10)

I
—>
+ T la
Zkk <
Zkk
+
Ea

36. Which type of fault has + and — sequence current are same and opposite in direction?

Line to Line fault.

I;:%[alb —azlb}
I;:%[azlb—alb]

AR
L=l

37. Draw the sequence network connection to LL fault. (M/J’13)

38. Write down the expression for fault current in L-L fault.




~ j3E,
Zo+Z,+Z,
Where
Z,, = Positive sequence impedance

=1, =

Z,, = Negative sequence impedance
E, = prefaultvoltage
Z, =Faultimpedance

39. Draw the figure showing L-L fault between two phases.

e
—0
-
|
|
Va
Zn |
3 !
- | 3
Yo |
{ !
i !
| {
N v

Line to line fault between phases b and ¢

40. Name the fault in which + and — sequence voltage are equal.

Double line to ground fault

1

V 3[Va —Vb]

1
Va =§[Va _Vb]

BAVARYA

41. Draw the equivalent sequence network for L-L fault.




ZKK
+
a

V
4

P

Representation of line to line to ground fault

42. Write the equation to determine fault current for L-L-G fault with fault impedance
between phase ‘b’ and ‘c’.

Faultcurrent 1, =310 =-3 w
Zy +3Z,

Where |, =Positive sequence current
E, = prefault voltage
Zy. =Zerosequenceimpedance

Z,, =Positive sequenceimpedance
Z, =Faultimpedance

43. What type of fault occurs when fault impedance is infinite for LLG fault?

Line to line fault occurs, because

Z, =0

1°=0

Hence the sequence network becomes




Zgk

_]I; Zxk 1 U—» .

sl

Zy

Zg
Ve

"

Double line to ground fault between phases b and ¢

45. Give the expression for fault current in L-L-G fault.

L -3 E.x Zpyw (Z2x + 3Z¢)
f~ =0 - ] + + 57— - =0 -
ch + 3%; EKK X ZKK + EZFZKK + Z}{}czxx + ch ch + EZFZKK

Where
Z,, = Positive sequence impedance

Z,, =Negative sequenceimpedance
Zq =Zero sequence impedance

E, = prefaultvoltage

Z . =Faultimpedance

46. Draw the equivalent sequence network diagram for L-L-G fault.




o N e
+ Iz Ig
LN 5 —
[ \
+ 0
Zkk - . Zkk 0
V. ZkK V. ] Va
: a . =2g+3Z,
Ea
- Y \ \

47. Draw the figure showing direct short circuit or bolted L-L-G fault.

I

—» 4
40

48. Draw the equivalent sequence network diagram for bolted L-L-G fault.




+

I
5

I
i
+ ’
Zkk = 0
Zkk Zkk
+
Ea

49. Find the fault if prefault voltage at the fault point is 0.97 p.u.

0o

Solution:
j0.2 and j0.15 are in series

Its becomes, j0.2 + j0.15 = j0.35
j0.35 is in parallel with jO.15.

" :M — j0.105 pu.
J0.5+]0.15
Faultcurrent I, U _0'97 =—j9.238 p.u.
Z. j0.105

50. What is the need for short circuit study?

Whenever a fault occurs in an electrical power system, relatively high currents flow, producing
large amounts of destructive energy in the forms of heat and magnetic forces. A short circuit study
ensures that protective device ratings within a power system are adequate for maximum currents that

flow during a fault.

A short circuit study is performed to:
1. Make certain protective devices have adequate interrupting current capability;
2. Ensure power system components can withstand mechanical and thermal stresses that occur
during a fault; and
3. Calculate current data for protective device coordination studies.

51. Express short circuit KVA in terms of base of KVA and per unit reactance.




Short circuit capacity :Xi p.u.MVA

Th

_ 1 mMvA MvA

Th

=Xix KVA, KVA

Th
where X, =Theveninequivalent reac tan ce.

KVA =Base KVA.

52. Define transient reactance.

It is the ratio of induced emf on no-load and the transient symmetrical rms current.
It is given by,
. - |Eg| 1
Transient reactance, X, = 0 =X +———7+
- +7

where X, =Leakage reac tance
X, =Field winding reac tan ce
X, =Armature reaction reac tan ce

53. What is meant by sub transient reactance?

The sub transient reactance is the ratio of included emf on no load and the sub transient

symmetrical rms current. It is given by
. By 1
TR S W

X, Xi X,

a

W

54. What is the significance of sub transient reactance and transient reactance in short

circuit studies?

The sub transient reactance can be used to estimate the initial value of fault current
immediately on the occurrence of fault. The maximum momentary short circuit of the current
rating of the circuit breaker used for protection of fault clearing should be less than its 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.

55. Draw the positive sequence network of an unloaded synchronous generator with its

neutral grounded through reactor.

Reference bus

e Vv

al

ol +

a

56. Draw the negative sequence network of an unloaded synchronous generator with its

neutral grounded through reactor.

Reference bus

Z Va2
|:|2 +
-

57. Draw the zero sequence network of an unloaded synchronous generator with its

neutral grounded through reactor.




Reference bus

?

Cy

- /
Zg \ a0

58. Why delta connected load will not have any zero sequence components?

Delta connected load will not have zero sequence components because the current in the
neutral is three times the zero sequence line current. A delta connected load provides no path to
neutral and hence line currents flowing to a delta connected load cannot contain zero sequence

components.

59. Write about the lightning effect on electrical installations.
Lightning damages electrical and electronic systems in particular: transformers,
electricity meters and electrical appliances on both residential and industrial premises.
The cost of repairing the damage caused by lightning is very high. But it is very hard to assess
the consequences of the following:
e Disturbances caused to computers and telecommunication networks;
e Faults generated in the running of programmable logic controller programs and control
systems.
Moreover, the cost of operating losses may be far higher than the value of the equipment

destroyed.

60. Write about the electric strokes impact on a building.
Lightning strokes can affect the electrical (and/or electronic) systems of a building in

two ways:




= By direct impact of the lightening stroke on the building

= By indirect impact of the lightning stroke on the building

a. A lightning stroke can fall on an overhead electric power line supplying a building. The
over current and overvoltage can spread several kilometers from the point of impact.

b. A lightning stroke can fall near an electric power line. It is the electromagnetic radiation
of the lightning current that produces a high current and an overvoltage on the electric
power supply network.

In the latter two cases, the hazardous currents and voltages are transmitted by the power
supply network.

c. A lightning strike can fall near a building. The earth potential around the point of impact

rises dangerously.

61. How does the open conductor fault occurs?

When one or two of a three phase circuit is open due to accidents, storms, etc.., then
unbalance is created and the asymmetrical currents flow. Such types of faults that come in series
with the lines are referred as the open conductor faults. The open conductor faults can be
analyzed by using the sequence networks drawn for the system under consideration as seen from
the point of fault, F. These networks are then suitably connected to simulate the given type of
fault.

62. How is the analysis of unsymmetrical faults done on power systems?

The analysis of unsymmetrical fault in power systems is done in a similar way as that
followed thus far for the case of a fault at the terminals of a generator. Here, instead of the
sequence impedances of the generator, each and every element is to be replaced by their
corresponding sequence impedances and the fault is analyzed by suitably connecting them

together to arrive at the Thevenin’s equivalent impedance if that given sequence.

PART -B

1. Explain about the concept of symmetrical component. (N/D’14) (16)
One of the most powerful tools for dealing with unbalanced polyphase circuits is the
method of symmetrical components. An unbalanced system of n related phasors can be resolved




into n systems of balanced phasors called symmetrical components. Symmetrical components

are positive, negative and zero sequence components.

Balanced System 2

The load impedance is the same in all 3® and the voltage and currents are characterized
by complete three phase symmetry. It is given by

I+, +1.=1,=0

Unbalance fault

In an unsymmetrical fault or loaded system, neither the phase currents nor the phase

voltages possess three-phase symmetry.

The algebraic sum of the phase current is equal to the neutral current flowing in the

system. It is given by,

L+, +1.=1,
Where

I.,1,1_are phasecurrent

a' b ’c

I, istheneutral current.

Phase Sequence 3

In three phase system, the phase sequence is defined as the order in which they pass

through a positive maximum.

Consider the unbalanced current 1_,1,,1_shown in figure. These current are resolved

into three symmetrical components. They are positive, negative and zero sequence.

Positive Sequence Components

It consists of three components of equal magnitude, displaced each other by 120° in

phase, and having the phase sequence abc as shown in figure.

Let I, be the reference phasor.




Positive sequence phasors a,b,c can be written in terms of 1 as,

17 =17 £0°
| =1} £240°=a%1;
17 =1} £120°=al

wherel;, 1,7, 1 arethe Positive sequence componentof I, 1, and I,

Negative Seguence components 3

It consists of three components of equal magnitude, displaced by 120° in phase, and

having the phase sequence abc as shown in figure.

Unbalanced generator equivalent circult

Let 1, be the reference phasor.

Negative sequence phasors a,b,c can be written in terms of 1 as,
I, =1, £0°

I, =1, £120°=al

I; =1, £240°=a’l]

wherel_, I, I arethe negative sequence componentof I, 1 and I,

Zero Sequence Components (2)

It consists of three phasors equal in magnitude and with zero displacement from each

other as shown in figure.




Zero sequence phasors a,b,c can be written as

0_y0_ o0
Ia_lb_lc

where 17,172, 1° arethe zero sequence componentsof 1, 1,and I,

Symmetrical component transformation (6)

The three phase unbalanced currents 1_,1,and I_ can be represented in terms of

sequence currents as

_ 10 + -
=1+ +1]
_ 10 + -
, =1, +1, +1,

_ 10 + -
=1+ +1;

According to the definition of symmetrical components, we can rewrite above equation
in terms of phase a components.

_q0 + -
=1+ +1;

10 2+ -
I, =1, +a°l, +al,

_ 10 + 21 -
I, =1, +al  +a’l;

Write the above equation in matrix form,

LT o1 17re

I, |=|1 a® a ||l

| |1 a a®||l]
wherea=1,120°and a* = 1.£240°
Insimple form,

1, J=[T]0n]

a

wherel =| I,
I

c

o
Ia

I.=| I, | T =Symmetrical component transformation matrix
|-

a




2. Asingle line to ground fault occurs on the bus 1 of the power system of fig. shown

below.

Find:
I.  Currentin the fault
ii.  SC current in phase a of generator
iii.  Voltage of the healthy phases of the bus 1 using Z,,s method.

Given values: Rating of each machine 1200 KVA, 600 V with X;=X,=10 % and X,=
5%. Each three phase transformer is rated 1200 KVA, 600 V / 3300 V (A/Y) with
leakage reactance of 5%. The reactance of transmission line are X;=X,=20 % and X, =
40 % on the base of 1220 KVA, 3300 V. The reactance of neutral grounding reactance

are 5% on the KVA and voltage base of the machines. (N/D’14) (16)
Solution :
Positive sequence @

u1§ FF < 0 °
1 f

Reference node

Negative sequence Q)




10.1 bF l %J“‘

Refetence node

FormulateZ, , :
Znew_"jo.ls jo.15
" 1j0.15 j0.35

Adding anelement between existing node
[j0.15 j0.15 j0.15

new H H - (4)
Z, =|j0.15 j0.35 j0.35
| j0.15 j0.35 jO.5
. . - |1]0.105 j0.045
Apply Kronreduction, Z,, . =Z, . =| . i
j0.045 j0.105
Z; =27, =j0.105
Zero sequence (2)

|
i0.05 b‘__ j0.05

j0.15 j0.15

Reference node

Z,,, =[ J0.05]
Adding anelement j0.4betweennodes (1) and (2)

j0.05 j0.05
j0.05 j0.45

bus




Adding anelement jO.05between nodes (2) and ref node,
j0.05 j0.05 j0.05

=| j0.05 j0.45 j0.45
j0.05 jo0.45 jO5

Z )

bus

Apply Kronreduction,
0 j0.045 j0.005
bus { j0.005 j0.045}
Z) =j0.045

Currentinthe fault I, =3I,
1= 1,0°
Zi+Z+20+3Z,
B 1,0°
~j0.105+ j0.105+ j0.045+0
Currentinthe fault I, =3x(—j3.92) =—j11.7 p.u.

=—j3.92 p.u.

Currentinthe fault 1, =3I
I, =—j3.92 pu.
Currentinthe fault 1, — j11.7 p.u.

ii) short circuit current ontransmission lines
Positive sequence post fault bus voltages,
Vf+ :Vf+ _Zl+1|f+

=1.0—j0.105x (—j3.92) = 0.5884
Vf+2 =Vo+ _ZlJrzlf+

=1.0—j0.045%(—}3.92) =0.8236

@)

Negative sequence post fault busvoltages

fo = —Zﬂl;
=— j0.105>< (— j3.92) =-0.4116
Vfiz = _Zle?

= —j0.045x (- j3.92) = —0.1764




Zero sequence post fault bus voltages

v -z
=—j0.045%(—j3.92) =-0.1764
Vfoz = _2102|?

= —j0.005x (- j3.92) = —0.0196

s +_VH—V&
Positive sequence current 1, =——
12(line)

_ 0.58841T —0.8236 _ i1.176 pu
j0.2

VooV, (-
i Vie 04116 (04764 _ 4y

I = - .
. Zl;_(nne) J0.2
ve_ve —(-

|102 _ flo f2 _ 0.1764. (-0.0196) _ j0.392 pu
Z jo.4

12(line)

Positive sequencecurrent I, = j1.176 p.u

I, =j1.176 p.u
I, = jO.392 p.u

iii)Voltage of healthy phase of bus1:
V,=0
V, =aV," +aVv, +V,°
=1,240°%0.5884 +1./120°x (—0.4116) + (—0.1764)
=-0.2646— j0.866
=0.9056/-107°
V.=aVv," +a’V, +V,°
=1,120°%0.5884 +1,/240°x (—0.4116) + (-0.1764)

=0.9056107°

Voltage of healthy phaseof busl:
V,=0

V, =0.90562-107°

V., =0.9056.£107°

©)




3. 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 reactance are 0.35 and 0.01
p.u respectively. If a double line to ground fault occurs at the terminal of the
alternator, determine the fault current and line to line voltage at the fault.

(M/J°14) (16)
Solution : Sequence network is 2
ta, /9 L2y
z* " i » ; 4
a 2 |:l l"fu [' [] \ a
\_t" "
Prefault voltage = E, = Vo = 1£240°
VO
Positive sequencecurrent || =
. (2 xZ°
L+ 05
(Z +Z )
1,0° )
= 0350 101 =—J3.0508 p.u
j0.254+| L2oox P2
j0.35+ j0.1
0
=1 X_Z—O
Z +Z
(-j3.0508)x— %Y _ 0678 pu
j0.35+ j0.1




FT
" +7Z

(- j3.0508)x—32___ 23730
j

j0.35+ jO.1
Faultcurrent=31°=3x j2.373= j7.119 p.u
MVA  25x10°

3xKY, 3x132
|in Amp=j7.119x1093.466 = j7.784 Amp

Basecurrent =

=1093.466 Amp

Faultcurrent= j7.119 p.u
Base current =1093.466 Amp
I.in Amp=j7.784 Amp

Symmetrical component of voltages :
VI=-2°1°

=-j0.1x j2.373=0.2373 p.u
Vi=E,-Z'I]

=1,0°- j0.25x—}3.0508 =0.2373 p.u
V, =-Z"1,;=-j0.35x j0.678
=0.2373 p.u

VARV

(4)

Symmetrical component of voltages :
V. =0.2373 pu
V" =0.2373 pu
V, =0.2373 p.u

Phasevoltages :
Y 1 1 17|V

V, [=[1 a® a ||V

V.| |1 a a*||V,

V, =0.2373+0.2373+0.2373=0.7119

V, =0.2373+(~0.5— j0.866)0.2373+ (~0.5+ j0.866)0.2373+0
V. =0

.V, =V, =0

©)

©)




Line —linevoltage

V, =V, -V, =0.7119-0=0.7119p.u
V,. =V, -V, =0.7119-0=0.7119p.u
V,, =V, -V, =0-0=0pu

Line —linevoltage
V,, =0.7119p.u
V,. =0.7119p.u
V.. =0p.u

4. Obtain the expression for fault current for a line to line fault taken place through an

impedance Z, in a power system.

Solution:-
WO ¥ i
3 c,
. © E
L r:‘ N vi
= I | S
——= T
I, =—1,

I, =0(unloaded generator)
V, -V, =21, =V, =V, -ZI,

(M/J°14, N/D’13) (16)
()

Substitute for I, =—I_, I, =0, the symmetrical componentsof currentare:

0 o1 17[,

N e @ l,
3

| |1 a alll

%l 11 1o

I B ERP. I,
3

I 1 a* a]|-l,

Substitutethevalueof 1, we get
@ -a)|Vv, -V, |=(@*-a);Z,
V, -V,

@)




1
|§=§[0+|b—|b]:0
.1

I =§[alb—a2|b]

21
I =§[a2|b—a|b]
A==l and 1) =0

From sequence network of the generator,the symmetrical voltage are give by
A 0]z, 0 01

V. |=|E, || 0 Z, O (I

V, ojjo 0 z,
V2=-Z210=-202 x0=0
Vi =E,-Zl;

Vo=—Z, 1 =717

a

Ia

The Phase current are givenby
I 11 1(12j 11 1 0
a

a
2 +
Ia

2 +
I, |=|1 a° a ||l |=]1 a
I 1 a a||I;| |1 a a

c

(4)

2

_Ia

I,=0,1, =a’l; -al, =1/(a°-a)
I, =al; -a%l; =1/ (a-a’)=-1,

Sequence network for LL fault with Z / (3)




The Phasevoltage are
\Y, 1 1 1 0

V, [=|1 a® a ||V
V, 1 a a’||v,

VO=0
V, =V, +V,
V, =a’V +aV,

V. =aV, +a’V,

Fromthe conditionV, -V, =Z1,

SubstitutingV,and V,_, we get

(a2 _a)I:Va+ _Vai:lzzf Ib

Substitutethevalueof 1, we get
@ -a)|Vv, -V, |=(@*-a);Z,

V, -V,

SubstitueV,",V, , we get,
E,=[Zi+Z+2Z,]1;
|+ = E.
CZi+Z+Z,

|- =—1;

1020

Current phasedomine
L] 11 1712
I, [=|1 a® a||l}
] |1 a a%||l;

The faultcurrentis |, =—

(4)

O+1, -1, 0
=[0+(@°-a)l || (@°-a)l;
0+(a+a’)l; || —(a+a’)l;

I, =(°-a)l;

= (~0.5— j0.866+0.5— j0.866)1 =—j1.732I}

=—jV3I;

Substituting I, we get,

—j/3E,

h=lh=—"7"7
KK+ KK+ f




5. Two synchronous machines are connected through three phase transformers to the
transmission line shown in fig. The rating and reactance of the machines and transformers

are:

Machine 1 and 2: 100 MVA, 20 KV; Xy = X1=X,=20%; X¢=4%, X,=5%

Transformer T1 and T2 : 100MVA, 20A/345 Y KV ; X=8%

On a chosen base of 100 MVA, 345 KV in transmission line circuit, line reactance are
X1=X2=15% and X,=50%.

Draw each of three sequences networks and find the zero sequence bus impedance

matrices by means of Zy,s building algorithm. (16)

Machine 1 @ @
|- 3% |
o (0 o
AYa YA

Solution: Positive sequence network: (8)

jo.08 j0.15 j0.08
T e TETT™

702 J0.2
:EQ ’Em
O
=) 10.19}
_@ | 019 0
) o joos
O @) ®)
M]jo19 0 0
(| o jo.os jos8
®| 0 joos jos




@)
(2)
3

j0.9
0 j0.08 j0.08 j0.08
0 jo0.08 j0.58 j0.08

B @ ©) @
0 0

@ o jo.0o8 jo.58 j0.66]

Node a is eliminating using Kron reduction techniques, we get (8)
jo.19 0 0
= 0 j0.08 j0.08
0 j0.08 j0.58

Add branch j0.19 from bus (4) to the ref. we get,

) (2) (3 @

@] jo1s 0 0 0
70 @] o joos joos o
bus ™

@) o joos joss 0

@ o 0 0 019
Negative sequence network :

7008 JO15 008
é;uz %fOi’

008 D jos @

@ Jj0S J008 @
é ' '
Zg “j004 @ Zg» 004
32..‘}015{ 32.=)015

The Zeros in Z?  shows that the zero sequence current injected into bus (1) or bus (4)

Cannot cause voltage at the other buses because of the open circuits introduced by the A-Y
transformers.

6. A single line diagram of power system is shown in figure, determine the fault current

and fault MVA for a line to line fault occurs between phases b and c at bus 4 as shown in
fig.

G1:G2: 100 MVA, 20KV, X*=X"15 %
T1,T2: 100 MVA, 20/345 KV, Xjeak=9 %: Line : X’=X"5 % (M/J°13)(16)




< 3¢
e O—H 3§
e A AN e ®

Solution:
Positive Sequence Thevenin equivalent:

Positive sequence Thevenin equivalent :

@ ©) ® ®

j0.09 /005 | j009 | /0.1075
T — LI
j0.15
é *CD 120"
*1z0°
——ee—
Negative sequence thevenin equivalent:
b’cgati ve sequence Thevenin equivalent : Sequence network ;
21=0

70.1075
———W\—-{ j0.1075

-0

Aot

%;‘0 1075

—

Currentin phasedomine:

L] 2 1 27(12) 1 1 1 0
I,|=|1 a®> a ||l |=|1 a* a ||-j13.426
I.] |1 a a®||I1;| |1 a a*|| j13.426

|, =1x 0+ a?(— j13.426) + a( j13.426) = —23.254 KA

|_=—1, =23.254 KA

l,=1,+1,+1_.=0

Fault MVA=/3x I, (KA)x KV =+/3x23.254x 20
=805.542

prefaultvoltage=E, =V ° =1.,0°
S 1£0°
*~j0.1075+ j0.1075

a

=—j4.651pu

(6)




117 1 |= 4651200
(8) ¢§ x 20

= —j13.426,1 = j13.426 KA

=13.426 KA

Currentin phasedomine:

AR 0
I, |=|1 a® al||l;|=|1 a® a ||-j13.426
I 1 a a’||l;| |1 a a’|| j13.426

I, =0
I, =1x0-+a’(— j13.426) + a( j13.426) = —23.254 KA
I, =—1, =23.254KA

Cc

l,=1,+1,+1.=0

n

Fault MVA=/3x I, (KA) x KV =+/3x23.254x 20

—805.542

I, =0

I, =—23.254 KA

I, , =23.254 KA )
I,=0

Fault MVA= 805.542

7. Discuss in detail about the sequence impedance and network of synchronous machine,
transmission lines transformers and loads (M/J°13) (16)
Synchronous Generator

Consider the three phase synchronous generator with netural grounded through an impedance Z,

is as shown in figure

Let V,, Vi,V be the phase voltages (line to neutral). 4
Let I, Ip,lc be the phase currents.

Line to neutral voltages are written as

V,=E,-Z]1,-Z,1,

V,=E -ZI,-Z.1,

V.=E -Z]I.-Z.1,




Zg = Self impedance
= Neutral impedance

Py
I

3@synchronous generator with neutral grounded through impedance
Substituting I, =1, +1, +1.in (1), we get
V,=E,-Z]1 -Z1 -Z1,-Z.1I,
Vb = Eb _Zslb _ana _anb _anc
Vc = Ec _Zslc _ana _anb _anc

V.| [E.] [2.+2, Z, z, 171,
Vv, |=|E, |=| z, z.+z, 'z, ||},
V.| |E, Z, z, Z.+Z, ||,

[Ve]=[E:]-[ 2 ][1;]

[Vabc:l:I:Eabc:l_[zabc:'[labc:l

wherethe sequenceimpedance| Z** | = [T]" [z ][T]
Z,+3Z, 0 0] [z° 0 O

[2012]: 0 Zs Ol=l0 Z* O

o o0 z| |0 0o z°

Sincethe generator emf isbalance,threr isonly positive — sequencevoltage E,
0

~[z2%]=|E,
0




A 0 z° 0 0 ||
V. |=|E, |-| 0 Z* 0 [|I]

V.| |0 0o 0 z ||I]

Fromequation (6), we can write

SV =-Z°1;
V., =E,-Z"I
V, =-2"1
Sequence Impedance of Transmission Line 4

a >

Transformer b > Translormer

c >

1y 4] "2
M

A 3® balanced transposed line shown in Figure. Impedance per phase is independent of the
phase sequence of balance set of currents. Because the voltages and currents encounter the

same geometry of the line. Thus the positive, negative impedance are equal.

For symmetrical line,

AV, Z, Z, L,
AViw (=12, 40 2y || L
AV, Z, Z, Z |||,
WKT,
[2.]=[T]"[2,][T]
Z° 3Z,+6Z, 0 0
Z" :% 0 3Z,+32Z, 0
Z 0 0 Z,+32Z,
Z,+27, 0 0
= 0 Z,+Z, 0
0 0 Z,+27,

Transformers:-




Y-Y connected

)

Connaction Zero saquence network
Symbol . p ! |
T go— p—ua o—od

_< |-|lll4
_< I-"Il'll"l

Referance bus

& o o

Y- A connected

)

Primary Cannection Secondary ZETO SEQUENcE
a —0 g network
i
Symbol N £ o
o o oo
—
E g Lf
i)
/39‘3‘ g
Y A b
Referance bus
[ o e

Transformer Y-A connected with isolated neutral

A-A connected

)

Symbol Connection Zero sequence network

3 ’z& /q‘ T
AN — °
b %\|| LT ab' E

e

Transformer A-A connected

Y — Aconnected, neutral solidly grounded

)




Primary Connection Secondary Zero sequence
a -3 network

i
Symbal =

— a1 oo
k]
Y A

=

B0
g

Raferancs biss

b

%

[ oG

Transformer Y-A connected with isolated neurral

8.Draw the sequence network connection for a double line to ground fault at any point in a
power system and from thaat obtain an expression for the fault current. (N/D’12) (16)

A three phase generator with a fault on phases b and ¢ through an impedance Zs to ground.

@)
L
— fi a
g
- b—
[ - ;
e e L - 2
z, 2. ' a |
- ill- Wi
I
Ve
,=0
I, +1, =1
b C f (3)
V,=V.=Z,1,=Z,(,+1,)
The symmetrical components of voltageare :
VA . 1 1 1|V,
A =3 1 a a||V,
A 1 a® allV,

Substitute V, =V¢ in equation (2), we get




vel 11 1]V,
A =%1 a a’ ||V,
vV, 1 a* allV,
1
+2V,
Va 3(V 5)
1
Al -V
3(V b)
1
. -V,
Vo =5 (Va=Vs) )
V=V

The Phase current are givenby
I 11 10

a

I |=[1 a* a ||l

] |1 a a* ||l

L=12+17+1

I, =12+a%l; +al;

I,=1)+al +a%l;

Lo =1, +1,=12+a%l} +al  +1]+al +a’l;
=212 +17 (@ +a)+ 1 (a+a?)

07 +15)=1¢

substituting (5)in (6), we get

I, +1, =3I

Fromthe condition,V, =3Z 17

The Phasevoltage are

vt 1 17w

V, =1 a® a ||V @)

V.| [1 a a*||V,

V, =V +V+Vo
AR AR A AR
V, =V0 4V [V, =38Z17 ]




The symmetrical components voltage is given by

V) =-Zh 1S
Va+:Ea_ZI:K|;—
Vo ==Zila

—E, —Zx 1,
ThenI;’:—[ a___KK :J

Zy +3Z,

Ifz_[Ea_ZI:KI;r]

Ly
—10=1+1;
S i |

onby solving we get
E

I = 2

- ZF;K (Zng +3Zf)

+

KK

Zow +3Z +Zy

Z.E

KK —a

N
Ly +

ZIEK (ZEK +3Zf)

Zoo +25 +3Z,

(4)

9. i) Derive an expression for the total power in a three phase system in terms of sequence

components of voltage and currents

Ans :

Apparent power S, =[V, | [1,]

By usin g symmetricalcomponent transformation,
T *
= [TV, ] [T1]

©)




Siap) :VSTTTT*I;‘
TT" =TT =3 [T7=T]
" Siag =3[ Ve I |
=AY VT3V
TheTotal unbalanced power canbeobtained fromthe sumof the symmetrical components powers.

_ 0y 0* ++* -1
Sy =3V, 1, +3V, 1 +3V, 1,

(3¢)

ii) Discuss in detail about the sequence impedance of transmission lines 3)

A 3@ balanced transposed line shown in Figure. Impedance per phase is independent
of the phase sequence of balance set of currents. Because, the voltages and currents
encounter the same geometry of the line. Thus the positive, negative impedance are equal.

For symmetrical line,

AVanl Zl ZZ ZZ Ia
AV |=| 4, 2, Z, I,
AV(:nl ZZ ZZ Zl Ic
we knowthat,
[z.]=[T]"[z.][T]
z° 3Z,+6Z, 0 0
Z" | = % 0 3Z,+3zZ, 0
Z" 0 0 Z,+3Z,
Z,+227, 0 0
= 0 Z,+Z, 0
0 0 Z,+2Z,

iii) The bus impedance matrix of four bus system with values in p.u. is given by,

0.15 0.08 0.04 0.07
_.|0o.08 0.15 0.06 0.09
~Jlo.04 0.06 0.13 o0.05

0.07 0.09 0.05 0.12

Zbus




In this system generators are connected to buses 1 and 2 and their subtransient
reactances were included when finding Zbus. If prefault current is neglected, find
subtransient current in p.u. in the fault on a bus 4. Assume prefault voltage as 1 p.u. If the
subtransient reactance of generator in bus 2 is 0.2 p.u. find the subtransient fault current

supplied by generator. (10)

Solution:

Let If” be the subtransient current in the fault on bus 4.
» _ Vo
Now, I’ = Zu
Where V¢ = prefault voltage at bus 4 = 1.20° p.u.
S =% = j8.333 = 8.333.£-90° p.u.

jo.z

I¥> = 8.333.£-90° p.u.

The voltage at bus 2 when there is a 3 phase fault in bus 4 is given by,
V2 = Ve — ke Zps
-V, =1,0°-8.3332-90° x j0.09 = 1 — 8.333£-90° x0.09.£90°
V,;=1-0.74997 = 0.25003 ~ 0.25£0° p.u.

Since there is no current in the system prior to the fault all the buses will be at same
potential prior to fault. Also there won’t be any potential drop in the synchronous reactance of
the generator, because it does not deliver any current prior to fault. Hence the induced emef of
the generator in bus — 2 is also 1 p.u. . The generator in bus — 2 can be represented as shown fig.

Xy, = X

249 42
v.‘ Iz YsTap? v-
bus -4 1 7”T bus -2
&¢ s 7
iI" -]Xdz
2.9 ” °
JE,. =E_,=1£0° p.u.
reference

With reference to fig.
.E;:' -¥z
.oy

The subtransient fault current delivered by the generator at bus -2, lg; =

5 1.0%0252D° _ 1-0.25
lp = = =3.75/-90° p.u.
92 j0.2 0.2.50° 3.752-90° p.u




lo = 3.75£-90° p.u.

Note: ls=1g + 'y

Result:
The subtransient fault current in the bus -4 = Iy = 8.333.£-90° p.u.

The voltage at bus — 2 when there is a 3 phase fault in bus — 4 =V, =0.7520° p.u.

The subtransient fault current delivered by the generator - 2 } . o
when there is a 3 — phase faultin bus — 4 lgz =3.752-90° p.u.

10. A 30 MVA . 11 KV generator has Z;=Z,=j0.2 p.u, Z,=j0.05 p.u. A line to ground fault
occurs on the generator terminals. Find the fault current and line to line voltage during
limit conditions. Assume that the generator neutral is solidly grounded and that the

generator is operating at no load and at rated voltage at the occurrence of fault.

(N/D’11) (16)
Solution : - 4
2 j0.2
Y +;€_| ..
3 j0.05

Z"=j0.2pu
Z =j0.2pu
Z° = j0.05 p.u

prefault voltage,V ° =1.0°




Symmetrical componentsof fault current

0
PRI
Z"+7Z +Z
B 1-0°
j0.2+ j0.2+ j0.05
=—j2.222 pu
Faultcurrentin pu =3I,
=3x—j2.222
=—]6.666 p.u
3 3
Basecurrent= MVA, 10" _ 30x10
BxKv,  Bx11
=1574.6 Amp
Fault currentin Amp =— j6.666%x1574.6

=10496.3 Amp

Symmetrical componentsof fault current
I, =-j2.222 pu

Faultcurrentin p.u=-j6.666 p.u
Basecurrent=1574.6 Amp

Fault currentin Amp =10496.3 Amp

Linetolinevoltage during the fault :
VO =-Z°I;
=—-j0.05x—j2.222 =-0.1111
VI =V0-Z*1;
=1/0°-j0.2x—j2.222
=0.5555
Vo =-ZI]
=-j0.2x-j2.222
=-0.4444

Linetolinevoltage during the fault :
V2 =-0.1111

V,"=0.5555

V, =-0.4444

(4)

(4)




Subtransient phase voltages
V,] [1 1 17V°

a

V, =1 a® a ||V
Vol |1 a a*||Vv,
V. =V +V+V
=-0.111+0.5555-0.4444=0
V, =V +aV +av, @)
=-0.1111+1/-240°x0.5555+1/ -120°x -0.4444
- -0.29- j0.0267
V.=V +av, +a’V,
= -0.29+ j0.267

Subtransient phasevoltages
V,=0

V, =-0.29-j0.0267

V. =-0.29+ j0.267

LinetolineVoltage

V,, =V, -V, =0-[-0.29- j0.267]
=0.29+ j0.267 p.u

V,. =V, -V, =-0.29-j0.267 —-[-0.29+ j0.267]
=-j0.534 p.u

V, =V, -V, =0-[-0.29+ j0.267]
=0.29- j0.267

LinetolineVoltage
V, =0.29+ j0.267 p.u
V,. =—J0.534 pu

V,. =0.29-j0.267

11. A 50 MVA, 11KV, 3ph alternator was subjected to different types of faults. The fault
current are 3-ph fault 1870 A, line to line fault 2590 A, single line to ground fault 4130 A.
The alternator neutral is solidly grounded. Find the p.u values of three sequence reactance
of the alternator. M/J°12) (16)
Solution :- (10)




MVA, =50
KV, =11

|, (3¢ fault) =1870A

I, (L-L fault) =2590A
|, (L—G fault) = 4130A

Z2°,2%,2° =7
3
Basecurrent = M
\/§>< KV,
3
_50x10° _ o604.3A
ﬁxll
Basecurrent = 2624.3A
VO
pr.u(3¢) :?
_ 1870 _ o
2624.3
VAR 1_40 = jl4pu
~j0.713
J— i O
(L) Jﬁv_ _ 2590 __io
P Z*+Z 26243
Zt+2" =—_J‘/?’_X140 — j1.75 pu
—j0.99
Z =jl75-2"
= j1.75- j1.4=j0.35
3\/0
I (LG)=———
i (LG) Z"+2 +2°
_ 4130 _ 157
2624.3
2174202310 g
—j1.57
7°=j1.91- j1.4-j0.35
= j0.16 pu

99

(6)

12. Derive the equation for the L-G fault under symmetrical analysis. The single line to

ground fault is the most common type of fault, is caused by lightning or by conductors

making contact with grounded structures. (16)




Suppose a line to ground fault is occurs on phase a connected to ground through impedance

=]

Zs.
éZs
+
In =
fir. N
EJ- Eo Zs
Zn “ ¥ % I—bb
ob
Ie
_ — & v
f .D
Yol
Va = Zf Ia
c

Symmetrical componets ofcurrents are

0l o1 1
I71==|1 a a’
1 a® a]ll

Wk
Qo

el o1 17,
+ 1 2

. :51 a a || 0
I, 1 a a]flo0

Fromeq(3), we get

|0_|_a
2=

3
|+_|_a
M

3
|*_|_a_|_f
=2=

3 3
17 =1 =|°='—a

Substitute for I, = I, =0, symmetrical components of currentsare

(6)

(5)




From sequence network of generator, symmetrical voltages are givenby
VI [O0] |Ze O 0O []I

Vo |=|E, |-| 0 Zgy O |1

vV, 0 0 0 Z, ||

Vao :_ZISKI'E :_ZEK I;

V=B, -Zg )]

Vo ==Ll =—Zy Ig
The phasevoltage are given by
V 11 1]V

a

V, =1 a® a ||V
Vol |1 a a*||Vv,

c

Fromeq.(6) we get,

V, =V +V+V
FromtheconditionV, =Z 1,

V2AVI RV =70,

Substituting the symmetrical components, we get
. E,

"0 7 +Z., +3Z,

The fault currentis

If=|a=3|r:= 0 +3Ea,
Zow + Ly + Ly +3Z;

3E

a

Zow + 25 + 2 +3Z,

The faultcurrent, I, =1, =3I, =

()




+

I;

il

+.
Vg
d

Ikk
l

—
u !

+O

|

-

0

|

—

[E I

1

.:1
2= 25432, a

13. Two 11 KV, 20 MVA, three phase star connected generators operate in parallel as

shown in figure. The positive, negative and zero sequence reactance’s of each being .
respectively, j0.18, j0.15,j0.10 p.u. The star point of one of the generators is isolated and
that of other is earthed through a 2 ohms resistor. A single line to ground fault occurs at
the terminals of one of the generators.

Estimate ,

i) The fault current,

i) Current in grounding resistor and

iii) The voltage across grounding resistor, M/J°11) (16)

R, =2ohms 51‘1

LN

|
| —

|

Y

Solution :-

Positive sequence network : (Generator G1 & G2 are in parallel) 5)




7+ 0018xj0.18 _ o oo
j0.18+ j0.18

Negative Sequence network :

_1015xj015 _ 0
j0.15+ j0.15

j0.075

L

0
Zero Sequence network,
2°=27,+32,
_2xMVA
npd KVb2
:2x%:0.33 p.u
Z° = L +3Z,
=j0.1+3x% j0.33
=0.99+ j0.1
———————

Zs

3Z,

Sequence network for L-G fault:

()




— Ea
2" +72 +Z°
) 1/0°
j0.09+ j0.075+0.99+ jO.1
B 1
0.99+ j0.265
Sequence network for L-G fauli
1009
En;:
joo7s
|
0¥« 01
i) Faultcurrent I, in p.u.=3I; (6)
1

X—
0.99+ j0.265
=2.827 - jO.756 p.u

Faultcurrent I, in p.u.=2.827 — j0.756 p.u

if)Currentinthe grounding resistor I, :
I, =2.827—- j0.756 p.u.

|1, |=2.926 p.u

MVA ~ 20x10°

J3xKV,  3x11

|1, [in Amp=2.926x10497 =3.07 KA

Basecurrent = =10497 A

]Basecurrent: 3.07 KA\

iii)Voltage across the grounding resistor :
= 1, [in Ampx2Q
=3.07x2=6.14KV




Voltage acrossthe grounding resistor =6.14 KV |

14 .i) Explain how an unbalanced set of three phase can be represented by system of

balance voltages. @)

LetV,,V,,V, bethe phasevoltagesand V.’,V.",V. bethe positive,

negative sequencevoltages of phase'a’.

V=V +V+V,

V, =V +V V]

V, =Vl +V +V

Substituting the symmetrical components with respect to phase a.

V=V +VS+V

V, =V +a’V +aVv,

V, =V +av, +a’V,

In matrix form,

Vv 1 1 1]V
a

a

V, | =1 a’ A
V.| |1 a a*||V,
[Ve]=[T][V:]
(or)
I:Vabc:| _ [T][sz]
i) Draw the Zero sequence network for 3)

1. Y grounded-Y grounded transformer

Rato » !




2. A-A connected transformer

Symbal Connection

b Qe

5 A

co ac

Transformer A-A connected

3. Generator sequence diagram

Zero sequence network Positive sequence network
I Ia ®
a > +
Zs z* T
Zr_, V.'J : V;
3z, €, l
Reference bus Reforence bus

()

Zero seguence network

zﬂ
a 0—0 c-r:l-l-q O 8
[, - O
]

®)
Negative sequence network
I

a
|
!

2" Vs
Reference bus

Zero, positive and negative sequence network

15. Determine the fault current and MVA at faulted bus for a line to ground (solid) fault at

bus 4 as shown in fig.

Ly

. @ Ty @ @ T2 @ )
~YOHH L  HHer=
1 Y3 T Y3

G1,G2: 100MVA, 11KV, X*= X=15%, X°=5%, X"=6%
T1,T2: 100 MVA, 11 KV/220KV, Xeax= 9%
L1,L2: X*= X=10%, X°=10%, on a base of 100 MVA.

Consider a fault at phase ‘a’

Solution :-

(16)

Step 1: Positive sequence Thevenin equivalent viewed from bus 4: (2




| Ja.04 joA jﬂﬂg
— L
jO.15 j0.15
Y 1es00 0
J0.38 | Z1r =7 01075 I
| o |
J015 1200
o
Determination af Thevenin's Thevenin's circuir
equivalent impedance
Step 2: Negative sequence Thevenin equivalent viewed from bus 4: 2
j0.08 j0.05 j0.09 | Zmn =/0.1075 |
T A T il |
J0.15 Jjo1s
o
Step 3: Zero sequence Thevenin equivalent viewed from bus 4: (8)
® o ®
| / 0.09 j0.1 j0.09
r T <TTTT™ 4111 81113
g jO.0s J0.05
L
% 3% 008 3% /006
L Actual value j0.121
For transmissionline Z 7' = - x Base MVA

Basevalue  Base KV 2
_joa21
112

=j0.1

jO0.1and jO.1larein parallel.
j0.1x jO.1

= j0.05
jO.1+ j0.1 :




Jjo.09 J0.05 Jo.09 |
Ll Ll 111 I
j0.05 J0.05
j0.18 jo.18
j0.46 | J0.1533 1
] Fo I
%_;‘aza
_—

Step 4: Draw sequence network.

prefaultvoltage E, =V° =1-0°
;=1 = Ig

VO
T Zi4Z,+2%+2,

3 1,0°
j0.1075+ j0.1075+ j0.1533
=—j2.7152
I, =3x1; =3x—-j2.7152
=—)8.1455 p.u
Actual faultcurrent (KA)=1
100

\Exll

Fault MVA =+/3x KV x KA
— J3x11x42.75 =814.55

1 pu X Basecurrent

=8.1455x =42.75KA

Fault MVA =814.55)|

Currentin phasedomain:
I, =1, =42.75KA

(4)




Zis=/0.1075 P
. *Ia=Ia=Ia=EIf
,U,I.'I
|j:| 3L
Z4q = 701075
o 2
Z44=0.1533
16 (i). What are the different steps involved in unsymmetrical fault analysis. (6)

The unsymmetrical fault analysis can be done by using the following steps.

e Assemble the Thevenin’s equivalent positive, negative and zero sequence networks
separately using the sequence impedance of various power system. Components like
generators, motors, transformers and transmission lines.

e Compute the positive, negative and zero sequence impedance matrices Z¥, Z~ and Z°
using bus building algorithm or short circuit fault impedance matrix Z ..

e Select the type (L-L, L-G, L-L-G), location (bus number) and mathematical description
of the fault.

e Determine the fault current at the bus using the sequence networks for a L-G, L-L and L-
L-G fault.

e Determine the prefault sequence voltages and post fault sequence voltages.

e Compute the positive, negative and zero sequence line currents.

16 (ii).Determine the fault current when LLG fault occurs between phases b and c. Fault

impedance is j0.15 p.u. (20)




O T O
- Y Tz

Gy, G2: 100 MVA, 11 KV, X" = X" = 15%, X° =5%, X, = 6%
Ty, T2: 100 MVA, 11/220 KV, Xjeak = 9%
L, Lo: X* = X =10%, X° = 10% on a base of 100 MVA.
Solution:
Positive sequence impedance Zs4" = j0.1075 p.u. (5)
Negative sequence impedance Z4, = j0.1075 p.u.
Zero sequence impedance Z4° = j0.1533 p.u.
Fault impedance Zs = j0.15 p.u.
Prefault voltage = E, = V° = 1.20°

Symmetrical components of currents are:

= jD.‘_Dj;f?D:.‘_EEE+E A joig] = '150317 p.u.

Jj0.1075 +

jo.asEs +8 X jo.as+jo.apTs

" = -j5.0317 p.u.

I =-1," [Z 3 Z:4+Z" ] - - (5.0317) L 3 X j0.15 +j0.1553 ] ©)

o HBZHZu 0.1075 +3 X j0.15+;0.1533
I, =j4.2707 p.u.
0_ 4+ Zay 1_ . j0.1075
0= 1 [ 2] =- (45.0817)]- 7E
o H3EA T 0.1075 +3 X j0.15+;0.1533

l, = jO.761 p.u.




Fault current I = 3 1,0 = 3 X j0.761 = j2.2829 p.u.

Fault current I = j2.2829 p.u.

17. Determine the fault current in p.u., current in phase domain form for a double line to

ground fault occurs between phases ‘b’ and ‘c’. (16)

O HHT T O,
- &1

Gy, G,: 100 MVA, 11 KV, X' = X" = 15%, X° = 5%, X, = 6%
Ty, T2: 100 MVA, 11/220 KV, Xjeak = 9%

Ly, Lo: X" =X =10%, X° = 10% on a base of 100 MVA.

Solution:

Step 1: Positive sequence Thevenin equivalent 2

Step 2: Negative sequence Thevenin equivalent 2




®

j0.1075 I

Step 3: Zero sequence Thevenin equivalent

®

j0.1533
T — !

Step 4: Sequence Network. °

Zf= 0
1
L J
I, 1= 19
a a

j0.1075
g j0.1075

é /0.1533

)

)

(4)




v _ 1.0°

3 - 01075 X jo.i
ze s Z-Ze j0.1075 +w
7470 JO.1075 + j0.ASEE

Zf=0;1," =

+= 1407 =.j5856p.u.
a

j0.1707
l," =-j5.856 p.u.
__ [u*xz°] _ [-j58586 Xj0.1533] _ .
la= - [z+zi—] - |:_;|'D.1D'.'-"5+ 70.1533 ] =13.4437 p.u.
I, = j3.4437 p.u,

|a0= } B—x z] — . |:—j 5.8536 le}.il}'.'-'E-] = j2.4149 p.u.

+z0 j0.1075 4 j0.1533

1.0 = j2.4149 p.u.

Current in the phase domain: 4)

11 17k
[hj =1 az all|l"
I 1 [ ) al Iz

la= 1"+ 15 + 1
= - j5.8586 + j3.4437 +j2.4149 = 0

b=1L+a 1, +aly
= j2.4149 + (-0.5—j0.866) X —j5.8586 + (-0.5+ j0.866) X j3.4437
= -8.056 + j3.6223 p.u.

le=12+al, +a’ly
= j2.4149 + (-0.5 + j0.866) X j5.8586 + (-0.5 —j0.866) X 3.4437
= 8.056 + j3.6223 p.u.

o= 1o+ Ip+ I

=0-8.056 +j3.6223 + 8.056 + j0.3.6223




= j7.2446 p.u.

Fault current I = 3 X 1,°= 3 X j2.4149 = j7.2447 p.u.

Fault current I = j7.2447 p.u.

18. Determine the fault current in p.u., current in phase domain form for a double line to

ground fault occurs between phases ‘b’ and ‘c’. (16)
Sy OO
AT Y

Gy, G,: 100 MVA, 11 KV, X' = X" = 15%, X° = 5%, X, = 6%
Ty, T2: 100 MVA, 11/220 KV, Xjeak = 9%

Ly, Lo: X" =X =10%, X° = 10% on a base of 100 MVA.

Solution:
Z*=j0.1075, Z = j0.1075, 2° = j0.23 @)
/0.05 @
J0.23 J0.09 0.09 j0.23

Sequence network. (6)




I I B
o —> — >
/0.1075
% J0.1075 j0.23
+
VO
l |
Prefault voltage = E, = V° = 1.20°
e 1.0° .
|a+ = s = Fa = 701075 + Jjo.ip7s X jo.2B = J55322 p.U.

e Jjo.1075 + jouzE

I = - |:—j 5.5322 XjI}.ZEI] - j3.77 p.U.

01075+ j0.23

I, = - [—j 55322 le}.il}'?E] - jl.7621 p.U.

j0.10754 j0.23

Fault current Is = 31,° = 3 X j1.7621 = j5.2863 p.u.

Fault current I = j5.2863 p.u.

Current in phase domain:
—tal-a10—
a=la +1li+17=0

b=1+a%1,"+al,

= j1.7621+ (-0.5 — j0.866) (-j5.5322) + (-0.5+j0.866) X j3.77

= -8.0557 + j2.6431 p.u.

le=1"+al," +a% 1, = 8.0557 + j2.6431 p.u.

Ih,=5.286 p.u.

19. Derive expression for bolted LLG fault

Double Sequence Network:

(6)

(16)

(4)




The positive, negative and zero sequence networks are connected in parallel as shown in

figure.
3Z¢
N 0
. Iy Is I
=~ — —
e 0
Zgx a3 Zxk 0
V. z v V.
+ i - @ =2g+3Z, =
Ea
Direct short circuit or Bolted LLG Fault: (8)

Figure shows the direct short circuit or bolted double line to ground fault.

Iz

—_— a
O

Zn

Fault impedance, Z; =0
The conditions of the fault at bus K are,

LL=0,Ve=0V=10
=+ 1

The sequence network for short circuit LLG fault is as shown.




+ - I0
fa L oy
+
Zkk = 0
Zkk Zgk
+
Ea
E
l7 = Z:IE{'XE[{E{U
rr T o e
Zrx™ + [Zhh +Emc”]
Zrxl
=Lt ————
= = Zrx +Zxx?
ANy
0=-I+X ———
= = Zrx + Zrxl
Double line to Ground fault when Z; = a 4
When Z; = a
Z+
KK —
ZKK
+
Ea

Zero sequence circuit becomes an open circuit. Therefore no zero sequence circuit can

flow. The Sequence network is similar to that of bolted line to line fault.

20. Discuss unsymmetrical fault with a neat flowchart. (16)




Read the bus data, line data, fault bus, positive, negative, zero sequence
reactance of each machine, transformer, line

Assume Eg-prefault voltage, f represents as fault. Zero, positive, negative sequence values of
yoltages and currents are indicated by superscript 0, + and —. Assume a, b, ¢ be the phase values. |

Y

l Assume fault at phase a and bus k

Draw the positive, negative and zero sequence networks using the sequence impedances of the
power system. Compute positive, negative, zero sequence bus impedance matrices
: [2*, 2~ & 2% using bus building algorithm.

Yes

Symmetrical components of
fault current at bus K is

R=l=l = :
ES =0 & ES \

4 - 0
. JETR . Zi * Zi Zx* 29

S
Ziw * Zik *+ Zkk * 3 Zg I

+ s —_—
where Zxk, ZKk» Z?(K are the 2k * Zyk *+ Zg A Z?« +32,
¥ &
diagonal elements inthe 40
K axis of [Zpys] L, =i I3 = - (Zkx*+3Zy)

—
o
n
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STABILITY ANALYSIS

Importance of stability analysis in power system planning and operation - classification of
power system stability - angle and voltage stability — simple treatment of angle stability into
small-signal and large-signal (transient) stability Single Machine Infinite Bus (SMIB) system:
Development of swing equation - equal area criterion - determination of critical clearing angle
and time by using modified Euler method and Runge-Kutta second order method. Algorithm
and flow chart.

PART - A

Importance of stability analysis in power system planning and operation- classification of
power system stability - angle and voltage stability

1. Define stability and power system stability.

The stability of a system is defined as the ability of power system to return to stable
operation when it is subjected to a disturbance.
Power system stability (M/J 07)

Power system stability is the property of the system that enables it to remain in a state of
operating equilibrium under normal operating conditions and to regain an acceptable state of
equilibrium after being subjected to a disturbance.

2. How power system stability is classified?
e Angle stability
e Voltage stability.
e Small signal stability
e Large signal stability
e Mid term stability
e Long term stability
e Transient stability
e Oscillatory stability
e Non- Oscillatory stability

3. How the stability studies are classified, what are they?

Depending on the nature of disturbance the stability can be classified into the following

three types,




i) Steady state stability
i) Dynamic stability
i) Transient stability

4. How do you classify steady state stability limit. Define them.
Depending on the nature of the disturbance, the steady state stability limit is
classified into,
e Static stability limit
e Dynamic stability limit
Static stability limit refers to steady state stability limit that prevails without the aid of
regulating devices.
Dynamic stability limit refers to steady state stability limit prevailing in an unstable
system with the help of regulating devices such as speed governors, voltage regulators, etc.
5. Define steady state stability and Steady state stability limit . (A/M 10)

It is the ability of the power system to bring it to a stable condition after a small
disturbance such as gradual infinitesimal variations in system variables like rotor angle, voltage,

etc
Steady state stability limit (Nov/Dec- 14)

When the load on the system is increased gradually, maximum power that can be
transmitted without losing synchronism is termed as steady state stability limit. In steady state,
the power transferred by synchronous machine of a power system is always less than the
steady state stability limit.

6. What is rotor angle stability and voltage stability?
Rotor angle stability
¢ Rotor angle stability is the ability of inter-connected synchronous machines of a power
system to remain in synchronism

e Torque balance of synchronous machines (Input turbine and output generator)

Voltage stability

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.
7. State the causes of voltage instability.

A system enters a state of voltage 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.

8. What is small signal stability and how it is analyzed?

e It is concerned with the maintenance of stability of a synchronous machine or a group
of synchronous machines when subjected to a small disturbance.

e Analyzed by — Linearizing the differential equation that describe the swing of the
machines around an operating point determined by initial power flow voltage

conditions.
9. Define transient stability and dynamic stability. (May/June -14)
Transient stability

It is the ability of the system to bring it to a stable condition after a large disturbance.
Large disturbance can occur due to the occurrence of fault, sudden outage of a line, sudden loss

of excitation, sudden application or removal of loads, etc.
Dynamic stability

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
10. Define Transient stability limit: (M/J 12)

The maximum power which can be transmitted between the given pair of buses such that
the system does not become unstable when it is subjected to a specified sudden large

disturbances under specified initial condition.

(or)

When the load on the system is increased suddenly, maximum power that can be
transmitted without losing synchronism is termed as transient state stability limit. Normally,
steady state stability limit is greater than transient state stability limit.

11. Write any three assumptions upon transient stability.
The assumptions for transient stability are given as follows.

e Rotor speed is assumed to be synchronous. In fact, it varies insignificantly




during the course of the stability study.
e Shunt capacitances are not difficult to account for in a stability study.
e Loads are modeled as constant admittances.
12. How to improve the transient stability limit of power system?
The transient stability limit of power system can be improved by following methods.
e Increase of system voltages
e Use of high speed excitation systems.
e Reduction in system transfer reactance
e Use of high speed reclosing breakers.
13. What are the numerical integration methods of power system stability?
The numerical integration methods of power system stability are as follows.
e Point by point method or step by step method
e Euler method
e Modified Euler method
e Runge-Kutta method(R-K method)
14. What are the machine problems seen in the stability study?
The major problem seen in the machine during the stability study are given as follows
e Those having one machine of finite inertia machines swinging with respect to an
infinite bus
e Those having two finite inertia machines swinging with respect to each other.
15. What are the causes of oscillatory and non-oscillatory instabilities in power systems?
(A/M 10)

The causes of oscillatory and non-oscillatory instabilities in power systems are as follows.

Oscillatory :
e Due to insufficient damping torque
e Due to unstable control action
Non — oscillatory :

e Due to insufficient synchronous torque




16. Differentiate between voltage stability and rotor angle stability. (N/D 2013)

Voltage Stability Rotor angle stability
Ability of power system to maintain steady Ability of inter — connected synchronous
acceptable voltages at all buses in power machines of a power system to remain in
system under normal operating conditions and synchronism.

after being subjected to a disturbance.

Reactive power balance Torque balance of synchronous machines

Simple treatment of angle stability into small-signal and large-signal (transient) stability

Single Machine Infinite Bus (SMIB) system

17. State the assumptions made in stability studies.
The assumptions made for stability studies are listed as follows.
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 )
e Effect of damper winding is neglected.
18. Give the control schemes included in stability control techniques.
The control schemes included in the stability control techniques are:
e Excitation systems
e Turbine valve control
e Single pole operation of circuit breakers

e Faster fault clearing times

19. What are the assumptions that are made in order to simplify the computational task in
stability studies?
The assumptions are,
e The D.C offset currents and harmonic components are neglected. The currents and
voltages are assumed to have fundamental component alone.
e The symmetrical components are used for the representation of unbalanced faults.

e Itisassumed that the machine speed variations will not affect the generated voltage.




20. Explain the concept synchronous speed.

The mechanical torque Tm and the electrical torque Te are considered positive for
synchronous generator. Tm is the resultant shaft torque which tends to accelerate the rotor in the
positive 0, direction of rotation . Under steady-state operation of the generator Tm and Te are
equal and the accelerating torque Ta is zero. Hence there is no acceleration of deceleration of the

rotor, masses and the resultant constant speed is the synchronous speed.

21. Write the power angle equation of a synchronous machine connected to an infinite bus
and also the expression for maximum power transferable to the bus.

R =P -E'|G,+ EIV] Ex”v lsins

12

P, =P, +P,sind
Thisequationiscalled power angle equation

MlSl MZSZ
g t——=—
‘ Sb Sb

Expression for Maximum Power transfer:-

P =wsin5
X

max
12

22.Define infinite bus in a power system. (M/J 13,08)

The substation bus voltage and frequency is assumed to remain constant. This is called
as infinite bus, since its characterized do not change regardless of the power supplied or

consumed by any device connected to it.

23. What is meant by power angle curve? (M/J 13)

sino=P_ sSiNo

Power transmitted depends on the transfer reactance X;, and the angle between the

voltages E” and V i.e., (). The curve Pc versus & is known as power angle curve.




24. Define small disturbance and large disturbance.
Small disturbance

The disturbances that cause small and gradual infinitesimal variation in system variables

such as rotor angle, voltage, etc., are classified as small disturbance.

Large disturbance
e Any disturbance that causes a change in the admittance matrix encountered in stability is
classified as large disturbance

Eg — Fault occurring, removal of line
25. What is meant by synchronism and damping torques?

The component of electrical torque proportional to rotor angle deviation from initial
value is referred to as synchronizing torque and that proportional to speed deviation from
initial value is called damping torque.

Assume initially, the machine is in steady state, then

Machine speed = Rated speed = synchronous speed

Then Initial speed deviation =0
26. State the causes of voltage instability.
The various causes for voltage instability are listed as follows.

e At the time of disturbance occurs
e Increase in load demand

¢ Inability of power system to meet the demand for reactive power




e \oltage drop occurs when active power and reactive power flow through

inductive load
27. State the assumption made in stability studies .
The assumptions made in stability studies are stated as follows.

e Machine represented by classical model
e Controllers are not considered
e Loads are constants

e Voltage and current are sinusoidal.
28. Write the expression for maximum power transfer.

P _IEV |sincS

12
where X,, =Transient reac tan ce

E'=Transientinternal source voltage.
V =Infinitebusvoltage.

29. What are the methods to improve steady state stability.

e Reduce the reactance. Steady state stability limit can be improved by using two
parallel lines which increases reliability of the system.

e Increase either of both |E| and |V|. Series capacitors are included in lines to get
better voltage regulation by decreasing X.

e Higher excitation voltages and quick excitation system are also employed.
30. What is synchronizing power coefficient?

The quantity Ps = Pmax cosdy is the slope of the power angle at &g

Pe: Pmax Sll’l 60
F)S:(;Pe :PmaxCOS50:M
o

where Py isknown as synchronisin g power.

Co-efficient or stiffness of synchronous machine.




31. What are the assumptions made to simplify the transient stability problem?

Neglecting the saliency of synchronous machine

X’g= X4

Synchronous machine are represented by constant terminal voltage

Neglecting governor action for turbine

Resistances are neglected

Damping is neglected

Loads are represented by common admittance.

32. What are the assumptions made to solve swing equation?

Mechanical power input Py, is constant during the period of electromechanical

transient

Rotor speed changes are insignificant

The generated machine e.m.f remains constant.

Effect of voltage regulation loop is neglected.

33. Difference between steady state and transient state

Steady State

Transient State

A power system is in steady state
means all the measured quantities
are in operating condition
Steady state — when it occurs
disturbance, and it returns to same
steady state condition.

Analysed by linear equation, non
linear equation are replaced by

linear equation.

A power system is in transient state
if the measured quantities are not in
constant.

Transient state — large disturbance
occurs change in  operating
condition occurs.

Analysed by wusing non linear

equation




34. What is the importance of stability analysis in power system planning and operation?

e Transient stability studies give the information of magnitude of voltage and
frequency

e |t deals with the stability of the system

e Transient stability steady is needed when the new generating station and
transmission facilities are planned

e Stability system is need to determine the nature of relaying system, critical
clearing time of circuit breaker.

e More helpful in determining power transfer capability between two difference

systems.
35. What are the different mode of small signal stability?

e Local plant mode
e Inter area mode
e Control mode

e Torsional mode
36. What is meant by local modes and Inter-area mode ?
local modes

Local modes are associated with swinging of unit at a generating station with
respect to the rest of the power system. The term local is used because the oscillation are

localized at one station or a small part of the power system.
Inter-area mode

Inter area mode is associated with the swinging of many machines in one part of the
system against machines in other parts. They are caused by two or more groups of closely

coupled machines being interconnected by weak ties.
37. What is meant by control modes and Torsional mode?

Control modes




Control modes are associated with generating units and other controls. Poorly tuned
exciters, speed governor, HVDC converters and statics VAR compensators are the usual causes

of instability of these modes.
Torsional mode

Torsional modes are associated with the turbine — generator shaft system rotational
components. Instability of torsional modes may be caused by interaction with excitation

controls, speed governors, HVYDC controls, and series capacitor-compensated lines.
38. Write down the units of inertia constants M and H and their interrelationship.
The unit of M is MJ-s/elec.rad or MJ-s/mech-rad.

The unit of H is MJ/MVA or MW-s/MVA

The M and H are related by the equation,

Where, S = MVA rating of Machine
F = Frequency in Hz

39. If two machines are swinging coherently with inertia M; and M, what will be the

inertia of the equivalent machine?

The equivalent moment of inertia,

_ M,S, + M,S,

M
h Sb Sb
Where, S; & S; = MVA rating of machine 1 & 2 respectively

Sy = Base MVA or MVA rating of system.

40. What are the systems design strategies aimed at lowering system reactance?
The system design strategies aimed at lowering system reactance are:
e Minimum transformer reactance
e Series capacitor compensation of lines

e Additional transmission lines.




41. List the method of improving the transient stability limit of a power system.
The various methods to improve transient stability limit are given as follows.

¢ Increase of the system voltage and use of AVR
e Use of high speed excitation systems.
e Reduction in system transfer reactance

e Use of high speed reclosing

Swing equation
42. What is Multimachine 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.eifoPn/oon>0
then machine n is stable. If every machine is stable, then the system having any number
of machine is stable.

43. List the assumptions made in multimachine stability studies.
The assumptions made are,
e The mechanical power input to each machine remains constant during the entire period
of the swing curve computation
e Damping power is negligible
e Each machine may be represented by a constant transient reactance in series with a
constant transient voltage.
e The mechanical rotor angle of each machine coincides with &, the electrical phase
angle of the transient internal voltage.
44. Define swing curve. What is the use of this curve? (N/D 2013)

—=2=p . -P
zf dt? m(p.u) e(p.u)

The graphical display of 6 versus t is called the swing curve. The plot of swing curves of

all machines tells us whether machines will remain in synchronism after a disturbance.

The swing curve is the plot or graph between the power angle 8, and time, t. It is usually

plotted for a transient state to study the nature of variation in § for a sudden large disturbance.




From the nature of variations of 5, the stability of a system for any disturbance can be
determined.

45. Give an example for swing equation. Explain each term along with their units. (N/D 11)

Eg : Turbo generator, water wheel generator, etc
H d’6 P
ﬂ_fF_ m(p.u) ~ Te(p.u)
Where H = p.u.inertiaconstant
f =Frequency
o = Power angle

46. Write swing equation. (A/M 11)
H d?s
Zf dit Poowy ~Fecou

Where H =p.u.inertiaconstant
f =Frequency
o = Power angle

47. Plot the swing curve.

_ﬂﬂ f-'l Ea_lns.uaim

5. '" ;
E// k/’m\ \
al \/

48. What are the assumptions made in solving swing equation?

e Mechanical power input to the machine remains constant during the period of
electromechanical transient of interest.

e Rotor speed changes are insignificant that had already been ignored in
formulating the swing equations.

e Effect of voltage regulating loop during the transient.




49. Write the swing equation and explain the terms involved in it. (N/D 07)
H d’s
ﬂ_fF: m(p.u) ~ Te(p.u)

Where H = p.u.inertiaconstant
f =Frequency
o = Power angle

Equal area criterion

50. State equal area criterion. (N/D 11) (M/J 09, 07)

e The equal area criterion for stability states that the system is stable if the area under

P, — 8 curve reduced to zero at some value of 6.
e This is possible if the positive (acceleration) are under P, — & curve is equal to the

negative (deceleration) area under P, — 6 curve for a finite change in 8. Hence the

stability criteria is called equal area criterion.
51. Draw the figure for equal area criterion

P

52. What are various faults that increase severity of equal area criterion?
The various faults that increases severity of equal area criterion are,
e Single line to ground fault
e Line to line fault
e Double line to ground fault

e Three phase fault

53. State the application of equal area criterion.
We apply the equal area criterion to two different systems of operation
i) Sustained line fault




i) line fault cleared after sometime by the simultaneous tripping of the breakers at
both the end
54.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
» Short circuit at one end of line
» Short circuit away from line ends
» Reclosure of lines.

Determination of critical clearing angle and time

55. Define critical clearing angle. (A/M 11)

The critical clearing angle, is the maximum allowable change in the power angle
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.

56. Define critical clearing time and critical clearing angle. (N/D- 14,12,08) (M/J — 12)

Critical clearing angle :

For any given initial load in the case of a fault clearance on a synchronous machine
connected to an infinite bus bar, there is a critical clearing angle. If the actual clearing angle is
greater than the critical value, the system is unstable, other wise the system is stable. Maximum

allowable angle for a system to remain stable.
Critical clearing time :

Maximum allowable time for a system to remain stable are known as critical clearing

time.

57. Give the expression for critical clearing time. (N/D 07)




Critical time margin = critical clearing time — clearing time specified

=t t

cr(critical) ~ “spec
where
t.,.. =Specified clearing time

58. On what basis do you conclude that a given synchronous machine has lost stability?
(A/M 08)

Unstable System : If the system is unstable, & continues to increase with time and the

machine loses synchronism.

From this we can easily able to conclude that the given synchronous machine has lost its

stability.

59. What are coherent machines? (APR/MAY 2004)

Machines which swing together are called coherent machines. When both ws and 6 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.

60. What will happen if there a loss of excitation?

e |t operates as an induction generator running above synchronous speed.

e The excitation is supplied from the power system and hence the machine draws
reactive power from the system.

e It may cause severe system voltage reductions.

e The stator current may 2 to 3 times full load current causing excessive stator heating.

61. Define inertia constant (M).

M-Constant or inertia constant is defined as the angular momentum at synchronous
speed. If energy is measured in Joules and speed in mechanical radians per second. Unit of M is

Joule-sec/Mechanical radian.
62. What happen if there exist of load rejection?

When there is a load rejection in the system, the speed of the generators will increase
suddenly and hence the system frequency will rise. The speed governing systems will respond

by reducing the mechanical power generated by the turbines




63. Draw the equivalent circuit model of SMIB.

() Equivalent circuit

(a) Generator model

64. Draw the synchronous machine represented in classical model.
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1.Explain the equal area criteria for the following application : (16) (N/D’14)

i. Sustained fault

ii. Fault with subsequent clearing.

A three phase fault is occurred at point F of the outgoing radial line at bus 1 is shown in
figure. The accelerating area A; begins to increase and point moves along bc. At time t.
(clearing time ) corresponding to angle dc (clearing angle), the faulted line is cleared by opening
of the circuit breaker. The rotor is now decelerated and the decelerating area A, begins, while

the point moves along de and the path is retraced along the curve.

\nfinita
\
N Dus

(6)

If an angle 6; can be found that area A; = Area A; the system is found to be stable. The system

finally settles down to be the steady state operating point at a in an oscillatory manner because

of inherent damping. At point a, Pn=Pe




Prefault condition: (2

Power angleequationis givenhby
o __ IE'IV]

el
X, + X, X,
X, + X,

During Fault condition :

sind=P

max1

sind

The generator gets isolated from power system for purpose of power flow as shown in figure.

. 1 V20

E' 45 Xq'

o
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Post fault condition:

The circuit breaker at two ends of the faulted line open at time t. disconnecting the
faulted line. The circuit is as shown in

figure.
Ky

E'zb ; T
W | veo

Power angleequationis givenby
P,= wsin 0=P .3
Xy + X,

(4)

sind

2.Derive the swing equation from the basic principles. Why it is non-linear?
(16)(N/D’14) (M/J°07,14)

Let Tr, be the driving mechanical torque (6)

Te be the electrical torque
The motor action and generator action is shown in figure.

For generator action, T, and T, are positive

Om IS positive




Te
Tm
(a) Motor action (b) Generator action

Under steady state with losses neglected.

Acceleration torque T, =T —Te=0
i.e. no accelerating torque
Ta=Tm—Te
Let J be the moment of inertia of the prime mover and generator.

From Law’s of rotation,

. d?
Acceleration o = m

dt?
AccelerationtorqueT, =J«
d*g
Sd—=r=T T, 1
> " ° ®

Where 0, is the angular displacement of the rotor with respect to the stationary reference axis
on stator. ®)

Om increase with time even at constant synchronous speed.
O =o,t+0, (2)
where ¢, = Angular displacement of rotor

before disturbance in mechancal radians.
ot = Cons tantangular velocity

Diff .eq.(2), wrtt, we get

déo, do,,
o, = =, t+
dt dt

©)




Diff .eq.(3), wrtt, rotor accelerationis
d’g, d?s,
dt>  dt?
Substituting ineq(1) we get,
2
J d—i”‘ =T, -T,
dt
Multiplying by @, onbothside,

2
Jo dd% =T, —o,T,

m

Inertia constant
M = Ja, istheinertiacons tant
1.e.Angular momentum of the rotor at synchronous speed.
d?s,
dt?
p.u. Inertia Contant

M =2 =P, P, (P=al) 4

Kinetic Energy of rotating masses W, = % Jo?

Stored kineticenergy inmega joules of turbine,
alternator and exciter rotor at synchronous speed

pu.of H = - —
Machine rating in MVA

Substituting ineq(4)
2HS, d?5,
dt?

:Pm_Pe (5)

a)S m

by solving we get
HSg d?5,

=P -P 6
of dt2 " ©

(6)




Dividing by MVArating S; onboth side we get,
H d’5, P, P

f dt* S, S
P .
S_m = p.u.mechanical power

B

P .
—= = p.u.electrical power
S

H d’5, 5 b _p b s
72__1:? ~ mpu) 7 Te(pu) = Tm(pu) T Tmax sino

d?s
(P) g2 Pocow ~ Pecowy

where M i,din radians

(p.u) T f

If 6 expressed inelectrical deg rees,
H d%

180 f dt?
These equation are called as Swing Equation

m(p.u) ~ "e(p.u)

(7)

3. Describe the algorithm for modified Euler method of finding solution for power system

stability problem studies. (16) (M/J’14)

Numerical integration techniques can be applied to obtain approximate solutions of non-

linear differential equations.

()

Consider a generator connected to an infinite bus through two parallel lines and a 3¢

fault occurs at the middle of line 2 as shown in figure.

Let Py, be the input power which is a constant.

Prefault Condition: Under steady state operation,

Power transfer from generator to an infinite bus,

Pe=Pm

Infinite bus
170"




E'V

T:LSin 50 = Pmaxlsin 50 = Pm
sin g, LN 3, :sin{ i } @)
Pmaxl max1
E'V

whereP, ., =
1

X, =Transfer reac tan ce for the prefault condition

Therotor is running at synchronous speed,
w, =2r f
®)

Changeinangular velocity is zero.
e, Aw, =0

During the fault : Consider a 3¢ fault occurs at the middle of one line 2 as shown in fig.

P, _[EV] |sin§l:P

) a2 SINO
1
|E'||V]

1
X,, =Transef reac tan ce during the fault

whereP, ., =

the swing eq.is givenby,

2
d §2m = ﬂ[Pm B I:)maxz sin 5]=ﬂ Pa

dt H H
the above eq.canbetransformed int othe state var iable form,
d5(1)

=A 2

™ @ 2

2 1)
dﬁmszco :ﬂfpa 3

dt’ d  H
Computethe firstestimateatt, =t, + At.
ds®

At (4) (6)

At )

Compute the derivatives : Using the predicted value, determine the derivatives at the end of
iteration.

ds®
dt

=Aw, (6)

Aof,




dAa)(z)| nf
dt

Pa
H

o, (7)

P
5i+1

Computing the final estimated corrected value,

ds| | ds
dt dt
5= 0+ ———"2 1At (8)
dAw dAw
dt dt |
AwS, = Ao+ i > S At (9)

4. Explain the methods of improving power system stability. (16) (N/D’13,11)

Methods of Improving transient Stabiltiy:- 4)

Reducing in the disturbing influence by minimizing the fault severity and duration

Increasing the restorating synchronizing forces.

Reduction of acceleration torque through control of prime mover mechanical power.

Reduction of accelerating torque by applying artificial load.
Traditional approach to transient stability problems. (6)

¢ Increasing system voltage by using automatic voltage regulator.

e Using high speed excitation system to increase the voltage profile.

¢ Reducing the transfer reactance.

e Using high speed reclosing breakers. (employing single-pole operation of reclosing
circuit breakers).

¢ Reducing inertia constant.

e Single pole operation of reclosing circuit breakers
e Use of bundled conductors

e High speed fault clearing

e Increasing no .of parallel lines between points

¢ Regulated shunt compensation

e Dynamic breaking

e Single pole switching

e Generator tripping.




Increasing system voltage by AVR

When a fault occurs, the bus voltages are reduced. In generator terminals, the terminal
voltage is maintained by the automatic voltage regulators or by using high speed excitation
system.

Reducing the transfer reactance: 3

Maximum = ‘E‘M
power transfer, Pmax = ~

By reducing reactance, system voltage profile increases and Ppax increases.

Inductance L =0.2 In [2}

r
Where D = spacing
r’ = Geometric mean radius
Reactance X = oL

Reactance can be decreased by reducing conductor spacing or by increasing conductor
diameter.

Series reactance may be reduced by using bundled conductors.

For long transmission lines, series capacitors are added to the line for compensation is used
to reduce reactance and increase the stability limit.

Switched series capacitors decreases load voltage fluctuations and raise the transient
stability limit almost equal to steady state stability limit.

Transfer reactance is reduced by increasing the number of parallel lines.
Using High speed reclosing breakers: 3

Most of the faults are transient in nature. Rapid switching and isolation of unhealthy lines
followed by reclosing is used to improve the stability margin.

Most occurring fault like L.C. fault, the use of single pole opening and reclosing improves
stability limit.

There will be a definite power transfer because one line is opened during the fault. Power
transfer takes place in other two lines. But using these poles switching, the power transfer
becomes zero.

Recent trends :-

e HVDC links




e Use of breaking resistors

e Short circuit current limiters

e Turbine fast valving of bypassing valve

e Full load rejection technique.

5. Explain the term critical clearing angle and critical clearing time in connection with the
transient stability of a power system. (16) (A/M’11)(N/D’07,13)

Obviously Pmax2 < Pmaxt

(8)

The critical clearing angle is reached when any further increase in . causes the Area A;

< Area A;. This occurs when dmax Or point e is at the intersection of line P, and curve Pe as

shown in figure.

Po A d

\
pikico 00 T&i e

e et

Bmax

Apply equal area criterion. Area A; = Area A;

T Pmd5=5Tx (P_ sins—P )ds
5 5,

P [5]; =P, (-cosd) - Pmé]jjax

m

solving for &,, we get

P C0SO, =P, (0, — )+ P, C0SI, .,

Dividing by P,
Fﬁn
P

max

ax !

COSJ, = (0,x —0,) +COSO,...

For a stable system,




COSo, = PP”‘ (Opex —9,) +COS O, @

c
max

During a 3¢ fault, P, = 0, therefore the swing equation becomes

H d°5 _
7f dt? "
d25_7zf
a2 H "

Intergrating both side,

2
d 25_7rf det_ﬂ'f Pt
dt H
2
Ata—ﬂfp jtdt AL
2H
5:6cr’t:tcr
rf Pt
50, :Tm“+§o (2)
2H
t2 =—— (5, -9,
cr fP (cr O)

2H
t, = 0, 3
cr Jﬂf P O) ( )
Where H= p.u. inertia constant.

f= frequency

Pm= Mechanical Power

d¢r = Critical clearing angle

do = Rotor angle

(8)

6. A generator is operating at 50 Hz delivers 1 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 0.4 p.u., whereas before the fault, this power was 1.6 p.u.

and after the clearance of the fault, it is 1.2 p.u. By the use of equal area criterion,

determine the critical clearing angle. (16) (N/D’11)

Solution:




The power angle curve is as shown in fig.

Pe1= 1.6 sSin 8

Pmax1= 1.6 p.u.

Peo=0.45in 6

Pmax2e= 0.4 p.u.

Pes=1.2sin 8

Pmaxs= 1.2 p.u.

Initial loading P, =sin 8o =1/ 1.6

8, =sin™ [i}:0.675 rad
1.6

5max :”—Sinl|: Pm :|
Pmax3

=—sin? {i} =2.156rad
1.2

Applying equal area criterion,
Area A; = Area A

5)j ,d6 = j P,dS =P (8,0 —5.)

60 r

= COS 5cr — m( max___ ) max2 COS§ + Pmax3 COS 5max
PmaxS Pmaxz
~ 1.0(2.156—0.675) —0.4¢0s0.675+1.2¢0s 2.156
12-04

coso,, =0.632rad
S, =cos™0.632=0.887 rad =50.82°

(6)

()

()




7. Derive the swing equation of a single machine connected to an infinite bus system and
explain the steps of solution by Runge-Kutta method. (16) (N/D *08,11)

Runge — Kutta method

The following steps involved in Runge-Kutta method to determine stability.

| estimates :
K :d—5 XAt=Aw: x At @
1 dt I
Ao
dAw zfr.
Il:T XAt:FI:Pm—Pe(&)]XAt (2)
Si
Il estimates:
K2 = [Aa)i +|§1} At 3)
Tfr_,
1, :?[P - F>e(5i+(K1/2))]xAt (4)
Il estimates:
K, = [Aa)i +IEZ} At (5)
rfr,
I, :?[P o= Pz XAt (6)
IV estimates:
K, =(Aw, +1,)x At @)
rfr,
I, Z?[P m Pe(MKS)JXAt ©)

Final estimatesatt =t,

3, =0, +%[Kl+2K2+2K3+K4] 9)

Ao, =Ao, +%[I1+2I2+2I3+I4] (10)
8.(1). Write the swing equation describing the rotor dynamic of a synchronous machine
connected to infinite bus through a double circuit transmission line. (10)

Consider a generator connected to an infinite bus through a double transmission line as shown in

fig.




Lirss 1

Ling 2

Infinite Bus

(®)

The substation bus voltage and frequency is assumed to remain constant. This is called

as infinite bus, since its characteristics do not change regardless of the power supplied or

consumed by any device connected to it.

The generator model is shown below and the equivalent circuit diagram also represented

a classical model and all resistance are neglected is as shown in figure.

(b) Equivalent circuit

(a) Generator model

The simplified equivalent circuit is as shown in Fig.

—
iXd _’I g
I |
E'Z8 Vi V£0
X,, xX
Now X = ———Lz 4 X
>(Ll_i_)(LZ

Let E', betheter min al voltage magnitude.

Let P,,Q, bethe real and reactive power output power
Case (i): AssumeV, as reference.

ie,V, =V, | £0°

()




Voltagebehind transient reac tance E '

E'=V,+ X' |, @
« .
where |, = Stator current= — = RoQ
Vit V1 £0°
P .Q :
ST R S | €
Vel v

Sub.eq.(2)in (1), we get
BV X e — il ]HEN1Z8 Q)

Voltageof inf initebus,

V =V, - jXI,
:Vt_jX[IRe_jllm]:|V|47 (4)
anglebetweenE'andV,6=f-y (5)

Voltage at bus(2) or voltage at high voltage side of transformer.

E. =V, — 1X; x1,

Case (ii) :Assume infinite bus voltage V as reference.

V =V | «£0°

E'=V+ XI;E'SE'| Lo

Where & = Rotor angle with respect to synchronous rotating reference phasor VZ0° E’
leads V by 6

BV Gins (6)

Real Power tranasfer P, =

=P sind




8.(i). Sketch the classifications of Power system stability. (6)

Powgr System Stabiliny

]
- Ability to remain in oporating equilibrium
= Eguilibrium betwesn opposing forces

]
| vonage subitiy |

[
Angle Stability I

= Ability 1o malvain
syrchronism

= Torguo balancg of
syvirchiromnois machines

= Al b dntain
stemdy nccopinblc
wvirlimgo

= Realive power

— 1 a hlﬂ_

Trmirsiain e bBeARdetw | TR P 3 R L ar =
Senbriliny Sambsiliny Hiakility Dristurbanes
Volingo
= Large disturbancg - Soverd upsets: largs voltage Srabiliny
= First-swing and Trequency excursicns
apericdic drift - Fast and slow - Uniform system - Large
= Brudy peeriodd dyTEm los Tt L0 disrrharnge
up o 10 s = Bdy period = Blow dynamics - Swilkching evenls
i meveral min, = Situdy peeriod = Drynamics of
Lo tens of min. ULTC, homds
el - Coordination of
¥ proteotlons  mnd
I ] 1 worilrols
Mon-oscillatory Crucillmtoary Srmall-
Instabiliny It gy Crisgurbanoe
Yaltage
= InsuiTiaient = InswiTiabent Stability
symehronicing damping torgue
torgques = Unziahlg gontrol sotion = Nipady-sinhg
I FACY = relations
[ T T 1 = Sambsilivy mvuargeins,
{3 Peserve
Local Flant Inigraros LTI Torsional
MAimiles Belisles BAosilen BAoales

9. Explain the step-wise procedure of determining the swing curve of the above system

using modified Euler’s method. (16) (N/D’08)

Numerical integration techniques can be applied to obtain approximate solutions of non-

linear differential equations. (5)

Consider a generator connected to an infinite bus through two parallel lines and a 3¢

fault occurs at the middle of line 2 as shown in figure.

1£0°

—{}—{ Infinite bus
[

—{}
Bl




Let Pr, be the input power which is a constant.
Prefault Condition: Under steady state operation,

Power transfer from generator to an infinite bus,

Pe:Pm
ﬂsin 0y =P.,.8INS, =P,
Xl
sin g, =i:§0 :sin{ i } @)
Pmaxl max1
whereP, ., = EV
X, ()

X, =Transfer reac tan ce for the prefault condition

Therotor is running at synchronous speed,
w, =2r f

Changeinangular velocity is zero.

e, Aw, =0

During the fault : Consider a 3¢ fault occurs at the middle of one line 2 as shown in fig.

P, :|Estin§l =P, ., SIN0

max 2
1
[E'V ]
XII
X,, =Transef reac tan ce during the fault

whereP, .., =

the swing eq.is given by,

2
9o _7frp p_sins]="1p,

dt H H
the above eq.canbetransformed int othe state var iable form,
do®

=Aw 2

™ )

2 1)
d 52m _dAe” #f P (3)

dt dt H
Computethe firstestimateatt, =t, + At.

o
5t =6+ 9| At @) ©)
dt |,
&)

Ao, = Aoy + 38271 A )




Compute the derivatives : Using the predicted value, determine the derivatives at the end of

iteration.

@)

A ©)
@)

e, R 9
t 5

Computing the final estimated corrected value,

ds ds
at| Tt .
851 =0+ = 2 AL (8)
dAw dAw
dt dt
AwS, = Ao+ 2 S At (9)

10. State and explain equal area criterion and discuss how you will apply it to find the
maximum additional load that can be suddenly added. (16) (M/J°13) (N/D’12)

The equal area criteria for the stability states that the system is stable if the area under

P,-6 Curve reduces to Zero at some values of 0.

3

O max

A

()

_ Unstable

—t

This is possible if the positive (accelerating) area under P,-dc curve is equal to negative

(decelerating) area under P,-8 curve for a finite change in 8. Hence the stability criterion is
called equal area criterion.




This method is only applicable to a one machine connected to an infinite bus or two

machine system.
Stability Criterion :

Stable system: If the system is stable, d(t) perform oscillations whose amplitude decreases in

actual practice.
At some time £ = 0
dt

0 reaches maximum and will starts to reduce.

Unstable System : (5)
If the system is unstable, & continues to increase with time and the machine loses synchronism.

Z—‘: > 0 for a sufficiently long time.

Consider a synchronous machine connected to an infinite bus as shown in fig.

Generator |

@ [ ne E Infinite bus

The swing eq. is given by

H d2%
180 dr e ~Feew
d?s rf
e :F[Pm_Pe] @

Multiplying eq.(2) by ZZ—fon both sides, we get

6
dé d’s dé‘ xf ©)
A1 [P P]
dt dt dt H

Thismay be written as,

d{d—ﬂ _2 e plds )

dt H




Integrating equation (2) on both sides, we get,

ds 2zf %
{E} ZTHPm -R]ds

G

Relative speed of machine with respect to sync.revolving ref.frame,

d5—J&ﬂﬁﬂm—aw5 3

dt \ H

é\0
For stable system, this speed must become zero at some time after the disturbance.

o
99 _o,[(p,~R)ds=0
@t

5
[pds=0 (4)
J

Where P, = Accelerating power

The condition of stability can be stated as the positive (accelerating) area under P, Vs &
curve must be equal to the negative (decelerating) area and hence the name equal area criterion

of stability.

11. With a neat flowchart, explain how the transient stability can be made by modified
Euler method. (16) (N/D’12)

Numerical integration techniques can be applied to obtain approximate solutions of non-

linear differential equations. (5)

Consider a generator connected to an infinite bus through two parallel lines and a 3¢

fault occurs at the middle of line 2 as shown in figure.

Let Py, be the input power which is a constant.
Prefault Condition: Under steady state operation,
Power transfer from generator to an infinite bus,

Pe=Pm




E'V

T:LSin 50 = Pmaxlsin 50 = Pm
. P .
sing, =—"= ¢, :sm{ i } @)
Pmaxl max1
whereP, ., = EV

1
X, =Transfer reac tan ce for the prefault condition
Therotor is running at synchronous speed,
w, =2r f
Changeinangular velocity is zero.
e, Aw, =0

During the fault : Consider a 3¢ fault occurs at the middle of one line 2 as shown in fig.

®)
P,= [EIV |sin 0, =P.,8INS
XII
whereP,.., _EWVI
XII

X, =Transef reactan ceduring the fault

the swing eq.is given by,

2
a9 _Thip p sins]="1p,
dt H H
the above eq.canbetransformed int othe state var iable form,
do®
=Aw 2
™ (2)
2 1)
d 52m :dAa) :7Z'f P (3)
dt dt H
Computethe firstestimateatt, =t, + At.
@
6h =0+t @
Aoy
@
Af, = Ag + 32 At (5)
dt |,

Compute the derivatives : Using the predicted value, determine the derivatives at the end of
iteration.




d5(2)

= Aa)ilil (6)
dt rof
(2)
dAda) | _ 7er P . 7)
t 5

Computing the final estimated corrected value,

ds|  ds

dtf,, dtl.e
5 =0+ A“Z AL (8)

dAw dAw

- +7
dt dt
A®S, = Ao+ 5‘ >

%At (9)




Flow Chart :- (6)

Read
mmt:'r af t"“‘_“- bus data. lne dala, inerlia constant H, time L,
ENange in time At, real power P, Power facor, elc.

nh quaency valtages and cusrents are considered,
' :3:; fonous components are used in unbatanced fault representation,
nerator voltages are unaffectad by machine speed variations.

!

Compaute line current 1 = 1=
-
[§

—
Assume - Synmnm“m
* B

E' = EI“jxu[‘Eléﬁ

Vo= By (Raransormer * Xinel . IT=1V 12 4
b =p-vy
Initial bus voltage E° = | E* | £ 8.
VoE VL
Compute prefault reactance X;
Py = LE VL i gy = find g (initial value of 5)
X
Assuma 3¢ fault, - Py = 0, otherwize
Puz = wmﬁduﬁnghﬁmﬂ
Xu
After the faull is cheared al 1 =1 + Al instaad of P;, substitute
oy < JELVE o
Xm

{

Al = 0.1sec
Wy = 2m0p = 314519

Is b

ho
| Modified Evier's method) \F{i‘m}’ 1




|
Mﬁ;‘ﬁﬁﬂmﬂm 1E '
L = A " I=|'5| . &1 = A &1
dt L dt Ay
2 (13
45 dAm . ®IP, ; _ ddos . al
dr? dt H 2 TR
Cia the first estmate: 1, = ;
S 1 = lg 4l = Bl 1P = Pyl = &1
- . g&11} ul H
- & .
Sy ! ot | Am, Il Estimates:
p d-‘l-u:”] i’
daney " A8 —g— | . Ky =|dw + 5|4

Compuis e denvalies: Using the predicted
values B, and Amj.q , cairrming the
derivatives af the end of iteraion

dit J . T
di Al EEL
d&mrz.l || %=1 |
—— = —  E
[uld EFH H |E|+1

Compute the average denvalives
gV |, a8

di P
— = ] Iﬂﬂ:ﬂ at Al
[=] f—
2
dapt ! da g2l
dAm ] J B
_— = dt | & dal | fag
[P 3
Jompubs the fingl eslimate [corecied value],
di dé
J5?«1 ='5|'|__ E F o
di [Amg  dl [ dmEy Al
i

C rdde 1rn:h!i.mr -|
e T P at

7 J

-l' M
by = _L— | For= Pe by« pgian 1 # 4l

i Esdimates:

[ IIE:I

H: :L‘!.m.l + — | ® Al
2

=

ntf
= - [ Pin=Pa g+ guglzn ] = a1

Il Estimates;
Ky = (o= fy) = Al

af 4
|" = ? [PH-P"‘llh"‘lH]l!:':""l

Firnedl estimates at t=1:
1
Bn= B (K 2 2Kp 42K 2 Ky

1
Ay = .ﬁﬂ;*Elﬁ f?fz*tlla*ll.ll

/ Print eritical clearing angie & and the comesponding critical clearing time 1/

'




12. Derive a power angle equation for a
i. SMIB system. Also draw the power-angle curve. (16)

The equation relating the electrical power generated (P.) to the angular displacement of

the rotor (d) is called power angle equation. Here the synchronous machine represented by a

()

constant voltage E’ behind the direct axis transient reactance X’y as shown in fig.

Consider a generator connected to a major substation of a very large system (Infinite
bus) through a transmission line as shown in fig.

W, W
® L

IR

|
|
@ @

()

Eliminate the generator terminal voltage (V;) node by using Y-A transformation as shown in fig.

I SRS o I Iz
— g .
Z1p 220

_jx'dZL+jxleL+ZLZS.Z _jxleL+jxleS+ZLZS
- 1510 T

ZS ZL
Xz + X 2+ 2, 7

Xy

12

Z20




Nodal Equations : (6)

Nodel:1, = [i+i} Ry

Z12 ZlO

Node2:|2:—iE'+{i+i}V
Z12

Z12 Z20

1 =Y, E'+Y,V @)

E :Yj;EI+Y22V (2)

Power injected at bus1,

R+JQ=E'l'*
=E‘[\EE‘]*+E—'[\E\7]*
HE'| L[|V | £-6,|E'| L=S|+|E'| £S5 x[|Y,, | £-6,|V | £0°]
= E'FIYy | £=6,+|E'IV Yy | £6-6,

P, =Re{R +jQ}

R=EFIGLI+IE'IVIIY;|cos(5-6,) ©)

Mostly z, and z_ areinductive.so resis tan ce are neglected.

1
6,=90°|Y, |=—

| X |

R=P oE'|G,+ V]

sing 4)
12

P,=P. +P,,sind

This equation is called as Power angle Equation.

Power angle curve:

All the elements are susceptance, then G1; = 0.

[E'IVI

12

sino=P,,, sino




Power transmitted depends on the transfer reactance X;, and the angle between the

voltages E’ and V 1i.e., (8). The curve P, versus 6 is known as power angle curve. The Power

angle curve is as shown in fig.

Po Ar

Pmax »--7\
P : \
» &

0 n/2 r

13.(i). A generator having Xq= 0.7 p.u deliver rated load at a power factor of 0.8 lagging.
Find P, Q¢ and E and 6. (8) (M/J’12)

Xq¢=0.7p.u
P.f=0.8lag
Pe, Qe E and 6.=?
| X
|
Pe+iQe

S= 1236.87 =1.25/36.87
l,=S*N*

=1.25/-36.87

E'=V +jX',xI, =10+ j0.7x1.25/-36.87
=0.35+ j0.59 =0.69./1.03

|E'[=0.69,5 =1.03

I:,e:|E'||V|sin5
de
_ 0.69x1sin1.03 _0.845
0.7
0 _|E'|IV|coss |V
) de de

_ 0.69xlcosl.03_i=_0.92 pu
0.7 0.7




13.ii. Using equal area criteria, derive an expression for critical clearing angle for a system

having a generator feeding a large system through a double circuit line (8)

Consider a single machine connected to infinite bus through two parallel lines as shown

in fig.

(=) vz0°

The equivalent circuit is shown in Fig.

X4
E‘éa xd, W

X (=) ve0°

LI
\— Switched off —*/

Consider one of the line is suddenly switched off with system operating at a steady load.

Prefault condition (Before Switching off)

Power angel curve is given by
o __ IEIV]

el
X'+ KXy
X, + X,

During fault P,, =0

sind=P

max1

sino (1)

The rotor therefore accelerate and angle 6 increases. Synchronism will be lost unless the

fault is cleared in time.

Post fault (Immediately on switching off line 2):
Power angle curve is given by,

o _IEIV]

4 : sino=P,
X'+ X,

max 2

sing  (2)

The power angle curves are drawn as shown in fig.




Pg4 (both lines in)

Pg3 (line 2 out)

0 35 %1 &, —*3

As X' + X, > X', + XX,
X+ X,

B

e2

<P

el

The system is operating initially with steady power transfer Py, at a torque angle 6o on
curve 1. Immediately on switching off line 2, the electrical operating point shifts to curve 2
(point b).

Accelerating energy corresponding to area A; is followed by decelerating energy for
5>061, Apply equal area criterion, for stable system

Area A; = Area A,

The system will finally operate at ¢ corresponding to a new rotor angle 6>dp. This is
because a single line offers larger reactance and larger rotor angel to transfer the same steady

power.

(i.e., 81= Smax=7-00)

14. A 3 ph generator delivers 1.0 p.u. power to an infinite bus through a transmission
network when a fault occurs. The maximum power which can be transferred during
prefault, during fault and post fault conditions is 1.75 p.u., 0.4 p.u, 1.25 p.u. Find critical
clearing angle. (16) (M/J°12)

The power angle curve is as shown in fig. (6)




Pe1=1.755sin &

Pmaa= 1.75 p.u.
Peo=0.4sin 8

Pmaxz= 0.4 p.u.
Pes=1.255sin o

Prmaxa= 1.25 p.u.

Initial loading Pr, =1.0 p.u.

1.75sin 6, = P, =sin g, _ 1

1.75
5, _sin" —~ ~0.608 rad
1.75
Ormax =7r—sin‘1{ i }
Pmax3
-1 1
=x7-Sin"| — | = 2.214rad
1.25

Applying equal area criterion,
Area A; = Area A

Oy Omax
Pm(é‘cr_é‘o)_j Pe2d5: '[ PeSdé‘_Pm(é‘max_é‘cr)
%

5CI'

= C0SO,, = P (e =) = Pz €08 Gy + Pes COS Sy
I:)maxs - I:)maxz
~1.0(2.214-0.608) —0.4c0s0.608 +1.25¢0s 2.214
1.25-0.4

coso, =0.6212rad
5, =c0s10.6212=0.9rad =51.57°

5, =0.9rad =51.57°

(5)

()




15. Derive the Runge-Kutta method of solution of swing equation for multi-machine
systems. (16) (A/M’11°08)

In this method, the accuracy is of the order of (At). Swing equation of one machine
connected to infinite bus.

C;—f:Aa)
dAw xf xf (5)
—— = —(Pp = P.) = —=(Pp — Ppx SINS
gt = h P Pe) =7 (P = Pwc SINO)
Value of p, =p,,, Sind
Initial value of &, :sin{h}
Prax
| estimates:
Klzd_5 XAt:Aa)IXAt
dtl,,
dt |, H .
11 estimates: )
K, :[Aa)i +|—1} At
2
zf .
.= W[P”‘ — Pogekyap X A
111 estimates:
K, =[Aa)i +|—2}At
2
zf .
= W[Pm — Pk, X AL
1V estimates:

K, =[Am +1,]At

zf .
1, :F[Pm - Pe(5i+K3)]XAt

Final estimates at t=t;:




0., =0, +%[K1 +2K, + 2K, +K,]

1 (6)
Aw,,, =Aw. +€[I1 +21,+21,+1,]

In the final estimates, the value ofd’ andAw’ for the first iterations are updated.

Replace 6° and Aw® by 8’ and Aw’recalculate the values of ky,Kz,Ks,Ka, 11,12,13,14.

Compute
1
0., =0, +E[kl + 2k, + 2k, +K,]
1
Aw,, = Ao, +E[I1 +21,+21,+1,]

Where i=1,2,...........cc.e. ,n (i.e., number of generators)

Check for convergence: If §;:1 - 8, =0 and Awi+1 - Aw; =0 are satisfied, then note down critical
clearing angle & and the critical clearing time t.

Otherwise repeat the process and do it for each and every machine.

16.As shown in given figure the three phase fault is applied at point ‘p’. Find the critical
clearing angle for clearing the fault with simultaneous opening of the breaker 1 and 2.The
reactance values of various components are indicated on the diagram. The generator is
delivering 1.0 p.u power at the instant proceeding the fault. (16) (M/J’09)

ja.15 215
D gg |: Q.28 %
j0.25 0.15 | Infinite Bus
j0.15 j0.15 ]1
JE" |=12pu B
Aﬂ—é (] E—! - ivi=1040°
E ,n14/ jD.14D_%
Normal operation (Prefault) ©)
X, =0.25+ 2204 405
0.5+04
=0.522 p.u.
P = E WV §ins = 22iq 5
X, 0.522

=23sih&




Prefault operating power angel is given by
1.0=2.3sin &g
8o = 25.8° = 0.45 radians

(if) During Fault: No power is transferred during fault

Pe2:0

(iii) Post fault operational (fault cleared by opening the faulted line)

Xm=0.25+05+0.05=0.8

P, = 1'02;lsin §=15sin5

5max:7z-_5in_1|: i }
I:)maxs

=7z—sin™ {i} = 2.41rad
0.5

Oy = 2.41rad

Applying equal area criterion for critical clearing angle 6c

A.l = I:)m(é‘cr _50)
~1.0(5, —0.45)=5, —0.45

[

max

A= [ (Py—-PR)ds

241
= j (L5sins-1)ds

S,

cr

241

= [ @Sssins-1ds
Ser

241

=-1.5c086 -9,
=1.5c0s6,, + 0, —1.293

Setting A = A, and solving
0y —0.45=1.5c0s 5, —1.293
o, =55.8°

()

(6)

5, =55.8°




17. State and explain ‘equal area criteria’ in connection with transient stability analysis.

What are the advantages and limitations of this method? (16) (A/M08,12)

Swing equation for a single synchronous machine connected to infinite bus is given by

2
id é;m :Pm_Pe
zf dt
whereP, =P, sind

If P, = 0, then swing equation can be solved easily.

For small disturbance, the equation can be liberalized using steady state stability

concept.
For large disturbance, numerical methods are used to solve transient stability problem.

Numerical solution of the swing equation is obtained, giving a plot of 6 Vs t is called

swing curve as shown in Fig.

If & value decreased after reaching a maximum value, then the system is stable otherwise

the system is unstable.

Most of the line faults are transient in nature and get cleared immediately an opening the
line. Auto reclose breaker are used for automatically close after the fault is cleared. If the fault is
severe, the circuit breaker opens and lock permanently till the fault is cleared manually. Mostly
the first reclosure will be sufficient, the system stability can be maintained by auto reclose

breakers.




For a single machine connected to infinite bus system, stability can be determined by the

equal area criterion.

18.Explain the modified Euler method of analyzing multi machine power stability, with
neat flow chart. (16) (M/J°07,14)

Step by step procedure:

1. Perform load flow study for prefault condition and determine initial bus voltage
magnitudes and angles. (5)
2. Calculate prefault generator current,

She

Ve

IiO —_

3. Compute E,
E =V + j(Xg+ X)L,

E =|E |23,

0
Define initial rotor angle X .

4. Compute Y-bus matrix during the fault and post fault condition.
5. Set time count r=0.

6. Calculate generator power output Pg;. (5)

PI‘

ei t=t"

= > [E & My costd + 6, - 3)
j=1

7. Assume uniform discrete time interval At.
Solve swing equation during the fault upto the fault clearing time and repeat the steps for
post fault condition.

ol or
8. Compute Hxﬁ,xﬂ),l =12, , m}
Using X; = X,
*  xf,
X =—2(P,—P;),i=12,....m
H;
00— Camnpitethe firet cfata actimatoc fart=tt1 1o
J CUTHTPULT T TITost Statt TolnTiatcs Tur t=t as



r+1

X :x{i+>21i.At;i:1,2, ........ ,m
Xgi+ = Xy + Xy At
10. Compute the first estimates of E*. (6)

E™ =E°(cosx ™"+ jsinx.™)

(At)°
11. Compute Pands,, A, =A0, , + P
M

0,=0,,+A0,

or+l er+l

12. Compute (xﬂ,xm],i =12,.c..,m

or+l  er+l

X = Xy

or+l
= T8 (B~ PE Y =12,

13. Compute the average values of state derivatives.

or 1 or or+1
X;; average = > [ X+ X }

or 1 r er+l
X2i average — E X2i + X2i

r+1

14. Compute the final state estimates for t=t".

r+l

X1i = Xlrl + X:Li average At

or
r+l

Xy = Xg; + X At

2i average *

15. Compute the final estimate for E; at t=t"*.

E™ =|E’|cos x| + jsinx™

16. Print x/™, x5
17.1f v > rgina , StOp.
Otherwise r = r+1 (Increment r) and repeat from step(6).

18. Examine 3 Vs t plot (swing curve) to determine stability of the system.

19. A 150 MVA generator transformer unit having an overall reactance of 0.3 p.u. is

delivering 150 MW to infinite bus bar over a double circuit 220 KV line having reactance




transmission lines. Calculate the maximum angle of swing that the generator may achieve
before the fault is cleared without loss of stability. (16) (N/D *07)

1000 Infinite bus
O 3% 150 MW
50 Q F 50Q
150 MVA 220°kV
j03pu i
Solution

. X
Reactanceof line X |, = —2lx MVA

(|<Vb)2 (5)
_ 190 150= jo.31pu
20° S
Prefault condition : Impedance diagram for prefault condition is as shown in fig.
j0.31
b
f——— T ——
. J0.31
103 C>|V|=‘I_{)p.u.
[E|"=1.0p.u.
j0.31 is in parallel with j0.31
j0.155 j0.455
j0.3
|V[=1.0pu. I‘_J>( |V|=10p.u.

[E|"=1.0p.u

- 1'0X1éosin 5=2.198sins

P,= sind
X

operating power angle &, is givenby
2.198sin g, =1.0

5, =sin™! L0 1 57.06°=0.472rad
2.198




0, =27.06°=0.472rad

During the fault : Positive sequence reactance diagram

@ j0.31 @

03 j0.155 j0.155
' IV]=1.0p.u.

|E]"=1.0 p.u.

©) ref

Using Delta-star conversion, the circuit becomes (5)

_ Z,xZ, _ j0.31xj0.155
" Z,+Z,+Z, j0.31+j0.155+ j0.155
; __ ZyxZyn __ j0.155xj0.155
N Z,+Z,+Z, j0.31+ j0.155+ jO.155

= j0.0775 p.u.

~ j0.039 pu

j0.0775 j0.0775 3775 0.07
75 100775
0
JO

il " -
T e v 4; TMé
£ L \

Using star — Delta conversion,

Z — ZINZNO—i_ZNOZZN +ZINZN2
12 Z
NO
~ j0.3775x j0.039+ j0.039x j0.0775+ j0.3775x% j0.0775
j0.039

Cr N RGO

<>|E|' V]

jl.2




p = E WV gin s

12

~1.0x1.0

sing =0.833sinop.u.

Post fault condition: Faulted line is removed by opening the circuit breaker at ends.

Impedance diagram for postfault is as shown in fig. (6)

®© j0.31 @

i0.3
: V)

|E|’

Z =X, =0.3+0.31=0.61pu

P,= [E“IV |s.in5: 1'0X11'Osin5 =1.64sino p.u.

Power angle curve is as shown in fig.
Pe A
Pe1=2.198 sin §

Pe3=164sind
Pﬂ'l

Pe2=0.833sin 5

—> 8

0 8o Ser 82 dmax n

O =7 —SINT P | 2 —sin® [i} =3.14-0.656 = 2.48rad
1.64

max3

Determining of critical clearing angle:




0 by by Byolpg =

é‘CI’
Area A =1.0[5, —&,]- [ P,d5

%

5max
AreaA, = [ P dS =P, [Gp 5, ]

5cr

Emax
= | 15sin5d5-1.0x[2.4-5,]

5()7

Applying equal area criteria A; = A,

Ser 248

5,—0472+ | 0.833sin5= [ 1.64sin5-(248-5,)
0472 B

~0.472+0.833c0s 5] =-1.64cos5] " —2.48

~0.472+0.833¢0s 8, —0.393=1.294+1.64c0s 5, —2.48
cos 3, (0.833—1.64) =1.294—2.48+0.472+0.393

-0.807cos o, =-0.321
coso, =0.398
o, =1.16rad

o, =1.16rad

20.A 50 Hz, 500 MVA, 400 KV generator (with transformer) is connected to a 400 KV
infinite bus bar through an interconnector. The generator has H=2.5 MJ/MVA , voltage
behind transients reactance of 450 KV and is loaded 460 MW. The transfer reactance

between generator and bus under various conditions are:

Prefault : 0.5 p.u; During fault: 1.0 p.u; Post fault: 0.75 p.u




Calculate the swing curve using intervals of 0.05 sec and assuming that the fault is

cleared at 0.15 sec. (16) (N/D’07)

Solution:

KVb =400

400

V=—=1p.u.

E = 22=-1125pu.
400
460

400

Pe1 =

Prefault, X;=0.5p.u.

c
Pe1 = | “V|sin50: 0.92
1
L1254 Gin s, =092
05
o, =0.42rad

Assume 3¢ fault occurs, Pe; =0

Post fault condition, Pe3 = ‘EHV| i
) 3= ——SIno
111

1'125><1sin o=15siné

Pes =

Using modified Euler’s method:
wo=2nf=2mnx50=314.159
At =0.05 sec

Iteration 1: t=0,

()

()




do

=Ao,=w,-27f =0

EA%
dAw afr.
], AL )
dAa)_7x%01697_0]=57.8
dt |, 25
End of the first step at t=0.05 sec
Predicted values are
Onos =0, LI N
Aw,

P =0.42+(0x0.05) = 0.42

A
A& = Ao, PULIC/ RN

%

Al =0+(57.8x0.05) = 2.89rad / sec

Awf2.89rad /sec

Derivation at the end of t =0.05.

ds = Awf,; =2.89rad /sec
dt Adgs -
dAw rf

dt |, W[ n = Pt ]

dAw _ x50

[0.92-0]=57.8
dt S 2.5
Corrected values,
@%5:56+é£ gé +gé'
' 2| dt Aay dt Aeos

5, = O.42+O'—§5[0+2.89]

dAa)|
+

5 Ot L
0.05

Awg s =0+ T[57.8+57.8]

Oy0s = 0.492rad

dAw
dt

A& = Ao, +%{

Ay, =2.89rad /sec




Ay = 2.89rad / sec

Iteration 2:
991 eS, =289
dtfy,.
dAo| _7x500065 01=57.8
dt | 25

At t=0.1, predicted values are

do
50'?1 = 55.:05 + E st

5P =0.492+2.89%0.05
5., =0.637rad

x At

Awgl—Aw§05+dA—w x At
dt s,
Awf, =2.89+57.8x0.05=5.78
dol - _ A}, =5.78rad /sec
dt [,.e. '
dAo| _7x501, 4, o1_578
dt |y~ 25
50C1:50C05+E d_§ +d_5
' ' 2| dt],c dtf,e

5, = 0.492+¥[2.89+5.78] =0.709rad

A, = A@Sys +— +
0.1 0.05 2 dt |60°_05 dt |50Pl

Ao, =2.89+ ?[57.8 +57.8] =5.78rad / sec

At{dAw| dAo| }

AwS, =5.78rad / sec

Iteration 3: t=0.1 sec

(6)




L Awf, =5.78

dt [, -

dAo| _ x50 [0.92-0]=57.8
dt e 25

End of the third step at t=0.15 , predicted values are,

Ops = Opy + a5 x At

A(ué:_l

555 =0.709+5.78x0.05 = 0.998rad
Aa)g’lS:Aa)gl+dA—w x At
' Tt g

Aaf,; =5.78+57.8x0.05=8.67rad / sec

Derivation at the end of t=0.15 sec

g _ Awf,s =8.67rad /sec
dt Aog1s '
dAo| _ x50 [0.92-0]=57.8
dt e 2.5
Corrected values:
At| do do
S5 =85 +—| — ==
0.15 0.1+ 2 |:dt Awgl + dt Awgls:l
0.05

815 = 0709+ 2[5.78+8.67]

Se,5 =1.07rad

dAw
+
s dt

At| dAw
Aa)&s:Aa)&+7{ at

P
S0.15 jl

A, =5.78+ 0'—25[57.8 +57.8]

Awg,, =8.67rad / sec

Post fault condition, P, =1.5sin

Calculate &5, and Awy, using Pe = 1.5sin 8
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