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ABSTRACT 

The report is about the study, performed for the 
graduation project E,E-400. The subject of the 
study carried out is the use of the symmetrical 
components which has been found very useful in 
solving unbalanced polyphase circuits,and for 
calculation of currents resulting from 
unbalanced faults. Most of the faults that occur bn 
power system are unsymmetrical faults, The 
unsymmetrical faults which may occur quite oftenly 
are like single line to grourid faults,-line to lihe 
faults or double line t& ground faults. In order to 
detect such faults it is essential that the· fault 
currents and voltages should be known. Such topics 
were discussed and necessary equations · were 
derived, 

We discussed faults at the terminals of an unloaded 
generator. Then we consider faults on a power 
sustem applying thevenin's theorem, which allows us 
to find the current in the fault by replacing _the 
entire system by a single generator and series 
impedance. Faults can be very destructive to power 
system, different device~ and protection schemes 
are present to prevent damages to transmission 
lines equipments and interruption in generator 
that follow the occurence of a fault. We construct 
a voltage filter, which is responsi~e to.negative 
sequence component, so that as the powe-r system 
undergoes short circuit or it starts operating 
abnormally, The filter circuit will indicate the 
presence of a negative sequence components enabling 
us to do necessary steps to avoid it~ 
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CHAPTER 1 

SYMMETRICAL COMPONENTS ALGEBRA 

------------------------------------------ 

Introduction. In case of three phase balanced 
currents the phase voltages and currents are of 
equal magnitude and they are displaced from each 
other by 120 degrees, or are said to be symmetrical 
the analysis of such systems (for calculation of 
line or phase voltages) is much simplier and can be 
carried out on per phase basis; but when the· load 
becomes unbalanced, the analysis by usual 
techniques become very difficult. 

To overcome this problem the method - of 
symmetrical components was proposed by C. L. 
Fortesue and has been found ve~y useful in solving 
unbalanced polyphased circuits for analytical 
determination of performance of the polyphase. 
electrical circuits when operated from a system of 
unbalanced·voltages and for calculation of currents 
resulting from unbalanced faults. 

According to Fortesu's theorem in an unbalanced 
three phase system, the unbalanced phasors can be 
resolved into three balanced systems of Phasors.The 
balanced sets of component can be given as: 

1. Positive sequence component 

2. Negative sequence component 

3. Zero sequence component. 
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if the operator a is applied to a phasor twice in 
succession, the phasor is related through 24~ 
degrees. Three sussesive applications of a rotate 
the phasor through 360°degrees. 

Thus, 
== - o.s . 

- J 0-866 

1-2. OPERATORS: As the symmetrical components 
of the voltag~and currents in a three phase system 
are displaced from each other it is convenient to 
have a shorthand method of indicating the rotation 
of a phaser ~hrough 120°. 

A Complex number of unit magnitude and associated 
angle TH~TA is an operate~ that rotates the phasor 
9n which ii 6perates through the angle THETA. 

The letter a is ~ommbnly used to designete the 
o~erator that caus~s a rotation of 12~ degree in 
t'1({ cou,nterclock wise direction such an operator is 
a comple~ number o, unit magnitude with ah angle of 
·120°degrees and is defined by · 

:: - 0-5 -t j 0_·866 

and a3 = .1 L 360° 
a 

1 L0° = 1 

3 ~ 3 -1,-_a_ " L, a 

az. -a 
Fig 1. 1 

Phasers representation of various power 
of operator a 

3 



When solving the problem by symmetrical 
components, the three phases of the system are 
designated as a, b, c in such a manner that the 
phase sequence of the positive sequence components 
of the unbalanced phasers isabc, ahd the phase 
sequence of the negative sequence components is acb 
if the original phasers are voltages they may be 
designated Va, Vb, Ve. The three sets of 
symmetrical components are designated by the 
additional subscript 1 for the positive sequence 
components, 2 for the negative sequence components 

1-3. NOTATIONS AND MEANING OF POSITIVE NEGATIVE 
AND ZERO PHASE SEQUENCE. 

An unbalanced ,system of n related phasers can be 
resolved into n systems of phasers called the 
symmetrical components of the original phasers. The 
n phasors of.each set of components are equal in 
len~th'and the angles between ~h~ adjacent phasors 
of ih~ set are e~ual. Although lhe method is 
applicable to any ~~blanced p6lyphase· syste~, we 
shall confine our di sc:usi:6n lo three pi,ase system 

Thre~ Llnbalanced phasors of a three phase 
system can be r~sol~e~· into th~ee balanced system 
of p'flasors. The balanced sets of components are: 

1. Positive sequence components consisting of 
ttiree phasers equal in magnitueds, displaced from 
each other by 120 degrees in phase and having the 
same phase sequence·as the original phasers. 

2. Negative sequence components consisting of 
three phasors equal in magnitued displaced from 
each other by 120 degrees in phase and having a 
phase sequence opposite to that of the original 
phasers. 

3. Zero sequence components consisting of 
three phasers equal in magnitude and with zero 
phase displacement from each other. 
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and O for the zero sequence components. The 
positive sequence components of Va,Vb, Ve are Vat, 
Vb1, Vc1 • Fig 1.2 shows three sets of symmetrical 
componenti phasers representing ~urrents, will be 
desi~nated byI with subscript as for voltages. 

Yai 
Va, __/ 

~v., 
\{,~ / ' 

'. •. . ' . V'bl ', 

vbo »: Vc.i 

Vb1 
'?o~:,t ive - Se<\ ue:nc.e 

c.cmpo'l'le:n\:~ 
We~ative - Se<t,UeYlc.e 

C.0 rn PO't\ e. 'fl \c:_ 
Zero -S.e~ueY1'-e 

cc tt1po'fle.'l"tt 

Fig 1.2 
Three sets of balanced phasers which are 
the symmetrical components of three 
unbalanced phasers~ 

1-4. SYMMETRICAL COMPONENT EQUATIONS. 

Since each of the original unbalanced phasers 
is the sum of its components, the original phaser~ 
expressed interms of their components ar~: 
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1-5. RESOLUTION OF UNBALANCED PHASORS INTO THEIR 
SYMMETRICAL COMPONENTS. 

In view of discussion of operator a the 
components of positive, negative and :zero phase 
sequesce can be carried out~ it is necessary to 
have a reference pha~or which ~~n be arbitrarily 
taken as any phasor. 

In \he following discussion Ea is assumed to 
ihe reference phas6r. 

be 

Eao = E: bo = Eco 

Sc1 = a8a.i 

Eb! = a2 E. at 

E: b2 = a E az 
E. C. 2 :: a2 E'..a2 

i i 

1. 2 (a) 

- 1. '2, (.b) 

_ 1, 3 (a) 

-i.'3(.b) 

Now, set equations (1.1), (1.2(b)), (1.3(a)) and 
(1.3(b)) are arranged according to section 1.4. 

ea ·- Eao + 8a1 -+ Ea2. - - - - - - 1 .4 

gb = 8 bO +· as. a 1 -t a.Ba2. - -- - -:-~.1.5 

8c. = Eao -t aE a1 + cf E'. aa -- ___ - 1.6 

In order to find different symmetrical components, 
three methods can be adopted · 

.. 1-5(a). MATRIX SOLUTION. 

Equations (1.4)(1.5)~(1.6) can be represented in 
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matrix form i.e, 

8a iJ f 1 i i I I Eao 

8b J l j 

2 a I I 8a1 - a - 
E:c. .. 1 a a:2 J L Eaa. I:.. . 

-···-(J.7) 
1 et the matri >: given by eqLtation < 1. 7 > be 

re~res~nted in short fbrm as 

's = AB aia -- - - - - (t.B) 

where the subscript 0,1,2 and stand 
positive and negative c6m~onents of the 
pha•6r, the matrix 

for zero 
reference 

= - - - - - _( i.9) 

/ A = 
l 

j 

1 

-- - - ~.(i.10) 

and, 

~ao 
Ea.1 (i-11) 
Ea2, 

premultiply matrix (1.8) by A 

= 
C As A-1 A i s uni t y J 
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The inverse of matrix A can be obtained by usual 
techniques and it is easy to write, 

1 1 i 
A-1 = i 

I: 
1 a a2 I (i. 13) - - - - 

:5 
1 a: a 

Rewrite equati o'n (t. 12) in view of matri~ equation 
< L 13) . 

::01 l 1 r : 1 1 1 r E.a 

= a a2 I I l?.b 
3 

8a2J l i aa. aJ l Ee. - 
---- (1.14) 

£ac = ..1.. ( 8 a -+ E. b .• £c. ) _ _ - - - _ ( 1' .• 1' 5 ) 
3 . 

Ea1 :: ~ ( E a -+ a 8 b •• ~ ~.c ) - - - - - ( 1 • t6) 

8 e.a 2. . ) -----(1.i7) ,: ~ ( 8 a .•. a 8 b .• a Ee. 

1-5(b). SIMULTANIOUS 
EQUATIONS 

ALGEBRIC SOLUTION OF 

Add equation (1.4), (1.5), and (1.6) and keeping 
in view that (1+a+a') is zero 

- - - - -~ ( 1. •. i 8 ') 
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E e.1 
Now multiply equation (1.5) by a and equation 
(1.6):. by ci' and: add 'equation (1.4) keeping in view 
that a,3' fs unity and a4' is same a:. 

( E: e -+ aB 'i::i •.• E'.c. ) = (1 • a. a?. ) £ a1 ;- ( i + a..3 -1- a4) 8 ai 
'2: 4 \ + ( i .• a. -+ a 1 ~ ai. 

Similarly it can be shown that if equation (1.5) is 
multiplied by a2 and equation (1.6) by a and their 
results are added to equation (1.4) 8a~ can be 
represented by equation (1.17 >. 

Thus the different components can be obtained by 
equation (1.15), (1.16), (1.17). 

9 



CHAPTER 2 

----------. . .. -------------------------- . ----------- 

ASYMMETRICAL FAULT CURRENTS. 

-------------------------------------------------- 

2.1 INTRODUCTION 

In power systems faults may occur mainly due to 
following two reasons: 

1. Insulation failure 

It may be caused by over - voltage applied to the 
system produced by the switchin~ surge or by a 
lighting stroke. However, the insulation failure in 
case of line insulators may be caused by stres~ and 
strain of severe hot and cold weather. 

2. MECHANICAL INJURY 

In case of transmission lines it may be caused by 
high velOcity winds or by falling trees etc. 

The determination of short circuit current in 
power system has great importance fro~ protection 
or view. For adequate protection , it is necessary 
to determine the capacity of the power system to 
supply short circuit current. - · 
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2.2 TYPES OF SHORT CIRCUITS. 

The fault in power system may occur: 

1. Between one phase and earth 
2. Bet~een phase and phase 
3. Between two phases and earth 
4. Between two phas_es and at the same ti me there 

~ay be a falt betyween third phase and earth 
5. ~etw~en ail the fhfee ph~s~s 
6. Between all the th~ee phises and ground 

The first four types of faults produce 
asymmetrical fault currents, while the later two 
types produce symmetrical short circuit currents. 
The possibility of symmetrical fault in a power 

system is quite rare.The actual fault may occur on 
one line and ground or two lines or there may occur 
fault between two lines and ground. In this chapter 
we will deal with these types of faults only which 
are asymmetrical faults producing asymmetrical 
fault currents and voltages. 

2.3 ASYMMETRICAL SERIES IMPEDANCE 

In this section we shall be concerned with system 
that are normally balanced. The short circuit 
faul\s cause unbalancing of the system. Fig 2.1 
shows the asymmetrical part of a system in which 
;, Zi, Z~ and Zn are the impedances in each phase 
and in the neutral respectively. Let there be no 
mutual impedence between them. 

11 



I Za 
~ 

1 Zb 
~ .. I 

le z: 
Sa 

)· t.rnao-', ' 
Eb · " 

1 
J 

I E,i . ZY1 
{irn'o'4- 

Neutral 

Fig 2.1 
Unbalance system of self-impedances 

In view of Kirchhoff's law~ 

I 

Ea ::. IaZa -t In Zn , 
gb = r, Zb -+ lYlZn 

- . . . I 
Ee = lt.',c-+ ln'Zn -·----· 

(2 •• 1) 

(2 - 2J 
( '2, ~·3) ·. 

- - -- - 

when, In = 1 a """ I b • le. ( 2 -4) 

In view of equation (1-15) 

= 3 lao ( 2. 5) 
In view of equation 2-5, and using equation 1.4, 
1.5, 1.6 which are rewritte below equation 2.1 to 
2.3 can be written•as equation 2.6 to 2.8. 

l!.a ,::, 8a1 -+ Ea2 + 8ao - - - - -- - - { 1. • 4 ) 

E. b 2. 
-----·-(1.-9) = a Ea1 -+ aEa2. ""' £:ao 

E, C. = a E:a1 + a2"Ea2, + E'..ao - - - - - ( 1 -6 ) 

12 



s::r 

(6-~) --------c·~z~~ qz--g >t-'1-z1°~I f +- 

[')Z"B,; ~+1Zz J 7.·-e1 t -to l ""2 ~ ~z ... 11z J 'tlI t = ,-e a 
. ~ 

[ (.,--e + :e + 1 1 ~z £+ .?zf·+q z.1t~--e2 l O\:?I .,.. + 
L'2"Q"1" C\2..:9 ~ -ez 1 'G131 ~.,. [ ""1. + C\42 ~ 12z] rn I t = 112 3 

[~Z O'BI<i + JZ(0"gIT '~I~+ ~re)]i3 f + 
. 1 £ ( u;z O""Q1,£ + <z (tmr+ 'al?.re T l1?I,.1?) J-e--r + 

( ~z o111£' + -ez (0-..1 .•. ·1,111 . + nt)1 f = w '3 
s·z o~ 9·z uoJ~enba pue 91"1 uo,~enba 6u1sn 

(L\··1 '/ - - .•. -- - - ('?'B 1] + ~3 ~ + "'e '3 } + = 'G"'B 3 

(91 • "'() - - - - - - ("'3 r: q'312 ~~'3 ) ~ = 1e·3 

( St • 1) · - - - · · - - (.,3~<\3~'Qs)t = o--e 3 

"Motaq ua~~JJMaJ aJe 4~J4M Ll"l 
'91·1 'Sl"l uo,~enba fO MaJA UJ sny~ pauJwJa~ap 
aq ue::> ::>3 pu-e q3 '\?3 fO S~uauodwo::> te::> J .. ,qaWWAS .341 

( 6 . 'a) ". z 0-e1i;, ~ ~1. ( 0~1,. -t~ I~~ + 1--e I l:?) :: :) ·;a 

(s·-z J" '-'Z 0111 £ +- qz ( o-e1 + 112112 + 1'12I,.1?) : 'fa . 
<9·z r· v.z .o-e1 s - -ecz ( Oll 1 ~ c."l! I + 1u1) -. 1?3 
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-=- l. ( Z a -+ a Zb • Zc. ) 
3 

= -} ( z a ~ a'Zb ~ Zc..-) 

-(2-\2) 

(2. · 13) 

Similarly, 

- - - -l.2. ,11) 
Let Z~, Zs ,Zq be the zerq sequence positive 
sequence components of impedances given as 

Zs 

Substituting equation (2.12) to (2.14) in equation 
(2.3) to (2.11) 

tta1 = Ju Zm 4- J a2. Zas + I ao Zc::. 

Iac ZY'\ 

Eao = 

14 



The 
+or m 

equation 2.18 can be r-epr-esented by 
• 

a ma t r i x 

Thus it can be obser-ved that cur-r-ent of one 
sequeMce can pr-oduce voltage of other- sequence. 

SECOND METHOD BY APPLICATION OF MATRIX EQUATION 

The ~r-evious r-esults can also be pr-oved by matr-ix 
equation. For- simplicity it has been assumed that 
ther-e. is no impedance in the neutr-al as shown in 

fig, 2.2. 

A la Za I 

> '~ 
p.. 

e Jb Z'o I 

l~W?Jl' -- 8 

C. J~ ~·~ I 

I~ 
C. 

Fig 2.2 
Unsymmetr-ical impedance in the thr-ee phases 

12 ~~ = la Za· - - - - -·-·· -~ - - -- \ '2. • tB ca ) 'i 

E~~I = lb Zo - - - -· - .- - - - ( i. .1.e l b'l '> 

and, t'. cc' - le.. Zc_ - - - - - -· - ·-- -('2...\S (.c.)) 

as: 

£AA' I I za o 0 ', Ia 

£ eie I == I o zb o 1 b I - - #- (1. .\~1 

Ec.c.' I 10 0 7-c.. le. 

15 



'1... 
Za. .•. a Z0 + a Ze, 

7a 0 , 0 · I za '2.b Zc. 

11 ~ 
1. 1 -i I A:! Za 

,. a,.. A- 0 Zb 0 aZb az, a 
z, aZ, I I 1 

t 0 0 I Za Ellb a a 

Za + cfZi:, .•. a Z, 

--- - .( 2- '2.'3) 

Set equat i on (2. 23), in eqL1ati on (3. 20) 

EA~O I i r z·a .• zb,z,· Z a 4, «z; + a'Zc. Za 4-a~+a'Ze 111 ao 
E AA11 I Za"'aZb+a~I I la., ::: 3 Za • sz, +ak Za + Zb -t-Zc.. :1 . 

' E'. A A, I I Z. a + a"' Zb .• aZ<- Za. .•. a.Zb+aZ 'Za+ :Zio+ z, 
or , __ . _ . ( 2 . 2 4 ) 

EAA'o :. -s (Za-+Zb"'Zt) Iao +-! (Za. + a'Zb + aZc.Jia, 4, i(Za.+ a Zb+a"'-zc.)la; 
I ----(.'2,. 25) 

g AA, = i { zs , a Zb •ii°Zc.) Iao ~ \CZ.a +Z1:i .•. 'Z..) la.,; ~(ia ~ a,.Zb+aZc. )Ta2 
- - - - (2, . '2 6 ) 

E; A A12 = § ( Za + «z;: a'Zc)1ao + 1 (Za .•. a z b + a"-2£..) + t (z a .•. zb~Zc:.)I a2 
- - - - (2.. '2. 7) 

17 
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The equation {2.25, 2.26 and 2~27) can be simplified 
to a gre~t extent if the impedance Za, Zb and Zc 
all are eq~al to z. so rewritting equation 2.25, 
~ ~6 ~ ~7· we get · 4o4 t .4•4 · ·, 

8AA'.o =. Z 1 ao ''• -,.-· - - - - (.2.-26) 
,~ ' 

EAA'1 :: Z Ia1 
' --~--:~-- ( '2. • '2. 9 ). 

EA1{z : Z1a2. _____ ...;.·. ( 2. . 30) 
Thus, from equation i.20, 2.2q and 2.30 it can be 
ob~efved ~hat if unbalanced curr~nt flow in 
sy~met~cd(equal> series impedances the symmetrical 
components o~ voitage d~ops (s of like sequence 
only, provided no coupling exists between phases, 
if the impedances are unequal, Equations 2.25, 
2.26, 2.27 show that the voltage drop of any one 
sequence is dependent on th- curren~bf all three 
sequences. 

2.4 SEQUENCE NETWORKS. 

This is the most important concept of symmetrical 
components. The sequenc- network is an equivalent 
network which is supposed to be balanced system 
operating under one of the sequence component of 
voltages and currents. 

Thus the impedance of the network offered to the 
f 1 ow of positive sequence currents is c at led the 
positive i~pedance similarly if only negative 
sequence currents flow the impedence of the network 
offered to this current is called negative sequence 
impedence, also the impedance offered to zero 
sequence impedance of the network. 

Hence .the ·sequence network in reference to any 
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particular setjuence· currents consist of a single 
phase network having impedance offered to one 
particular seqoehce comp6nents of current. 

I MPEJ;>ENf:E!:l. ~HI CH ARE I NDE,:PENpENT. OF THE PHASE JlRDER 
OF C:URR,~NJ"? ARE CALLEO l NQEPENDENT .I MPE;DENCES , 
THO~E . DEPENDANT ON TME P~A?E .. SEQUE!'ICE _ORDER OF THE 
CURRENTS ARE.CALLED DEPENDANT IMPEDENCES. * . ,· ., . . 

:Z~_, Z\, Zas,. REPRESENT DEPENDANT IMPEDANCES OPPOSED 
TO I0 , 11. AND r, . 

------------------~------------ ----------- * As defined by Prof. Haldun Gurmen 



2.5 SETTING UP OF THE SEQUENCE NETWORK. 

As the sequence network is to be set up seperately· 
for each sequence. This will help us for the 
analysis under asymmetrical faults. In order to 
deveiop ~et hetwork it is viewed from the fault 
point assuming ~hat a partitular sequence current 
flows in the circuit. The method- consists of 
a;$sumi ng __ th~t a certain voltage is impressed across 
the terminals of networks which is followed for the 
cur:rerit fiow 'to fault point. However, for zero 
ph~se sequence networks one must vi_ew the network 
I . . . . ' 

ftbm fault point bec~use zero phase sequence 
curt~nt may n6t be flowing ~hrough out the circuit. 

For example consider unloaded generator which is 
grounded through reactance x~ , let an assymetrical 
fault occur (which also involves the ground fault) 
causing unbalanced currents Ia,- lb _and I~ flows 
thtough the lines as illustrated in fig 2.3. 

Fig 2.3. Represeptatiion of unsymmetrical 
fault on an unbalanced generator. 

20 



. Since, the~e is also a ground fault current In will 
flow into the ground reactance Xn • The positive 
phase sequente component of currents are IM, Ib!and 
k1 while the negative sequence component~ are I~,Ib~ 
and I and zero pahse sequence currents are I , I 
~&. the g~nerator are al~ays designed to generate 
balanced voltages so, the generated voltages are 
positive seqt.ierice on t y. Let Va , Vb .and Ve be the 
generated ph.a?e vpl tages a l so assume Zs , Za.s and Zm 
be fhe pp~itiVe, n~g~~ive a~d zero s~quente 
impedin~~ 6{ th~ g1neri(of. L~t Ea, E~ and Ee .be 
€~e ~ote~tia1 ·6et~een ~he te~minal of the 
generatci'r-. . 

The paths for currents of each sequence in a 
generator and the cor~esponding sequence networks 
are shown in fig 3.3 

a 

lc.1 

Fig 2 •. 3<a> 

Positive sequence current 
paths. 
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Refere.nc.e. bus 

+ 

Ea1 

P·osi ti ve sequence 
network 



Iat -··- 

Zas 

~efranc.e.. bu; 

I.a&...,. 

Fig 2.3Cb) 
Negative sequence 
network 

Negative sequence 
cur r-errt paths 

I~ 

Iao 
Ibo-= !ao 
Ic() -: lao- 

Fig 
Zero sequence current 
paths 
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Eao 

2.3(c) 
Zero sequence 
network. 



The reference bus for the positive and negative 
sequence networks is the neutral of the generator. 
So far as positive and negative sequence components 
are concefned, the neutral of the generator is at 
ground pot•ntial if th~re is a connection between 
neutral and ground having a finite or zero 
impedance since the tonnecticin will carry no 
p6sitive or neQati~e se~u~nce currents. 

In vtew of eguatioh 1.4 the potential E can be 
re~~~se~ted as · 

-----(2..31) 

The positive sequence compqnents of the potential 
is equal to phaser ~iff~rence of voltage generated 
< only positive sequence) and potential drop 
across the positive. 

Va - lu Zs (2.32.) 

Similarly 

Ea2. = o Ia2. Zas -- ---- (2 .33) 
As generated e.m.f has no neg•tive 
component. 

sequence 

Also 
E a11> -::. o - I ao Zm - Iao ~"' -Ibc,X .•.• -lcoX.A 

- - - - ( 2 . 34) But 

Iao (~ .• '35) 

Rewriting equation 2.34 in view of equation 2.35 

E ao = - Iao ( Z.m -+ '3Xn) - - - - - t 2 . 36) 

Setting equation 2.32, 2.33 and 2.35 in equation 
2.31 
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similar-ly 

and 

E~ ::o. ( \{ - lc..1 ~) - 1c.i. Zas - lao ( Zae";. +3X"") 
Rewr-iting equations 2.38 and 2.39 in view of 

equati~M i.Tand 1.3 

E'b = (at:Va. -8.\.laiZc,.)•_ ala'2.Zas -1ao(Zm+3X"') 

and 

Now consider-ing equations 2.37, 2.40 and 2.41 the 
fir-st component within the paranthesis of these 
equ,ati on r-epr-esents the gener-ated e. m. f and only 
positive impedance, or these three components can 
be combined together to form a positive sequence 
network as shown in fig 2.4 similarly, if the 
second ~omponents of these equations are combined 
together they will represent negative sequence as 
shown in fig 2.5 ~ Also, the third iomponents of 
these equations are combined together to a zero 
phase sequence network and are shown in fig 2.. 6. 
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Iao r L =' Iao _ 
. vO •• Iao Ir.o - ~· 

"'; x.,, 

( ~i9 'l-G C) - 

Zas 

Fig 2.6 
1, 2. 

(a) The three components <Va -Iat.Z! >, (a V~:,,.-a IaiZs > 
and <aV8 -ala1Z5 > are combined together to form 
a positive sequence network. 

2, 
(b) The three components < Ia2 Zas) (a Ia?. Z~ and 

<ala2 Zas> are combined together to form a 
negative sequence network 

(c) The three components Iao <Z- +3Xn > are 
combined together to form zero sequence 
network. 
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2.6- SINGLE LINE TO GROUND FAULT IN CASE OF AN 
UNLOADED GENERATOR. 

12- 

Fig 2.7 
Representation of line to earth 
as an fault unbalanced generator 

Fig 2.7 represents an unloaded star 
generator. The star point is earth 
reactance Xfl. Let phase a be grounded 
clear from fig that 

8a = o 
and Ic. :::: 0 

~b 

fault 

connected 
through a 
so' it is 

---- (2..4-5 ~ 

- - - - ( '2 .46) 

In view of equatian 1.15, the zero phase sequence 
current is given as: 

Iao 

= 1 
3 
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~ The positive phase sequence current is given as 

I a1 = ~ [Ia ~ a 1 b """ al. I c, 1 
1 1' 3 a - - - - - - ( 2. . 4~) 

Similarly 

Iao 

= i. I a 
3 

= Ia 1i = 1aa 

= Zm + 3 )(r, 

- - - ---(2;.49) Ia2.. 
Thus 

- - -(2.. so) 

Let 
- - - - -(2 • 4 2.) 

Where Zfm is the generator zero sequence impedance 

Equations 2.32, 2.33 and 2.36 can a-lso be 

represented in matrix form in view of equation 2.42 

Eao I 10 Zgm 0 C 1 ·r lac, 
E a1 I = I VE, - 0 Z1:, 0 Iat I : .. - ( '2. .4. 3 ) 

Eai I 10 I I 0 a Za~ lal. 

Ih equation 2.43 the impedance me t r i x can be 

defined as 

z i,--n 0 0 

z I 0 Zl!I C> I - - - ~ ( 2. . 44 )' 
= 

0 0 Za.~ 

In view of equatioh 2.32, 2.33, 2.36 
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----l2..51) 

Bao ..,. 

- - - - ( 2.rs2i) 

~ - - -(2. .53) 

Ea2 . :: O - lai Zas 

Let 

where zgvnis the generator z~ro sequence inpedence. 

Adding equations 2.51, 2.52, 2.53 

But 

Eai + Ea~ + 8ao ::. V, - la1 - Ja-z. Zac; - lao Z~m 
.) 

- - - - -{ '2.. . 5 4) 
Ea = Bai .• tai. ~ E.a.o :: o - - - -(2..,5 5 ) 

Rewrite equation 2.54 in view of equations 2.50 and 
2.55 

Ya = ( la, Zs ~ ia1. Za~ ..tr·,Ia2. Zgm) 

la:t :: - 3 Va.. 
Zs + Zac; :+ Ztm 

Ia = 3 Va 
Zs + Za~ + ZgY1\ 

- - - - (2,.,56) 

- - - - - ( ~.5 7) 

In view of equations 2.50 and 2.51 the sequence 
network can be constructed as illustrated in fig 
2.8. 
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- ' . 1 

J 2'.,:, EaJj. 

,. 

Eao 

~ 
Ia1 

Fig 2.8 
Sequence network representing single line 
to ground fault. 

2.7 DOUBLE LINE TO GROUND FAULT ON AN UNLOADED 
GENERATOR. 

Fig 2.9 represents the current distribution when 
there is a double line to ground faults which 
occurs between phases band c and in view of fig 
2.9 

and 

s, =- 8c. = 0 
ra = 0 

Ba1 
i. : .i ( Ea -+ a E: b • a 8 c ] . :, 

E a.z. = '3" (Ea+a'"Eb~ aEc.) 
E.ao = ....1.. t £a -t- Eb + Ee.) 3, . 

( 2.. 68) 

( z , S~) 

Also 

/ 

and 
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1(t:""" 

Fig 2.9 
Double line to ground fault 

So 

But 

E.a.2 ': - I ai Za':> 

8ao ~ ..,. la.o 'Z gm 
In view of equation 2.60 and 3.63 

= -1. ( Va - Ia.t z, ) 
Za~ · 

Similarly from equation 2.60 and 2.63 

= -~m ( Va - la\ z, ) 

30 
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- - - ('2.,,60) 

- - - - (2. · 6 i ) 

- - - - l'2. · 6'2) 
----(2.6'3) 

- - - (2:64) 

- - ., (2. 6 5) 
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Again 
- - - - (~ .66 ~ 

Set. equations 2.64 and 2.65 in equation 2.66 

or 

= 
Zs + Zg-m Za~ 

Va, ----(2..67) led. 

Simplify equation 2.62 and set equation 2.67 

= - ( .Ya_ • Z, ) r« 

__ 1a\ - Zg:'rf'I 
- .Z.g-m ~ Zae.. 

Similarly simpligy equation 2.65 and set equation 
2.67 ·in it. 

Iat 

_ -.Ia!. Za~ Z['ff· 
- zgm 

- - IaJ. Za9. - - z,'VO-lrza~ 
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Thus , from above equation I81, Iae., Ia0 can be 
obtained. Eai,, Ea2, Eao an be determined once we known 
these currents. 

The sequence network is illustrated in fig 2.11 

Fig 2.10 
Representation of sequence network. 

2.7(b) ALTERNATIVE METHOD. 

To illustrate the use of the mat.r Lx the above 
results can be proved as follows 

In view of eq~ations 1~7 and 2~58 

Eae r 81 
,. J.. A I ~) 

Ea.i - 3 0 

kai J Lo 
r- :JI 1 1 E1 

i,. 
1 a 0 I ----(2. 68) 

3 

i 2 a 11 co a 
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From equation 2.68 it can be concluded 
that 

~81 = i Ea - - - - - - ( 2.. 69) 3 

E a z ::. ..L Ea _ _ - - - -( 2 . 7 0 ) 3 

E ao -= J.. E:a -'- - - - -·(2-7t) 3 
'Also 

Iii at ::. Va - Ia.1 Zi .~) : .:_ ____ ..(.z.72) 

Ea~ = Eat - - lat Zas ------('2.-73) 

t'.ao -:::. 8 Pf. : - 1 ao Zgm ------(2-74) 
-so in view of above equations and equation 2.43. 

Va - Ia1 Z5, 1 10 I I Zgm r• 

Iao 0 0 

Va - Ia1: Zs - I :· - 0 Zs 0 Ia1 I - --(2. - 75: 

Va - Ia1 Zs C> 0 Zas laa •.. 
In order to determine the values of I , I and I 
premultiply equation 2.75 by Z given as. 

Zgm 0 0 -1 .J_ 
zgm 0 0 

z -i =: I 0 Zs 0 ...L o/ - .,. - - ._ ( ~ . 7 6 ~ - 0 Zi ,.4... 
0 0 Zas 0 0 Za.~ i, 

.!_ o -~ o 
Zgm · ..1.. ·· o 
o Zs 

i ~ 
o 7..asr 

V1 ... Ia1 z. 
V1 -la1. Zs I c 

'/1 __ Iai Zs 

1 O ..- 
Zg\'n ..L 
o z, 
0 0 

0 0 

0 

0 
·.1.. 
Zas 0 

Iao 

I a 1. 
I a a 

V 

- - - - - l2. 7 7) 
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-Iao •· ,, 
1; ' 

Ia1 

-1/Z,gm (Va-lat ZsY \ 

Va/z~ - 1/z..~ ( Va -1a1 ~) - - -- - (2. 78) 

I Iao l C I f _1/Zg-~ ( Va- IaiZs) 
or- 

Va/z~ - l i /Zs ( Ya - lat Z;) Ia1 J - 
Ia2. 0 • . 1/Z a<; ( Va - Ia 1. 7.s) 

l az f L- - if Za.s l Va - 1- a1 Z.. ,; 
from eqL1at ion 2. 78 I~, Iu and Ia 2. can be determined 
and in.view of equation 2.66 the valLte of IB.1can be 
determined as represented by eqL1ation 3.67. · 

2.8. LINE TO LINE FAULT. 

Fig 2.11 represents the condition and cµ~rent 
distribL1tion when there is a faL1lt between two 
lines from cinfigL1ration it will be clear that 

Eb = 8c -- - - - ~ (2. · 7 9) 

Ib :: - le. ---- --(Z.90) 

la =- 0 - - - - - - (2. .s 1) 

BL1t in view of eqL1ation 1.16 

Ia1 = 1/3 ( Ia -+al0 + a2·rc.) 

-= 1/3 (aib + ci'lc.) . . 
1 b ( a - a' ) =- J_ I1, :: i/3 ;-g 

la?. :. 

= 
. 

-1_ lb 
'-1"3 
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Also 

Ia 

Fig, 2.11 
Line to line fault 

-= 1 / 3 ( I a -+ a,. I b -+ a le. ) - ----(2-62.) 

Iao 1 /3 (Ia + r. , It. ) 

In view of equation 2.79 

so 

£ ao + a2. 8 a 1. + a E a 2 

Va - la1 Z~ = - I e z Zas 

35 
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• 
In view of equation 2.82 

Va - la1 z., = - Ia'n z., Za~ 
Ia1 '= Va 

Zs -+ Zas 
ln_vi~w of ab~ve equation the sequence netw6rk can 
be represi,?nfed as sho~n in fig 3.12. 

Fig 2.12 
Representation of sequence network for 
line fo lin• fault. 
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CHAPTER 3 

APPLICATIONS OF SYMMETRICAL COMPONENTS 
iN 'pbwE~ s'YsTEM' 'F;ROTEGT I ON 

.- ·-. ,.--- ~ ------. ----- .f -- . - . -· -- .. -.------------------ 

3.1 FAULT IN A POWER SYSTEM 

In the previous chapter we studied the fault 
conditions for the generators by assuming that the 
generators were not loaded, but the results derived 
can also well be used under load condition i.e to 
power systems. Consider a power system as shown in 
fig 3.1 

_, 

: 

~ F 
- - 

~ t 
, I a (\)} »: 

·1 

Fig 3.1 
Representation of power system 

under load conditions 
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ABSTRACT 

The report is about the study, performed for the 
graduation project E,E-400. The subject of the 
study carried out is the use of the symmetrical 
components which has been found very useful in 
solving unbalanced polyphase circuits,and for 
calculation of currents resulting from 
unbalanced faults. Most of the faults that occur bn 
power system are unsymmetrical faults, The 
unsymmetrical faults which may occur quite oftenly 
are like single line to grourid faults,-line to lihe 
faults or double line t& ground faults. In order to 
detect such faults it is essential that the· fault 
currents and voltages should be known. Such topics 
were discussed and necessary equations · were 
derived, 

We discussed faults at the terminals of an unloaded 
generator. Then we consider faults on a power 
sustem applying thevenin's theorem, which allows us 
to find the current in the fault by replacing _the 
entire system by a single generator and series 
impedance. Faults can be very destructive to power 
system, different device~ and protection schemes 
are present to prevent damages to transmission 
lines equipments and interruption in generator 
that follow the occurence of a fault. We construct 
a voltage filter, which is responsi~e to.negative 
sequence component, so that as the powe-r system 
undergoes short circuit or it starts operating 
abnormally, The filter circuit will indicate the 
presence of a negative sequence components enabling 
us to do necessary steps to avoid it~ 

;, 
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CHAPTER 1 

SYMMETRICAL COMPONENTS ALGEBRA 

------------------------------------------ 

Introduction. In case of three phase balanced 
currents the phase voltages and currents are of 
equal magnitude and they are displaced from each 
other by 120 degrees, or are said to be symmetrical 
the analysis of such systems (for calculation of 
line or phase voltages) is much simplier and can be 
carried out on per phase basis; but when the· load 
becomes unbalanced, the analysis by usual 
techniques become very difficult. 

To overcome this problem the method - of 
symmetrical components was proposed by C. L. 
Fortesue and has been found ve~y useful in solving 
unbalanced polyphased circuits for analytical 
determination of performance of the polyphase. 
electrical circuits when operated from a system of 
unbalanced·voltages and for calculation of currents 
resulting from unbalanced faults. 

According to Fortesu's theorem in an unbalanced 
three phase system, the unbalanced phasors can be 
resolved into three balanced systems of Phasors.The 
balanced sets of component can be given as: 

1. Positive sequence component 

2. Negative sequence component 

3. Zero sequence component. 

2 



if the operator a is applied to a phasor twice in 
succession, the phasor is related through 24~ 
degrees. Three sussesive applications of a rotate 
the phasor through 360°degrees. 

Thus, 
== - o.s . 

- J 0-866 

1-2. OPERATORS: As the symmetrical components 
of the voltag~and currents in a three phase system 
are displaced from each other it is convenient to 
have a shorthand method of indicating the rotation 
of a phaser ~hrough 120°. 

A Complex number of unit magnitude and associated 
angle TH~TA is an operate~ that rotates the phasor 
9n which ii 6perates through the angle THETA. 

The letter a is ~ommbnly used to designete the 
o~erator that caus~s a rotation of 12~ degree in 
t'1({ cou,nterclock wise direction such an operator is 
a comple~ number o, unit magnitude with ah angle of 
·120°degrees and is defined by · 

:: - 0-5 -t j 0_·866 

and a3 = .1 L 360° 
a 

1 L0° = 1 

3 ~ 3 -1,-_a_ " L, a 

az. -a 
Fig 1. 1 

Phasers representation of various power 
of operator a 
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When solving the problem by symmetrical 
components, the three phases of the system are 
designated as a, b, c in such a manner that the 
phase sequence of the positive sequence components 
of the unbalanced phasers isabc, ahd the phase 
sequence of the negative sequence components is acb 
if the original phasers are voltages they may be 
designated Va, Vb, Ve. The three sets of 
symmetrical components are designated by the 
additional subscript 1 for the positive sequence 
components, 2 for the negative sequence components 

1-3. NOTATIONS AND MEANING OF POSITIVE NEGATIVE 
AND ZERO PHASE SEQUENCE. 

An unbalanced ,system of n related phasers can be 
resolved into n systems of phasers called the 
symmetrical components of the original phasers. The 
n phasors of.each set of components are equal in 
len~th'and the angles between ~h~ adjacent phasors 
of ih~ set are e~ual. Although lhe method is 
applicable to any ~~blanced p6lyphase· syste~, we 
shall confine our di sc:usi:6n lo three pi,ase system 

Thre~ Llnbalanced phasors of a three phase 
system can be r~sol~e~· into th~ee balanced system 
of p'flasors. The balanced sets of components are: 

1. Positive sequence components consisting of 
ttiree phasers equal in magnitueds, displaced from 
each other by 120 degrees in phase and having the 
same phase sequence·as the original phasers. 

2. Negative sequence components consisting of 
three phasors equal in magnitued displaced from 
each other by 120 degrees in phase and having a 
phase sequence opposite to that of the original 
phasers. 

3. Zero sequence components consisting of 
three phasers equal in magnitude and with zero 
phase displacement from each other. 

4 



and O for the zero sequence components. The 
positive sequence components of Va,Vb, Ve are Vat, 
Vb1, Vc1 • Fig 1.2 shows three sets of symmetrical 
componenti phasers representing ~urrents, will be 
desi~nated byI with subscript as for voltages. 

Yai 
Va, __/ 

~v., 
\{,~ / ' 

'. •. . ' . V'bl ', 

vbo »: Vc.i 

Vb1 
'?o~:,t ive - Se<\ ue:nc.e 

c.cmpo'l'le:n\:~ 
We~ative - Se<t,UeYlc.e 

C.0 rn PO't\ e. 'fl \c:_ 
Zero -S.e~ueY1'-e 

cc tt1po'fle.'l"tt 

Fig 1.2 
Three sets of balanced phasers which are 
the symmetrical components of three 
unbalanced phasers~ 

1-4. SYMMETRICAL COMPONENT EQUATIONS. 

Since each of the original unbalanced phasers 
is the sum of its components, the original phaser~ 
expressed interms of their components ar~: 
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1-5. RESOLUTION OF UNBALANCED PHASORS INTO THEIR 
SYMMETRICAL COMPONENTS. 

In view of discussion of operator a the 
components of positive, negative and :zero phase 
sequesce can be carried out~ it is necessary to 
have a reference pha~or which ~~n be arbitrarily 
taken as any phasor. 

In \he following discussion Ea is assumed to 
ihe reference phas6r. 

be 

Eao = E: bo = Eco 

Sc1 = a8a.i 

Eb! = a2 E. at 

E: b2 = a E az 
E. C. 2 :: a2 E'..a2 

i i 

1. 2 (a) 

- 1. '2, (.b) 

_ 1, 3 (a) 

-i.'3(.b) 

Now, set equations (1.1), (1.2(b)), (1.3(a)) and 
(1.3(b)) are arranged according to section 1.4. 

ea ·- Eao + 8a1 -+ Ea2. - - - - - - 1 .4 

gb = 8 bO +· as. a 1 -t a.Ba2. - -- - -:-~.1.5 

8c. = Eao -t aE a1 + cf E'. aa -- ___ - 1.6 

In order to find different symmetrical components, 
three methods can be adopted · 

.. 1-5(a). MATRIX SOLUTION. 

Equations (1.4)(1.5)~(1.6) can be represented in 

6 



matrix form i.e, 

8a iJ f 1 i i I I Eao 

8b J l j 

2 a I I 8a1 - a - 
E:c. .. 1 a a:2 J L Eaa. I:.. . 

-···-(J.7) 
1 et the matri >: given by eqLtation < 1. 7 > be 

re~res~nted in short fbrm as 

's = AB aia -- - - - - (t.B) 

where the subscript 0,1,2 and stand 
positive and negative c6m~onents of the 
pha•6r, the matrix 

for zero 
reference 

= - - - - - _( i.9) 

/ A = 
l 

j 

1 

-- - - ~.(i.10) 

and, 

~ao 
Ea.1 (i-11) 
Ea2, 

premultiply matrix (1.8) by A 

= 
C As A-1 A i s uni t y J 

7 



The inverse of matrix A can be obtained by usual 
techniques and it is easy to write, 

1 1 i 
A-1 = i 

I: 
1 a a2 I (i. 13) - - - - 

:5 
1 a: a 

Rewrite equati o'n (t. 12) in view of matri~ equation 
< L 13) . 

::01 l 1 r : 1 1 1 r E.a 

= a a2 I I l?.b 
3 

8a2J l i aa. aJ l Ee. - 
---- (1.14) 

£ac = ..1.. ( 8 a -+ E. b .• £c. ) _ _ - - - _ ( 1' .• 1' 5 ) 
3 . 

Ea1 :: ~ ( E a -+ a 8 b •• ~ ~.c ) - - - - - ( 1 • t6) 

8 e.a 2. . ) -----(1.i7) ,: ~ ( 8 a .•. a 8 b .• a Ee. 

1-5(b). SIMULTANIOUS 
EQUATIONS 

ALGEBRIC SOLUTION OF 

Add equation (1.4), (1.5), and (1.6) and keeping 
in view that (1+a+a') is zero 

- - - - -~ ( 1. •. i 8 ') 

8 



E e.1 
Now multiply equation (1.5) by a and equation 
(1.6):. by ci' and: add 'equation (1.4) keeping in view 
that a,3' fs unity and a4' is same a:. 

( E: e -+ aB 'i::i •.• E'.c. ) = (1 • a. a?. ) £ a1 ;- ( i + a..3 -1- a4) 8 ai 
'2: 4 \ + ( i .• a. -+ a 1 ~ ai. 

Similarly it can be shown that if equation (1.5) is 
multiplied by a2 and equation (1.6) by a and their 
results are added to equation (1.4) 8a~ can be 
represented by equation (1.17 >. 

Thus the different components can be obtained by 
equation (1.15), (1.16), (1.17). 
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CHAPTER 2 

----------. . .. -------------------------- . ----------- 

ASYMMETRICAL FAULT CURRENTS. 

-------------------------------------------------- 

2.1 INTRODUCTION 

In power systems faults may occur mainly due to 
following two reasons: 

1. Insulation failure 

It may be caused by over - voltage applied to the 
system produced by the switchin~ surge or by a 
lighting stroke. However, the insulation failure in 
case of line insulators may be caused by stres~ and 
strain of severe hot and cold weather. 

2. MECHANICAL INJURY 

In case of transmission lines it may be caused by 
high velOcity winds or by falling trees etc. 

The determination of short circuit current in 
power system has great importance fro~ protection 
or view. For adequate protection , it is necessary 
to determine the capacity of the power system to 
supply short circuit current. - · 

1 o 



2.2 TYPES OF SHORT CIRCUITS. 

The fault in power system may occur: 

1. Between one phase and earth 
2. Bet~een phase and phase 
3. Between two phases and earth 
4. Between two phas_es and at the same ti me there 

~ay be a falt betyween third phase and earth 
5. ~etw~en ail the fhfee ph~s~s 
6. Between all the th~ee phises and ground 

The first four types of faults produce 
asymmetrical fault currents, while the later two 
types produce symmetrical short circuit currents. 
The possibility of symmetrical fault in a power 

system is quite rare.The actual fault may occur on 
one line and ground or two lines or there may occur 
fault between two lines and ground. In this chapter 
we will deal with these types of faults only which 
are asymmetrical faults producing asymmetrical 
fault currents and voltages. 

2.3 ASYMMETRICAL SERIES IMPEDANCE 

In this section we shall be concerned with system 
that are normally balanced. The short circuit 
faul\s cause unbalancing of the system. Fig 2.1 
shows the asymmetrical part of a system in which 
;, Zi, Z~ and Zn are the impedances in each phase 
and in the neutral respectively. Let there be no 
mutual impedence between them. 

11 



I Za 
~ 

1 Zb 
~ .. I 

le z: 
Sa 

)· t.rnao-', ' 
Eb · " 

1 
J 

I E,i . ZY1 
{irn'o'4- 

Neutral 

Fig 2.1 
Unbalance system of self-impedances 

In view of Kirchhoff's law~ 

I 

Ea ::. IaZa -t In Zn , 
gb = r, Zb -+ lYlZn 

- . . . I 
Ee = lt.',c-+ ln'Zn -·----· 

(2 •• 1) 

(2 - 2J 
( '2, ~·3) ·. 

- - -- - 

when, In = 1 a """ I b • le. ( 2 -4) 

In view of equation (1-15) 

= 3 lao ( 2. 5) 
In view of equation 2-5, and using equation 1.4, 
1.5, 1.6 which are rewritte below equation 2.1 to 
2.3 can be written•as equation 2.6 to 2.8. 

l!.a ,::, 8a1 -+ Ea2 + 8ao - - - - -- - - { 1. • 4 ) 

E. b 2. 
-----·-(1.-9) = a Ea1 -+ aEa2. ""' £:ao 

E, C. = a E:a1 + a2"Ea2, + E'..ao - - - - - ( 1 -6 ) 
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s::r 

(6-~) --------c·~z~~ qz--g >t-'1-z1°~I f +- 

[')Z"B,; ~+1Zz J 7.·-e1 t -to l ""2 ~ ~z ... 11z J 'tlI t = ,-e a 
. ~ 

[ (.,--e + :e + 1 1 ~z £+ .?zf·+q z.1t~--e2 l O\:?I .,.. + 
L'2"Q"1" C\2..:9 ~ -ez 1 'G131 ~.,. [ ""1. + C\42 ~ 12z] rn I t = 112 3 

[~Z O'BI<i + JZ(0"gIT '~I~+ ~re)]i3 f + 
. 1 £ ( u;z O""Q1,£ + <z (tmr+ 'al?.re T l1?I,.1?) J-e--r + 

( ~z o111£' + -ez (0-..1 .•. ·1,111 . + nt)1 f = w '3 
s·z o~ 9·z uoJ~enba pue 91"1 uo,~enba 6u1sn 

(L\··1 '/ - - .•. -- - - ('?'B 1] + ~3 ~ + "'e '3 } + = 'G"'B 3 

(91 • "'() - - - - - - ("'3 r: q'312 ~~'3 ) ~ = 1e·3 

( St • 1) · - - - · · - - (.,3~<\3~'Qs)t = o--e 3 

"Motaq ua~~JJMaJ aJe 4~J4M Ll"l 
'91·1 'Sl"l uo,~enba fO MaJA UJ sny~ pauJwJa~ap 
aq ue::> ::>3 pu-e q3 '\?3 fO S~uauodwo::> te::> J .. ,qaWWAS .341 

( 6 . 'a) ". z 0-e1i;, ~ ~1. ( 0~1,. -t~ I~~ + 1--e I l:?) :: :) ·;a 

(s·-z J" '-'Z 0111 £ +- qz ( o-e1 + 112112 + 1'12I,.1?) : 'fa . 
<9·z r· v.z .o-e1 s - -ecz ( Oll 1 ~ c."l! I + 1u1) -. 1?3 
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-=- l. ( Z a -+ a Zb • Zc. ) 
3 

= -} ( z a ~ a'Zb ~ Zc..-) 

-(2-\2) 

(2. · 13) 

Similarly, 

- - - -l.2. ,11) 
Let Z~, Zs ,Zq be the zerq sequence positive 
sequence components of impedances given as 

Zs 

Substituting equation (2.12) to (2.14) in equation 
(2.3) to (2.11) 

tta1 = Ju Zm 4- J a2. Zas + I ao Zc::. 

Iac ZY'\ 

Eao = 

14 



The 
+or m 

equation 2.18 can be r-epr-esented by 
• 

a ma t r i x 

Thus it can be obser-ved that cur-r-ent of one 
sequeMce can pr-oduce voltage of other- sequence. 

SECOND METHOD BY APPLICATION OF MATRIX EQUATION 

The ~r-evious r-esults can also be pr-oved by matr-ix 
equation. For- simplicity it has been assumed that 
ther-e. is no impedance in the neutr-al as shown in 

fig, 2.2. 

A la Za I 

> '~ 
p.. 

e Jb Z'o I 

l~W?Jl' -- 8 

C. J~ ~·~ I 

I~ 
C. 

Fig 2.2 
Unsymmetr-ical impedance in the thr-ee phases 

12 ~~ = la Za· - - - - -·-·· -~ - - -- \ '2. • tB ca ) 'i 

E~~I = lb Zo - - - -· - .- - - - ( i. .1.e l b'l '> 

and, t'. cc' - le.. Zc_ - - - - - -· - ·-- -('2...\S (.c.)) 

as: 

£AA' I I za o 0 ', Ia 

£ eie I == I o zb o 1 b I - - #- (1. .\~1 

Ec.c.' I 10 0 7-c.. le. 
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'1... 
Za. .•. a Z0 + a Ze, 

7a 0 , 0 · I za '2.b Zc. 

11 ~ 
1. 1 -i I A:! Za 

,. a,.. A- 0 Zb 0 aZb az, a 
z, aZ, I I 1 

t 0 0 I Za Ellb a a 

Za + cfZi:, .•. a Z, 

--- - .( 2- '2.'3) 

Set equat i on (2. 23), in eqL1ati on (3. 20) 

EA~O I i r z·a .• zb,z,· Z a 4, «z; + a'Zc. Za 4-a~+a'Ze 111 ao 
E AA11 I Za"'aZb+a~I I la., ::: 3 Za • sz, +ak Za + Zb -t-Zc.. :1 . 

' E'. A A, I I Z. a + a"' Zb .• aZ<- Za. .•. a.Zb+aZ 'Za+ :Zio+ z, 
or , __ . _ . ( 2 . 2 4 ) 

EAA'o :. -s (Za-+Zb"'Zt) Iao +-! (Za. + a'Zb + aZc.Jia, 4, i(Za.+ a Zb+a"'-zc.)la; 
I ----(.'2,. 25) 

g AA, = i { zs , a Zb •ii°Zc.) Iao ~ \CZ.a +Z1:i .•. 'Z..) la.,; ~(ia ~ a,.Zb+aZc. )Ta2 
- - - - (2, . '2 6 ) 

E; A A12 = § ( Za + «z;: a'Zc)1ao + 1 (Za .•. a z b + a"-2£..) + t (z a .•. zb~Zc:.)I a2 
- - - - (2.. '2. 7) 
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The equation {2.25, 2.26 and 2~27) can be simplified 
to a gre~t extent if the impedance Za, Zb and Zc 
all are eq~al to z. so rewritting equation 2.25, 
~ ~6 ~ ~7· we get · 4o4 t .4•4 · ·, 

8AA'.o =. Z 1 ao ''• -,.-· - - - - (.2.-26) 
,~ ' 

EAA'1 :: Z Ia1 
' --~--:~-- ( '2. • '2. 9 ). 

EA1{z : Z1a2. _____ ...;.·. ( 2. . 30) 
Thus, from equation i.20, 2.2q and 2.30 it can be 
ob~efved ~hat if unbalanced curr~nt flow in 
sy~met~cd(equal> series impedances the symmetrical 
components o~ voitage d~ops (s of like sequence 
only, provided no coupling exists between phases, 
if the impedances are unequal, Equations 2.25, 
2.26, 2.27 show that the voltage drop of any one 
sequence is dependent on th- curren~bf all three 
sequences. 

2.4 SEQUENCE NETWORKS. 

This is the most important concept of symmetrical 
components. The sequenc- network is an equivalent 
network which is supposed to be balanced system 
operating under one of the sequence component of 
voltages and currents. 

Thus the impedance of the network offered to the 
f 1 ow of positive sequence currents is c at led the 
positive i~pedance similarly if only negative 
sequence currents flow the impedence of the network 
offered to this current is called negative sequence 
impedence, also the impedance offered to zero 
sequence impedance of the network. 

Hence .the ·sequence network in reference to any 
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particular setjuence· currents consist of a single 
phase network having impedance offered to one 
particular seqoehce comp6nents of current. 

I MPEJ;>ENf:E!:l. ~HI CH ARE I NDE,:PENpENT. OF THE PHASE JlRDER 
OF C:URR,~NJ"? ARE CALLEO l NQEPENDENT .I MPE;DENCES , 
THO~E . DEPENDANT ON TME P~A?E .. SEQUE!'ICE _ORDER OF THE 
CURRENTS ARE.CALLED DEPENDANT IMPEDENCES. * . ,· ., . . 

:Z~_, Z\, Zas,. REPRESENT DEPENDANT IMPEDANCES OPPOSED 
TO I0 , 11. AND r, . 

------------------~------------ ----------- * As defined by Prof. Haldun Gurmen 



2.5 SETTING UP OF THE SEQUENCE NETWORK. 

As the sequence network is to be set up seperately· 
for each sequence. This will help us for the 
analysis under asymmetrical faults. In order to 
deveiop ~et hetwork it is viewed from the fault 
point assuming ~hat a partitular sequence current 
flows in the circuit. The method- consists of 
a;$sumi ng __ th~t a certain voltage is impressed across 
the terminals of networks which is followed for the 
cur:rerit fiow 'to fault point. However, for zero 
ph~se sequence networks one must vi_ew the network 
I . . . . ' 

ftbm fault point bec~use zero phase sequence 
curt~nt may n6t be flowing ~hrough out the circuit. 

For example consider unloaded generator which is 
grounded through reactance x~ , let an assymetrical 
fault occur (which also involves the ground fault) 
causing unbalanced currents Ia,- lb _and I~ flows 
thtough the lines as illustrated in fig 2.3. 

Fig 2.3. Represeptatiion of unsymmetrical 
fault on an unbalanced generator. 
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. Since, the~e is also a ground fault current In will 
flow into the ground reactance Xn • The positive 
phase sequente component of currents are IM, Ib!and 
k1 while the negative sequence component~ are I~,Ib~ 
and I and zero pahse sequence currents are I , I 
~&. the g~nerator are al~ays designed to generate 
balanced voltages so, the generated voltages are 
positive seqt.ierice on t y. Let Va , Vb .and Ve be the 
generated ph.a?e vpl tages a l so assume Zs , Za.s and Zm 
be fhe pp~itiVe, n~g~~ive a~d zero s~quente 
impedin~~ 6{ th~ g1neri(of. L~t Ea, E~ and Ee .be 
€~e ~ote~tia1 ·6et~een ~he te~minal of the 
generatci'r-. . 

The paths for currents of each sequence in a 
generator and the cor~esponding sequence networks 
are shown in fig 3.3 

a 

lc.1 

Fig 2 •. 3<a> 

Positive sequence current 
paths. 
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Refere.nc.e. bus 

+ 

Ea1 

P·osi ti ve sequence 
network 



Iat -··- 

Zas 

~efranc.e.. bu; 

I.a&...,. 

Fig 2.3Cb) 
Negative sequence 
network 

Negative sequence 
cur r-errt paths 

I~ 

Iao 
Ibo-= !ao 
Ic() -: lao- 

Fig 
Zero sequence current 
paths 
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Eao 

2.3(c) 
Zero sequence 
network. 



The reference bus for the positive and negative 
sequence networks is the neutral of the generator. 
So far as positive and negative sequence components 
are concefned, the neutral of the generator is at 
ground pot•ntial if th~re is a connection between 
neutral and ground having a finite or zero 
impedance since the tonnecticin will carry no 
p6sitive or neQati~e se~u~nce currents. 

In vtew of eguatioh 1.4 the potential E can be 
re~~~se~ted as · 

-----(2..31) 

The positive sequence compqnents of the potential 
is equal to phaser ~iff~rence of voltage generated 
< only positive sequence) and potential drop 
across the positive. 

Va - lu Zs (2.32.) 

Similarly 

Ea2. = o Ia2. Zas -- ---- (2 .33) 
As generated e.m.f has no neg•tive 
component. 

sequence 

Also 
E a11> -::. o - I ao Zm - Iao ~"' -Ibc,X .•.• -lcoX.A 

- - - - ( 2 . 34) But 

Iao (~ .• '35) 

Rewriting equation 2.34 in view of equation 2.35 

E ao = - Iao ( Z.m -+ '3Xn) - - - - - t 2 . 36) 

Setting equation 2.32, 2.33 and 2.35 in equation 
2.31 
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similar-ly 

and 

E~ ::o. ( \{ - lc..1 ~) - 1c.i. Zas - lao ( Zae";. +3X"") 
Rewr-iting equations 2.38 and 2.39 in view of 

equati~M i.Tand 1.3 

E'b = (at:Va. -8.\.laiZc,.)•_ ala'2.Zas -1ao(Zm+3X"') 

and 

Now consider-ing equations 2.37, 2.40 and 2.41 the 
fir-st component within the paranthesis of these 
equ,ati on r-epr-esents the gener-ated e. m. f and only 
positive impedance, or these three components can 
be combined together to form a positive sequence 
network as shown in fig 2.4 similarly, if the 
second ~omponents of these equations are combined 
together they will represent negative sequence as 
shown in fig 2.5 ~ Also, the third iomponents of 
these equations are combined together to a zero 
phase sequence network and are shown in fig 2.. 6. 
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Iao r L =' Iao _ 
. vO •• Iao Ir.o - ~· 

"'; x.,, 

( ~i9 'l-G C) - 

Zas 

Fig 2.6 
1, 2. 

(a) The three components <Va -Iat.Z! >, (a V~:,,.-a IaiZs > 
and <aV8 -ala1Z5 > are combined together to form 
a positive sequence network. 

2, 
(b) The three components < Ia2 Zas) (a Ia?. Z~ and 

<ala2 Zas> are combined together to form a 
negative sequence network 

(c) The three components Iao <Z- +3Xn > are 
combined together to form zero sequence 
network. 
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2.6- SINGLE LINE TO GROUND FAULT IN CASE OF AN 
UNLOADED GENERATOR. 

12- 

Fig 2.7 
Representation of line to earth 
as an fault unbalanced generator 

Fig 2.7 represents an unloaded star 
generator. The star point is earth 
reactance Xfl. Let phase a be grounded 
clear from fig that 

8a = o 
and Ic. :::: 0 

~b 

fault 

connected 
through a 
so' it is 

---- (2..4-5 ~ 

- - - - ( '2 .46) 

In view of equatian 1.15, the zero phase sequence 
current is given as: 

Iao 

= 1 
3 

26 
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~ The positive phase sequence current is given as 

I a1 = ~ [Ia ~ a 1 b """ al. I c, 1 
1 1' 3 a - - - - - - ( 2. . 4~) 

Similarly 

Iao 

= i. I a 
3 

= Ia 1i = 1aa 

= Zm + 3 )(r, 

- - - ---(2;.49) Ia2.. 
Thus 

- - -(2.. so) 

Let 
- - - - -(2 • 4 2.) 

Where Zfm is the generator zero sequence impedance 

Equations 2.32, 2.33 and 2.36 can a-lso be 

represented in matrix form in view of equation 2.42 

Eao I 10 Zgm 0 C 1 ·r lac, 
E a1 I = I VE, - 0 Z1:, 0 Iat I : .. - ( '2. .4. 3 ) 

Eai I 10 I I 0 a Za~ lal. 

Ih equation 2.43 the impedance me t r i x can be 

defined as 

z i,--n 0 0 

z I 0 Zl!I C> I - - - ~ ( 2. . 44 )' 
= 

0 0 Za.~ 

In view of equatioh 2.32, 2.33, 2.36 
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----l2..51) 

Bao ..,. 

- - - - ( 2.rs2i) 

~ - - -(2. .53) 

Ea2 . :: O - lai Zas 

Let 

where zgvnis the generator z~ro sequence inpedence. 

Adding equations 2.51, 2.52, 2.53 

But 

Eai + Ea~ + 8ao ::. V, - la1 - Ja-z. Zac; - lao Z~m 
.) 

- - - - -{ '2.. . 5 4) 
Ea = Bai .• tai. ~ E.a.o :: o - - - -(2..,5 5 ) 

Rewrite equation 2.54 in view of equations 2.50 and 
2.55 

Ya = ( la, Zs ~ ia1. Za~ ..tr·,Ia2. Zgm) 

la:t :: - 3 Va.. 
Zs + Zac; :+ Ztm 

Ia = 3 Va 
Zs + Za~ + ZgY1\ 

- - - - (2,.,56) 

- - - - - ( ~.5 7) 

In view of equations 2.50 and 2.51 the sequence 
network can be constructed as illustrated in fig 
2.8. 
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• 

- ' . 1 

J 2'.,:, EaJj. 

,. 

Eao 

~ 
Ia1 

Fig 2.8 
Sequence network representing single line 
to ground fault. 

2.7 DOUBLE LINE TO GROUND FAULT ON AN UNLOADED 
GENERATOR. 

Fig 2.9 represents the current distribution when 
there is a double line to ground faults which 
occurs between phases band c and in view of fig 
2.9 

and 

s, =- 8c. = 0 
ra = 0 

Ba1 
i. : .i ( Ea -+ a E: b • a 8 c ] . :, 

E a.z. = '3" (Ea+a'"Eb~ aEc.) 
E.ao = ....1.. t £a -t- Eb + Ee.) 3, . 

( 2.. 68) 

( z , S~) 

Also 

/ 

and 
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1(t:""" 

Fig 2.9 
Double line to ground fault 

So 

But 

E.a.2 ': - I ai Za':> 

8ao ~ ..,. la.o 'Z gm 
In view of equation 2.60 and 3.63 

= -1. ( Va - Ia.t z, ) 
Za~ · 

Similarly from equation 2.60 and 2.63 

= -~m ( Va - la\ z, ) 

30 
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- - - ('2.,,60) 

- - - - (2. · 6 i ) 

- - - - l'2. · 6'2) 
----(2.6'3) 

- - - (2:64) 

- - ., (2. 6 5) 
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Again 
- - - - (~ .66 ~ 

Set. equations 2.64 and 2.65 in equation 2.66 

or 

= 
Zs + Zg-m Za~ 

Va, ----(2..67) led. 

Simplify equation 2.62 and set equation 2.67 

= - ( .Ya_ • Z, ) r« 

__ 1a\ - Zg:'rf'I 
- .Z.g-m ~ Zae.. 

Similarly simpligy equation 2.65 and set equation 
2.67 ·in it. 

Iat 

_ -.Ia!. Za~ Z['ff· 
- zgm 

- - IaJ. Za9. - - z,'VO-lrza~ 
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Thus , from above equation I81, Iae., Ia0 can be 
obtained. Eai,, Ea2, Eao an be determined once we known 
these currents. 

The sequence network is illustrated in fig 2.11 

Fig 2.10 
Representation of sequence network. 

2.7(b) ALTERNATIVE METHOD. 

To illustrate the use of the mat.r Lx the above 
results can be proved as follows 

In view of eq~ations 1~7 and 2~58 

Eae r 81 
,. J.. A I ~) 

Ea.i - 3 0 

kai J Lo 
r- :JI 1 1 E1 

i,. 
1 a 0 I ----(2. 68) 

3 

i 2 a 11 co a 
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From equation 2.68 it can be concluded 
that 

~81 = i Ea - - - - - - ( 2.. 69) 3 

E a z ::. ..L Ea _ _ - - - -( 2 . 7 0 ) 3 

E ao -= J.. E:a -'- - - - -·(2-7t) 3 
'Also 

Iii at ::. Va - Ia.1 Zi .~) : .:_ ____ ..(.z.72) 

Ea~ = Eat - - lat Zas ------('2.-73) 

t'.ao -:::. 8 Pf. : - 1 ao Zgm ------(2-74) 
-so in view of above equations and equation 2.43. 

Va - Ia1 Z5, 1 10 I I Zgm r• 

Iao 0 0 

Va - Ia1: Zs - I :· - 0 Zs 0 Ia1 I - --(2. - 75: 

Va - Ia1 Zs C> 0 Zas laa •.. 
In order to determine the values of I , I and I 
premultiply equation 2.75 by Z given as. 

Zgm 0 0 -1 .J_ 
zgm 0 0 

z -i =: I 0 Zs 0 ...L o/ - .,. - - ._ ( ~ . 7 6 ~ - 0 Zi ,.4... 
0 0 Zas 0 0 Za.~ i, 

.!_ o -~ o 
Zgm · ..1.. ·· o 
o Zs 

i ~ 
o 7..asr 

V1 ... Ia1 z. 
V1 -la1. Zs I c 

'/1 __ Iai Zs 

1 O ..- 
Zg\'n ..L 
o z, 
0 0 

0 0 

0 

0 
·.1.. 
Zas 0 

Iao 

I a 1. 
I a a 

V 

- - - - - l2. 7 7) 
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-Iao •· ,, 
1; ' 

Ia1 

-1/Z,gm (Va-lat ZsY \ 

Va/z~ - 1/z..~ ( Va -1a1 ~) - - -- - (2. 78) 

I Iao l C I f _1/Zg-~ ( Va- IaiZs) 
or- 

Va/z~ - l i /Zs ( Ya - lat Z;) Ia1 J - 
Ia2. 0 • . 1/Z a<; ( Va - Ia 1. 7.s) 

l az f L- - if Za.s l Va - 1- a1 Z.. ,; 
from eqL1at ion 2. 78 I~, Iu and Ia 2. can be determined 
and in.view of equation 2.66 the valLte of IB.1can be 
determined as represented by eqL1ation 3.67. · 

2.8. LINE TO LINE FAULT. 

Fig 2.11 represents the condition and cµ~rent 
distribL1tion when there is a faL1lt between two 
lines from cinfigL1ration it will be clear that 

Eb = 8c -- - - - ~ (2. · 7 9) 

Ib :: - le. ---- --(Z.90) 

la =- 0 - - - - - - (2. .s 1) 

BL1t in view of eqL1ation 1.16 

Ia1 = 1/3 ( Ia -+al0 + a2·rc.) 

-= 1/3 (aib + ci'lc.) . . 
1 b ( a - a' ) =- J_ I1, :: i/3 ;-g 

la?. :. 

= 
. 

-1_ lb 
'-1"3 
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Also 

Ia 

Fig, 2.11 
Line to line fault 

-= 1 / 3 ( I a -+ a,. I b -+ a le. ) - ----(2-62.) 

Iao 1 /3 (Ia + r. , It. ) 

In view of equation 2.79 

so 

£ ao + a2. 8 a 1. + a E a 2 

Va - la1 Z~ = - I e z Zas 

35 
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• 
In view of equation 2.82 

Va - la1 z., = - Ia'n z., Za~ 
Ia1 '= Va 

Zs -+ Zas 
ln_vi~w of ab~ve equation the sequence netw6rk can 
be represi,?nfed as sho~n in fig 3.12. 

Fig 2.12 
Representation of sequence network for 
line fo lin• fault. 
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-------------------------------------------------- 

CHAPTER 3 

APPLICATIONS OF SYMMETRICAL COMPONENTS 
iN 'pbwE~ s'YsTEM' 'F;ROTEGT I ON 

.- ·-. ,.--- ~ ------. ----- .f -- . - . -· -- .. -.------------------ 

3.1 FAULT IN A POWER SYSTEM 

In the previous chapter we studied the fault 
conditions for the generators by assuming that the 
generators were not loaded, but the results derived 
can also well be used under load condition i.e to 
power systems. Consider a power system as shown in 
fig 3.1 

_, 

: 

~ F 
- - 

~ t 
, I a (\)} »: 

·1 

Fig 3.1 
Representation of power system 

under load conditions 
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Let th~re be a fault at point F of the feeder. 
Assume that there is a small off-shoot or stub 
lines from the feed~r at fault point as shown in 
fig 3.1 •. Let Ia, Ib -nd le be c~rrent in the three 
pha~e of the hypotheti~al stub•. The flow of 
cur r en t from each- 1 i ne into the fault is i ndecated 
by a'rrows "on the diagram· b.esid'e hypothetical stubs 
c:onnectec:I to ~at:h line at . the fai.11 t location. 
Appropriat• connection of the stubs represent 
v~rious type? of fa:L1lts. If it i9 .~SSL.lmed that the 
power sys fem cdns.i st of ) i near et ~ments the whole 
·system can_ ):le re?duced to a s'ingl e generator with an 
'equivalent _inter-rial impedance by u§e of.Thevinin's 
theorem~. Let Zm, Zs and tas be the zero, positive 
anci negc1t :i: Ve sequence i mpe.dance respectively. Al so 
let, E1 , E2 and E3 be the zero positive and 
negative iymmetrical cbmponents respectively. Let, 
the open circuit generatied voltage for each phase 
be V4, Vt, and Ve respectively. '11 

In order to illustrate the technique for fault 
currnet consider a single power system as show in 
fig 3.2 having similar generators G~ and G~ 
connected together through two transformers T~ and 
Tz and two similar line circuits L1 and Li• The high 
voltage side of transformer T~ is grounded through 
a fault limiting reactance x~. 

F. . ..,.. '"' lg ..;, • ..::. 
One line diagram of balanced three phase system. 
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I 

Th~ system shown in fig 3.2 is sufficiently general. 
for equations derived in the last chapter therfore 
to be applicable to any balanced system regardless 
of the complexity, If a fault occurs at point F as 
shown in fig j.2 it will introduce unbalanced 
condit 9ns into an otherwise balanced system. for 
analys -~ lhe as~umptions made are: 

1. r~e impedances ara all constant and independent 
of curre'nts. 

z. The gen~rat9r is producing negligable e.m.f for 
negative and z~ro' setjt..ience when ·.; aul t occurs. 

3. Thus for all practical purposes it may be 
assµ~ed that ma~hine be tha~machine generated only 
posit1ve phase e.m.f's. 

The network under these conditions can be 
represented by three independent single phase 
sequence networks as shown in fig 3.3. 

Refera'nc.e Bus 

Lt 

L,. F' 
Fig 

Positive sequence net~ 
work 

.,, 

Ia1 

3.3(a) 
Thevinin's equivalent 
positive sequence-network 
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Li ~ 
Fig 

Negative sequence net 
work 

3.3(b) 
Thevinin's equivalent 
negative sequehce network 

Li F 
Fig 

Zero sequence netw,ork 

3.3<c> 
Thevinin's equivalent 
zero sequence network 
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Positive seq~ence network: fig 3.3<a> consi~ts of 
positive -equence driving voltages, positive 
sequence cuttents and correspomding impedances 
~r,iv:i'.ng. voltage Va is prefault voltage at point 
negativ• sequence net~ork; fig 3.3(b) consists of 
no drj~ing v9lta~es; but carry negative sequen~e 
surrents arid corresponi::IJng. impedances. 

iero seql:Jerice net;wort: fig3.3<c> shows zero 
.2~qL1~r1ce netv-J9,r~.(.. fn this c:_9se as the system. has 
t,<ari!¥f.or;:mer;:~.' .<=m boHi si d~_s. The high voltage sides 
9£ wnich. have! been· .earthed • If an earth faL11t 
6ccurs·t it r,1ill cause ta circt,tlate current only in 
the tiigh ~oltage side, and th•re will not be any 
c.~rrent (cor'rsponding, to high voltage zero 
seqL\aric.e) - in ·t.he lines of delta side as it. will 
circulate in its local circuit, that is why they 
~re two breaks ihown in the negative sequence 
netwodr.. As the transformer Ta is grounded through 
reactance Xn , the zero sequence equivalent circuit 
for transformer will contain a reactance of 3X~ 
between the reference bus and T2, as shown in Fig 

3.3(c). 

I 
,I 

3.2. 
SINGLE LINE TO GROUND FAULT ON A POWER SYSTEM 

Fig 3.4 represents single line to ground fault, so 
it is clear from figure that 

lb == 0 

I c, =- 0 

E 0 .a - 
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"£"£ 5Jt UJ uM04s'se ~1net punoJ5 o~ 
au11 a1Bu1s e a~e1nw1s o~ JapJo UJ ~u,od ~1net a4~ 
45noJ4~ ~aJJas UJ pa~3auuo3Yp1no4s ~JOM~au a3uanbas 
aaJ4~ a4~ ~e4~ a~e3apuJ ~-£ pue J"£ uo,ienba 

{c· £)--- -·- 
lU}z ""s-ez +. sz 

'e)\ 

wa~sAs JaMod 
e uo ~1net punoJ5 o~ au11 a1Bu1s fO ase3 UJ 'a3UaH 

"Jo~eJaua5 papeo1un fO ase3 
a4~ UJ punof se s~uauodwo3 1e3JJiawwAs fO uo,~etaJ 
awes aAe4 ~snw uo,~enba asa4~ os •Jo~eJaua5 
papeo1un ue fO ase3 UJ punoJ5 o~ au11 e oi Atdde 
43J4M aso4i se awes aJe uo,~enba aaJ4i aAoqe a41 

·i1net punoJ5 o~ au11 a15u1s JOf sqnls 
1e3J~a4~odA4 a4~ fO weJ5eJp uoJ~3auuo~ 

~-£ 5J~ 

n: 
i ·r'I 



Positive Se.<t,net 

' F' 
!Ia1 

i--: 

lat t Ne9afive Seq'f'e.t 
• F' 
J Ia, v, I . 

' Zero, seq,riet t ,, ' t If. i 

! fao' ' ,, . ' ' 

Fig 3.5 
Connection of the sequence network to 
simulate single line to ground fault. 

3.3. LINE-TO-LINE FAULT ON A POWER SYSTEM. 

Fig 3.6 represents line-to-line fault so it is 
cleat from figure that 

a lat j 
b-----~---- 
C 

le. t 
Fig 3.6 

Connection diagram of the hypothetical 
stubs for line to line fualt 

- - - - - - - . - - - - ( ,3. 5) 

· - - · - - - - - - . ( 3 · 4) 
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Equation 3.3 and 3.4. are same as those which apply 
to those which apply to a ljne to line fault in 
case of an unloaded generator. So these equations 
must' have relation of symmetrical components as 
found in the caie of unloaded generator. 

----l3,5) 

-- _ -- (3.6) 

I_n view of E?quatiqr{ 3.5 and 3.6 the positive and 
negative se~~~nc~ ~et~orks should be conne~ted in 
parallel ai £he faµlt point .ln order to simulate a 
lf~e to line 4a~lt ~s shown in fiQ 3.7 

T 
V. ,f 

l 

.. ; 

Pos·, t:'we. ~ne.t Ne<:3ath,e- <!>~nd. 

' F p 

' 

T 
_1 

1a1. : - lai. 

Fig 3.7 
Connection of the sequence netwcirks 

it simulate line to lihe fault. 
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3.4 DOUBLE LINE TO GROUND FAULT ON A POWER SYSTEM 

Fig 3.8 repre$ents double line to ground, it is 
clear from figure fhat; · 

- - - - - l '3. 8 ) 
By compar:Csori with equations ·derived .for the case 
·o~ dou~le 'l"irie''to g,r~,L,lnd'fa~ti'tin c·a.0$e 06f 

unloaded 
g~11erator w.e _see 1;.hat they ar e . ex ac t I y same.· So 
~hes~ equationi must have ~~la~ion of sy~metrical 
components as found in the cas• of unloaded 
generator. · 

Eb = E:c. = 0 

Ia ~ 0, 

-- - --('3,7) 

Ea1 = Ea2. = Bao - - --- (3.9) 

Ia1 = Va + Z~s Zfm ____ -(3,iO) 
Zs Za~ -+ Zgm 

a 

Fig 3.8 
Connection diagram-of the hypothetical 
stubs ~or- a d.oUble lir>e to ground FaLLlt. 
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Equations 3.9 and 3.10 indecate that th• three 
sequ~nce network should be connected in parallel at 
the f~ult point in order to simulate double line to 
grourid fault a~ is shown in Fig 3.9. 

T ' -r ... f ·, 

~ 
. 6':~o Eao ' 

i" ~osaav: '5~net 1 ' "' , ' ' ' ' NE!CJsiHvt s'~ Yltl. ; 2 ~rt) Se~ Y'let , . I 
I 

,F I ~ f;! ' ' p t' I t la1 ~ f la1. i lao It +· + 

Fig 3.9 
Connections of sequence networks to 
simulate double line to ground fault. 

46 



In the previous chapters much has been discussed 
about various types of fault and the techniques for 
fault current calculations. The protection of power 
system is as important as its generation and 
transmission. To. avoid heavy loss to eqGipment and 
industry we always require to have a normal 
operation of the power system without failures. In 
this chapter the protection techniques will dealt 
for the safe guard of the power system. 

-------------------------------------------------- 

CHAPTER 4 

SYMMETRICAL COMPONENTS FILTERS • 
•... ,.~, ',.-,,-;,_·-..:, ·,:.,-!·"'.'._ ·-~ ·, ,.::•,l- ·y:·:-, .. ,!..,~•-'.>' 'd '·,. ,, 

CONSTRUCTION OF A VQLTAG~ FtLTER. 

-----~ :,:- -·· y•,·· - •.: - ,.----- . ·----·. ------- • ----------------- 

4.1 INTRODUCTION 

4.2. FUSES~ Fuse is being considered as the 
weakest link in the electrical circuit. It is taken 
as the simplest protective device as in used as 
circuit interrupting device under short circuit 
conditions. It prevents over heating of the eiectrical 
appliances. 

A fuse is essentially a small piece of metal 
terminals mounted between two terminals mounted on 
insulated base w~ich forms a series path of the 
circuit. 
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The d~ity of the fuse wire is 
workfng. ci..u:·reril safei y ~i ttiout 
·nor-mat wod~ i ng: current: is 
rap'icHy h1:a1':0 up 'to the· m~ltinQ 

t9 carry the normal 
~eating, but wflen the 
e~feed~d it should 
point. 

4~ 3' CIRCL!}.T E!REAK~R. 

Feit· . 1 ow, vol t'.~g'.er C:i:..rc:.Ltil fuses,: may be, used to 
. i sol'.at.~ "tt1~ ··r~uit'y cf;c::µ{t ,, b\t't 'iar . hi ghkrc voftage . 
. ,• :,,.y C(~ ·,'..•'.I".'~,. .. ., _'·_··:- \l_ -,<'. ;'.!'~•' '-', ·,;._,j~: _,, _ _. •. :_, ... ,.._.,,, , , .>; '.~.; a-. • ·.. ~'- ~:fJ ~" ' '< • 
isolatioh~ i~ a~bfeved 5y ~i~cuit breaker. The 

~- ,_!'.;.' ·.;'•._;·,: • ,.~~-· .:,•,'.} .!f':.,_,-_ ~-,..,,•.,·i,:, ,-·~_.\',-'.'• ·c;."'·: -:'~~: :,_.( .-·;,,,:·-·'},,'"<.:,,-·,.., .. ,' ,•_,.,..;:;c•:· .. -.·,_.-/·:;; ., ,·[ 

difference between the, fl.ise 'and, tl'fe circuit: breaker .o .-r:~: !<l"t. · .•.• ~-'-s;,· .,.~I':'::;, ·".-f ,_. ·":,(· ;'/,· ,;,--:r.:: •. )/ •. -,. i' \. -;,~·-·' __ ··Ji~",~.-,:'·-' ~ ·.:-_ · 

is> th~\ i.,J~Jt~ir ,_f ~.!-~1 t s.on,di ,tt,g{1 _:tr~, t:ts'e, ,Tf4!tt s .. and a 
n_ew one. :is_ .to be, r-epl~E:ed,, while- tne .. circuit 
breaker can close the ci"rc:uit'as br"eak the circuit 
w(thoLit: ahy· rep 1 ~Ce~ent. . . 

Th- pdwer dealt by th~ 
1 arge . and serves ''a$· an 
consumers and suppli~rs~ 
necessary r~quiremehts for 

c rcµit ~reaker js quite 
m'pdrt'ant link between 
The following are the 

a circuit breakers; 

.1. It must safely interrupt the normal working 
current as well as the short circuit current 

48 

2. After occurance of fault the circuit breaker 
must isolate the faulty circuit as quikly as 
possible, keeping the delay to minimum. 

3. It must have high sense of discrimination itShoula 
isolat~ only faulty circuit without 
effecting the healthy one 

4. It should not operate when over current 
flows under healthy conditions. 



4. 4 RELAYS. 

Th~, relaya are ~sed (o cut off the supply 
promptly tci ahy eiemenl ~of power system. whtc:h qncfer 
¥. '., -.-.. • ,,.- . • • ~- • • -\-·· .v; _._\' ·'.. ' , . ' . .. ' _,, 
gc;>i:;?s ,, .. shc;>rt circuit or it. star-ts operating 
abn9rma1 I y "; . 

_f,h~ , . r~J:3xs· , 9~ tY.}l~ \If :3- s~. <,;iAal . to· J,~e 
bf:.eat~er, f'qr °\:ripping, 0.tf . l!?Olat1ng, the. 
s'ys'tem:~, . Thiit. :," c:C'f'c:L1il bi--eake'il Llsed must 

'..,_, .,l•Jif,,·~·'{·;c,.,-·'- • '\·., '-/- ,,~',.0:;,;;c.:,.·;,-_f.;>~,'. ···_ ,;_ '•!·-~: .-'1···,C' · ... , .•.. \.:J;: · ~-1-~· 

s;~1ff(t;:~.~riJ . 'capi\c:.ity, tc.:f ... ' carrl'; t.F\'e·. fa1,.1lt,; 
mof!1entar n y ~n-i;f t"Re~ft. ·1,n'tert.1pt ft ; ' . 

'---·· -., . ' 

circuit 
·fauify 
be' '·o:r 

( ._ .... ,. 

c'ur'rent.· ,. ' ~ . . _, ., - 

The. protes;:~fy~ eg.~t:fpmen:t Cr~lay~) p,r9vide .~\ very 
good . indic,;1.tion o'f' t'ne type OT .fault whicn has 
o'c: c:'i..tr ed' •· 

'Ii 
Pha$e and li'n.e t:o L1\'\e vo\la<3es of a · lhlt.e:e. 

p'na~e. ~() ~le.m . 
1he. . s~mmebuc.al co~po'flen\~ e\ua\'\ovv.) Co\"' \..1¥1e. 

le liY\a. voH&~~ av-e . 

VJ..+ = t tV12 -+ a V23 -" fl V31 ) 
Vt_ = 1 ( V,2. + ;f Vi3 + a V31 ) 

3 
Vo = 1 C.. Via ._ V2s ~ V:s J ) 

:3 
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U- 1. - a2. - 
Vt=- ---g- u, 

\J~'i'(\Cj 4,1 a~c.\ 4.'2. . 

--- - ~- l4-,2.) 

"The zero se~u.~nr.e. o, l\.\e l1V\e Yol-la~ 
is ze re. 

-, 

bec:.c1u s.~· , 

V\ - I'_. ('' ; - ,14, .~ . t·\L 'i> t+-· "' ~-\.V1i,•\'8""!i'.-+- air-:.-', ,., - ' ,- ,;' . }1. ,, : . '; _;_!· . - ' -,. ! . " \• ~ \ .\ _J. 

' ~ 
\4 '• . '-'t ·W )"\·.: ..• t4.i'; 

- - 'I;, _- 'l: ' t- 0 ( v,. + a V2; _ -4- a V3 ). 
:s,· - 

Wheve \J,4, 1s t't-.e. ?oi1\::.\\Je ?Y'\a~e. ~eq,ue.V\c.e. 

cf t'r\e p""a~e vol\.a~es. 

'3 U+ 

S1Y1")1lart~ t \.-ic. neq a live ph a\e se1ueY1u: ci 
lh.e. line. voU a~e ,s . 
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4.6 CONSTRUCTION OF VOLTAGE FILTER. 

As it has ~een discussed earlier that when ever 
there is unbalanced circuit the unbalanced currents 
will have a negative phase sequence component. To 
avoid unbalanced currents w~ have constructed a 
voltage filtef. The filter ciicuit is responsive 
only to negative sequence compo~ents. When a power 
system undergoes short circuit or it starts 
operating abnormally, the fault current will spell 
into the filter, which will indecate the presence 
of a negative phase sequenc~ component, enabling us 
to do necessary steps t6 avoid it. 
Figure 4.2 illustrates the scheme utilized for the 

negative pbase sequence filter, 

.x 

Figure 4.2 
A voltage filter 



~s illustrated in Figure 4,2, U1~ and 
voltages at the secondary side of the 
from secti6n 4,5 we know that 

Ui~ are the 
transformer 

U+ -= ! lu12 _ a'2.Uz.'3) 

U- -=~ (Uu. -aU2.'!>) --- l 4, 4) 
First transformer supplies cirrent I through 
resist6r R to the mearuring device i.e ammeter 
while the second transformer supplies current I 
through Z (a series combination of resistance as 
well as reactince) 
R and L are chosen such that 

7. = J R 22 + l 2 w z:' = · R , 
ave. l an l,w -= U /3 

Ri, 

-·---~--· l 4 . C5) 

z -:: R, L TI'/3 : - a"L R, 
from Figure 4.2 

U12 '= R1I1 + X! 

Ui~ -: - a,. R, ! 2. + "'1 

a'rtd . 1 -=- I' • 12. 
when we have a balanced system ther will be no 
negative phase sequence component and the positive 
phase sequence voltages will cane! each other 
resulting a zero current in the ammeter. 
When the system is unbalanced the negative sequence 
current can be determined by using equations 4.3 
and 4.4. 

a Uzs = R; tl, +Ia.)+ x(1-a) J 

I = u1e. - au2'5 
Ri + X l i-a) --.(4.,7) 
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Xis the ammeter resistance and can be neglected, 

3~ 
Rt 

we can measure the positive phase sequence currents 
by changing the place of the impedances in the 
circuit, 

I = 

4.7 EXPERIMENTAL PORCEDURE FOR THE 
OF THE VOLTAGE FILTER. 

CONSTRUCTION 

To construct a voltage filter as shown in Figure 
4,2 we need a thre~ ~hase transf6rmer to drop the 
line volt~ges at the s~condary side, since small 
values of over current can cause dangerous 

. conditions, it becomes essential to have low 
setting for the filter. 
As we couidn't find. a transformer having input 
voltage that of the line voltage we use a three 
phase variable transformer, to drop the line 
voltages. After dropping the three phase line 
voltages to 100 volts with the help of .variable 
transformer we connect theline voltages to the 
primary side of a delta connected three phase 
transformer. The line voltages coming out of the 
delta connected secondary side of the transformer, 
or connected to another transformer with secondary 
side was giving us the line voltages U1t and U~3. 
The circuit diagram is shown in figure 4.3. 
We choosed values of R1 , L and Ri such that they 
satisfy equation 4.5, 4.6 and 4.7. And the values 
selected were, 

;· 

( Fig 4. 3) 



L = 5H 

RL = 180 .n, 

Rz = 720..Q. 

R1 = rsro. 55 

The the circuit was connected according to Figure 
4.2 

4.8 CALCULATION OF NEGATIVE SEQUENCE CURRENTS 
INCASE OF BALANCED AND UNBALANCED LINE 
VOLTAGES 

In the first step of the experiment the system was 
made balanced byselecting 138:69 for each phase of 
the three phase of the delta connected transformer 
and 120:60 for the transformer whose secondary side 
was connected to the filter as we disscus in 
section 4.6. We should not get any current in the 
ammeter but in this part we get a current of 6.7 
miliampere, the reason for this is as explained in 
the conclusion. Then we made the system unbalanced 
by selecting different winding ratios for each of 
the delta cinnected three phase transformer~ All 
the necessary calculations to calculate negative 
sequence current are shown on next p~e. 
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4,9 CONCLUSION 

In tn:i,~: experiment we should get a zero current 
~;i\~n t1\e sysl'em: wJs ba1anc::ed But we wer~ getting a 
··t\~"i;-\,a:rJ . li~ount. .,~-~ . ~ur're~t fn. the' ' amm;ter' the 
rJitso~:· \\'aSi tfiaf: we. ~ere u·nable to produce a 
~ ,,,~,. )_:~.: • :,';.•. :;.·:,;_ ......•. ·~;;-,·:.:-:~-,- -·;.i::- ..• _ .. _ ,_· .:_ ·'.!•- ;'- • .,.~- . , •.. ' ' -_.: .;:, - •. _. -- .- 

J>aransed ·.s·t§te,n.. WiJh. tn,'e. appa r-a t u s ~e were using . 
. ,Fi'.'r~'t of ai1 ,. tt~· ·varfabfe' t'rans:tormer was not ,-",~f~~~:s}~.ic_ .,.·l~iC tJt ··~}~q;1.,:r?:i $ .. ~ i ~.pct' , l,J n;~ . VO l tag e S , 
.Se.c.011.dly, ,tp~· thre~ pha.se t:ran9former was not "i~to'ductfng, ~·;;1tai::fos1 •. 0 f '~~qua!· proportion on its 
~s;;\.:·t.~"l..•,~•'t_:.:<-·=\,_ -Z: ,;;',;·- , . ...:..-'-":.' ·-·~·'--•«;. ' -,.: ..••. ~K-.:3-•. · , · ~-:ii , ._-'-':·. -~_,,,' -•i -.,· '"tc•· -_-, · :- 

'•se.condiu:•)~ .. ~Jd'e. Tf!es~ ~rror$ _wer·e a Lwa y s making the 
sYst.em' \:.nhaia'ricec:I: an:a ~e- · chi:t1d' nt get a· zero * . "-": .;,__ . ·-l'f ._ .•. ~> \'I ,i:-, ;/, ,· . J\, •. '< .·-;,, ·' 
c~r~~n~ r~ ~~s~ of balanced system. 
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CONCLUSION 

, In _/a~t t!'.li1=> w,a9 ~. st,udr. fp,J(', .,,tne .. cpurse ~ 1 ve n , 
- power Sys. Analysis· ]!' and power System Analysis Il . 

I r'()'. ,,, • ' 1, · .. - •• ~. ' .· , .. ,'I,."_:-._,. - ~--· ,;..'({'. ·~,,:. ··' .t~,. • ,_ 

a study w_a~ car:r.f,ed ou.t: on a, ,i:,articular- topic, the 
use o'f sfmmelric~] c'citnp'oh~n'(s. which 'i's" one. of the 
mo~t power . tool f'<>t d'e'~iln~ with 'unba Lanc e d 
polyph~secf . c irc~its. The me t hod of symmetrical - 
components has great importance and has been 
subject ol many ~rticl~s, and exp~rimental 
'investigations. · 
The study and work gave me an apportunity for 
devel~ping my practical side and it also gave me a 
chance to use my kno~ledge achieved during class 
times of power System Analysis I and System 
Analysis II. 

5[) 



BIBL)OGRA~HY 

Willfam· b, $teven~6ii', · Jr, 11 

?~,sf~m':'ANALY~IS ·,,, ,· 't1e GRAW!' 
.1988' •l 

2, Ha.l.dufu·. -N~. Gu~nie', ·~ Ele'ktro-Teknik 'bersleri', 
, c.i{t:.1 .Katap~L: ··KutU:finus M~tbasi Istanbul. 

~. -; :,: • . • :"t'- ' . , ;' ;_ 1,.. <. ' 

Elements of Power 
HILL~·. SINGAPORE 

3 . William~. Hayt, Jr., 
~Atngin~~rin~ Circuit Analysis 11 

, Mc Graw 
a ui . $fngapo,re' 1988. . 

5 


