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INTRODUCTION

The electrical power system normally operates in a balanced three-phase sinusoidal steady-state mode. However, there are
certain situations that can cause unbalanced operations. The most severe of these would be a fault or short circuit. Examples

may include a tree in contact with a conductor, a lightning strike, or downed power line
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TYPES OF FAULTS
Two broad classifications of faults are Statistics of fault
1. Symmetrical faults 5
2. Unsymmetrical faults Types of fault Y of occurrence
Single Line to ground faults(L-G) 70%
Unsymmetrical Line to Line faults(L-L) 15%
faults
Double Line to ground faults(L-L-G) 10%
symmetrical Triple line faults (Balanced three 504
faults phase faults)

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,

1) Three phase fault

2) Double line-to-ground fault
3) Line-to-line fault

4)  Single line-to-ground fault
5) Open conductor fault
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Symmetrical faults:.

That fault which gives rise to symmetrical fault currents (i.e. equal fault currents with 120° displacement) is called a symmetrical
fault. The most common example of symmetrical fault is when all the three conductors of a 3-phase line are brought together
simultaneously into a short-circuit condition.

Fault current is same in all the Three Phases and hence system remains balanced even after fault occurrence, symmetrical fault
conditions are analyzed on a single phase basis using thevenin’s theorem or using bus matrix impedance matrix. these faults are
relatively rare, but are the easiest to analyze so we’ll consider them first

Balanced System

Unbalanced System
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Unsymmetrical faults:

Those faults on the power system which give rise to unsymmetrical currents (i.e. unequal fault currents in the lines with
unequal phase displacement) are known as unsymmetrical faults.

On the occurrence of an unsymmetrical fault, the currents in the three lines become un equal and so is the phase
displacement among them. It may be noted that the term 'un-symmetry' applies only to the fault itself and the resulting
line currents. However, the system impedances and the source voltages are always symmetrical through its main
elements viz. generators, transmission lines, synchronous reactors etc. There are three ways in which unsymmetrical
faults may occur in a power system

I.  Single Line to ground faults(L-G)
[1. Line to Line faults(L-L)
[11. Double Line to ground faults(L-L-G)

Fault current is not same in all the Three Phases, System is no longer balanced; these faults are very common, but
more difficult to analyze. Analyzed using symmetrical components

Department of EEE
Emitting Elite Energy
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Symmetrical Components

The analysis of unsymmetrical polyphase network by the method of symmetrical components was introduced by Dr. C.

Fortesque. He proved that

An unbalanced system of N related vectors can be resolved into N system of balanced vectors.

The N-Sets of balanced vectors of original vectors are called symmetrical components. Each set consist of N-Vectors which

are equal in length and having equal phase angles between adjacent vectors.

|.e. unbalanced 3-phase voltages (or currents) could be transformed into 3 sets of balanced voltages (or currents) called

symmetrical components.
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2
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lyy=a g,
I @ Symmetrical components of unt’Hianced current vectors ()

I.  Positive (or Normal) Phase sequence components
Unbalanced System ii.  Negative Phase sequence components
ili. Zero Phase sequence components

o=l + lg, + 1 N . — .
R s I, = Ig +1Ig +1gg I = Ip +1Ipy +1Igo
Ty =Tyy + Iyp +1yg — ~ ~ Iy = Iy +1Iyy + Iy
Y > Iy = Iyy+ Iy, + Iy -
I 11 + Iy + Iyg ST L
Ig =Tgq +Igz + Igg — ~ = @ Ip+alp +Ip
’ : B = Imtmtln I - I+ T +In

E—

= HIR1+H_ IRE +IRU

** a balanced system of 3 phase current implies that three current are equal in magnitude having 120° displacement from
each other
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In a three phase system, the three unbalanced vectors [either Voltages Vectors Va, Vb & V¢ or Current Vectors la, Ib & Ic ]

can be resolved into three balanced system of vectors. The vectors of the balanced system are called symmetrical components of

the original system. The symmetrical components of three phase syst

1. Positive sequence components

2. Negative sequence components

3. Zero sequence components

2

12 120

Ve Vb1

Positive sequence
component

Vb

Va2

12 120

Ve2

Negative sequence
component

Va

Vb

Ve
Unbalanced Phasor

P vao

P vho
b Vco

Zero sequence
component
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Let Va, Vb, and V¢ be the 3-Phase unbalanced voltage vectors with phase sequence abc. va

Each voltage vector can be resolved into positive, negative and zero sequence components

The positive sequence components of 3-Phase unbalanced vectors consists of three vectors a‘a
equal in magnitude, displaced form each other by 120° in phase, and having the same phase 12 120
sequence as the original vectors 5

Val, Vbl& Vcl = Positive sequence components of Va, VDb, and V¢ respectively with phase ve Vb1

sequence abc.
Va2

The negative sequence components of 3-Phase unbalanced vectors consists of three vectors
equal in magnitude, displaced from each other by 120° in phase, and having the phase
sequence opposite to that of the original vectors

Va2, Vb2& Vc2 = Negative sequence components of Va, Vb, and V¢ respectively with phase
sequence ach.

Ve2

The zero sequence components of 3-Phase unbalanced vectors consists of three vectors
equal in magnitude and with zero phase displacement from each other. > Vo
Va0, Vb0 & Vc0 = Zero sequence components of Va, Vb, and V¢ respectively P veo
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The vector diagrams of positive, negative and zero sequence components are shown in below figure 1.

abc
v'cl ‘\ Q*P
120° - Ap
\ ‘&‘9
1200 ;vzl
ol
vy, Va
Fig a:Positive sequence Fig b:Negative sequence Fig c: Zero sequence
component component component

From the vector diagram of symmetrical components the following conclusions can be made.

On rotating the vector Val, by 120° in anticlockwise direction we get VVcl
On rotating the vector Val, by 240° in anticlockwise direction we get Vb1.
On rotating the vector Va2, by 120° in anticlockwise direction we getVb2

On rotating the vector Va2, by 240° in anticlockwise direction we get VVc2

Department of EEE
Emitting Elite Energy
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Therefore, on rotating the symmetrical component of one vector by 120° or multiples of 120° we get the
symmetrical components of other vectors. Hence we can define an operator which causes a rotation of 120° in the

anticlockwise direction, such an operator is denoted by the letter “a”
The Operator “a” can be defined as written as a = 1£120°= -0.5+j0.866

a = 1,120°= -0.5+j0.866

a2 = 12240°=-0.5-j0.866

a3 =1,360°=120°

1+ a+ a2 = 1+(-0.5+j0.866)+(-0.5-j0.866) = 0

1+ a+a2=0

Recall the operator j. In polar form, j =11L_90° . Multiplying by j has the effect of rotating a
phasor 90° without affecting the magnitude

Properties of the vectorj . ) J =lesiV ==
P I =129 _=1/-90°

jE=1£180" =—1
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Each of the original unbalanced vector is the sum of its positive, negative and zero sequence component. Therefore the original

unbalanced three phase voltage vectors can be expressed in terms of their components as shown below.

Va Va1
o V.=V, +V +V, R
V=V + ij’ Vi 12 120
Vc = VI:'J ¥ Vcl + Vc! Ve ’ Vb1
Ve
From the vector diagram shown in figure(1), we get the following relations between various
symmetrical components Va2
; e 2 . -
V= Ve Vg = Vs ’ Vip=aV, (\
ach
ch = Vﬂ i Vd = _avﬂ 5 V,= a’ Vﬂ 12 120
the Above equations can be written as Vb ’ ve2

VI=VID+VH+V=1

V,=V_+aV_ +aV, ::’_hz
vc - Vaﬂ +a VII + az VI.Z b Vco
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The equations can be arranged in the matrix form as shown below

V] 1 1 1 'Vau ]
Vil =1 a’? a ||Vy
VE 1 d | ﬂz I.Vaz .

The Above equation can be used to compute the unbalanced voltage vectors from the knowledge
of symmetrical components.
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Computation of symmetrical components of unbalanced vectors

(V. 11 1]V,
Vi | =1 a’? a ||Vy
VE 1 d | ﬂz I.Vaz iy

where, V=|V, [ ;A=[1 a’ a |andV,, =|V,

On pre multiplying the above equation by A~ 1 we get

AlV=Vsy
Vsy=A1lV
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Va EE T
A-I =-1- 1 a aZ abc
Vb 3
: l az i 12 120
) 0
Ve Vb1
Ve 7 (T N T
1 | 2
. . — V..=— | a a Vv a
On substituting for A L we get '~ 3 e
2
Ll a a ]
- T ach
Vo j |2 L[V 12 120
| 2
v, |==[1 a &% .
3 7 V Vb Vc2
v'z _l a a | ¢

The matrix equation can be expressed as three independent linear equations as shown below.

| . P vao
| Vao-—-B—(Va+Vb+Vc) b o

} Ve

V, = 1 (V, +aV, +a*V,)

va2

3
1 2
=-§ (V, +a“V, +aV;)

AN
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= The symmetrical components of unbalanced current vectors can be obtained by an analysis

similar to that of voltage vectors. All the equations developed for voltages can be used for current

if we replace V by I.
abc

L, | I

Vector diagram of symmetrical componerffts of unbalanced 3-phase current vectors

The following equations are used to compute the unbalanced current vectors from the knowledge
of their symmetrical components

Iu=I=n+I.1+Iﬂ
=1+ 3IIH+ al,
Il‘.'=I1CI+3'I“+EZIﬂ

' : : ] l - Plaﬂ‘

I

o
n

o

=4

al

L ] F: | az ‘_Ilz
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The following equations are used to compute the symmetrical components of unbalanced current
vectors

!
I‘o ='5 [l. +lb +lc]

| |
Ly=3 |1 +aly +a’1,]

| .
La=3 L +a?1, +al,

.

L | | 1 ([,
1

| =.§ 1.4 @ Iy

laZ ‘_l 32 a ) Ic
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The voltage across a 3 phase unbalanced load are Va = 54£53°, Vb =74 — 164°, V¢ = 7£105°,
find the symmetrical components of Voltages. The phase sequence is abc

I
e ) *'.»'_,:,,=3 [v,+vb+vt]

Vi, 1 1 1[v,

I 2 l
Val = 3 I a a ||V Vai ‘—“5 [V, +aV), +az"'-fc]
Va2 E a’ a | Ve

Unibalanced condition

Solve for the zero sequence component:
Vi = %(Vu +V, + VL)
- %(5453” +7£— 1647 +7.2105°)
=3.5£122°

We Know That V,_=V_ Therefore V,,=3.5£122°
= 22°
V, =V, V.y=3.52122
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Solve for the positive sequence component:

vV, = %{Va +aV, +a'V.)

= %(5453“ +(1£1207 72 - 1647 )+ (1.£240° -7.£105° )
=5.0£-10°
V =2V a = 1£120°= -0.5+j0.866
We Know That Ty 2= 1,240°= -0.5-j0.866
N @V a3 = 1£360°= 1£0°

el al

V, =5.0£-130°
V., =5.0£110°

Therefore
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Solve for the negative sequence component:
&

V= %{1»; +a’V, +aV.)

= %[5453" +(1£240° 72 - 1647 )+ (121207 - 72105°))
= 1.9£92°
We Know That V,=aV, a=1,£120°=-0.5+j0.866
a2 = 1£240°= -0.5-j0.866
V,=2'V, a3 = 1£360°= 1£0°

Therefore V,, =1.92£-148°
V,=19/-28"
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Numerical 2
The Symmetrical Components of Phase Voltages in A 3 Phase Unbalanced System are

Va0 =10z 180° V, Val = 5020° V and Va2= 20-90° V,

Determine the phase voltages Va, Vb, and V¢

The phase voltages Va, Vb, and Vc are given by following Equation

v, [V T |[Ve]l V=V 4V +V,
Vo | = |1 a_z a ||V | V.=V, +aV +aV,
oYk 1 a. a’ hvﬂ- Vc - V;n e aVaI +al Vﬂ

Given that Va0 = 10« 180° V =-10+j0
Val =504£0° V = 50+j0
Va2=20490°V = 0+j20

Department of EEE
Emitting Elite Energy
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-4V, = 1£120° x 50£0° = 50£120° = - 25 + j43.30
2V = 1£240° x 50£0° = 50£240° = —25-j43.30
aV, = 1£120° x 20£90° = 20£210° =~ 17.32~10
2V, = 1£240° x 20£90° = 20£330° = 17.32-10



2D OF 4 3
(5’ O
o ‘o £
A
E 2
* & it H 3 €
. . AJ A
R o

""""""" Department of EEE
ISC 9001:2013 Emitting Elite Energy

The phase voltages Va

Vi=Ve+V, +V,; =-10+50+ j20=40+ j20=44.72227° V

The phase voltages Vb

Vp = Vo +2%V,, +aV,, =-10-25- j4330-17.32 - jl0
=-52.32 - j53.30=74.69£ - 134° V

The phase voltages V¢

Ve=Vyp+aV, +a®V,; =-10-25+ j4330+1732- ji0
=-17.68 + j33.3=37.70£118° V
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Prove that a balanced set of three phase voltages will have only positive sequence components of voltages only.

Solution:

A balanced three phase system of voltages is one where in all the phase voltages are of equal magnitude and symmetrically
displaced by 120°. This is shown in fig 3.3

Let Va, Vb and V¢ be the balanced system of three phase voltages. From fig. 3.3, it can be observed that,

% V o 11 1] |7,
T Val =(1/3) |1 a a’ Vs
4 1 a a V.

ﬂ"'.l

Using eq. 1 in the above matrix, we get...

V., 1 1 1 vV,
Vol =@3) |1 a o a’. v,
Va? 1 ﬂz e C?.Va
V.+a .V, +al,
V, =V, =(1/3) |V, +a’.V +a’.V,
V, =a2.V, V. +a'. V, +a'.V,
R T ¥ 1

putting a*’=1 and a*=a, we get,



AT M E

3 CO“LEL of Engineering

7
V

al

a".l

Vaﬂ

al

Va?

= (1/3)

= (1/3)

= (1/3)

= (1/3)

I
~

V. +aV +a’.V,

V.+V +V,

|Vat+aV .+ a’. Vo]

V. +aV +a’.V,

V.+V +V,

V. +aV +a.V,

V (1+a+a’)
3V,
Val+a+ a’)

3V

a

AN
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'ii'i:'i:
II

0
Vs
0

rn.ll

but,
(1+a+a*)=0,
This clearly indicates that a balanced set of three phase voltages will have only
positive sequence voltages. The negative and zero sequence components are
always absent in a balanced system. This holds good for a balanced set of

currents as well.
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Determine the sequence components of the three voltages, Va=20020°V, Vb=2004245°V and Vc=200 £105°V

The positive sequence components of voltage is ,
Vai=(1/3) (Va + a. Vu+ a%. Vo)
=(1/3) (200.0°+200.,245°+120°+200 »,105°+240°)
=(1/3) (200+ (199.24+j1743)+(193.19-j51.76))
= 0.9748-j11.44
=197.81-3.3°V

The negative sequence component of voltage is,

Vao=(1/3) (Vi + @°. Vp+ a.V.)
=(1/3) (200.0°+200,(245°+240°)+200 (105°+120°))
=(1/3) (200+(-114.72+j163.83+(-141.42-j141.42))
=-18.71+j7.47

—20.15.,158.2° V The zero sequence component of voltage is,

Vo= (1/3) (Va + Vbt Vo)
=(1/3) (200.0°+200.,245°+200 ~105°)
=(1/3)(200+(-84.52-j181.26)+(-51.76-j193.18))
=21.21+j3.97
=21.6.16.58°V
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The positive, negative and zero sequence components of line are 20£10° , 6£60° and 3£30° A respectively. Determine the line
currents.

I.,= 20.,10°

[.,= 6.60°

o= 3.30°

we have, the line current,

L=To+L:+1. I,= Io.+a’.l.+a.l.
=3.,30°4+20,10° +6.60° = 3230°4+20,(10°4+.240° )+6.(60°+120°)
=27.25,21.88° A =20.1,-120.7° A

I.:= Iaﬂ+a.131+az.132
=3.,309420(109+120°) +6.(60°+240°)
=13.72122° A
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In a three phase system, 1a1=100230° A, 1b2=40,90° A and IcO= 10£-30° A. Find the line currents.

Solution:
The sequence components of currents given in the problem are not of phase a only. Hence it is first required to express the

sequence components in terms of phase a.
Consider fig 3.4. The negative sequence components of line currents are depicted in the sketch.

ution : ks
I,=a%.1,,=40.,(90°+240°)=40.330° A ik i
also we have I=I.+L.+L, '
—_— - Q
1o=104-30% A =10.-30°+100.,30° +40.330° oot
_ 120°
1.,=100430° A =132.24.,10.89° A /%Q\
>

[..=40.330° A o
P i \A

2 i
lez Fig. 3.4 &

b— Iaﬂ+ag-131+a-132 Ic= Iau+a.131+az.132
= 10,-30°4+100.(30°+240° )+40.(330°+120°) =10,-30°4+100,(30°4+120° )+40,(330°+240°)
=65.57,-82.4° A =11.32,167.48° A
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Numerical
The Symmetrical Components of Phase-A fault Current in a 3 Phase Unbalanced System are
a0 = 3504 90° A, lal = 600£-90° A and la2= 250290° A, Determine the phase Currents la, Ib,

and Ic
The following equations are used to compute the 3-Phase unbalanced current vectors la, Ib, and

Ic from the knowledge of their symmetrical components

I"IHT I lﬂ"liﬂ‘} II=I=D+I;|1+I:1
'||:| = 1] HI E: I“ IE}=I.:|+3-II +3.I
Llc, 11 ‘a al_ _I.-.z_ It - Iiﬂ +a Ial + a? I;z

Given that I, = 350£90° = 0 + {350
I, = 600£-90° = 0—j600
I, = 250£90° = 0 + j250



sal) = 1£120° x 600£-90° = 600£30° = 519.62 + j300
21| = 1.£240° x 600£-90° = 600£150° = —519.62 + j300
al, = 1£120° x 250£90° = 250£210° = —216.51 =125

all, = 1£240° x 250.£90° = 250£330° = 216.51 {125



I, =1, +1, + I'az

Ib-1a0+a21a,+a1,2_ j350-519.62 + j300- 21651 - j125

=-736.13+j525=904.162145° A

[ =L, +al, +a% I,
I, =1, +al,, +a’ Iaz—j350+51962+]300+216.51 jl2s
=736.13+j525=904.16£35° A
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Numerical
Determine the symmetrical Components of Unbalanced three Phase currents la =1020° A,
Ib=12,230° Aand Ic=102130° A

The symmetrical Components of la given by the following Matrix equations

Fuom L. 8 & i --Iao?gkla”bﬂc)
=21 a a2 3 L
3 1
_Iaz_l 1 az " _Ic_ Ial=§(1 +aIb +a I)
1
182=3-(1 +a Ib+aI)



Given that I, = 10£0° =10 + jO

I, = 12£230° =-7.71-}9.19
I = 10£130° = - 643 +j7.66

~al =1£120°x 12/230° = 12£350° = 11.82-j2.08

2] = 1£240° x 12£230° = 12£470° = 12£110° = —4.10 + j11.28
al = 1£120° x 10£130° = 10£250° = —3.42-9.40

a’l = 1£240°x10£130° = 104370“ = 10£10° = 9.85 +)1.74

Depa tttttt of EEE

ISO 9001:201%  Eritting Elite Energy



| 1
Iaﬂ =,§([l + Ib +IC)]

2Le ) College of Engineering

Department of EEE
Emitting Elite Energy

Lo =%(I. +1, +1,) =3I- (10~-7.71- j9.19 - 6.43 + j7.66)

-=%(-4.|4- j153) =138 - j051=147£ - 160°

(1, +aly +a’ 1)

L =%(1, +aly +a’ lc)=% (10+1182 - j2.08+9.85+ j1.74) |

=-;-(3l.67 _ j034) = 1056 j0.1= 1056 - 0.6°~ 10.56.£0°

_31_(1a vall, +al,) % (10-4.10+ j1128 - 3.42 - 9.40)

- 3'(2.43 + j1.88) = 083+ j0.63 = 1.04£37°
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From the vector diagram symmetrical components, we get the following relations between
various symmetrical components

Vbn=van'; ' VH=EFV“ " B vbz”"‘-vﬂ.

3 el : al

V=¥, i V. =aV : V,=2V,

The Zero Sequence components are

We Know That IzU = Ibo =] 2

I =147./-160° A
I, = 1.47/-160° A
I, =1.47./-160° A
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The Positive Sequence components are

We Know That Ib1 = a’ Iﬂ y | Iﬂ 3131

. =10.56£0° A
I, =a’l = 1/240°x10.56£0° = 10.56£240° A
I, =al =1£120°x10.56£0° = 10.56£120° A

The Negative Sequence components are

We Know That I, = al, ; I,=2a],
I, =104£37°A
I,=al,=1/120°x1.04£37° = 1.04£157° A

I,=a"1,=1£240°x1.04£37° = 1.04£277° A
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Let Va, Vb and V¢ be the phase voltages having a phase sequence abc as shown in fig 3.5.

Let

Voe=Va(opposite to Vertex A)
V.2=Ve(opposite to Vertex B)
Vin=Vc(opposite to Vertex C)
therefore, we get

The three line voltages of the system are Vbc, Vca and Vab. It is known from
elementary vector algebra that.

Vbﬂ - Vc'vh
Vca - va'vc
Vab=vb'va

The positive sequence component of line voltage is given as

Var=(1/3)(Va+a.Ve+a.Vc)
=(1/3) ((Vc-Vp)+a(Va-Vo)+a%.(Vo-Va)) civeeviiennnn in View of eq. 3.18
=(1/3)((a(Vi+a.Ve+az.Vo)-a%(Vi+a.Ve+a©.Ve))
=(1/3)(a-a*)(Va+a.Ve+az.V.)

but, (V.+a.Ve+a>.V) =3.Vas

and, (a-a?)=jV3

VA1=(1f3)(j\/3)(3-Val)

Va=Vpc=Ve-Vy Thus{ \,-"M:j'\/B. Vai ...
VIE’...:Vca:Va'Vc H t t fl lt 1 \/3 t
VemVamVee oo 318 €nce, positive sequence component o1 11n€ voltage 18 1mes

the positive sequence component of phase voltage and leads the
corresponding phase voltage by 90°.
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The negative sequence component of line voltage is

Var=(1/3)(Va+a>.Ve+a.Vc)
=(1/3)((Ve-Vu)+a*(Va-Veo)+a(Ve-Ve)), view of eq. 3.18
=(1/3) (a*(V.+a>.Vpe+a.V.)-a(Vat+a®.Vpet+a.Ve))
=(1/3) (a*-a) (Va+a.Vp+a.V.)
=(1/3)(-jV3)(3.Va2) [because (V.+a%Vy+a.V.)=3.V.: and (a%-a)=-jV/3]
Thus,
Vaz=-JV3.Vaz cerierinnernnens. 3.20

Hence, negative sequence component of line voltage is V3 times the negative sequence component of phase voltage and lags the
corresponding phase voltage by 90°.
Finally, the zero sequence component of line voltage is given as,

Vao=(1/3)(Va+Ve+Vc)
=(1/3)((Ve-Vb)+(Va-Vo)+(Va-Vb)) , in view of eq. 3.18|
=0
Thus, Vae=0 ...l 3.21
Therefore, it is evident from the above equation that zero sequence component of

line voltage is zero.
In similar lines as above, it can be proved that

V51=j'\/3 Vbl, Vag='J'\/3Vb2, VEg.n:D
VC] =J'\/3VC1, V{:2='j\/3VC2; VCO= 0

Department of EEE
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The positive and negative sequence components of phase voltages of a three phase system are Val=230 £ 30° V and Va2=60« 60°
V. Determine the positive and negative sequence components of line voltages and hence the line voltages.

The positive, negative and zero sequence line voltages is given by,

Var=jV3. Va1=V3 (230(30°+90°))= 398.37,120° V

Var=-jV/3.Va2 =V3 (604(60°-90°))= 103.92.-30° V

It is known that zero sequence component of line voltage is zero. Thus Vae=0.

Hence the line voltages of the system are,

Va=Vao+Vai+Va

=0+4398.37.120°+103.92.-30°

=312.72.110°V

Ve=Vao+a®.Var+a.Vas
=0+398.37,(120°4+240°)+103.92(-30°+120°)
=411.7:214.62° V

Ve=Vao+a.Var+a*.Var

=0+398.37,(120°+120°)+103.92,(-30°+240°)
=491.13,-126°V
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The phase currents (currents in delta winding) are I.,, Iw, and I... Let us

designate I.n=Ic, Isc=Ir and I..=Iz (opposite to respective vertices).
Now, applying KCL to the system shown in fig 3.8, we get

\l‘c =l I.=Ic1g

\ £

Ih=IA'Ic
- 4 [.=Ig-Ia.......... 3.23
I —
o L ' = The Then, the sequence component of line current are
b Fig.38 L.=(1/3)(I.+a.ls+a%.L)

=(1/3) ((Ic-Ig)+a(la-Ic)+a°%.(1z-1a))
=(1/3)((a(Ia+a.lg+a>.1c)-a%(Ia+a.Ig+a%.1c))
=(1/3)(a-a*)(Ia+a.le+a%.1c)

but, (In+a.lz+a%1Ic) =3.1a

and, (a-a*)=jV3

Ial=(l/3)(]\/3)(31p.1)
Ial= ]'\/3 .I,ﬂ.,] ............
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I..=(1/3)(I;+a*.I,+a.l.)
=(1/3)((Ic-Ig)+a%(Ia-Ic)+a(Is-1c)), view of eq. 3.18
=(1/3) (a*(Is+a°.Ig+a.lc)-a(la+a.Ig+a.1c))
=(1/3) (a*-a) (Ix+a°.Iz+a.lc)
=(1/3)(-jV3)(3.1a) [because (Ir+a2Iz+a.Ic)=3.I. and (a%-a)=-jV3]
Thus,
Lo=-7V3.1a2 ceeriiinnninnnnn. 3.25

From above equations, it can be inferred that the line currents in delta system is V3 times the currents. The positive sequence line
current leads the respective phase current by 90° whereas the negative sequence line current lags the negative sequence phase
currents by 90°.

Finally, the zero sequence components of the line current is
Ioo=(1/3)(I:+1p+1.)
=(1/3)((Ic-Ig)+(Ia-Ic)+(Is-Is)) , in view of eq. 3.18

=0
Thus, I.o.=0 3.26
Ib1=j'\/3 Ial} Ih2='j'\/3 IE!.Q; Io=0

Ic1=j\/3 Ici; Ic2='j‘v/3 Ico; [0=0.
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when the line currents la, Ib and Ic are leaving the delta connected windings as shown in fig, then it can be proved
that

= Ipe

<+
b Fig.39

Ia1='j'\/3 Ins; Iaz=j'\/3IA2; I:0=0
Ih1='j'\/3 Ies; Ib2=j'\/3152; Io=0
Ic1='j'\/3 Ica; Ic2=j'\/3IC2; I0=0
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In a three phase, three wire system, the line currents are 1a=100£0°A and 1b=1004-100° A. Determine the

sequence components of line currents.
In three wire system always,

[.+I,+I.=0
= -(L+L)
= -(100.0°+100,-100°)
=128.56.-130° A

Therefore, the sequence components of line currents are
Lo=(1/3)(L+I.+1)
=(1/3)(100.0°+100,-100°+128.56.-130°)
=0 A (as expected)
L..=(1/3)(I.+a.I,+a%.1.)
=(1/3)(100.0°+100,(-100°4+120°)+128.56,(-130°+240°)
=108.5,10° A
L.o=(1/3)(I.+a°.Iv+a.1.)
=(1/3)(100,0°+100,(-100°+240°)+128.56(-130°+120°)
=20.5,-110° A
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A balanced delta connected load is connected to a three phase symmetrical supply. The line currents are each 10Ain
magnitude. If fuse in one of the lines blows out, determine the sequence components of line current.

Let us assume that the fuse blows in line c. Then with the current in line a as reference, the diagram of the circuit is as shown
in fig.

1, =10 £0°A Since this is a three wire system, we have
3 L+1,+1.=0
but,
I.=0, as fuse blows out.
\ Therefore,
oy A I,=-L
if I.=10.0° A, then
b"b T I,=-10.0° = 10,180° A
Fig. 3.10 The negative sequence component of line current is
Hence, the positive sequence components of line current is L.=(1/3)(l.+a%I+a.l)
L.=(1/3)(L+a.l,+a%1.) =(1/3)(10.0°+10,(180°+240°)+0)
=(1/3)(1020°+10.(180°+120°)+0) =2.78230° A.
=5.78.-30° A.

The zero sequence component of line current is absent in any three wire system.
Thus I.,=0 A



e College of Engineering

Department of EEE
Emitting Elite Energy

A delta connected balanced resistive load is connected across an unbalanced three phase supply. Find the symmetrical
components of line current and delta current.

I.4+I.+1.=0 Hence, symmetrical components of line currents are
or, Li=(1/3)(I.+a.l,+a%.1)
I.=-(1+1,) =(1/3)(10430°+15,(-60°+120°)+18,(154°+240°))
=-(10,30°+15.-60°) =13.94.41.86° A
—18.,154° A. L.=(1/3)(I.+a.Iy+a.l.)
=(1/3)(10430°+15,(-60°+240°)+18.(154°+120°))
=4.65.248° A

Lo=(1/3)(I.+1,+I.)=0 A

Here, the line currents are entering the delta connected load. Therefore, the sequence components of delta currents are,

Lo=(L: / jV3) = (13.94.(41.86°-90°) /v/3) = 8.05.-48.14° A
I.=(L. / -jV3) = (4.65.(248°+90°) /v/3) = 2.68.338° A
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Let us consider both the cases independently.

Case 1): Four wire system. " T
Now, the current can flow through the neutral wire. Applying KCL at node 'n', we

get the current through the neutral as

I.=L+I.+I. .... M .
but, we have 8
Ia=Iaﬂ+Ial+IaE C——t
I,=L+a>I,+a.l, P
and Fig. 3.13
Ic=Iau+a.I31+az.Iag Case ii):

Three wire system
In this case, the neutral wire is not made available so that

Using these results in eq. 3.29 yields,
[,=3.Lot+L:(1+a+a%)+1..(1+a+a”)

3.31
=31.,40+0 , as (1+a+a*)=0 Hence eq. 3.30 yields
OF T=3. L oo 330 Lo =0 coiiioieeeeee e 3.32

That is, zero sequence currents are absent in three wire system
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In a three phase, three wire system, if 1a1=100230° A, 1b2=40.90° A, find the line currents of the system.

Solution:
Since there is a three wire system, the zero sequence component of line current 1a0=0. The negative sequence component of

phase 'b' is given in this problem. Hence, we determine la2 as follows. The negative sequence components of line currents are.

Ia2=az- L.
=40.(90°+240°)
=40.330° A

[.,=0

[.,=100.30° A

[..=40,330° A

Hence the line currents of the system are

L=L+I.+1
=0+4+100,30°+40,330°
=124.89,13.9° A

I.=I..+a°I.,+a.l.;
=0+4+100,(30°+240°)+40,(330°+120°)
=60,-90° A

I=I,+a.l.+a%1.
=04100,(30°+120°)4+40,(330°+240°)
=124.89,166.1° A
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In a three phase system supplying power to a Y-load, the line currents when the neutral of the supply is not connected to the
neutral of the load are 1a=20£0° A and 1b=204-100° A. When the neutrals are connected, the current through the neutral wire is
found to be 122-30° A. Determine the line currents under this situation.

case i) when neutral of load is isolated from neutral of supply
In this case, 1.,=0

L.=1.141..=20.0° .t 1
[.=a%.1.,+a.1..=20,-100° .. ccciiiiniiiiinnnnen. 2
I.=a.l.,+a%.I.=-(I.4+1.)= -(20.0°+20,-100°) = 25.7.130° ......

I.'=I,+(a.l,,+a.1,,)
=4 .-30°+ 25.7.,130°, from result 3=22,126.48° A

case ii) when the neutrals are connected
Here, it is given that I,, the neutral current is 12.-30°

therefore Let I.', I,' and I.' be the new values of line currents in this case, we get
3.1, =12.-30° I'=Lo+ (L +1.)
I..=4.,-30° = 4.,-30°4+20.0° , from result 1

=23.53.-4.87° A
IhT=Ian+(az.Ial+a.Ia;_r)
=4,-30°+20,-100° , from result 2

=21.69,-90° A
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Positive and negative sequence voltages and currents undergo a phase angle change in passing through a Y-A transformer (or a
bank of three single phase transformers). This phenomenon is called as phase shift.

Voltage relations

Consider a transformer connection as shown in fig 3.15

Let E.°, E,° and E.° be the phase voltages on the Y-side of the transformer and
Ed E\ and Ef be the voltages across the windings on the A side of the

transformer. Here, superscripts "s”
respectively.

and “d” stand for star side and delta side

E.S=n.E,d
E.S=n.E:¢
E°=n.E"
Hence, the sequence components are also related as,
E315=n.EA1d ......................... 333
R o T 3.34
S o T R o 3.35

Eu®=]V3 B’ o E.=n.Ef=+jV3 n. B ...,

d __35 d
and E.® =-jV3 E.. and E.* = n. Ex® = -jv/3.n.E. e et
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Current relations

consider a star delta transformer connection as shown in fig 3.17

Let 1.5, I.° and I° be the line currents in the star side, 1.9, 1,Y and 1.9 the line
currents in delta side 1.9, I.Y and I.° the currents in the delta windings.

If 'n" is the turns ratio, then from the theory of transformers, we can write

.ﬂld=n-IaS Iad=IEd'ch=n(Ib5_IcS)
IBd=n.Ib5 Ihd=ch'I,ﬁ.d=n(Ic5_Ias),
ch=n.I.f ch=I,qd'IBd=n(Ias'Ihs)

Considering only positive sequence currents, the above relation becomes
Iald=n(Ib15'1315)=n(aE.Ial'a.Ials)=n(az'a)1315='j'\/3 n-]:zqu5

Ials=(jfn--\/3)]:ald

on the same lines

I..°=n(1,.°-1.°)=n(a.l.;*-a2.1..°)=n(a-a2)1,,*=jV3.n.1..°

Fig. 3.17

Ia25=('jxn'\/3 )Iazd
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Note:

1)The turns ratio 'n' of a transformer is defined as,
n=number of primary turns / number of secondary turns
=primary voltage / secondary voltage
=secondary current / primary current

2)If each voltage is expressed in per unit with its own voltage as the base voltage, then equations can be written as,
E..°=] Eald pP.u
E..°= 'an:d P.u

3) Similarly, the per unit for a Y-A transformer
I..°=jI..% p.u
I..°= -jI..% p.u
If delta side forms the primary and the star side forms the secondary, that is in the case of A-Y transformer

I.°=jL:° p.u
I..°= -jI..° p.u
E..’=jE..° p.u
E..'= -jE..° p.u
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S=P+jQ = V..IL*+V,.LL*+V_I*

where,

S=Total complex power,(* indicates conjugate)

P=Active power

Q=Reactive power

In matrix from, the above equation can be expressed as,

T .
T e V G B U b 2 e O K
Ia* In*| |1a L 1 1] [ : - ) b
S=P+jQ=[V, WV Vc]|Ip* h*l=lh]| =11 ¢ al|l; $(P+jQ)= vm : a c;-l e 8 lay
1.* ¥ |1 1 a da ||l a? a a'| |1 & alllp
R R 3.0 0] floo]
Wt (it 1+ 2] [l di g, ;’? =[Vao Va V2] |0 3 0| [y
2 == a
[Va Ve VC]= Vol =34|1 a az Vi ¥ o ot 0 0 0 3|/
VC ] a a Vaz = i i
*— 2 i
Now a*=a S=P+jQ = 3{Va0.Ia0*+Val.lal*+Va2.Ia2*} VA
'v ¥ [ 1 1](e%*=a, Using these, we get
= |V, 1 a o
Vo 1 @& a lq 1 [0

1
1
([Al.[B])" =[A]".[B]" Al e i
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Note:
1)In terms of active and reactive powers, the above equation can be written as

P=3{|V.| |L.c| cosB, +|V..| |L..] cosB;+|V..| |I..| cosB,} W
and
Q=3{|V.o| |I0] SinBy +|Vai| |I.1] SinB:+|Vaz| |L2| sinB.} VAR

2)If VB is the base voltage and IB the base current of the system, then the complex power in pu is given as,
Sp.u=3(vaﬂ Iaﬂ*+val Ial*+vaz IEE*) (1 { VB IB)
Sp.u=S /SB

Where SB=base power of the system =3*VB*IB
3)If the symmetrical components of voltages and currents are given in pu directly, then the total 3 phase power is
given as

Sp.u=val:l Iaﬂ*+val Ial*+vaﬂ Iaz*
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The sequence components of the phase voltages are Val=200.430°, Va2=60460° and Va0=204-30° V. The line
currents are 1a1=20210°, 1a2=5220° and 1a0=34-10° A. Determine the three phase power in k\VA and p.u. If the
base power is 1kVA.

The three phase complex power is given as
Sp.u= 3(Va0 ]:a0>|< +Va1 Ia1*+Va2 IaZ*)

=3{(202-30°)(3210°)+(200,30°)(202-10°)+(60,60°)(52-20°)}
=(12.13+j4.62) kVA

We have S,.=S /Ss= (12.13+j4.62) kVA / 1kVA = (12.13+j4.62) p.u
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In a three phase system, the sequence quantities are Val=(0.9+j0.2)p.u; Va2=(0.1+j0.1)p.u; Va0=(0.1+j0.05)p.u and
la1=(0.9-j0.1) p.u; 1a2=(0.2-j0.1)p.u; 1a0=(0.05-j0.02)p.u. Find the three phase complex power in p.u and in MAV on a

base of 100MVA. Also compute the active and reactive powers.

Sp.u=(vaﬂ Iaﬂ*-l_val Ial*+vaﬂ IEE*)
={(0.1+j0.05)(0.05-j0.02)*+(0.9+j0.2)(0.9-j0.1)*+(0.1+j0.1)(0.2-j0.1)*}
={(0.1+j0.05)(0.05+j0.02)*+(0.9+j0.2)(0.9+j0.1)*+(0.1+j0.1)(0.2+4j0.1)*}

=(0.817+j0.3126)p.u

Next, S=S5,.X5S:
=(0.817+j0.3126)x100 MVA =(81.7+j31.26)MVA

We have, S=P+jQ=(81.7+j31.26)MVA

Therefore,

The active power is P=81.7MW

The reactive power is Q=31.26MVAR
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In a three phase four wire system, the sequence voltages and currents are: Val=0.92£10°p.u; Va2=0.252110°p.u;
Va0=0.122300°p.u and 1a1=0.75225° p.u; 1a2=0.152170°p.u; 1a0=0.12330°p.u. Find the complex power in p.u. If the

neutral gets disconnected, find the new power.

The total three phase power in pu is given as,

Spu=(Vao Lo*+Va Li*+V.: 1o7)
=(0.12,300°)(0.1.330°)*+(0.9,10°)(0.75,25°)*+(0.25,110°)(0.15,170°)*
=(0.12,300°)(0.1,-330°)+(0.9,10°)(0.75.-25°)+(0.25,110°)(0.15,-170°)
=(0.68-j0.212)p.u

When the neutral gets opened, then I.,=0. Hence the new power is,

Spu'=(Var Li*+V,: 1%)
=(0.9,10°)(0.75.25°)*+(0.25,110°)(0.15.170°)*
=(0.9.10°)(0.75,-25°)+(0.25,110°)(0.15,-170°)
=(0.67-j0.206)p.u.
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Some Facts about Sequence Currents

The following facts about positive, negative and zero phase sequence currents

1. Abalanced 3-phase system consists of positive sequence components only; the negative and

Zero segquence components being zero.

2. The presence of negative or zero sequence currents in a 3-phase system introduces
Unsymmetry and is indicative of an abnormal condition of the circuit in which these

components are found.

3. The vector sum of the positive and negative sequence currents of an unbalanced 3-phase
system is zero. The resultant only consists of three zero sequence currents

I.e. Vector sum of all sequence currents in 3-phase unbalanced system = IRO+Iy0+ IBO

Department of EEE
Emitting Elite Energy
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4. In a 3-phase, 4 wire unbalanced system, the magnitude of zero sequence components is one-
third of the current in the neutral wire
I.e. Zero sequence current = 1/3 [Current in neutral wire]
In the absence of path through the neutral of a 3-phase system, the neutral current is zero and the
line currents contain no zero-sequence components. A delta-connected load provides no path to

the neutral and the line currents flowing to delta-connected load can contain no zero-sequence

components

5. In a 3-phase unbalanced system, the magnitude of negative sequence components cam exceed
that of the positive sequence components. If the negative sequence components were the
greater, the phase sequence of the resultant system would be reversed.

6. The current of a single phase load drawn from a 3-phase system comprises equal positive,

negative and zero sequence components.
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SEQUENCE IMPEDANCES AND SEQUENCE NETWORKS

The sequence impedances are impedances offered by the circuit elements (or power system
components) to positive, negative and zero sequence currents.

In any element of a circuit, the voltage drop caused by current of a certain sequence depends on
the impedance of the element to that sequence current.

The impedance offered by an equipment or circuit when positive sequence currents alone are
flowing is called the positive sequence impedance. is represented by Z1

Similarly, The impedance offered by an equipment or circuit to negative and zero sequence
currents are Respectively called Negative sequence impedance Z2 and Zero sequence impedance
Zo

For example, the impedance which any piece of equipment offers to positive sequence
current will not necessarily be the same as offered to negative sequence current or zero
sequence current.
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Therefore, in unsymmetrical fault calculations, each piece of equipment will have three values of
Impedance-one corresponding to each sequence current viz.

(i) Positive sequence impedance (Z1)

(i) Negative sequence impedance (Z2)

(iif) Zero sequence impedance (Z0)

The following points may be noted :
1. In a 3-phase balanced system, each piece of equipment or circuit offers only one impedance-
the one offered to positive or normal sequence current. This is expected because of the

absence of negative and zero sequence currents in the 3-phase balanced system.

2. In a 3-phase unbalanced system, each piece of equipment or circuit will have three values of
Impedances viz. positive sequence impedance, negative sequence impedance and zero

sequence impedance.
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3. The positive and negative sequence impedances of linear, symmetrical and static circuits(e.qg.
transmission lines, cables, transformers and static loads) are equal and are the same as those
used in the analysis of balanced conditions. This is due to the fact that impedance of such

circuits is independent of the phase order, provided the applied voltages are balanced.

It may be noted that positive and negative sequence impedances of rotating machines

(e.g. synchronous and induction motors) are normally different.

4. The zero sequence impedance depends upon the path taken by the zero sequence
current.
As this path is generally different from the path taken by the positive and negative

sequence currents, therefore, zero sequence impedance is usually different from positive

or negative sequence impedance.
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The voltage drops are computed as follows

V.=L.Z+L.Z, L e e
=1..Z+(L+1,+1.)Z,
=L (Z4+Z)+1.ZoHLZs e . e hy e e
Similarly,
VS IS A .4 ' A A e B d AR S
and V.=1..Z,+1,.Z.+1(Z.4+Z.) coeeveenennnnnn. 3
In matrix form, the above equations can be expressed as: T Z 1,,=1,,4+1,,+ICT
V. Z+Z, Z, Z, I, Fig. 4
vl = | z, z+z, 2Z, 74 4
V. Z, z, z+z,] |I.

Expressing the voltages and currents by their sequence components, we get.

111 V., zZ+Z, Z, Z, 1
zZ, Z+Z, Z a’
H H a

H n n

a’ V., Z Z ZI+Z,

b
P
b
o
[
|
—
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or,
v ] 11 1] [z+z z z I I,
Va} =(1/3) ]- a az Zn Z+Zn Zn 1 az a ‘Ia.!
|7V 1 a a Z, zZ, Z+Z, 1 a a I,
[ ] ]
V a0 Z+3Z 0 0 I
Val = 0 Z 0 T B D 5
17 0 0 Z .
This gives relationships
aU_(Z+32 )Iaﬂ
V31=Z-Ial
VEE=Z'IEE ..................... 6
Also, as per definition of sequence impedances, we have the three sequence impedances as,
Zo=V./loo=Z2+3Z,=Zero sequence impedance ......... 7
Z.=V.,/I..=Z=positive sequence impedance ............. 8

Z.=\V../l..=Z=negative sequence impedance ............ 9
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Note:
1) The positive sequence impedance is the same as the negative sequence impedance.

I1) Zero sequence impedance is much larger than the positive (or negative) sequence impedance. In
the absence of the neutral, Zn= o

therefore,
Z0= o and hence [a0=Va0/Z0=Va0/0=0 , as expected.

]Ol Zl Iaz 22 : IaO ZO
/
Va ] Va | Va?. Va;_ VaO Vag
y __ Reference Y ¥ Reference l L Reference ﬁ’)l
(a) Positive sequence (b) Negative sequence (¢) Zero sequence

network ‘ network - network
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Across a star connected symmetrical impedance load of 10Q2 in each phase and a neutral impedance of 3.33€2, an

unbalanced three phase supply with Va=220.0°, Vb=200.110° and Vc=1804-110° is applied. Determine the line

currents using symmetrical components.

. V.
Solution: B

since the circuit is symmetrical, we have
Z1=72=10Q s
and, Z0=Z+3Zn=10+3(3.33)=20 Q v

110°
It can be seen that phase sequence is acb. Hence in the equations for the

determination of sequence components of phase voltages, the subscripts b and c
should be interchanged. Ve  Fig.42
Var=(1/3) (Va + a. Ve+ a%.Vy)
=(1/3) (220.0°+1804(-110°+120°)+200,(110°+240°))
=198.07,-0.33° volts.
Va2=(1/3) (Vs + @ Vc+ a.Vp)
=(1/3) (220.0°+180.(-110°+240°)+200,(110°+120°))
=9.56,-147.7° volts.
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Vo= (1/3) (Va + Ve+ Vi)
=220.0°+180,-110°+200,110°
=30.64,11.77° volts.

Now, 1.=V./Z, Lo=Vad/ Zo
lal=Val/z1 o —(9.56.-147.79)/10 =(30.64,11.77°)/20
=(198.07£-0.33°)/10 —0.956.,-147.7° A =1.532,11.77° A

=19.8072-0.33° A
The line currents are,
[.=1.+I..,+1..
=1.532,11.77°+ 19.807-0.33 +0.956.,-147.7°

=20.49.-0.87° A
I.= I.+a.l..+a°.I.. (for phase sequence acb)
=1.532,11.77°+ 19.807(-0.33°+120°) +0.956(-147.7°+240°)
=20.272114.4° A
I.= I..+a°.I.,+a.l.;
=1.532,11.77°+ 19.807(-0.33°+240°) +0.956,(-147.7°+120°)

=18.854-113.86° A
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Prove that a three phase symmetrically wound alternator generators only positive sequence components of voltages.

Figure depicts an unbalanced synchronous generator. Ea, Eb, Ec are the
induced emfs of the three phases. Since the windings are symmetrical, the
induced emfs are perfectly balanced.
Let, |E.|=|E|=|E|=V,
Then, if follows that (assuming a abc phase sequence) E,
E.=V,<0°
E.=V,2-1200 p
E.=V,2120°
Hence the sequence components of voltages are,
E..=(1/3)(E,+E,+E.) - ¢
=(1/3)(V,20°+V,2-120°+V, 120°) g
=0
E..=(1/3)(E.+a.E.+a°E.)
=(1/3)(V,20°+V,(-120°+120°)+V,2(120°+240°))
=Vp
=E.
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E..=(1/3)(E.+a>.E,+a.E.)
=(1/3)(Vo20°+V,£(-120°4+240°)+V,.(120°+120°))
=0

From the results obtained above, it can be inferred that a three phase symmetrically wound
alternator generators only positive sequence components of voltages.
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Sequence impedances and networks of synchronous generator

Y - 8

»Here, Ea, Eb and Ec are the induced emfs of the three phases.

»la, Ib and Ic are the currents flowing in the lines e
. . . . . . . . . (UZO:‘DI l“, n ; .
»Since a synchronous machine is designed with symmetrical windings, it 3;' W \@h&
induces emfs of positive sequence only (This fact is proved in example). R A % l
-
»Figure shows the three phase positive sequence network model of the | ook

synchronous generator Zn does not appear in the model as In=0 for
positive sequence currents.

» Eal, Ebl and Ecl are the positive sequence generated voltages and Z1
IS the positive sequence impedance.

Z)

(1) E
SR
_'\’) By =E, Vai

ﬂR_clcrcncg_l

(a) Fig. 4.5 (b)

»Because of the balanced and symmetrical nature of the system, the three )’@w
phase system can be replaced by a single phase network as shown in figure ‘
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Using the notation E for generated voltage and V for the terminal voltage, then the equation for positive sequence
network is,

Vai=E.:-1..4:=E.-1..4,

The negative sequence network models of a synchronous generator on a three phase and single-phase basis are
shown in fig

Zy Ll
_g_mm_}a
n =
7»7 '/,“ v.|2
/W Iy . Reference l
| "
———b
(@) (b)
Fig. 4.6

The equation that holds good for the negative sequence network is,

Vaz= 'Ia:ZE



AT M E

] College of Engineering

Department of EEE
Emitting Elite Energy

EG 9001:201%

For a synchronous generator, star point is grounded through an impedance Zn, the zero sequence network
models are as shown in fig

Zo=3Z.+Z,

When the star point is solidly grounded Zn=0.
Therefore in such a system Z0=3(0)+Zg0=Zg0.
The zero sequence networks in this case are as shown in fig

Vao
Reference l

Zgo E n l ~ ; (‘_\) ﬂ))
Fig. 4.7
=

n

v
Zy lao
Reference ¥

(a) (b)
Fig. 4.8 Vao= -I.0.Zo

Ly

n[_mm_? :

Vo
] Reference 1

When the star point is not grounded, Zn=oo,
Therefore eq. becomes Z0=co+Zg0=c0.

The zero sequence networks for a ungrounded generator is as shown in (a) (b)
figure. Fig. 4.9
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The positive and negative sequence networks are shown in figures.

L 2 a2 &
Z1=72=X leakage - SOT0 OO0
Reference ~ Reference
(@ Fig. 4.10 ®)

Z0 is the per phase zero sequence impedance of the winding of the transformer.

SIS SR | 1 IS, <

primary / \ secondary

Fig. 4.11
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Using the general rule, the zero sequence network for some of the configurations of three phase
transformer are

——RATION|  WINDING CONNE
E@E—G'UE" ; CTION ZERO SEQUENCE NETWORK
s > Zy Z
B A G o
YA
=
L _‘ . Reference
P P
—ﬁ—'W\—‘\_. '°__romnj 25
i | \
£ : 3
s b = Reference el
P S 7.
P S
g—— ._/E_I’O'b'm___, R mmzﬂ S
. Reference
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~ o« {Referenc
S ) |
L—? gi’ . : _/Jl:&\_n’%\), P = s
! Y-é z ] =
RS . Reference
5 P s .
~3 §_§ %, I S
f( ﬁ 5 . ] ‘ l ] Reference
k —
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"y
> A Symmetrical circuit of three phase transmission line has a { T ‘
self impedance, Zs in each line and mutual impedance in Zim Z. ik
between the lines. * ] : »Z
»Neutral impedance Zn is assumed to be zero Zs 7

»>Let Currents are la, Ib, Ic, and voltage drop across each line L R =7 ls 2]
be Va, Vb, Vc

»The voltage drop Va in line a is caused by the current la due to [ e—e

self impedance Zs, by the currents Ib, Ic due to Mutual
Impedance Zm between the lines b and a, between the lines c
and a respectively.

V2l 4230 +Z . .F
On the same lines,

Vo=Zpm g+l dy+2Z,. .1,

WV =lpila ¥ il + 225



LA T M E (d) H / AN
“m( College of Engineering % & - AL

In matrix form, the above equations can be expressed as
V: 7 e s g O
vb i Zm Zs Zm Ib
V. A A A M
Expressing the voltages & currents using this symmetrical components we gel
e MRV O 0 e Ey 2@l Tl 1Nkl
| @ a.z VUI =1 Zn Zy Zm Loias [y
bl Vel il 2y ize. iz i et
or
Vo] ] [ e g it e el 12 1 Imﬂ
Vil = 3|1 a de| |2 21 sZ il 02 I
LVGZ_ U a’ a | Lzm Zn Zs_ U KaEiels Lla2-
—VGO-1 Zs +22m 0 0 ! -IOOT
V.| = 0 Z=Z o [a1
LVaZ_ i 0 0 Zs=Zpm] REY
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Vo = (Zs "'zzm)-laoW
val = (Zs _Zm)°lél
Var = (Zs _Zm)JaZ J

o

As per definitions of sequence impe_dances

V,
Zy= ’l—a"' 3 (Zs +2Zm)
a0
V
al:
Z] e e o (Zs —Zm)
al
V
il
Zy= "'(Zs—Zm)
a2
Z Z. Z,
Ial m‘ ' {02 mﬁzm IaO mmo
Reference Reference Reference

(a) (b) (c)
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In balanced Y or A connected loads the positive, negative and zero sequence impedances are

equal.

When the neutral point of star connected load is grounded through a impedance Zn then 3Zn is

added to the zero sequence impedance of load to get the total zero sequence impedance of load.

The positive and negative sequence impedances of load are represented as a shunt impedance in
their respective sequence network as shown in below fig

Load bus
¥ ’L Ial
val Zl.l
-J, eference bus

Fig a : Positive sequence network
Z11 = Positive sequence impedance of load
Z12 = Negative sequence impedance of load

Z1o = Zero sequence impedance of load.

Load bus
+T ‘Llal
Vc Zu
-1 Reference bus

Fig b : Negative sequence network
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The zero sequence network of the 3-phase load depends on the type of connection,
I.e. Y or A connection. The zero sequence current will flow in network only if a return path exists
for it. The zero sequence network for various types of loads are shown in below table

Connection Diagram of load

Zero sequence network
Load bus

” ZLO

1 _Referencebus
Load bus

Z

Lo

Referencebrs
Load bus
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Positive sequence network:
The positive sequence network for a given power system shows all the paths for the flow of positive sequence currents in

the system. It is represented by one-line diagram and is composed of impedances offered to the positive sequence currents.

While drawing the positive sequence network of a given power system, the following points may be kept in view:

I. Each generator in the system is represented by the generated voltage in series with appropriate impedance

[I. Current limiting impedances between the generator’s neutral and ground pass no positive sequence current and hence
are not included in the positive sequence network.

[11. All resistances and magnetizing currents for each transformer are neglected

V. For transmission lines, the shunt capacitances and resistances are generally neglected.

V. Motor loads are included in the network as generated e.m.f. in series with appropriate
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Negative sequence network:
The negative sequence network for a given power system shows all the paths for the flow of negative sequence currents

In the system. It is also represented by one line diagram and is composed of impedances offered to the negative sequence currents.

The negative sequence network can be readily obtained from positive sequence network with the following modifications :

1. Omit the e.m.f. of 3-phase generators and motors in the positive sequence network. It is because these devices have only
positive sequence-generated voltages.

2. Change, if necessary, the impedances that represent rotating machinery in the positive sequence network. It is because
negative sequence impedance of rotating machine is generally different from that of positive sequence impedance.

3. Current limiting impedances between generator’s neutral and ground pass no negative sequence current and hence are
not included in the negative Sequence Networks Unsymmetrical Faults.

4. For static devices such as transmission lines and transformers, the negative sequence impedances have the same value

as the corresponding positive sequence impedances
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Zero sequence network:
The zero sequence network for a given power system shows all the paths for the flow of zero sequence currents. The

zero sequence network of a system depends upon the nature of connections of the 3-phase windings of the components

in the system.
The following points may be noted about zero Sequence Networks Unsymmetrical Faults:
1. The zero sequence currents will flow only if there is a return path i.e. path from neutral to ground or to

another neutral point in the circuit.

1. In the case of a system with no return path for zero sequence currents, these currents cannot exist.
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Reference Bus for Sequence Networks:

While drawing the sequence networks, it is necessary to specify the reference potential. which all sequence voltage
drops are to be taken.

For this purpose, the Student may keep in mind the following points :

1. For positive or negative Sequence Networks Unsymmetrical Faults, the neutral of the generator is taken as
the reference bus. This is logical because positive or negative sequence components represent balanced sets (they have
phase difference of 120°, so they will not pass through neutral reactance) and hence all the neutral points must be at the same

potential for either positive or negative sequence currents.

2. For zero sequence network, the reference bus is the ground at the generator. (three Zero Sequence Current is Identical
(both in Magnitude and Phase) and being in phase, do not sum to zero at the star point, but they flow back along the neutral

earth connection, return through the ground
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A 250 MVA, 11kV, 3 phase generator is connected to a large system through a transformer and a line as shown

in fig below.

CF—%—Q e 0 e
A Y} v

Fig. 4.13

Generator: X1= X2 =0.15 p.u, X0=0.1 p.u

Transformer: X1= X2 = X0=0.12 p.u

Line: X1= X2 =0.25 p.u, X0=0.75 p.u

Equivalent system: X1= X2 = X0=0.15 p.u

Draw the sequence network diagrams for the system and indicate all per unit values.
Solution:

all reactance’s are give with respect to a common base in this problem. Hence we
can directly construct the sequence network as follows:
%;o.ls

- j0.12  j0.25
Positive sequence network (PSN):
___Referencebus
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Negative sequence network (NSN):

fH00—

g jO.15
Reference bus )/

Fig. 4.15 JE—

j0.15

Zero sequence network (ZSN):

j0.12 j0.25
(0001 0001

iO.lé giﬁ.]S

Fig. 4.16
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Choose a base of 50MVA, 220k\/ in the 50Q2 transmission Imes and mark all reactance’s in p.u. The ratings of the
generators and transformers are:
Generator 1: 25MVA, 11kV, X”=20%.
Generator 2: 25MVA, 11kV, X"=20%.
Three phase transformer (each): 20MVA, 11 Y/220 Y kV, X=15%.
The negative sequence reactance of each synchronous machine is equal to the sub-transient reactance. The zero
sequence reactance of each machine is 8%. Assume that the zero sequence reactance of lines are 250% of their
positive sequence reactance’s.

Solution:
base values: We choose a given,
base MVA=50, base kV on 50€2 transmission lines=220
1 /26 11

base kV on generator 15220(11/220)=11, base kV on generator 2—/ 20(1
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sequence reactance’s of generators: Since the ratings of the machines are the same, their reactance’s are also

the same. Positive sequence reactance=X";=subtransient reactance on new base.
X6t new = X1, 01 X ( (MHA)B. new | (MUA}E, uld) X [ (ku)zﬂ, old / [kvjza. new )
= j0.2 x (50 /25 ) x (11°/ 117)
0.4
Negative sequence reactance=X"s;;=subtransient reactance on new base.
=j0.4 p.u (as per given data)

Zero sequence reactance=XG0=8% on new base_
= j0.08 x (50 /25) x (11%*/ 11°)

=j0.16 p.u
p.u value of generator neutral reactance=XGn=5% on new base.
\—___/—— — . -
= j0.05 x (50 /25 ) x (117 / 17

=j0.1 p.u.

Since the ratings of all transformers are 1dentical, their sequence reactance’s should be one and the same. Also,
all the three sequence reactance’s of transformers are the same.
Hence positive sequence reactance=Negative sequence reactance =Zero sequence reactance

Xp.u. new — xp.u,nld X ( (MUA)B.HEHI (MUA:}E, ul::l) X { (kv)zﬂ, n:rll:l,l'( [kv:}zﬂ. new }
= j0.15 x (50 / 20 ) x (2207 / 2267
= j 0.375 p.u
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Sequence reactance of transmission lines:
Since the transmission line 1s a static apparatus, its positive and negative sequence reactance’s are one and the

same.
Hence, Xni=Xmno= Xn( Q) x(MVA)a/ (kV)%= j50 x 50/ 220%= j0.052p.u

——

However, it is given that the zero sequence reactance’s of transmission lines are equal to 250% of their
positive sequence reactance’s.

Therefore,

XTL .Zero=2.5(j0.052)=j0.13p.u

Positive sequence network (PSN):

Reference bus

Fig. 4.18
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T

Negative sequence network (NSN):
j0.375  j0.052  j0.375
(OO0 (600 (G0L

j0.375  j0.052  j0.375
F310] ) M 13 ) 0001

0.4 é gio.tl

Reference bus
Fig. 4.19
Zero sequence network (ZSN):
j0.375  j0.13 j0.375
MY (.11 Y (7,1} BN (1) W
j0.375  j0.13 j0.375
j0.16 SN (1) NN (7] ) WU (], ) M i0.16
(j0.1 x 3)=j0.3 (j0.1 x 3)=j0.3
~ Reference bus

Fig. 4.20
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For the power system whose one line diagram is shown in figure. Sketch the zero sequence network.

T, . o 1,
C A\‘.‘, A %O_@)Y
b

3

Fig. 421

Solution:
The zero sequence network is as shown below.
XT)  X(TL) X)Xy

X(G,) X(Ty)
Xo(Gy)
ax, E Xo(Gy)
o

Fig. 422
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Draw the sequence networks of the simple power system shown in figure

L T Sl

Positive sequence network (PSN):

X,(Ly)
0001
500 0001
X,(T) (500 X,(T,)
X,(G,) X,(Ly) X,(Gy)
Eq Em
Reference bus
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Negative sequence network (NSN):

R ( [/ - 1!
X(T) w1 XD
X, (L)
x,(c,)g X,(Gy)
Reference bus
Fig. 4.26
Zero sequence network (ZSN):
)
Xo(T) Xo(Tp)  3X,
X(G)) X,(Ly) X5(Gy)
3X, 3,
Reference bus

Fig. 427
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The one line diagram of a power system is shown in figure.
The ratings of the devices are as follows:

Gl & G2: 104MVA, 11.8kV, X1=X2=0.2p.u; X0=0.1p.u.
T1 & T2: 125MVA, 11Y-220Y kV, X1=X2=X0=0.1p.u.

T3 & T4:120MVA, 230Y-6.9Y KV, X1=X2=X0=0.12p.u.
M1: 175MVA, 6.6KV, X1=X2=0.3p.u; X0=0.15p.u.

M2: 50MVA, 6.9kV, X1=X2=0.3p.u; X0 b)lp u.

wbBH N\ FOT g ’La}a‘p\é“
6 %E A0 0%
# @& G 6

@ﬁ% =TI

Transmission line reactance’s: X1=X2=30€2; X0=60Q.

Draw the sequence impedance diagram in p.u on a base of 200MVA, 220kV in the
transmission lines. Also, find the equivalent positive sequence impedance as seen
from the mid point of line-B.

EG 9001:201%
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Solution: Lr= W\ * —
T

Base values : We choose from give,
base MVA=200 MVVA
base kV on the transmission lines=220KV \ QLO

base kV on the generators G; & G,=2 2{(1 1/220)=11

base kV on the motors M; & M,=220(6.9/230)= 6.6 &

Reactances of [G; & G.:

X =Xz = Xpu ad X ( (MVA)e, new/ (MVA)s 0a) X ( (KV)% 06/ (KV)%e, new )
= j0.2 x (200 / 104 ) x (11.8°/ 119)
= j 0.44 p.u o

Xo=jO0.1 x (200 / 104 ) x (11.8°/ 119)

=j0.22p.u

-_—

Reactances of transformers T, & T,:(calculated on primary side of them),

Xi=Xz2=Xo= Xpu,old X { (MVA)E new | (MV nld) X ( (kv)za,nldfr (kVJEB,new :'
—]Uix(zﬂDIIES)x(}A /
= j 0.16 p.u
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Reactance of transmission lines:
Xen= j60 x 200/ 220°= j0.248p.u )/\)b 6 O\

Reactances of transformers T; & T.:(calculated on primary side of them),
xl =){2=xﬂ= xp.u.nld x ( (MHA)EJ ma'mn'fF (MVA)B.nH) X ( (I'(1Il-|'lr)2E|,1:-||:|;}r (kv)zﬂ,new )
= j0.12 x (200 / 120 ) x (230%/ 2_235) -
= j 0.22 p.u
Reactances of M;:
Xl =X2= Xp.u_. old X ((MvA)B,new; (Mvh)ﬂ, uld) X ( (I'(Il""llljzlir|:|n||:|fIr (kv)zﬁ.new )
= j0.3 x (200 / 175 ) x (8.6° / 667)

= 30.342 p.u
Xo= jO0.15 x (200 / 175 ) x%;’ﬁ{?}
=j0.171p.u

Reactances of M,:
Xi=Xa= Xou, old X ((MvA)B,newf’ (MvA)E, uld) X ( (kv)zﬂ,uldf (kv)EB.new )
= j0.3 x (200 /50 ) x (6.9°/ 6.6%)
=3j1.31 p.u
Xpo= j0.1 x (200 /50) % (6.9 / 6.67)
=j0.4372 p.u
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Positive sequence network (PSN):

0.16

}m N ][] - _(OU0_
S o ) .

j0.16 0.124 Jas

0.44

g j1.31

_[T00\
GO0\
=
=
=
-
000
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Zero sequence network (ZSN):

j0.248 29 —f\
T ] | _ .
: o6 oo 022
i0-22g j0.22 o7g  Sjoaars
I Reference bus I
Fig. 4.31

To find equivalent positive sequence impedance as seen from mid point of line-B: The PSN is redrawn as in fig

0.124
16 j0.124 j0.22
- j0.062 j0.062 £
JT00L
ik j0.124 jo22 j1.31 p i1.53 A
o 342 :
-fa_ i0 i0 mg
Eg Exy Exe
l Reference bus n
%

PR Fig. 4.32
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The mid point of line-B is marked as 'P' and point 'n' is a point in the reference. Using elementary circuit theory,
the network of fig I

n
j0.3 j0.124 04 =
— () %
y :

P
j0.062 l j0.062

@) Fig. 4.33 ®)

Consider the delta connected network of fig, it cab be converted to its equivalent star connection as shown

below. x ™ a\
X = Y- > N gio.us I | A Q\XB

N, | a
T2 Ha 0.06 poss  x _— VX3
j0.124 \% X
el |+ DB

Fig. 4.34
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n
j0.146
j0.122 j0.107
Fig. 4.35

equivalent positive sequence impedance as seen from the point P is, (j0.146+j0.057)=j0.203 p.u.
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Draw the positive, negative and zero sequence reactance diagram of the power system shown in

below fig. 1
H—é\g} T'ransmission line-]
T I’ (2
@ D -l-l‘ _...._§ ;-_.,__@ y
G . Il ":Y A ‘)yll
é Zy “-‘% i__‘v T'ransmission line-2 ; motor

AYa gyt

XG,1 = Positive sequence reactance of Generator G

XM, 1= Positive sequence reactance of motor M

XT1, 1 = Positive sequence reactance of transformer T1
XT2,1 = Positive sequence reactance of transformer T2
XT3,1= Positive sequence reactance of transformer T3
XTL1,1 = Positive sequence reactance of transmission line-1

XTL2,1 = Positive sequence reactance of transmission line-2
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Positive sequence reactance diagram of the power system shown in below fig. 2

o ¥

F le.l.l
e T e (. 7. 7. W
p “mu Q |
D G X H )&“-;IL
X g o X
E+ +E
g Reference bus CB i
fig. 2

Note: The suffix “1" denotes
Positive sequence reactances

= Ell a

_ +
g 12,

Val

E l

Reference bus

Fig (a) : Positive-sequence Fig (a) : Positive-sequence
current paths.

network
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Negative sequence reactance diagram of the power system shown in below fig. 3

E Xup Xz
—iled DOD L . S—

p “m: Q

Dt |g*mH
m g.1.7. p W—
& X,es 3
Referencebus
fig.3

Note: The suffix “2 " denotes Negative sequence reactances
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Zero sequence reactance diagram of the power system shown in below fig. 4
L College of Engin

ll,: F l/’T-._: 2
—— (1.7 o WY . <r.a

J P 7'7;:

O

Reterence buc

TaQeer

reactances

Fig(c): Zero-sequence
current paths.

Fig (c) : Zero-sequence
network

- s

fig.4 Note: The suffix “ 0 " denotes Zero sequence

Connection Diagram of load

Zero sequence network

l
1
I
h

Load bus
Z.

Lo

__ 1 Referencebus |

Department of EEE
Emitting Elite Energy
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diagram @ﬁ-
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A T = &
PRI R TNV g
D T, I TL2 ?Ti R &)y
T i ~5)
11 St H T2 P, 3% Q
5 T
= A% Fig 2 Y

XG1,1 = Positive sequence reactance of Generator G1
XG2,1 = Positive sequence reactance of Generator G 2
XG3,1 = Positive sequence reactance of Generator G 3

XT1, 1 = Positive sequence reactance of transformer T1
XT2,1 = Positive sequence reactance of transformer T2
XT3,1= Positive sequence reactance of transformer T3
XT4,1= Positive sequence reactance of transformer T4
XT5,1= Positive sequence reactance of transformer T5
XT6,1= Positive sequence reactance of transformer T6
XTL1,1 = Positive sequence reactance of transmission line-1
XTL2,1 = Positive sequence reactance of transmission line-2
XTL3,1 = Positive sequence reactance of transmission line-3
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Positive sequence reactance diagram of the power system shown in below fig. 2

Gx‘lu H X px'rs.l Q

|, 5T\ i\
E B - X-m.tM N
S, g 11, ) WS

b| X

o

gl

fig. 2

Note: The suffix “1" denotes Positive sequence reactances
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Negative sequence reactance diagram of the power system shown in below fig. 3

GXTL! H XHJZ Psz.z Q

JTO0\. —g——d OO0\ —

s X'n.z k '
xn 2

5.2

Reference bus

XGS, 2

fig. 3

Note: The suffix “2” denotes Positive sequence reactances
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Zero sequence reactance diagram of the power system shown in below fig. 4

G }cu,o H 4)5(;131“ P XT6,0 Q

_JWJ‘F S . 7. T ) WP

E B K20 N
e Zmelt X,

Dt i \':o X, ° e
X°'-°é ' ?C:X:_—?J 1K . Xmg
: XGZO l

3XN§ / | Refrencebus |

Note: The suffix “ 0” denotes Positive sequence reactances
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Referencebus

Fig (c) : Zero-sequence
network

Fig (c) : Zero-sequence
current paths.

M
%E—* | | M Zo N
M N | ' e Ao
Ay ' Refnehs

Z, N

EN A s
R VAN S
' ! Rissnetoy

A ! J y KA IEE: ALA Department of EEE
Aﬁ_ :NT ::T £ 9001:2013 Emitting Elite Energy
(- F AT TLa M‘-'T,EN
¢ TL1 TEE % |®
5
P ;r‘i Q
3
= Fig 2 Y
Tl i g &;@;‘ |
A I
= = — R
lM L M Z N ‘
M N ; B — : — N9
= Y : i i Referoncehc
M N M Z
S A | D
Yo Y - ) = B

Zero sequence network

Connection Diagram of load

Load bus

e

1_Referencebrs
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In Synchronous Generator

Positive sequence impedance > Negative sequence impedance

Zero sequence impedance = Variable item

= may be taken equal to +ve sequence impedance if its value is not given

In Transmission lines
Positive sequence impedance = Negative sequence impedance

= Impedance of the line

Zero sequence impedance = Variable item

= may be taken as 3 times the +ve sequence impedance if its value is not given
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In Transformers

Positive sequence impedance = Negative sequence impedance

= Impedance of the Transformers

Zero sequence impedance = Positive sequence impedance, if there is circuit for earth current

= infinity, if there is no through circuit for earth current
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Determine the positive, negative and zero sequence networks for the system shown in fig 1..
Assume zero sequence reactances for the generator and synchronous motors as 0.06 p.u. Current

limiting reactors of 2.5 Q are connected in the neutral of the generator and motor No.2.

The zero sequence reactance of the transmission line is j300Q.

- T 15MVA
25MVA L _ ) p |
11kV, 10% @_E)_i %j | 10042 | .F 3¢G 10kV, 25%

- I Transmission line ) Q Y
B Ay | = A (M) 75Mva
' somva fo oMva 10 10kV,25%
' 12.1/10.8kV \}

Fig I £
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Choose the generator ratings as new base values for entire system.

Base megavolt ampere, MVAb, New = 25MVA

Base kilovolt, kVb, new = 11kV
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) Sequence reactances of Generator G

Since the generator rating and the new base values are same, the generator p.u. reactances does
not Change.

Also for generator the positive and negative sequence reactances are same.

Positive sequence reactance of generator, X ¢, 1= 10% = 10/100 = 0.1 p.u.
Negative sequence reactance of generator, X G,2=0.1p.u.

Zero sequence reactance of generator, X G,0 = 0.06 p.u.

KV 2 2
( h,nwi)_ — ll_ = 4.84Q)

Base impedance, Z, =
MVA]:hnew 25

p.u. value of generator Neutral reactance Xen = Actual Neutral reactance /Base Impedance

=25/4.84=0.1517 p.u



ATM E

atme | College of Engineering

On

Sequence reactances of Transformer T1

New p. u. reactance ", i kVy, o1 . . MVA, new
of transformer T, g, KV o MVAy o1

Xpuod =10% =01,  kVypq =108kV,  MVAygq =30 MVA

KV aew =11 KY, MVAp new =25 MVA

...........

ISQ 9001:201%
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Sequence reactances of Transformer T1

j 0.08 p.u.

New p.u. reactance 10.8
= 0.1 x ( (30

of transformer T, 11 )

In transformer the specified reactance is positive sequence reactance.

Also we assume that the positive, negative and zero sequence reactances of the transformer are
equal.-

Positive sequence reactance of transformer T1, X 11,1=0.08 p.u.

Negative sequence reactance of transformer T1, X t1,2=0.08 p.u.

Zero sequence reactance of transformer T1, X t1,0=0.08 p.u
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Sequence reactances of Transmission line

The base kV on HT side] e HT voltage rating
f e LT voltage rating

of transformer T,
KV B, new =11 * (121 /10.8) = 123.24kV

2 2
(kvb,n:w) . L12324)
MVA§ ew 30

= 506.27Q2

Base impedance, Z;, =

p.u. value of Transmission line = Actual reactance /Base Impedance

=100/ 506.27 = 0.198 p.u
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the specified reactance is positive sequence reactance.

Also negative sequence reactances of the Transmission line are equal positive sequence reactance

Therefore
Positive sequence reactance of Transmission line X t,1=0.198 p.u.

Negative sequence reactance of Transmission line X 1.2=0.198 p.u.

p.u. value of Zero sequence reactance of Transmission line X TL,0
= Zero sequence reactance in ohms /Base Impedance

=300/506.27 = 0.593 p.u
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Sequence reactances of Transformer T2

The ratings and winding connections of transformer T1 and T2 are identical and
so the sequence reactance of T1 and T2 are same.

Positive sequence reactance of transformer T2, X72,1 = 0.08 p.u.
Negative sequence reactance of transformer T2, X122 = 0.08 p.u

Zero sequence reactance of transformer T2, X120 =0.08 p.u
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Sequence reactances of Synchronous motor M1

= Base kV on HT side x LT voltage rating
HT voltage rating

Base kV on LT side}

of transformer T,

KV B, new = 123.24 * (10.8/121) = 11kV

2
New p.u. reactance| { kVp o1 MYAL new
— ““pu,old X L .

of motor M, kVp,new MVA, o4

xpu.old =25% =025 kvh.uld =10 kV MVA bold =13 MVA

kvh. new 11 kV MVA b,neu.; =25 MVA
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}=0.25x(10) 25

e X — =
of motor M, 11 15 0344 p.u.

The reactance specified in single line diagram is positive sequence reactance.

Also the negative sequence reactance of synchronous motor is same as that of positive sequence
reactance

Positive sequence reactance of motor M1, Xwm1,1 = 0.344 p.u

Negative sequence reactance of motor M1, Xwmi1,2 = 0.344 p.u

Zero sequence reactance of Motor M1on New Bases

2
KV, } Ma,,.,

Xaii=X X
MI1,0 pu, old [kV MVAb'o‘d

=(. 06x(10) x£5-=0.083 p.u.
4 €7 S >
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b, new -

MWA,

Newp.u. reactance KV, o © MaA
= X oud X 2 X
of motor M, i kV,

Here, X, 44 =25% =025 ; kV,,, =10kV ; MVA, , =7.5 MVA
kV,

e SRV . MVA, ., =25 MVA

Newp. u. ta : 2 ' .1
p.u. reactance =o,25x(£) <2 — 0.689 p.u.
of motor M, il 1.3

The reactance specified in single line diagram is positive sequence reactance.

Also the negative sequence reactance of synchronous motor is same as that of positive sequence
reactance

Positive sequence reactance of motor M2, Xwm2,1 = 0.689 p.u

Negative sequence reactance of motor M2, Xwm2,2 = 0.689 p.u
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Zero sequence reactance of Motor M2 on New Bases

F |
kvb,uld J > MVA b,new

X =X x
M2,0 = A pu.old [ KV new MVAy o1

2
10 25
= . — —_=D|165 .u-
_Oﬂﬁx(“) x?j p

2
KVppew) _ 117
Base impcdance, Zy = ( i ) = =4.84Q)

MVAew 25

=0517 p.u.

p.u. value of motor % Actual neutral reactance _ 2.5
MN = =
neutral reactance

Base impedance 484
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Positive sequence Network

D 008 E | j0.198

jo1 é Mo R

j0.344

E? Referencebus gl s

Positive sequence reactance diagram of the power system shown in fig 1
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D j0.08

Xn

2

E

<

Négative sequence reactance diagram of the power system shown in fig 1
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D 008 0.593
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F

3x)0.517
= j1.551

0.165

L) e
j1.551

Referencebus

Referencebus
Fig(c): Zero-sequence
current paths.

Fig (c) : Zero-sequence
network

Zero sequence network

Load bus

Zm
_Eefmbﬁ _ |
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The Sequence components of voltages in a three phase connected impedance of (8+j6) 2 in each phase with
mutual impedance of j2 Q are Val =230 <0V, Va2 = 60 <-30 %V, Va0 = 40<-90 . Determine the line
currents and also voltage drop across the neutral impedance.
Solution: The circuit is symmetrical, then
Z1=72=(8+)6) Q
Z0=7Z+3Zn=8+j6 +(3xj2)=(8 +j12) Q
The sequence components of line currents are:
[al=Val/Z1 =(230<0)/ (8+)6) =(18.4—j13.8 ) A =23 <-36.86 °A
[a2 =Va2/ 72 =(Va2 =60<-30 )/ (j8+j6) =(2.36 —j5.51) A=6<-66.8 A
[a0 = Va0 /Z0 = (40<-90)/ (8 +j12) =(-2.4-13.2) A =4<-126.86 A
The Line currents are:
Ia =la0+Ilal+la2 =-2.4-j3.2 + 18.4 —j13.8 + 2.36 —j5.51 = (18.36-j22.51) A =29<-50.8 ° A
Ib =1Ia0+ a?lal+ a la2=4<-126.86 + 23 <( -36.86+ 240) + 6< (-66.8+120) =(-19.95-j7.44) A =21.3<-159.5 A
Ic =la0+ alal+a?la2 =4<-126.86 + 23 <( -36.86+ 120) + 6< (-66.8+240) = (-5.61+j20.3)A = 21.06< 105.45
A
WKT, Current flowing through the neutral is 31a0. Hence the drop in the neutral impedance is (31a0) x (Zn)
Vn = (31a0) x (Zn) = 3(4<-126.86 ) x 2<90 = 24<-36.86 V
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Figure shows a power system network. Draw positive, negative and zero sequence network. The system data is as
follows. Take base values of 11KV, 100MVA in generator 1 circuit.

o 5§ em P wmoe e
@Jr'é o PO
{5{ S fﬁ T i; Eun
T
rating rating

Generator-1 11KV 0.25 0.25 0.05
Generator-2 100 11KV 0.2 0.2 0.05
Transformer- T1 100 11/220KV 0.06 0.06 0.06
Transformer- T2 100 11/220KV 0.07 0.07 0.07
Line-1 100 220KV 0.1 0.1 0.3

Line-2 100 220KV 0.1 0.1 0.3
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Sixth Semester B.E. Degree Examination, June/July 2019
Power System Analysis - |
Time: 3 hrs. Max. Marks: 80

Note: Answer any FIVE full questions, choosing ONE full question from each module.

Module-1
I a Show that per unit impedance of two winding transformer will remain same referred to
primary as well as secondary (06 Marks)

b. A 300 MVA_ 20 KV, 3-phase generator has subtransient reactance of 20%. The generator
supplies two synchronous motors through a 64 KVA transmission line having transformers

at both ends as shown in Fig.Q1(b). T, is a 3-phase transformer and T is composed of

3-single phase transformers of rating 100 MVA each, 127/13.2 KV, 10% reactance, series
reactance ol transmission line s 0.5 ohm/km. Draw the reactance diagram with all
reactances marked in per unit. Sclect generator rating on base values.

ty PooMV

(‘,‘5 ) 'jv -*@%?;:
"ok

2{ };5«1&‘ ﬁ A _@N»L e
Y

L W

ey AN ROL |
BN ) @ M
*5 ‘b f\ * \t". N al2l ¥ 8

F1g.Ql(h) (10 Marks)
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Module-3
Obtain the relationship between line and phase sequence components of voltages in star
connection. Give the relevant phasor diagrams. (08 Marks)
Draw the positive. negative and zero sequence network lor the power system shown in
F1g Q5(h). Choose a base of 50 MVA, 220 KV in the 50} transmission lines and marks all
reactances i PU. The ratings ol the generator and transformers are:
Gy 25 MVATTKY. X"=20%: G:: 25 MVA, |1 KV, X" =20%
3¢ transtormers (each) - 20 MVA, 117220 KV, X = 15%
The negative sequence reactance of each synchronous machine 1s equal to the sub-transient
reactance. The zero sequence reactance of a each machine is 8%. Assume that the zero
sequence reactances of lines are 250% of their positive sequence reactances.

AR TR

@— i
L

o Y
o h
it
F12.Q5(b) (08 Marks)
OR

Draw the zero sequence impedance networks of a transformer for the following connections:

"-h " AR B Ry
. ; ) (06 Marks)

Department of EEE
Emitting Elite Energy
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b. The positive, negafive and zero sequence components of Tine currents are 20107 | 6|69

and 3|30" A respectively. Determine the line currents. {04 Marks)
In a 3¢, 4 wire system, the sequence voltages and currents are;

V,=09[10°PU; V ,=025]110"PU: V6 =0.12/300°PU ;

1, =075125"PU; I,=015]170°PU; I ,=0.1|330"PU

Find the complex power in PU. If the nefitral gets disconnected. tind the new power.
{06 Marks)
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Power System Analysis and Stability
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Time: 3 hrs. Max. Marks: 100
Note: L. Answer any FIVE full questions, selecting
at least TWO questions from each part.
2. Missing data, if any, may be suitably assumed.

PART - A
I a  For the given one line diagram shown in Fig. Q1(a), draw impedance diagram and reactance
diagram

! ' L b6
i M 8
Static|oad 4 o = S{ut'zng

Fig.Ql(a) (05 Marks)
b. List any five advantages of PU system. (05 Marks)
¢ The one line diagram of an unloaded power system is shown in Fig. Q1(¢). Reactances of the
2 sections of the transmission line are shown on the diagram. The generator and translformer
are rated as follows:
Gen | : 20 MVA, 138KV, X" =0.2 pu
Gen2: 30 MVA, IBKV, X"=02pu
Gen 3 : 30 MVA_ 20KV, X"=0.2 pu
Tr:T)-25 MVA, 220 KV/13.8. X" =0.1 pu
Tr: T2 - 1-d units each rated 10 MVA_ 127/1R KV, X = 10%
Tr:T::35 MVA, 220 Y/22Y KV. X = 10%.
Draw the impedance diagram with all reactances marked in pu. Choose a base of 30 MVA.
[38 KV,
T

‘805 {1005
P A L A
X
Yo

Fig.Ql1(c) (10 Marks)
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Prove that a balanced set ol 3-¢ valtages will have only positive sequence components of
voltages. {06 Marks)
One conductor of a 3-¢ line is open. The current flowing to the A-connected load through
line “a’ 1s 1OA, With the current in line ‘a’ as reference and assuming that line ‘s™ is open,

find the symmetrical components of the line currents. (07 Marks)
Obtam the relation between sequence components of phase and line currents in delta
connected systems. (07 Marks)

For the following configurations ol a 3-¢ transformer, draw the winding connection and zero
sequence network, (08 Marks)
In a 3-¢, 4 wire system, the sequence voltages and currents are,

V, =090 pu: V, =025[110" pu; V, =0.12|300" pu

1
.

[, =0.75125" pu: I, =0.15070° pu; 1, =0.1330"pu

Find the complex power in pu. If the neutral gets disconnected, find the new power.
(08 Marks)
Draw a zero sequence network for the given one line diagram shown in Fig.Q4(c¢).

o F e
_A%T& g A Y

»>
Fig Qdc) (04 Marks)
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Note: Answer any FIVE full questions, choosing
ONE full question from each module.

M e-1
1 a. Show that the per unit impedance of a transformer is the same when referred to either
primary or secondary side. (04 Marks)
b. Drawthecircuit modelof synchronous generator., transmission linesand transformer.(04 Marks)
€. The OLD of an unloaded power system is as shown in Fig.Q1(c). Reactance of Tr. Line are
shown in figure. Draw the per unit impedance diagram. Choose a base of 50 MVA. 13.8 KV
in G, circuit. The ratings are as under.
G > 20 MVA, 138KV, X"=02Pu. T, - 25MVA,220/13.8 KV. X = 10%
Gz = 30MVA, 18KV, X" =0.2Pu, T:-3,1¢Tr%cach IOMVA. 127/18KV, X= 10%
G3 — 30 MVAL 20KV, X" = 0.2Pu. Ts=35MVA, 22022 KV, X = 10%. (08 Marks)

N, n ¥ ‘A
v O Feed " g
' i
“Hw

Fig.Ql(c)
OR
2 a. What is per unit quantity? Mention its advantage. (04 Marks)
b. How is the per unit impedance value in a given base are changed to per unit impedance
value on new base. (04 Marks)

¢. Draw the impedance diagram for the power system shown in Fig. Q2(c). The ratings of the
components areas under,

Gy =25 MVALITLKV.x= 15% G: = 30MVA, [25KV, x=20%

M; 3 15MVA, 11 KV. x=12% M; = 25MVA, 115 KV.x=15%

Ty =30 MVA, 13/132 KV, x = 25% Ts=3 35 MVA, 132/11 KV, x=20%
Choosea base of 132 KVion (100 + j150)Q Tr. Line at 30 MVA base. (08 Marks)

i @——_ﬁ (g-oiaf-hjz(s &2
h’ . ‘ YﬁY‘ \h‘f\-o I (; Y
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Module-3

Derive an expression for the 3¢. complex power in terms of symmetrical components.

(08 Marks)
Draw the zero sequence network for different combination of 3¢ transformer bank.

(04 Marks)
A balanced A connected load is connected to a 3¢ symmetrical supply. The line currents are
cach 10A in magnitude. If fuse in one of the line is blown out. Determine the sequence

component of the line current. (04 Marks)
OR
Derive an expression for symmetrical components of voltage in terms of phase voltage.
(D6 Marks)

Draw the positive, negative and zero sequence network for the power system shown in
Fig.Q6(b). Choose a base oF SOMVA, 220KV in the 50Q transmission line and mark all
reactance in per unit. The ratings are as under :

G — 25 MVA, 12 KV, X" = 20%, Gz »25MVA, 11KV, X" =20% T, to T: = 20MVA.
220 KV, X = 15%.

The negative sequence reactance of each synchronous machine is equal to the subtransient
reactance. The zero sequence reactance of each machine is 8%. Assume that the zero
sequence reactance of line are 250% of their positive sequence reactance. (10 Marks)

f‘( {; Yk jSet }4 r}_ﬁ__l,

Y1 15”2 {.___‘. :
{Y FRr Nw| T3
Lr 5y at g aby

X, * 52 #‘&
r—/);

P s
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Power System Analysis and Stability

Time: 3 hrs. Max. Marks: 100

Note: Answer any FIVE full questions, selecting
at least TWO questions from each part.

PART - A
1 a. Draw the PU Reactance diagram for power system shown in Fig.Ql(a). Select the base
values of 20 MVA, 6.6 KV in the generator | circuit. The ratings of various components are:
Generator 1: 10 MVA, 6.6 KV. X" = 0.1 p.u
Generator 2: 20 MVA, 1 1.5 KV. X" = 0.1 p.u
Transformer T, = 10 MVA, 3 phase, 6.6/ 15 KV, X=0.15 p.u.
Transformer T, = 3 single phase units each rated 10 MVA, 7.5/75 KV, X = 0.1 pu.
Ty A jloen, B

WO

F50. _Y—; Y .
Fig.Ql(a) (12 Marks)

b. What are the advantages of per unit quantities? Show that:
base MVA . base KV ..
base MVA,, base KV,

PU reactance,. = PU reactance, ., (08 Marks)
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3 a Derive the relation between sequence components of phase and line voltages in star
connected systems. (0% Marks)

b. A delta connected balanced resistive load is connected across an unbalanced 3 phase supply
as shown in Fig.Q3(b). With currents in lines A and B specified. find the symmetrical
components of line currents. Also, find the symmetrical components of delta currents
(phase-currents).

I Ia=t0 /304

Ag\

Fig.Q3(b) (12 Marks)

4 a. Draw the positive, negative and zero sequence network for the power system shown in
Fig.Q4(a). Choose a base of 50 MVA, 220 KV in the j50€ transmission line and mark all
reactances in per unit. The ratings of generators and transformers are
Gen 1: 25 MVA, 11 KV, X" =20%

Gen 2: 25 MVA, 11 KYiX" = 20%
Transformers (each) ;20 MVA, 11Y/220Y KV, X =15%. The negative sequence reactance
of each synchronous machine is equal to the sub transient reactance. The zero sequence
reactance of eachmachine is 8%. Assume that the zero sequence reactance of lines are 250%
of their positive sequence reactance.

‘FY g‘ﬁ"n iso.n.Y'a;‘ﬁ‘ |
| ,_.g._( )
E P50 a . P,
v Y Ev_» ,,):},
*n: 657 ak
madhine - I'ﬂrnq

Fig.Qd(a) (14 Marks)
b. Derive an expression for complex power interms of symmetrical'components. (06 Marks)

x xr\ ‘i/nL
mmh-m-\ml.n‘
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Time: 3 hrs. Max. Marks:‘EOO
Note: Answer any FIVE full questions, selecting aN
atleast TWO questions from each part. - >
PART - A Lo

o

1 a. Show that per unit impedance of two winding transformer will rem@in same referred to
primary as well as secondary. (' (06 Marks)

b. List the advantages of per unit system. \"‘;*/ ‘ (04 Marks)

c. A 300 MVA, 20 KV, 3 phase generator has subtransient réattance of 20%. The generator
supplies two synchronous motors through a 64 km lran;_m\i?sion line having transformers at

both ends as shown in Fig. Q1(c), T, is a 3 phase transfotiner and T is composed of 3 single

phase transformers of rating 100 MV A each, 127/132 KV, 10% reactance. Serics reactance

of transmission line is 0.5 ohm/Rm, Draw the reactance diagram with all reactances marked

in per unit. Sclect generator rating as base valku_é% 4 {10 Marks)

-

260 WA e
EY TR Do/'

W, e m
S O3 3 Ty
£ s

£¥ P <,

B0 MW RICOPVA 2T
0] 2308Y L’:lf'!"?” W

% i 7= 104 100 MVA

- 1920V

R=20%

Fig. Q1(c)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137

