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be solved by hand. In this pa
of different vector groups in pha
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Nomenclatures

Y nodal admittance matrix. 'g..
/ nodal impedance matrix.
Y3 (=) vector group of star=delte ;
2 b’ Yabe 3x3 matrices of 1mpedancea$1x~.*
sets of 3=phase terminals.

2512 Y012 3x3 matrices of sequence
XO,Y1,Y2 Zero, positive and negati

balanced 3=-phase element.

E. Machine phase e.m.f conn

1. Introduction

The analysis of unbalanced polyphas:
can be developed in terms of the
in the phase cowordinate reference f

The analysis of unabalnced polyphas
components is achieved by using positi
[3]. ‘

The analysis of power system pol
carried out using the phase G}
voltages, currents and impodoneouiﬁ

L

matrices [1], [2].

The Alexandria Electric Power th,ff“
includes power transformers of diff
Yvds, vd11d411, Yvd11 and Ydy.
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First we define the vector groups of
then how to build the 3=phase

group of Yd Transformers, final.
admi ttance matrix for all

transformers.

According to the vector group of
unit data bases for fault calcu
one hundred=fifty degree rotatior
or dY transformer is encounter;v
group Yd1 necessitates thirty]?"ff“
clockwise direction while YAl

anticlockwise direction, similary

Yd7 have.i150 degree.

This preseats a potential pre
faults occuring at different s

usual per=unit manner.

Potential problems are describec

to the problem is to use i

collapsing operation as dosc@tj‘
't

In [7] the veequivalent is inco:

which is then used in t

ground fault. A single = lin

of the Yd=-transformer bank,

voltages at fault and thro

from the solution of the :yﬁi ‘




Ll B

574 F. Mabrouk, M.A. El-Iskandarani

2. Solution in the Phase Co=ordinate R

To solve fault analysis by phase co

steps:

1. Draw the system in three phasg |
sequence used. :
2. From the sequence impedence:
admittance matrices for all elements
T*

Y » 1/3 TY

abe thase

-

+y.+ Q ¥, 62
Yol Xy Yot@ ¥y * 2 Ha i

012

=1/3 Yk 652)'1+ay2 yQ+y1 +y2

2 2
Yy RY+8Y, Yy +3 ¥ +ay,

—
where

= 3x3 matrix of admittances b
terminals
2,1, = 3-phase element symmetrical=col
-1 ! j i

Yoy = Zgqp=3= phase element symmetr
admittance 3x3 matrix. '

thase



e
i

i

Application Of Phas . CO Gr

i
1 1
T o= 1 8l
1 3 A
ot .

= =0.5 + jO. 866
2 ;
3 = = 0.5 = ]O. 866

yo’ y‘] ) Y2 - balancﬁd q'zf
components z
admittances.

. Construct admittance m
Calculate the inverse

. Define the prefault

3
4
5. Assume the type of fau
; A
7. Calculate the fault o‘n

..
[
e i
o %op “pq 133
' |
Iqﬂt. Epg 561— ﬂl
k58 it
T fo O marnado SRS j‘
- QJ == 524
where : ‘
14
Alexandria g '¢
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vp, vq, v being the respective prefault bus!
voltage (magnitude and phalﬁi%ﬂ*

Ip,1q,Ir being the fault currents injected

The above equations can be represented for :
foults:
= 3=phase short circuit occurs on buagsk‘
- simultaneous fault (2=phase short 9$ 
single phase on bus r) |

- simultaneous fault (2=phase short g%??%
single phase on bus q) Iv‘

= Simultaneous fault (2=-phase short cir
single phase on bus p) . |

In general the numbers of rows and col

the number of faulted buses and nodes

8. Calculate the busbar voltage
drops due to the short circuit ¢
prefault voltages Vi thus. '

9. Using matrices Y phase for
in the network can be obtained.
busbars i,j,k and p,q,r, the current:

(k=r) are:

Alezandria Engineering Journal
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I. Y. .
j=q | 7| "ijk=par

Alternatively, using the Y m# 2ach
it
listed branch can be found,

currents, the current in the‘ppw

hese

Reference [1] gives the e of

reference, admittance matr ‘and
transformer.
Phase shift in Yd tranafor,ﬁ 2n we

establish the admittance mat

The prefault voltages a th d on
the phase shift in Yd tran

To know how to construct Y
definition of "vector group" [

3 Transtgglprigggr.nantnap"

Consider that an ideal
per unit and turns ratio

Fig. (2) represents the g cuit
of a uingl. phase 3;gw
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-

windings may have either actual or equ:
both [1]

Fig (1)
From the relationships across the i
and §.1 )
V. =1 +t) V'
s
By - -(1 + t)1s
the terminal relationships can be d

ir-yv - cm—n

: iy W YW
1 ER el et mm——

5 ' ahe (1+8)°  (14t)

letting j , k, p, q r:prennt thc
earth connection is assumed: W 1

v, = Vj = vk and



I.agI. + 1
9 Jjm S

(1+t)

¥
-;E:(Vj-vm) Yig + =g (3

where the summation is over the sg%
i1 a0

excluding the set k,p.q

y
I Y. + omeem )V o ool -
j im o
m (1+t) (1+£) "

and the same way for values I

The phase admittance matrix

given by equation:

j
i | yre?
k ﬁy[“ 2 ’ |
Y = - - : | |
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This single=phase transformer model can be used to assemble equivalent
circuits of polyphase transformer banks, some of which are derived in
reference [1] but star=delta transformers having different vector

groups are treated in the following section.

3.2 Star=Delta transformer

equivalent circuit

The 3=phase equivalent circuit model of a star=delta transformer of

vd9 vector group may be assembled as in Figs. (3). (4).

The steps to build Y matrix are:

1. determination of numerical index (hor number) of vector group Yao
(Fig. (3)).

2. Draw three 1=ph. transformer, parallel windings are taken into
consideration (see Fig. (3) AN//bc represent the 1st single
transfo. in Fig. (4)).

3. From Fig. (3) write the prefault voltage

V_ lead V, by 90° v, 1 I
Va = jVA Vb = 0 peoue
v, = Vg v, R
V. = ch
VA ;
VB = = j 3 P.ua
Vc a
Alexandria Engineering Journal October 1989
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4. Draw star=delta windings Fig. (5)7

5. Draw dotted line between nodes
AN, be transformer in Fig. (5)).

6. Then full the first row if admitta

Then complete the matrix [Y]

2
YAA-%’ YAbz-Y/dP ) YAC"Y/ dﬁ Y

e,
g VT

Table (1) represent 3-phase admittan

group of Yd and dY transformers.

With the same assumption the anal
transformer and auto transformers

[(1]. First define the vector ﬁral
Ydlddll or Yydll, then build the3=

sequence.

|
)

cOpclusions

vector groups of power transforr

in order to construct the
fault level calculations can be
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Appendix 1

Vector groups [10]

The vector group shows the conne&’s"#:;:l.fJ

a transformer and the numericaﬁ

Phase displacement is expressed
designated by symbols 0,1,2,...

The numerical index shows by mﬂ
low voltage vector lags (anth% E,
the high=voltage vector with ﬁ?’
Fig. (A=1) terminals a,b,c on the
to terminals A,B,C on the high ;%f

A 3-phase transformer, whose
delta or zigzag, may be cla:
groups with the phase displa
e.m.f. varying from zero tf 3
corresponds to twelve elu@f:,
transformer with vector group
having both the windings as r
phase displacement Fig. (A=2)).

A transformer with vector ,
having a high voltage in star (Y) .
connection, phase angle between
index 150°/30° = 5 Fig.(a=3).

Fig. (A=4) represents the W
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Fig. (A-3) Vector group m? 0; 1
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