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The effect of the various winding connections of three phase two windings transformer on the fault current at the line to
ground (SLG-fault) and the double line to ground (DLG-fault) is studied. The ground faults are unbalanced ; so, the analysis of
these types of short circuit faults is divided into three balanced circuits which are known as symmetrical networks. The zero
sequence impedance appears in some types of transformer connections and its effect is reflected in the fault current value. This
paper examines with help of MATLAB software by simulating a generating station and different transformer connections, the
impact of three-phase two windings transformer connections which occurs on a transformer secondary side to determine which
the connections type of the transformer gives the maximum and minimum zero sequence component of ground fault current.
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1.INTRODUCTION

An Electrical fault causes failure of the
electrical equipments in the power system such as:
generators, transformers, bus bars, cables, and all other
equipments in the power system [1]. Due to sudden
ground faults in the system, the normal operating
conditions are disrupted. Unfortunately, ground faults
could happen where the phase will establish a
connection with the ground, as a result of this fault a
zero sequence current is established [2,3].

For the circuit shown in Figure (1), the
connections of the transformers affecting the ground
fault at the transformer generator unit are simulated,
where it was found that the single line of the ground
fault depends on the type of transformer configuration
used. It is observed that the Yg-Yg transformer has a
larger ground fault on the generator bus during SLGF
on the secondary side of the transformer [4].

® -

Figure 1. Single-line diagram

This paper analyses the influence of

transformer connections at the zero current magnitude
of SLG and DLG faults which might have occurred at
the secondary side of a transformer for the transformer
generator unit. As expected, the zero-sequence
component will be larger in the case of connecting
(dita-Yqg) because the visible impedance will be less
than in the case of connecting (Yg-YQ)..
Power transformers can be forced to any possibility of
abnormal conditions and faults [5]. The two general
methods of connecting three-phase windings of
transformers are: delta (A) and star (Y) connection, as
shown in figure 2[6].
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Figure 2: Three-phase transformer windings delta or
star connections.

Almost 60-75% of faults in a system are SLG
faults because SLG fault is the most repeated faults
likely to take place in the power system. The
consequence of the ground fault is determined by
transformer connections and generating station
arrangements. SLG is considered as unsymmetrical or
unbalanced faults which create severe unbalanced
operating conditions [7].

Besides that, 15% to 20% of faults in a power
system are DLG faults. The DLG through metallic or
a fault impedance are unsymmetrical or unbalanced
faults that create severe unbalanced operating
conditions. The SLG and DLG faults can be analyzed
into three symmetrical components which are three
balanced sets (positive, negative, and zero circuits)
[8,9].

2. UNSYMMETRICAL FAULTS

Faults are the stream of a huge current over a
wrong path which could cause huge damage to
equipment and could lead to the shutdown of the
electrical power. When SLG or DLG fault are
occuring, the currents in the transformer connections
and generating station arrangements become unequal
and give rise to unsymmetrical fault currents [10]. The
SLG and DLG fault can be converted into three free
symmetrical components which vary in the phase
sequence [11]. The key to analysis of Ground fault
problems can be found by either:
€)] Kirchhoff’s laws or
(b) Symmetrical components theory.

With the occurrence of the SLG or DLG
fault, the currents in the three lines become unequal
and unsymmetrical. The analysis of these types of fault
problem can be obtained by the symmetrical
components method [12].

In the symmetrical components method, any
set of unbalanced 3-phase voltages or currents can be
transformed into 3 balanced sets. These are:
a.The positive sequence follows the same sequence of
the original circuit, all having the same phase sequence
abc as the original set and denoted by Val, Vbl,Vcl..
This sequence is signified by the symbol “1” or “+”.

Vi
Figure 3: +ve sequence components

b.The negative sequence has an opposite sequence
from the +ve sequence and denoted by Va2, Vb2, and
Vc2.

The —ve sequence is signified by the symbol “-” or “2”.

Viz

Figure 4: -ve sequence components
c.The A zero sequence set, all equal in magnitude and

in the same phase and denoted by Va0, Vb0, VVc0 and
known by the symbol “0” [13,14,15].

N

Figure 5: 0—sequence vectors (components).

According to above, any set of unbalanced 3-phase
voltages or currents can be converted into 3 balanced
sets.

v Y A% A%

?
cl al b aZ \’a(

; r
v bi v -]
Positive sequence Negative sequence Zero sequence
components components components

Figure 6: Three balanced sets of three unbalanced
voltage phasors

3. THEVENIN EQUIVALENT CIRCUITS OF
SEQUENCE NETWORKS

As shown in Fig. 5, the Thevenin networks
for the sequence networks have only internal
equivalent impedances, Z1, Z2 and Z0, respectively.
The second method is preferred for unsymmetrical
fault analysis [10].

Sequence Networks for unsymmetrical fault
can be concluded by superposition and Thevenin’s
theorems. The Superposition theorem decomposes the
faulted network into three sequence networks. While
Thevenin’s theorems replaced any linear network
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containing any number of voltage sources and
impedances into a single e.m.f and an impedance of
like sequence. Therefore, for the power system we can
form three- sequence networks. These sequence
networks, carrying current lal, la2, and a0 are then
inter-connected to represent the different fault
conditions. The positive sequence of thevenin network
has an equivalent positive impedance, , Ea, and
Z1equivalent voltage source

component circuil

o PR} a —1": + !
Positive sequence v | +
- - -

Figure 7. The positive sequence of Thevenin network

The negative sequence Thevenin network has an
equivalent impedance, Z2

I 7> 1,
f—v-0 + + O
Negative sequence v .
component circuil ! Vi

Y9 =

Figure 8. The negative sequence of Thevenin network.

The zero sequence Thevenin network has equivalent
zero impedance, Zo.

Lero sequence v
component circuil 0 v,

Figure 9. The zero sequence of Thevenin network

The sequence voltages Vo, V1, and V2 are
zero, positive and negative, respectively and the
sequence currents lo, 11, and 12 are zero, positive and
negative, respectively. For the positive sequence
Thevenin network, Ea. defines the Thevenin voltage
seen from the fault point.

I, 7o I,
0~ 4 - LY
Zero sequence v +
component circuit a Vi,
——o .
o -
Z,
L L
S —=0 + >
Positive sequence v } +
component circuit 1 E ) AV
O 1\-.[/ 1
11 22 [1
—— 4 —
Megative sequence v
> ent circuit 2 v,
componen S "2
© o
(al (b)

Figure 10: Thevenin equivalent sequence circuits

These sequence networks are inter-connected
to represent the different fault conditions [16,17].

From above, it is noticed that the Thevenin networks
for the zero and negative sequence networks have only
equivalent impedances, Zo and Z2, respectively.
Generators are connected or removed from the
network for many reasons such as load variations,
emergency outages, and maintenance. The generator is
necessary to  be synchronized with a power system
before being connected to it [6].

4.SEQUENCE
TRANSFORMERS

Because of the complexity of its zero
sequence network as compared to its positive and
negative components, the characteristic of the
transformer is unique, which is dependent on how it is
connected [11].

The possible connections of primary and
secondary windings of two windings three phase
transformer that are studied : Y-Y, Yg-Y, Yg- Yqg,
A-Y,A-Yg, (vi)A—Aand A — A, (where A is delta
connection, Yg is earthed star connection) [18].

IMPEDANCES OF

Feromm s pemrk s sbent

) e s et

Figure 11: Zero-sequence network of three-
phase Transformer according to its connection

Y-Y Connections of Transformer: When a
transformer has at minimum two grounded-wye
windings, zero-sequence current can be converted
between the grounded-wye windings. Any impedance
between the transformer neutral points and earth must
be symbolized in the zero-sequence network as three
times its value to properly account for the zero-
sequence voltage drop through it.
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Y-A and A-Y Connections: This zero
sequence current can only exist in the closed delta
winding and not on the line side of the winding.
Because of this, an open circuit exists between the star
and the delta sides. Zero sequence currents will be able
to stream over the grounded-wye winding of the
transformer.

A-A  Connection: In the delta—delta
connection the winding current is reduced by a factor
of 1.73 to 58% of that in the Y-Y connection [6,11].

As shown in figure 5, for the delta connection
and Wye (ungrounded), the zero sequence current that
will flow to the reference bus of the faulted system is
zero.

For Star-delta connections with neutral
grounded, a zero sequence current will circulate in the
delta winding without leaving the terminals of the
transformer as a result of the grounded star winding.
An open circuit exists between the star and the delta
sides.

Because the zero sequence current can only
exist in the closed delta winding and not on the line
side of the winding. The equivalent circuit for this
connection and all other models can be represented
according to the above principles.

From figure. 1, it can be gotten that the figure
indicates the right flow of the zero-sequence current
from the primary to the secondary of the transformer
according to its connection [15,18].

T F L F 4

reference reference reference

P— @ —s

P —s P——3=
Zy Zi

Z

<J A 4 x> < d

reference reference reference

[P !

L Zy

p— —s P—
Zy

Figure 12: Single-line diagram for the zero
sequence current flow of different transformer
connections.

5. SINGLE LINE TO GROUND (SLG) FAULT
ANALYSIS

SLG fault is usually referred to as unbalanced
and unsymmetrical short-circuit fault. It occurs when
one conductor makes contact with the neutral wire or
falls to the ground.
Case 1: Metallic Line-to-Ground Short Circuit
The metallic SLG fault in a power system is given as
diagram in Fig. 13.

c
Energy I

Transmission )
System a

Figure 13. Representation of metallic SLG fault

The boundary conditions at the fault point:
Va=0,
Ib=0,
Andlc =0 ----- 1)
These can be converted to equivalent conditions in
symmetrical components as follows:
Va0 + Val + Va2 = 0= Va ----- 2)
Where Val, Va2, and Vao represent, respectively, the
positive, negative, and zero sequence voltage.
Also, la0=lal=la2=l1a/3 ----(3)
Where lao, lal, and la2 represent, respectively, the
zero, positive, and negative current.
lal=la2=lao=E/(Z1+Z2+Z0)-----(4)
Z0, Z1 and Z2 are, respectively, zero, positive and
negative impedance, is the fault impedance.
By using the conditions of Eq. (2) and (3), the
sequence networks connections for the metallic SLG
fault can be given in Fig. 14.

Lo l
.

Figure 14. Sequence networks connection for
metallic SLG fault

Case 2: SLG with Fault Impedance (ZF)
The SLG with fault impedance in a power system is
given as a diagram in Fig. 15.
At SLG with ZF:
11=12=l0=E/(Z1+Z2+Z0+3Zf)--(5)
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Transmissi
System

Figure 15. Representation of SLG with a fault
impedance
Then, the fault current for each case is:
IF=11+12+10=311=312=3 ----- (6) [19].

Zo I,
L o
Yo
Z1 I
n
—~ VE vy I 3z t
Z2 I,
b

Figure 16. Sequence circuits connections for SLG
with a fault impedance

6. DLG FAULT ANALYSIS

The DLG fault happens as a result of
insulation collapse between phases and ground. Thus,
the current of the network flows to earth through fault
lines and the current of the healthy phase decreases to
zero[9].
For unloaded generator—transformer set when DLG
fault happens, the following boundary conditions are
satisfied:
Assume the fault between phases ‘b’ and ‘¢’ with the
earth, as shown in figure.17.

a
Supply b

side Fault\\
J_ c

Figure 17: Metallic DLG on phases b-c.
Then,
la=0---------- (7

Since earth is the zero potential, the voltage between
faulted phases and earth is zero,

Vb =Vc = 0---------- (8)
Hence, the derived conditions under DLG fault would
be:

Va0=Val=Va2=1/3Va---------- (C)]
If=lb+Ic ----------- (10)

la0+lal+la2=la= 0---------- (11)

Case.1: Solidly DLG fault without ZF
When DLG is a metallic, then:

ZF =0--------- (12)
lal=Ea/(Z1+22Z70/(Z2+Z20)) ---------- (13)
When the zero sequence is nonfinite,
lao=-Z2/(Z2+20) .lal---------- (14
la2=-Zo/(Z2+20) .lal---------- (15)
When the zero sequence is infinite,
lal=Ea/(Z1+Z2) ---------- (16)

From Equations (9) and (16), it is concluded that all
three sequence networks connected in parallel at the
fault position in order to simulate a double line to a
ground fault [17,20].

Figure 18: Connection for DLG fault

Case.2: Solidly DLG fault with ZF

With ZF, the zero sequence impedance is (Zo
+ 3ZF) in the zero sequence path [6].
The positive, negative, and zero currents with respect
to the phase-a for each fault are[3,10],:
lal = {VF / [Z1+Z2(Z0+3ZF)/(Z2+Z0+3ZF)]}---(17)
la2= -1a1(Z0+3ZF)/(Z2+Z0+3ZF)--------- (18)
lao = -1alZ2/(Z2+(Z0+3ZF)----------- (19)

A typical representation of a double line to
ground fault with fault impedance of Zf at fault point
F is shown in Figure. 19, [12,21]:

Lot é Z:+3Z, .tz Lot é Zs

. &
+ Fo + Fi + Fa
Vo Zo Va Z Va Z,
’ No B R A N,

Figure. 19: The connection of the equivalent
sequence networks of DLG fault with ZF

7. RESEARCH METHOD
7.1. SLG fault

To analyse the effect of various transformer
connections during SLG fault, a model of unloaded
transformer connections and generating station
arrangements is simulated as illustrated in Figure (19).
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Table (1), gives the tested network parameters, at
Shase=2MVA, Vbase=6.6Kv:
Table.1: Data of tested network(Gupta).

Parameter Generator Transformer
S(MVA) 2 2
VOLTAGE(kV) 6.6 6.6/11
+ve sequence impedance 2.18 1.09
(X
-ve sequence impedance 1.526 1.09
(X2)
zero sequence impedance 1.526 1.09
(Xo)
L ZMVA l
X1=j2.18 pu
-)(2 =31. 526 pPu T: 6 GlllkV
X0=j1.426 pu
[ solidly earthed -,1 ng pu
l xo'ii 05 pu l SeemaueT
SINGLE LINE DIAGRAM FOR TESTED SYSTEM

Figure 20: Single line diagram for the tested network.

7.1.1. SLG with metallic

1- Case 1: Transformer is Y-Y connected
Transformer is Y-Y connected: In general,

the sequence networks for this case are given in figure

(20,21,22).

Eg=1
9=1pu Eg=1 pul

Thevenin Equivalent

§3.27 pu

$
I 1
+ve sequence Network
j2.18 pu E é
l

j1.09 pu FAULT POINT

Figure 21: +ve sequence Network when the
transformer connection is Y-Y.

-ve sequence Network
§1.526 pu

I_._frn\_._.

§1.09 pu FAULT POINT

Thevenin Equivalent
§2.616 pu

|

FAULT POINT

Figure 22:-ve sequence Network when the
transformer connection is Y-Y.

|

§1.526 pu é zero sequence Network

L e -

j1.00 pu FAULT POINT

Thevenin Equivalent

FAULT POINT

Figure 23: Zero sequence Network when the
transformer connection is Y-Y.

The equivalent sequence network diagram for a single
line-to-ground fault is:

iz.e16 Ifault
Fault Current

i=.27 SINGLE LINE TO GROUND FAULT POINT
F.

AULT
I AT SECONDARY SIDE

=3
TRANSFORMER CONNECTION

(GO [

T
Figure 24: The equivalent circuit for metallic single
line to ground fault at secondary side of Y-Y
transformer connection.

The fault current for this case is (0.2401 pu),
as shown in figure (24). For the rest of cases(case2-
9), the fault current, the positive and negative
sequence networks, and Thevenin’s equivalent are
the same as the case (1), but the different is in the zero
sequence networks, as seen below.

For Transformer connections (Y- AY- Yg
YO0- Y, A-Y,A-Aand Yg — A), it is noticed, the
symmetrical components for these cases are similar to
the symmetrical components for case 1. Therefore, the
same fault current at SLG fault in casel.

2- Case 2: Transformer is A - Yg connected

Transformer is A - Yg connected: This case
is different from the above cases, this is done because
the secondary side of the transformer is grounded star.
So, the equivalent circuit becomes as follows.

—a

|

- zero sequence Network
11.526 pu =

[

§1.08 pu  FAULTPOINT j1.09 pus

Thevenin Equivalent

— T ———aa
FAULT POINT

Figure 25:Zero sequence Network when the
transformer connection is A-Yg.

The equivalent circuit for this case is:

X0
e
j1.09 Ifault Fauft Current

x1
i3.27 % SINGLE LINE TO GROUND FAULT POINT

FAULT

1 AT SECONDARY SIDE
. - Delta-Yg
@ TRANSFORMER CONNECTION powergui
Eg=1 pu
- .

1

Figure 26: The equivalent circuit for metallic SLG

fault at the secondary side of the transformer (case2).

It is noticed in this case the total impedance is
increased because of the effect of zero impedance of
the transformer when the transformer winding is A —
Yg. The fault current becomes less than in the previous
cases, as is shown in figure (25), and equal to (0.2026

pu).
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3- Case 3: Transformer is Yg - Yg connected

l—._n
i2.616 pus é Thevenin Equivalent
T I—-—u

FAULT POINT]|

j1.526 pu g zero sequence Network

j1.09 pu FAULT POINT

Figure 27:Zero sequence Network when the
transformer connection is Yg-Yg.

The equivalent circuit for this is:

X0
l—. G e[ —
j2.616 Ifault

Fault Current
FAULT POINT

j3.27

o

Figure 28: The equivalent circuit for metallic SLG

fault at secondary side of the transformer (case 3).

It is noticed in this case the total impedance is
increased because of the effect of zero impedance of
the generator and transformer when the transformer
windings are Yg — Yg. The fault current becomes less
than in the previous cases, as is shown, in figure (28)
and equal to ( 0.1662 pu).

-‘ Fault Current
*——] FAULT POINT

lfalll[

7.1.2. SLG with ZF:

§2. 515

j2.616
powergui

I

ok

I 10.6 pu 322t
i3 77! I

@ ;
[

Figure 29: The equivalent circuit for SLG fault with

ZF at secondary side of the transformer
When the transformer windings are Yg — Yg. It is
noticed in this case the total impedance is increased
because of the magnitude of ZF is added to zero
impedance of the generator and transformer. The fault
current becomes less than in the previous cases, as is
evident in figure (28) and equal to (0.1553 pu). At the

rest of transformer connections, the fault impedance
does not affect the fault current.

Figure 30, shows the results of all types of transformer
connections:

Tnflucace of Power Transformer Windings Conncctions an fhe single line to ground fault currcat

° letallic SLG/other connaction: G with ZF
" CASES OF SLG FAULE WITIL TRANGHORMER CONNECTIONS

Figure 30 : Impact of Two Wlndlngs three -phase
Power Transformer Connections on the Metallic/ZF
SLG short circuit current
The minimum short circuit current at Yg-Yg
connections of the power transformer with the fault

impedance (ZF).

7.2. DLG fault:

To analyze the effect of various transformer
connections during DLG fault, a model of unloaded
transformer connections and generating station
arrangements is simulated as illustrated in Figure (30).
Table (1), gives the tested network parameters, at
Shase=2MVA, Vbase=6.6Kv:

Table.2: Data of tested network.

Parameter Generat | Transfor
or mer
S(MVA) 2 2
VOLTAGE(kV) 6.6 6.6/11
+ve sequence impedance 2.18 1.09
(X1)
-ve sequence impedance 1.526 1.09
(X2)
zero sequence impedance | 1.526 1.09
(Xo)

ZMVA
X1=j2.18 pu
X2=j1. 525 pu T: 6 6/11kV
X0=j1.426 pu
[ solidly earthed )(1 _|1 Dg pu
2=31.09 pu SLG-FAULT
. xu-J:l 09 pu

ode 10 node 10

SINGLE LINE DIAGRAM FOR TESTED SYSTEM

Figure 31: Single line diagram for the tested network.

7.2.1. Metallic DLG:
1- Case 1: Transformer is Y-Y connected

For this case the equivalent sequence network
diagram for the DLG fault is:

Al-Rafidain Engineering Journal (AREJ)

Vol.28, No.1, March 2023, pp. 219-229



226 Mohammed A. A. Aljuboori: Impact of the power Transformer Connections.....

DOUBLE LINE TO GROUND - (oo
AT SE SECONDARY SIDE ‘ |
Y Y«DI“. Y- YB l l
TRANEEORMER CONHECTIONS . h *(w

pwergu. i
HEASUREHENT

r.nul'rrunm:u'r I

Figure 32: The equivalent circuit for metallic DLG
fault at secondary side of Y-Y transformer
connection.

The fault current for this case is (0.7203 pu).
For Transformer connections (Y- A,Y- Yg,Yg- Y,A -
Y, A - Aand Yg — A), it is noticed, the symmetrical
components for these cases are similar to the
symmetrical components for case 1. Therefore, the
same fault current at DLG fault in casel.

2- Case 2: Transformer is A - Yg connected

This case is different from the above cases,
this is done because the secondary side of the
transformer is a grounded star. So, the equivalent
circuit becomes as below:

| - ‘ <
DOUBLE LINE T2 GROUND [ - “u: ﬁx..

AT SECONDARY SIDE FOR
TRANSFORMER GONNEGTION

_ = I - o . e Ix°
————
2 |
Powargui X
S

Figure 33: The equivalent circuit for metallic DLG

fault at the secondary side of the transformer (case2).
It is noticed in this case, the zero impedance is (1.09
pu) because of the transformer winding is A — Yg.
The fault current becomes greater than the previous
cases and equal to (1.05 pu).

3- Case 3: Transformer is Yg - Yg connected
The equivalent circuit for this is:

e
Lo
MEASUREMENT
OF I

FAULT CURRENT

.-

Figure 34: The equivalent circuit for metallic DLG
fault at secondary side of transformer (case 3).

It is noticed at this case the zero impedance
of the generator and transformer is increased because
of the transformer windings are Yg — Yg. The fault

current becomes less than the previous case and equal
to (0.9261 pu).

The results of the above three cases are shown in
figure.35 :

Influencc of Power Transformer Windings Coancetions on the SolidlyDLG Fault Currcat Without Zfault
T

Other connections Delra-¥g connerion Y vz commection

‘DLOFAULT CURRENT(PL)

Figure 35: The DLG fault currents values for
different connections of transformer windings at
solidly DLG fault without ZF.

7.2.2. DLG with ZF:

4- Case 4: Transformer is Y-Y connected

The equivalent sequence network diagram for this case
is: 0.5983

e I
2 ; L

Figure 36: The equivalent circuit for metallic DLG
fault at secondary side of Y-Y transformer
connection.

The fault current for this case is (0.5983pu). For
Transformer connections (Y- A,Y- Yg,Yg- Y, A-Y,
A - A and Yg — A), it is noticed, the symmetrical
components for these cases are similar to the
symmetrical components for case 1. Therefore, the

same fault current at DLG fault in casel.

5- Case 5: Transformer is A - Yg connected

This case is different from the above case,
this done because the secondary side of the
transformer is grounded star. So, the equivalent circuit
becomes as below:

Figure 37: The equivalent circuit for metallic DLG

fault at the secondary side of the transformer (case5).
It is noticed at this case the zero impedance is (1.09
pu) because of the transformer winding are A — Yg.
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The fault current becomes greater than the previous
cases and equal to (0.8517 pu).

6- Case 6: Transformer is Yg - Yg connected
The equivalent circuit for this is:

Powergu T j2.616 ‘

1
e 120
MEASUREMENT - 0.6 .,ul‘ jnAc-puI taun
FAULT CURRENT 1
xo

Figure 38: The equivalent circuit for metallic DLG
fault at secondary side of transformer (case 6).

It is noticed in this case the zero impedance
of the generator and transformer is increased because
of the transformer windings are Yg — Yg. The fault
current becomes less than the previous case and equal
to (0.7740 pu).

The results of the above three cases are shown in
figure.39:

‘of Powar Transformar Windings Connactions on tha Solldly DLG Fault Currant With Zfault

Figure 39: The DLG fault currents values for
different connections of transformer windings at
solidly DLG fault with ZF.
The minimum short circuit current at Yg-Yg
connections of the power transformer with the fault
impedance (ZF).

8. CONCLUSIONS

For SLG Fault: In this paper, by using
representation with MATLAB software, the different
types of windings connection of three-phase
transformers have been tested. The case (1), despite
the different connections of the two windings three-
phase transformer, the fault current is the same due to
the fact that the zero sequence impedance for all of
these connections in the first case is not active. In this
case, the fault current is the largest.

For SLG with ZF with (Yg-Yg connection),
the fault current, as shown before, is the least because
the zero sequence impedance is the largest value for
all cases.

Finally, according to the simulation results,
the best types of windings connection for the three-
phase transformers are Yg-Yg connection with ZF
which give the least fault currents and this fault current

can be reduced with high grounding impedance, as
shown in the equation (6).

The ground fault current can be reduced and
limited by increasing the fault (grounding) impedance.

For DLG Fault: In this paper, by using
representation with MATLAB software, the different
types of windings connection of three-phase
transformers have been tested. For DLG without ZF,
case (1), despite the different connections of the two
windings three-phase transformer, the fault current is
the same due to the fact that the zero sequence
impedance for all of these connections in the first case
isn’t active. In this case, the fault current is
minimum.
At A -Yg connection (case 2), the fault current, as
shown in fig.13, is the largest because the zero
sequence impedance is less than the value for the
case3.
For DLG with ZF, case (4), despite the different
connections of the two windings three-phase
transformer, the fault current is the same due to the fact
that the zero sequence impedance for all of these
connections in the first case are not active.  In this
case, the fault current is minimum with respect to case
5 and case 6.
At A =Yg connection (case 5), the fault current, as
shown in fig.17, is the largest because the zero
sequence impedance is the less than value for cases 6.

Finally, according to the simulation results, the

worst types of windings connection for the three-
phase transformers are A-Yg connection without ZF
(case 2).
Also, ZF minimizes the fault currents and this fault
current can be reduced with high grounding
impedance.
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