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CORRESPONDENCE
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Nowadays, the quality of electrical energy really needs to be improved especially for industrial
purposes that require a good level of reliability in the distribution of electrical energy.
Maintenance of distribution transformers is routinely carried out to ensure that the quality of
electrical energy produced is in accordance with standards. This maintenance is done using the
customer’s load from the distribution transformer to the mobile substation transformer, that can
be done using synchronization. This synchronization requires the same distribution transformer
vector groups, otherwise it will produce non-standard output. The aim of this research is to
determine the vector groups effect on parallel transformer installation system, the method to
overcome the synchronous problem of different vector groups based on simulating and testing
the synchronization of a 20 / 0.4 kV distribution transformer with the Dyn5 and Dyn11 vector
groups. The results obtained from this research are two transformers that have different vector
groups can be synchronized with an abnormal connection (changing the position of the
secondary terminal cable connection and the primary terminal cable) so that it will produce the
same voltage phase. This will abnormal treatment of distribution transformers maintenance that
do not have a back-up transformer with the same vector group still can use the different vector
group transformers.

E-mail: brainvendra@jgu.ac.id

INTRODUCTION

The National Energy Policy in Indonesia as stated in the
Regulation of the Minister of Energy and Mineral Resources
Number 18 of 2019 concerning the Quality Level of Electricity
Distribution Services by PT. PLN, the regulation aims to provide
electrical energy and maintain the continuity of its distribution.
Nowadays, the quality of electrical energy needs to be improved
along with the increasing use of electrical energy in everyday life,
especially for industrial purposes that require a good level of
reliability in the distribution of electrical energy. The most basic
problems in the distribution of electric power are the quality,
continuity and availability of electric power services to
customers. One way to maintain continuity is to synchronize the
transformer. In maintaining the quality of distribution of electrical
energy by reducing blackouts caused by repair, maintenance or
damage to transformers by synchronizing transformers both in the
PLN area and in the area of private companies [1].

A transformer is an electrical device that can convert or transfer
alternating electrical energy (AC) from one voltage level to
another due to the performance of magnetic coupling with the
basic principle of electromagnetics [2],[3],[4]. In a 3-phase
transformer there is a connection group called a vector groups,
namely the winding relationship between the high-voltage
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winding and the low-voltage winding that can affect the phase
angle shift [5],[6]. This angular shift is also called transformer
clock.

In Indonesia, for distribution transformers, there are generally
four types of transformer groups based on their vector groups and
neutral points [7]. In the installation of a three-phase transformer
can be installed in parallel with two or more transformer units, it
is said to work in parallel or synchronous if both the secondary
side and the primary side are connected to serve the same load
[8]. There are several factors that require this parallel system,
including: Load growth, increased service reliability,
transportation limitations and production limitations.

In industrial environments that have large electrical power and
loads, parallel transformer systems are often used to simplify
maintenance and to increase electrical energy in the future [9]. In
these companies, if there is a disturbance or damage to one of the
parallelized transformers, it will reduce the capacity of the
electric power to be distributed, so that it can reduce production
results due to not being able to run production machines
optimally, then the alternative is to replace the transformer with
how to rent or buy a transformer that has almost the same
technical data, as for the obstacles in the field, often the available
transformers have a different group vector or transformer clock
with the transformer installed so that the handling of blackouts
takes longer due to the assumption that they cannot be
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synchronized, so replacement is needed as soon as possible by
synchronizing existing transformers with due regard to other
synchronous requirements [10]-[13].

For the PLN environment, a parallel system is carried out to
minimize blackouts due to maintenance or additional power
capacity to be supplied [14]-[16], for example for substation or
transformer maintenance activities, it is required to do blackouts
for the safety of workers and the unit itself. due to blackouts,
losses are not only experienced by customers, but also
distribution network operators due to loss of potential electrical
energy sold [6], it is necessary to transfer the load to minimize
these losses by using a Mobile Substation Unit (UGB). Case in
point at PT. PLN (Persero) ULP Rayon Belanti, Padang City
experienced several problems, one of which was an overload and
an unbalanced load, so to overcome this problem, an increase in
the capacity of the distribution transformer was carried out as a
means of distributing electricity, so to increase the power needed,
one solution was by adding a Mobile Substation Transformer
(Portable Transformer) which is connected in parallel with the
operating distribution transformer [17]. And another example is
the implementation of the installation of Mobile Substation Units
at PT PLN (Persero) Tanjung Priok Area in distribution
substation maintenance activities, the SAIDI value has been
improved by 2.51 hours/customer/year or the saved kWh is
14493.89 kWh with a value of rupiah that can be calculated. saved
Rp 21,266,595 [18]. In the load transfer or synchronous process,
technical problems are often encountered, namely the transformer
to be synchronized has a different group vector, for example the
installed transformer is Dyn11 or Dyn1 while the transformer in
the Moving Substation Unit has a group vector of Dyn5, so
special treatment is needed so that the transformer can be
synchronized. and no damage occurs due to the difference in the
transformer clock which will cause a large excitation current and
will have an impact on damage to the synchronized unit.

The desired final achievement of the transformer synchronization
system is to parallelize two or more transformers, so that when a
transfer or load sharing occurs, there is no blackout in the existing
electricity network for consumers or the public and there is no
short circuit in the parallel transformer system [19]. This research
focusses to synchronize Dyn5 and Dynll distribution
transformer to get the same vector groups using special terminal
connection. It can help the maintenance transformer industry to
provide the more easily synchronize transformers that have
different vector groups

METHOD

A transformer is an electrical device that can convert or transfer
alternating electrical energy (AC) from one voltage level to
another based on the principle of electromagnetic induction (EMF
Induction) that occurs between 2 (two) or more inductors (coils),
but does not change the input source frequency or transformer
output frequency[20]. The transformer can only work on
alternating current (AC). In general, transformers are divided into
2 (two) types, namely step-up transformers and step-down
transformers [21].

A transformer has a vector group, whether it is a single-phase or
three-phase transformer and vector diagram is a vector that
describes the relationship between magnetic flux, voltage and
current flowing in a circuit. Affecting the values of the
connections in a vector depends on the nature of the load, the
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impedance of the primary and secondary windings and the
transformer losses. Three-phase transformer, has a coil
connection on the primary side and secondary side, the
connection is like wye, delta and zigzag. For the combination of
primary and secondary coil connections in general, namely: Wye-
wye (Y-y), Wye - delta (Y-d), Delta - wye (D-y), Delta - delta (D-
d), Delta - zigzag (D-z), and Wye - zigzag (Y-2).

According to IEC 60076-1, the vector group notation is HV-LV
respectively. For example, a step up transformer with a delta
connected secondary and a wye connected primary, is written as
'‘Dy1'. This indicates that the LV winding lags behind the HV by
30°. Transformer connection notation is very important to know
the connection of the high voltage coil and low voltage coil in the
main transformer tank (main tank) so that it can make it easier to
identify the type of connection used.

Table 1. Transformer Relationship Notation

Transformer High Voltage = Low Voltage
Connection (HV) (LV)
1 Phase | i
Delta D d
Wye Y y
Zigzag z z

In the vector groups of transformers there is the term clock
number, which is the difference in the phase angle between the
low-voltage coil side and the high-voltage coil. Each hour digit is
multiplied by 30°. For example: 0 = 0°, 1 = 30°, 5 = 150°, 6 =
180°, 7 = 210° (-150°), 11 = 330° (-30°). Based on the value of
the phase angle, the vector groups can be grouped as in table (2)

Table 2 Vector Groups Based on Lagging/Leading HV Coils

against LV
o'clock  Phase shift (deg) Vector Groups
0 0 Yy0  DdoO Dz0
1 30 lag Ydl Dyl Yz1
2 60 lag Dd2 Dz2
4 120 lag Dd4 Dz4
5 150 lag Yd5 Dy5 Yz5
6 180 lag Yy6  Ddé Dz6
7 150 lead Yd7  Dy7 Yz7
8 120 lead Dds8 Dz8
10 60 lead Dd10 Dz10
11 30 lead Ydil Dyll Yzll

The requirements for the transformer to be parallelized must meet
the following criteria:

1. Parallel voltage ratio must be the same.

2. The polarity of the voltage must be the same.

3. The voltage impedance at full load must be the same.

4. The ratio of reactance to resistance must be the same.

5. The number of phases must be the same.

6. The transformer vector groups must be the same

Analysis Procedure

The research methodology used is a simulation using the
MATLAB Simulink R2018a software and TTL as the measuring
tool. Transformer synchronization is carried out to maximize the
availability of transformers that have different vector groups. This
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research uses Dyn5 and Dynll type transformers which have
different vector groups. This study also proves synchronization in
practice based on the results of simulations with MATLAB. For
the research flow chart according to Figure 1.

Define Dyn5 and
Dyn1l
Transformer

Dyn5 and Dyn11l
Syncronous Transfarmer
Simulation (Normal
connection)

Normal
y Calculate the connection
€57 cach Vphase Testing using
TIR
Special
Yes Calculate the conf\ec(ion
each Vphase Testing using
TTR

Dyn5 and Dynl1l
‘Syncronous Transformer
Simulation (Special
connection)

)

N

Figure 1. Research Flowchart

In this Research, modeling and simulation on Simulink work

screens include:

1. Modeling of 3-phase transformer with Dyn5 and Dyn1l
vector groups based on MATLAB GUI vector groups. This
model is used to determine the terminal connections of the
Dyn5 and Dyn11 transformers. This modeling will produce
two transformers that have different vectors which will be
shown from the clock vector.

2. Perform synchronous simulations with the same vector
groups. This simulation aims to determine the effect of two
transformers with the same vector (Dyn5 and Dyn5).

3. Perform synchronous and asynchronous simulations with
different vector groups with normal connections. This
simulation aims to determine the synchronous effect (can be
paralleled because the vector groups are the same) and
asynchronous (cannot be paralleled because the vector
groups are different) of two transformers that have different
vector groups (Dy5 and Dyn11) with normal connections
(R-R, S-S, and T-T).

4. Perform asynchronous simulations with different vector
groups with custom connections. This simulation aims to
determine the effect of two parallels that have different
vector groups by connecting with abnormal connections (R-
T,S-S, T-R).

20/ 0.4 kv Simulation results:
Synchronous And I
Model 20 KV Transformer Asynchronous 1. sinusoidal graph
Voo souce, ] Model With > TrVanSformer {2, Rated Voltage (L-L)
g ’ Dyn5 And Dyn11 . . 3. Value of Phase Angle
Simulation ;
Vector Groups. Difference.

Figure 2. MATLAB Simulink Synchronized Transformer
Simulation Modeling Steps

The steps in the simulation modeling are in accordance with
Figure (2), in this step create two models of 20 / 0.4 kV

distribution transformers on the MATLAB Simulink work screen
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with vector groups according to the data that appears on the
MATLAB Vector group GUI (Figure 3).

Data Collection

In this study, simulation modeling was carried out to replace the

20/ 0.4 kV distribution transformer with the Dyn5 and Dyn1l

vector groups, in the whole experiment 4 (four) simulations were

carried out to obtain the desired data, with the following details:

1. Simulation of Synchronous Transformer with the same
vector (Dyn5 with Dyn5).

2. Simulation of asynchronous transformers with different
vectors (Dyn5 with Dyn11).

3. Simulation of transformer synchronization with different
vectors (Dyn5 with Dyn11) with normal cable connection.

4. Simulation of transformer synchronization with different
vectors (Dyn5 with Dyn11) with abnormal cable connection
(special).

The simulation is expected to be able to describe the condition of

the transformer in accordance with the original, the simulation

results are in the form of a sinusoidal graphic image of the scope

and values that appear on the display.

RESULTS AND DISCUSSION

In this study, the vector groups used are Dyn5 and Dyn11, for the
connection vector groups can be seen in Figures (3a) and (3b).

DyS

@)

Transformer Vector
Frrine

W ¥ Comactan 20 150

/‘_ 210

(b)

Figure 3. Transformer Vector Groups In MATLAB Gui (a)
Vector Group Dyn5, and (b) Vector Group Dyn11 [22].
From the picture above it can be seen that the phase angle
difference between low voltage and high voltage for Dyn5
(Figure 3a) is 150° (lagging), while for Dyn11 (Figure 3b) it is -
30° (Leading). One way to make this transformer parallel is to
fulfill one of the requirements for synchronizing the transformer,

namely the same polarity.
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A. Simulation of 20 / 0.4 kV Synchronous Transformer with
Same Vector Group (Dyn5 and Dyn5).

This simulation is used to prove the effect of two transformers
with the same vector group connected in parallel with the normal
connection shown in Figure 4.

[
5 1
€

Figure 4. Synchronous Transformer Simulation Model Vector
Groups Dyn5 and Dynb5.

Figure 5. Voltage graph on Dyn5 and Dyn5 transformer
synchronization simulation.

Table 3. Dyn5 & Dyn5 Transformer Synchronization Simulation
Results on the low voltage side (VVrms)
Transformer 1 (Dyn5) Transformer 2 (Dyn5)
2u-2v. 2v-2w  2w-2u  2u-2v 2v-2w 2w-2u
V) V) V) V) V) V)

Red  Yellow Black Blue Green  Purple
400 400 400 400 400 400

Table 4. Phase angle - phase at low voltage terminal to 1U (HV)
phase reference terminal in transformer sync simulation (Dyn5

& Dynb)

Transformer 1 (Dyn5) Transformer 2 (Dyn5)
2u 2v 2w 2u 2v 2w
Red Yellow Black Blue Green Purple
150° -90° 30° 150° -90° 30°

Based on the simulation results in tables (3) and (4) data
obtained that the transformer which has the same vector groups,
there is no interference when paralleled. Where the phase angle
difference between Transformer 1 and 2 is the same and it can be
shown in Figure (5) that the 2u (red) and 2u (blue) phases are in
one phase, and the other phases show the same results. Then
transformers with the same vector (Dyn5 and Dyn5) can be
connected in parallel by producing the normal voltage and same
phase.
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B. Simulation of 20 / 0.4 kV Asynchronous Transformer with
different Vector Groups (Dyn5 and Dyn11).

This simulation is used to prove the effect of two transformers
with the different vector group with the normal connection shown
in Figure 6. Figure 7 shows the phase difference between Dyn5
and Dynll distribution transformers because these two
transformers have different vector groups.

/.7\1*

[T\

v-, kun(}l abal
U niversity

Figure 6. Asynchronous Transformer Simulation Model Vector
Groups Dyn5 and Dyn11.

JBU

hk Global
University

Figure 7. Simulation of phase angle measurement on
Asynchronous Transformer (Dyn5 and Dyn11)

Figure 8. VVoltage graph on asynchronous simulation of Dyn5
and Dyn11 transformers.

Table 5 Dyn5 & Dyn11 Transformer Asynchronous Simulation
Results on the low voltage side (Vrms)
Transformer 1 (Dyn5) Transformer 2 (Dyn11)
2u-2v. 2v-2w 2w-2u 2u-2v 2v-2w o 2w-2u
V) ) V) V) ) V)
Red Yellow Black Blue Green Purple
400 400 400 400 400 400

Table 6 Phase angle - phase at low voltage terminal to 1U (HV)
phase reference terminal in transformer Asynchronous
simulation (Dyn5 & Dyn11)

Transformer 1 (Dyn5) Transformer 2 (Dyn11)

2u 2v 2w 2u 2v 2w
Red Yellow Black Blue Green Purple
150° -90° 30° -30° 90° -150°

Based on the simulation results in Tables (5) and (6), the data
shows that transformers that have different vector groups but are
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not parallelized do not cause interference. Where the difference
in phase angle between Transformer 1 and 2 has different results
and it can be seen in Figure (8) that phase 2u (red) and phase 2u
(blue) are not in phase and have a phase angle difference of 180°,
and for other phases the results are the same.

C. Simulation of Synchronous Transformer 20 / 0,4 kV with
Different Vector Groups (Dyn5 and Dynll) Normal
Connection.

This simulation is used to prove the effect of two transformers
with the different vector group connected parallel with the normal
connection shown in Figure 9. Figure 10 shows the same phase
between Dyn5 and Dynll distribution transformers, but the
output voltage become drop.

[ & e T
=

Figure 9. Synchronous Transformer Simulation Model Vector
Groups Dyn5 and Dyn11 normal connection

Figure 10. Simulation of phase angle measurement on
synchronous transformers normal connection (Dyn5 and Dyn11)

Figure 11. Voltage graph on synchronous simulation of normal
connection transformers (Dyn5 and Dyn11).

Table 7 Dyn5 & Dyn11 Transformer synchronization
Simulation Results on the low voltage side (Vrms) normal
connection.

Transformer 1 (Dyn5) Transformer 2 (Dyn11)
2u-2v 2v-2w 2w-2u 2u-2v 2v-2w 2w-2U
V) V) V) V) Y] V)
Red Yellow Black Blue Green Purple

0 0 0 0 0 0
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Table 8 Phase angle - phase at low voltage terminal to 1U (HV)
phase reference terminal in transformer sync simulation normal
connection (Dyn5 & Dyn11)

Transformer 1 (Dyn5) Transformer2 (Dyn11)

2u 2v 2w 2u 2v 2w
Red Yellow Black Blue Green Purple
30° 30° 30° 30° 30° 30°

Based on the simulation results in tables (7) and (8), it is
obtained data that transformers that have different vector groups
when paralleled with a normal relationship will cause
interference. Where it can be seen in figure (11) all phases
become 0, this indicates the transformer is experiencing a total
disturbance (short circuit).

D. 20 / 0.4 kV Synchronized Transformer Simulation with
Different Vector Groups (Dyn5 and Dynll) Abnormal
Connections.

This simulation is used to prove the effect of two transformers
with the different vector group connected parallel with the
abnormal connection shown in Figure 12. Figure 13 shows the
same phase and the same output voltage between Dyn5 and
Dyn11 distribution transformers.

hi2

Figure 12. Synchronous Transformer Simulation Model Vector
Groups Dyn5 and Dyn11 abnormal connection

Traratan

ﬂr“m

4N University

Figure 13. Simulation of phase angle measurement on
synchronous transformers abnormal connection (Dyn5 and
Dyn11)

Figure 14. Voltage graph on synchronous simulation of
abnormal connection transformers (Dyn5 and Dyn11).
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Table 9. Dyn5 & Dyn11 Transformer synchronization
Simulation Results on the low voltage side (\Vrms) abnormal
connection.

Transformer 1 (Dyn5) Transformer 2 (Dyn11)
2u-2v. 2v-2w  2w-2u  2v-2u  2u-2w 2w-2v
V) V) V) V) M) V)
Red Yellow Black  Blue  Green Purple
400 400 400 400 400 400

Table 10. Phase angle - phase at low voltage terminal to 1U
(HV) phase reference terminal in transformer sync simulation
abnormal connection (Dyn5 & Dyn11

Transformer 1 (Dyn5) Transformer 2 (Dyn11)

2u 2v 2w 2v 2u 2w
Red Yellow Black  Blue Green Purple
150° -90° 30° 150° -90° 30°

Based on the simulation results in tables (9) and (10) data
obtained that transformers that have different vector groups
(Dyn5 and Dyn11) when paralleled with an abnormal connection
(Figure 12) will not cause interference. Due to the difference in
the phase angle between Transformers 1 and 2, the results are the
same and it can be shown in figure (14) that the 2u (red) and 2u
(blue) phases have a phase difference of 0°, and for the other
phases the results are the same. The results of this simulation
(Figure 12) are in accordance with the results of the simulation
(Figure 4). From the simulation data above Figures (12) and (13),
for the connection the cable position can be described as follows:

R>
s
T

saringan
Distribusi 20 kv

(w w (w)  w [
JILI,/LM kV Dyn5 h ?/U;‘u/\k\n’ Dyn11
15|"-'1' @ v @ @ @ » @
Noif |
R
s
@
Figure 15. Synchronous transformer wiring diagram (Dyn5 &
Dyn11)

E. 20/0.4 kV Synchronized Transformer Implementation with
Different Vector Groups (Dyn5 and Dynl1l) Abnormal
Connections using TTR SAMGOR SG 7001.

Based on the simulation results that the parallel synchronization
of Dyn5 and Dyn11 transformers (with different vector groups)
with abnormal connections can be carried out and produce the
same output voltage for each phase, then the implementation
testing phase is carried out using a test tool, namely TTR
SAMFOR SG 7001 which can be seen in Fig. Figure 16. Testing
using this measuring instrument aims to prove the simulation
results directly.

Figure 16. Turn Ratio Test of Dyn5 and Dyn11 using SAMGOR
SG 7001

https://doi.org/10.25077/jnte.v11n3.1041.2022

The results obtained are shown in Figure 16 (a) and (b). This test
is carried out to synchronize Dyn5 and Dynll distribution
transformers in parallel with abnormal connections that produce
relatively the same voltage for Phase R (A-49,861 and A-49,847),
Phase S (B-49,852 and B-49,848) and Phase T (C). -49.85 and C-
49.862). The result of the voltage difference between the two
voltage transformers is a maximum of 0.13% which indicates that
the voltage difference standard from PLN is £5%.

Time:22.10.21 09:39

Group:D y 05 NO. 99

Ratio Error Current
A 49.861 +0.12% 0.0mA
B 49,852 +0.11% 0. OmA
C 49,850 +0,10% 0. 0mA

Time:22.10.21 09:4C

Group:D y 11 NO. 99

Ratio Error Current
A 49,847 +0.10% 0. OmA
B 49,848 +0.10% 0. Om&
C 49.862 +0.13% 0. 0mA

(@) (b)
Figure 16. Output of Turn Ratio Test of Dyn5 and Dyn11 using
SAMGOR SG 7001
CONCLUSIONS

Based on the simulation results, several conclusions were

obtained, including:

a. Transformer having the same group vector, voltage, number
of phases and polarity, when synchronized there is no
interference because there is no angular difference between
the same phases.

b. Transformers that have different vector groups, if
synchronized with normal connections, there will be
interference caused by the difference in the angle of each
phase being the same, where for Dyn5 and Dyn11 they have
the same phase angle difference of 180°, so if they are forced
to synchronize, damage will occur. Which is indicated by the
loss of voltage and the loss of the angle difference of each
phase, if under normal circumstances the difference between
each phase in a 3-phase transformer is 120°.

c. Transformers that have different vector groups (Dyn5 and
Dyn1l) can be synchronized, without changing the
connection in the transformer windings (vector group) by
changing the position of the cable connection on one of the
transformers, namely the position of the high-voltage cable
(20 kV) and the position of the low-voltage cable connection
(0,4 kV), with the arrangement according to figure (15) where
for the high voltage side (Dyn11) phase R and phase T are
exchanged, while on the low voltage side the voltage side
(Dyn11) phase r and phase s are exchanged. Changes in the
position of the HV and LV cable connections, resulting in a
phase shift between the Dyn5 transformer and the Dynll
transformer, so that during synchronization there will be no
interference because there is no difference in the angle of the
transformer.

d. For synchronizing transformers with other vector groups,
further research is needed to determine the position of other
cable connections so that good synchronization results are
obtained.
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