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Abstract. An alternating current three-phase power supply design is a system development
process that creates an existing three-phase system whereby the primary side of the Y
relationship and the secondary side of the relationship Y. The problems in the design of
alternating current power supply are the existence of harmonics, losses and unbalance voltage.
Testing the power supply is carried out using no-load and linear load resistance with the value
of resistances in range of hundreds ohm. The three-phase systems are tested for resistance
number one, resistance number two, resistance number three and resistance number four
transformers to obtain a power supply design that meet American National Standards Institute
or Institute of Electrical and Electronic Engineering standards. The test results of four
ransformers in the form of three-phase alternating current found that Resistance number one and
resistance number two type transformers have a lowest copper loss percentage, core loss, voltage
THD and low unbalance voltage so that, these power supply can be made according to ANSI/
IEEE provisions.

1. Introduction

The three-phase step-down alternating current power supply is a power supply with an input voltage
between 380V or 400V and an output voltage of the 12V phase. This equipment cannot be found on the
market, although it is very much needed in its use. Therefore, an attempt was made to obtain the design
using a transformer by selecting as many as 4 types of transformers: resistance number one, resistance
number two, resistance number three and resistance number four transformers. A simple and reliable
transformer enables the selection of suitable and economical voltages for each purpose and alternating
current must be used to supply electricity [1]. Also, power quality problems commonly encountered in
operation include transients, sags, swells, surges, outages and impulses that vary in the amount or
magnitude of the voltage [2]. This device is expected that practical tools are not just made, there needs
to be standards or provisions that can be accounted for. This equipment is sought by the provisions of
ANSI (American National Standards Institute) C 84.1 and IEEE (Institute of Electrical and Electronic
Engineers). In Alternating Current distribution systems, power quality problems are well studied and
handled by the IEEE standard. In the IEEE Standards Association's guide to voltage quality problems
in power systems, power quality problems are divided into voltage quality characteristics and steady-
state conditions [3]. Problems to get good ANSI C 841 provisions, several indicators must be met,
namely unbalance voltage, harmonic voltage distortion, and transformer power losses. Harmonic
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distortion always arises from alternating current sources with linear and non-linear loads. A harmonic
distortion is a form of pollution in power plants that can cause problems if the amount of harmonic
currents increases above a certain limit [4]. The published studies are as follows: Analysis of the effect
of power quality on transformers and 3 phase induction motors [5] obtained that the harmonics current
can produce the copper losses on the transformer while voltage harmonics result can increase the core
losses. Power quality problems that consumers require corrective measures to avoid big losses. This is,
one important role is the less sensitive equipment. In the end, power quality can be avoided if you use
an application that has no problems [6]. The researchers’ expectations for the existence of this power
supply were fulfilled, unbalance voltage of 2%, harmonic voltage distortion of 5%, copper losses of 2%
and core losses of 1%.

2. Materials and Methods

The design and construction of a three-phase step down in this paper consists of transformers that are
easy to find on the market. For testing the designed equipment, some measuring equipment were used
such as wattmeter, digital multi meter. Harmonics analysis were conducted to measure power, current,
voltage, voltage THD and unbalance load. The research material was obtained by assembling three
sources of transformer Y on the primary side of 400 volts and the output voltage on the secondary side
of 12 volts. Observation or implementation of experiments in a laboratory and supported by literature,
journals, and ANSI/ IEEE standard guidelines [7]. The research flow is shown in Figure 1, that contains
material or components, tools and objects studied, how research works, parameters observed, designs
used and analytical techniques.

st
ey
i

Figure 1. Research flow.

3. Results and discussion

Before the overall test is first tested the resistance of each type of transformer using the RLC meter.
Testing of the alternating current three-phase power supply was carried out with no load and burden.
Load-free testing aims to determine the resistance parameters of transformers. The test is loaded to test
the value of Total Harmonic Distortion, and unbalance voltage, where load less testing consists of testing
open circuits and closed circuits, circuits such as Figure 2 and test results as in Table 1.

(5]
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Figure 2. Open circuit set. Figure 3. Closed circuit.

Table 1. Test of transformer resistance type without load open circuit (Re).

Transformer Re (Ohm) V (volt) In(Ampere) Pg(watt) PF
type
Rel 41.007 230 0.01 1.29 0.56
Re2 23.303 230 0.018 227 0.54
Re3 10.271 230 0.043 5.15 0.52
Red 19.448 230 0.022 272 0.53

Table 2. Test of transformer resistance type without closed circuit load (R close).

Transformer R (o (Ohm) V (volt) IE o] P Close PF Zc
type
R close 1 564 230 047 93.7 0.97 489
R close 2 798 230 0.32 66.24 0.97 1000
R close 3 3293 230 0.072 16.06 0.97 3194
R close 4 1129 230 0.17 46.85 0.97 1352

In the transformer, there are three types of losses, including copper loss that is expressed or
represented by the value of series resistance in an equivalent circuit, or what is known as Eddy-current
loss, therefore a single-phase transformer is needed to determine the parameters of the resistance value,
namely the secondary position of the open circuit (Re) and the position resistance value of the closed
secondary circuit (Re). [8].

P ww=1Is x Reand Peae = Vi2XR ¢ (D

The increase in nonlinear core losses in the presence of harmonics will be dependent under the effect
of the harmonics on the applied voltage and design of the transformer core [9]. Harmonics of currents
and the total harmonic voltage so that it becomes:

. 2
Poy=" I, R, and =2

o core R

Voltage unbalance is regarded as a power quality problem and significantly to be concerned at the
electricity distribution level [10]. Over-voltage unbalance is defined as unbalance due to the positive-
sequence voltage component being higher than the balanced rated voltage [8].

2

Avg max Volta
Avg Volta

%W, = x 100 % 3)
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%V.= Unbalance Voltage percent
Avg. max Volta = max deviation average voltage
Avg Volta = Average voltage.

Equations (1), (2) and (3) are also used to determine the value of three-phase system power loss
without load or load and are shown in Table 3 and Table 4.

Table 3. Testing of copper loss and core loss at no-load three-phase system.

Transformer Copper losses no load Core losses no load
type (Watt) (Watt)
Pot Pa: P Pci Pca Pcs
Resistance 1 93.7 93.7 93.5 1.29 1.29 1.29
Resistance 2 66.24 66.02 66.24 2.27 2.12 1.22
Resistance 3 16.06 16 16.01 5.15 5.15 5.15
Resistance 4 46.85 46.55 46.07 2.7 27 27

Table 4. Test results of copper loss and core a loss at with load three-phase system.

Copper losses with load Core losses with load
Transformer
tvos (Watt) (Watt)

P Poi Pz Pm Pci Pc2 Pcs
Resistance 1 8.27 8.14 8.52 1.29 1.29 1.29
Resistance 2 16.9 16.9 15.13 227 2.27 2.27
Resistance 3 38.65 46.76 45.99 5.15 5.15 5.15
Resistance 4 16.37 19.58 1948 2.72 2.72 2.72

Copeer losses no-load (Table 3) Core losses no-load (Table 3)
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Figure 4. Copper loss no-load. Figure 5. Core loss no-load.
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Copper losses with load (Table 4) Core losses with load (Table 4)
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Figure 6. Copper loss with load. Figure 7. Core loss with load.

From the results of the test for the four types of transformers, it can be explained that the appropriate
power supply can be built using the resistance 1 or resistance 2 transformer. The design of the three-
phase system power supply as shown in Figure 8 was also tested with linear load.

- [3E .
1:3 Ll—“F e
I

Figure 8. Balanced linear three-phase system circuit.

220

The results of testing the three-phase system can be determined the value of Total Harmonic
Distortion (THD) of the voltage and the unbalance voltage, where the THD test is done by observing
the tested equipment with a power quality analyzer while the results of unbalance voltage with
Equation 3.

Table 5. Results of secondary side load testing at the resistance 1 transformer.

Transformer  V (volt) lo(Ampere) THD V PF Unbalance
type voltage (%)
Uy 1323 0.13 1.1 0.99 1.66
Vi 13.1 0.129 1.3 0.99 1.66
W, 13.32 0.132 1.2 0.99 1.66
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Table 6. Results of secondary side load testing at the resistance 2 transformers.

Transformer  V (volt) Io(Ampere) THD V PF Unbalance
type voltage (%)
Ui 13.2 0.13 1.5 0.99 2.35
Vi 1328 0.13 1.4 0.99 2.35
Wi 12.97 0.28 1.2 0.99 2.35

Table 7. Test results for secondary side loads on the resistance 3 transformer.

Transformer  V (volt) lo(Ampere) THD V PF Unbalance
type voltage (%)
Uy 11.52 0.11 2.1 0.99 7.9
Vi 1247 0.121 1.9 0.99 7.9
W, 12.08 0.12 2.2 0.99 7.9

Table 8. Test results for secondary side loads on the resistance 4 transformer.

Transformer  V (volt) Io(Ampere) THDV PF Unbalance
type voltage (%)
U 11.98 0.11 3.7 0.99 3.7
Vi 1243 0.121 2.1 0.99 3.7
Wi 12.01 0.12 2.6 0.99 3.7
Unbalance Voltage (%)
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transf. 1 transf. 2 transf.3 transf. 4

Figure 9. Voltage percentage unbalanced.

Table 5 to 8 show the results of the three-phase power supply measurements where the THD and
unbalance voltage of resistance 1 transformer has the lowest percentage, and make it meets with ANSI
/ 1EEE provisions. The design that is suitable for making alternating current three-phase power supply
is the resistance 1 and resistance 2 transformer, the results of which can be shown as shown in
Figure 9.
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Figure 9. Step-down three phase alternating current
power supply.

4. Conclusions

The design of a three-phase system from all four transformers has been tested and found that the
resistance 1 and the resistance 2 transformers have the lowest copper losses, core losses, voltage Total
Harmonic Distortion and unbalance voltage to make them meet ANSI / [EEE standards.
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