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Preface for ICST 2019

It is our pleasure to welcome you to the International Conference on Science and
Technology (ICST 2019) in Surabaya, Indonesia. A major goal and feature of it—this
conference is to bring academic scientists, engineers, industry researchers together to
exchange and share their experiences and research results about the most notable aspects
of science and technology research, and discuss the practical challenges encountered and
the solutions adopted.

ICST is a scientific forum to discuss the development and the latest research on exact
science, engineering and technology. The following topics of third conference are Physical
Sciences and Chemistry, Mathematics and Statistics, Informatics and Computer Science,
Aerospace Engineering, Biomedical Engineering, Chemical Engineering, Civil Engineering,
Computer Engineering, Electrical Engineering and Electronics, Power and Energy
Engineering, Environmental Engineering, Geological and Geophysical Engineering, Industrial
Engineering, Manufacturing and Mechanical Engineering, Engineering Physics and Materials
Engineering, Mining and Petroleum Engineering. Technology-based applications such as
learning media for education can also be accepted at this Conference.

Strong support and active participation of authors have made the ICST 2019 a record-
breaking event. It is a wonderful to have more than 300 papers or speakers from different
contries and universities around the world representing various issues from
multidisciplinary perspective. Each contributed paper was refereed before accepted for
publication in this proceedings. The papers were accepted for publication based on their
interest, relevance, innovation and application to the related fields. Hopefully by using the
IOP Journal of Physics Conference Series as publisher, ICST 2019 will be sounded all around
the world, moreover the papers that will be published could give positive results for further
research.

ICST 2019 program have taken place over 3 days, 17 to 19 October. The first two days of the
conference took place at the Sheraton Surabaya Hotel & Towers. On the third day, on
Saturday, we have traveled to Madura Island, studied Madura Culture, saw directly the
"Karapan Sapi" (traditional race bull) and enjoyed the special cuisine of Madura. That is why
the theme of this conference is “Industrial Revolution 4.0-: The opportunities and challenges
in elevating local resources contribute to develop a better world”.

We would like to thank the organization staff, the members of the program committees and
reviewers. Special thanks to commitee from Universitas Trunojoyo Madura, Universitas
Negeri Surabaya, Politeknik Negeri Bali, Universitas Pembangunan Nasional "Veteran", Jawa
Timur, Universitas Negeri Makassar, Universitas Negeri Manado, Politeknik Negeri Jember,
Universitas Khairun, Universitas Musamus Merauke, Universitas Pembangunan Nasional
"Veteran", Jakarta, Universitas Kadiri, Universitas Wijaya Kusuma Surabaya, and Universitas
Bahaudin Madura. They have worked very hard in reviewing papers and making valuable
suggestions for the authors to improve their work. We also would like to express our
gratitude to the external reviewers, for providing extra help in the review process, and the
authors for contributing their research result to the conference. Special thanks go to I10P
Journal of Physics Conference Series Editor Team.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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We look forward to seeing all of you next year at ICST 2020, in Makassar, Indonesia.

Rifky Yusron

Conference Publication Chair
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Abstract. A Conventional distribution transformer consists of bulky windings, cores and
coolant liquid hence it is weighty and large in size. Now days, supporting by development of
power semiconductor devices, the idea to develop distribution transformers using switching
power converter technology becomes viable. This paper proposed a new structure of a solid
state transformer (SST) for power electrical distribution system. The proposed SST works
without utilizes high frequency isolating transformer. Instead, high gain cascaded Buck
converters are used. The design of Buck Converters involves calculation of the applied
components such as Inductors and Capacitors. Simulation result verifies that Buck Converters
work well to reduce DC voltage of 25 kV DC voltage to 620 VV DC without excessive ripple.
The proposed SST is successfully operated to step down 20 KV of AC voltage to 400 V with
THD of output voltage less than 2 %.

1. Introduction

Transformers take a very important role in power electrical system. Distribution (transmission) lines
operate in high voltage system to reduce the current flow in the conductor hence reduces the voltage
drop as well as power loses in the system. Transmission lines work at 500 kV or 150 kV and then
stepped down to 20 kV in the distribution line. In the load side the 20 kV voltage is reduced to
220/380 V for the safety reason. Reliability of power electrical system is fully depended on the
existence of transformers. Conventional transformers involve bulky winding, cores, and liquid as a
coolant. As a consequent, the size of transformers is large, heavy and the lubricant waste causes bad
effect to environment.

Recently, supporting by a rapid development in the solid state technology, conventional
distribution transformers have been proposed to be replaced by power electronics devices that leads to
solid state transformer (SST). Unlike conventional transformers that work based on electromagnetic
induction principle, SST operates based on switching power electronic converter technology.
Advantages of SST over conventional transformer are compact in size, significant reduction in weight,
environmentally friendly and flexibility in power factor control using closed loop control [1,2]. SST
has been successfully applied in many applications namely Railway Tractions, Smart Grid, Power
Quality Improvement[3-5]. Recently, SST is also applied in Power Distribution System. [6-8]

The first structure of SS-trafo has been initiated in 1980 by Navi Researchers [9]. The structure
was then improved by EPRI Corp..in 1995 [10]. The common topology of SST consists of power
electronic converter and high frequency transformer as is shown in Figure 1. In high frequency
operation, the size of conductors is significantly reduced hence reduce the dimension of the
transformer. It is clearly shown in Figure 1 that, operation of SST involves of three main stages i.e
rectification stage that converts high AC voltage to high DC voltage, DC to DC stage that converts
high voltage DC to low voltage DC and inverter stage that converts the low DC voltage into low AC
voltage in the load side. In particular, the DC to DC stage involves DC to AC part (Inverter), high
frequency transformer and AC to DC part (rectifier).[11,12] One drawback of the SST with high
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frequency transformer is that the efficiency system can be reduced since a high frequency operation
increases transformer losses especially core losses and conductor skin effect.

In order to solve the problem, a new structure of SST is proposed. The proposed SST replaces the
high frequency transformer with cascaded DC to DC converter as shown in Figure 2. This paper
proposed design and control of cascaded high gain Buck Converters for a power distribution system.
The design is emphasized in the calculation of the involved components in the Buck Converters, as
well as controlling Buck Converters to step down the DC voltage of 20 kV into 600 V. The proposed
SST is designed to convert a AC voltage input of 20 kV to 220/400 V in the secondary side with
acceptable voltage quality (THD less than 5% ).

2. Design of Solid State Transformer
It has been mentioned in the previous section that the proposed SS transformer utilizes high gain DC
to DC Converters instead of uses a high frequency transformer as shown in the Figure 2. Here, the DC
to DC converter operates to step down a 25 kV DC voltage to 600 V DC voltage. Subsequently, a
600 V DC is used as an input for a three-phase inverter to achieve a 400 V line to line voltage or 220
V phase to neutral voltage

A common Buck Converter applied one power switch and one diode. In high voltage and high
current operation, it is preferable to replace the diode with a power switch that leads to a Synchronous
Buck Converter. Using Synchronous Buck Converter is advantageous because the efficiency is
improved and higher power rating [13]. The two switches operate in complementary manner hence
two pulse signals with opposite pattern are required to control the two switches. In order to achieve
high power gain of DC to DC converter, three Buck Converters are arranged in series connection or
known as cascaded Buck Converter as is shown in Figure 3. Cascaded structure has been applied in
some application for Boost Converter as presented in the literatures [14]
Output voltage of Buck Converter is governed by dyty cycle according to equation (1) In order to
achieve output with acceptable ripple, the value of Inductor and Capasitor have to be calculated using
equations (2) and (3). [15]. In this design, the Buck Converters are controled by using MOSFET with
frequency switching of 20 k Hz, duty cyce of 20% for the all Buck Converters, expected ripple less
than 5% the minimum value of Inductors (L) and Capacitors (C) are 2.5 e® H and 8 e® F respectively.

L PP (1)
_ (1_ Dmin)R max
Lonin = A R 2
Cmin _ (1_ Dmin)ARVrgaX
8L.F2%( v )
S (3)

where, D is duty cycle, fs is frequency switching of power switches, R is resistance load and Avo/Vs is
the desired ripple of the output voltage

3. Results and Discussion

The proposed SST is verifieed using Simulink Matlab. The power semiconductor swithes are modelled
using Sim PowerBlockSet. Buck Converters utilize IGBTs and Inverter uses MOSFETSs. The complete
parameter of Buck Converters including the specification of IGBT is presented in Table 1.

The proposed SST utilises 6 switches full wave rectifier to achieve full wave rectification. In
simulation, Rectifier utilizes Thyristors instead of Diodes in order to achieve higher power rating of
component. Input output waveforms of rectifier are shown in Figure 4. It is depicted that rectifier
converts 20 kV line to line rms voltage to 25,3 kV DC voltage. The result is match with expectation
since in a full wave rectification. Further, the performance of Buck Converter is discussed. DC to DC
converter takes a very important role to achieve high range of DC voltage conversion i.e reduce the
23 kV DC voltage to 600 V. The DC to DC conversion operates simultaneously in three steps as
presented in Figure 4.
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Table 1. Parameter simulation of DC to DC converter

Component Symbol Value
Switches IGBT

Snuber resistance Rs 1e5 Ohm
Resistance Ron 0.01 Ohm
Inductor L 25e-3H
Capacitor C 8e-6F
Frek. switching Fs 20.000 Hz
Duty Cycle D 20%

Zload
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Figure. 5. Output voltage of Buck Converters (a) and the respective ripple (b)

It is revealed in Figure 5 that gradual reduction of DC voltage is achieved from 23 kV to 8.000 V
and then subsequently 8000 V reduces to 1900 V and finally, 1900 V reduces to target DC voltage of
600 V. The DC output voltages are matches with expectation since Buck Converters operate using
20% duty cycle (d). The final DC output 600 V DC voltage contains less than 5% ripple with respect
of the target voltage as shown in Figure 5 (b). This result indicates that selection of used components
(L and C) has been properly designed. Improper values of L and C causes excessive ripples that
potentially causes distorted SST output voltage. Figure 6 shows the DC voltage output ripple for
various values of L and C. Giving L and C lower than the designed value causes significant ripple in
the output (Figure 5a). On the other hand, giving the higher values of L and C, it may reduce the ripple
but effect to the cost and availability of the component in market (Figure 5b).

The 600 V DC voltage is then use as an input of inverter. The three phase inverter utilizes six IGBT
power switches. The switches are controlled using sinusoidal PWM technique with frequency
switching of 2 kHz to achieve 400 V rms line to line output voltage. Figure 7 shows the unfiltered and
filtered line-to line output voltage waveform of inverter and the harmonics spectra. It is clear that the
unfiltered voltage contains free low-order harmonics. The low-order harmonics are shifted into around
multiple switching frequency and its side band. Moreover, Figure 7 (b) depicts that sinusoidal output
voltage has been achieved by applying a proper filter. It is witnessed in the spectrum that fundamental
component of output voltage contains of about 400 V (rms) line-to line voltage. Voltage waveform is
free from harmonics content hence THD reduce from 68.8% to 1.081%.

Finally, the whole input-output voltage waveform of the proposed SST is presented in Figure 8. It
is clearly shown that the 20 kV AC voltage has been successfully step down into 420 V of output
voltage with THD less than 2 %. This result indicates that the distribution transformer can be realized
using switching power conversion concept without using any windings transformer that works using
voltage induction principle. It is however, the only drawback of SST is that the load current can be
badly distorted due to the applied power semiconductor devices with high switching frequency..

4. Conclusion

This paper proposed a new solid state distribution transformer. Instead of using high frequency
transformer, high gain of Buck Converters is applied. In order to achieve of high range of voltage
reduction, three Buck converters are operated in cascaded. The proposed SST is verified using
Matlab/Simulink. Simulation result shows that the cascaded Buck Converters work well to reduce 25
kV DC into 620 V DC with DC voltage ripple less than 5 %. It is also shown that the inverter part also
shows a good performance to reach the expected voltage output of 400 V with THD less than 1.5%.
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In general, it is proven that the proposed SST has been successfully developed to convert a 20 kV AC
voltage to 400 V rms line to line voltage. The only thing that needs to be further considered in
realizing the proposed SST is that the highly distorted load current may happen due to the use of high
frequency switching of power semiconductor devices.
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