v =g ¥
YUnNnIaaIdl

o
1399 Tenumamsludsyy/mseusy/msduuu/msfinwgau

139%  AMUA

MR 2934/2560 astull 16 Sumeu 2560 Tidrmdunerswed ndund
Wiunnldssgadnmsununeifl Asian Conference on Engineering and Natural Sciences
(ACENS 2018) o Lilaalagnfin U‘Ssmﬁfﬁﬂu 189 The Equalisation Technique for Five-Level
Diode-Clamped Multilevel Converter with Contactless Power Transfer in DC Microgrid
Systern 5¥1314 Juil 6 IRBuRUATILS WA 2561 B YU 8 \Weununius w.e. 2561 dalng
Higher Education Forum, Taipei, Taiwan siiutan 3 fu

p
at

M eyflildaudssanm dualdglunmsfumslusmnisasail

o

MU 50,000Um
v oA %)
(wduUIaIU)
O Litdsuuszanu

0 1auuszunndusn

krs
@ o

il n1suftRntiissmsitldduuounelfiaiasoudesuds Smdweseny
uanstulsysdnmsunumd Feeluil

nsUTEguITINSUININIR Asian Conference on Engineering and Natural
Sciences (ACENS 2018) sewina Sufl 6-8 ieununius w.a. 2561 ai loslowndn Useinadiu
Tasfinmsussgdnnsuasitausnmdsemedndmnssuaiansuagingimans dmuanislu
rsUssauAe Tuusn 6 nuanus 2561 asnzfou Juitaes 7 nuaniug 2561 Hradrussens
198 Dr.Chee-Ming Chan Foq Undergraduate Entrepreneurship Course For Civil Engineering
Technology Students. ¥2eune inausmiddouuuivamnes Juilanu 8 puawius 2561 1
15.00 -15.15 u. $wdiiieusaidouuuuinivandes The Equalisation Technique for Five-
Level Diode-Clamped Multilevel Converter with Contactless Power Transfer in DC
Microgrid System Tnginiaus 10 wid owasuidudunssenwuussuunissaelifiids

o

= Q. = 1 i = - % ot P 1
nsguaRTIRRNITUTUUTIUsEAvSamuesnisasdne Tnefinvsiiunseslivaunaussiuialin

a & ) = ¢t 1 a = way | o e da o w &
ﬂ')'mNﬂL‘WEJ‘LJ’BENﬁEyfiy,’]mzﬂﬂﬁu‘lsﬁuumm’lad Nﬂw‘lﬂﬂa FEUUNIIAINITINUYUIALENAI WIDUYIN

=t

o o = -3 v 1 v 9 P
UssBvsnmiigetu fidrsimvssqulienualadnay 5 wid

v

Aegsnts dnineueraud answaluladgramngsy



Fudh azhennud mmansn Ussaunisel inwe vdeduq fildsulunsluuseyy
mssusw/nsdsuy/msnwgeiiluads] sufleiannauresmirsnu ol

eAseifudunuurassdshdaliluounandsinisldouuassuuunadu
svuu llasn3a TneseuuiinanazgndievealugUkuuuinnsailmiluivididnvseiindidwea
dndnwamaluladimasalailfFous raensumbsnumsfidnsldnuuamdony

Walndama Wy

lenanslaFunnnsluswnis/mseusudan/msdnuge ldwieluil fe
- ENENTIIZNUAMTUTEYNITINSUIUNYF Asian Conference on Engineering
and Natural Sciences (ACENS 2018) 1 tau

- Flash Drive 182

' v a o i wal o % =
ﬂ'ﬁLNULLWiﬂTﬁJE U‘iﬁﬂUﬂTﬁﬁ VINWE Kazaus LLﬂFq\JIV]LﬂEiT‘Ua\‘] Aa
° 5 =J 1 1 ] o ol 1 = e.l’ or 44 A 6
tnnufizeamsdwuidslneddianuiiaiivuvesissduguadulediion an

=

or =) - o o a Ffo W Ve o w e = v
Wauan1sSeuntsaauivddnnseindsnddlvfutnd@nwanimnaluladiaanssuludi ol
Sndnwldiuiiamsussgnaldonivisdiianselindmddunisdeiumdsiilussuululas
AR

=t r-1 d L) o =y 1
SaSgunislusansulasiarsananiunisaaly

K309
(WS nsuns)
FIUNUS HT8AERTI9ISE

u

ALARTR LB IIVTIVILI Y

..............................................................................................................................................................

({awrnansansd asiugadnual iosdles)

A anuRnuznaluladgrarny

Fhegsms dninausuud ansvaluladgramnssy



news  1ouyudnudsemailedes wmidaddy wientiiiefusaanindrfumsineusy

LY £ a‘ al v Qs ol
dunw/dseguvnadvinmsuasienansiigndaaiumstlineusu/dusun/dssgumng
Funs Wiusenustuiie
' 2 14 o & 1Y v = Y o o

2. dessaumionvisenasiviertediauud el 7 du vdsduganisiineusy,
Anwwioga, Ussyundwi@insnientsdumn

3. nsfldauananuide/manuiennis wisnislasunisinunlulsanssingg
velindaludanu (Proceeding 1nMSARNN, 113815/U0, 1avnludiudfud

1199 e-mail: kannika.sroy@vru.ac.th)

Hregsn1s dinnunaud asmaluladgpamnssy



-

Conference OSAKA
Proceedings JAPAN

ACENS

Asian Conference on Engineering and Natural Sciences

ISFAS

The International Symposium on Fundamental and Applied Sciences



ACENS-0032
The Equalisation Technique for Five-Level Diode-Clamped Multilevel
Converter with Contactless Power Transfer in DC Microgrid System

Worapong Pairindra
Department of Industrial Technology, Valaya Alongkorn Rajabhat University, Pathumthani,
Thailand

E-mail: worapong73@hotmail.com

Abstract

The proposed paper is dealing with the balancing circuit topology for five-level diode clamped
multilevel converter with contactless power transfer in dc micro-grid, and providing a sinusoidal
waveform via the air core transformer in household power consuming. Generally, the dc power
converter with low %THD is considered and interested by many researchers. The voltage
balancing auxiliary circuit for five-level diode clamped is added in the front stage for controlling
the capacitor voltage. The resonant switching capacitor converter (RSCC) consists of 2
half-bridge connected converter and operates in the resonant frequency zone. A 1kW 200kHz
single phase five-level diode clamped multilevel converter with the RSCC balancing circuit
connected is simulated with MATLAB/Simulink. The output can be investigated in both with
and without the compensating circuit.

Keywords— Resonant Swithcing Capacitor Converter, DC Microgrid, Smart-grid, Diode
Clamped Mutilevel Converter

1. Introduction
Nowadays, the conventional fuel such as fossil fuel for generating the electricity in the power
distribution is focused by public attentions. Due to the international agreement on the consuming
reduction of the greenhouse effect, the clean energy source has become more atiractive to the
world community. The smart-grid with the intelligent network has been introduced for more
efficient power distribution, combines with the renewable energy sources such as wind, solar or

thermal energy.

Generally, the smart-grid consists of ac-micro grid and de-micro grid, depending on the source
location appropriateness. The proposed paper is dealing with the integrated source in household
power distribution with the dc link input power and sinusoidal waveform shape output. The
five-level diode clamped multilevel is introduced for power conversion in the domestic home
power distribution with high frequency switching in order to deliver power through the air by using
the inductive power transfer mythology[1-6]. However, the main problem with the unbalancing

level voltage has become major problems for each capacitor voltage level. According to the
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unequally step voltage, the output voltage can be missed function as a sinusoidal converter and
generates high percentage in total harmonic distortion or the %THD.

Fig. 1. illustrated the additional Resonant Switching Capacitor Converter (RSCC) circuit in the
front side connected to the five-level diode clamped converter at the rear side. Apparently, the
input de link bus can provide the power in low %THD with this schematic circuit diagram with

high frequency.

—0

—0
Figure 1. The RSCC balancing converter with five-level diode clamped multilevel
converter

2. Balancing Circuit for Five-Level Diode Clamped Multilevel Converter

2.1 Diode Clamped Multilevel Converter

The basic concept of the multilevel converter is to achieve the higher power with the serics
connecting of the switching devices with several low voltage de sources which can be
synthesized as a staircase voltage waveform [7-8]. There are many advantages of using the
multilevel converter comparing to the old fashion converter. Firstly, the multilevel converter can
generate high quality staircase waveform signal with low distortion and can also reduce the dv/dt
stress in switching devices. Secondly, the input current of the multilevel converter and low
distortion. Finally, the converter can be operated in both fundamental switching frequency and
high switching PWM. In this proposed paper, the diode clamped multilevel converter has been
chosen for the power converter because of the advantage in dc common supply. Table L. shows
the switching states of the diode clamped multilevel converter to achieve the five-level output
voltage at the primary coil of the inductive power transformer. The output voltage of the
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converter can be determined by changing the alpha(a) angle of the switching devices as
illustrated in Fig. 2. and can be calculated from equation 1, for L-level converter.
Odd value
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Figure 2. The five-level diode clamped switching topology

Table 1: Diode clamped multilevel switching state

Switching
Vout state
sl |[s2 s3 s4 sl' §2' s3' s4'

150V 1 | I 1 0 0 0 0
75V 0 1 1 1 1 0 0 0
ov 0 0 1 1 1 1 0 0
15V 0 |0 0 1 1 1 1 0
-150v |0 0 0 0 1 1 1 1

The operating staircase voltage is illustrated in Fig. 3, and can be written in terms of Fourier
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series equation and can be described as the following equation:

Fundamental component of the output voltage, Vy, representing the fundamental harmonic:
N
DC
Vi =—— ) cos(a) (2)
i=1
The (20—1)- th harmonic components of the output voltage can be found by this given
equation:

Woe ©
pc
Vai-1) = @l-Dn cos( (2l — L)a;) 3)
=
Nlievel, [=1,2,3,4.....
NVDC _____ NLQVE!
ZVDC — —  2ndLevel
VDC — — —  IstLevel
, /
be Fundamental
2V harmonic
-NVpey

Figure 3. The N-level didoe clamped multilevel converter

2.2 Resonant Switched Capacitor Converter

For this particular proposed case, we use the auxiliary conventional circuitry to balance the
separated capacitor voltage. The introduced method with voltage balancing circuit based on
resonant switched capacitor converter (RSCC) in [9] is deployed in the front stage of five-level
diode clamped multilevel converter to regulate the deviated level capacitor voltage with variable
load adjustment. The additional circuit for voltage regulator consists of two connected half-bridge
in Fig. 4, the inverter §;-S; with series resonant connected as shown in Fig. 5(a.), the current can
flow in bidirectional between two capacitors. Generally, the V¢; is assumed to be higher than Ve,
the switching duty cycle is constantly set at 50% with constant resonant frequency, which are the
advantages of this topology. The square wave from the half-bridge switching is applied across the
resonant circuit and i, and the sinusoidal waveform is flown through the resonant circuit as shown

349



in Fig. 5(b.). Therefore, the resonant current i, will be discharged from C; to C; due to different
voltage levels of C;and Cs. The amplitude of the resonant current is proportional to the voltage
difference between V¢; and Ve and the polarity could be changed according to the voltage
difference. Thus, this topology has been proven that, it is possible to automatically balance the
separated five-level capacitor voltage without the feedback controller algorithm or any additional
function of control.

L
o

L5 Gf
A ) ch
Wy =L .
Cr Sj—IE]' v

= Cz"
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Figure 4. The resonant switching capacitor converter

(a.) (b.)

Figure 5. The resonant switching capacitor converter for five-level diode clamped multilevel

converter

3. Simulation Results
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The balancing circuitry has been set up with the RSCC in the front stage for controlling the
capacitor level voltage and the five-level multilevel converter in the rear stage side of the
converter. Without the compensating circuit, the output voltage of each capacitor can be
obviously seen in Fig.6 (a.) and (b.). According to the load fluctuation, the level voltage can be
unstable as a constant or fixed value and causes the %THD to increase due to the unbalancing
voltage. Conversely, after the RSCC is operated, the output capacitor voltages can be controlled
and illustrated in Fig 7(a.) to (d.).
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Figure 6. The uncontrolled level capacitor voltage (a.) Vi and Vea (b.) Ve and Vey
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Figure 7. The controlled level capacitor voltage (a.} Vi (b.) Vcz (¢.) Ves (d) Ve

4. Conclusion
The inductive power transfer with the sinusoidal wave form was setup with the RSCC and the
five-level diode clamped multilevel converter. The output capacitor voltage could be monitored
by using the MATLAB/Simulink program. To achieve the high power density for transferring
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the power through the air media, the %THD had become the main issue for this task. Apparently,
from the simulation results, the unbalancing capacitor voltage in the load fluctuation condition
was the major setback. In order to overcome the problem, the RSCC with simple robustness
controlled topology had been installed and terminated the deviated capacitor voltage. However,
the additional circuitry may practically cause the penalty of power loss in the switches.
Although, with the new switching devices technology such as SiC MOSFET with low
conducting resistance may be the best results for the multiple switching devices in the near
future.

5. References

Yushi Miiura, Satoshi Ojika, Tomofumi Ise, “Voltage Control of Inductive Contactless Power
Transfer System with Coaxial Coreless Transformer for DC Power Distribution,”
IPEC-Hiroshima 2014, Japan, 18-21 May 2014, page 1430 - 1437

Satoshi OJIKA, Yushi MIURA and Toshifumi ISE, “Inductive Contactless Power Transfer
System with Coaxial Careless Transformer for DC Power Distribution,” ECCE Asia
Downunder (ECCE Asia) IEEE, Melbourne, Australia, 3-6 June 2013, page 1046 - 1051

Yusuke Hayashi, Hajime Toyoda, Toshifumi Ise and Akira Matsumoto, "Contactless DC
Connector Based on GaN LLCConverter for Next-Generation Data Centers," IEEE Trans.
on Industry applications, vol 51,No. 4, pp. 3244-3253, July/August2015

P. Worapong, K. Surin, “The Optimization of Series Resonant LLC Half-Bridge Converter with
Coreless Transformer Design in a Low Voltage DC Distribution System,” ECTI-CON
2015, Hua Hin, Thailand, 24-27 June 2015, page 1-5

P. Worapong, K. Surin, “The Enhancement of Multilevel Converter for Coaxial Inductive Power
Transfer in Low Voltage DC Power Distribution,” in Proceedings of IEEE ECTI-CON
2016, Chiangmai, Thailand, June 2016.

P, Worapong, K. Surin, “Development of a Cascaded Half-Bridge Converter with Contactless
Transformer in DC Microgrid,” iEECON 2016, Chiangmai, Thailand, 2-4 March 2016

D. Graham Holmes, Thomas A. Lipo, Pulse width modulation for power converter, A John
Wiley &Son, 2003.

S. Khomfoi, L. M. Tolbert, “Multilevel Power Converters,” Chapterl7, Power Electronics
Handbook, 2nd Edition, Elsevier, ISBN 978-0-12-088479-7, pp. 451-482, 2007.

Sano, K., and H. Fujita. 2008. "Voltage-Balancing Circuit Based on a Resonant
Switched-Capacitor Converter for Multilevel Inverters," IEEE Transactions on industry
applications 44 (6): 1768 - 1776.

353



