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Synopsis

In recent year, there are the environmental problems in accordance with signi?cant in—
crease of the carbon dioxide emission. These problems include several causes based on rel-
ative low e ? ciency use of fossil fuel for the conventional electric energy generation plants
For these problems the clean new energy-—related distributed power supplies with stand
alone installation and utility interactive AC power have attracted special interest for the
static new energy utilization systems as solar photovoltaic and fuel cell generation schemes
and rotation new energy utilization systems such as wind turbine and micro gas turbine

generation schemes which have the high e? ciency power energy conversion processing.

However, it is actually di? cult that the electric energy can be directly used for a variety of
power and energy utilizations for small and several k W power residential application ?elds
and the telecom munication energy systems and so forth, they need the high e ? ciency and
high quality power conversion systems using some technologiesin power electronics research

areas.

Power electronics systems technologies have grown up drastically in accordance with
great advancements of Si-based power semiconductor switching devices and power modules
such as IGBTs MOSFETs SITs SIThs IEGTs and IGCTs. In addition to this in
order to realize the high power density and high performances high frequency switching
operation on the basis of purse modulation strategies has actually been required so far
for various power end energy practical applications However, the high frequency switching
operation of power converters causes E MT / RFI noises with stray parasitic inductances and
capacitances existing in the power conditioning conversion circuits such as AC-DC, DC-AC,
DC-DC and AC-AC, power processing schemes In actual, the signi?cant problems relating
to the switching power losses as well as electromagnetic noises have given special interest

for high performance enhancement of power conditioning conversion circuit systems

It is indispensable for developing the new technologies minimize the switching losses of
switching power semiconductor devices as well as to reduce the electrical dynamic voltage
and current stresses and their peak stresses dv/dt and di/dt related E MI/RFI noises and
to im prove the more reduction factor of the voltage and current rating. In recent years, the
high frequency carrier based sinewave P W M power conversion circuits and of systems have
attracted special interest in order to solve some problems mentioned above can operate

under e?ective principles of zero voltage switching (ZVS) and zero current switching (ZCS)
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schemes have been researched and developed.

This paper is concerned with the innovative develop ments and feasibility evaluations of
three-phase voltage source soft switching inverter and recti?er systems with Auxiliary Res-
onant DC Link (ARDCL) Snubber circuit and Auxiliary Resonant Com mutated Leg Link
(ARLLARLL) Snubber circuit which can achieve the ZVS, ZCS and ZVS/ZCS com mu-
tations and minimize the electromagnetic noises, which is suitable and acceptable for the
new energy related application systems This paper is composed of six chapters including

introduction and conclusions are sum marized as follows.

Chapter 1 describes the status of high frequency switching pulse modulation power con—
version circuits and systems The research contents in each chapter are brie?y described on
the basis of the experimental results. The main objectives of this study are schematically

presented.

In Chapter 2, It is pointed out that the bene?ts and demerits of the high frequency
switching based power conversion systems inverter recti?er suitable for new energy interface
of the distributed power supplies generation arrangement. Furthermore, it is presented
that the soft switching transition techniques can solve the problems of the high frequency

switching based power conversion systems

In Chapter 3, threephase voltage source soft switching A C—D C—A C converter using sim ple
ADRCL snubberassisted soft switching circuit technology, which is composed of auxiliary
only two power semiconductor devices is presented and discussed. The operating principle
of proposed soft switching AC-D C-AC converter treated here is described and operating
performances of this power converter are evaluated on the basis of experimental results in

10k VA setup in this paper. This e?ective of this power converter is pointed out.

In Chapter 4, a new conceptual circuit con?guration of three-phase voltage source soft
switching A C-D C-AC converter system using IGBT module which has a single A RLL snub—
ber circuit and one ARDCL snubber circuit in the threephase P W M inverter side is pre-
sented and discussed. These ARLL and ARD CL snubber circuit consist of the less circuit
component and devices than any conventional soft switching power conversion circuits And
then,, the proposed three—phase voltage source soft switching A C-D C-A C power conversion
system needs no additional sensor to implement complete soft switching com mutation as
compared with the conventional three-phase voltage source A C-D C-A C power conversion
system. In addition, these soft switching snhubber circuit operate only once in one sampling

term. The operating performances of proposed the soft switching P W M AC-DC-AC
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converter treated here are evaluated and discussed on the basis of the experimental results
in 50k VA setup in this paper.

Chapter 5 presents the performance evaluations on lower noise and high e ?ciency for
three phase voltagefed soft—switching P W M inverter with two switch auxiliary resonant
DC link (ARDCL) snubber. The proposed simple auxiliary resonant D C link snubber
circuit have the less circuit and device parts than any conventional auxiliary resonant D C
link snubber circuit assisted three-phase power inverter and recti?er. In addition to this
the capacitor in auxiliary resonant D C link (ARDCL)  snubber circuit could be changed
from smoothing capacitor to the ?1m capacitor in proposed one. So that, it is clear that the
proposed two switch auxiliary resonant D C link snubber circuit assisted threephase power
converters could get not only higher e ? ciency but also lower cost reliable realization, and
maintenance free. Furthermore, by reducing the capacity of resonant capacitor in proposed
auxiliary resonant D C link snubber circuit, the com mutated terms in proposed type is much
less than the conventional one. This operation means that proposed auxiliary resonant D C
link snubber circuit could get the higher e ?ciency. Comparing with results it is proved
that the com mutated terms are e?ectively reduced in proposed method.

In Chapter 6, a new and simple conceptual circuit con?guration of the twoswitch aux-
iliary resonant D C link (ARD CL) snubber assisted three-phase V—connection inverter with
its input side boost chopper which has only one ARDCL snubber and no smoothing ca-
pacitor. Therefore the simplicity of the new power conditioning and processing with boost
chopper cascaded threephase V-connection inverter system can achieve high e ? ciency for
soft-switching com mutation. And more its operating principle in a steady state of the
proposed threephase V-connection soft switching inverter system with its input side boost
chopper are presented and discussed. Furthermore, the operating performances of the pro-
posed soft switching inverter with boost chopper treated here are evaluated and discussed
on the basis of the experimental results by using the 10k W experimental setup.

Chapter 7 sum marizes the theoretical and experimental results of this study and discusses
the prospective technological develop ments and innovative developments in addition to the

future technological trends
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{New Energy Utilization>
*Micro Gas Turbin
*Geothermal energy
*Biomass energy
*Super Condenser
*Photovoltic cell
*Wind Turbin
*Fuel cell

<Electronic Circuits >
*kPower Semiconductor Device
*Passive Elctric Components

*Digital Signal Processor
*Optelectronic Devices
*Microprocessor
*Senser

{Power Electornics>
*High Speed Switching
Soft Switching
*Power Management
Tecnology

<Control Tecnices>
*DDC (Direct Digital Control)

*Classical Control and Modern Control

*[Learning Control
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Fig. 1  The ?eld which is instead of power electronics technology

3-phase utility power source

AC/AC Converter
DC/AC > VW inverter [P Moter Controller
Converter — [mm—
N AC/AC Converter Telecommunication
DC/AC — CVCF-Converter > system
Photovoltaic Converter
generation
AC/AC > AC/DC Converter
Converter PFC—Converter » Battery
AC/AC — AC/AC Converter telecommunication
Converter # UPS » system
New Energy Utilizations Interfases Power convertion Load

(Utility interactive distributed power supplies)
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Fig 2 Power Conversion System for New Energy Utilization
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Fig 24 Instantaneous voltage of auxiliary resonant D C link busline
and current through resonant inductor Lr.

Ilink

is it ir

iu iv iw

is,it,ir,i u ,iv,iw, Ilink[20A/div]

Phase [60deg/div]

Xl 25 AHERE Y 7 &t
Fig 25 Input & Output current & Ilink

3.5 BEERIKRIBFHIEXE

X 26122 AABIEEIE DC U > 7 A F REIBN OB A A~ T EIEEREES LA 7 Z
IR ERT, VT NAAL T 7 HERB T HIERKIC CEEEMRE 2 L2k o
FTEIAXPHEMLTLES 2 bH D, 207D, IREIOFAE LG WA A v FI2r
?Vfﬂﬁéﬁﬁbkomm AL > FOWMINF A A — N3 wiaIE A 2 L7k’

JEERIRENE I & 7 T v TR CRIR EZ Tl e DV I a b — g VB ERT, M
B AA » FWWHNZ A A — RO EIEEGIC L > T Z 2 EEERIRE 2 7 7 o 7RO
XL THIETE D Z Ebnd,



FTIE 2FHMBEIRDCY VIR FNEREAWNV-ZHEEREP W M BRI -4 /\—4

. Commutation
Rictifier Civeriit Inverter
L —a -
Lin c

3 8 rmp s
S EH—n—1IL, 2
UO) E ("W _{:\__ = ’ E
774 1.2:1 l

&{Is« Cdd | crzz 'I'%'I'

Cin Cout

Clamp Circuit

X] 26 ARDCL[EIED 7 Z v 7 [al#
Fig 26 Clamp Circuit of ARDCL Snuber

IR F Q2inE T B IER00 Y/ div]

1
e R e e e

—————————————————————————————————————————————————————————

—————————————————————————————————————————————————————————

(7 5 o 7 [A] & IE)
RN =1 P Q2R B 2008/ div ] i | :

————————————————————————————————————————————

%ﬁﬂﬁx%;aﬁaz }ﬁ[amAfdm]

—————————————————————————————————————————————————————————

————————————————————————————————
| 1
| ]
| 1

—————————————————————————————————————————————————————————

. tlme[ft;s_e:::’:in;]_ o
(7 7 7 A)

X 27 HBIAA v F O TEBELBE ROV I 2 b —Ta v

Fig. 27 Simulation of ARDCL Snubber Clamp Circuit

T
1
1
1
1
]
1
1
1
1
1
e
1
1
1
1
1
———q---
1
1
1
1
]
1
1
1
1
I
1
1
1
-d
1
1
1
1
1




3.6 ZEERHER 31
3.6 EERFHER

3.6.1 E[EIRIERK

B 2812 BRI L7 EEIEK I 2R~ d, EEEKIIALEEL AC200V, Eit= 7
Y EEZ 400V, ERAEIOKVA & L, A v F o 7 EESIL16kHz & LTz, 55 77
L (Ly) &R = 7 3 (Cr) OfEITERKRICY 7 EENFELOHMZ A A v F
TIEMDO10% & T 2MHE Lic, B A A vF Q2 IZIF XA A — ROV ANV ERIZED
WEER I OBEBROESZMH T 572007 7 FRIEEZMAMLCTH D, HIEEE
IZDSP(TMS320C25) &1y 7 IC(XC3090A) IZ L VR L T\ 5, B&ifigh « 4 L —X
B X ORRGRERE O OEIEE TIE, AHINZAA v F o TJREER O ) 7V R T 5720
Lin, Cin, Tout, Cout 23&#e L T\ 5, 562, AMAIIZIZ A ABREHDENL 7 4 V2 &2
LTS, INDIFHERRET D NN— AL v T ZEEICHRETH 5,

Three Phase Two Switch Three Phase

PFC Rectifier ARDCL Circuit V/%i:;:i
Tr &
Lin
SN sb—prve Crfl 5lcamp Qo] | F | Tout 1=
SNl 1 e nZmES
2HE N J A W JE} ] :@E ==
051 b= | gy N o e ] ] I
¥ Fcae g . l —
XX: = - Cfz HI
Cin” - ’ - Cout
w 4t v? y 4y

Control Circuit(TM320C25 + XC3090A
Cr=10nF,Lr=2.5y H,C=390 ¢ F,Cdc=11700 u F,
Lin=506 4 H,Cn=10 4 F,Cout=80 ¢ F,Turn ratio of Tout=1.2:1

%] 28 EER[A]EE

Fig 28 Experimental setup implementation.




32 E3E 2A#HBBIRDCYLHRF/NEEREZAWVE-ZHEERP W M BREF -4 2/1\—4
3.6.2 EMRIBOEE

X 291C BRI L7 B0 TE, K30ICEEO TN SN TWA RO EE %
R, MEEEMIIAHIELEE 3 ¢ AC200V, EIRFEEA 400V, EEARE1I0KVA & L, A A
/%/7ﬂ&ﬁiwmuebtoAmﬁCX4/%/7ﬂ&ﬁ®)7w%ﬁﬂﬁét
Lin, Cin, Tout, Cout 23 EfE L T\ D, S H I, EEOHMmIZIX A ABREHOEMNL 7 4 v
BaE L C0D, ZROITHRRET NN — NAL v F U 7RIRICHFRETH D, =
FHDA 2 R—=% BRI D AL v T H A, ORI AA v T (QD), ARNZESRAA >
F(Q2) LHAHR Y 727 FAEERE LTS, P-N DARZ ATl & B3 2 S ¥ CHAE
AVBE IR AR TEDLRETEERVEEICL TV,

s '-‘ j“" “ﬁf“‘?-
A '?.ffﬂﬂ?il'ir
' a

44 1

= ‘:u'm.u HRSIAT RS
%29 z@%@%ﬁ
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Fig. 63 Measured waveforms for resonant D C link snubber com mutation
in case of conventional scheme
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Fig. 73  Soft-Switching waveforms (Iu phase = 30° )
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