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Experimental Verification of Effectiveness of Boost-up Matrix Converter
with V-connection AC Chopper

Kazuhiro Koiwa*, Student Member, Jun-ichi Itoh*, Member

This paper proposes a circuit topology of a matrix converter with a boost-up chopper at the input side. In the proposed circuit,

a V-connection AC chopper is used to achieve the boost-up function. The matrix converter and the V-connection AC chopper can

be independently controlled. A virtual indirect method can be applied in this matrix converter. An open-loop control with

damping control is employed to control the V-connection AC chopper. A problem encountered in this system is the resonance

between the input reactor and the filter capacitor. In order to suppress the resonance, damping control is applied in the chopper. In

this paper, the loss distribution and the operation of the proposed circuit are described in detail on the basis of results of

simulation and an experiment performed using a 1.4-kW prototype circuit. It is confirmed that the proposed circuit can achieve a

maximum efficiency of 95.1%.

F—J—K:~=hr)wrRar =%, VHEREZHT a3 v 8,

Keywords : Matrix converter, V-connection AC chopper, Damping control

1. [FL®HIZ

T, REEBEOZRXAVX— 1Ry 77 AWNTITRZFTN S
RFA~EBEEBRTE D~ M) v 7 A3 "—Z OFRIPE

AT TV < K oy 2a v = Z Tl kT
M KA EDEMR 2 T R0 T2, PWM B &
PWM A >/ N—Z BB S 415 Back-to-Back & A7 A(LL
T BTB AT 2) Lk LT, /M, BELBIOEHFGN
HifFcx b, 72, EEMNLAME TOERBIHZE N
BTB v AT LD ThH Y, ElBERE/NISTE L7720
ﬁﬁ%%ﬂ%ﬁf%éoui®ﬁﬁ#67b)y7x:/
NW=BZINAT Yy NABHESLE N BE S AT LR EDOR
AL ) B E~ OB DBHIRF T E 5,

—J, = b Vw7 2arA"—FDFERENRMESE LT
&HEERZ L1E, BEAMHEHIIER/ATIEBE)D 0.866
WHIBRENAZ & THD, ZDd, BTB VAT A L[E%
O NENNE/F LIS, ~ ) vy 7 A3 X—H X BTB v
AT MR REBEBENNE L, BHiEBTB VA7 A
X 0T 5, TOMRE, €—F LW TOHEKIEEM
T 5, TE—HHIHOEE, 1 /3—% 10 HIRW[EEE D
SO REHIE A2 @A T 5 2 & T, EREEECELR AR
THDHH, BROBEIMTBET v, LLEX b, EEF

* R MR R
T940-2188 iR IR i L mRNT 1603-1
Nagaoka University of Technology.
1603-1, Kamitomioka, Nagaoka 940-2188, Japan.

©200@ The Institute of Electrical Engineers of Japan.

2 e T

HAROMEIZ~ M) v 7 Aar X=X DG RETH—
DORERUERFIZ 72> TV D,

< M v 2ar"—2OBTFHAREEET D TEN
WS OPREEIN TS, TOFEO—DELT N v
7 A3 N— B R BT CEME S 5 HIERFE T R
G cplax~ N vy Aar =2 OEEFAHRT 0.94
ICETE S, L, ZOHETIIAEAIBRICEK S
TENRRET D720, = N v 7 23 "—FOF] [ (AT
B SRR ZE»T N TE RV, £, BEHM
RIIUEFETEI LN, FETERVOT, BEREFEKR L
DOFFLNFHETE 22, LR ->T, BTB AT AW
SNTWLIHEE~ N v 7 RAar X=X CTEEZWZ DI
LA EREREN LETH D,

—J7, = U v I R R—H ORI E AL MRS %
AL THIEHEEE FHRT L HEBIREIN TS, Ziut
ATC b~ b w7 Ra "= EEEL, 74 ¥a
UF YRGS LT- Back-to-Back Kk A EBT 5, EBE
OFREFMNIE CTEESE D~ R v 7 Aar R —4 %
EANFTEDRENELOND, LL, HHAEFEN~ Y v
J AL N—=ED 2 fEIT72570, 2 A MO S
nNd, £z, ~ bV v 7 Rar X=X ZHEHREEZ ML
72L&, BTB VAT AL DRFRIZOWVTE BN Him S 4
TV DHHREILEE LDOMBIRY 720,

XTI~ N v A oN—2OELEFHROME
RSS20, = MU v 7 AL oR—Z DOFTBEHT V KRR



Fa v kR, BESRRTIHEEOLT 2 v IT K

DHET D HFRERET D, V ERTF 2 v NIk 5%
THENR DL, BROBIRE T LD RV OHRELTO
AN A S 2 RN TE M, F1m, FEVT Y
MUE~ b w7 A3 N—=2DATY T 7 MV ERIHT
Lo ZAUTKY, BINT2FEFIEVRERT 2 v S eHkT
HDAAL v TFORHEIRD, —F, BREKIT/NE T 41 A
arFUYEFERT LD, ANV T MLeET7 g4
YT EORICHIENEAEL, ANBRNSOTT, T2
TAIML T, XrverriazEAL, ANERERE
L35, ZORER, RERKIZS E ZRILOBRIC L
LD T ERLIETE 5,

A SLORERITK DO L D 127> T D, £, RERK
DOEIEERZ RS, 7 0 X OIBERE L 72 v 7l
WZDWTIHRR%, &I, BEHRBEOBEANOLEL LD
A F U REE BTB VAT A LRREY AT A TR— N
Mz &S5, &b, YIalb—yaritky v
FERRT a v N ICF BT A L nEE LA L
AR L, HBEOTAHMEIORE RS, &El,
14 kW O7r M A TERIEL, EETHMEZITV, Al
WO HIEPERS X OB RICHOWTEMET %, AT, %l
FHEIC L BHESEEAEITV, BTB ¥ AT A LIRERKEOHE
REWRT 2, FORE, EHEIEFICLY AN 14kWIZE
W RN 95.1 %, AJEIROT AF(THD)7.60 %, /)
T THD1.58 %3 LU= 0.996 A L7 DT, WET
Do

2. [EIFRER

(2-1) BTB v RT L

X 112 BTB ¥ 27 LADEIEMK 2R, BTB & 27 Al
PWM 588 & PWM A > 3— % CHERR S LD, BT R
WIXZE L-EREE 25570, %, RERREOEMFo
VTR END, BEa T I RERBES
T, #iTH D0, EMESHEHIESRII A E <, JEMEERs
PERE, £, HEMAEWVE WS ERHY, VAT
LDFEMIR A T FT U ANNEL D,

—MIZ, PWM s OFI#ITEE LI B EE & O3 4
DLIRNASIEIRE G D12, BREEL—7 L EREE
N —T b 5, EiEHEIZIE ACR(Automatic Current
Regulator), [H it 7 & il #1 12 IX  AVR(Automatic Voltage
Regulaton) 3 M S5, AMABNC &V AT HEFTELE
a2 M EUNOMEICIZ 572, B PRI Sh
LEMa LT Y ORET AVR I X D EFEIEOHEIEE
BLOACRIZ LD ANEBROFIEISEICELA SRS, HIH
IGEBBVNES, ZTNEMO O REEOEMa T Y
DWEEL IR D, ZIUTHOWTIE 3 B THFHRITIBR RS,

(2-2) REMEK

M 2 [REEE A RS, BEREK I M) vy 23y
N=Z DA V RO RT3 v e d 2, T
3 v VBRI T 22T R w7 AarR—F

PWM rectifier Eli?,g&%lr'c PWM inverter

_______ ! [———— — —

g

peo

2

Fig. 1. Circuit configuration of the BTB system.
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Fig. 2. Circuit configuration of the proposed circuit.
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Fig. 3. Block diagram of the proposed circuit.
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Fig. 4. Block diagrams of the BTB system.
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Table 1. Calculation parameters.

BTB system Proposed circuit
Input reactor L 7 mH Input reactor L 2mH
Smooth capacitor C 470 pF Filter capacitor C 13.2 uF
DC voltage E;. 283V Boost-up ratio 1.15
Converter gain K, 0.866 Converter gain K, 164
Response angular| ACR | 5000 rad/s|  Resonance angular 5300 rad/
frequency ® [ AVR | 500 rad/s frequency o, aars
Damping  {ACR | 0.7 Damping gain K, | 0.01”
factor AVR 0.7
Proportional K; 041" Integrated time 318
gain Ky 4971 of HPF Typr -1ems
lnte.grated L 0.28 ms Switching frequency £;| 10 kHz
time Ty 2.8 ms

*1 This gain is standardization value.

Table 2. Simulation parameters.

Input voltage 115V 2 mH (2.36 %)
LC filter
Input frequency 50 Hz 13.2 uF(11.1 %)
Carrier frequency 10 kHz E'F g;;::: 1.15
- | ransfe
Output frequency 50 Hz V(;;;feotfl :;I‘z e 0.865
Output power 1.4 kW E;n:l;;n;tam 3.18 ms
HPF
Damping gain Ky 0.01 Load R-L

J1#EHE D THD 13 0.68 %, )8 HED THD 1% 0.1 % & KIgEC
WESNZ, LEN-T, FrersilElz@Ei+sz e
TLC 74 VZOH-IBEMFIL, AT OOT HEAEK 1/8
IZTE D, B, X vy 7l d S LR ms g R &
Bohs v 7z 6G)RcLvRDD £,221QL 7
%, ZOX L TEIIEAWIZGAICRAET HIRPTEK
1%, 405 W(HIE D293 %) Th Y, ¥ v TP K
DILIREZIGIT DL F LI DELIRTSE DL Z LB bn
%, 2T, BRI LSRR T 4V Ea T
CUHICHEINCER LIS AR RICHE LTS, arTy
FICEFNIEGT R St Lo A Rl L2 Bl 2o v
VIBBIORBAERERN T 4 NV F 2T HICRAT 5B
WZOHRZEL, HENMLOBSFIEL R L TNEL< D
= THDH,

B 8 IXFHET a2 v /N OEEHERE & 2T L OEEF R
OEALTRLEEETHD, 22T, BEFMHREIT 40 ms
25 0.1s TO82D L2 ICHJERICHMEE TV D, Fi,
EIEFIHFEN 1.2 0 L&D AJIER THD 1T 11.1 % Th 5,
BIEFAREN EHFTHIEEATERICAAL v F T T
DEELTWD, Ziuk, BEBERAEO EFIISTTF 2
RO NELS 20, AL v F TV TARELFE
TH572HOThD, £z, FEA 40ms LLFTIE, F3 w30
AL v F SGIEAA v F 2 T BT TWRW, ZOWIETIZ,
VAT LOEBEFHEN N v 7 R —Z OEFRE
(0.866)LA N CTH B2, Fa v ROMIEIILERL, v~ U
Y I A N—=ROPED I CENEBBARETH D, L
Teido T, FavRXOAL v TF U TRRIIBATT, &%
ERHFFTE D,

BXHO, 00505, 000F

Input phase voltage v, 100 (V/div)
0 Fl

Input current 7, 5(A/div)
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(a) Without the input current stability methods.
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(b) With the damping control.
Fig. 7. Operation waveforms by simulation.
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Fig. 8. Ramp response for the output voltage command.
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Table 3. Experimental parameters.

0,
Input phase voltage 115V LC filter 2 mH (2.36 %)
Input frequency 50 Hz 13.2 pF(11.1 %)
Carrier | Chopper Boost ratio
- 10 kHz 1.15
frequency [ Matrix of chopper
converter
. Voltage transfer
tput | It 200V
Output line voltage ratio of MC 0.865
Time constant
Output frequency 40 Hz 0; HPF T,y 3.18 ms
Damping gain K, 0.01 Load R-L

1.5 kW CHRELLETH D, VIERT 2 vt~ ) v
JAAN=EZOF % YT EEHIT10kHz TH Y, S
HCHIET D, FIEFa v OFEHREF 115, <~ hY v
A3 N—H DEFHIL 0.865 & Uiz, RIEOB M AA
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