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3-Level AC/DC/AC Converter using Control Method of Matrix Converter for UPS
Kohei Tsuji*, Student Member, Keisuke Kusaka, Member, Jun-ichi Itoh, Senior member (Nagaoka University of Technology)

This paper proposes an improvement method of an input power factor and a waveform distortion for a grid synchronous switching
AC/DC/AC converter with a low-power factor load. The AC/DC/AC converter switches only each 60 degree at three-phase voltage. As
a result, the switching frequency is drastically reduced as compared with the pulse width modulation method. Meanwhile, as the load

power factor is decreased, the input power factor is also decreased. In addition, the waveform distortion of the input current and the

output voltage is increased. In this paper, the input power factor can be improved by using a control of a matrix converter. In the

simulation, the proposed circuit achieved the improvement of input power factor and the reduction of distortion by50.1% and 85.8%,

respectively on the input current and output voltage.
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Fig.1 Proposed AC/DC/AC converter for UPS
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Fig.2 Waveforms of conventional AC/DC/AC converter®)
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Fig.3 Concept of virtual AC/DC/AC conversion
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Fig.4 Main circuit and control block in front-end T-type inverter

BB Ttype £ v X—F b~ hU vy 2ar R "—=ZDOFEME
AC/DCIAC Z£# iAW 5, RKICH S LI, HE T
type A > /N — & TIIH JIERO FIEIAAR VSI 2%
HIER T-type o > N—F OFBJEHIEIC LV ERPBEEN fi
HCThHdZ EapifEl LT, KA CSR OEIIESE iq besr
E gl I —E L T 5, Fo, B EANEIEE M O ERE
JETH DT, BBk T-type A >/ \— X EAEIZK 5 OEHT
vy 7 #FRAT 5,

3. YEal—vaviER

F1ICEBLIIBITAY I 2 b—3 g U EEERt, K
%ﬁaiﬂiﬁiﬁ’%ﬂﬁﬁ SKWOI =T A& HELTYIal—
varE{To, KETIEK 1 O T-type A > /3—% D BTB
VAT HICBNT, WEROBRFA A v F o7~
MY w7 AT =2 O ACIDCIAC 287 &G L
f’?‘ﬂ%ﬁz%v\: o b—¥a VICTHEBRFT 5, RimsLT

B i R B O E CHALFEER L HET 5, F
t, EREIA—T N —T DL TEHET ST LC i@ﬁ?fﬁ
BINFAET D, LIR>T, ATDA U&7 ZIZWFNIC
v TR A BT S, REBIEICT, HAEEX PWM /ﬁﬁ/
LR BT, WIROMRIZOHR T v NA TS LkHz O =
—RRAT A NEERND, ok, SEITFHEHARZHEE L
TEY, AR E A ¥ 7 X B EIRERK E T 5,

K 7123 075 ICB T HUREBELREEDO VI 2 L—
a UERETRT, R TIZAER E BB E T
Total Harmonic Distortion(A T, THD) Tl d %, fERIET
FAMAEMETT2E, ANAELEEONFEETET
L, AJ)#Eii THD4.85%, Hi/1%EH THD9.89% & 725, —J7,
FERVETIIASIER THD2.42%, H /1% E THD1.40% & 15 H
OFTBNZNEH 50.1%, 85.8%(E S, AAFRLIZL
AELICHERFFCE D 2 LD CTE 5,

8 |2 /75 0.75 (23T DIERIE & #R VLD &Rk M s

Stalte numbelr

3-phase voltage (3

max-mid-min voltage (mmm) [V]

o
N 0.
mmmtp-- p ETPIN PPV '-~-‘--‘ ---------- ;,4 ------------ R R FULLEPIPR (PPRTR g
S

Fig.5 Conversion block for 3gand mmm

DC-link Lt_out Load
O— Back-end — " —p——o
o——— T-type

o— | inverter

ld bcsr* d
E q 13 -
) Switching
\lq_bcsr* / (;\ Pulse cal.
—7 [

Virtual Current Source Virtual Voltage Source
Rectifier side control inverter side control
Fig.6 Main circuit and control block
in back-end T-type inverter

REZNEIURT, RimSCTIIEARRE % 50Hz & LT\ 5,
RN G, HERIEIC CHHE TH o7z 300Hz ORI ALY 3
RERETIIRED L TEBY, KEiiias s 1%L T I2Hnfl =
N5 EDHRTE D,

X 9 \ZKAMSIRITE T D HERE & AJJEROER O
TR AR T, EROERFMA A > F o 713 AaN )

416



O FIZME> T, THD AHREBIEAICHNT 2 2 & 23k
WTED, —F, RFEZTAMME 070 TH ATER L H
FIBED THD #ZNZH 3.61%, 1.72%% CTHIHITE 5 2
LR TE, ARSI 0.70 TH-TH THD % 5%LL FiZ
HTED, LA oT, AMIFETIZE > T THD K
R HEIN 3 D RERIEIC AT, BREEITHE 0T H o8N
ERESIHTE D Z L5,

B10ICy 2 2 L—3a LSBT AR DERE AN HRD
R Z R T, EROBRRMA AL v F v 7 TIIATE L
BAMIRITNEEAE—HLTLEI DI LT, BEEIT
BRINEOKRTICLEST, NEEITT 1 IR TH I LD
RTCED, LEEDo T, |MEEICEY, ANMNIFETFRFOA
FFEMGEIITRECTH D Z L 2R LT,

K11 ICEm IR L L LS oERHFPRIEIC ST 5 EE
LBROWI 2R T, MEBEOETFREEEL, /6D 60°
A v F 7 LREERIC, FEERORF/INGBERNE TH D Z
ENG, BERLUCEY OBBREMES TN D 2 & 3 R T
B, TDD, BERIEITBWOT S, ERELRL RER
DarFoyRLICEREEECE, ERar T oL
{LLERTE D,

4, FEH

AT, mghEEEREEZR UPS M1} AC/DCIAC =2 >
N—Z DA ITRIETRICB T 518 O 2 KRR LA
TITVEGETEICDONTHRE L, v ) v 7 R ar3—
ZOREEREZIGHT 2 8T, BEa T oL Afbe
EROTHBLOANNTELENTRTHDLZ LETL
Too VX2 b—3 g MTTIER AR E BT 217V, Aff
713 0.75 BEIZBWC, ANER & B EEOEEOT 4%
ZALEA50.1%, 858N TE 5 Z L AMER L7z, Mx T
REBETITAWHROMIZE LT, AIHHEE 1L IRTS
TLLHER L, ET-, HEROBIEETH AR R 085 £
T, ANTTRIFETT 2 b 00, BT NI & HiFr
TEXDHZ AR,

S HITRE T O EWRGE, EROERFAMAAA v F
7 L RFIEOWNLE L OBEKRF 2 5T 2 FETH D,

B’ Tk

(1) MR JEA - R LeHelE 0 TUPS ofifirBim ), ERPAHICGE D,
PESEIS M EEE, Vol.107, No. 11, pp. 1311-1315 (1987)

(2 O -k RE-ER EE- S - mh JE - ML B

TBHE - 2B B I 1T D 2CUA ¥ & — 7 = A AOBHiTEhE ),
AR PEESEIS P K2, 1-S12-2, pp. 123-128 (2009)

?3) Fang Zheng Peng : “A Generalized Multilevel Inverter Topology with Self
\oltage Balancing”, IEEE TRANSACTIONS ON INDUSSTRY
APPLICATIONS, \Vol.37, No.2, p.611-618 (2001)

4) Jose Rodrigues, Jih-Sheng Lai, and Fang Zheng Peng : “Multilevel
Inverters: A Survey of Topologies, Controls, and Applications”, IEEE
TRANSACTIONS ON INDUSTRIAL ELECTRONICS, Vol.49, No.4
pp.724-738 (2002)

(5) Kazuki Iwaya, Isao Takahashi : “ Switching Type Power Amplifier Using
Multilevel Inverter”, IEEJ, Vol.123, No.11 pp.1339-1344 (2003)

6) A SR THEAFBAFE LR — b~ AT LR E V&R
KA UPS OFIFE ], ER i CRE. D, PEXIG HHE M,

SPC-17-135

Tablel Condition of Simulation

Element Symbol Value
Rated power p 3 kW
Grid line to line voltage | vrs, Vst, Vit 200 Vrms
Grid frequency fin 50 Hz
Output line to line voltage| vuv, Vv, Vuw 200 Vrms
Output frequency fout 50 Hz
Carrier frequency fc 10 kHz
Input inductance Liin (%Z) |2.12 mH (5.00%)
Output inductance Lt out (%2Z) [2.12 mH (5.00%)
DC-link capacitance Cdc 8.95 uF
Unit capacitance constant
(conventional method) He 3.40 ms
Unit capacitance constant
(proposed method) Hp 0.54 ms
200 . Grid voltage [V]

(a) Conventional method

200 : Grid voltage [V]

(b) Proposed method
Fig.7 Comparison of conventional and proposed method

when load power factor is 0.75
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