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Validation of a DAB Matrix Converter Using Circulating Current
to Achieve ZVS with a Full Load Range
Shunsuke Takuma*, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes an extended method of a zero voltage switching (ZVS) range for dual active bridge (DAB)

matrix converter with a discontinuous current mode (DCM). In traditional DAB converter, ZVS cannot achieved

at light load condition. The duty ratio calculation for a circulating current to achieve a power factor correction

and ZVS is explained. From experimental results by a using 5-kW prototype, the ZVS operation with a

zero-transmission power is achieved by increasing the circulating current. In addition, the grid current

distortion is lower than 5.0% at rated power even though DC voltage is fluctuated by 20% against the nominal

DC voltage.
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(Zero voltage switching, discontinuous current mode, Three-phase to single-phase matrix converter)

1. [XL®HIZ

A, BREABHEOETHEHLRO DI NNy T VDR
BEADEATHD, ZIUTHEY, M EICHE I D 80
FEMDORKBREP RO LN TS, BFLES 2 b2
D—>TH % CHAdeMO 3.0 Tid, HEETHEHLER
DERIT 900kW £ TR LTV AL, Lo TAHFEELRD
E AR & LTI RAE BEAL OB L 0 #55 = AC-DC
RS LT\ D, 2Tk T PWM ifigs & DAB =2 °
—HRMEa v R—F Lo eifiigEl DC-DC 2R —4
LA ETHFARHNLRTWD, DC-DC a2/ 3—#
TR EEEh T 5 2 L Tk b T AR T 4 VX BT
T&5, L2L, PWM %L DC-DC a2 "—& DD
AT UM R ERIEALETH D,

—5T, =MD EEELTRICERT 72~ b
Vo7 ZAay N "—FEHWREMERI N TWAHET H
B B - DR D 2 T Y L B R E R A AR
LD, BT, EERERDA X 7 Z OB 2 I L
THENEEETE DAB~ R v 2a "—2 1%, RFEMA
& DC MNCFERBADA X7 Z b L Lo, /N
LIZHIFERCT& 5, DAB ~ bV v/ 22> 3—#% (% DAB
TIN—H LR A F T ZOFAOEEN—ETIE
72 RFEWHCEBT D, F I RHEN Z ETL MR
THZERROEND,

DAB~ U w7 RAaryX—=FDY T NAAL vF o 7Tk
ELTHRIVARZHATHERTME AL vF o T —r
VAEBMMBEDED Z LT IVS BER L TWAB AKFik
TIL, ZVS IZ X > CHEEERE 4 FEHRTE 55T, R#
BROOTHRRENE NI BERD D, Fio, BANHE
BT, BuBiAAS v F 7 CLF, ZCS)E ZVS A
B PENMRRZI N TNV DO FEBRE T E I K
WO EAM TORKBENT S, BAM TOMREK
ET L 1= OIKMEZ MOSFET oA kD S5, L
L, W= RNAA v F L TRICY AN BIRIZE D K& 24
— VBENRAET B0, B SEZERE LR hiEe o
R, BAMBERCRET ZV—VEERR ML Ry 7 &
RVARIHET NSA ZAOBHANRETH D &V HRERH
Do

Z 2K TR, BARMEKTZVS ZER LoD, R
WA ERICHERF T 2 FIERRET 5, RBEITAA
v F U TREOYIMBEROAH ZMEL T, RLA Y —2XH
BIEZET 2 H AR EBR AWM S &5 2 & CRAn
W TO ZVS BEMT D, £, FIHIERIC LV IEERER
BWNMLEZ e e2EEB LT 2—T 4 28EHTHZ LT
ZVS & RMERE ERILICT 5 2 2OBEEF LT 5, %
BRIZK > CTE AR O ZVS BfEDER &, EREETOD
BIROT B % 5%LL FIZHM L2 2 & 2R Lm0 Tl
T 5,

176



2. REFZE

(2-1) [EIREK

X 1 ICHM =M~ b v R os—F & i i
AC-DCZEMRIEOMMRNEZ R~ ~ b v 7 A3 /N—H,
Mk b T o ABLOAS v R—=F TR SN D, bT AT
HEIEICER INTA VX 7 X Ol OELE T~ b
Vo J 2y N"—=R LA N "=FIZL>THIETLHZ LT
RIEBNERET D, i DAB =2 S—F TIX—ED
BB D &R &2 LK T 5 = O IREICE LT 2
W, — 5T, =Y v A A"—Z {0 EEIZRTR
BENGERT 2720, RHEEH CIRENLTIT5, £z,
B EARE LN LRHERD PFCEELMNE L 25,
(2-2) ERTEHFE—F

[ 2@ 2227 R VZETH(SVM) O JEEIR 2 74, =1
WIS 27 7= BT 52 L Tab JEE LOBRIES Y
MV lin 2155, BEIRIED lin 23 Sector LITNET 5 L &, &
T PVl & L BIOZENNZENOREREL D & D 2 v
TERIND,

ZEMARY MVERORHRSGEE LTHERE 7 ¥ —DX_T v
LBEY LIFHARMIcEsT—EET S, LirL, DAB
A N=F DA, b7 UACEINER S A VXY
ZIZL o Tdildt BIRET B, 2F Y, BIFERE —E L H
TR/ SVM TEH L7eT =2 —7 4 A TE 220,
FTIT, SYMIZEoTHLNEZRY MV, LEHLD
DT 2 —T 4 ZHHT 5,

X 20l EFIE T V& RFEEEOBRERT, R
DEEEM THBETH D07 F—1LIZERBLTT 2 —F
4 ZFHET S, 22T, REEBEEOCKRIFORKEL vi, H
MfE% vo & EFRT D,

3w M) w7 Rar N"—2OHIEEL LA R
—ZOWHNEE, N7 UABRERERT, EQOFH LA
ORI TH DD EORMORIZEHT 5,
T a—T 4 ZZFINFI Ds, D1, D2, Do L O o EHIH
Do & EFT D, Fio, WIMIER T2 T5, THLENLD
BREFEIR i1, i, 3lX@QXTERIND,

ilzﬁDaTﬂ
L 2
.. v, =NV T
i, =i +1t—<pD
2=h L L7y e (2)
i Vo =NV o Taw
3 =1, L 2T

ZIT Twl3AA v F v 7O, LI b7 v ACHESNIC
BN 272 ThHY, —RABELZETH S,

ZIT, SVM I X TR B IA 2 k5 S5, Da
%5 & 0% D1 00 BRI R KD e KRR FBIE va % 117 L, D2 417
X REEIE v2, Dy MR EEH A SR T 2 WM 20T
ERENCEHFE LAY, Lo TEIIES L F2a—T 4 0

Sp S5 S S Ss e,

T A Jidh ml
o NeN
i ﬁ ¥ N [

Sm3 Sq S S S

LC -1
filter matrix¢converter PWM  LC

rectifier filter

Fig. 1. Circuit configuration of isolated three-phase AC to

DC converter using matrix converter.
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Fig. 4. High-frequency voltage and current waveforms.
with initial current.

Table 1. Experimental condition.

Element Symbol Value
Rated power. P 5 kW
Three-phase AC voltage Vac 200 V
Nominal DC voltage Ve 74V
Grid frequency f 50 Hz
Carrier frequency fsu 50 kHz
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Grid side ...I:.a.c..(.o/.o..Z.L.éC.). ...... f!._?(_)__p_t_l:l_(_(_)_.?_‘_’/_o_)____
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. Lgc 4.4 uH
DCside
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Fig. 5. High-frequency voltage and current waveforms with compensation.
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