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Surge Voltage Reduction Method for Dual Active Bridge Matrix Converter Using Circulating Current

Shunsuke Takuma *®, Student Member, Jun-ichi Itoh™, Senior Member
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This paper proposes an extended method of zero-voltage switching (ZVS) range for a dual active bridge (DAB)
matrix converter with a discontinuous current mode (DCM). In the traditional DAB converter, ZVS cannot be achieved

at a light load condition. The duty ratio calculation to achieve power factor correction and ZVS is explained using a

circulating current. From the experimental results using a 5-kW prototype, the ZVS operation with zero transmission

power is achieved by increasing the circulating current. In addition, the grid current distortion is lower than 5.0% at

the rated power regardless of the DC voltage variation of plus or minus 20%.
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Fig. 1.  Circuit configuration of isolated three-phase AC to

DC converter using matrix converter.
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(b) Relationship between sector and reference

Fig. 2. Space vector modulation for matrix converter.

Ay F 7 —AOERERETH D Z Lo, didt HE
fET2ZL2BE LT a—T 1 28HT D,

X 20 EBFIRS 7 hVERHBIEOBREZRT, R
D 6 EEYTHBTHDIDOEZF—1 ITERBLTT a—
TAEFHET D, 22T, MHAEEOCIRBORKMEE v, H
MEE v» & EET D,

K 3w hYyrRar =20 EEBIOA N
—ZOWNEE, N7 U RAEREEE R, EOFEEAaD
BRI TH DO EDEMORICERT D, <
M) w7 A nN—=RL A NN—FOHITEEIZI LT
To, T, To, T BEX OB EBEHM T EEHRL, A vTF
T Tow (2T BT 2 —F 4 ZENZEI Doy, D1, Do,
Dy BL O aBELM Do & EFXT D, B BELM Dol
VkJy&x:/AH&&U4/A—&k%%%tD@
2 TIT Do Do 36 KON Di D WIRHIARE FEIE O B KAE v 2
1L, Dy HiMIIMHEE ORI va, Dy HIRIIZTE 2T |
NEMIIT B0 T o ABRIIIEERIIM & 72 0 (B515ET)

IEEJ Trans. @@, Vo/.@®, N0.®, 00®



IRILENIC L5 MC O —VEEKREE  (BEFES, )
ZIFFE LRV, £, OHER I d 5, P78 MC
?ﬁmﬂﬁﬂ%%?ﬁ il, i2; 3 li(Z)KVG?E éﬂéo ?S;) Upper side‘ T ‘ R ‘ S ‘ T ‘
y T é Lower side T R ‘ S ‘ T ‘
h= fl Da% E Inverter | 51‘ | | S - (S ]
W T & Ss Ss [ Ss
i T W b S s £ ‘
=1+ 3 D, ) 2) 5 E \\g 77777
VA NV A
|3:|2+—2 L d D27 E% d
2. o
ZITIwiEAA yF 7O~ ), LT b7 AICESNIC 8 2 v,
BESNIA VX7 2 THY, —RIUBH LI TH 5, ET W : :
= : ; :
Ko TEIES L, b &7 =2 —7 « ORERITEROBHIFE % _ To TaiTai T i T To TaiTiiTe T  To
£ 3 |
AWTERTRENS, = fﬁf\\\
Ilzi—lDa+—i1+i2 D, g 0 o ‘ A
2 2 = 0 1
e 3) 5 |
| = I, + 13 D b | ‘ /
2= 2 2 E ! [y -3
i - >
2T, Do & DI OMBEDEITHIN RN DIC T
WCRETDHZENTERY, £ZT, Da & DDA a & Fig. 3.  High-frequency voltage and current waveforms with
EET D, zero initial current.
A=D, /Dy i O]
GRICQB LV@RERAT S L AT 2 —F 1 5k B 2720@QRBEAD LIRSS,
PILS. g:%DJ%+g
41,Lf
D - L v, - NV, T,
1 \/vl(az + 231 +1) — Nvdc """"""""""""""""""" (5) b, =1 ! L d D17 Flo (8)
oV, =NV, T, .
, =1, + -2 - d DZ7+|0

D, -(-b, £ b7 e, )2

— Vl(a+1) — NVdc C, =
v,-Nv, 7
_ (v(@+1) =NV, )D, + (v, - NV, )D,

D,
b NV, @)

£ a 1XH )BT & EREIEICS U TS 5,

IIZT, MUY TR NR=EDAAL v F T IE—
VIV, E7—AD THNDL R A~DIRIRIFIZ T v A
WIPeTHhr20, BFOFERBEOENENETSZ
ENTET ZVS ZIEERTE RV, —FHT, A3 =2l
EHTBL, SSRZ—rFT7LEbelz SSnE—rF T
DR, FEIZ N T ABIRIZIE R THL72D, SIO RKLA v
V—AMEEERETET ZVS TERW, v~ U v R
UN—F D ZVS FFERRLT DT DITIT i AT HMLEN
HD—T, A "=Z WD ZVS FEREICIT i ZEICT D043
NoD, 2FV, isOFMIZIECT, WTFhhoar —#
BT DR TDOH ZVS BERTHENTE D, £Z
T, 0 EBETHI LT ZVS ZERLDOD, RHEMEE
HRIZHIEHCTE 57 2 —7 4 28T 5,

(2-3) MEERME =7, 22HIICTHHEBER &€
B EELTT a—7 4 A8 L7, KREITILZVS %
KT BT DIEREDOER i & L CQ)REIRET 5,

X 4(a) WA EDT o Z EF M & Lc8d, X 40)ICRHF M
L LI GO ERT, S BRIFERICHIIER i 7200 &

1, (e +2a +1) - Ny,) ©
|1 V, — NVdc

b,

AWM O BRI R b MM ERIC K - Tt U TR
5, ZOTDRRIIVMEREZE LI-SGE, ORXD LD
IR E N D,

i, +1i i+
:0 lDa+1 2D1

Il
2
T —— )
|2 :%DZ

ORIZE)BLUV@DRENRAT DL LET =2 —T 1 23(10)-
(12X X HriTkdons,

o _ b7 =4

' 2
e, (10)
b= 4Lf,, (a+1)i, I
T oy(@®+2a+1) - NV, (a+2)i,
D, - b, +/b,2 ~4c,
? . (1)
b = 2D, (v, (a+1) — NV, ) +4Lf i, oo 41,Lf,
2 v, — NV, RV VIV
D, - (v,(a+1)—NV,,)D, + (v, - NV, )D, + 4i,Lf,, .(12)

NV,
BHLET 2a—T 40 b Iz AT5Z Licky,
22HITCTRDIET 2 —F 4 & —B3 5, KBITErEEHM

Do % (13) N CEHT %,
D, =1-((a+1)D,+ D, +D,)

IEEJ Trans. @@, Vo/.@®, N0.®, 00®



A

RPLETRIC £ 5 MC OV — P BERE

v Matrix converter voltage Ve
S el
Va |-~ - Inverter voltage Nviy,
NVdc - e
0

Th | To [ TaiTyiTer Ty 1Ty

Transformer current iy

-

(EWFE
Vi Matrix converter voltage Vi
Vo F==== :
NV | Everter voltage NViny
0
-NVge
-Vo z -
-Vi - 1 -
To ! Ta T 1Tl Ty To T, LTt Ty i Ty
—a 3
/o
0 == o
Transformer current iy,

-t

Tsw

(a) ZVS for inverter (Initial current i : Positive)

-
-4

\j

TSW
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Fig.4.  High-frequency voltage and current waveforms with initial current to achieve ZVS.
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Table 1.  Experimental condition.

Element Symbol Value
Rated power, P 5kW.
Three-phase AC voltage Vae 200 V
Nominal DC voltage Ve 74V
Grid frequency f 50 Hz
Carrier frequency fou 50 kHz
Leakage inductance L(%Z,) 20 uH(94%)
Turn ratio of transformer. N;:N 3.3:1
0 0,
Grid side Loe (%Z120). | 190 uH(0.8%)
0, 0
LC filter Cae(%Ycag) |... 15 uF(3.8%)
. Lac 44 pH
DCside
Cac 3mF
Dead-time Matrix converter Tne 250 ns
Inverter Tin, 400 ns
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! vaC/lOO[V/dl\*/] ; 2[us/dIV] ! \?c 100[VAdiv] — 2us/div]
' P"“"‘"; Vi 50[\//d|v] Do
. ‘-' ] 'f .

(a) 6= 0° without compensation (b) 6=20° without compensation

1 anc/100[V/dIV] '2[ps/d'|v] ! V@FJO[V/dIV] Z[Es/dlv]

(c) &= 0° with compensation (d) @=20° with compensation

Fig.5.  Dead-time compensation.
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Fig. 6. Comparison of surge voltage at matrix converter and inverter by changing initial current i.
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(a) Conventional method (io= 0A)
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Fig. 10.  Efficiency and THD characteristics with DC voltage

variation of plus or minus 20%.
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