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Loss Reduction Method for DAB Matrix Converters in DCM Operation
Kashin Kiri*, Satoshi Nakamura, Shunsuke Takuma, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes a loss reduction method for dual active bridge (DAB) type matrix converter in discontinuous current mode
(DCM). In the conventional method, the phase difference between a primary voltage and secondary voltage is a fixed value which
is designed based on the rated specifications. Based on the experimental results using a prototype with a rating of 5 kW, the current

peak and RMS values were reduced by varying the phase difference at each switching cycle. Furthermore, when the phase difference

is varied, the conduction loss is reduced by 35% compared to the case where the phase difference is fixed.

F—I—F:~ M) yZRAar =%, DAB A A"—%, FEiAdEE—F, #@#H5 AC-DC a2/ —X

(Matrix converter, Dual active bridge converter, Discontinuous Current Mode ,AC-DC converter)

1. [IL®IZ

HERIR B LR = RV ¥ — R8N & COz PEH 2 Pl #]
ERBERKABBEEVRS T 774047V vy FAEIE
(PHV)DBIFE 3D BTV DD, IT4E,  Bolj O i EEEL
KIZHEWER ANy 7V OREEBR OGN TEY, SEFK
ERICER SN DMEREE L CRER(L, RERFTOB S
BN, BT EME, @\ HEkkIERE, BIEABME D R D
BB, RO BHFEIR ORI IZIL PWM Eiigs & i
DC-DC = > "— & A G bt 7 @ A % AC-DC £t
FEIEAHWLI TS, ZHHOEEKE T, DC-DC =2
— X O EEERENC L VG R T AT v Z O/
EEMT D, LHL, PWM g & DC-DC =2/ 3—&% D
MR =2 o7 o R R BRIE A LECH Y, EH
i« RKEULOJFRIK & 72> T 5O,

—J7, =MD AC-DC BAEHUZ~ NY v 7 A X—
Z xR AR BEINTNEO00, < ) vy
AR N—=Z Lo TRREEE»S b T o 2O —&MO
B AR ATRIC AR TR o, EiRPMa T oY
RE LI RHFMENAREE 22D, T, BAKEHO N7 v
ADIINA »F 7 B A EFERBIPNCFIHE L CEEMREIT
I ET, WRMLETHST-—RBOFIERA V77 28
KO, ZHMOFEBEAA VF 7 ZBRRBEIZTED, IHI,
B = 7 o OYH T ERE A AR e 0 N bR
T2,

DAB ~ b v Ra v NN—ZDYV T NAL v F T F
HBE U CERRBMERE D b T v AITHAT DB & AA

F T U RAEMBEDES LT ErEEAA
v F LT (ZVS) ERLTNDD, L, ZVS KO 2%
EBELIZBENETH D720, 42X 7 X ARSI VRE
BT, FEBROOTHBREL RHBER DD, =
ORI U, SEATHFE TITE R AEKEE — R (DCM)BRE I
O¥ a BEHMCAHERA 72y MHEZRT, FLary
—AMEEEKET 2 MICREREZ NS EL2 LT
ZVS HERLTWD, Fo, YIMEREEZEE LT 2 —7
AFHEEITO LT, FMEROOT HEIHIL TN D),
L2 L, BRAEGET— RE2EKCTHAWTW A 720, Eilt
FENRKRE LD e bEMBANHE KL, HIEHFE
NEATHRERH D, ESIZ EEROFRTIE, (581
Mkt 3 2 MBI OEI G N KE WD, EBIRFEDHE
DUEROFRE WL TL Y KEL 2D,

I TARMICTIE, \BIRAEEE— NIZBW T REES
WAL, ®WhFBEHWIM % S/NRICMmZ 2 Z & CER
FNEA IR S5 FRERET D, BEENHIMIT—K
Al, MDA R E HKFFET D, AFKNTIE, A1 >
T2 7SR — AR, AR O AR 22 D B IMIE TERE) X
H, BREENHMOFEGEHELT LTI RAERDE
EIME S D Z L 2R 35, FEEMEEL Y, FTH)
FERFIZ BT b7 ABIOEIMENMEZ 20%IEKJH 23 2EAL
TELOTHRET 5,



2. REFE

(2-1) [EIEREK

X 1S =AB-EAE~ b Y v 7 A3 ro8—H % - faig
AC-DC ZHRIBE O Z 173, b7 v ACESNCER S
NTBMA v F 7 52 L O EBIEEHIET S 2 & CR%E
F1ERET D, DAB 2 NN—F TlE—EDHEREBEEI D
JEAREEEZ LT DO AL v F o 7 A TOEERED
X2, —F, = NU v 7 ZAa N—X IR RETE D
= JE RIS ST D 7280, RFEERE D 1/6 A CTHEIER
IENEET 5,

(2-2)  fExkRARK

B 2222~ 7 FVETRSVM) DRI % 7~ d, =8
WIS 27 T —0 BB L, ofBE OB NI MV L
55, v hU w7 A o—ZOEEKIE 6 8O IR A
A v FTHREND, v~ )y T A R"—=FF, 6 2D
TIT 4TI hLE 3 o0 us MR FEET D, &
WA MV L (3E& AL v F L 7 RE — BT 2 &
RY MVRIHIRTE, TRENOBEREINE | imia |, |
Imin | EREENHELLI 2D,

Lo = D F D e, 1)

B 2(b) I R EIE & EiRfE T OBMRE T, AT,
Sector 1 IZEFERB LT a—T 1 &#tHT5, 22T, #HHEE
JEDIRIE DT RNE vinar, HHMEE viia & BT D, E£72, R
FMEEED K/NBERAE 7 FOHRRTH Y BEb 5T
O, AL TR ZAPE LB EEZNEN X, X LIER
T5, SICXWZIVIOD®RI X THD, T2, ¥ X LD
BRGEZ LA A 0° L BT D,

K3 icvhV 7 Aar_"—2OHABELE wme BLO
PWM Z i ar D ITEIE viee, N T v ZAEBWEIEE iv 13T
NIZ TV ADBEILTHY, vee 2 IRMHBE L 7%
NVie & T %, EDQEMEADEMNIRFRREE TH D720
EQOBRMORCERT D, T a—T 4 FNEN, —&H
Vimax- KBS OV (127 T 7T ENTH L8 % do, — M
Vmas- KM NVae O % di, — KM viia KA NVae D
% do, — M OV-ZKANDS NVae OWIR % dbp, BRE
I do & EFRT D, £, R OEEIZIRWCEIRE
— F&ERT D, BIRAERE— FDCM)IE, 1 A1 v F
JRENZB W CE e BRI do 23 d>0 JHEHET, FT v
ZNTFEAN D B OBRHE i1, &2, 31IILLTFDQ), BB LUVM@)
XTERIND,

i = daTSW ............................................................... 2)
Y] T. v —NV T,
i,= T_ax da%+ max o de d17SW ............................... 3)

XX—XX—XXX

N S'PSSPSm
N

Ve ir | T s
5! LC
Ntly, | Filter Vme

Srn Ssn Stn
3f-1f matrix converter PWM rectifier

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

DC converter using matrix converter
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Fig. 2. Space vector modulation for matrix converter.
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Fig. 3. Transformer voltage and current waveform.
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Fig. 4. Difference in transformer current

due to ratio ‘a’.

Table 1. Simulation and experimental condition.

Quantity Symbol Value
Rated power P 5.0 kw
Three-phase AC voltage Vac 200V
DCvoltage Ve 737V
Input frequency f 50 Hz
Carrier frequency fow 50 kHz
Leakage inductance L 21 pH
Tum ratio of transformer N;i:N, 019 H?O/Szl L0%)
. L . 0Z=10%
Input filter C: 10 ﬁF (%Y = 5.0 %)
Dead-time Ty 250 ns
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Fig. 5. Contour diagram of root mean-square current.
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