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One-sided Asymmetric Duty Modulation Strategy for Dual Active
Bridge Converter

WANG Mixin, PAN Sanbo
(School of Electrical Engineering, Shanghai Dianji University, Shanghai 201306, China)

Abstract: Aimed at the problem of low efficiency of a dual active bridge(DAB) converter in the wide voltage range of
single phase shift modulation strategy, a one-sided asymmetric duty modulation strategy is proposed in this paper, which
significantly improves the efficiency of DAB converter, especially in the case of light load. First, the principle of one-
sided asymmetric duty modulation scheme is described, and two operation modes are obtained according to the relation-
ship of control degrees of freedom. Second, based on the time-domain analysis, the steady-state characteristics in the two
operation modes are derived, including inductance current and transmission power. Third, in order to find the optimal
combination of control degrees of freedom, the peak-to-peak value of inductance current is selected as the optimization
objective, and the optimal one-sided asymmetric duty modulation strategy is obtained by applying the KKT condition. Fi-
nally, an experimental platform for DAB converter based on SiC device was built, and experimental results verified the
effectiveness of the proposed one-sided asymmetric duty modulation strategy.

Keywords: Dual active bridge (DAB); asymmetric; modulation strategy; efficiency; KKT condition

WA JEHF DAB(dual active bridge )28 #e2% i De.
Doncker# £ T 1988 4 & v 4 i1, I H B A B 4F
BRI OGRS PE | TR 0 4 90 | R AR N R L i K
R YR B AL AL, CE E O P B3R
BV fERE RGN | [ A AR Fe AR A S Tz N
BEL AR B 5 ROBL ) DC-DC 78 4 2 P e A i o 11
bz —,

5 B #1.2021-05-31; 1&[E HHE.2021-06-24; RABH .
2021-07-06; /M 4& & & H #7:2022-02-10

& 58 1 "R M SPS (single phase shift) # il &
W2 DAB 78 4% B fi] ST A I i 07 2, dd a4
i) W 1> 4 A7 18] B 8% AH A B a3 5 4% i 20 23 60 R/
FJ5 1%, H 25 DAB 72 #4575 58 HL R AR 0T,
BV At R R AR A B RN, BT R XE LA S B
S RS N eI B ER AP =8 B VNI N 1B 95 | B4
KA B BAEAIFICAFE, XX T DAB 22425 Y
BRI FI RO, PRt VAR R 1R 2224 3 BT XX —
)l & AT 1 R RIS, de U A O 06 T 4



%2

EIRHT, A — OB PR AT A 45 B AR X B o A R T S 65

Iz el B 2O T DAB AR 4 2% 1 AL A
B8], ELFE P F B2 30 R B2 40 EPS (extended phase
shift) 8 #1112 XE F A DPS (double phase shift) i
L & = A~ A R OB ) = E #8540 TPS (triple phase
shift) 1 H157 4 T SPS il | 3 46 75 2 46 Al LA
AR AV 1] 38 2y 336 i/ INFRL TR I ), 9 T RO OGS L
LIFE T DAB B4 88 MR , BT PRI BT A (1
T A H I LA 50% 1 25 b TAE

SCHR[18]4 A X Bk o 25 L 3 i) O =X, ) T
XFRR G 2 He R O 2, AR AR 0 40 O O A LUAE
50% i 25 Ll AR B HALE & T 40 DC-DC 22
g AN F o SCHR[19)5F X DAB 284 25 42 th —F
XU AE X R 7 25 L I8 ] 5w A B TR ge i SPS i
i, JH I Ty 23R R R BEAIG , A4S 43 A T A i
DL K5 SPS SR 13 2y 32 56t F | I AR H kAT
BAEMA,

R T BEE AR RR 5 S L ) O e
DAB 54 g8 JCR AL T R, LR TH DAB 28 4t
7 T PR S PR 508 SO R R — el B ) S e
Bk i 25 Ll R 1) SR o % B AR X R o 23 L I SR
W, BERE T A B U I LA R AR H AR M AR
)7 P A S TR R R, BE,
BT T HRALEE 2R F 10 DAB B2 LB F &,
S LB UE T T B I 1 SR 04 A R

1 BRI R & = b Fl

1.1 BREER

DAB 74 2% t P AN 24 Hy JH,, i A i 1 8 i
B C.Co, F TR R L DL R e 472
o T AL, Horb Hy IO S-Sy 4, Hy HIF G
B Q-Qq ALBL, L 27 il B ol B e A A% T 45 e SR
B, AR AR AR LR el YV V0 R
i R iy, 2 FLER LR o, Fon 2 0F H, 1Y
HHL TR o, 27 i AR R 28 SR R i 1 R
P LR A L My

(1)

n:l
s fosd R0

E 1 DAB TR L
Fig. 1 Circuit topology of DAB converter

PG M 51 R, UL R PRI,
DAB ZE 4 88 A AE 4 Fh TAEY 5% 4348 (1) 1F 1) B e
(M<1,P>0) (2) IE [0 FF FE (M>1,P>0) (3) J2 7] & &
(M<1,P<0)(4) 10 T+ & (M>1,P<0), T DAB 7%
Hodn e AT G X FR T, N X —Fh TAES
ST AT, SO IE [ B TR M<1, P>0) X Fh TAE
Y47 530, o B e 5 2280, SO BA |
1.2 dEXFFR & = Ee A il R 32

TE A% G5 19 B A 18 1 SR s 25 F O Y o s
FL¥ R 50% , SCHBR 2 R 6 BR o A Ee i O,
B FF A LA — 52 1 FF 0 538 145 JF 5 2 LU
3k 50% 1 25 o TAE, SCH AR Z R AEXFFR 4 28 H i
J5 e,

AR , LA HL BB, 78— TF R T,
W,IEE S, B S, A B 538 S, At S, [AlA G, H S,
FS; 1Y o5 25 LUAHAE HOR T 50%, 110 S, Fil S, 1Y o 25
FOAHSE BN T 50%, 7] — B 1 195 A4~ JF 6 B R 5
i, At M AR G R X RR G s He R 7 X, R
JEXF B b7 2 o 7 2 H A TR U o, 7E R IR H
- 22 18] 14 B A7 A — B H P 4y, UL Y
mE 2 Fis,

S, | S, |

S, | Ss |

B2 IENRAEZLLREAFXABERIER
Fig. 2 Typical waveform under asymmetric duty

modulation scheme



27 Eire 5502 %

1.3 BMIEXFR =LA H AKX

B AR X AR o 2
Pl 3 TR o FESMINEXTFR g 25
AR B RN A B R AR BR (5 s
BIJF 6 S)~S, 1Y 5 25
H, 2R FHXFFR i 28
FE 55T 50%,

F A i SR w1y B R O 4n
Fe i 1757 T, DAB
Lo 5 =X
FEH AR ST 50%; 1 @l i 4
iR 7 =, B OG Qu~Qq Y 15 25

H WA 2 2 A7 A2 78 AH £ DL S 3
DRt Ak, BMEEXTFR b 43
AN AR,

eI i 77 XA
Horr Dy 7R WA 2 15 A% A I
] 5 — TP TRy He(E, B S, 5 Q, iR AH

S, [ S, |
S, | S, |
[ o [ & |
| Qs [ o 1]
D 1 T\ | v,
Dol N
[<—>]

(a)is 1
S, [s |
Sy ] Sy |
[ 0 [ o |
I 0 [ o |
DT.
v,
le>| DoT. Us

! v i
0 by t3 Uy ts

(b)#E5( 2

3 BUEAEXTER A =i B A BB

Fig. 3 Typical waveform under one-sided asymmetric

duty modulation scheme
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