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Optimization Analysis of Peak-to-peak Current in Dual Active Bridge Based on

Four-degree-of-dreedom Modulation
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( College of Electric Power,South China University of Technology , Guangzhou 510641, Guangdong , China)

Abstract:In order to solve the problem of large peak-to-peak inductor currents in dual active bridge converters
with mismatched input and output voltages, a four-degree-of-freedom modulation (FDFM) strategy was proposed
by combining symmetric duty cycle modulation and asymmetric duty cycle modulation. By analyzing the operating
modes of the four-degree-of-freedom modulation strategy, the peak-to-peak inductor current and transmission
power models were established, and the optimal solution with different transmission powers was solved by using
the Karush-Kuhn-Tucker (KKT) condition with the peak-to-peak inductor current as the optimization objective.
And the experimental prototype was built to verify the effectiveness of the proposed strategy. The experimental
results show that the proposed modulation strategy can effectively reduce the peak-to-peak inductor current of the
converter and improve the efficiency of the dual active bridge converter.
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TEYIRBLO< P'<M/2 PN B2 1 A e JERHE, V7 0
WA AR 2 2 B /)N, A& 3a A1 3b JiT 7 5 7E 2 R



VR T v B vl B A 6 A TR AR S R A AL

s

xAT

WA 20245F H 54K F 12

BEM2< P'< 2M/3 P A5 2 B4 FRL JER HL PR DG I 1L
B /N, W 3e iR . 25 LTR384 DR
BEAY R =48, 24 0< P <2M > (1-M) I e Al it h
FiR0(15) 529 2M *(1-M) < P'< M2 WA AR R
Fik =0 (16) 524 M2< P/ <M W) e A Al 36 3k =L
(18) . I F#ia 1 HBE T VR 1L 5 o R br 4 M
[0, 2M/3 3G [, i AAE D) 3 B (2M/3 , M, RAT#5
K2, nE 3d FrR .

3 EIHHT

Shy B IE AR SC T HE FDFM 56 W& 110 48 %0, LIS
FAE A PH PR TMS320F28335 1 E#0 B, 15
T —6 DABZ SR & L, - 4 TR .

= (L e

e

B4 scks
Fig.4 Experimental device
DAB ZZ e g A {1 BAR S 800 i AR V=
48 'V, By HHL R V,=24~42 VIS L=3 wH, ki A%
HHLZE €=C,=940 I, JF M5 K £=50 kHz, Ifi L
n=1, FF 2814 Infineon [¥) MOS 45 IRFB3207,
KB A B NSi6602, SEEGHT, V, 48V,
V, AR AR AR [] A5 4 LT IS
ST ET AR 48 Vi HL RN 24V,
& 5a. [ 5b 43 %] K Pj=0.2 i} DAB 728 # 2% T A/F7E
DPS Fl FDFM T 2% 25 W A B 1 i T8 5 fL J L 3
JIE, DPS N HL & i i I I R 6.4 A, T FDFM
T R W 5.5 A, AHXT DPS,FDFM F
HL R T A I (T B T 14.06% , TR R 3 45 1F T,
FDFM A& HH i 526 1% rL e 37 I 05 1
& 6a. & 6b 43 5l N Pi=0.5 if DAB 75 4 g% T
YEAE DPS FI FDFM " 4% He 5 Pl F R I TR 15 P ke
HL L IE , DPS T HL S i I U (k9.8 A, 1T FD-
FM T L i WG 4B M 8.7 A, AHXT DPS, FDFM
R A R T 11.229% , #E P 3R S
T, FDFM F%) H Jg B Yt I I (L BLAIR T DPS
S FEAS [ H A% i b DPS FTFDFM 1 R 37
WA DA (L, T T 4 FPAS ) 1 i o P PR 450 BV,

24 V,30 V,36 V142 V AT HLds , MR G H A%
4y R M=0.5, M=0.625 , M=0.75 F1 M=0.875,
FL, JR HL 9 0 05 {1 I ) SR Ak il 6 an &1 7
Bt

HL /A5 AIKR)
1 H/V (25 VIKE)

t/us(4:us/f??.)
(a)DPSHLERHL I I B

LU/ A(S ATKR)
o E/V (25 V%)

t/us(4:us/f§)
(b)FDFMHLJE HL i % I

5 J A A R R L U R (P=0.2)
Fig.5 Primary and secondary voltage and inductor

current waveforms (P};=0.2)

=]
<=
NURS
<5
822
=g P
EH
t/us(4 ps/s)
(a)DPSHLE L I I I
GEb iy EaE e g e
2= )
NS
LS it BT AL e R
X2
=
Bp| | A3AT
t/us(4 ps/)
(b)FDFMHL L i P I

F6  Ja Al R R L R R (P=0.5)
Fig.6  Primary and secondary voltage and inductor

current waveforms (P{=0.5)

HIPEL 7 TR, FEAS [ B R AL R L T, FDFM £
FRL G P AL P A 0 2 R P 97 B T P B4
F DPS S , 7E M=0.5, M=0.625 i} iy A i L i
FEEANIEEC AR BT RCR E I . InAE P=0.5,
M=0.5F DPS %1 79.79 A,FDFM ¥ 1,y 8.70
A;Pi=0.5,M=0.875 if DPS [ I 4 5.43 A, FDFM
1,00 5.32 Ao {HEAE L T A5 4 L B9 22 R, P AR
LA 77 2K L L O e DL TR T 400, ARk
A

PR RS UE BTS2 DY F iy JRE R SR s A
[l oL AR G T B8RS o BT 8 g ANl v A%
fi LT DPS F1 FDFM i i 3 W £ 2803 i £, 24

51



BAEF 2024F F54% FH 124

RACE,F AT w A b RS 09 A R B AR

M=0.5 1}, FDFM A 3503 A i D288 200 W B 35
Fl e, ok 86.39%, T AHF] T4 T , DPS RN
78.33%; 24 M=0.75 I} , FDFM 1435 22 76 Byt o 2%
k1400 W B8 25, R 90.58% , i AH A T,

FDFM 5 W& 1 0O R fE R A b 8 N A8 s T
DPS, H. 78 A% o FEAS DE T %4 250 T 58 Jomn i
o @R, FDFM 3R IS BE RS T 5 12 &1 DAB AR e 4%
P ZACR, JU AR Sy A R S DL BC R ol 5 B

Do sk [T — A N
DPSHCRALN 87.62% . fEAFMABIEMERILT, AW,
10 — 10
e "‘-/_/4
8 e S i
S‘ 6 '*"’— ’/4}/ i:
Ng “,."—:/‘0/’ \:
¥
4 -%--DPS ||
------ o—FDFM
2 1 1
100 200 300 400 500 100 200 300 400 500
PIW PIW
(a)M=0.5 (b)M=0.625
8 6
oF kT
$7— ST— ar
~ ~ ~
4F !
---%---DPS -+-%---DPS
) ——FDFM ——FDFM
26— i 1 1 2P i i i
100 200 300 400 500 100 200 300 400 500
PIW PIW
(c)M=0.75 (d)M=0.875
P77 OS] A T A H e e DA
Fig.7 Peak-to-peak inductor currents at different voltage transfer ratios
90, 90
A—— N AAAAAAAAAAAAAAA - {
85k ﬁ/ - == - = g5k /e/
s L7 sV P R 4
5 80F P B *
------- e SREEEETEEEEEE SELEEEEEREREE *
¥ 80r .~
75k ---%--- DPS . ~-%---DPS
------ 9~ FDFM wp-FDFM
70 100 200 300 400 500 75 100 200 300 400 500
P/W P/W
(a)M=0.5 (b)M=0.625
95 95
................................. S A—" Y N
90f A ¢ ¢+ 90f s <
§ // § ~ i
M R Heemmm N R DV Heemrn Fome
85k 85k o
T ---%---DPS T ---%---DPS
S R -o-—FDFM ’ ~-&--FDFM
80 1 L 1 1 8() 1 1 1 1
100 200 300 400 500 100 200 300 400 500
P/W P/W
(6)M=0.75 (d)M=0.875

8 DPSHIFDFM B9 ik
Fig.8 Efficiency curves of DPS and FDFM

Mo AR )T v e FlL YA e DA, AR AT e i 3R B

4 sk ‘
A4 L5 2 5 BRI M B W

-2

RS ) — ol LA R SRR AT I 0 e /)N S H
B B XA PSR A2 8 i 0 1 b B 9 o SR, 23

L T XU AT A fhe g A DU 1y 329 ] R XU
52

KRN 9 Fe Al B b BE A A, I3 3k SE 50 43 B A5 2
Wr45e:
)[Rl — i JEAE B R, FDEM 3 W8 A e, Js e,



0%, 4% kT v B b S 6 SR R & A iR AL

WA 20245F H 54K F 12

L W WA L 7 AN [ A% g D1 5 R 9/ T DPS, FDFM
XA PR A A RO L DPS

2) A%} F DPS, FDFM ] fifi DAB 14 Hi, 37 6 g

EE— B FRARR , £ 28842, FDFM 5 W& o) e, 8% Ha, I
WA I P P A AR 5 SR

3) A XF T DPS, FDFM ] fii DAB H 4 ¥ 55 1Y)

HLHE T ARSI S A H oL e 1 DC BC BB AT, FD-
FM S i AR AR A

6]

(7]

S 3Lk

XUE F, YU R, HUANG A Q. A 98.3% efficient GaN isolated
bidirectional DC=DC converter for DC microgrid energy stora-
ge system applications[J]. IEEE Transactions on Industrial
Electronics,2017,64(11):9094-9103.

WA . 251 sl RGe L Iy 78 TR dR 4 ) SR g BIF S D).
AL A Sl R, 2021.

YANG Caiwei. Research on control strategy for power electro-
nic transformer in traction drive system[D]. Beijing: Beijing
Jiaotong University,2021.

IR, T W, SRR, 4 WU DT X U T e S v
[J]. P E AL T AR A4, 2021,41(1) :288-298,418.

ZHAO Biao, AN Feng, SONG Qiang, et al. Development and
application of DC transformer based on dual-active-bridge[J].
Proceedings of the CSEE,2021,41(1):288-298,418.

WANG X, WEI X, CHEN Q, et al. A novel system for measur-
ing alternating current impedance spectra of series-connected
lithium-ion batteries with a high-power dual active bridge con-
verter and distributed sampling units[J]. IEEE Transactions on
Industrial Electronics,2021,68(8) : 7380-7390.

DE DONCKER R W A A,DIVAN D M, KHERALUWALA M
H. A three-phase soft-switched high-power-density DC/DC con-
verter for high-power applications[J]. IEEE Transactions on In-
dustry Applications, 1991,27(1) :63-73.

AR5, B A AE L I DAB AR 4 Im] 3 2 R 1 X
Fo AR ] A [J]. W) RGP S 45, 2022, 50(17) < 14~
23.

LI Shanshou, WANG Hao, YE Wei, et al. Dual phase shift mod-
ulation strategy for reactive power suppression of a DAB con-
verter|J]. Power System Protection and Control,2022,50(17) :
14-23.

RT3 . T4 RS AR ] 14 U TSR A8 40 i H I I D
PEHEFEID]. P2 P2 BT R, 2021.

(8]

91

[10]

[11]

[12]

[13]

[14]

[15]

CHEN Shouke. Current stress optimization of dual active bridge
converter based on extended phase shift control[D]. Xi’ an :
Xi” an University of Technology,2021.

SHI H, WEN H, CHEN J, et al. Minimum-backflow-power
scheme of DAB-based solid-state transformer with extended-
phase-shift control[J]. IEEE Transactions on Industry Applica-
tions,2018,54(4) :3483-3496.

FA e, AR, 2RI, 45 . NUA TRAR AR 45 45 L i DAk
R U RS AR R 5 2. s A4, 2023, 21(1) 1 35-44.
WANG Renlong, LI Yongjian, LI Shanhu, et al. Improved dual
phase-shift modulation mode based on current stress optimiza-
tion of dual active bridge DC=DC converter[J]. Journal of Power
Supply,2023,21(1):35-44.

FEE LR, AT AR 2o A TRLR ] LS 7 1 P AL
I ST ALR L], A% 580, 2021,51(9) £ 18-23.

LU Jianhua, HAO Kaimin, LI Fei, et al. Current stress optimiza-
tion strategy for bidirectional DC-DC converter of multi-elec-
tric aireraft[J]. Electric Drive,2021,51(9) :18-23.

AT BUIA A E A S EB ARG T DAB R Bt 42
A f i s 22 ST, i AL T R 2241, 2017, 37(20) -
6037-6049.

TONG Anping, HANG Lijun, LI Guojie. Global optimized con-
trol strategy of dual active bridge converter controlled by triple-
phase-shift modulation scheme and its analysis[J]. Proceedings
of the CSEE,2017,37(20) : 6037-6049.

LIN F, ZHANG X, LI X, et al. Automatic triple phase-shift
modulation for DAB converter with minimized power loss[J].
IEEE Transactions on Industry Applications, 2022, 58 (3) :
3840-3851.

EHRT W A RS YT AR S AR X 5 s L
TSR] FLIR R, 2024,22(2) 1 64-72.

WANG Mixin, PAN Sanbo. One-sided asymmetric duty modula-
tions scheme for dual active bridge converter[J]. Journal of Pow-
er Supply,2024,22(2) : 64-72.

CHEN G, CHEN Z, CHEN Y, et al. Asymmetric phase-shift
modulation strategy of DAB converters for improved light-load
efficiency[J]. IEEE Transactions on Power Electronics, 2022,
37(8):9104-9113.

MOU D1, LUO Guanming, WANG Zhiqing, et al. Optimal asym-
metric duty modulation to minimize inductor peak-to-peak cur-
rent for dual active bridge DC=DC converter[J]. IEEE Transac-

tions on Power Electronics,2021,36(4) :4572-4584.

Wk H 47:2023-02-03
R H 191 :2023-02-20

53





