$53% 571 B RERY S EH
20254 A1 H Power System Protection and Control

DOI: 10.19783/j.cnki.pspc.240690

N IRH L e eg BT BN E F B R R S AL F il SR B

MNAEE, T A&, WA

(TETIBBAXRFOUALSEH ISR, L7 HFH 125105

FOZE . B Y5O A 80 2 XU EE A AR 2 s i N a4 PP U39 B DG I PR FELIATISE g 3o v e A, 2 H — Ao A X
RS AR AT B IR g 73 B AR SR, e e B PR R P I (77 S OR FRAR RIATR 7, AT B iR RGO,
SE T TR RS A VR A (0 AR SRR, BAIE T R R R s AT DA R R RN T o SRS B AN K AR B T R
AR IRATLE, RPN AR IR RN AT EAT 7 BEeAl,  HES Y e/ NN ) T S AR A LA &, 45 & i
10y BT T PIAZ IS0 . a6 7 O0UCA IR AR a SAR A HL,  FFEAT 1 SRIReiE . SEIRE R, 5
FCAb AR Ao AR B, BT HR 42 ) SR 2 MG 38 v Dy 0 TR P RN 0 A (A T 3 B /0N, S R A I F ) 2 e 5k B AR
REIR: AR S WEBH; BN BRI

A novel dual-phase-shift current stress optimization control strategy for dual-active-bridge converters

LIU Chunxi, WANG Tao, TIAN Ying’ao
(Faculty of Electrical and Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: To address the issue of excessive current stress in dual-active-bridge (DAB) converters caused by mismatched
input-output voltage regulation ratios in the dual-phase-shift (DPS) control, a novel segmented current stress optimization
control strategy under DPS modulation is proposed. The strategy reduces current stress by lowering the inductive voltage,
thereby improving system efficiency. First, the working principle of the novel DPS modulation is analyzed, verifying that
reducing the inductive voltage can significantly reduce current stress. Then, considering different transmission power
levels and voltage regulation ratios, the current stress in the corresponding operating ranges is optimized in segments. The
optimal phase shift ratio combination under the minimum current stress is derived, and a closed-loop control strategy is
designed based on the segmented optimization of current stress. Finally, a prototype of the DAB converter is built, and
experimental validation is carried out. The results indicate that, compared to other optimized control methods, the
proposed control strategy achieves lower current stress and backflow power in the low-to-medium power range, and
provides faster dynamic response during load transients.
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Fig. 1 Dual active bridge converter topology

Bl L e 1 R, 3 0] AR 4 R N S
JEs € G, 43 % N i A H i AR FEL A s ey, P
ug S H,  H, R SRR B LT
ARSI RE R S, — S, S — S, 2 BN E A
MUATE L A R s n AR AR AR L
1.1 WBHFEH LR NDPS BH RIE

45 DPS A EE B WE 2 Fros, DA H,
WrNFEAHEL, D, v o (A AHLL, D, =D,, D, N
PibE 2 A ANERAEL, T AR 761 ~t,
B BN LR R BB K,  HUBCHA i, AR

Jei, FLUEAE HILAE ¢, %o F R IR OAAE v e FLIT
LIRS, L H R LR 1) DR /N 32 LR L R
INCL R AT PR B [ FRT 0 o i R Fh PR P B8 A
FHISS T) R Ay /s LR L U U A« 42458 DPS | L
PERLER 1. 2 23 an E 2(a) R 2(b)Fis, 15K 2 1)
LR R A 1 /0, IR B 2 A R L R de K
ERIVE FITE ¢, ~ 1, N B AEANHG Izl B b B2 AR 155 190
T, LS DPS WAME LR, 4 Ay
oAl DR EE— A E B, 5 R (8] SRS A
D, 5L A M D, NE A EHE B E
Dy(D, < D)) TEE 2(b) ¢, ~t, I B HhL I L R U
PO ROFEAL b, PRAE AR FHIN TR, R R R
WA U /] o

A A

D
N

b,

=

LI Voo ! I oo
ly iy 1 ty Ll 1 A Lyt f t, Kl t I

@ 0<D<D,<I b)0<D,<D<1

& 2 1£4% DPS &% = I8 2

Fig. 2 Conventional DPS modulation principle waveform
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Fig. 3 NDPS modulation principle waveform
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Fig. 13 Experimental waveforms of three control strategies

in the middle power range
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Table 10 Experimental parameters
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Fig. 14 Experimental waveforms of three control strategies

in high power range

TR 75y BEAR A4 il SEmS AAL Ak DPS 2 il S
WM TS . fEmIh B, BEE ARG,
PR 7325 1 HLIAL S, AR SR AN B I

iDL ESeaG M el 15, NDPS FEIR N 50 Bl
g i) SR WS 72 HPIR T 2R B A FRIR N FR B T R
RORRIHE, HREET T DAB B2 HIRCE.
4.4 FHESMERERIIE

N T BRAIEAR SC R R ) SR (1) sh A M RE LA AL
R, Kte48 DPS $5#5 NDPS HLfN 190 Bl fb %
FIHEAT R HT . 24 DAB A8 g8 TAERE 14
MEDZY 2 m D%, ik R VIMHE 16 Q RAE
2 8Q, fEHIThHEIXE p HH 0.4 puEH 0.64 pu.,
UL IRV, =200V  HitHEE Y, =80V, HJ
k=25, 14t DPS #iil5 NDPS HFLN /15 BeAl
ez B PERESL I8 IR 4l an &l 15(a)F1 1 15(b)
i

HE 15 %0, 1440 DPS %% e s ks
15V, VAN 42 ms, 1 NDPS HLFN 1150 B
Pkl s o U RV 8V, TS (D 16 ms.
Ejft45 DPS il AH L, it A 95 2 A0 5 B[] B
WO, HHEHKMERN T R 7. PR a4 il

SRS (RIS B2 e 1 B NE L o

g . g .
> v, > v
2 ' g ‘
= 42 ms = 16 ms
Sy & Vi e 2 yhit
N I5VA Ny SVA
—~ M ~ M
= £
< i < i
% L \% [ PR ——
s =
/(50 ms/#%) #/(50 ms/#%)
(a) f£ 5L DPSH il (b) NDPS H.Iiit W 3 43 B At Ak 42 il

15 TAEME YIRS A SLB0 R 2

Fig. 15 Experimental waveform during work mode switching
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