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Simple PWM phase shift control strategy for a dual active bridge clamp converter
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Abstract: A simple PWM phase shift control strategy for a dual active bridge clamp converter is proposed to address the
problems of large current stress and low transmission efficiency over a wide voltage range in the conventional phase shift
control method. First, the operational period and duty cycle of the clamp switch are used instead of the inter phase shift
ratio of the converter to simplify the primary H-bridge operation and improve the degrees of control freedom. Then the
duty cycle of the secondary H-bridge switches is calculated. By analyzing the working principle and soft switching
characteristics of the proposed phase shift control strategy, a linear large-signal model is derived with the unified
transmission power per-unit value as the control quantity. Finally, an experimental platform based on TMS320F2808 as
the controller is used for verification. The results demonstrate that the simple PWM phase shift control reduces the voltage
stress and current stress of the converter and significantly improves its transmission efficiency.
This work is supported by the National Natural Science Foundation of China (No. 61803174).
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Fig. 1 Dual active bridge clamp converter
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P 3, S5 XA IR AR e ds 1 T 5 PWML RS AR i 5%

- 113 -

ALLEKFF R A . 4 A, AF, f{i$ PWM
I FER R AR, (BAEFTA LT EH PWM
M AP S AR # s T DAB AR as 172
BRI

5 #5ig

AICHET DABC AR ds ittt 17— Rl 52 PWM
FERATE SRS, Xt HAEAT A5 A AN s gy,
AT RIS PL R 418

1) R So 1 ok 25 HEANFF O J BA SL AR H60 25 7E
—ARAHEL T 3 MEhlE A, 1R 7 AR RS
FimIh 2 i, HE9R 7 IhEFATH REVE. A
JEAR IR i RO TR, B T LR )

2) 1EU,, N O I3t So R S, (43 HEAT 4L, 4
KHPEAR 7RI B AL, RN ER So AM#SEBL T
ZVS. ZHHE I RIS AR A T AL R R
BEAS, TR T /NI SRR FE AN BE s AR AR,
& T DABC A4 & 145 ) JELE

3) it A AR R By T Lk 45 A, DABC A%
Hode At BUCK AN ) AZRAS B8 58 () L S L, 2
e AR R RG] T, 1A AR RN,
IV, BN RN AT DLSE KT O 1A 7
fir, JF H AT LG BERUREE R AT R4, I AT
RAE WA .

S

(1] toipte, Ziede, Bol, 55, i D ZURNH 742
JE A A SRS R LN 3], I R GRS 51
#i1l, 2019, 47(20): 41-49.

YANG Fenyan, LI Haibo, SHENG Chao, et al. Reliability

evaluation model of cascaded multiport power electronic

transformer and its application[J]. Power System

Protection and Control, 2019, 47(20): 41-49.

(2] SkEZ, 2%, ¥, %5 =0 DC/DC AR s Fil
AR AR R[], W RGO/ S5, 2019, 47(13):
8-17.

ZHANG Guorong, LI Zhi, LU Yi, et al. Predictive current

phase shift control of three-port DC/DC converter[J]. Power

System Protection and Control, 2019, 47(13): 8-17.

(3] fEmZ, dilR, FH, & ZHAMBRM AC/DC X
D R A He a1 SRME 0. B ARG RY 52
#1l, 2020, 48(16): 84-92.

JIAO Jiao, MENG Runquan, REN Chunguang, et al.

Bidirectional AC/DC interlinking converter control

strategy for an AC/DC microgrid[J]. Power System

Protection and Control, 2020, 48(16): 85-92.

(4] RUFAR, EWR, ¥&E, F. ML EHRME N2
DC-DC A& e 73 A AR 42 SEE [J]. B0 RG-S
5, 2020, 48(11): 76-83.

WU Jidong, WANG Keyou, HUANG Xin, et al. Distributed

coordinated control scheme of parallel DC-DC converters

in isolated DC microgrids[J]. Power System Protection
and Control, 2020, 48(11): 76-83.

[5] HAN Jiexiang, KONG Xiangping, LI Peng, et al. A novel
low voltage ride through strategy for cascaded power
electronic transformer[J]. Protection and Control of
Modern Power Systems, 2019, 4(3): 227-238.

(6] WwHEM, B, BN, % MHEF DC-DC AL#kat1
B M 77 0]. vh B AL L AR 22 4R, 2019, 39(18):
5468-5479, 5595.

TU Chunming, GUAN Liang, XIAO Fan, et al. Modal
analysis method of dual active bridge DC-DC converter[J].
Proceedings of the CSEE, 2019, 39(18): 5468-5479, 5595.

(7] #uss, £FIF, FEE, & BT =M BRI
AUHAARAR[]. |47, 2020, 33(5): 76-86.
ZHANG Guangzong, WANG Chunfang, LI Houji, et al.
Research on double active bridge converter based on
triangular current mode[J]. Guangdong Electric Power,
2020, 33(5): 76-86.

(8] RV, HiEe, WM. BT H IR R BAH
VA AR e 3 1 AR A A I [J]. NS5 4R, 2019,
56(11): 115-121.

SONG Pinggang, ZHONG Runjin, TAN Jinghui.
Single-phase-shift control of dual active bridge converter
based on differential flatness theory[J]. Electrical
Measurement & Instrumentation, 2019, 56(11): 115-121.

(9] 2z, ROCHE, BRIk, 2ET 9 AR XU IR 2

DC-DC #As#t4% % Hbnfifb il 77k (3], B B bl L
TEEA4), 2019, 39(3): 822-831.
AN Feng, SONG Wensheng, YANG Kexin. Multi-objective
optimization control scheme based on extended phase-shift
of dual-active-bridge DC-DC converters[J]. Proceedings
of the CSEE, 2019, 39(3): 822-831.

[10] FHAemk, 5k, BT, 45, 3 A A B XUH JE T

DC-DC Az # a3 H AL il SRR [I]. o B HAL TR 22 4R,
2019, 39(13): 3889-3899.
GUO Huayue, ZHANG Xing, ZHAO Wenguang, et al.
Optimal control strategy of dual active bridge DC-DC
converters with extended phase shift control[J].
Proceedings of the CSEE, 2019, 39(13): 3889-3899.

(11] Gobrg, phElE, T 55 OERE A HI N Esh 4

M AR e 2 4 Ja) HRURUNE 70 70 M S ARG ) SR [ 9], 8T
AR AR, 2019, 34(12): 2507-2518.
ZENG Jinhui, SUN Zhifeng, LEI Min, et al. Global
current stress analysis and optimal control strategy of
dual-active full bridge converter based on dual phase
shift control[J]. Transactions of China Electrotechnical
Society, 2019, 34(12): 2507-2518.

[12] &#, BRR. T @AM 3L-DAB A2 # i3]

IR/ MA IR SRS [J]. TR H 77, 2020, 33(12):
56-64.
JIN Li, CHEN Chen. Optimal control strategy for
minimum reflux power of 3L-DAB converter based on
general phase shift control[J]. Guangdong Electric Power,
2020, 33(12): 56-64.

[13] MI C, BAI H, WANG C, et al. Operation, design and



-114 -

LY EE R TN E R

control of dual H-bridge-based isolated bidirectional
DC-DC converter[J]. IET Power Electronics, 2008, 1(4):
507-517.

[14] ZHAO B, YU Q, SUN W. Extended-phase-shift control
of isolated bidirectional DC-DC converter for power
distribution in microgrid[J]. IEEE Transactions on Power
Electronics, 2012, 27(11): 4667-4680.

[15] ZHAO B, SONG Q, LIU W. Power characterization of
isolated bidirectional dual active bridge DC-DC converter
with dual phase shift control[J]. IEEE Transactions on
Power Electronics, 2012, 27(9): 4172-4176.

[16] ZHAO B, SONG Q, LIU W, et al. Overview of
dual-active-bridge  isolated  bidirectional DC-DC
converter for high-frequency-link power-conversion
system[J]. IEEE Transactions on Power Electronics, 2014,
29(8): 4091-4106.

[17] KRISMER F, KOLAR J W. Accurate small-signal model
for the digital control of an automotive bidirectional dual
active bridge[J]. IEEE Transactions on Power Electronics,
2009, 24(12): 2756-2768.

(18] #i#e, TRRRE, MSrgr, 5. WEMAH DAB AHas [l

MDA R IR X Eet T[] o [ EAL
TREEA4R, 2020, 40(1# ) 1): 243-253.
HU Yan, ZHANG Tianhui, YANG Lixin, et al. Comparative
study of reactive power optimization and current stress
optimization of DAB converter with dual phase shift
control[J]. Proceedings of the CSEE, 2020, 40(S1):
243-253.

[19] CHUNG IL-Y, LIU W, ANDRUS M, et al. Integration of
a bi-directional DC-DC converter model into a real-time
system simulation of a shipboard medium voltage DC
system[J]. Electric Power Systems Research, 2011, 81(4):
1051-1059.

[20] LU J, WANG Y B, WANG H, et al. Modulation strategy
for improving the voltage gain of the dual-active-bridge
converter[J]. IET Power Electronics, 2020, 13(8):
1630-1638.

[21] ZHANG Y, ZHANG D, LI J, et al. Bidirectional LCLL
resonant converter with wide output voltage range[J].
IEEE Transactions on Power Electronics, 2020, 35(11):
11813-11826.

[22] DHARMENDRA Y. Analysis, design and performance
characterisation of transistor clamped dual active bridge
DC-DC converter in wide voltage range[J]. IET Power
Electronics, 2020, 14(1): 63-77.

[23] CEGLIA G, GRAU V, GUZMAN V, et al. A new
multilevel inverter topology[C] // Proceedings of the
Fifth IEEE International Caracas Conference on Devices,
Circuits and Systems, November 3-5, 2004, Punta Cana,
Dominican Republic.

(24] pibkge, E&W, i, 55 T REVR LI ) A i A5 22
JEAS A PR LR A AR L [J]. I RGR S
¥, 2019, 47(6): 141-150.

LU Linyu, WANG Luyang, BAI Yang, et al. Research on
dual-active-bridge DC-DC converter in solid state

transformer for energy internet[J]. Power System Protection
and Control, 2019, 47(6): 141-150.

[25] SHI H, WEN H, HU Y, et al. Reactive power
minimization in bidirectional DC-DC converters using a
unified-phasor based particle swarm optimization[J].
IEEE Transactions on Power Electronics, 2018, 33(12):
10990-11006.

[26] EHeF, filRbl, 2, 55 W& DC/DC A AsiR

FEESMRAEHD. EORARP HEH,
2020, 48(19): 17-24.
WANG Qingyu, LU Zhenkun, LI Yan, et al. Hybrid
modeling and optimal control of bilinear DC/DC
converters[J]. Power System Protection and Control,
2020, 48(19): 17-24.

[27] KGR, ReAKWr, FRER, . & T SutvDCOLZ

TN LI AR G S SR W ) & Pr R R [3]. WL
RGR 5, 2020, 48(13): 63-72.
ZHANG Weichen, XIONG Yongxin, LI Chenghao, et al.
Continuous commutation failure suppression and
coordinated recovery of multi-infeed DC system based
on improved VDCOL[J]. Power System Protection and
Control, 2020, 48(13): 63-72.

(28] wie, kT, TKRIE, &5 FBREAFRPIT RBEXRNE

VR AR e 38 FL R ) R T IR D). ) R4 E Bk,
2019, 43(23): 58-64.
HU Yan, ZHANG Yu, ZHANG Tianhui, et al. Optimization
method of current stress for dual active bridge converter
considering different soft switching modes[J]. Automation
of Electric Power Systems, 2019, 43(23): 58-64.

[29] TIAN Y, LOH P C, DENG F, et al. DC-link voltage
coordinated-proportional control for cascaded converter
with zero steady-state error and reduced system type[J].
IEEE Transactions on Power Electronics, 2015, 31(4):
3177-3188.

[30] ZHAO B, SONG Q, LIU W, et al. Current-stress-
optimized switching strategy of isolated bidirectional
DC-DC converter with dual-phase-shift control[J]. IEEE
Transactions on Industrial Electronics, 2013, 60(10):
4458-4467.

WIS HHEA: 2021-10-25;
e BN

3 3AU996—), B, MEHR L, FR T ALK R
MDC-DCE # B =% H K 5 & A E-mail: sunyue_996@
163.com

B (1973—), F, Bf1EH, Wd, $4&, XD
mALAEFHR. FHRERKAEF; E-mail cse_cxg@
ujn.edu.cn

EEE0N987T—), B, W, #HIF, AR TEH LLR
R AFRG AR, RUELA S A, E-mail: cse_wanglh@
ujn.edu.cn

&EIHAR: 2022-01-19

(%4F 22/ M)


https://ieeexplore.ieee.org/author/38244200600
https://ieeexplore.ieee.org/author/37278946700
https://ieeexplore.ieee.org/author/37279763600
https://ieeexplore.ieee.org/author/37643604300
https://ieeexplore.ieee.org/xpl/conhome/9596/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9596/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9596/proceeding

