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Fig.1 Topology of DAB converter
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Tab.1 Working mode of forward and reverse power

transmission under DAB bucking condition
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Fig.3 Mode 1.2, 1.5 and 2.4 can be simplified and

equivalent to Mode 1.1
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Tab.4 Mode 1.1 the law of stress optimization control

variables in different power segments
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Tab.5 The law of stress optimization control variables in

different power segments (Mode 1.4)
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Tab.6 The law of stress optimization control variables in

different power segments (Mode 2.1)
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Tab.7 The law of stress optimization control variables in

different power segments (Mode 2.3)

L {6 2 5 I 72 T 3 i 0 2
Dy =k
‘ Dy -D, =1
At Ak A 1] AR {D - D, =k-1 Dy =1
2 D, =1
y2

4 Z2PRLEAERRMIFEEREEF

M T R A 1.1 5 1.4 2 () LA KAt 2.1
523 ZIF AR D) R E SN O. (R R ESX
B, AHIAEH 3 1P 345 B a5 N N ) R E R
ik AR, g A A 1) A St 1) SE At 1 32 s 4 Th 290 ]
P 4 SR B e AR R SR N Ay 4 R e e 4 AR R
41 EESW

X DAB BEAT 4> Dy 50 H A AL 23 B I, AT &
a1k 0.4 0.8 AF N B ARWF UM 4, LAMEREAT =1L
SMt. BN 9 Fror k=0.4 I DY B T AE R 1 HL i
R ARAGEE Rl DL B AR AN B D) AL i
BN, IE AR AR DI 2 B (0~0.24(pu)), 7EAH ]
MhZ R TAERC 1.1 MmN 3% T TAER
1.4, TMAEREEL (0.24~0.33(pu)) i, W) IE A
s AR AR D) R B (=0.24(pu)~0), FEAHIH
MIhZ R TAERC 2.1 1M N 3% T TAERX
2.3 1, MERMEBE (-0.33~-0.24(pu)) K, N
IEF AR o (A1 EE AN 10 Fros ¥ k=0.8 I PU A T AR
AT B, 1 A% i b e % T 26 B ) .
JI AL 9 gE B KA.

4.2 TEMSH
MG 8 v W g R ik X mT ) A A 65325 L 3 A

104 —— 1. 1M S == 2. 1L
: o LIHFARE —o- 2.1 iR
X‘ —-o-1 40N 11 -4 23HFEMN S
08 xx%HA%ﬁﬁmﬁ-+d3%ﬁﬁﬂﬁ

g JW%
0.6 N‘ W %
0.4 },‘%‘ e o #éz
w% ?ﬁw

0
—0.500—0.375-0.250-0.125 0 0.125 0.250 0.375 0.500
Plk(pu)

B9 k=0.4 I PUBH T AF B0 LR ) f ik

Fig.9 Stress optimization: current RMS and stress of

UL S Lyingri(PU) PSR B L ns(PU)

four working modes when k=0.4

10 TR o 21

o~ LIHRAME -o- 2.1 By AR

08 o LAl < 23R |
C%KeJA%ﬁﬁmﬁ-+asﬁﬁﬁmﬁ ,

0.6

04 \ N
02 %:"‘M op®’ j

0.125 0.250 0.375 0.500

0
—0.500—0.375-0.250-0.125 0
Plk(pu)

K10 &=0.8 I PU R AR B N ) Ak

Fig.10 Stress optimization: current RMS and stress of

LR I Lyingri(PW) HLTEAT BUELT s (PU)

four working modes when k=0.8
XA L4 AR TR B 0<P<IKP(1-k) N Sy .
BN

mln(Iyinglil.4 — L yingiin 1 ) =

mm(%—mfekﬂ-%—g_a Pﬂ—mJ (20)

A, AREME N 0<k<1 1 0<P<K*(1-k).

BBV NS P 7S vig e = AP C ] min(lyinglilA_Iyinglil.l)20 ’
WA Lyingtit a=Iyingtin 1 = min(lyingrin 4—Lyingtit.1) =0, 154 5
Lyingtin 4= Lyingtit.1» T EALE IE AR S AR D % Bt 0<
P<K(1-k): X 1.1 KGR SR FHIR 1.4, 8
A 11 e RRL.

[F) AR 4 2 8 ATl (LB 4D /B & AT
FICHNFIAF BT, AR s DR B )
L4 MR R TR 1.1 /9, B 1.4 4R
B S AR KT A B B 2.1 LGN
THE 2.3 1, B 2.0 WAl mhgE:
B 2.3 B LR AR T 2.1 1, B 2.3 4
JR A o

gi Ll HE S A D) A N AN R Zh 3 BN ) 4



%40 &5 12 40 ARG AT IR A e s v N ) (0 A R 2 A L A ) 3985

Jitm U TARR, W& 9. MR¥E LIREh e 347 2, I)REH NI DAB 22 #ids = HE AR I i Y
Jey s dme M AR A S 1 B AR A A & i S A A2 = W3 10

x8 HMEMEMITERRNEFRNREREMRRENRER

Tab.8 Expressions of current stress for four locally optimal working modes in different power range
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Tab.10  Stress optimal control variables in

full power range under DAB buck condition
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App.Tab.2 The trigonometric polar coordinate method in the high power segments of working Modes 1.4, 2.1 and 2.3
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App.Tab.4 Using genetic algorithm to compare the stress of different locally optimal modes in different power ranges
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Intrinsic Law Analysis and Optimization Control of Current Stress in
Dual Active Bridge Converter
Zhang Laiyong Tu Chunming Xiao Fan Liu Bei Chen Yandong
(National Electric Power Conversion and Control Engineering Technology Research Center
Hunan University Changsha 410082 China)

Abstract To achieve continuous and real-time stress optimization control of the dual active bridge
converter under power transmission or voltage fluctuations, it is crucial to study the patterns between modes and
among optimization control variables in modes. However, current research needs depth, and functional
expressions of stress optimization control variables are complex.

This paper employs genetic algorithms for stress optimization. The intrinsic laws among the optimization
variables in each mode are elucidated through the optimization results. An innovative trigonometric function
polar coordinate method is adopted to derive the corresponding optimization control variable function expressions.

Firstly, based on waveform equivalence simplification and the principle of waveform and energy
transmission, the four locally optimal modes are identified from the twelve working modes, which exhibit low
stress or effective values in different power ranges. It reduces the number of modes that require optimization,
which reduces the optimization burden.

Secondly, the stress of the four modes is optimized, and the optimization results are compared to determine
the laws governing the optimization variables in different power ranges with different k& values. Through systematic
analysis, the laws of four local optimal operating modes in the low/high power section can be obtained.

Thirdly, the expressions with optimization variables are obtained by substituting these laws into the
corresponding power transfer expression. The optimized variables are converted into trigonometric polar
coordinate forms through the trigonometric function polar coordinate method. The expressions for the minimum
current stress function and its optimization control variables are obtained by substituting optimized variables into
the stress expression to obtain the minimum stress value.

Compared with the current stress in the full power range for four local operating modes, the optimal mode
and optimal control variables for each power segment across the entire power range are selected, thereby
achieving global optimization control. The innovations in this study are presented.

(1) Analyze and contrast the current stress optimization results for different voltage adjustment rates k to
discern the laws among the optimized variables across the four local optimal modes in various power ranges.

(2) The power constraint and trigonometric polar coordinate methods are utilized to derive a precise
expression for the optimal stress control variables. The globally optimal control variables are selected by
comparing the current stress of four local optimal modes.

The following conclusions can be drawn. (1) Under the buck operation conditions of stress optimization for
both forward and reverse power transfer across the entire power range, mode 1.1 is globally optimal during low
forward transmission power when 0<P<k2(l—k); mode 1.4 becomes globally optimal during high forward
transmission power in the range kz(l—k)<P<k/2. Similarly, for low reverse transmission power, mode 2.1 is
globally optimal in the range kz(k—1)<P<0, and mode 2.3 becomes globally optimal during high reverse
transmission power when —k/2<<P<< kz(k—l). (2) The stress optimization control under TPS modulation improves
the efficiency of the DAB converter compared to other modulation strategies. Notably, it exhibits a significant
enhancement under the low-power segment and high-voltage mismatch scenarios.

Keywords: Dual active bridge converter, stress optimization, local optimal working mode, global optimal

working mode, trigonometric function polar coordinate method
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