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Figure 1 Proposed balanced topology
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Figure 2 Balanced topology equivalent model
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Figure 4 Calculated and simulated values of

inductance current in a single cycle
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Figure 5 The influence of battery voltage on the equalization effect
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Figure 7 Balanced control strategy based on variable duty cycle

A SOC T3 R v it IR E B Tt 1) K, T LA LU
4 b XF R 3 R TAERL

(1) T 2R v AE R M A Ko 1, ) A AR X R
i,

(2) A SR v BE LA HOR T 1 (R BE A it
N1 WHEAT Z2 % B A

(3) T 2R i B FL A HORIAR AE HL S Kk ok T
1, H i3 i F A 0/ TR RE A it A S, 4TS k47
X EL

(4) 2R e RE L A BRI BE R B R T 1, [
] 5 BB LTS B T 45 TR RE HL S B, e AT
ESOESO I

SCHR T8 A~ HR I R b AT R UL SR IE , {H B
Fi% 14 A Rk AT LLAR O {8 3t 1 P T S0 A2 4 B HL T
A, AESEBRAE T AR, AP AT LAAR 46 52 PR i R e
AT o5 L % P B AR ST R B S 8, L dn s
Py vy vl Yt A T T L R AT LR B2 B R R A R
o AR IX LS A, S5 i B B R BRIV RT SR A
TERIEHL B TTIF 2 2 00T, KM R 48 e 2 7l K
522 /D R I 2 5 2 Bl S e T
AR 32 Y i R 49 R I e o T AR 1 i BE R LS
n A AE L b 2 A 3 4, [R] R B R HLAE H e A
A R R BE B i i D RO R T, I8 4 R 7R B i 5
W BUE R A RO o BT A AR AOR
e n A mRERL M, IR S KRR $E 0 D IRRE

50 47

AT A

i B2k A Simulink A9 PN B A AR A | 45148 R
THMABERERN 3.2 V, BERREN 2 Ah, 1
MATLAB R2021b/Simulink #1747 $M 5 BRI | 451
AUGLHG AR B FFOCRE 51 Ha o A e oS
TR AL H | FF 5 78 il AL B A1 Buck-Boost 3 5 54 5T
WHE SOC VE R MBS 1, FEA SO B4 I 4R 19 1B
Th1 2y 3,21k BAE Th2 A 1, 456 5w an &l 7 fir
AN AE 302 7 DL i i IR S A 1 43 A i 3 A
P S 35 4 A s g A
3.2 BtIBERSHELERTLL

SOC G 0 ~100% , B % 8 17 & I HL it 11y
SOC 15 43 W N 46.5% . 4. 1% . 45.9% . 42.8% .
45.5% 44.5% 43. 1% 45.7% , & XA H o SoC
{3 /2 SOC, = SOC,, +Th2/2, W% H it Ky 5 fE
i, H B 3 on; #5 F i SOC il 2 Soc, <
S0C,,~Th2/2,S0C,, J~F- YA, W% v o MK B
qth, AT 83 0R ; oA i o B A, SR R
22 1] LVt 2 ) B BB RS 0 A JRL AN 18] 8 () T 47
HIGIEWE 8(b) M 8(c) Fian, Th_high M Th_low
Sh HL IR H HLB Y SOC | TR,

[ 72 4 21 9 ) S 00 05 A5 SR K 8 (b)
N T AIRIES SOC 2 A, AHAR Y H 3th JC 2598
ARt 2 R Ok o ) A O B R T A B BT
ST 2 5 TT i B A 2, L B A 48 H T DU

47

——BI B5

(] 76 i et (O 9% et ! i ——Bl——BS|
———B2 B6 : I i
i v ; B2——B6!
48 465- ﬂﬁﬁnfﬁﬂﬂ 46 | H‘_gi g; 46 B3 B7§
¥ < oTh_low Th_high =——B4—— ; ——B4——B8!
45.977- _Aign . ° ' ° '
x 46 s B = = < st §45\3\” i
) ) [ 4435 & ' x Q : 1
= 44.1 S ; Q i
> 44 “ ! i n 172] H ]
4.8 43.1 44 ¢ ' i 441 ;
2 B 5 / |
43 4‘ [*3 4 ‘ lJE 151’(’5 43 [ lmi
40 - L | - - | ! N Il 01 n
1 2 3 4 5 6 7 8 0 100 200 300 400 0 100 200 300
L AR S ES I 1) ¢/s
(a) # SR BB FT U SOC o 4 (b) Bl 5 43 4L 3545 1 JT 45 1 (o) BhA& S I LA R

8 WEHAEERIL

Figure 8 Comparison of equalization Simulation Results
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Research on Dynamic Grouping Active Equalization of Series Batteries

Based on Reconfigurable Circuits

QIN Dongchen, ZHAO Hongfei, WU Hongxia, YANG Junjie, CHEN Jiangyi, WANG Tingting

(School of Mechanical and Power Engineering, Zhengzhou 450001, China)

Abstract; In order to solve the problem of inconsistent state of charge (SOC) of single cells in battery pack, the ac-
tive equalization control technology was studied with series battery pack as the research object. The research content
included the improvement of the balancing topology and the design of the balancing control strategy. Firstly, a new
topology was proposed and verified. Secondly, the mathematical model of equalization circuit was established, and
the effects of voltage difference and switching frequency on equalization performance were analyzed. According to
the results of voltage difference analysis, a multi-cell-to-multi-cell balancing control strategy based on variable duty
cycle is designed to improve the equalization speed and consistency of battery pack. Finally, the joint simulation of
equalization topology and equalization strategy was carried out in MATLAB/Simulink. The results showed that,
compared with the fixed group balancing control strategy, the proposed balancing topology and control strategy could
improve the balancing speed and consistency of the battery pack, the time efficiency was increased by 29. 71% , the
battery SOC variance was reduced by 16. 13% and the number of energy transfers was reduced by 52. 5%.

Keywords: lithium-ion battery; active equalization; reconfigurable circuits; dynamic grouping; mc2me



