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Abstract

To address the consistency degradation of lithium-ion battery packs caused by cell-to-cell differ-
ences during pack application, a pure inductor-based hierarchical equalization circuit was modeled
and simulated in this study. The circuit adopts a hierarchical structure, in which the inner-layer
inductors are used to transfer energy among cells within each subgroup, while the outer-layer in-
ductor is employed to exchange energy between different subgroups. A four-cell series-connected
lithium-ion battery equalization model was established on the MATLAB/Simulink platform. The in-
itial state of charge (SOC) of each battery module was directly set, and the SOC variable was used as
the equalization control criterion. The operating process of the circuit, the variation pattern of SOC,
and the current characteristics of the inner- and outer-layer inductors were analyzed. The results
show that, under the specified parameter conditions, the pure inductor-based hierarchical equali-
zation circuit can effectively reduce the SOC differences among cells in the battery pack. During the
equalization process, both the inner- and outer-layer inductors can achieve relatively stable energy
storage and release, indicating that this method has good feasibility for battery equalization. The
research results can provide a reference for the design and simulation analysis of active equaliza-
tion circuits for lithium-ion batteries.

Keywords

Lithium-Ion Battery, Battery Equalization, Pure Inductor, Hierarchical Structure, Simulation Study

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5|

BB BTREIRI M RE RGP R e, B TR RLR A RE R . DRI A A A LA
SR OO AT R RS A RE T[], SERRR A, G T2 iaaaE. AL
IR UL R CEACTE L SE R 2R A5, LA N 4% SRR 2 [ R T G A R 22 5 [2] . XM 22 7 X AE ST
MREFEHT RN, S RAMBIE TS SIS, dhn A i T R i P
Ffi[3]. R, S B A B R g b K B E AR .

BUA B A I B BOR T2 E SR s M AN S I R [4]. pish it s 1R e, HE
AR UAEL AR, RENHREUC. L aes ik mEpEsE, BANmReRE. &
BORERNEAL AT, IR 2B 2 KR [5] . E XS idrh, MR B M B S A R T o, (HRR R AL
Re 7152 IS ZERE M WIS, AR X 5 Y] S R B A B A s v U TR A A LR P TR S TR S
RERFLAZ, F AR N BE /1A% ) e B A% % BE 71[6].

AR, ST R TR RS A, TSR SR T 2 A T AR i i, B
FEAH R R A L R RS T S B i DU B P - LR B 0 SR X T A T R[] A0 RS T 45 M e g AE AT
WEAR 2 AL BRI e AR I 0TS, JR AR AR e, (B it R R R e e e
B AS HLLIN, REELAEAE 7 e B Jifk i, BRI WIS (A7 S 3 0o #8030 JR 7 S B ARE R A
IR 7> Gzl i e T RGALLNE, EELLE TR AR E ARG, A7 )5 152 IS 2208/ T
FRRERETT T RERIAI L. AHELZTT, 2l 8 J2 AT 4 4R 2 Py AN AL 18] 59 R LA R D it e 5 A% e T I

DOI: 10.12677/nat.2026.162006 43 PERFEAR


https://doi.org/10.12677/nat.2026.162006
http://creativecommons.org/licenses/by/4.0/

LA 5%

REGFE OR1F 2 2 Pt A 20t b, My SE IR R e AR R AR, AR THRTH R RE B 2Z 0L T sl
RERE 1. BRIL, A b BNl s B RN TAENLER . $HI S 800 S LS 2 i 07 210 22 Rtk 47 1

2

e

X 2 A AL R AL, SR 2 RE AR AT DIORE ZH Py 2 i 5 2L IR P P AR B, AT ARG H 2
PERIRE IR AR, IR ARG H L NE. Tk, RSO 7 —Fhai g R0 Z g e, LR
VEUME—RERALIBIEA Y, 20 ST AN AR T 4L [0 1€ [ Re R e A% . AR AL R AL RE I 70
JETT ML, ARy SRAE S5 H R G 1 AL IR A% REXT L7 T 22 A 3 AR s 5 20 A 4T R Ty SR AT L
A 7 R T A T ST A RE R A RO BOIR LR AR . RS T VE , ASCRAEE T SOC [tk
Bk, %W CSRAN. gl KRN SEEL Y R AN B, ARSCE B A oy R
HUBR SRR TAR 2. SOC AU MU DL K WA E U LR PEEAT 0 LM, DABSIE 0 40 S H o B 4%
HIHIEHT ATV KT S8, 58I 757 AR AR P BL R ZIh A B 2 SR IR AR A R
YR, RAE e 8 TRt — BT

2. RS EHERESNS TERE
2.1 ERRLEH

ARSCLL 4 R BT A L R R I AU AT SN R, R LRI A T4, RTHI BT1. BT2 #)
BT 1, H BT3. BT4 M4 2. 48Ry J2 2 i it £h oy J2 350 16 [ B N A1 2 2o el B 2L R, L o
P = B0 [T S il T AL N R A AR B AR 22 IR e B A, MR I [0 ] T 58 A Al 2L 2 TA] B e
2. SR RRHAT AR GEEALIE I 72 RIMT7 AR, ASCHrBLTH I R A A Z TSR R 2 DL LR
NERETCIE, T AL Rl H oy JZ A A LR AR AN an ] 1 BT

PRI ] R

_Q:BQI LI Qz-eﬂE _Q:E}m L2 Q4.€..$

BT1 BT2 BT3 BT4

L -
_q:E} Qs Q6 {»@ _Q:E} Q7 Qs %ﬂj

Q10

lY
L3
51 U

Figure 1. Topology of the pure inductor-based hierarchical equalization circuit
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Figure 2. Charging process of the outer-layer inductor
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Figure 3. Discharging process of the outer-layer inductor
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Figure 4. Control flowchart of the pure inductor-based hierarchical equalization circuit
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Figure 5. Simulation model of the pure inductor-based hierarchical equalization circuit
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Figure 6. Simulation model of the pure inductor-based hierarchical equalization circuit
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Figure 7. Current waveform of the outer-layer inductor
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Figure 8. Curves of the pure inductor-based hierarchical equalization circuit
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