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Abstract:
As the load on power grids increases and the rise in renewable energy generation, the task of matching load
and generation becomes increasingly challenging. Battery Storage Systems playing a crucial role in support
distribution networks. However, inconsistencies among individual batteries can affect battery lifespan,
increase storage costs, and pose safety risks. This paper proposes a novel battery equalization circuit based on
inductors, which maintains the inductor current by utilizing the freewheeling diode of the MOSFET and the
current discharge path during faults, thereby simplifying the design. Adjacent batteries share a set
ofMOSFETs, which significantly reducing circuit costs. Additionally, the circuit can equalize adjacent batteries
simultaneously, improving equalization speed. The proposed circuit and strategy are validated through
theoretical analysis and simulation, demonstrating their effectiveness in achieving rapid and efficient battery
equalization.
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SECTION I.
Introduction

As the load on the power grid increases and demand becomes more complex, along with the rise in renewable
energy generation, the task of matching load and generation becomes increasingly challenging [1]. Battery
Storage Systems (BSS) are integral components of smart grids, playing a crucial role in regulation and support
within distribution networks [2], [3]. They address the volatility, inter-mittency, and randomness of
renewable energy generation. Additionally, storage systems possess millisecond-level rapid response
capabilities, providing quick support during voltage and frequency dips in distribution networks, thereby
enhancing the reliability of power supply [4]. To meet the voltage and capacity requirements of different
storage systems, individual batteries need to be connected in series. However, inconsistencies among
individual batteries can affect battery lifespan, increase storage costs, and pose safety risks. Therefore, battery
equalization is necessary to reduce inconsistencies among batteries.

Balancing technologies can be divided into passive and active equalization. Passive equalization is highly
inefficient and difficult to scale [5]. In active equalization, when using capacitors or power electronic
converters for battery equalization, boost circuits need to be added, making the structure complex [6].
Balancing circuits using transformers are bulky and unsuitable for large-scale integration and cascading. U
sing inductors for battery equalization results in a simple circuit structure and small circuit size, but the
challenge lies in ensuring the integrity of the inductor current path. Otherwise, sudden changes in inductor
current can cause voltage spikes, leading to system instability [7].

Based on the above analysis, this paper proposes a novel battery equalization circuit based on inductors,
which maintains the inductor current by utilizing the freewheeling diode of the MOSFET and the current
discharge path during faults, thereby simplifying the design. Adjacent batteries share a set of MOSFETs,
which significantly reducing circuit costs. The energy storage component in the circuit is a single inductor,
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Abstract—As the load on power grids increases and the 
rise in renewable energy generation, the task of matching 
load and generation becomes increasingly challenging. 
Battery Storage Systems playing a crucial role in support 
distribution networks. However, inconsistencies among 
individual batteries can affect battery lifespan, increase 
storage costs, and pose safety risks. This paper proposes a 
novel battery equalization circuit based on inductors, which 
maintains the inductor current by utilizing the freewheeling 
diode of the MOSFET and the current discharge path during 
faults, thereby simplifying the design. Adjacent batteries 
share a set of MOSFETs, which significantly reducing circuit 
costs. Additionally, the circuit can equalize adjacent batteries 
simultaneously, improving equalization speed. The proposed 
circuit and strategy are validated through theoretical 
analysis and simulation, demonstrating their effectiveness in 
achieving rapid and efficient battery equalization. 

Keywords—battery storage systems, battery equalization, 
equalization strategy, distribution network 

I. INTRODUCTION 
As the load on the power grid increases and demand 

becomes more complex, along with the rise in renewable 
energy generation, the task of matching load and generation 
becomes increasingly challenging [1]. Battery Storage 
Systems (BSS) are integral components of smart grids, 
playing a crucial role in regulation and support within 
distribution networks [2], [3]. They address the volatility, 
inter-mittency, and randomness of renewable energy 
generation. Additionally, storage systems possess 
millisecond-level rapid response capabilities, providing 
quick support during voltage and frequency dips in 
distribution networks, thereby enhancing the reliability of 
power supply [4].To meet the voltage and capacity 
requirements of different storage systems, individual 
batteries need to be connected in series. However, 
inconsistencies among individual batteries can affect 
battery lifespan, increase storage costs, and pose safety 
risks. Therefore, battery equalization is necessary to reduce 
inconsistencies among batteries. 

Balancing technologies can be divided into passive and 
active equalization. Passive equalization is highly 
inefficient and difficult to scale [5]. In active equalization, 
when using capacitors or power electronic converters for 

battery equalization, boost circuits need to be added, 
making the structure complex [6]. Balancing circuits using 
transformers are bulky and unsuitable for large-scale 
integration and cascading. Using inductors for battery 
equalization results in a simple circuit structure and small 
circuit size, but the challenge lies in ensuring the integrity 
of the inductor current path. Otherwise, sudden changes in 
inductor current can cause voltage spikes, leading to system 
instability [7]. 

Based on the above analysis, this paper proposes a 
novel battery equalization circuit based on inductors, which 
maintains the inductor current by utilizing the freewheeling 
diode of the MOSFET and the current discharge path 
during faults, thereby simplifying the design. Adjacent 
batteries share a set of MOSFETs, which significantly 
reducing circuit costs. The energy storage component in the 
circuit is a single inductor, which is compact. Additionally, 
the circuit can equalize an odd number of adjacent batteries 
simultaneously, improving equalization speed. For the 
proposed equalization circuit, a corresponding battery 
equalization strategy is designed to leverage the 
characteristics of battery groups. 

The remainder of this paper is structured as follows. 
Section 2 introduces the proposed equalization circuit 
topology and its operation. Section 3 presents the battery 
equalization strategy. Section 4 discusses the simulation 
and performance of the circuit and strategy. The final 
section provides a summary. 

II. ACTIVE EQUALIZATION CIRCUIT DESIGN 

A. Equalization Circuit Topology 

The equalization circuit consists of a battery selection 
circuit, a current direction selection circuit, an inductor 
continuous current circuit, and an equalization inductor, as 
shown in Fig. 1. 

For a battery pack composed of N cells, the battery 
selection circuit includes N+1 paths, each formed by two 
common-source MOSFETs. The negative terminal of 
battery Bi (i = 1, 2, 3, …, N) is connected to switch S2i-1, 
and the positive terminal is connected to switch S2i+1. 
Switches S2i-1 and S2i+1 are respectively connected in series 
with switches S2i and S2i+2. The other ends of these circuit 
paths are sequentially interleaved. The drain terminals of 

979-8-3503-6834-5/24/$31.00 ©2024 IEEE

Paper No. CICED 2024CP0135 Page1/6 1182

20
24

 C
hi

na
 In

te
rn

at
io

na
l C

on
fe

re
nc

e 
on

 E
le

ct
ric

ity
 D

ist
rib

ut
io

n 
(C

IC
ED

) |
 9

79
-8

-3
50

3-
68

34
-5

/2
4/

$3
1.

00
 ©

20
24

 IE
EE

 |
 D

O
I: 

10
.1

10
9/

CI
CE

D6
34

21
.2

02
4.

10
75

37
73

Authorized licensed use limited to: Zhejiang University. Downloaded on March 18,2025 at 16:11:22 UTC from IEEE Xplore.  Restrictions apply. 



(19)国家知识产权局

(12)发明专利申请

(10)申请公布号 

(43)申请公布日 

(21)申请号 202410795802.X

(22)申请日 2024.06.19

(71)申请人 浙江大学

地址 310058 浙江省杭州市西湖区余杭塘

路866号

(72)发明人 彭勇刚　于永杰　

(74)专利代理机构 杭州中成专利事务所有限公

司 33212

专利代理师 周世骏

(51)Int.Cl.

H02J 7/00(2006.01)

 

(54)发明名称

一种用于实现电池组主动均衡的电路及电

池组均衡方法

(57)摘要

本发明涉及电池技术领域，旨在提供一种用

于实现电池组主动均衡的电路及电池组均衡方

法。该电路包括电池组、均衡通道电路、电感、均

衡变换电路、电压传感器和电流传感器；其中，电

池组由N个电池单体串联而成；均衡通道电路包

括N+1条由两个背对背开关管组成的独立通道电

路，均衡变换电路包括四条由两个背对背开关管

组成的独立变换通路；电压传感器共N个，分别并

联在每个电池单体的两端；电流传感器串联接在

电感的任意一端。本发明大大简化了主动均衡电

路，能够有效减少开关管数量，并相应地减少开

关管驱动电路数量，降低电路成本；可以实现多

种电池成组、电池均衡方式，均衡过程灵活，均衡

速度快。
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