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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.
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SECTION 1.
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
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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 MOSFETSs, 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 B; (i =1, 2, 3, ..., N) is connected to switch Sy.i,
and the positive terminal is connected to switch Sai+i.
Switches S»i.1 and Sy;i+; are respectively connected in series
with switches Sz and Sai+2. The other ends of these circuit
paths are sequentially interleaved. The drain terminals of
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