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In the design of electric vehicle battery packs, the optimal selection of
parameters such as the number of series and parallel cells, the
arrangement of cells, and their distance from the battery walls have a
direct impact on the system performance. This paper presents a
framework for the optimal design of battery packs that considers
objectives such as minimizing cooling system consumption,
controlling the maximum cell temperature, and optimizing the
available space. This design is considered one of the key challenges in
the production of electric vehicles due to its direct impact on the
performance of the entire system and its importance in reducing
weight, volume, cost, and increasing efficiency. The main innovation
of this research is the use of the combination of the MOSOA algorithm
to determine the optimal number of series and parallel cells and the
MOGA algorithm to optimize the cell arrangement. Simulation results
show that the proposed method reduces the battery volume by 22%,
reduces the cost by 18%, increases the output power by 15%, and
improves the temperature distribution by 10% compared to previous
methods. This research can be a useful guide for the design and
optimization of battery packs in electric vehicles.
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Introduction

In recent years, the rapid expansion of electric vehicles (EVs) has intensified the need for efficient,
reliable, and cost-effective energy storage systems. Lithium-ion battery packs play a critical role in
determining the overall performance, safety, driving range, and economic viability of electric vehicles.
However, battery pack design remains a complex engineering challenge due to the simultaneous
influence of electrical, thermal, spatial, and economic factors. Improper design can lead to excessive heat
generation, non-uniform temperature distribution, reduced battery lifespan, increased cooling system
energy consumption, and higher production costs.

Most existing studies in the field of EV battery design have focused on single-objective or limited
multi-objective optimization approaches, often addressing thermal management, cost reduction, or
electrical performance independently. Such approaches may fail to capture the inherent trade-offs
between conflicting objectives such as minimizing battery volume and mass while maximizing energy
and output power. Furthermore, many conventional optimization methods suffer from high
computational complexity or limited adaptability to real-world battery pack configurations.

To overcome these limitations, this study proposes a structured multi-objective optimization framework
for the optimal design of lithium-ion battery packs in electric vehicles. The proposed approach integrates
two evolutionary optimization algorithms to simultaneously determine the optimal number of series and
parallel cells and the optimal spatial arrangement of these cells within the battery pack. By considering
multiple objectives and practical design constraints, the study aims to improve battery performance,

thermal behavior, and cost-efficiency in a unified framework.
Research Objectives and Questions

The main objective of this research is to develop a comprehensive multi-objective optimization strategy
for electric vehicle battery pack design that simultaneously improves electrical performance, thermal
behavior, and economic efficiency. Specifically, the study seeks to answer the following research
question: How can the number and arrangement of lithium-ion battery cells be optimally designed
to minimize cost, weight, and volume while maximizing energy, power, and thermal performance

in electric vehicles?

To achieve this goal, the research adopts a quantitative, simulation-based methodology implemented in

two main optimization stages:
1. Optimization of Cell Numbers:

In the first stage, the Multi-Objective Seagull Optimization Algorithm (MOSOA) is used to determine
the optimal number of series and parallel cells. Five objectives are simultaneously considered:
minimizing battery volume, mass, and cost, and maximizing battery energy and output power. Practical
constraints on voltage, minimum energy, maximum volume, mass, and cost are imposed to ensure

realistic solutions.

2. Optimization of Cell Arrangement:
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In the second stage, a Multi-Objective Genetic Algorithm (MOGA) is employed to optimize the spatial
arrangement of the selected cells. This stage focuses on minimizing cooling system power consumption,
reducing the maximum cell temperature, and optimizing the occupied area of the battery pack. Variables
such as inter-cell spacing and the distance between cells and battery walls are optimized to improve

thermal performance and temperature uniformity.

The optimization framework is applied to a real-world battery pack model inspired by a high-
performance electric vehicle application. The algorithms generate Pareto-optimal solutions that allow

designers to select configurations based on specific performance priorities.
Findings and Discussion

The results of the first optimization stage demonstrate that MOSOA effectively identifies optimal trade-
offs between conflicting design objectives. The generated Pareto front illustrates the strong interaction
between the number of series and parallel cells, where increases in energy and power are accompanied
by higher volume and cost. A representative optimal solution consisting of 15 series cells and 3 parallel
cells satisfies all design constraints while achieving a compact, lightweight, and cost-effective battery
pack.

Compared to conventional Particle Swarm Optimization (PSO)-based designs, the MOSOA-optimized
battery pack achieves a 22% reduction in volume and an 18.3% reduction in weight, while increasing
stored energy by 40%. These improvements highlight the effectiveness of MOSOA in handling high-
dimensional, multi-objective battery design problems.

In the second stage, MOGA-generated Pareto-optimal layouts reveal clear trade-offs between thermal
performance and spatial compactness. Compact arrangements minimize occupied area but tend to
increase maximum cell temperature and cooling system energy consumption. In contrast, layouts with
increased inter-cell spacing improve airflow, resulting in lower maximum temperatures and more
uniform thermal distribution.

A comparative analysis with classical optimization methods such as PSO and NSGA-II shows that the
proposed hybrid MOSOA+MOGA framework outperforms existing approaches. The hybrid method
reduces battery cost by 22%, increases output power by approximately 21.4%, improves battery
efficiency by 15%, and enhances temperature uniformity by 10%. Additionally, battery lifespan is
extended by 40%, and charging time is reduced by 33%, demonstrating significant practical benefits for

electric vehicle applications.
Conclusions and Implications

This study presents a novel two-stage multi-objective optimization framework for the design of lithium-
ion battery packs in electric vehicles. By integrating MOSOA for optimizing the number of series and
parallel cells and MOGA for optimizing cell arrangement, the proposed approach simultaneously

addresses electrical, thermal, spatial, and economic design objectives.

The results confirm that the hybrid optimization strategy significantly improves battery performance by

reducing volume, weight, and cost while enhancing energy capacity, output power, efficiency, and
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thermal behavior. Compared to traditional optimization methods, the proposed framework offers superior

performance, faster convergence, and greater flexibility in handling real-world design constraints.

The findings of this research provide practical guidelines for battery manufacturers and electric vehicle
designers aiming to develop high-performance and cost-effective battery packs. Future research may
extend this framework by incorporating experimental validation, real-time thermal control strategies, and
degradation-aware battery aging models to further enhance the reliability and applicability of the
proposed approach
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