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ABSTRACT 

Today, Electric vehicles (EV) are an interesting current and future option helps to reducing 

environmental impact by decreasing emissions and greenhouse gases. Electric vehicle face 

challenges related to safety, functionality, and operation. One of the key issues is the growing need 

for effective battery cooling to prevent potential thermal stability problems caused by extreme 

temperatures due to the traditional use of steel in battery enclosures. Letin Mengo (Anna 200) 

electric vehicle battery trays are made up of AISI 4031 steel materials that ensures the rigidity or 

solidity required to support the weight of an assembly of cells. However, steel has heavy weight, 

low thermal conductivities (TC) and high coefficient of thermal expansion (CTE) values that result 

in induced thermal stresses which can cause the device to fail permantly. This induces the 

overheating of the EV battery components, thermal stress and leads to reduce the overall efficiency 

of the battery’s performance and life time. 

Metal Matrix Composites are designed in order to have the combined properties of both metals 

and ceramics and have excellent mechanical and thermal properties. Due to its excellent 

thermophysical properties, including low coefficient of thermal expansion (CTE), high thermal 

conductivity, and improved mechanical properties, Al metal matrix reinforced by sic is used for 

heat-sensitive components. Therefore, the study focused on numerical analysis on thermal 

behavior of Aluminum Silicon Carbide (AlSiC) metal matrix composite materials for Anna 200 

EV battery trays with cold plate cooling system. ANSYS work bench software are used to 

determine the surface temperature distribution of the EV battery tray. 

According to the results, the AlSiC MMC material can reduce the maximum surface temperature 

from 83.47°C (for 4130 steel) to 69.64°C. Additional temperature reduction is possible with the 

help of liquid cooling system and this can maintain the battery tray surface temperature at around 

33.1℃. In addition, result shows that the cooling system can safely maintain the battery surface 

temperature at a discharge rate of up to 3 C. in the explicit dynamic analysis the deformation and 

equivalent (von misses) stress of AlSiC tray is less than the convectional steel4130 EV tray. 

Key Words: AlSiC, CTE, TC, State of charging, Cooling, Surface temperature.   
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CHAPTER ONE 

INTRODUCTION 

1.1 . Background  

Electric vehicles (EVs) represent a promising current and future alternative to the gradual 

replacement of traditional combustion engine vehicles, offering several environmental benefits 

such as reduce emissions of greenhouse gases and pollutants [1].  

The power source of electric vehicles is from various batteries, such as lead-acid battery, lithium-

ion battery, and nickel-metal hydride (Ni-MH) battery, and the performance of the battery greatly 

affects the performance of electric vehicles. The energy source of Letin mengo electric vehicles 

(Anna 200) is Li-ion batteries. Lithium-ion barriers are considered the main option for energy 

storage in electric and hybrid vehicles. The battery offers higher performance and specific energy 

than lead-acid batteries and nickel-metal hydride (Ni-MH) batteries. They are characterized by 

high energy density, low self-discharge rate, no memory effect and small dimensions [2]. 

Anna 200 electric vehicles have battery tray designed in strong interaction with the design of the 

car and which consists of lower tray integrated with compartment for battery module without 

cooling plate. The primary function of the battery tray is to provide mechanical and thermal 

interfaces to the vehicle. In addition, the battery tray serves as a safety cage in the event of impacts, 

protecting the battery from external impacts and at the same time helping to maintain thermal 

stability by dissipating heat to the environment [3]. High temperatures in the battery tray can 

significantly reduce material performance, leading to problems such as melting and potential 

burning of packaging materials [4]. In the automotive industry, components exposed to high heat 

require materials with exceptional thermal shock resistance that can maintain their strength at 

extremely high temperatures without any loss of performance [2].  

EV battery tray must be dissipating the heat effectively during charging and discharging process. 

The battery tray materials should have high thermal conductivity (TC) and low coefficient of 

thermal expansion (CTE) with good mechanical strength and these can be achieved by combining 

the properties of two or more materials [5].  
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MMC composite has been established as highly efficient, high performance structural materials 

and the composites are usually used for precisely optimizing the properties of the material which 

provides combination of mechanical properties such as tensile modulus, compressive strength and 

impact strength.  

Aluminum metal matrix with ceramic reinforcement composites such as Silicon Carbide, 

Aluminum nitride, Aluminum Oxide and silicon nitride are used in having extremely vast 

applications in aviation, mechanical, electrical, automotive, electronics and transport industries. 

From those AlMMC, Al/sic are the most common MMC used in different housing application such 

as for Thermoelectric cooler base/cover, liquid cooled aircraft power module base [4]. 

  

A) 

 

                                                                    B)                                            

Figure  1. A) Anna 200 EV bottom battery tray and b) components of battery housing of Hyundai 

EV  
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1.2. Battery System in An Electric Vehicle 

Battery cells are assembled into a single mechanical and electrical units known as battery modules. 

These modules are electrically connected and form a battery that serves as a power source for the 

electronically controlled system. In electric vehicles, the battery pack is designed to closely 

integrate with the design of the car and includes different components of the car such as converter 

and electric motors.  

The battery system increases the energy efficiency of electric vehicles by providing high energy 

density and enabling rapid acceleration. It also significantly helps minimize environmental impact 

by producing zero emissions and reducing greenhouse gases. 

 

Figure 2.  The components inside an EV 
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1.3. General EV Battery Tray Material Performance Requirements  

EV battery pack should be  

• Light weight                       

• Thermally stable    

• Effective support to the battery module (low deformation)  

• Impact resistance    

• More resistant to dynamic loads (vibration) 

• Wear resistance 

• Resist corrosions 

• Low manufacturing cost 

• Structurally stable               

• Easy to manufacture 

This research focuses on improving the thermal stability of the EV battery trays, which is critical 

to prevent overheating, increase battery efficiency, and extend battery life. To achieve this, I 

replaced the conventional steel materials with AlSiC (aluminum silicon carbide), a material known 

for its high thermal conductivity and excellent heat dissipation. This change is enhanced to 

significantly improve overall battery temperature management. 
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Figure 3.  Components of EV battery enclosure 

1.4.  Battery Cooling System in Letin Mengo (Anna 200) Electric Vehicles 

Electric Vehicles have mechanisms to cool their batteries and Letin mengo (Shangan Anna 200) 

EV has no cooling components inside the battery to reduce the temperature. A method utilized is 

directing air flow over the steel battery case while the vehicle is in motion and charging. The steel 

battery tray has a breather that used to remove the hot air in to the surrounding from the battery 

package when the temperature increased in the battery cell. If the batty cell temperature is above 

60℃ the thermal management system may will have locked and stop the car. The air-cooling 

systems in Anna 200 should be keep the battery pack in the temperature range of about -30 to 60 

degrees Celsius.  

1.5. Statement of the Problem 

The use of MMC materials has greatly expanded in recent decades due to their excellent 

mechanical and thermal properties. These include high strength, low density, excellent stiffness 

and toughness, corrosion resistance, fatigue resistance, low creep, minimal wear and high thermal 

conductivity compared to unreinforced alloys.  

Metal Matrix Composite has been established as highly efficient, high performance structural 

materials and AlSiC are the most common MMC used in different applications that need thermal 

stability like heat sink ,electronics cover and also for applications that needs improved mechanical 

properties [4].  

The battery tray for the Letin Mengo electric vehicle (Anna 200) are made of AISI 4031 steel, 

which provides the necessary rigidity to support the weight of the cell assembly. However, steel is 

heavy has around 7850 kg/m3 density, has a low thermal conductivity (42.5 W/m℃) and exhibits 

a high coefficient of thermal expansion (12.2µ𝑚/𝑚℃). These properties can lead to thermally 

induced stresses that can compromise the integrity of the device. As a result, internal components 

can overheat, causing thermal stress that reduces overall efficiency and battery life [6].  

Letin Meng (Anna 200), an electric car uses ambient air to cool the battery during charging and 

discharging process. Research has shown that even at high airflow rates, air cooling may not 

adequately address the heat dissipation requirements of an EV battery during these processes in 
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hot conditions. The low thermal conductivity of the air can further complicate the cooling of the 

battery block at elevated temperatures [7].  

So, in order to fix this problem MMC materials are one of the materials which are attracting and 

being solutions of such problems. AlSiC composites have a unique properties of the light weight, 

high strength, high specific modulus, high fatigue strength, good impact strength and good thermal 

conductivities [4]. 

One of the biggest challenges for extending the life of electric car batteries is maintaining the 

stability of the surface temperature of the battery. So, to use AlSiC composite material for battery 

tray with battery cooling system for such specific application, the heat dissipation of the materials 

and effect of battery cooling systems are investigated. This study conducts numerical analysis of 

the thermal performance of AlSiC MMC with cold plate for Anna 200 electric vehicle battery tray 

applications. 

1.6.  Objectives 

1.6.1. General Objectives 

The main objective of this study is to analyze the thermal behavior of Aluminum Metal Matrix 

Composite (Al MMC) as optional battery tray materials with an adequate cooling system for Letin 

mengo (Anna 200) electric vehicle application. 

1.6.2. Specific Objectives 

The specific objectives of this study include: 

➢ To analyze the thermal performance of the EV battery tray with currently in use material 

(steel 4130). 

➢ To analyze the thermal performance of the EV battery tray with a high thermal 

conductivity material (alsic MMC).  

➢ To identify the effect of SOC discharging in (3C-Rate) under different depth of discharge 

(DOD) on the Letin mengo (Anna 200) electric vehicles Li-ion battery tray. 

➢ analyzing stress and deformation in EV battery tray 
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1.7. Significance of the Study 

The benefit of this study is analyzing thermal behavior of aluminum silicon carbide (AlSiC) metal 

matrix composites with an appropriate cooling system to get better thermal stability for Letin 

mengo (Anna 200) electric vehicles Li-ion battery pack. This can give dimensional stability under 

variable temperature working condition, reduced thermal stress and good heat dissipation through 

battery pack. 

1.8.  Scope of the Study  

In this study, the thermal behavior of an aluminum silicon carbide (AlSiC) metal matrix composite 

material for electric vehicle battery tray applications is analyzed using the finite element method 

(FEM). The analysis includes the change in battery tray materials and state of charge (SOC) during 

discharge of lithium-ion batteries. No experimental investigations are performed in this study; 

instead, relevant data from previous experiments will be used. 

1.9. Methodology 

First, the research began by reviewing various literatures and collecting relevant data from an 

environmental technology green tech company. This included detailed information on the battery 

tray material, accurate direct measurement of the battery, battery compartment dimension, and 

specifications of the battery system used in the EV. These comprehensive data sets formed the 

basis for subsequent modeling and analysis.3D modeling of the EV battery tray was developed 

using SOLIDWORK 22.0 software. The model was used as an input step file to simulate the 

thermal performance of the battery tray material under operating conditions. Simulation and finite 

element analysis were performed using ANSYS Workbench 21.0 software. The analysis focused 

on evaluating the surface temperature distribution of the battery tray with steel4130 and AlSiC 

materials and explicit dynamic analysis with these two materials. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Composites 

Composites are a physical mixture of two or more different materials in which the mixture gives 

better material properties than those of any one of the materials. 

A composite consists of three components: 

I.  The matrix serves as the continuous phase. It is a more ductile and less hard component 

that binds all the parts of the composite together, holding the stiffeners in place and 

distributing the load between them. 

II. Reinforcements act as a discontinuous or dispersed phase that includes fibers and particles. 

This phase is usually stronger than the matrix, it is sometimes called "reinforcement phase" 

and serves to increase the strength of the composite. 

III. The fine interphase region, also known as the interface; it separates the fiber and matrix 

 Based on matrix materials composite materials are classified as follow[7]. 

 

Figure 4. Classification of composites based on matrix 

composite

matrix

polymer matrix 
composites(PMC)

metal matrix 
composites(MMC)

ceramic  matrix 
composites(CMC)
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2.2.  Metal Matrices Composites (MMC) 

Metal matrix composite materials, created by combining two or more materials, which offers a 

distinct advantage over organic matrix composites. These composite consists primarily of a 

metallic substance, mostly magnesium, aluminum, titanium, cobalt, and copper, coupled with 

ceramics (carbides and oxides) or metallic (tungsten, molybdenum) phases [8]. 

 Metal Matrix Composites (MMC) are designed to integrate the advantageous properties of both 

metals and ceramics. Compared to polymer matrix composites, they exhibit superior mechanical 

and thermal properties, including higher strength-to-density and stiffness-to-density ratios, 

improved fatigue resistance, increased strength at elevated temperatures, reduced creep rates, 

lower coefficients of thermal expansion (CTE), and improved durability against wear [9]. 

The mechanical and thermal properties of the Metal Matrix composites depend on many factors 

such as matrix material, weight fraction, reinforcement phase material and the production method 

of the composite.[10] 

Table 1Properties of traditional and advanced electronic packaging materials[11] 

Reinforcement  Matrix Thermal 

conductivity(W/m.K) 

CTE (ppm/K) Density (g.cm-

3)  

- Copper  400 17 8.9 

- Aluminum  218 23 2.7 

- Copper/Tungsten 157-190 5.7-8.3 15-17 

- Kovar  17 5.9 8.3 

Sic Aluminum 170-220 6.2-16.2 3.0 

Sic Copper  320 7-10.9 6.6 

Diamond Aluminum  550-600 7.0-7.5 3.1 

Diamond Copper  600-800 5.8 5.9 
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2.2.1. Aluminum Metal Matrices Composites (ALMMC) 

Aluminum is a widely available and commonly used metal that is easy to work with, lightweight, 

and offers good corrosion resistance, strength, and high thermal conductivity at a low cost. 

However, its performance at elevated temperatures is limited due to its low melting point, 

hardness, and wear resistance. In addition, aluminum has high coefficients of thermal expansion 

(CTE), which requires the use of materials that can compensate for thermal stress. This can lead 

to thermally induced stresses that can result in device failure [9].Aluminum metal also has low 

corrosion resistance, low ultimate bending strength, also have low wear resistance We used 

reinforcing materials to enhance the existing properties of aluminum and its alloys such as the 

tensile strength, melting temperature, thermal stability and mechanical characteristics. 

The material embedded to aluminum/aluminum alloy porous matrix layer and serve as 

reinforcement, which is usually a nonmetallic and commonly ceramics such as Silicon Carbide, 

Aluminum nitride, Aluminum Oxide and silicon nitride. And also Properties of AlMMC can be 

varied by varying the composition of constituents and their volume fractions [12]. 

2.3.  Silicon Carbide Reinforcement (SiC) 

Silicon carbide is a widely used structural ceramic known for its excellent mechanical properties, 

including low density, excellent wear resistance, high strength and excellent hardness. It is a cost-

effective material with a high modulus of elasticity, making it ideal for use as a reinforcing phase. 

Compared to silicon nitride, the raw materials for the production of silicon carbide are more readily 

available, resulting in lower production costs than those associated with tungsten carbide [12].     
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Table 2 Properties of Al and SiC [13]. 

Property  Aluminum  SiC 

Elasticity modulus Ea=73 Gpa Es=450 gpa 

Specific mass 𝛄a=2800 Kg/m3 𝛄s=3200 Kg/m3 

Thermal dilatation coefficient 𝛂a=23.6x10-6 oc-1 𝛂s=4.0x10-6 oc-1 

Poisson’s ratio 𝛍a=0.33 𝛍s=0.17 

Transversal elastic modulus Ga=27.4 gpa Gs=192 gpa 

2.3.1. Aluminum Silicon Carbide Composites (AlSiC) 

Al-SiC is a metal matrix composite consisting of an aluminum matrix and silicon carbide as the 

reinforcement phase. The addition of silicon carbide particles to the pure metal enhances the 

mechanical properties tensile strength, hardness and wear resistance of the composites [12]. 

Reinforcements such as silicon carbide (SiC) increase the strength, creep resistance, and modulus 

of elasticity of aluminum, but tend to decrease its fracture toughness, thermal conductivity, and 

coefficient of thermal expansion (CTE). However, aluminum-silicon carbide (AlSiC) composites 

retain high thermal conductivity, comparable to pure aluminum, and provide better reliability by 

preventing deformation or bending of the package and substrate materials. Traditional electronic 

packaging materials such as Kovar and Fe-Ni alloys, which have lower thermal dissipation, can 

lead to delamination, air gaps and potential failures. In contrast, AlSiC metal matrix composite 

(MMC) motherboards can withstand thousands of thermal cycles without delamination between 

the substrate and the motherboard [4]. 

2.4.  Mechanical Properties of Aluminum Silicon Carbide Composites 

(AlSiC) 

Md. H. Rahman et al. Studied the effect of silicon carbide (SiC) reinforcements in Al matrix 

composites on Microstructures, Vickers hardness, tensile strength and wear performance of the 

composites. They prepared aluminum metal matrices composites of (0, 5, 10 and 20 wt. %) sic 

content by using stir casting fabrication technique. 
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Table 3 composition of aluminum used as matrix material (wt.%) 

Elements  Fe Si Mn Cu Mg Al 

% 0.16 0.19 0.01 0.01 0.01 Balance 

The result indicated that porosity is observed in the micro structure of AlSiC composites. Addition 

of sic in Al matrix increased wear resistance, hardness and tensile strength of composites and 20 

wt. % content of sic have maximum wear resistance, hardness and tensile strength [14]. 

V. Mohanavel et al. Examined the influence of sic addition on AA6351 aluminum matrix 

composites by using stir casting fabrication technique and the prepared composites were examined 

by using an optical microscope. Density, hardness, yield strength and impact strength of the 

composite were investigated. They were used sic content in aluminum matrix composite by 

varying from 0% to 20% in a stage of 4%. 

Table 4 The chemical composition of the AA6351 aluminum alloy. 

Elements  Si Fe Cu Mn Mg Cr Zn Ti Al 

% By 

weight 

1.0 0.60 0.10 0.5 0.7 0.25 0.10 0.20 Remaining  

The result shows in optical microphotographs uniform distribution of sic particles have a good 

bonding between the matrix alloy and sic reinforcement. Hardness, yield strength and impact 

strength of the composites are changed with in different weight fraction of sic reinforcement. The 

density of the AlSiC composites was increased from 2.69 to 2.796 gm/cm3 with respect to 

inclusion of wt.% of sic particles from 0 wt.% to 20 wt.% [15].  

Kada. Z et al. Investigated the dynamic response of functionally graded silicon aluminum carbide 

(FGM) materials subjected to impact loading by projectiles simulating fragments. They also 

validated the elastoplastic impact modeling of FGM using dynamic finite element analysis using 

SCM and dynamic Tamura-Tomota-Ozawa (DTTO) models. The analysis used five different 

compound layers and the results showed that the exponent of the compound gradient significantly 

affected the impact response. The projectile's kinetic energy was absorbed by the plate as plastic 

strain energy, with the ceramic-rich layers exhibiting poor energy absorption. The linear 
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distribution of functionally graded layers improved ballistic performance, improved dynamic 

behavior and increased both compressive strength and energy absorption capacity [16]. 

K. Karvanis et al. Examined Mechanical properties of AlSiC metal matrix composites, such as 

tensile and compressive strength, hardness, and impact strength, were investigated to determine 

the optimal silicon carbide content. Scanning electron microscopy was used for analysis. The 

results showed that a higher proportion of silicon carbide improved the tensile and compressive 

strength of the composites. Additionally, increasing the sic content resulted in greater hardness, 

but also reduced the overall displacement and overall energy absorption during impact tests [10]. 

2.5. Thermal Properties of Aluminum Silicon Carbide Composites (Al/sic) 

K. A. R. Kumar et al. Analyzed temperature dependent material properties and thermal, stress and 

deformation numerical aspects and various physical, metallurgical properties of the aluminum 

silicon carbide (AlSiC) composites using finite element (FE) matrix formulation. The result 

showed increasing the volume fraction of sic in aluminum matrix results linearly decreasing in 

coefficient of thermal expansion (CTE). The SiC is the main factor contributing to the CTE of 

MMC and thermal stress and deformation is increased with increasing temperatures [17]. 

M. Z. Bukhari et al. Developed, study and characterize a new material in order to get excellent 

thermo-physical properties such as low coefficient of thermal expansion (CTE), high thermal 

conductivity and improved mechanical properties such as higher specific strength, better wear 

resistance and specific modulus. According to their findings MMCs of AlSiC have an improve 

properties in thermal conductivity as well as in coefficient of thermal expansion (CTE), are now 

the possible solution for electronic packaging industry [4]. 

P. Van Trinh et al. Investigated the microstructure, mechanical properties, and wear behavior of 

oxidized-sicp/Al6061 composites by fabricated the composites using a spark plasma sintering 

technique and oxidizing-silicon carbide particle 10% by weight added in Al6061at 1200°C,1300°C 

and 1400°C.the result showed that the interfacial binding intensity between Al6061 and oxidized 

sicp was improved. Oxidized sicp, in a composite improved the hardness, the ultimate tensile 

strength and elongation by 75%, 26 % and 32% respectively and the coefficient of friction and 
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specific wear levels for composites oxidized by SiCp/Al6061, respectively, have been lowered by 

7% and 17 %. This improved hardness and strength of AlSiC [18]. 

R. Zare, H. Et al. Investigated the effect of different mass percentages of sic reinforcing particles 

on the physical and thermal properties of the Al matrix composite (6061). Composite powders 

with different levels of reinforcement were prepared by hot pressing. Dilatometric tests revealed 

that an increase in SiC content led to a decrease in the coefficient of thermal expansion. Moreover, 

as the SiC content increased, the thermal conductivity decreased due to the increase of crystalline 

defects at the phase interfaces [19]. 

S. Sarapure, et al. Studied statistical behavior of the corrosion AlMMCs by using a Taguchi method 

and for the fabrication, the Stir casting technique was adopted in which Al6061 reinforced by sic 

with 0 percent, 2 percent and 4 percent weight. Research results have shown that composite 

materials exhibit significantly better corrosion resistance compared to monolithic 6061 alloys. 

Studies have shown a significant reduction in corrosion rate and weight loss per unit area over 

time. In contrast to the unreinforced monolithic matrix alloy, AlMMCs showed improved 

corrosion resistance [20]. 

T.H. Nam et al. Studied the coefficient of thermal expansion of aluminum metal matrix with 

densely packed silicon carbide particles between 20oc to 500oc using finite element analysis 

(FEA)based on two-dimensional unit cell model. They analytically calculated the physical 

coefficient of thermal expansion (CTE) of the Aluminum Metal Matrix composite reinforced with 

70 wt. %. Of sic particles to identify discrepancies in experimentally obtained thermal expansion 

properties. The results showed that the thermal expansion behavior of the composites is 

significantly affected by the presence of voids and the experimental values are in good agreement 

with the physical CTE values [21]. 

2.6.Application Area of Aluminum Metal Metrics Composites (AlMMCs) 

Aluminum Metal Matrix Composites (AlMMCs) are considered innovative materials for 

numerous engineering applications, holding significant potential in generating composites with 

specific properties tailored for various uses through the incorporation of a diverse range of 

reinforcing materials. AlMMCs possess good characteristics in the comparison of traditional 
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materials, which includes, excellent mechanical properties and having extremely vast applications 

in aviation (such as aircraft, helicopters and other large aircraft wings, rudders, flaps, fuselage), 

mechanical, electrical, automotive (such as for piston ring for the engine, connecting automotive 

drive shafts, rocker arms, chassis and disk break), electronics (electronic packages and covers) and 

transport industries [9]. 

Aluminum Metal Matrix Composites (AlMMCs) used for its good mechanical and thermal 

properties such as strength, less density, excellent stiffness, lightweight, toughness, resistance to 

corrosion, fatigue, low creep and wear relative to non-reinforced alloy and high thermal 

conductivities. Due to this properties   AlMMCs, suitable materials for many applications. It is 

commonly used in the aircraft, automobile, marine, leisure, telecommunications and electronics 

industries [22].     

 

A)                                                                                        b) 

Figure 5.  A) AlSiC /CuSiC Thermoelectric cooler base with highly pyrolytic graphite (b) AlSiC 

liquid cooled aircraft power module base. 

To improve thermal conductivity and coefficient of thermal expansion (CTE), AlSiC metal matrix 

composites (MMCs) have emerged as a viable solution for the electronic packaging industry. The 

Aluminum Silicon Carbide (AlSiC) material system offers package designers a unique set of 

properties that are ideally suited for creating high performance and advanced temperature 

controlled package designs [4]. 



Thermal Analysis for Electric vehicle Battery Tray with Modified Material using 

Numerical method: 
         2025 

  

 

16 

 

Aluminum Silicon Carbide (AlSiC) metal matrix composites (MMC) has high thermal 

conductivity and low thermal expansion coefficient (TCE) values used to providing thermal 

management solutions for numerous electronics applications such as Flip Chip Lids, 

Optoelectronics Packaging, Power Devices and High Brightness LED applications [23]. 

 

a)                                                                                         B) 

Figure 6 a).  AlSiC Power substrates and IGBT basses and coolers, b) AlSiC power substrate in 

foreground with assembled power amplifier in background. 

2.7. Effect of Temperature on EV Battery Cells 

Lithium-ion (Li-ion) batteries are defined by a complex series of physio-chemical processes and 

are classified as temperature-sensitive devices, with their performance and safety significantly 

affected by temperature fluctuations. Numerous studies have shown that lithium-ion batteries work 

most efficiently at temperatures close to an ambient temperature of 25℃. 

2.7.1. Effect of Low Temperature 

Different researches indicated that in constant current discharge/charge test of Lithium ion (Li-

ion) batteries, the usable battery capacities loss increase as the operating temperature decrease .the 

poor performance of Lithium ion (Li-ion) battery cells at low temperature due to the lower 

electrolyte conductivity which affects Li-ion transportation rate between two electrodes at these 

temperature and  Further researches suggested that  lack of electrode activity can also cause 

unsatisfactory performance of Li-ion battery.  
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2.7.2. Effect of Elevated Temperature 

Temperatures above 40°C can lead to chemical decomposition in the battery cell and degradation 

of the lithium ions. This can adversely affect the performance of the Li-ion battery, resulting in a 

reduction in its ability to retain power and energy over time. 

 

Figure  7.  Phase of temperature rises in the battery cell [24]. 

Thermal runaway refers to the initiation of an exothermic chain reaction where the battery cells 

begin to spontaneously heat up at a rate exceeding 0.2°C per minute. This excessive heat 

production accelerates the self-heating process, which eventually leads to self-ignition of the 

battery's chemical materials. High temperatures associated with thermal runaway may cause the 

mounting brackets near the affected battery area to melt or vaporize. As a result, the battery may 

lose its original location. As the affected battery cell or module moves, the gaps between the battery 

components can shrink, which can reduce the resistance to the spread of thermal runaway [24]. 
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Figure 8.  Thermal runaway flow chart [25]. 

Elevated surface temperatures of Li-ion batteries used in electric vehicles can lead to heat leakage, 

which reduces battery efficiency and causes a constant rise in temperature that can lead to fire. 

During the charging and discharging process, complex chemical reactions take place inside the 

battery, which generate maximum heat and cause a constant rise in temperature. If this heat is not 

dissipated quickly, thermal runaway can occur. As a result, the implementation of a Battery 

Temperature Management System (BTMS) is necessary to regulate the temperature of the battery 

to maintain optimal operating conditions and ensure the safety of electric vehicles [2]. 
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Table 5 Effect and cause of operating battery cell at different temperature [26], [27]. 

Battery cell 

temperature 

Cause Leads to Effect 

 

 

 

 

High 

Decomposition of Electrolyte Permanent loss of 

lithium  

Capacity loss 

Constant low-rate reactions  Increasing 

impedance 

Power loss 

Reduction in the anode surface 

for li-ion intercalation 

Increasing 

impedance 

Power loss 

Binder Decomposition  Deterioration of 

mechanical stability 

Capacity loss 

25℃-40℃ Maximum cycle life 

15℃-24℃ Superior energy storage capacity 

 

Low 

Plating of Lithium Irreversible loss of 

lithium 

Capacity or power 

fade 

Decomposition of Electrolyte Electrolyte loss 

 

2.8. Battery thermal management system 

Thermal safety is a critical concern in the research and development of power batteries for electric 

vehicles. Creating an efficient temperature management system for battery packs or modules is 

critical to improving battery life and reducing the overall cost of EVs. It is important for power 

batteries to operate within an optimal temperature range and maintain an even temperature 

distribution to save energy and reduce costs associated with electric vehicles [2]. 

Controlling the temperature of the battery and the environment in which the battery operates is 

critical to maximizing its energy capacity. For safe operation, it is recommended to keep the battery 

temperature below 50 °C (depend on battery types) [6]. Managing the large temperature rises and 

non-uniform thermal gradients across the battery pack is a major concern in the design of large 

battery packs essential for supporting an EV driveline [27]. 
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2.8.1. Battery Thermal Management System (BTMS) Based on Various Cooling Methods 

 

 

Figure 9. Classification of battery thermal management techniques [27]. 
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2.8.1.1.Medium used 

A battery thermal management system can be classified by the working fluid (medium used) used 

in the cooling loop. These are; 

A) Air cooled 

I. Free convection 

II. Forced convection 

B) Liquid cooled 

I. Cold plate 

II. Heat pipe 

III. Jacket cooling system 

C) phase change material 

D)any combination of the above 

A)  Air cooling system (ACS) 

Air-cooling system (ACS), where air is used as the cooling medium. Increasing the air-cooling 

rate will reduce the time it takes for the cell to reach steady state, minimizing the risk of overheating 

and thermal runaway. Air cooling can be done by natural convection and forced convection. 

I. Free convection 

The heat generated from the battery cell is removed in to the surrounding naturally without any 

help of external device such as fan.in this system there is no moving parts, noise and have low 

initial and maintenance costs but for high power components it is limited and less efficient to cool 

the hot surface. 

II. Forced convection 

In forced air-cooling system uses mechanical device such as fan, blowers to increasing the heat 

dissipation rate to move the air actively through the heat surface. When compared to free 

convection it is better for high power electronics or high heat dissipation application.  It improves 
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convection, higher cooling capacity and the overall cooling efficiency.it is the simplest and cost-

effective way of regulating the temperature of electric vehicles (EVs) battery pack.  

 However, with air-cooled thermal management systems, ambient air flows unidirectionally 

through the spiral, entering from one side and exiting from the opposite side. This unidirectional 

coolant flow often results in uneven temperature distribution, typically exceeding 5°C. In addition, 

the ambient air has a low thermal conductivity, which makes it difficult to effectively cool the 

battery at elevated temperatures [27]. 

 

Figure 10.  BTMS using air cooling system [28]. 
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B)  Liquid cooling system (LCS) 

In a liquid cooling system (LCS), liquid serves as the cooling medium. Various studies have shown 

that even very high airflow rates may not be sufficient to meet the heat dissipation needs of electric 

vehicle battery packs during charging and discharging. An effective alternative to cooling battery 

packs is a liquid cooling system, which may involve circulating liquid through housings or tubes 

surrounding the battery pack or using liquid-cooled plates. In addition, liquid cooling systems can 

be designed using cold plates and heat pipes. 

I. Cold plates 

A cold plate is integrated directly to the heated components for liquid coolant to carry the heat 

from the hot component. The hot component would be in close contact with the cold plate which 

has internal channel or tube for circulating a coolant. The cold plate absorbs heat directly from the 

hot component and providing efficient cooling through the system. Cold plates are mostly 

preferred in electric vehicles (EV’s) because of the strict space limitation.  

In the case of thermal management system (TMS)liquid-cooled system using cold plate, the metal 

pressing is placed between adjacent battery cells and a heat transfer fluid is passed over these 

inbuilt channels. The liquid absorbs the entire remaining excess heat from the battery pack and 

transfer it into an external heat exchanger (HX) where it finally released into the surrounding 

environment [27]. 
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Figure 11.  Battery liquid cold plate 

II. Heat pipe 

Heat pipe thermal management is a passive system that uses a phase change of the working fluid 

in a sealed pipe. When heat is absorbed at one end of the pipe (the evaporator), the liquid 

evaporates and moves to the cooler end (the condenser). In the condenser, the vapor releases heat 

and condenses back into a liquid form, which is then returned to the evaporator by capillary action 

or gravity, creating a continuous cycle. This process works without the need for external power 

and relies only on a thermal gradient to transfer heat from one area to another. 
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Figure 12.  Schematic of conventional heat pipe tubular structure with sealed ends 

As shown above n the figure heat pipe typically divided in three parts, these are the hot end 

(evaporating section), adiabatic part (transport section) and the cold end(condenser). In electrical 

vehicles the system works the liquid with in the wick absorbs excess heat from the battery cell 

arranged near the hot end of heat pipe and evaporates. The increase in vapor pressure and decrease 

in molecular density creates a pressure gradient that drives the hot vapor toward the condensing 

section, where it releases heat to the heat exchanger. Capillary forces within the wick then draw 

the condensed liquid back into the evaporator, completing the heat transfer cycle [27]. 

III. Jacket cooling system 

Another method of cooling the battery is the jacket cooling system. In an EV battery, the jacket 

cooling system works by removing heat from the battery module either by direct immersion or by 

circulating liquid in the jacket that surrounds the battery cells. Coolant flows through the space 

between the jacket and the battery case and absorbs heat from the battery cells. 

IV. Phase change materials (PCM) 

Phase Change Material (PCM) is a direct passive solution that involves placing battery cells in a 

matrix of phase change materials and requires no maintenance. PCM can be used in conjunction 

with the other cooling methods mentioned above or as an independent solution. In electric vehicles, 

pcms are usually located around the battery cells or inside the battery module. As the battery cell 
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cools, the PCM solidifies and releases the stored heat. Pcms are low-maintenance, and this 

approach uses organic, inorganic, or eutectic solid-liquid phase change materials to address uneven 

temperature distribution throughout the battery. However, phase change materials (PCM’s) have 

relatively low thermal conductivity which leads to slower regeneration times.as a result they are 

less effective in application that include fast charging followed by quick discharging and then 

another fast charge of the battery pack within a short period of time [27]. 

2.9.Studies on The EV Battery Thermal Management 

Patcharin saechan et al. Investigated the air-cooled thermal management system of lithium-ion 

battery pack for electric vehicles. The cylindrical batteries used in the study is NCR18650B with 

the capacity of 3400-mah. a three-dimensional cylindrical batteries model is performing using 

CFD software, ANSYS fluent which is based of finite volume method. A transient thermal analysis 

is considered due to un steady heat generation on the battery to study the effect of inlet velocity, 

discharging rate and cell arrangement structure on the cooling performance. The simulated result 

shows that the proposed cooling system minimize the maximum the surface temperature of the 

battery and provides uniform temperature distribution through the battery pack [29]. 

M. Shahjalal et al. Studied on the thermal analysis of battery back for an electric motor application. 

Effective thermal design is developed by enclosing the battery in a high thermal conductivity 

material (copper and aluminum) integrated with liquid cooling system. The liquid cooling system 

is designed by placing the cold plate at the bottom of the battery pack. Numerical studies are carried 

out using COMSOL software for 72V,42Ah battery to study the effect of battery housing materials 

on the battery temperature. Also, they study the effect of ambient temperatures, discharge rate and 

coolant temperatures on the battery temperature. The result shows that 53℃ is achievable with 

cupper battery housing material. Additional temperature reduction is possible with the help of 

liquid cooling system, with 20℃ coolant temperature, the battery temperature is reduced to28℃ 

[6]. 
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Figure 13.  43Ah electric motor battery back configuration 

C. Alaoui et al. Designated and evaluated the battery thermal management system of 60Ah lithium-

ion electric vehicles. They used thermo electric coolers (tecs) to manage the battery temperature 

when the battery is under operating conditions. The cell temperature was measured in the 

laboratory under different discharge rates and different ambient temperature with constant 

discharging current. This measurement was used to determine the heat generation rate under 

different ambient temperature, in order to maintain the battery operating temperatures. The result 

shows that, the designed battery thermal management system provides satisfactory results by 

decreasing the surface temperature of the cell [30].  
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2.10. Research Gap 

According to the literature, components exposed to significant heat should effectively absorb heat 

from the heated component and dissipate it to the environment. Studies have also shown that even 

at very high air flow rates, air cooling may not sufficiently satisfy the heat dissipation requirements 

of the EV battery during charging and discharging processes in hot conditions. In addition, the 

very low thermal conductivity of air can make it difficult to cool the battery in a high temperature 

environment. Letin mengo (Anna 200) electric vehicle battery trays are made up of AISI 4031 

steel case and the electric vehicles used free air to cooling the battery pack during charging and 

discharging process. This EV battery tray is subjected to heat during charging and discharging 

processes, which requires an investigation to enhance its thermal stability and mechanical strength. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1.  Materials For Battery Tray 

Selecting the material for battery tray play a significant role in preventing thermal shocks and other 

external loads during charging and discharging process. Therefore, it is crucial to select the 

material that meets the required performance. It is preferred for battery trays to be made of 

lightweight materials such as aluminum, aluminum alloys and composite materials to provide the 

rigidity needed to support the weight of the cells. The metal case effectively withstands high 

temperature and pressure conditions, and because metals have high thermal conductivity, they 

facilitate heat management. 

Table 6 materials used for battery tray in different EVs [31]. 

Vehicle Material used for battery tray 

BMW i3 Aluminum 

Honda Fit EV Steel 

Chevrolet volt Steel 

Chevrolet spark EV Composite 

Tesla Roadster Aluminum 

3.1.1. EV Battery Tray Datasheets 

The battery tray in EV is used to protect the battery cells from external crash, support cells and 

also used us thermal management hardware. The design of lightweight battery tray material is 

critical for increasing the range and efficiency of electric vehicles. There are different EVs with 

different battery tray structures one of those are shangan Anna 200 EVs. In Anna 200 three pack 

negative battery cells and three pack positive battery cells are placed separately in different 

compartments on the battery tray.  
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➢ EV type = shangan Anna 200 

➢ Battery tray Material currently in use = steel AISI 4130 

➢ Size = 1050mm*870mm*1.4mm 

➢ Cooling system = natural air cooling  

➢ Battery material= lithium iron phosphate  

➢ Battery model= A10E-180 

➢ Battery nominal capacity= 150Ah 

➢ Nominal voltage= 115.2V 

➢ Nominal energy = 17.28kwh 

➢ System weight= 156Kg 

➢ Optimal storage temperature = -10 to 35 degrees Celsius 

   

Figure 14.  Actual picture of Letin mengo (Anna 200) electric vehicle battery pack 
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3.1.2. Selected Material for Anna 200 EV Battery Housing 

Aluminum Metal Matrix Composites (AlMMCs) used for its good mechanical and thermal 

properties such as high thermal conductivity, low thermal expansion, strength, less density, 

excellent stiffness, lightweight, toughness, resistance to corrosion, fatigue, low creep and wear 

relative to non-reinforced alloy and high thermal conductivities [22]. 

The Al metal is selected due to its versatility and it offers ease in extrusion, good mechanical and 

thermal properties, formability and machinability that is generally suitable for high strength 

requirements and good toughness [32]. Silicon carbide is one of the commonly used structural 

ceramics, it has excellent mechanical properties with low density, good wear resistance, good 

strength and high hardness. And also has a low-cost material with a high modulus of elasticity and 

is used as a reinforcing phase. Compared with silicon nitride and tungsten carbide, the raw 

materials used to obtain silicon carbide are cheaper and the cost of the final products is low. Al-

SiC is a metal matrix composite consisting of an aluminum matrix and silicon carbide as the 

reinforcing phase [4], [12]. 

AlSiC-9 material is selected for EV battery tray due to its suitability, as its coefficient of thermal 

expansion (CTE) aligns well with ceramic materials. AlSiC packages offers high thermal 

conductivity (200 W/mk) and low coefficient thermal expansion (CTE) that are compatible with 

electronic systems and assemblies. This compatibility helps reduce thermally induces stresses. 
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Table 7 properties of AlSiC composites [23]. 

          Properties Units Alsic 

Density (g/cm3) 3.00 

Thermal conductivity        (W/mk) 200 

Coefficient of Thermal Expansion 

(CTE) 

    

    (ppm/°C) 

7.4 - 8.26 

Specific Heat Capacity 𝑱/𝒌𝒈℃ 740 

Young’s modulus Mpa 192 

Bend strength Mpa 450 

3.2. Numerical analysis of electric vehicle (EV) battery tray 

3.2.1. Battery Tray Configuration 

The battery tray in Letin mengo (Anna 200) electric vehicle is  used as a thermal management 

hardware, protection of the battery cell from external crash and support the cells. It is located in 

the center of the chassis under the passenger seats to act as a semi-structural component of the 

vehicle and to avoid the typical deformation zones found at the front and rear. 

The battery pack used in Letin mengo (Anna 200) electric vehicle consists of 360 cells in a series 

of parallel connection. The battery pack is usually enclosed and supported by AISI steel. However, 

since steel has poor thermal conductivity that causes to increase the battery tray temperature 

significantly. To investigate the impact of battery tray materials on temperature distribution in the 

battery pack AlSiC composite battery tray housing material will be studied. 
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Figure 15.  Placement of Letin mengo (Anna 200) electric vehicle lithium-ion battery pack 

4.2.2. Battery Tray Thermal Model 

Lithium-ion batteries have emerged as the preferred choice for electric vehicles (EVs) due to their 

high efficiency, long life and specific energy. The performance of the battery is significantly 

affected by the operating conditions of the electric car and the surrounding environment. In 

extreme operating and environmental conditions, the battery generates significant heat, which can 

affect the rate of heat dissipation, shorten the life of the battery, and even lead to dangerous 

incidents such as explosions and fires (thermal leakage) [28]. 

The governig thermal equation describing the battery tray conduction during charge or discharge 

operating condition can be wriiten as follow [24], [33]. 

𝝆𝒄 (
𝝏𝑻

𝝏𝒕
) = 𝑲𝝏/𝝏𝒕 (

𝝏𝑻

𝝏𝒚
) +  𝑲𝝏/𝝏𝒕 (

𝝏𝑻

𝝏𝒚
) +  𝑲𝝏/𝝏𝒕 (

𝝏𝑻

𝝏𝒛
) + 𝑸……………..(1)  

Where; 

K, thermal conductivity of battery tray 

Q, heat generation from the battery 

Cp, specific heat capacity of material 

T, battery tray temperature 

Ρ, density of material 
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Figure 16.  Thermal model setup[6].  
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ASSUMPTION 

The following assumptions were set for the battery tray thermal model to achieve an accurate 

solution. 

• It is assumed that the generated heat from the battery is fully transferred to the tray through 

conduction. 

• Uniform heat generation on the battery tray surface. 

• Neglect radiative heat transfer between the battery tray and the battery. 

•  Forced convection heat transfer is considered by applying the calculated convection heat 

transfer coefficient to the surface. 

• The temperature of the battery tray directly affects the overall temperature of the battery 

because the battery tray is critical for heat dissipation. Proper temperature management is 

essential to ensure optimal battery performance and prevent overheating. 

4.2.2.1.Heat Generation 

The operating temperature of lithium-ion batteries is a key factor affecting the performance of 

electric vehicles. During the charging and discharging process, the temperature of the battery 

fluctuates due to internal heat generation, which requires the analysis of the battery's heat 

generation rate. This generated heat includes Joule heat and heat of reaction, which are affected 

by several factors, including temperature, battery aging, state of charge (SOC), and operating 

current. 

The performance and lifespan of lithium ion battery cells are highly influnced by the thermal 

condition of the battery cells.therfore the thermal behavior of the battery cells is closely related to 

the rate of heat generationand and it is crucial to calculate heat generation under various condition. 

The heat generated by the battery includes electro chemical reaction, joule heat, polarized heat and 

side reaction heat [34].  

𝑸 = 𝑸𝒓 + 𝑸𝒋 + 𝑸𝒑 + 𝑸𝑺 … … … … (𝟐) 
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Where; 

Q is total heat generated by the battery cells 

Qr is the electro chemical reaction heat,which produced during the intercalation and deintercalation 

of lithioum ions between the anode and athode during charging and discharging. 

Qj refers  joul heat, which is genetrated by internal resistance. 

Qp refers polarized heat, resulting from internal resistance due to polarizing during charging and 

discharging. 

Qs refers side reaction heat, This is due to the breakdown and reactivity of the electrolyte as well 

as thermal degradation of the separator, anode and cathode materials.. 

Direct measurement of the heat produced by a lithium-ion battery in an experiment is challenging 

due to environmental conditions and heat loss during transmission; therefore, the computational 

approach proposed by Bernardi et al. [35] are used. The following theoretical formula for the rate 

of heat generation was determined; assuming uniform heat generation in a lithium-ion battery [6], 

[34], [35]. 

𝑸𝒈𝒆𝒏 = 𝑸𝒊𝒓𝒓 + 𝑸𝒓𝒆𝒗 … … … … (𝟑) 

𝑸 = 𝑰(𝑬 − 𝑼) − 𝑰𝑻 (
𝝏𝑬

𝝏𝑻
) … … … … … . (𝟒) 

Where; 

I    refer the charging and discharging current of lithium-ion battery 

E   refers open circuit voltage 

U   refers closed circuit voltage  
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T   refers surface temperature of the battery and 
𝝏𝑬

𝝏𝑻
 Is the temperature coefficient of open circuit 

voltage. 

Qirr and Qrev   represents irreversible heat and reversible heat 

The first term on the right side of the equation (𝑰(𝑬 − 𝑼)) represents the irreversible reaction heat 

such as joule heating and electro chemical polarization which can be expressed as I2R, Where R 

is the internal resistance of lithium-ion battery. More than 70% of the generated heat is irreversible 

and occurs at the electrodes, electrolyte and current collector. This heat is directly affected by C-

rate and is primarily defined by Joule heating in the battery cell. 

During electrochemical reactions, reversible heat is generated at the cathode and anode, which is 

considered entropic heat, resulting from reversible entropy changes. During both charging and 

discharging, this heat rises as the charging rate increases from 1C to 2C before dropping to 3C.the 

second term (𝑰𝑻 (
𝝏𝑬

𝝏𝑻
)) represents the heat generated by reversible reaction heat and the lithium-

ion battery takes a reference value of 0.042 [36]. When the values are applied to the formula the 

equation becomes; 

𝑸 = 𝑰𝟐𝑹 − 𝟎. 𝟎𝟒𝟐𝑰 … … … … … (𝟓) 

And  

𝑰 = 𝑪 ∗ 𝑵 … … … … … … . (𝟔) 

Where; 

C = battery capacity (Ah) 

N = number of hours continuous discharge 

The following factors affect how much heat is produced in battery cells: [38]. 

• During charging and discharging, the high level of current increases the temperature of the 

battery. 

• The amount of heat removed from the battery is called depth of discharge (DOD). 
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• Increasing the temperature of the battery reduces the internal resistance and accelerates the 

electrochemical reaction. 

• State of Health (SOH): the quality of the battery in relation to its optimal condition. 

• Capacity availability. 

According to the experiment of IFR32135-15Ah lithium-ion rechargeable cell the relationship 

between the equivalent internal resistance and state of charge (SOC) is modeled using polynomial 

functions to calculate the heat generation rate for the battery.  

 

Figure 17.  Experimental data for equivalent internal resistance and state of charge (SOC-) at 3C 

rate and 25℃  ambient temperature for IFR32135-15Ah battery cell. Via {HEFEI GUOXUAN 

high - tech power energy co., Ltd manufacturers}. 

The results of the experimental analysis can be used to develop a battery heat generation model 

and to design algorithms for a battery management system. Additionally, investigating the pulse 

discharge characteristics of lithium batteries can offer data support for the calculation of heat 

sources necessary for temperature field simulations [37].  

The first step to establish the thermal model is to estimate the heat generation. Due to battery 

loading either in discharge or charge mode, heat generation is inevitable in the battery.so, 
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3C SOC discharging      

To get the heat generation rate in 3c first we calculate the current flows; 

𝑖 = 𝐶 ∗ 𝑁 

𝐼 = 150𝐴 ∗ 3 = 450𝐴  

➢ This means 150Ah EV battery can supply 450A average up to 20 minutes 

                                        So; the heat generation in 3C is; at battery temperature 25℃ 

• At 5% SOC discharge 

R=16.2mΩ 

𝑄𝑔𝑒𝑛 = 𝐼2𝑅 − 0.042I 

=  450 ∗ 450 ∗ 16.2𝑚Ω − 0.042(450𝐴) 

  𝑸𝒈𝒆𝒏 = 𝟑𝟐𝟔𝟐𝑾 

Calculate the Surface Area: 𝑨 = 𝟏. 𝟏𝟓𝒎𝟐 

• At 5% SOC discharge the heat flux in 3C is; 

                                            Heat flux=2836W/m2 

• At 10% SOC discharge  

R=12mΩ 

𝑄𝑔𝑒𝑛 = 𝐼2𝑅 − 0.042I 

=  450 ∗ 450 ∗ 12𝑚Ω − 0.042(450𝐴) 

  𝑸𝒈𝒆𝒏 = 𝟐𝟒𝟏𝟐𝑾 

Calculate the Surface Area: A=1.15m2 

• At 10% SOC discharge the heat flux in 3C is; Heat flux=2097W/m2                         
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SOC Discharge 

DCR/ 

𝑚Ω 

Heat generation 

(𝑾) 

Heat flux(W/M2) 

5% 16.2 3262 2836 

10% 12.0 2412 2097 

20% 9.4 1884.6 1639 

30% 8.5 1702.35 1480.3 

40% 7.8 1560.6 1357 

50% 7.3 1478.25 1285.43 

60% 7.2 1449.1 1260.08 

70% 7.1 1418.85 1233.78 

80% 6.8 1377 1197.39 

90% 6.5 1297.35 1128.13 

95% 6.3 1256.85 1092.9 

                                       A) 

 

                                                           B) 
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Figure 18.   A) table indicates 3C SOC discharging analytical values of heat flux and heat 

generation rate of the battery b) graph represents the relationship between heat generation and 

DOD at 25℃ ambient temperature. 

4.2.2.2. Convective Heat Transfer Coefficient 

To simulate convective behavior, convective boundary conditions are applied to all surfaces of the 

structure. In this model, the heat transfer coefficient by flow between the surroundings and the 

battery tray is determined using an empirical relationship. The average forced convection 

coefficient can be calculated based on the dimensionless parameters at the film temperature.  

The convective heat transfer coefficient (h) correlation determined from the dimensionless 

parameters, namely the Nusselt number (𝑵𝒖), Prandtl (𝒑𝒓) and Reynolds number (𝑹𝒆). Different 

correlations are given in different conditions cited in (HOLMAN, 1986). 

Convection is categorized as natural (or free) and forced convection depending on how the fluid 

motion is initiated. In this study, convection heat transfer is considered as forced convection. 

For most engineering calculation the convection coefficient obtained from a relation as follow. 

(HOLMAN, 1986). 

Nusselt number (Nu);  

𝑵𝒖 = 𝒉.
𝑳

𝑲
=

𝒒𝒄𝒐𝒏𝒗

𝒒𝒄𝒐𝒏𝒅
… … … … (𝟕) 

The Reynolds number at which the flow becomes turbulent is called the critical Reynolds 

number. For a flat plate, the critical Reynolds number is experimentally determined to be 

approximately Re critical = 5 x105. 

Nusselt number, non‐dimensional heat transfer coefficient 

➢ The average Nusselt number for laminar flow is given by  

𝑵𝒖 = 𝟎. 𝟔𝟔𝟒𝑹𝒆
𝟏/𝟐𝑷𝒓

𝟏/𝟑𝒇𝒐𝒓 𝒑𝒓 > 𝟎. 𝟔 … … … … (𝟖) 
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➢ The average Nusselt number for turbulent flow is given by 

𝑵𝒖 = 𝟎. 𝟎𝟑𝟕𝑹𝒆
𝟒/𝟓𝑷𝒓

𝟏/𝟑𝒇𝒐𝒓 𝟎. 𝟔 < 𝒑𝒓 < 𝟔𝟎 … … … … (𝟗) 

Prandtl number, is a measure of relative thickness of the velocity and thermal boundary 

Layer. 

𝒑𝒓 =
𝒗

𝜶
= µ𝒄𝒑/𝒌 … … … … (𝟏𝟎) 

Reynolds number, ratio of inertia forces to viscous forces in the fluid 

                                           𝑹𝒆 =
𝝆𝐕𝐋

µ
… … … … … … … (𝟏𝟏) 

Where; 

Re is Reynolds number 

Nu; Nusselt number 

Pr; Prandtl number 

µ; thermal infusibility 

ⱱ; kinematics viscosity 

Α; dynamic viscosity 

Ρ; density 

Cp; specific heat capacity 

V; velocity of the fluid 

All fluid characteristics (such as density, viscosity, etc) are evaluated at film temperature (𝑻𝒇); 

𝑻𝒇 = (𝑻𝒘 + 𝑻∞)/𝟐 … … … … . (𝟏𝟐) 
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The ambient temperature is 293K and the surface (wall) temperature taken the maximum 

optimum temperature of the system which is 308K, so from equation (9) the film temperature is  

𝑻𝒇 = (𝑻𝒘 + 𝑻∞)/𝟐 

𝑇𝑓 =
(298 + 333)𝐾

2
= 315.5𝐾  

At 𝑇𝑓 The value of Prandtl number (𝑷𝒓) = 0.707 and kinematics viscosity (ⱱ) =1.559 ∗ 10−5𝑚2/

𝑠 also the dynamic viscosity (µ)=1.85 *10−5Kg/ms 

The characteristics length of the surface (𝑳) calculated as follow, 

𝑳 = 𝑨𝒔
𝑷

… … … … (𝟏𝟑) 

A is area of the surface and P is perimeter of the surface. 

➢ The heat transfer coefficient on the battery tray surface heated from the bottom can be 

calculated as follows. From equation (13) and (11), 

𝐿𝐻 =
𝐴𝐻

𝑃𝐻
=

0.85𝑚2

24𝑚
= 0.035𝑚 

From equation (8) and (10) the value of Reynolds number and Nusselt number is  

𝑹𝒆 =
𝝆𝐕𝐋

µ
= 8111.48 

Hence the flow is laminar flow we use equation (8) to find Nusselt number 

𝑁𝑢 = 𝟎. 𝟔𝟔𝟒𝑹𝒆
𝟏/𝟐𝑷𝒓

𝟏/𝟑
 

𝑁𝑢 = 54 

From equation (6) ℎ = 𝑁𝑢.
𝐾

𝐿
  = 𝟒𝟏

𝑾

𝑴𝟐
. 𝑲 

Improved efficiency y   =(𝑸𝒊𝒏𝒊𝒕𝒊𝒂𝒍 − 𝑸𝒇𝒊𝒏𝒂𝒍)/𝑸𝒊𝒏𝒊𝒕𝒊𝒂𝒍 ………………... (14) 
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4.2.3. FEA Modeling and Analysis Method 

The battery tray studied in this paper is taken from Letin mengo (Anna 200) electric vehicle as 

shown below in figure 19.the chosen battery tray consists 360 cylindrical lithium-ion phosphate 

batteries with a related specification of nominal capacity 150Ah and 115.2V Nominal voltage. The 

EV drawn power from 115.2V battery packs. To achieve 115.2V Nominal voltage cells are 

connected in series and 36 strings (each strings contain 10 cells) with a current rating of 150A are 

connected in parallel.  

 

Figure 19. typical configuration of 150Ah Letin mengo (Anna 200) electric vehicle battery pack 

The cell used in this simulation is taken from commercial cells (IFR32135-15Ah battery cell, 

China,) with different internal resistance based on its discharging rate. The specification of the 

batteries used in the battery pack are listed in the following table; 
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Table 8 specification of 15Ah battery (for single battery) 

Specification of Battery Value 

Diameter 33.6mm 

Hight 136.3 

Weight 268g 

Model name IFR32135-15Ah 

Product type Lithium-ion phosphate rechargeable 

Standard capacity 15Ah 

Nominal voltage 3.2V 

Optimum working temperature -30℃ to 60℃ 

4.2.4. Thermal Modelling of Battery Tray on ANSYS Workbench 

A three-dimension model of battery tray is performed using commercial ANSYS workbench 

software. A transient simulation model is considered due to the un steady heat generation of the 

battery. The procedure to modeling the battery tray in ANSYS workbench is as follow. 
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Figure 20. Steps used on mechanical workbench 
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• Transient thermal analysis 
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4.2.4.1.ANSYS Transient Thermal Setup 

The ANSYS transient thermal setup is used to simulate a model involving nonlinear temperature 

boundary condition analysis makes use of the set up to calculate the temperature based on specified 

initial condition, boundary condition and material property at discrete nodes created through the 

software’s discretization process. Like other finite element method (FEM) transient thermal 

analysis follows three primary steps for solving problems; pre-processing, analysis and post 

processing. 

Engineering data 

ANSYS consists engineering data that used to select an appropriate material with its physical 

properties. The material used for the battery tray plays a crucial role in thermal management of the 

battery pack, when the battery cells are arranged in a dense, compact configuration.[6] 

 A 3D thermal model based on finite element analysis is developed to determine transient 

temperature of the battery tray and to investigate the use of AlSiC composite materials for reducing 

temperature. Steel 4130 and AlSiC material properties are used for this simulation.in the thermal 

analysis of battery tray, there are three critical material properties; density, specific heat and 

thermal conductivity. The following table represents properties of steel4130 and AlSiC material 

used in the simulation. 

Table 9  thermo physical properties of steel4130 and AlSiC materials used in the simulation 

Material properties 4130 steels AlSiC composite Units 

Density 7850 3000 𝑘𝑔/𝑚3 

Thermal conductivities 42.5 200 𝑊/𝑚℃ 

Specific heat 477 740 𝐽/𝑘𝑔℃ 
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Import The Geometry 

From the geometry section select the import geometry from the menu that having a file type of 

‘IGS’ since the geometry was developed using SOLIDWORK SOFTWARE. 

 

Figure 21. 3D solid work modeling of Letin mengo (Anna 200) electric vehicle battery tray 

Model 

In this section of transient thermal setup, the parameters that control the simulations (model, 

transient thermal and solution) are selected. The model section contains geometry, coordinate 

system, mesh and connections. In the geometry section proper materials are assigned based on the 

provided engineering data. Set local and global coordinate system and in the connection section, 
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contact regions between the battery tray and handling. After this meshing is performed using 

suitable techniques for the problem and named selections assigned here. The transient thermal 

setup includes initial temperature, analysis setting and boundary conditions are defined. In the 

solution section, the output values are specified. 

Mesh 

It is discretizing a complex object in to smaller a well-defined element in order to simulate the 

physical behavior easily. The size of the elements is selected after the grid independence tests are 

performed. This study used a triangular mesh due to its irregular structure. This type of mesh is 

suitable for varies irregular surface and topology. 

 

Figure 22 meshed model of the studied EV battery tray 
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Transient Thermal Analysis 

The transient thermal setup includes initial temperature, analysis setting and boundary conditions. 

The ambient temperature of the battery tray set to in ambient temperature of 25℃,to simulate the 

surface temperature of the battery.in the boundary condition the calculated analytical value of the 

heat flux discharging (5%,10%,20%,30%,40%,50%,60%,70%,80%,90%,95%) are assigned. And 

also, convective heat transfer coefficient(h) is assigned as calculated. 

In the analysis setting; minimum time step, maximum time step and end of time steps are assigned. 

In the study the minimum and the maximum time step number used in the simulation are 0.1 and 

0.001 also the end of time steps is 30 second.  

 

Figure 23.  Applied heat flux on the battery tray surface at 5% SOC discharge and 25℃ ambient 

temperature. 
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Solution 

In this phase of the simulation setup, the model is run to obtain a solution. The maximum and 

minimum temperature plots over discharging rate are displayed in the solution information section. 

Additionally, the solution information also shows the convergence of the solution at each time step 

of the analysis. 

4.2.4.2.Mesh Convergence Test 

The size of the mesh is an important factor in solving numerical solution as it greatly affect the 

reliability and accuracy of the calculations. In these cases, the same SOC discharge (3C) condition 

is applied and the ambient temperature of the battery tray is set to 25 ◦C. After all of these 

parameters were considered and applied, the total number of mesh nodes and elements were 

discovered to be 598387 and 383182, respectively.  

 

Figure 24.  Mesh convergence test 
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CHAPTER 4 

 RESULT AND DISCUSSION 

The operating temperature of the battery is crucial for its safety, lifespan, and performance and 

proper thermal management of lithium-ion batteries is essentially important in hot climate.[29] in 

these studies, two factors such as battery tray material and cooling systems are analyzed in order 

to control the battery tray temperature. This section explains the result obtained from the battery 

tray under different SOC discharging and different battery tray materials with cooling system. 

4.1. Simulation of Surface Temperature of Battery Tray in Natural State 

In this analysis simulation of thermal behavior of battery tray made from two different materials 

are performed. The current 150Ah Letin mengo (Anna 200) EV battery tray material (steel4130) 

and aluminum silicon carbide metal matrix composite (alsic MMC) materials are used for the 

simulation. In the natural working state of the battery pack, the heat dissipates from the battery 

without the aid of any active cooling mechanism. The goal of this analysis is to understand the 

impact of battery tray materials on the surface temperature distributions.   

During discharging process, heat is generated from the battery due to the internal resistance, 

electrochemical reaction and other factors. For the natural working state of the battery pack, the 

heat generated from the (Anna 200) EV battery is provided in the above figure 18. 

4.1.1. Simulation with steel 4130 materials 

For the first simulation; The thermal behavior of the battery tray when enclosed with steel 4130 is 

analyzed. The simulation is setup with steel4130 material under 5% SOC discharging (95% depth 

of discharge) and the ambient temperature is considered 25℃. 

From equation (4) we can get the following calculated heat flux values and using those heat flux 

value at different SOC discharging and convective heat transfer coefficient of ℎ = (41
𝑊

𝑀2 . 𝐾). 

Using those boundary conditions, we can determine the effect of depth of discharge in the battery 

tray surface temperature. 

 



Thermal Analysis for Electric vehicle Battery Tray with Modified Material using 

Numerical method: 
         2025 

  

 

53 

 

The resulting temperature distribution of the battery tray is presented as shown below in figure 

(24). It is observed that the operating temperature rise significantly, reaching up to 83. 47℃.this 

temperature exceeds the operating optimum working temperature of the lithium-ion battery which 

is typically less than 60℃. This increase in temperature is due to the low thermal conductivity of 

the steel materials and making it an unsuitable material for battery tray to dissipate heat effectively. 

 

 

Figure  25. Temperature contour of the entire battery tray in steel4130 material at 3C discharge 

and 25℃  ambient temperature. 

Steel gives excellent strength, excellent fatigue resistance, it is simple to create a complex shape 

and assemblies (easy to fabrication) and making it suitable for structural applications. However, it 

has low corrosion resistance, heavy weight, low thermal conductivities (TC) and high coefficient 

of thermal expansion (CTE) values that may result in thermally induced stresses that can cause the 

device to fail by cracking. This induces the overheating of the internal components, thermal stress 

and leads to reduce the overall efficiency of the battery’s and also the life time of the battery. It is 

preferred that the battery trays are fabricated from lightweight materials like aluminum, aluminum 
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alloy and composite materials which ensures thermal stability and the rigidity required to support 

the weight of the cells [31]. 

To reduce the temperature of the battery tray, materials with light weight, good mechanical 

strength, high thermal conductivity (TC) and low coefficient of thermal expansion (CTE) such as 

aluminum silicon carbide metal matrix composite (alsic MMC) are selected. 

4.1.2. Simulation with alsic MMC materials 

To improve the thermal performance of the battery tray, alsic MMC materials with high thermal 

conductivity (TC) and low coefficient of thermal expansion (CTE) are used for the second 

simulation. 

The simulation is setup with alsic material under 5% SOC discharging (95% depth of discharge) 

and the ambient temperature is considered 25℃.  Figure (22) shows that the maximum temperature 

raises of the battery tray at 3C 5% SOC discharging rate and an ambient temperature of 25℃. The 

result shows that the maximum operating temperature of the battery tray surface is reduced to  

 69.6℃ due to the high thermal conductivity material of alsic MMC. 

 

Figure 26. Temperature contour of the entire battery tray in alsic MMC material at 3C discharge 

and 25℃  ambient temperature. 
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In this result using aluminum silicon carbide metal matrix composite (alsic MMC) we can reduce 

the battery tray surface temperature from 83.4𝟕℃ (with steel4130) to 69.9℃.however, this is still 

not sufficient to bring the battery discharge temperatures in to the safe range between (-30℃ to 

60℃). Therefore, an additional cooling method is needs to keep the battery temperature with in 

safe limits under 3C discharging rate conditions.to achieve this an effective cooling system should 

be configured at the bottom of the battery back. 

4.2.  Effect of Different SOC Discharging in (3C-Rate) 

To predict the impact of battery temperature variation on EV battery tray performance, heat 

generation during discharging process must be analyzed. This largely depend on the operating 

conditions such as environmental temperature and state of charge (SOC) [38].  

In below the table (10) at the same (25℃) ambient temperature, the heat generation rate increases 

at the higher depth of discharge (DOD) or the lower SOC discharge. 

Table 10.  Analytical calculated heat flux value at different SOC discharge and at 25℃ ambient 

temperature. 

SOC (-) Heat flux(W/M2) 

5% 2836 

10% 2097 

20% 1639 

30% 1480.3 

40% 1357 

50% 1285.43 

60% 1260.08 

70% 1233.78 

80% 1197.39 

90% 1128.13 

95% 1092.9 
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                                       A) 

  

                                                                    B) 

Figure 27. A) surface temperature distribution of EV battery tray under 95%and 50% SOC 

discharging a) using steel4130 b) using alsic MMC materials 

The resulting temperature distribution of the battery tray is presented as shown below in figure 

(23). It is observed that in the early stage of discharging processes the battery tray surface 

temperature is lower.  In the last stage of discharging, the temperature of the battery tray is 

increasing due to the battery direct resistance (DC) increases under the large SOC conditions, 

leading to an increase in irreversible joule heat. This indicates that the operating surface 

temperature of the battery tray rises significantly under the lower SOC discharge (higher DOD). 

This indicates that at higher depth of discharge under 3C discharging rate the battery temperature 

must be maintained and controlled by using different battery cooling thermal management system.  
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Table 11. Surface temperature of battery tray under different SOC discharging 

SOC (-) 

discharge  

Steel4130 material, 

Surface temperature of 

the battery tray (℃) 

Alsic MMC, Surface 

temperature of the 

battery tray (℃) 

5% 83.47 69.64 

10% 79.53 65.8 

20% 77.09 63.46 

30% 76.24 62.64 

40% 75.58 62.008 

50% 75.2 61.63 

60% 75.07 61.5 

70% 74.92 61.36 

80% 74.73 61.18 

90% 74.36 60.82 

95%

  

74.17 60.64 

When the battery terminal voltage decreases as the depth of discharge (DOD) increases. When the 

DOD exceeds 90% (=10% SOC discharging), the terminal voltage drops rapidly and the 

irreversible joule heat is proportional to the rate at which the terminal voltage decreases and the 

discharge rate.as a result more heat is generated in the battery during higher depth of discharge 

(during low SOC discharging). The high heat generation at low SOC discharging leads to 

increasing the surface temperature of the battery tray [38]. 

efficiency   =(𝑄𝑖𝑛𝑖𝑡𝑖𝑎𝑙 −  𝑄𝑓𝑖𝑛𝑎𝑙)/𝑄𝑖𝑛𝑖𝑡𝑖𝑎𝑙  

𝑄𝑖𝑛𝑖𝑡𝑖𝑎𝑙 = ℎ ∗ 𝐴 ∗ (83 − 𝑇𝑎𝑚𝑏) 

𝑄𝑖𝑛𝑖𝑡𝑖𝑎𝑙 = 15628.81𝑊 

𝑄𝑓𝑖𝑛𝑎𝑙 = ℎ ∗ 𝐴 ∗ (69.9 − 𝑇𝑎𝑚𝑏) 

𝑄𝑓𝑖𝑛𝑎𝑙 = 14976.726             Efficiency = 0.0417 
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4.3.  Numerical Analysis of Cooling System Impact on Battery Thermal 

Management 

Managing the temperature of the battery is crucial to avoid degradation and thermal runaway. 

Hence the battery is generating heat during charging and discharging processes. For this case an 

effective thermal management is essential to maintained a safe operating temperature. Ensuring 

thermal safety improves EV reliability and reduce the risk of battery pack failure and for such type 

of purpose liquid cooled thermal management provides excellent cooling performance [6]. 

A numerical case study has been conducted to predict the impact of liquid coolant on the battery 

tray’s temperature distribution. The ANSYS fluent set up is used to simulate the surface 

temperature distribution of battery trays using an adequate liquid cooling system.  
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Figure 28.  Liquid cold plate for Letin mengo (Anna 200) electric vehicles battery pack 

Table 12. Specification of the liquid cold plate 

Parameters Value 

Liquid cold plate size 1000mm*870mm*10mm 

Outer diameter of the channel 9mm 

Inner diameter of the channel 7mm 

Channel Cu 

Coolant working temperature 20℃ 
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Figure 29.  EV battery tray with cold plate 

In this study, the coolant temperature is set to 20 °C. A fixed heat flux boundary condition is 

applied at the bottom of the battery tray along with a power loss corresponding to the 3C discharge 

rate.  

In the previous result, the battery tray operating temperature can reach up to 69.9℃ at 25℃ ambient 

temperature and under 5% SOC discharge (95% depth of discharge).to keep the battery tary 

temperature additional simulation is performed to analyze the impact of liquid cooling system. 
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                                                                   A) 

 

B) 

Figure 30.  Temperature contours of the battery tray in alsic housing with cold plate a) under 5% 

SOC and b) under 95% SOC discharging. 

Table 13.  Battery tray surface temperature simulation result under maximum and minimum heat 

generation on the battery tray using liquid cooling system. 
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SOC discharging Maximum surface 

temperature (℃) 

Temperature of coolant (℃) 

5% 33.1 20 

95% 20.7 20 

 

The use of liquid cooling effectively reduces the high temperature levels.   The figure (30) above 

the result shows that under 3C rate 5% SOC discharging condition, the battery temperature rises 

to 33.1℃ . It observed that the addition of liquid cooling system has a significant impact on the 

reduction of battery tray temperatures. The temperature under high depth of discharge (DOD) 

reduces the surface temperature from 69.9℃to 33. 1℃. The cold plate helps to reduce the battery 

tray operating temperature to an acceptable limit. The result suggest that a battery tray made from 

high thermal conductivity material is necessary for battery temperature management and 

additionally external liquid cooled thermal management needs to be employed when the battery is 

operating at higher discharging rate like 3C. 

A cold plate which has internal tube for circulating a coolant is integrated directly to the bottom 

surface of the battery trays for liquid coolant to carry the heat from the hot component. The cold 

plate absorbs heat directly from the battery pack and providing efficient cooling through the 

system. Cold plates are mostly preferred in electric vehicles (EV’s)because of the strict space 

limitation.[27]  
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4.4. Impact simulation of EV Battery Tray  

4.4.1. Deformation 

 

 

                               a) 

 

                             b) 
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Figure 31. directional deformation of a) steel4130 materials and b) Aluminum silicon carbide 

composite (AlSiC) material EV battery Tray. 

Table 13 maximum deformation of different material EV battery Tray 

materials Maximum deformation 

steel4130 0.029885m 

AlSiC 0.019428m 

 

the analysis is performed using the ANSYS workbench software and the result shows that 

Aluminum silicon carbide composite material of electric vehicle battery tray experiences 

significantly less deformation compared to conventional steel4130 materials. 

4.4.2. Equivalent(von-misses) stress 

 

 

                               a) 
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                                              b) 

Figure 32. equivalent (von misses) stress of a) steel4130 materials and b) Aluminum silicon 

carbide composite (AlSiC) material EV battery Tray. 

The analysis shows that the Aluminum silicon carbide composite (AlSiC) material Letin mengo 

(Anna 200) electric vehicles battery tray experiences the lowest equivalent (von-misses) voltage 

compared to the conventional steel tray under the same impactors. This suggests that the EV 

battery tray is exposed to less stress, has a lighter weight and offers excellent performance. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

5.1. Conclusion 

This study presents a numerical simulation that provides an effective cooling solution for Letin 

mengo (Anna 200) electric vehicles battery tray during operating process. The cooling solution 

combines high thermal conductivity battery housing material with liquid cooling systems. The 

numerical evaluation indicates that using high TC Aluminum silicon carbide metal matrix 

composite material battery tray can reduce the surface temperatures from 83.47℃ steel4130 

material housing to 69.64℃ at 3C discharging rate and it increases the efficiency by 4.17%. Further 

temperature reductions are achievable with liquid cooling (cold plate). The cooling system also 

reduce the battery temperature from 69.64℃ to 33.1 ℃with a coolant temperature of 20℃. This 

analysis show that this cooling system can maintain safe battery temperature up to a 3C discharge 

rate. Therefore, the system offers an enhanced safety by maintain the battery with in optimal 

temperature range during operating process. in the explicit dynamic analysis, the deformation and 

equivalent (von misses) stress of AlSiC EV battery tray is less than the convectional steel4130 EV 

battery tray. so, the AlSiC MMC EV battery tray is exposed to less stress, has a lighter weight and 

offers excellent performance. 

5.2. Recommendation 

The study provides valuable insights into effective thermal management strategies for EV battery 

trays, with potential to contribute to more efficient and safer electric vehicles in the future. While 

the cooling system proved effective, further research is needed to assess alternative cooling 

techniques or hybrid approaches that integrate advanced materials with superior thermal and 

mechanical properties. Additionally, a detailed analysis needed in different environmental 

temperature is recommended for future research to evaluate the influence of this thermal 

management solutions on the EV battery tray. 
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APPENDIX 

Appendix A 

 Data sheets 

Table A1; experimental results of internal resistance at different temperature and soc discharge 
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Table A2; thermophysical properties of dry air 

 

Appendix B 

B1; ANSYS transient thermal analysis simulation result 

1) Surface temperature of battery tray at 10% SOC discharging under steel4130 and alsic 

battery tray materials. 
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2) Surface temperature of battery tray at 20% SOC discharging under steel4130 and alsic 

battery tray materials. 

 

3) Surface temperature of battery tray at 30% SOC discharging under steel4130 and alsic 

battery tray materials. 

  

4) Surface temperature of battery tray at 40% SOC discharging under steel4130 and alsic 

battery tray materials. 
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5) Surface temperature of battery tray at 60% SOC discharging under steel4130 and alsic 

battery tray materials. 

  

6) Surface temperature of battery tray at 70% SOC discharging under steel4130 and alsic 

battery tray materials. 
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7) Surface temperature of battery tray at 80% SOC discharging under steel4130 and alsic 

battery tray materials. 

  

 

8) Surface temperature of battery tray at 90% SOC discharging under steel4130 and alsic 

battery tray materials. 

 

  

 

 

 

 

 

 



Thermal Analysis for Electric vehicle Battery Tray with Modified Material using 

Numerical method: 
         2025 

  

 

76 

 

Appendix C 

C1; ANSYS fluid flow fluent analysis processes 
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C2; CFD simulation result 

1) Temperature of coolant=10℃ 
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2)  Temperature of coolant=15℃ 
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3) Temperature of coolant=20℃ 

 

 


