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Abstract :  The future of the automotive industry mainly depended on renewable energy because of the lack of fossil fuel. Due to 

the lack of fossil fuel and pollution arises due to fossil fuel; introduce a new path for the automotive world. The electric-powered 

vehicle is one of them. Properties of a lithium-ion battery are very higher than other batteries so that it should be controlled and 

maintained properly to achieve its maximum performance. This paper investigate the design and thermal analysis of lithium ion 

battery for electrical/ hybrid vehicles application. The Ansys 19.3 software used to analysis the performance of the model. 

Simulation results shows improvement in the proposed model in terms of the optimized parameters.   

 

IndexTerms - Lithium Battery, ANSYS, Vehicle, Temperature, Thermal, Power, Material.  

I. INTRODUCTION 

A battery is a source of electric power consisting of one or more electrochemical cells with external connections [1] for 

powering electrical devices such as flashlights, mobile phones, and electric cars. When a battery is supplying electric power, its 

positive terminal is the cathode and its negative terminal is the anode.[2] The terminal marked negative is the source of electrons 

that will flow through an external electric circuit to the positive terminal. When a battery is connected to an external electric load, a 

redox reaction converts high-energy reactants to lower-energy products, and the free-energy difference is delivered to the external 

circuit as electrical energy.[3] Historically the term "battery" specifically referred to a device composed of multiple cells, however 

the usage has evolved to include devices composed of a single cell.[4] 

Primary (single-use or "disposable") batteries are used once and discarded, as the electrode materials are irreversibly changed 

during discharge; a common example is the alkaline battery used for flashlights and a multitude of portable electronic devices. 

Secondary (rechargeable) batteries can be discharged and recharged multiple times using an applied electric current; the original 

composition of the electrodes can be restored by reverse current. Examples include the lead-acid batteries used in vehicles and 

lithium-ion batteries used for portable electronics such as laptops and mobile phones. 

Batteries come in many shapes and sizes, from miniature cells used to power hearing aids and wristwatches to small, thin cells 

used in smart phones, to large lead acid batteries or lithium-ion batteries in vehicles, and at the largest extreme, huge battery banks 

the size of rooms that provide standby or emergency power for telephone exchanges and computer data centers. 

Batteries have much lower specific energy (energy per unit mass) than common fuels such as gasoline. In automobiles, this is 

somewhat offset by the higher efficiency of electric motors in converting electrical energy to mechanical work, compared to 

combustion engines. 

Batteries convert chemical energy directly to electrical energy. In many cases, the electrical energy released is the difference in 

the cohesive[13] or bond energies of the metals, oxides, or molecules undergoing the electrochemical reaction.[3] For instance, 

energy can be stored in Zn or Li, which are high-energy metals because they are not stabilized by d-electron bonding, unlike 

transition metals. Batteries are designed so that the energetically favorable redox reaction can occur only when electrons move 

through the external part of the circuit. 

A battery consists of some number of voltaic cells. Each cell consists of two half-cells connected in series by a conductive 

electrolyte containing metal cations. One half-cell includes electrolyte and the negative electrode, the electrode to which anions 

(negatively charged ions) migrate; the other half-cell includes electrolyte and the positive electrode, to which cations (positively 

charged ions) migrate. Cations are reduced (electrons are added) at the cathode, while metal atoms are oxidized (electrons are 

removed) at the anode.[14] Some cells use different electrolytes for each half-cell; then a separator is used to prevent mixing of the 

electrolytes while allowing ions to flow between half-cells to complete the electrical circuit. 

The voltage developed across a cell's terminals depends on the energy release of the chemical reactions of its electrodes and 

electrolyte. Alkaline and zinc–carbon cells have different chemistries, but approximately the same emf of 1.5 volts; likewise NiCd 

and NiMH cells have different chemistries, but approximately the same emf of 1.2 volts.[20] The high electrochemical potential 

changes in the reactions of lithium compounds give lithium cells emfs of 3 volts or more.      

Research areas for lithium-ion batteries include extending lifetime, increasing energy density, improving safety, reducing cost, 

and increasing charging speed, among others. Research has been under way in the area of non-flammable electrolytes as a pathway 
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to increased safety based on the flammability and volatility of the organic solvents used in the typical electrolyte. Strategies include 

aqueous lithium-ion batteries, ceramic solid electrolytes, polymer electrolytes, ionic liquids, and heavily fluorinated systems. 

Life of a lithium-ion battery is typically defined as the number of full charge-discharge cycles to reach a failure threshold in 

terms of capacity loss or impedance rise. Manufacturers' datasheet typically uses the word "cycle life" to specify lifespan in terms 

of the number of cycles to reach 80% of the rated battery capacity. Inactive storage of these batteries also reduces their capacity. 

Calendar life is used to represent the whole life cycle of battery involving both the cycle and inactive storage operations. 

II. BACKGROUND 

The temperature of lithium-ion battery is critical for battery life-span and safety reliability. At present, the widely used 

temperature measuring method can only measure the surface temperature of the battery, but cannot measure the actual temperature 

inside the battery. Besides, the method is greatly affected by ambient temperature, and the accuracy is limited. To solve the above 

problems, we proposed a new noninvasive temperature measuring method based on magnetic nano particles for electric vehicle 

lithium-ion battery. At first, the mechanism of magnetic nano particles for battery temperature measurement was studied. Then, a 

temperature measuring model was established. Excitation and measurement system of AC magnetic field was built for temperature 

measuring experiments. The test results demonstrated that the proposed method could accurately measure the internal temperature 

of the battery, (X. Liu, W. Chen, J. Liu, W. Li and R. Yan 2018). 

Battery performance is strongly dependent on the ambient temperature. For example, at moderate temperatures, the battery 

performance is optimal, whereas at extreme temperatures, the battery performance is not optimized and sometimes unexpected. In 

order to predict the battery behavior, a model that involves the battery's underlying dynamics is usually used. The majority of 

dynamic battery models are derived at only one single temperature (room temperature), which can easily lead to failure in 

predicting the battery performance when the temperature varies. Therefore, adding some temperature dependence to those models 

can make the battery management system more reliable, safer, and moreover, prolong the battery lifetime. In this work, a 

3.6V/1100mAh lithium-ion (Li-ion) battery cell is tested at temperature between -30°C and +50°C and its main parameters are 

measured. The measured parameters include the discharge capacity, the charge and discharge resistance, and the open-circuit 

voltage, which comprise the main parameters of equivalent electric-circuit based models. Experimental testing results and 

observations are presented in this work (A. A. Hussein et al., 2018). 

Since the initial report by Legagneur et al. (2001), very few articles have been published until 2010. Aravinden et al. (2010) 

studied the electrochemical performance of pure and carbon coated LiMnBO3 material. Solid state synthesis method was adopted 

and adepic acid was used as a carbon source to synthesize carbon coated LiMnBO3 material. Pure and coated LiMnBO3 delivered 

an initial discharge capacity of 58 mAh g-1 and 111 mAh g -1 respectively. The carbon coating on the surface of the LiMnBO3 

significantly improved the electrical conductivity of the LiMnBO3 material (Vanchiappan Aravindan, Kaliyappan, Samuthira 

Pandian and Lee, 2010).  

Kim et al. (2011) investigated the structural stability and electrochemical properties of hexagonal and monoclinic LiMnBO3. 

Density functional theory (DFT) with generalized gradient approximation and Hubbard U corrections (GGA + U) approach was 

used to predict voltages and phase stability. The electrochemical properties of the monoclinic LiMnBO3 were studied and the 

discharge capacity of 100 mAh g-1 was obtained. (Kim, Jacob Moore, et al., 2011).  

Seo et al. (2011) performed the first-principles calculation and studied the electrochemical properties of three isotopic LiMBO3 

compounds (M = Mn, Fe, and Co). The theoretical energy density was calculated (660 – 860 Wh kg-1 ) and low volume change 

(less than 2%) during cycling was observed. The electronic structure investigation suggested that the small polaron acted as a main 

conductor in LixMBO3. Li mobility in LixMBO3 crystal structures was thought to be by zigzag one-dimensional (1D) Li diffusion 

tunnels (Seo et al., 2011). 

III. METHODOLOGY 

The main contribution of the proposed research work is as followings- 

 To design lithium Ion battery using solid work software. 

 To analysis using the Ansys software. 

 To analysis the simulation of the battery and calculate the performance parameters. 

 

The Computer-based method is called the analysis of thermal temperature is to identify how a product responds to real-world 

condition, vibration, heat, fluid flow as well as other physical effects. As finite elements analysis has become more accessible, 

many researchers have looked for ways to use it to calculate stress analysis. Each has their own unique details, but the general 

formula is to alternate between a finite elements analysis to determine pressures and calculate of wear which adjust the model 

prepared in the analysis. Using here is the engineering simulation program developed by the United States called the ANSYS 

Workbench platform that is a subsidiary part of ANSYS 19.3. ANSYS Workbench was chosen as the FEA software package 

because of its ability to accept a 3D computer aided design (CAD) model. The program also allows for the accurate placement of 

contact temperature and brake pressures, in addition to the modeling of contact surfaces. 

In thermal FEA models, choices of elements size, shape and order, as well as high Biot number convective loads, can 

sometimes result in non-physical temperature results such as temperatures that are higher or lower than any applied temperature. In 

transient models, the use of small time substeps can amplify the effect with high-order elements. 

Fewer problems of this sort are seen in thermal models that use low-order elements such as 4-node tet elements and 8-node 

brick elements. Related structural FEA models of the same geometry can use high-order structural elements, and recent versions of 

Ansys Mechanical Workbench, such as v14.0, can map temperatures between the non-matching meshes. There are a number of 

user-set controls for how the mapping is performed. 

Difficulties in thermal responses will still be occasionally seen with low-order thermal elements. The use of layers of elements 

that are thin at exterior surfaces can be used in attempts to address this (reducing the Biot number). The difficulty may also 

sometimes be seen in thermal elements that have different convective loads on two faces of one element. Work-around methods 

could include small elements on edges, or a small strip on one side of an edge with no convective load applied. 

The Ansys Mechanical APDL interface has mapping methods for temperatures using the BFINT command. The mapping 

methods available in the most recent Workbench Mechanical interface are more advanced, and offer higher success rates for 
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mapping between non-matching meshes. In this way, many non-physical thermal response difficulties can be avoided, while still 

performing related structural analyses with high-order elements. 

 

Table 1: Units 

Unit System Metric (m, kg, N, s, V, A)  

Degrees rad/s Celsius 

Angle Degrees 

Rotational Velocity rad/s 

Temperature Celsius 

 

IV. MODELING AND SIMULATION RESULTS  

The modeling and simulation is performed in Ansys 19.3 software.  

 
 

Figure 1: Model design 

 

 
 

Figure 2: Model in Ansys workbench 

 
Figure 3: Import Geometry 
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Figure 4: Apply mesh 

 

 
Figure 5: Selection of the geometry 

 

 
Figure 6: optimize temperature (22.C) 

 
Figure 7: Details of Mesh 
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Table 2: Structural Steel > Constants 

Density 7850 kg m^-3 

Coefficient of Thermal Expansion 1.2e-005 C^-1 

Specific Heat 434 J kg^-1 C^-1 

Thermal Conductivity 60.5 W m^-1 C^-1 

Resistivity 1.7e-007 ohm m 

 

V.  CONCLUSION 

This research presents the design and thermal analysis of lithium ion battery for electrical/ hybrid vehicles application. Modified 

design of lithium ion battery with improved thermal performance is proposed. The analytical analysis and finite element method is 

presented in this work of thesis. The method developed in this thesis work can be used to analysis contact temperature and 

electricity for mechanical components. ANSYS workbench output is compared with the analytical method and alike results are 

comes with fair precision. In order to get the contact Strength Coefficient, Strength Exponent, Ductility Coefficient, Ductility 

Exponent, Cyclic Strength, Coefficient, Cyclic Strain Hardening. The mechanical components with or without the temperature 

influence, both analytical and ANSYS workbench must be used by the researchers. The following conclusions can be generally 

ascertained from this study work. 
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