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Abstract: The rise of electric vehicles (EVS) necessitates novel approaches to component design to enhance
their performance, safety, and efficiency. This study focuses on designing and performing finite element
analysis (FEA) of a battery bracket tailored for EVs. This bracket plays a pivotal role in securing the battery
pack, ensuring structural integrity, and dampening vibrations and impacts during vehicle operation. The
design process incorporates meticulous material selection, weight optimization, and manufacturability
considerations to develop a robust and economical solution. Utilizing advanced CAD software, a
comprehensive model of the bracket is created and subjected to FEA to assess its mechanical properties under
diverse load conditions. The analysis encompasses static, dynamic, and thermal simulations to gauge the
bracket's performance in real-world scenarios. Results indicate that the optimized battery bracket design meets
the rigorous safety and durability criteria of modern EVs while contributing to overall vehicle weight
reduction. This study provides valuable insights into the engineering complexities and resolutions pertaining
to EV battery support systems, thereby fostering advancements in electric vehicle technology.
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I. INTRODUCTION

Moreover, apart from technical aspects, the crashworthiness of battery brackets also undergoes scrutiny based on various
regulatory standards and guidelines. Bodies such as the International Electrotechnical Commission (IEC), Society of
Automotive Engineers (SAE), and National Highway Traffic Safety Administration (NHTSA) lay down specific criteria
and testing methodologies to ensure the safety and reliability of battery brackets in electric vehicles. This study aims to
offer an in-depth insight into crash testing methodologies, instrumentation techniques, failure analysis methods, design
optimization approaches, and pertinent standards governing the assessment of battery brackets in electric vehicles.

By delving into the latest developments in this domain, researchers, engineers, and manufacturers can collaboratively
strive towards crafting sturdy and effective battery bracket designs that align with rigorous safety standards, thus
furthering the enhancement of electric vehicle safety.

LITERATURE REVIEW
Kennedy F. E., et al. (2021) introduce enhanced methods for finite element analysis (FEA) to accurately predict sliding
surface temperatures. Addressing the challenges associated with predicting temperatures during sliding contact, the
authors focus on understanding wear, friction, and thermal behavior. Their proposed techniques improve the precision
and efficiency of FEA simulations, leading to more reliable predictions of sliding surface temperatures. These findings
advance numerical modeling techniques for studying sliding contact phenomena across engineering applications.[1]

He et al. (2021) explore the integration of topology optimization and additive manufacturing to produce lightweight and
efficient battery brackets. Leveraging modern design methodologies, they aim to reduce bracket weight while preserving
structural integrity. Topology optimization optimizes material distribution within the bracket, resulting in a lightweight
yet robust design. Additive manufacturing enables the creation of intricate geometries, enhancing efficiency and reducing
overall vehicle weight. This study highlights the potential of these techniques to revolutionize vehicle component
production, improving automotive system efficiency and performance.[2]

Burton R. A. et al. (2020) investigate thermal deformation in frictionally heated contact, examining its effects on surface
deformation. Through experimental and analytical approaches, they explore thermal effects on contacting bodies and
their influence on performance and reliability. This research provides insights into thermal deformation mechanisms,
aiding in the development of mitigation strategies for various engineering applications.[3]

Li et al. (2020) focus on the crashworthiness of battery pack structures in electric vehicles. Employing multi-objective
optimization techniques, they seek to balance weight, strength, and energy absorption capacity. Computational methods
are utilized to model crash scenarios and optimize pack structural integrity. Their work contributes to safer electric
vehicle designs, ensuring battery pack security and integrity during collisions. This research enhances confidence in
electric vehicle safety and reliability, emphasizing the importance of robust design and computational modeling in
crashworthiness assessment.[4]

Il. OBJECTIVES
A. To design and develop a battery bracket that ensures the safety and protection of the battery pack.
B. To minimize the risk of battery pack failure resulting from rear, front, and side impacts during collisions.
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C. To analyze the battery bracket using simulation tools like ANSYS and validate the results.
D. To compare the results from finite element analysis (FEA) with experimental data for the battery bracket.

I1l. EXPERIMENTATION
A. Structural Analysis of Bracket
Experimental testing of the bracket is conducted to examine the impact of composite material on its load-bearing

capacity. The experimental test setup, depicted in Figure 6.1, utilizes a Universal Testing Machine with a 10-tonne
capacity for this evaluation.

Figure 5.1 Test setup for battery bracket

Table 5.1: Experimental results

Temperature
Deformation | Von-Mises stress

Sr. No. Description Distribution
(mm) (MPa)
(0
Battery Bracket 59 0.05112 347

B. FINITE ELEMENT ANALYSIS

Finite Element Method is a numerical procedure for solving continuum mechanics of problem with accuracy acceptable
to engineers.

6.1 Post-processing of Structural Analysis

000 150.00 300,00 (mm) ‘T‘
]
7580 250 ’

Figure 6.1: Total deformation contour plot for battery bracket
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The maximum deformation shown by the battery Bracket design is 0.048204 mm.
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Figure 6.2: Von-Mises stress contour plot for battery bracket
The maximum equivalent stress observed in the battery bracket is 335 MPa.

The material has a yield strength of 375 MPa. The results indicate that the von-Mises stress is 335 MPa, which is slightly
lower than but close to the material's yield strength.

6.2 Summary (From Finite Element Analysis)

The results reveal that the maximum stresses in the battery bracket correspond precisely with the observed field failures.
A comparison has been made between the maximum total deformation and equivalent stress values for the initial battery
bracket design and its subsequent modified versions. The following table presents a comparison of these different battery
bracket designs using FEA.

Table 6.1: FEA Results

Temperature
Deformation |Von-Mises stresq

Sr. No. Description ~ |[Distribution
(mm) (MPa)

(0

1 Battery Bracket 39 0.048204 335

The stresses in the proposed bracket are minimal. This design is deemed feasible and has been advanced to the
manufacturing stage. The experimental results will be compared with the finite element analysis findings.

111. CONCLUSION

» The deformation in the modified FEA design of the bracket is minimal at 0.048 mm, while the experimental
measurement is 0.05112 mm.

» The Von-Mises stress in the modified bracket design is also minimal at 335.59 MPa, compared to the
experimental value of 347 MPa.

» Therefore, the modified battery bracket design is the most suitable and feasible for the current application
from both design and manufacturing perspectives.

Table 7.1. FEA & Experimental Results Summary
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FEA For Battery Experimental for
Test % Error
Bracket Battery Bracket
Deformation (mm)
0.048204 0.05112 3.23%
Von Mises Stress
(Mpa) 335 347 3.48%

[1] Mrs. Jostna Ingale and Prof. A. B. Dighewar, “Design and Optimization of Car Battery Tray”, International Journal of
Research in Advent Technology, Vol.5, No.2, February 2017, 2321-9637.H.

[2] Shashank Arora and Ajay Kapoor, “Mechanical Design and Packaging of Battery Packs for Electric Vehicles”, Green
Energy and Technology, 2018, 10.1007/978-3-319-69950-9 8.

[3] Shashank Arora, Ajay Kapoor and Weixiang Shen, “Application of Robust Design Methodology to Battery Packs for
Electric Vehicles: Identification of Critical Technical Requirements for Modular Architecture”, Batteries 4(3):30, 2018,
10.3390/batteries4030030.

[4] Nengsheng Bao; Rongjiang Zhao, “Design Optimization of Battery Holder for Electric Vehicle”, IEEE, 2018,
10.1109/CMAME.2018.8592441.

[5] Bhushan A. Bhaye, Kunal M. Chandorkar, Pankaj B. Doiphode, Sonali S. Koli and Rohit G. Ramteke, “Design and
Implementation of Electric Vehicle” , International Research Journal of Engineering and Technology, Volume: 05 Issue:
10 | Oct 2018.

[6] Adarsha*, Sunil Bhat and S. Rakesh, “Design of a bus battery box”, Adarsha Journal of Engineering Research and
Application, 2 Vol. 9,Issue 5 (Series -1) May 2019, pp 27-32.

[7] Pritesh Sutar , Arif Mansuri and Arvind Ambesange, “DESIGN OF INTEGRATED BATTERY MOUNTING TRAY
FOR COMMERCIAL VEHICLE”, Vol-7 Issue-3 2021.

[8] Joshua Lamb, Jinyong Kim and Andrew Kurzawski, “Propagation Mitigation Testing Procedures, Modeling, and
Analysis”, Affiliation: Sandia National Laboratories”, 2022, DOT HS 813 230.

[9] Giovanni Belingardi and Alessandro Scattina, " Battery Pack and Underbody: Integration in the Structure Design for
Battery Electric Vehicles—Challenges and Solutions”, MDPI1,2023, 5(2), 498-514.

24227 ijariie.com 4820


https://www.researchgate.net/profile/Shashank-Arora-3?_sg%5B0%5D=KSZ2gooDSanow9gfpxd5PJG2RSp82Ils8P7j3lWVeiaM042qtWa1aok8Q6dWaqOMTP-0_n8.rKB1qjZd38BUdKEwaz4HgQH5gHP0faHw9h2dY6P7DCHe4oGGIRn0YbvjxLaG8Rptd4Vj-uObbw8KlZaILo2ZgQ&_sg%5B1%5D=oOQzcaNpZyGyoIFtl6wQYcCwI_p6pVgqc1D9HTk84pFrH87MIfPSoyNYESnabW3g48iuvDw.FDybt6i9igp6xPyF9QTlnE4JVygfJAnXw8voCyQwl_MdI8tsj0-7mPDT6Y7fylKi0yKaaB_9IuHXyK8a0d3Myg
https://www.researchgate.net/profile/Ajay-Kapoor?_sg%5B0%5D=KSZ2gooDSanow9gfpxd5PJG2RSp82Ils8P7j3lWVeiaM042qtWa1aok8Q6dWaqOMTP-0_n8.rKB1qjZd38BUdKEwaz4HgQH5gHP0faHw9h2dY6P7DCHe4oGGIRn0YbvjxLaG8Rptd4Vj-uObbw8KlZaILo2ZgQ&_sg%5B1%5D=oOQzcaNpZyGyoIFtl6wQYcCwI_p6pVgqc1D9HTk84pFrH87MIfPSoyNYESnabW3g48iuvDw.FDybt6i9igp6xPyF9QTlnE4JVygfJAnXw8voCyQwl_MdI8tsj0-7mPDT6Y7fylKi0yKaaB_9IuHXyK8a0d3Myg
https://www.researchgate.net/journal/Green-Energy-and-Technology-1865-3529
https://www.researchgate.net/journal/Green-Energy-and-Technology-1865-3529
http://dx.doi.org/10.1007/978-3-319-69950-9_8
https://www.researchgate.net/profile/Shashank-Arora-3?_sg%5B0%5D=KSZ2gooDSanow9gfpxd5PJG2RSp82Ils8P7j3lWVeiaM042qtWa1aok8Q6dWaqOMTP-0_n8.rKB1qjZd38BUdKEwaz4HgQH5gHP0faHw9h2dY6P7DCHe4oGGIRn0YbvjxLaG8Rptd4Vj-uObbw8KlZaILo2ZgQ&_sg%5B1%5D=oOQzcaNpZyGyoIFtl6wQYcCwI_p6pVgqc1D9HTk84pFrH87MIfPSoyNYESnabW3g48iuvDw.FDybt6i9igp6xPyF9QTlnE4JVygfJAnXw8voCyQwl_MdI8tsj0-7mPDT6Y7fylKi0yKaaB_9IuHXyK8a0d3Myg
https://www.researchgate.net/profile/Ajay-Kapoor?_sg%5B0%5D=KSZ2gooDSanow9gfpxd5PJG2RSp82Ils8P7j3lWVeiaM042qtWa1aok8Q6dWaqOMTP-0_n8.rKB1qjZd38BUdKEwaz4HgQH5gHP0faHw9h2dY6P7DCHe4oGGIRn0YbvjxLaG8Rptd4Vj-uObbw8KlZaILo2ZgQ&_sg%5B1%5D=oOQzcaNpZyGyoIFtl6wQYcCwI_p6pVgqc1D9HTk84pFrH87MIfPSoyNYESnabW3g48iuvDw.FDybt6i9igp6xPyF9QTlnE4JVygfJAnXw8voCyQwl_MdI8tsj0-7mPDT6Y7fylKi0yKaaB_9IuHXyK8a0d3Myg
https://www.researchgate.net/profile/Weixiang-Shen?_sg%5B0%5D=M1jZzgbGJDKvGyGk28-5Esae1aq4MD5FlQ8UMgqmaIFK_iLLROSpC5rKiVbMAXqUcjYdfCE.9gjyTPBAcrsbwUowQs-oG58N5HhsHx8vl2zLKuQlwjjR_DpXYNyKCIrDBHFuqVkG_dlxNeytMfjxEEeU2ZB-Zw&_sg%5B1%5D=sBkRnD8nB5Js4hzopLqEdZET5iWP0oGb6OGPE4bwrbWDQSxd1v-XZ7q91Y245BC2Iph9KyA.9nBEX5yc3WV4ytcZ1udm5FFzLb7Qfgumo7GWmxridX0x5sdfyVbQeuBY65Jhz_AaNVsz63t_afVOzWxF9bcUog
https://www.researchgate.net/journal/Batteries-2313-0105
http://dx.doi.org/10.3390/batteries4030030
https://ieeexplore.ieee.org/author/38243569400
https://ieeexplore.ieee.org/author/37086578235
https://doi.org/10.1109/CMAME.2018.8592441
https://www.researchgate.net/profile/Joshua-Lamb-5?_sg%5B0%5D=Q_bs0jNmlOiqmuXf-uIz6C_FAhyZXm-maJaWThov67M3wR3bN8hfU0OE56VLRhBX_SJeJM8.p60HB9z2QjvCSxGRtD2a_CIlTNOS1mauDs9VINxM48uB7hkZ6ejeimkb-NhfTQ-SJmyd466UlBuVvncSHHNUpQ&_sg%5B1%5D=7J9YQTml8slJ6rsYsQhyE7rPxsCevsoKPmASknZbwr5SJ_Il1j6p0yx61fchnSFTGziY-dc.icKsNyR4OEkTisF9925-oeOg2qysotqMwH8pJKV4sIM2zqQwV0NSbgf_S9_FPuM30F1bowpjVNdr-snriy7PxQ
https://www.researchgate.net/profile/Jinyong-Kim-9?_sg%5B0%5D=Q_bs0jNmlOiqmuXf-uIz6C_FAhyZXm-maJaWThov67M3wR3bN8hfU0OE56VLRhBX_SJeJM8.p60HB9z2QjvCSxGRtD2a_CIlTNOS1mauDs9VINxM48uB7hkZ6ejeimkb-NhfTQ-SJmyd466UlBuVvncSHHNUpQ&_sg%5B1%5D=7J9YQTml8slJ6rsYsQhyE7rPxsCevsoKPmASknZbwr5SJ_Il1j6p0yx61fchnSFTGziY-dc.icKsNyR4OEkTisF9925-oeOg2qysotqMwH8pJKV4sIM2zqQwV0NSbgf_S9_FPuM30F1bowpjVNdr-snriy7PxQ
https://www.researchgate.net/scientific-contributions/Andrew-Kurzawski-2072468213?_sg%5B0%5D=Q_bs0jNmlOiqmuXf-uIz6C_FAhyZXm-maJaWThov67M3wR3bN8hfU0OE56VLRhBX_SJeJM8.p60HB9z2QjvCSxGRtD2a_CIlTNOS1mauDs9VINxM48uB7hkZ6ejeimkb-NhfTQ-SJmyd466UlBuVvncSHHNUpQ&_sg%5B1%5D=7J9YQTml8slJ6rsYsQhyE7rPxsCevsoKPmASknZbwr5SJ_Il1j6p0yx61fchnSFTGziY-dc.icKsNyR4OEkTisF9925-oeOg2qysotqMwH8pJKV4sIM2zqQwV0NSbgf_S9_FPuM30F1bowpjVNdr-snriy7PxQ
https://sciprofiles.com/profile/author/Y1AwSk9vTHAzL1dvWGxPM2hXM1BqR0l6SlBwRXVaN3ZzZzR1RDNTVkoycDAvRU9QTTFKK3ZTSWYwck1Za0gxdg==
https://sciprofiles.com/profile/1051319

