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Abstract: The research work presented in this paper discusses on “Model simulation of a battery pack for a electric vehicle
using simulation tools Ansys with structural optimization techniques incorporation” with simulated results. The battery tray
is one of the important components to protect batteries in electric vehicles, the dynamic and static performance of the battery
tray is closely related to the safety of the whole vehicle. Therefore, it is very important to study the stress and displacement
distribution of the battery tray under specific working conditions to optimize the design of the weak parts of the battery
box’s stiffness and strength. Due to the advantages of high energy density and long cycle life, Li-ion batteries are being
widely studied and proverbially used as power sources for electric vehicles. Simulations are carried out in Ansys & the
results are observed, which shows the effectiveness of the methodology that is being demonstrated via the simulated results.
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Model simulation of the battery pack

The modal simulation is also carried out on the basis of processing of the finite element model [23]. The goals are two, one is to
check whether the battery structure has a bug or abnormal vibration caused by an unreasonable design, the other one is to see
whether it overlaps with the natural frequency of the frame to avoid accidents caused by a long-term internal resonance of the
battery, and also to improve the interior comfort. The different mode shapes when the battery pack is subjected to vibrations are
shown in the Figs. 1 to 10 respectively where the 10 modal shapes are displayed [1] [20].

Based on the constrained modal analysis, the finite element model bas been imported into the modal simulation in ANSYS to
calculate the first 10-order natural frequencies. Since the battery is installed on the chassis, the box and the groove on the chassis
are connected by bolts with lifting lugs, so the selected constrained mode will be closer to the real vibration environment of the
battery pack than the free mode, the prerequisite condition of 6 DOF cannot be omitted in the modal link as shown in Figs. 1 to 10

[2]1 [19].

According to the results of modal simulation, the natural frequency of the first-order vibration mode is relatively low and may
resonate with the frame. During the driving process of the vehicle, it is inevitable that there will be violent vibrations due to the
unbalance of the wheels. When driving at high speed, the natural frequency of the frame is generally maintained at about 15 Hz
[18]. Based on the vibration requirements of high-speed driving, the first vibration mode of this battery pack is completely within
the vibration frequency range of the frame, and the natural vibration frequency of the human organs is also between 5-15 Hz, so
except for the first-order problem, the other vibration modes are basically within the safe frequency ranges [3] [21].
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Fig. 2 : (a) The 3 order and (b) the 4™ order mode of the battery pack
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Fig. 3 : (a) The 5™ order and (b) the 6™ order mode of the battery pack
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Fig. 4 : (a) The 7" order and (b) the 8" order mode of the battery pack
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Fig. 5 : (a) The 9" order and (b) the 10" order mode of the battery pack
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Order | Frequency | Order | Frequency
1 17.08 6 33.67
2 18.05 7 37.99
3 21.39 8 41.17
4 25.66 9 43.74
5 32.70 10 51.63

Table 1 : Constraint modal analysis of battery pack results

Structural optimization verification

According to the above structural changes, the improvement of the optimized structural performance is analyzed again from the
perspective of static stiffness and modal examination. First the static strength. Working condition 1 is bumpy and sharp turning
[24]. The result shows that the maximum stress is 140.8 MPa after optimization, and its location is distributed near the edge line of
the added rib and the box cover (Fig. 1a) [17] . The maximum deformation is 37.1 mm, which appears in the front, middle and rear
of the box cover (Fig. 1b). Compared with the previous static simulation, the stress and maximum deformation are reduced by
30.09% and 54.59%, respectively. Working condition 2 is bumpy and rapid acceleration [5].

The maximum stress on the structure is 143.6 MPa, and its location is similar to the previous working condition (Fig. 1a). The
maximum deformation is 38.2 mm, which is also distributed in the front and middle and rear positions of the box cover (Fig. 1b).
Compared with the previous model, the maximum stress and the maximum deformation decreased by 29.2% and 54.3%,
respectively [16]. Through optimization, the stress and deformation of each working condition are successfully reduced and the
thickness of the battery pack body is reduced, the material is saved, and the overall weight of the battery goes down a lot. It is
concluded that the optimized battery pack meets the use of security and structural reliability under these three load conditions [6].
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Fig. 6 : (a) Stress and (b) strain of working condition 1 after optimization
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Fig. 7 : (a) Stress and (b) strain of working condition 2 after optimization

Working condition 3 is bumpy, emergency braking and turning. According to the analysis, it is concluded that the maximum stress
of the battery pack under this working condition is 142.6 MPa (Fig. 6a). Its location is still on the two sides where the ribs are in
contact with the edge of the box cover [15]. The maximum deformation in the middle rear position of the box is 40.0 mm (Fig. 6b).
Compared with the original, the maximum stress and maximum deformation have been reduced by about 29% and 52%, respectively
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Fig. 8 : (a) Stress and (b) strain of working condition 3 after optimization

Benefits - Summary

In this section, some of the benefits of the carried-out simulation in the project work done is presented. New product development
time is getting reduced by taking the advantage of the existing design of the components and necessary modifications are conducted.
CAE analyses all the possible load cases since there is no physical part available [14]. This drastically saved the development time
and testing material. The FE analysis gives a real insight into the critical stress areas by which it leads to conducting optimization
of components in near future. This analysis gives a clear picture of the stresses and displacements developed during the real-time
working condition of the components. The Table 1 gives the comparison of optimization results under various working conditions

(8] [25].

Stress calculation result Displacement calculation result
WOI'L.dTlg B.ofg)re f)p— Optimized Decrease ]E%ef(l)re f)p— Optimized Decrease
condition | timization [MPal percentage | timization (MPa] pcrcc_ntagc
[MPa] [%] [MPa] [%6]
1 199.7 140.8 30.09 83.4 37.1 54.59
2 202.9 143.6 29.22 83.6 38.2 54.30
3 204.2 143.6 29.00 83.9 40.0 52.00

Table 1 : Comparison of optimization results under various working conditions

Structural analysis

The battery pack studied in this article is a lithium battery pack, which is located in the center of a car chassis. Its total power is 22
kWh, the battery capacity is 60 Ah, and the total voltage of the battery is 353 V. The battery element material is an aluminum
structure made by ATL Pride with characteristics of large temperature difference withstand, higher peak value of electric heating,
over 120 Wh/kg specific energy of the battery element, and 150-kilometers driving mileage [10].

The battery pack is 1700 mm long, 1200 mm wide, and 210 mm high. The cover and the box are formed by stamping and die-
casting aluminum steel, respectively. The entire box is fixed to the frame by 10 fixing bolts through connectors (Fig. 5.49a). Above,
the weight of the entire box is about 235 kg. The main components of the battery pack have six parts [12]. The outside is composed
of the housing upper cover, the housing base and the lug connecting pieces. The upper cover and the base are connected by bolts,
and the inside is composed of battery modules, fixing plates of battery modules and high liquid cooling plates, etc [13]. The entire
battery pack is fixed in the special groove with 10 bolts through the lug connection piece, and the groove is surrounded by the
groove sheet on all sides. The finite element mesh model of the box can be seen in Fig. 8b [9] [11].

Overall conclusive remarks

Finally, to conclude, the static & dynamic analysis of the lithium-ion battery packs were conducted using the simulation tools and
the results were analyzed and found to be more effective compared to the work done by the others in this field. The conclusions and
scope for future works is presented in this section, which throws a highlight into what are the things that have been done in this
paper. Project was successfully completed with the conduction of static & dynamic analysis of the battery tray for the electric
vehicles. Different types of stress plots were plotted to check the stress levels at different parts of the battery tray when it is subjected
to dynamic forces when the vehicle is moving. The displacement plots are also observed which occurs because of the vibration
patterns that takes place when the vehicle moves over bumpy roads or pot-hole ridden surface. The different mode shapes are also
studies from which we can come to a conclusion that which mode is the more dominant one as it has to be suppressed else the
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system may go into the resonance mode or reliability of the EV goes on decreasing. The design of the battery pack mounting is also
taken care of and seen to it that space is well optimized and left for cooling purposes also. Ansys, Hypermesh was used for the
simulation purposes. Models are developed and the analysis is carried out to observe the overall performance of the designed system.
All the set objectives are solved herewith and arrived at excellent results in comparision to the works done by other researchers. A
design for the tray to hold the battery of an EV has been proposed in order to reduce the maximum deformation as much as possible,
while raising the minimum frequency as much as possible. In other words, both the responses - maximum-deformation and base-
frequency - are treated and taken care of with. One should be minimized while the other should be maximized. Also, static analysis
is conducted when the EV is stationary. The work that is being simulated could be implemented in the real time (RT) sense by using
the hardware of the system, which could be treated as a case of future work that could be done by the next post-graduation students.
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