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Injection Molding-Structural Coupled Analysis for High-strength/
Lightweight Design of EV Battery Pack Case made by Short-fiber
Reinforced Composites
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YeongHun Seol*, DaYoung Jang™, Yeongll Kim**, HakYong Lee**, Kwan Hyeong Moon™**,
KwangUn Ko***, YoungMin Lee***, Jang-Woo Han™*'

ABSTRACT: In this study, an improved analysis model is proposed to enhance the impact resistance and lightweight
characteristics of the battery pack case structure, which are key components of eco-friendly electric vehicles. Short
fiber-reinforced composites were partially applied to the battery pack case structures as a lightweight design strategy,
and side-impact analysis were conducted to evaluate the impact resistance performance depending on the use of short
fiber composites. Furthermore, a molding-structural coupled analysis was introduced to accurately predict the
mechanical behavior of the short fiber-reinforced composite structures manufactured by the injection molding process.
The validity of the proposed analysis model was verified by comparing the mechanical behavior of the battery pack
case structures with and without the molding-structural coupled analysis. Based on the proposed analysis model,
quantitative analyses were performed to assess the impact resistance and lightweight characteristics according to the
range of short fiber composite applications in the battery pack case structures, consequently proposing an optimal
application of short-fiber composite materials that can comprehensively satisfies design requirements.
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Table 1. Material properties of AL 6061-T6

Property Value (unit)
Density, p 2.7E-9 tone/mm?
Elastic Modulus, E 70000 MPa
Poisson’s Ratio, v 0.33 -

Table 2. Johnson-Cook constants for AL 6061-T6

Property Value (unit)
Yield Stress, A 324 MPa
Strain Hardening Modulus, B 114 MPa
Strain Hardening Exponent, n 0.42
Strain Rate Factor, C 0.002
Thermal Softening Exponent, m 1.34
Initial Failure Strain, D1 -0.77
Exponential Factor, D2 1.45 _
Triaxiality Factor, D3 -0.47
Strain Rate Factor, D4 0.0
Temperature Factor, D5 1.60

Fig. 4. Side crush analysis: Stress distribution and failure behavior
of Case #1 BPC structure
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=Main Frame

=Side Member

Fig. 5. Injection gate positions for main frame and side member

Table 3. Injection molding conditions for main frame and side

member
Filling | Melt Mold | Maximum
K Injection
time | Temperature |Temperature
(sec) °C) ©C) Pressure
(MPa)
Main 18.4 324 142 150
Frame
Side
. 24 142 1
Member 5.79 3 50
=Main Frame =Side Member
:_ 9 [sec] 3 [sec]
..'
-
\‘ {\/*
e

7
4

10 [sec]

15 [secl

! |

18.4 [sec]

1

4 [sec]

1
~

5 [secl

.

[

9.79 [sec]

Fig. 6. Filling characteristics in the injection molding process
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[ Main Frame ]

=Fiber Orientation In X direction «Fiber Orientation in Y direction

t

0 0215 043 0.645 0.86

[ Side Member ]

=Fiber Orientation In X direction «Fiber Orientation in Y direction

-+

0 02175 0435 06525 087

Fig. 7. Fiber orientation characteristics along the reference
direction
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Fig. 8. Stress-strain curve of Ryton XE-5430 according to the
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.
o
Jo
:|:

#5749 uhE Ryton XE-5430 HetaAe] =
Fig. 83} gro] F=oj{Itt. Fig. 85 §ofl 5 A% &
.Q_Q oﬂE T;]—/H o HH‘B‘]: E_kl ] n:]-a]— 71—5
1A el i 20 oA Aols) i
2~ oh;]_ E3L Ao e EXo & 9l
7o) 7% B o =317 9
% X*OM op7|H= R g 54 2
o] T4 ToA HEA] T2 E
it g ®gFo]| gt Ryton XE-
Aol #2A3} 57 o|if B4 9 oA

B o
s 2
—ﬁf{r

% ol N
fo o ol
. L
_{

fr :[o filo

S~
e

Qb ooz WE 1o ox

R
E?‘J
ox, }'>’ mo"

594 o]y
ofok 92 B3l
5430 E5k 4 ]H

an
-.~ o oft =

4> ol 0\‘

o
Oﬁ

Table 4. Material properties of Ryton XE-5430

Property (unit)
Density 1.52E-9 tone/mm’

E11 10426
E22 4657.2
E33 4435.2
GI12 1931 MPa
G13 1568.8
G23 1478.8
nul2 0.387
nul3 0.333 -
nu23 0.465
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Table 5. Strength of Ryton XE-5430

Strength (unit)
Longitudinal 185.3
Transverse 71.1
MPa
Random 2D 115.2
Random 3D 93.7
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Fig. 10. Side crush analysis: Tsai-Hill failure criterion of Case #2
BPC structure
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Fig. 11. Side crush analysis: Stress distribution and failure
behavior of Case #3 BPC structure

Fig. 12. Side crush analysis: Tsai-Hill failure criterion of Case #3
BPC structure
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Fig. 14. Comparison of failure behavior of Case #3 BPC structure:
with and without coupled analysis
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—— Case #2 - Isotropic Analysis
—— Case #2 - Coupled Analysis
Case #3 - Isotropic Analysis
Case #3 - Coupled Analysis
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Fig. 15. Comparison of reaction force: with and without coupled
analysis
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Fig. 16. Comparison of reaction force of each case

Table 6. Mass and weight reduction of each case

Mass (kg) Weight Reduction (%)
Case #1 53.40 -
Case #2 34.29 35.787
Case #3 30.06 43.708
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