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ABSTRACT

Collision analysis involving a vehicle frame that includes a battery and a battery case was performed using a
carbon fiber composite material (CFRP) and a glass fiber-reinforced plastic (GFRP), which are lightweight materials.
Three types of collisions were analyzed: frontal collisions, partial frontal collisions, and side collisions. The
maximum stress and deformation levels were measured for each case. To evaluate the stability of ignition and
explosion potential of the battery, the maximum stress of the frame was measured before measuring the direct stress
to confirm whether the collision energy was sufficiently absorbed. The deformation level of the battery case was
measured to confirm whether the battery case affects the battery directly.
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Fig. 1 Shape of car frame and battery pack

Fig. 2 GFRP in colored part
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Table 1 Material properties of GFRP

Property Unit Value
Density kg/m? 2060
Tensile Strength MPa 327.39
Elongation at Break % 2.20
Young’s Modulus GPa 16.29
Poisson’s Ratio 0.3
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Table 2 Material properties of CFRP

Property Unit Value
Density kg/m? 1700
yougn’s modulus x GPa 164
yougn’s modulus y GPa 8.6
yougn’s modulus z GPa 8.6
Poisson’s ratio xy 0.27
Poisson’s ratio yz 0.45
Poisson’s ratio xz 0.27
Shear modulus xy GPa 6.94
Shear modulus yz GPa 3.36
Shear modulus xz GPa 6.94
Compressive strength x MPa 1084
Compressive strength y MPa 116.6
Compressive strength z MPa 1084
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Table 3 Input value for impact analysis

Parameter Value

Solver type LS-DYNA

Mesh size Frame 15mm
Boundary | Acceleration gravity 9.81 m/s?
condition Fixed support Collision Wall
Velocity 40km/h
Material CFRP, GFRP

Fig. 4 40% impact on the fixed wall(Case 2)

Fig. 5 Side wall impact on the fixed car frame(Case 3)
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Fig. 6 Results of frame stress(Case 1)
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Fig. 7 Results of frame stress(Case 2)

Fig. 8 Results of frame stress(Case 3)
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Fig. 9 Result of battery case deformation(Case 1)

Fig. 10 Result of battery case deformation(Case 2)

Fig. 11 Result of battery case deformation(Case 3)
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Table 4 Maximum deformation of battery case

A B
Case 1(mm) 1.04 1.79
Case 2(mm) 3.26 3.67
Case 3(mm) 2.79 1.65
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