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A Study on Structural Design of Natural Fiber Composites Automobile
Body Panel Considering Impact Load

Kilsu Park*, Changduk Kong*, Hyunbum Park**"

ABSTRACT: In this study, structural design and analysis of the automobile bonnet is performed. The flax/vinly ester
composite material is applied for structural design. The Vacuum Assisted Resin Transfer Molding-Light (VARTML)
manufacturing method is adopted for manufacturing the flax fiber composite bonnet. The VARTML is a
manufacturing process that the resin is injected into the fly layered-up fibers enclosed by a rigid mold tool under
vacuum. A series of flax/vinyl ester composite panels are manufactured, and several kinds of specimens cut out from
the panels are tested to obtain mechanical performance data. Based on this, structural design of the automobile
bonnet is performed.
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Fig. 2. Competitive analysis of natural fiber[1]

Table 1. Mechanical properties of 2-D fabric flax/vinyl ester spec-
imen (Fiber volume fraction; 34%)

Test type Strength Modulus Poisson ratio
(MPa) (GPa)
Tension 109.83 10.07
Compression 89.87 9.70 0.18
Flexure 163.04 10.12
In Plane Shear 20.05
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Fig. 3. Structural configuration of automobile bonnet
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Fig. 5. Model of headform impactor
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Fig. 7. Impact stress analysis result of flax/vinyl ester composite
panel
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Table 2. Mechanical properties of steel

Young's Bulk Shear
Modulus | Modulus | Modulus v [k ?m3]
[GPa] [GPa] (GPa] &
200 166.6 76.9 0.3 7850




294 Kilsu Park, Changduk Kong, Hyunbum Park

Table 3. Comparison of panel performance

Steel panel Flax/;;?;llester Comparison
Mass 6.48 kg 44kg -31.7%
Thickness 2 mm 6 mm 200%
Deformation 53.9 mm 54.6 1.13%
Stress 260 MPa 151 MPa -41.92%
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Table 4. Result of specimen impact analysis

V [m/s] 1.76 1.86 1.96

E []] 8 9 10
Deformation [mm] 4.4665 4.925 5.2255
Stress [MPa] 117.84 134.07 142.8
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Fig. 10. Damage configuration of specimen after impact test
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Fig. 11. Result of specimen impact test (10 J)

Table 5. Result of specimen impact test

Max. load Impact Energy to max
[kN] velocity [m/s] load [J]
8] 3.3994 1.7616 6.3935
9] 3.4546 1.8767 8.3112
10] 3.4503 1.9898 8.27795
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Table 6. Result of compressive strength after impact
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