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Structural Design of Light Weight Natural Fiber Composites for Next
Generation Automobile Bonnet

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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Table 1. Mechanical properties of 2-D fabric flax

. Aerial Tensile .
Density . . . Tensile
[¢/cm?] Orientation Weight Strength Modulus

& [gsm] [MPa]
1.3 +45 biaxial 600 500 50
Table 2. Mechanical properties of KRF-1031
latil i
Non Volatile Viscosity | Gel Time | Acid Value Curing
Monomer Temp.
54-58% 0.8-1.2 P | 50-60 min | 0-8 mg KOH/g| 15-100%

Table 3. Mechanical properties of 2-D fabric flax/vinyl ester spec-
imen (Fiber volume fraction; 34%)

. Advanced Composite Materials R&D Center,
Test Institute .
Jiwootech Co., Ltd
St h Modul
Test Type (lr\illlait) ((épa;l * | Poisson Ratio
Tension 76.74 9.14
Compression 72.80 6.78
0.24
Flexure 108.72 6.75
In Plane Shear 36.19 1.66
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Fig. 1. 2D-fabric flax fiber
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Fig. 2. Structural configuration of automobile bonnet
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Fig. 3. Finite element modeling of automobile body panel

MSC Patran 2005 r2 01-Oct-14 16:00:30
Fringe: Default, Al Static Subcase, Stress Tensor. . X Component. Layer 1 204-001

defautt_Fringe
Max3.75-001 @Nd 1377
Min -9.03-001 @Nd 3931

Fig. 4. Stress analysis result of flax/vinyl ester composite panel

325001
MSC Patran 2006 r2 01-Oct-14 16:02:39 3.04-001
Fringe: Default. A1 Static Subcase. Displacements, Translational, Magnitude. (NON-LAYERED) 282-001
Deform: Default. Al:Static Subcase. Displacements, Translational. 2560001
239001
217-001
195001
174001
152001
130001
108001
868-00
651-00
4.34-00:
217-00
0
default_Fringe
Max3.25-001 @Nd 2623
Min 0.@Nd 1
default_Deformation
Max3.25-001 @Nd 2623

Fig. 5. Deformation of flax/vinyl ester composite panel

MSC.Patran 2006 r2 01-Oct-14 16:18:28 937-001
Fringe: Default, A2:Mode 1 : Factor = 17.913, Eigenvectors. Translational, Magnitude, (NON-LAYERED) 8.70:001
Deform: Default, A2:Mode 1 : Factor = 17.913, Eigenvectors, Translational, 8.03-001

6.69-00:
0.

default_Fringe
Max 1.00+000 @Nd 2635
Min 0.@Nd 1
default_Deformation
Max 1.00+000 @Nd 2635

Fig. 6. Buckling analysis result of flax/vinyl ester composite

panel
4.25-001
MSC Patran 2006 r2 01-Oct-14 16:43 66 3.30-001
Fringe: Default, Al :Static Subcase, Stress Tensor. . X Component, Layer 1 236-001

default_Fringe
Max 4.26-001 @Nd 1376
Min -9.92-001 @Nd 3626

Fig. 7. Thermal stress analysis result
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MSC Patran 2005 r2 01-Oct-14 16:48:36 3.97-001
Fringe: Default. Al Static Subcase, Displacements, Translational. Magnitude, (NON-LAYERED) 369-001
Deform: Default. Al Static Subcase. D ients, Translational. 3.40-001

default_Fringe
Max 4.265-001 @Nd 2623
Min 0.@Nd 1

default_Deformation
Max 4.26-001 @Nd 2623

Fig. 8. Displacement analysis results due to thermal stress
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Fig. 9. Manufacturing process of prototype

Fig. 10. Manufactured prototype of automobile bonnet
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Fig. 12. Structural test of bonnet
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Fig. 13. Maximum displacement of the panel
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Table 4. Comparison of the analysis results and test results

Analysis results Test results
Displacement 51.4 mm 50 mm
Strain at No.1 point 3770 uS 3450 uS
Strain at No.2 point 3360 uS 3112 uS
Strain at No.3 point 5300 uS 4843 uS
Strain at No.4 point 4540 uS 4065 uS

5.42-003]
MSC Patran 2005 r2 28-Dec-14 23:18:21 5.01-003}

Fringe: Default, A2 Static Subcase, Strain Tensor. , X Component, Layer 1 460-009)

419009
3.77-009
3.36-009)
2.95-009)
254-00
2.12:009)
1.71-008
1.30-003
8.86-004
473004
6.05-006)
352-004
-7.66-004

default_Fringe

Max 5.42-003 @Nd 3621

Min -7.65-004 @Nd 1264

Fig. 14. The upper surface strain analysis

1.14-002]
MSC Patran 2005 r2 29-Dec-14 23:22:52 1.06-002f

Fringe: Default, A2 Static Subcase. Strain Tensor., . X Component, Layer 6 4.84-009
9.09-003)
833008
757005
6.31-003)
6.06-003)
6.30-003)
454-003
37900
3.03-003)
227009}
151-003
757004

0

defauit_Fringe
Max 1.14-002 @Nd 1579

<%
Min 0.@Nd 103
Fig. 15. The bottom surface strain analysis
5.14+001
MSC Patran 2006 r2 28-Dec-14 23:13:34 4.79+001
Fringe: Default. A1:Static Subcase. Displacements. Translational, Magnitude. (NON-LAYERED) 4.45+001
Deform: Default, Al ‘Static Subcase, Displacements, Translational, 4.11+001
3.77+001
3.42+001
3.08+001
2.74+001
2.40+001
2.06+001
1.71+001
1.37+001
1.03+001
6.85+000)
3.42+000]
0
defauit_Fringe
£ Max 5.14+001 @Nd 29
! Min 0.@Nd 103
* Y default_Deformation
Max 6.14+001 @Nd 29
Fig. 16. Maximum displacement analysis
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