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Numerical Analysis of Deck Frame for Lightweight Trucks
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ABSTRACT

To reduce fuel consumption, research on the weight reduction of vehicles is being actively carried out.
Researchers have typically tried to replace metal materials with composites materials, but these materials did
not satisfy the required strength and rigidity of a vehicle. Composites are usually not used because of their
high cost. There are incomplete studies on lightweight trucks that transport cargo. Therefore, in this paper,
we enhance the lightness and mechanical strength through design optimization of the deck frame for a
lightweight truck. For that purpose, the side member and cross member, which are mounted on the lower
part of the truck to assure the safety of the vehicle and support the luggage load, were targeted. The result
of numerical analysis on the safety of the frame was obtained by changing the shape of each cross-section.
To verify the numerical analysis, we compared it with the theoretical value of a cantilever beam. As a result,
the suitability of the cross-sectional shapes of each frame was confirmed through numerical analysis.

Key Words : Finite Elements Methods(=X|341), Light-Weight(Z&2}), Side Member(AIO|= HH), Cross
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Fig. 2 FEM Model and Cross-Sectional shape of
Side Member
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(b) Cross Member #2(Cross#2)
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(¢) Cross Member_#3(Cross#3)
Fig. 3 FEM Model and Cross-Sectional shape
of Cross Member

Table 2 Element Properties of Deck Frame

Model Nodes Elements
Cross#l 325,099 206,376
Cross#2 477,400 292,815
Cross#3 461,838 293,906

Side#1 418,545 266,511

Side#2 475,066 289,525

Side#3 338,801 212,642

Mesh Method Tetrahedrons
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Fig. 4 Cantilever Beam

Table 3 Polar Moment of Inertia of each Model

Model I (m%

Crosst#1 1.21E-06
Crosst#2 1.55E-06
Cross#3 1.60E-06
Side#1 3.95E-06
Side#2 2.29E-06
Side#3 2.03E-06
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Table 4 Material Properties of Al6061-T6

Property Value
Density 2.70 kg/m’
Young's Modulus 68.9 GPa
Poisson's Ratio 0.33
Yield Strength(0.2% offset) 276 MPa
Tensile Strength 310 MPa
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(b) Equivalent Stress(Cross#1)
Fig. 5 FEM Results of Cross Member_#1

(a) Deformation Z-directional(Cross#2)

(b) Equivalent Stress(Cross#2)
Fig. 6 FEM Results of Cross Member #2
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(a) Deformation Z-directional(Cross#3) (a) Deformation Z-directional(Side#2)

(b) Equivalent Stress(Cross#3)
Fig. 7 FEM Results of Cross Member_#3

(b) Equivalent Stress(Side#2)
Fig. 9 FEM Results of Side Member #2
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(a) Deformation Z-directional(Side#3)

(b) Equivalent Stress(Side#3)
Fig. 10 FEM Results of Side Member_#3

Table 5 FEM Results of Deck Frame

Deflection (mm)

Equivalent .
Weight

Model Stress (ke)

FEM | Theory Similarity (MPa) g
Cross#l | 1.72 1.47 85 % 92.79 1.79
Cross#2 | 1.28 1.15 90 % 76.46 217
Cross#3 | 1.20 1.12 93 % 65.22 235
Sidet1 0.55 0.45 82 % 43.86 222
Sidet#2 0.81 0.78 97 % 56.72 230
Side#3 1.02 0.88 86 % 63.40 1.77
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