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Abstract : A motorcycle frame is a structure that endures the load and retains durability under various driving
environments. A motorcycle has been developed with a diverse utility range, and its design has always been expanded
to the newly created concept based on advanced engineering technologies. In this study, a compact motorcycle frame is

considered to perform parametric studies that can enhance the stiffness of a frame with computational simulation. Finite

element analysis is used to compare the deformation and stiffness of a base model and four case-models with three

design-change-parameters. The parametric studies are analyzed to provide available methods that can be expected in the

industrial fields of engineering design for a motorcycle frame.
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Fig. 1 Finite element model

Table 1 Finite element properties

Node 159,679
Element 464,312
Mass (kg) 12.26
Elastic modulus (GPa) 210
Poisson’s ratio 0.29
Density (g/cmz) 7.89
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Fig. 2 Load and boundary conditions of stiffness analysis
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Fig. 3 Deformation of stiffhess analysis (Base model)

Table 2 Summary of stiffness analysis (Base model)

Load condition Displacement Stiffness
Longitudinal bending 18.92 mm 153 N/mm
Lateral bending 23.28 mm 107 N/mm
Torsion 0.0203 rad 26.60 Nm/rad
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Table 3 Case models of parametric analysis

Thickness change of bracket between head

Case 1 pipe and down tube (2.0 mm — 3.0 mm)

Thickness change of down tube
(2.5 mm — 3.5 mm)

Case 3 | Case 1 + Case 2
Case 4 | Case 3 + Reinforcement
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Table 5 Summary of parametric analysis (Case model 2)

U, Magnitude

Load condition Displacement Stiffness
Longitudinal bending 15.64 mm 185 N/mm
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Longitudinal bending 18.65 mm 155 N/mm
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Torsion 0.0200 rad 2701 Nm/rad ig. eformation of parametric analysis (Case model 3)

Table 6 Summary of parametric analysis (Case model 3)

U, Magnitude
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Load condition Displacement Stiffness
Longitudinal bending 15.47 mm 187 N/mm

Lateral bending 17.81 mm 140 N/mm

Torsion 0.0165 rad 32.75 Nm/rad
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Fig. 6 Deformation of parametric analysis (Case model 2) (b) Lateral bending
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(c) Torsion
Fig. 8 Deformation of parametric analysis (Case model 4)

Table 7 Summary of parametric analysis (Case model 4)

Load condition Displacement Stiffness
Longitudinal bending 15.29 mm 190 N/mm
Lateral bending 17.34 mm 144 N/mm
Torsion 0.0146 rad 36.99 Nm/rad

Table 8 Longitudinal bending of parametric analysis

Longitudinal bending Stiffness Rate
Base model 153 N/mm N/A
Case model 1 155 N/mm +1 %
Case model 2 185 N/mm +21 %
Case model 3 187 N/mm +23 %
Case model 4 190 N/mm +24 %

Table 9 Lateral bending of parametric analysis

Lateral bending Stiffness Rate
Base model 107 N/mm N/A
Case model 1 110 N/mm +3%
Case model 2 137 N/mm +28 %
Case model 3 140 N/mm +31 %
Case model 4 144 N/mm +35 %

Table 10 Torsion of parametric analysis

Torsion Stiffness Rate
Base model 26.60 Nm/rad N/A
Case model 1 27.01 Nm/rad +2 %
Case model 2 32.32 Nm/rad +21 %
Case model 3 32.75 Nm/rad +23 %
Case model 4 36.99 Nm/rad +38 %
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