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 1.1 Scope 

  

1 Introduction 

 The scope of this study is to define the optimum geometry of a 

motorcycle frame in order to ensure high performances. 

The main objective of this discussion is to establish the internal topology of 

the side plates. 

The main challenge within this project , is to achieve a mass reduction for 

the component, which is essential to ensure the best possible relationship 

between resistance and weight, and at the same time, without compromising 

the performance in terms of stiffness.  

In fact, weight and resistance have a major impact on the handling 

characteristics of the vehicle when used to extreme in race tracks. 

In order to achieve the above, the topological optimization method will be 

widely used, assessing the effects of the optimization parameters on the final 

geometry. 

 



 1.2 Vehicle characteristics  

Engine   4 cylinder , 4 stroke , 16 valve 
Total displacement  998 [cm3]  
Max. horse power  137 [KW] (186 [HP]) at 12900 [rpm] 

   Rev Limiter 13500 [rpm] 

Max. torque  114 [Nm] (11,4 [Kgm]) at 9500 [rpm] 
Maximum speed  305 [Km/h] 

Wheelbase   1430 [mm] 
Overall length  2100 [mm] 
Saddle height  830 [mm] 
Trail   100,4 [mm] 
Weight   192 [Kg] 
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Position of the component 
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2 Constraints 



1 Position of engines supports 
2 Position of frame support 
3 Position of rear swing arm fulcrum 
4 Position of rear frame supports 
5 Position of rocker arm for rear suspension 
6 Position of front foot rest support 

7 Styling integration 
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2 Constraints 



3 Objective of analysis  

Mechanical resistance 

Stiffness 

Weight reduction 

OPTIMIZATION 

GEOMETRY 

Mechanical constraints 

Utilization profile 

Vehicle characteristics 

Input dates  

Objective dates  



4 Kinematics analysis 

 In the beginning we have evaluated the characteristic curves of rear 

suspension with: 

 

 - position of characteristics points 

 - elastic constant of the spring 

 - rear wheel travel 



4 Kinematics analysis 

 Loads on rear wheel bearings 



4 Kinematics analysis 

 Loads on rear swing arm bearings 



  Loads on rear suspension rocker arm bearings 

4 Kinematics analysis 



 Loads on rear shock absorber and rear suspension link assy 

4 Kinematics analysis 



5 Definition of loads 
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6 Optimization 

- Definition of non-design space  

Thetra mesh 

Shape+ tecnology  
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- Definition of non-design space 

- Definition of design space 
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Overall dimensions  
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Technological constraints 
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- Objective 

Min. Volume 

6 Optimization 

- Definition of non-design space 

- Definition of design space 

- Definition of optimization parametrs 

Shape + tecnology  

Overall dimensions  

Technological constraints 



Optimization geometry step 1 
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Von Mises stress on left 

swing arm axle plate 

under maximum load 

condition 
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Too high stresses 

Good 

geometry 
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Too high deformations 

in X direction 

Displacements in X 

direction 
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Too high deformations 

in Z direction 

Displacement in Z 

direction 
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Too high stresses Too high deformations 

Modification of external 

shape for styling and overall 

dimensions adjustments 

Modification of 3D model and 

new topological optimization 

Modification of optimization 

parameters 

6 Optimization 



Min dim NO Stress constraint 

Drawing direction  

Displacements  constraints 

Optimization model N°2 
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Optimization Model N°3 

Min dim Stress constraint 

Drawing direction  

Increase displacements  constraints 
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Optimization model N°4 

Min dim Increase stress constraint 

Drawing direction  

Increase displacements  constraints 
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7 Components geometry 

3D model of  left swing arm axle plate 

Styling adjustments 

of external shape 

Stiffening ribs 

from topological 

optimization 



3D model of  right swing arm axle plate 

Stiffening ribs defined from left 

swing arm axle plate 

Lower stress 

= 

Thinner stiffening ribs 

7 Components geometry 



8 FEM analysis 

Weight of 

passenger 

Weight of 

driver 

Left bearing 

of rear swing 

arm 

Right bearing of 

rear swing arm 

Loads from rear 

suspension 

Loads from 

front 

suspension 



Stress lower than 

fatigue limit 
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