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Abstract 

The maneuverability of bicycle is dependent on various design parameters such as wheel base, 
head angle, trail, CG location, radius of wheel, etc., where some parameters are related to kine-
matic configuration of bicycle, while others are related to kinetic properties. This paper investi-
gates the effect of design parameters of bicycle to the maneuverability of bicycle through sensi-
tivity analysis and experimental validation. 

Dynamic equations of motion for a bicycle are derived based on the bicycle model shown in 
Fig. 1, which has both kinematic and kinetic design parameters. By directly differentiating the 
equations of motion with respect to design parameters, sensitivity equations for bicycle dynam-
ics are derived. The sensitivity equations can calculate sensitivity of any form of performance 
index expressed in terms of state variables. 
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where M ,C, K represent generalized inertia, damping, and stiffness matrix, respectively, and q 
and u represent state variable and external forces, respectively. 

In order to evaluate driver’s subjective feeling on maneuverability of the bicycle, two specific 
tests, steady state circular test and slalom test, have been defined. In the tests a test bicycle with 
changeable configuration, as shown in Fig. 2, has been used to research the effect of design 
change on the maneuverability. The ratings by drivers are measured using a questionnaire which 
is intended to measure maneuverability of bicycle with different configuration of bicycle. 

During tests, state of the bicycle such as speed, roll angle, steer angle, lateral acceleration, lean 
angle of driver etc. are measured. Their correlation to subjective rating of maneuverability has 
been tried using data processing techniques such as averaging, RMS, and frequency analysis. 
By trial and error, the performance index that has good correlation with the subjective rating of 
maneuverability has been defined. 

By performing sensitivity analysis on the performance measure, the effect of design parameters 
on the maneuverability of bicycle has been found. The results can be applied to optimal design 
of bicycle in terms of maximizing maneuverability of bicycle. 
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Figure 1. Dynamic model for bicycle with three major design parameters, wheelbase, trail, 

and head angle 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Experimental bicycle with changeable configuration  
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