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BICYCLE PERFORMANCE AND HANDLING QUALITIES 

The purpose of this study was to identify and measure the critical 

parameters of bicycle design associated with (1) their motions in the 

vertical longitudinal plane (braking and pitchover motions) and (2) their 

handling qualities. The approach involved both analytical and experimental 

procedures with major emphasis on the development of a mathematical 

model of the bicycle for use as a tool to evaluate the effects of design 

parameter variations on performance. The experimental studies consisted 

of performing a number of maneuvers (straight braking, steady state 

cornering, hands -off path following, serpentine tracking) on two bicycles of 

different basic design. Several different riders, providing a wide range 

of weight, were used in these tests. It was concluded that many factors 

interact to produce the stability and control characteristic s of a given 

design but that front wheel brakes and short wheelbases can be singled out 

as having specific hazard potential. 
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EVALUATION OF SAFETY PERFORMANCE CHARACTERISTICS OF 
TWO AND THREE WHEELED VEHICULAR TOYS 

Evaluations of the stability and performance characteristics of minibikes 

and children's tricycles have been made in order to identify those design 

and operational qualities which may be contributory to injury-causing 

accidents. Both experimental and analytical methods have been applied in 

this study. Several representative examples of both minibikes and tricycles 

were obtained to provide baseline design and performance information. 

Tricycle studies were aimed primarily at defining the operational conditions 

at which rollover could occur . Extensive tests were performed with the 

minibikes in order to measure their capabilities. A brief design parameter 

variation study utilizing a nonlinear simulation of the minibike was performed. 

All results were evaluated in terms of potential safety standards and 

recommendations on which the FDA might base such standards were offered. 
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BICYCLE DYNAMICS 

The overall objective of this program was the development of a comprehensive 
digital computer simulation of a bicycle and rider for studying the effects of 
certain design parameters on bicycle stability and control. The vehicle-rider 
model on which the simulation is based is a system of three rigid masses 
with eight degrees -of-freedom. Included in the analysis are tire radial 
stiffness, tire side forces due to slip angle and inclination (camber) angle, 
the gyroscopic effects of the rotating wheels, steering moments due to tire 
side and vertical forces, as well as all inertial coupling terms between the 
rider, the front wheel and steering fork, and the rear wheel and frame. 

The simulation also includes a closed-loop path-following rider control 
model with two related modes of operation: a roll stabilization function 
and a guidance function. The human operator outputs are steering torque 
and rider lean torque, with inputs of vehicle roll angle, roll velocity and roll 
acceleration. Space path coordinates are related to vehicle position and 
direction of motion for guidance control. Also included are rider reaction 
time delay and lag compensation. 

The development of the simulation was supported by the measurement of the 
physical properties of a bicycle, including the side force characteristics of 
bicycle tires. The simulation has been validated by comparison with full 
scale experimental maneuvers and is currently being used for bicycle 
dynamics studies. 
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MOTORCYCLE DYNAMICS 

A comprehensive digital computer simulation of a two-wheel vehicle and 
rider has been developed and is being used to study motorcycle stability 
and handling. The simulation is based on a nonlinear mathematical model 
with eight degrees of freedom, including steer and rider lean. Tire side 
force and aligning torque as nonlinear functions of slip angle, camber angle 
and vertical load, aerodynamic drag, pitching moment and steering torque, 
steering damping, and gyroscopic effects of the engine and wheels are 
modeled as well as fork rake angle, steering trail, and the basic physical 
characteristic s of the motorcycle frame, steering assembly, and rider. 
These parameters are input data to the computer simulation which produces 
output in the form of time histories of the motion variables of the vehicle. 
The two-wheel vehicle simulation has been validated by comparison with 
experimental tests using an instrumented vehicle. 

The simulation has been used to study the weave instability phenomenon 
which can occur in motorcycles at high speed. "Speedman's wobble, " 
as it has been called, is characterized by coupled steer -roll-yaw motions 
of the vehicle and has long been recognized by theoretical dynamicists. 
The influence of several motorcycle characteristic s on weave instability 
have been evaluated in the context of total system performance by simulating 
the disturbance-response behavior at high speed. 
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