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DIScussion OF LE HENAFF’S PAPER
Jim Papadopoulos and Andy Ruina

Even a bicycle in a steady turn, the subject of

change of lean and steer-angle with time are governed by
differentia] equations),

Consider as 3 special case the dynamical stability of 4
bicycle with no rider. Cal] 5 bicycle “stable” if it Tecovers to
steady straight-aheaq motion after any small disturbance
from that motion, and “unstable” otherwise, Suprisingly,
for a Tange of speedg many bicycles are “stable” jp this
sense, Mathematical analyses angd experiments both indj-

low) are “peaked” (concave down) in the Center. For such
a bicycle in a steady turn, the handlebarg need to be helq
against further turning! (However, if there ig 3 rider thig
torque ig greatly altered Wwhen he/she bends sideways.)

moving bicycle, which hag finite kinetic energy, gYroscopic
forces, ang non-holonomjc constraints (see refs (1),(3)).
One must be Wwary of stability arguments that do not take
into account the 3PPropriate dynamseq] (time varying) equa-
tions of unsteady motijon,

Incidenta.lly, to calculate handlebar torque during
steady turns, Probably slightly different quantities shoylg
be plotted in Le Hénaff’s figures 4 ang 5. The vertica] axis
should plot (the CG% distance from the line between the the front
and rear whee] contact points) /(the cosine of the angle of leqn of the
plane containing the CG ang the two contget points). The hor-
izontal axig should plot the steer angle S. The handle-bar
torque for 3 given steer angle S will be Proportional to the
slope of thig curve at S, plug gYroscopic terms. (Such mog-
ified curves will be generally simijar tq those in figure 4.
But in contrast to figure 4, the “peakedness” of the curveg
— the 2nd derivative evaluated at S—g __ should Probably

2 iaf Rove s oriing e co

paper, Sr)//.c[%w/ ly D6 W,k o, £
! Homam Power

Py


Andy Ruina
Here is a note.


example, a bicycle with vertical head angle and non-zero
trail would always make a “valley”. :

We appreciate Le Hénaff’s work on bicycle equilib-
rium and stability, and hope he continues his investigations.

References

1) Gray, Andrew (1918) A Threatise on Gyrostatics and Ro-
tational Motion; republished by Dover in 1959. (See
Pp-19-20 and 29-33.)

2) Man G.K. and Kane T.R. Steady Turning of Two-
Wheeled Vehicles; in Dynamics of Wheeled Recre-
ational Vehicles, SP-443, Proceedings of 1979 SAE
Congress in Detroit, pp 55-75

38) Neimark J.I and Fufaev N.A. (1967) Dynamics of Non-
holonomic Systems; translated from Russian and pub-
lished in 1972 by the American Mathematical Society,
Providence R.I.. (See pp. 330-374.)

Cornell Bicycle Research Project
Theoretical & Applied Mechanics
Thurston Hall

Cornell University

Ithaca, NY 14853

(607) 255-5035




