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Abstract 

In this paper, a new rider-motorcycle system including front and rear suspensions [1], [2], [3] is 
modeled using multi-body dynamics, and then the stabilization control system is designed based 
on the multi-body dynamics model. We have already modeled the rider-motorcycle system tak-
ing into account of the lean angle of the rider’s upper torso [4], [5], however, including the front 
and rear suspensions will be necessary for dynamical analysis of a motorcycle during braking in 
a turn or straight running.  

A dynamical model of the nonlinear twelve-degree of freedom rider-motorcycle system derived 
as shown in Figure 1. In addition to the lean motion of the rider’s upper torso: θwx rotating 
around the x-axis of the rear frame of the motorcycle, the steering angle: δ and the rotation of 
the front and the rear wheel, this model includes the compression length of the front suspension: 
lUD and the compression angle of the rear suspension: ψ, which are restrained with a spring and 
a dumper respectively. The rider’s upper torso is connected to the handle with a spring and a 
dumper.  

A front-steering assist control [5], [6], [7] stabilizes the motorcycle against applied impulse dis-
turbance on the front wheel. For driving in a straight line at low speed, references [6] and [7] 
have experimentally verified stability with this control. Figure 2 shows a simulation result of the 
front-steering assist control during rear braking in a turn; (a) roll angle, (b) steering angle, (c) tu- 

 

Figure 1 Dynamical Model of a rider-motorcycle system 

Modeling of a Motorcycle using Multi-Body Dynamics and Its 
Stabilization Control 

S. Murakami 

Graduate School of System Design and Management 

Keio University 

4-1-1 Hiyoshi, Kohoku-ku, 223-8526 Yokohama, Japan 

e-mail: s.murakami@z5.keio.jp 

S. Zhu 

School of Medicine, 

Keio University 

H. Nishimura 

Graduate School of System Design and Management, 

Keio University 

H

U

W

D C

A

2J

o

wx



z

x
y

fP
rP

3J

const:



UDl Roll

z

y

W

A

3J

W

A

3J

y

z

wx

x



 

 
 

Bicycle and Motorcycle Dynamics 2010 
Symposium on the Dynamics and Control of Single Track Vehicles, 

20 - 22 October 2010, Delft, The Netherlands 

 

Figure 2 Simulation result with and without a steering assist control 
during rear braking in a turn 

 

rning trajectory and (d) tire friction force. In the simulation, the speed of the motorcycle is dece-
lerated from 50 km/h to 30 km/h, and 10 Nm of impulse disturbance is given to the steering tor-
que. The controller [5] designed for steady circular turning aims to stabilize the motorcycle 
against applied impulse disturbance on the front wheel even during rear braking in a turn. With 
the derived dynamical model, we adopt the front-steering assist control to braking situations and 
show further investigation of the stabilization control using simulation. 
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(c) Trajectory (d) Tire Friction (Front)
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(a) Roll Angle (b) Steering Angle

0 2 4 6 8 10
10

15

20

25

Time [s]

R
o

ll
 A

n
g

le
 [

d
eg

]

Roll Angle

 

 

0 2 4 6 8 10
-4

-3

-2

-1

0

Time [s]

S
te

er
in

g
 A

n
g

le
 [

d
eg

]

Steering Angle

 

 

: with control              : without control


