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Low-order Model of Longitudinal Vehicle Dynamics with Tire Deformation

eiko an 0 T
Keiko YokovyaAMA* and Ryo WATANABE**

While an automobile is moving, the elastic deformation of tire is caused by the friction between the tire and the
road surface, and the tire deformation affects the automobile’s motion. To model the tire deformation precisely,
it is necessary to use a lot of state variables, however, using numerous state variables makes the model dimension
of the automobile high. In this paper, we focus on the longitudinal dynamics of the automobile and propose a
midsized dynamical model (the model that is not too complicated and not too simplified) which is low-order and
able to express the tire deformation and the characteristic of the automobile’s motion. Then, we focus on the
fact that the elastic and viscous constants are far larger than other physical parameters and discuss a new model
reduction technique for the proposed model. Finally, we demonstrate the proposed model and its reduced order

model by numerical simulation.

Key Words: tire deformation, vehicle model, model reduction, longitudinal dynamics.
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Table 1 Notation used in automobile model(SI Units)

: Constants
My Mass of body
my Mass of tire
Maw Mass of wheel
Jy Pitch moment of inertia
Ji Tire inertia
Jw ‘Wheel inertia
ds Damping constant for suspension
ks Spring constant for suspension
dy /e, dyy. | Damping constant between tire and wheel
in « and z direction
kw/eskwy= | Spring constant between tire and wheel
in z and z direction
Sw Damping constant between tire and wheel
in rotational direction
Kw Spring constant between tire and wheel
in rotational direction
R, Tire radius, Suspension natural length
Ly, lr Distance between wheel center and zj-axis
g Gravitational acceleration

Table 2 Notation used in automobile model : Variables con-
cerning velocity, position, angular velocity and angle

Yy Vehicle body longitudinal velocity

Db/ Vehicle body’s center of gravity
longitudinal position

Vp s Vehicle body vertical velocity

Py = Vehicle body’s center of gravity

vertical position
Ve f Ve Tire longitudinal velocity
PifoPr Tire-center longitudinal position

Ve f farVwr @ Wheel longitudinal velocity
Puwi e Pwr/z | Wheel-center longitudinal position
Wheel vertical velocity

‘Wheel-center vertical position

Vwf )z Ywr/z

Pwf/zPwr/z

Wi wir Tire angular velocity
04,0t Tire rotational angle

Wap frWwr Wheel angular velocity

O fs0wr Wheel rotational angle
Wh/psOb/p Pitch angular velocity, Pitch angle
hy,hr Front/Rear suspension length

Table 3 Notation used in automobile model
: Variables concerning force and torque

Moy fNwr Vertical force applied to wheel by tire
Fegofer Longitudinal force applied to tire by ground
Ny i Vertical force applied to tire by ground
ThfThr Torque applied to wheel by axle

Teo f T Torque applied to tire by wheel

Vi Front/Rear tire contraction ratio

Table 4 Subscripts of variables

Subscript 1 0 Meaning
b Body

w Wheel

t Tire
Subscript 2 Meaning
f Front

T Rear
Subscript 3 Meaning
T z direction
z z direction
P Pitching direction
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