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A Study on the Steady-State Cornering of a Vehicle Considering Roll Motion
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ABSTRACT

In this study, the steady state cornering behavior of a vehicle is Investigated by using a numeri-
cal model that has parameters associated with roll motion. The nonlinear characteristics of tire cor-
nering forces and aligning torques are presented in analytical forms using the magic formula. The
sets of nonlinear algebraic equations that govern the cornering motion are solved by the Newton-
Raphson iteration method. The vehicle design parameters are measured by SPMD(Suspension Pa-
rameter Measuring Device), and its results are verified by carrying out a skid pad test. The design
parameters that are most affecting the steady state cornering behavior are classified into four fac-
tors, and the contributions of the factors to understeer gradient are then calculated.
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21z HdYy —— i : ground cambers of wheel i
_ 8 . total steer angles of wheel i
a; . tire slip angles of wheel 1 Sa . deflection steer angles of wheel i
A . sideslip angle det  :roll steer angles of wheel i
B :angles of direction of movements of do . Initial toe angles of wheel i
wheel i Shi ! steer angles of wheel i caused by
70 : initial ground cambers of wheel i hand wheel steer
& > roll angle
I, . roll camber coefficients of wheel i
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: distance between front axle and the

C.G of sprung weight

: distance between rear axle and the C.

G of total weight

: distance between rear axle and the C.

G of sprung weight

: front roll center height

. rear roll center height
: height of the C.G of sprung weight

from roll axis

: index of wheels
. wheelbase

: front tread

: rear tread

: forward speed
: lateral speed

> height of the C.G of sprung weight

from ground

> height of the C.G of front unsprung

weight from ground

. height of the C.G of rear unsprung

weight from ground

; aligning torques exerted on wheel i

> maximum aligning torques of wheel i

: saturated aligning torques of wheel 1

: cornering stiffnesses=coefficients of

lateral forces vs. tire slip angles of-

wheel 1

. camber stiffnesses=coefficients of lat-

eral forces vs. ground cambers of

wheel 1

: roll steer coefficients of wheel i

: coefficients of deflection steer of

wheel 1 caused by aligning torques

. coefficients of deflection steer of

wheel 1 caused by lateral forces

. lateral forces exerted on wheel i

: maximum lateral forces of wheel i
. saturated lateral forces of wheel i
. steering ratios of wheel i

: hand wheel(steering wheel) angle
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Ke, : front roll stiffness
Ko, rear roll stiffness
Ne, . coefficients of aligning torques vs. tire

slip angles of wheel i
M, coefficients of aligning torques vs.
ground cambers of wheel 1
: vertical forces exerted on wheel i
. total weight

N
w
W, . sprung weight
W . front unsprung weight
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w . Tear unsprung weight
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