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Abstract. The suspension roll motion can produce roll steer, which are functions
of roll angle, thus producing extra lateral forces. This paper develops the total
variance approach to analyze the effect of suspension roll on commercial vehicle
handling dynamics. The side-slip angle unified transfer function, reaction time,
transition time, damping ratio and total variance are introduced with the effect of
suspension. The vehicle designers could use this approach to get optimization
design parameters of vehicle without numerical calculation. For the two-axle
commercial vehicles, the total variance approach is useful and could serve as an
important tool for evaluating the effect of vehicle suspension roll on commercial
vehicle dynamics.
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1. Introduction

The suspension roll steer and camber thrust are import factor for vehicle handling
characteristics. The usual evaluation indexes could only represent single performance,
it needs to evaluate the comprehensive performance by using one comprehensive
vehicle handling characteristics evaluation index.

Schunck and Riekert established the linear two degree freedom model of vehicle
dynamics [1]. Segel [2] established the three degree freedom model vehicle dynamics.
Abe [3] presented an equivalent approach to analyze the effect of suspension roll on
two-axle vehicle. K. Guo [4] analyzed the natural frequency, damping ratio, reaction
time, transition time and total variance of the two-axle vehicle. Ding J [5] presented an
equivalent approach to analyze both the effect of body roll and n-axle handling on
vehicle dynamics by the equivalent wheelbase and steady factor. Y. Zhao [6] studied
the total variance approach for the vehicle closed-Loop control System. K. Guo [7]
justified the use of total variance analysis approach.

This paper develops the total variance approach to analyze the effect of suspension
on commercial vehicle handling dynamics. For the two-axle commercial vehicle, the
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mathematical handling concepts, such as side-slip angle unified transfer function,
reaction time, transition time, damping ratio and total variance, are calculated to

analyze the effect of suspension roll steer without numerical calculation. The vehicle
designers could use this approach to get optimization design parameters of vehicle.

2. Commercial vehicle model inclusive of roll

According to Ding J [5], the equations 3DOF can be converted to
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By assuming the steady-state roll angle as
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The equivalent 2DOF equations of motion with roll effect can be expressed as

follows.
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The side-slip angle and yaw rate unified transfer function were
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where, 7, is the steady-state side-slip angle gain, Z, is the steady-state yaw rate
gain.
The steady-state side-slip angle gain z, for two-axle vehicle is
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3. Effect of suspension roll on two-axle Commercial vehicle dynamics

The effect of suspension roll on two-axle vehicle was compared and analyzed with
suspension roll steer values (A/B/C/D) in Table 1 as follows.
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Table 1. Suspension roll steer values

oa, 104 oa, | 0¢
A 0 0

B -0.121 0.031
C -0.341 0.031
D -0.341 0.131

(1) The turning radius ratio inclusive of roll steer effect is increased, and the
increasing is more with the velocity increasing. By sign convention, positive roll steer
value is an oversteering effect on the front axle and an understeering effect on the
second axle. Figure 1 shows the relationship between the turning radius ratio and the
travelling speed with/without influence of suspension roll steer.

R/R,=(1+Up?) (3.1)

where
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Figure 1. Relation of R/ R, and V for the two-axle vehicle
The reaction time Z, was shown in Figure 2 with the effect of vehicle suspension
roll. Positive roll steer at the second suspension, or negative roll steer at the front
suspension, could reduce the reaction time.
p LV[xK,x,K,]
;= ; ; 7 (3.3)
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The transition time Z, was shown in Figure 3 with the effect of vehicle suspension
roll. Positive roll steer at the second suspension, or negative roll steer at the front
suspension, could reduce the transition time. The effect of higher values of roll steer at

the second suspension lead to decrease the transition time after reaching certain
travelling speed.
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Figure 2. Relation of reaction time Z, and }/ Figure 3. Relation of transition time Z, and V/

(2)The damping ratio & was shown in Figure 4, which was increased with positive roll
steer at the second suspension, or negative roll steer at the front suspension. The
configurations C and D show higher values of roll steer at the second suspension lead
to increase the damping ratio after reaching certain travelling speed.
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(3)According to the K. Guo [7], the calculated total variance equation for the two-axle

vehicle is
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Figure 4. Relation of damping ratio & and 1V Figure 5. Total variance for the two-axle vehicle

Figure 5 shows the relationship between the total variance and the travelling speed
with/without influence of suspension roll steer. Positive roll steer at the second
suspension, or negative roll steer at the front suspension, could reduce the total
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variance. So the vehicle response degree following the step steer input is better.
According to equation(3.6), it could get the optimization design parameters for the two-

axle vehicle by minimizing the total variance E .

4. Conclusions

In conclusion, with positive roll steer at the second suspension, or negative roll steer at
the first suspension, the effect of suspension roll was analyzed. The turning radius ratio
inclusive of roll steer effect is increased, and the increasing is more with the velocity
increasing, changing the vehicle steer characteristics toward understeer. The reaction
time and transition time are reduced with the effect of vehicle suspension roll. The
damping ratio is increased with the effect of vehicle suspension roll. Positive roll steer
at the second suspension, or negative roll steer at the front suspension, could reduce the
total variance. The vehicle response degree following the step steer input is better. It
could get the optimization design parameters for the two-axle vehicle by minimizing
the total variance.
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