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ABSTRACT

The development process of modern
automobiles is still dominantly reigned by
subjective impressions of test engineers, while
product life cycles shorten and product
differentiations  diminish.  Therefore a
methodology to investigate the correlation
between objective and subjective evaluations
of steering torque aspects is described
hereafter in order to front-load and optimize
development efforts. A model-based approach
running on a real development tool, the so-
called “Steering Torque Actuator”, is utilised to
carry out a proband experiment where expert
test drivers subjectively rate on- and off-centre
steering torque variants.

The methodology involves vehicle test-
rig and open-loop driving manoeuvres as
inputs for the model identification and
subjective ratings which are geared with the
help of the actuator and statistical correlation
analyses.
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Fig. 1: Process bridging
subjective gap.
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Steering torque and angle data is collected
turning lock-to-lock both with and without
power assistance. On the track, Stationary
Circle, Slowly Increasing Steer, Weave and
Frequency Response tests are undertaken
additionally measuring vehicle motions.
Subsequently, a combined extended single-
track and steering system model is fed with
the measurements so that an optimization
yields a virtual “fingerprint” of the vehicle real
component properties, id est parameters like
steering torsion bar stiffness or tyre self-
alignment torque curve.

The model is validated by comparing
the characteristic steering torque values from
the actual vehicle tests and the simulated
ones whereby the measured steering angle,
angular velocity and vehicle speed serve as
inputs. Example Fig. 2 and 3 illustrate graphs
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Fig. 2: Weave test simulated and measured
hysteresis loops.
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Fig. 3: Slowly Increasing Steer test simulated
and measured curves.

from which particular values and gradients are
determined. The model together with its
parameter set can then be integrated into a
real development tool, Fig. 4:

Fig. 4: Steering Torgue Actuator.

It is a torque motor mounted onto the steering
column of any car replacing its original
steering wheel. The motor subtracts or adds a
certain steering torque as a function of the
model output. This enables experiencing
different steering torque set-ups in one car
with constant overall behaviour.

In the present work, a cohort of
variants, partly identified from benchmark cars
and partly derived from cars where
component properties are virtually altered, is
presented to test persons while cruising a

typical rural road profile. Meanwhile, drivers
are asked to evaluate the following criteria:

Centre-point Feeling,
Steering Friction,
Steering Torque Level,
Steering Torque Gradient,
Yaw Reaction.

Subjective marks and objective values then
undergo statistical analyses investigating
correlations between them. Fig. 5 shows the
marks for the perceived steering friction as a
linear regression function of the weave test
deadbands; a very high correlation coefficient
of 0.98 emerges.
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Fig. 5: Correlation and regression analysis
result for criterion “Steering Friction®.

To sum up, the methodology provides the
opportunity to analyse vehicle and steering
system parameters, to examine the
consequences of component variations on the
steering character, to conduct research on the
field of subjective-objective regime links and
support future EPS development.



