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A B S T R A C T

Steering systems of trucks consist of many linkages, which introduce nonlinearities that may negatively affect
steering performance. Nowadays, it is possible to equip steering systems with actuators that provide artificial
steering characteristics. However, before new steering systems are deployed in real vehicles, evaluation in a safe
and controlled simulator environment is recommended. A much-debated question is whether experiments need
to be performed in a motion-base simulator or whether a fixed-base simulator suffices. Furthermore, it is un-
known whether simulator-based tests can be validly conducted with a convenience sample of university parti-
cipants who have not driven a truck before. We investigated the effect of steering characteristic (i.e., nonlinear
vs. linear) on drivers' subjective opinions about the ride and the steering system, and on their objective driving
performance in an articulated tractor-semitrailer combination. Thirty-two participants (12 truck drivers and 20
university drivers) each completed eight 5.5-min drives in which the simulator's motion system was either
turned on or off and the steering model either resembled a linear (i.e., artificial) or nonlinear (i.e., realistic)
system. Per drive, participants performed a lane-keeping task, merged onto the highway, and completed four
overtaking manoeuvers. Results showed that the linear steering system yielded less subjective and objective
steering effort, and better lane-keeping performance, than the nonlinear system. Consistent with prior research,
participants drove a wider path through curves when motion was on compared to when motion was off. Truck
drivers exhibited higher steering activity than university drivers, but there were no significant differences be-
tween the two groups in lane keeping performance and steering effort. We conclude that for future truck steering
systems, a linear system may be valuable for improving performance. Furthermore, the results suggest that on-
centre evaluations of steering systems do not require a motion base, and should not be performed using a
convenience sample of university students.

1. Introduction

About 1.25 million people lose their lives in traffic each year, and
millions more are severely injured (World Health Organization, 2015).
Heavy goods vehicles are involved in a high percentage of severe cra-
shes, which is partly due to their large size and mass (Kharrazi and
Thomson, 2008; NHTSA, 2017).

The steering system is a crucial part of any vehicle. The design of the
steering system does not only have effects on subjective feel and com-
fort (Boller et al., 2017; Peppler et al., 1999; Pfeffer et al., 2008;
Rothhämel, 2013; Tagesson, 2017), it also affects lane-keeping

performance (Anand et al., 2013; Nagai and Koike, 1994; Shyrokau
et al., 2015). In most current vehicles the steering system is a complex
arrangement of mechanical linkages, leading to nonlinear steering
characteristics due to friction, damping, and play between the steering
components. In heavy goods vehicles, these nonlinearities are particu-
larly strong due to the high loads involved. It would be of interest to
develop steering systems that do not exhibit such nonlinearities.

Steering systems that provide synthetic force feedback have been
found to yield improved driving comfort and lane-keeping performance
(Sherwin and Williams, 2008; Williams, 2009). With the advent of
torque overlay or steer-by-wire technology, even greater flexibility in
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