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HILS(Hardware-In-the-Loop simulation) AlA8 JH&
Development of a Steering HILS System
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ABSTRACT

This paper presents development of a Hardware-In-the-Loop Simulation (HILS) system for
the purpose of testing performance, stability, and reliability of an electronic power steering
system (EPS). In order to realistically test an EPS by the proposed HILS apparatus, a
simulated uniaxial dynamic rack force is applied physically to the EPS hardware by a
preumatic actuator. An EPS hardware is composed of a steering wheel & column, a rack &
pinion mechanism, and a motor-driven power steering system. A command signal for a
pneumatic rack-force actuator is generated from the vehicle handling lumped parameter dynamic
model (software) that is simulated in real time by using a very fast digital signal processor.
The inputs to the real-time vehicle dynamic simulation model are a constant vehicle forward
speed and front wheel steering angles driven through a steering system by a driver.  The
output from a rcal-time simulation model is an electric signal that is proportional to the
uniaxial rack force. The vehicle handling lumped parameter dynamic model is validated by a
fully nonlinear constrained multibody vehicle dynamic model. The HILS system simulation
results show that the proposed HILS system may be used to realistically test the performance,
stability, and reliability of an electronic power steering system in a repeated way.
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Fig.1 Schematic diagram of proposed HILS
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Fig.5 Kinematis diagram of steering mechanmism
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Table 1 Vehicle Dynamic Model Parameters

Parameter Value
Weight of sprung mass 14128 kg
Weight of fronl unsprung mass 376 kg
Weight of rear unsprung mass 40 kg
Pitch moment of inertia 12401 kg + w®
Roll moment inertia 209.6 kg - m*
Yaw moment inertia 1396 kg - m*
Front axle location from C.G. 117 m
Rear axle Iocation from C.G. 134 m
Left/Right tread 15524 m
Front spring stiffness 38600 N/m___
Rear spring stiffness 38600 N/m
Passive front damper coefficient 1500 Ns/mm
Passive rear damper coefficient 2000 Ns/m
Front roll stiffness 30000 N/m
Rear roll stiffness 10000 N/m
Tire vertical stiffness 180000 N/m__
Kingpin offset — 00m
Lateral inclination angle - B 13.6 deg
Caster angle 7.5 deg
lrlg§ial camber angle 0.5 deg
8o 2/1£_ deg
Effective length of Lo 0.21 m
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Fig.12 Experimental setup for propesed HILS
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