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driven hydraulic pump and a hydraulic actuatol,
decreases engine efficiency but requires complex
hydiaulic components To cope with the defi-
ciencies of HPS, an electric power steering (EPS)
system has been vigorously researched Since the
EPS system uses an engine-independent moto:
without complex hydraulic units, the weight
and volume of steering systems can be 1educed
Thus, EPS systems achieve better fuel and space
economy and maintamns the feel of the steering
even during quick changes in driving conditions
through softwate Moieover no haim 15 done at
the environment becduse no hydraubic fluid 1s
used {Burton, 2003) Generally, there are three
types of EPS Light vehicles have installed a
column type where the assist motor cornects to
the steering column through spur gears and de-
livers assist torque te the column, for example
Twingo of Renault, MGFE of Rover, ACTY of
Honda, and ALTO/SERVO of Suzuki Fou
heavy vehicles, the pmmon type has been adopt-
ed, for example MIRA/HI-Jet of Dathatsu and
MINICA of Mitsubishi The steer-by-wite type
grves the most efficient space, but countermeasure
for malfunction shoutd be researched

Steering feel should be established for fine
tuning of steering systems Adams (1983) res-
earched the feel of power steering and Norman
(1984) nrroduced center handling performance
Bertotlint and Hogan (1999} drew up & pre-
ference cuive as a function of vehicle speed based
on the steering eftort by various drivers using VTI
driving stmulators Rakan and Wang (2001) used
the boost curves of assist torgue for a grven
vehicle speed Based on these objective indices,
Camuffo et at (2002} tuned an EPS to have the
same steering feel of an HPS Using a steer-by-
wire EPS, Tong Jin Paik et al (2002} controll-
ed the front wheel motor by PID controller to
minimize the error between steering angle and
wheel angle With steeting wheel angle and tor-
que sensors atrached to a steering column, Burton
(2003) ealeulated assistance torque by summing
the high gain related to steering torque and the
low gamn related to steering position To tmprove
return-ability. Kurishige et al (2000) deveioped
a control strategy based on an estimation of
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alignment torque generated by nres and road
surfaces without sensors Stnce steering torque
assistance and return-abibity are not active at
the same time, Kim and Song {2002} separated
the twao control algorithms where the reference
steering torque was determined by the torque map
based on vehicle speed and steering wheel posi-
ton

In this paper, the 2 degiee of freedom (dof)
bicycle model will be used to calculate the tire
road nteraction torque Although the steering of
a vehicle atlects its 1olling motion, a desciiption
of the rolling system 15 beyond the scope of this
paper since an EPS does not control the active
duving angle bur the assisting torque Since 1t
s difficult to acquue detailed parameters of
the steering system, the steerng system will be
modeled simulatly to the research of Kurishige
et al {2000) In previous EPS systems {Chabaan
and Wang, 2001}, assisting torque for the mea-
sured drniving torgue was making a chart as a
boost curve hke the HPS of Adams’s research
{1983) However, the boost curve map did not
improve steeling stiffness or return-ability To
improve steering stiffness and return-ability, we
will mtraduce and mod:fy a third-order poly-
nomial as a torque map The preferied driving
torque 1ange developed by Bertollini and Hogan
{1999} will be fitted as a linear polynommial func-
on This proposed torque map will be veritied
for the 2 dof wvehicle model with a simple
steering system To determine steering input, the
relationship between & and &, will be derived
here Tn conclusion, the EPS system will be 1m-
proved sufficiently on steering stffness and re-
tuin-ability by the proposed torque map

2. Mathematical
Models and Verifications

2.1 Vehicle model

The classical single-track model {Chor et al,
2002) 1s obtaimed by lumping the two fiont
wheels mmto one wheel in the centerline of the
vehiele, the same 1s done with the two 1ear wheels
as shown in big | By the vehicle kinematics, a
lateral acceleration at C G 1s given by
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