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Impulse Response of Electric Power Steering System

D. Y. Pang(Graduate, CBNU), B. C. Jang(Mech. Eng. Dept., ADNU), S. C. Lee(Mech. Eng. Dept., CBNU, RCIT)

ABSTRACT

As the development of microprocessor technology, electric power steering(EPS) system which uses an electric motor
came to use a few years ago. It can solve the problems associated with hydraulic power steering. The motor only operates
when steering assistance is needed, so it can save fuel and can reduce weight and cost by eliminating hydraulic pump and
piping. As one of performance criteria of EPS systems, the transmissibility from road wheel load to steering wheel torque is
considered in this paper. The transfnissibility.’ can be studied by fixing the steering wheel and calculating the-torque néeded to
hold the steering wheel from road wheel load. A proportion-plus-derivative control is needed for EPS systems to generate
desired static torque boost and avoid transmissibility of fluctuation. A pure proportion control can't satisfy both requirements.

Key Words : electric power steering(Z 5 2] 232 X]), column-type electric power steering(B 3 8 A5 4] Z32a)),
electric control unit(#& 2} 2 o} F 2]), torque boost(FH HZF), transmissibility(FE4)), fluctuation(2F), proportion-
plus-derivative control(B] &~} & A o))
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Fig.2 Column-type EPS System.
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Table 1. Physical parameters of CEPS system.

Parameters Values Units

I 0.03444 kg -m?

Iy 0.03444 kg m’

I 0.61463 kg-m’

Ju 3.5?7 0* kg -m?

M, 2.0 kg

By, 0.36042 N -mi(rad | sec)

By 88.128 N -m/(rad/sec)

By 0360421 | N-m/(rad/sec)

B, 88.128 N -m/(rad/sec)

B, 0.05 N -m/(rad /sec)

CF, 0.04 N

CFyy 0.04 N

Ky 42057 N-m/rad

Ky 42057 N-m/rad

K 42057 N-mlrad

Ky 14878 N-m/rad

L, 0.0001 H

R, 0.1 O

K, 0.0533 N-miA

K, 0.0533 V [(rad /sec)

N, 49/3

N, 0.11816 m

R, 0.007367 m

Ny 0.985

s 0.985
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Fig. 4 Transmissibility of column-type EPS System.
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Fig. 5 Impulse response of steering wheel torque.
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Fig. 7 Displacement of steering column.
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NOMENCLATURE
B, : Equivalent viscous damping respect to steering
column including damping of motor and steering
column (N-m/(rad/sec)).
B.; : Equivalent viscous damping respect to steering
column (N-m/{rad/sec)).
Brw : Viscous damping at steering linkage bushing (N-
m/(rad/sec)).
B.. : Viscous damping of motor(N-m/(rad/sec)).
Br : Viscous damping of steering rack(N-m/(rad/sec)).
Bse : Viscous damping of steering  column(N-
m/(rad/sec)).
Bsw : Viscous damping of steering wheel(N-m/(rad/sec)).
CFrw: Coulomb friction breakout force on road wheel(N).
CFgr : Coulomb friction breakout force on steering
rack(N).
en : Motor input voltage(V).
Jeq  : Equivalent moment of inertia respect with steering
column(kg-mz).
Jew : Moment of inertia of road wheel and rotation mass
about steering displacement(kg-m?).
Js¢  : Moment of inertia of steering column(kg-mz).
Jsw : Moment of incriia of steering wheel(kg-m?).
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: Mass of steering rack(kg).

: Motor back electromagnetic
(V/(rad/sec)).

: Equivalent rotational stiffness respect to steering
column(N-m/rad).

: Derivative gain.

: Proportional gain.

: Steering column rotational stiffness(N-m/rad).

force constant

: Steering rotational stiffness due to linkage and
bushing (N-m/rad).

: Steering wheel rotational stiffness(N-m/rad).

: Motor torque constant(N-m/A).

: Torsion bar rotational stiffness(N-m/rad).

: Motor armature winding inductance(H).

: Motor gear box gear ratio.

: Steering linkage rate(m).

: Motor armature winding resistance(£2).

: Radius of pinion(m).

:_External torque at road wheel(N-m).

: "Torque at steering linkage(N-m).

: Motor torque with-respect to steering column(N-m).

: Torque at pinion(N-m).

: Torque at steering wheel(N-m).

. Translational displacement of the rack(m).

. Gear efficiency of backward
transmission.

: Gear ratio efficiency of forward torque
transmission. :

: Angular displacement of road wheel(rad).

: Angular displacement of pinion(rad).

: Angular displacement of steering column(rad).

: Angular displacement of steering wheel(rad).

ratio torque
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