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Abstract : “Throttle-by-Wire” is an electronic throttle system in which mechanical cables and hydraulics are replaced
by a fieldbus network, electric motors and sensors. It is crucial for an electronic throttle to design a controller that can
offer an accurate and fast reference tracking performance in the presence of nonlinearities, such as friction in the
gearbox and “limp-home” nonlinearity. This paper presents a nonlinear dynamic inversion based control algorithm for
electronic throttle systems. Using the proposed method, the specified control performance can be achieved by canceling
inherent nonlinear characteristics of the electronic throttle system. The control performance is investigated through a set
of simulation results.
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Nomenclature R,;  :focal point of airflow on plate, m
B, :motor damping constant, Nms/deg R,  :throttle plate radius, m
B, : throttle damping constant, Nms/deg 7, - torque due to airflow, Nm
D : spring offset, Nm Ty, :friction, Nm
Fy, : friction constant, Nm T : load torque, Nm
g, : motor inertia, kgm2 T, : torque applied by motor, Nm
J; : throttle moment of inertia, kgm2 T,,  :torque due to returning spring, Nm
K, : back emf constant, Vs/deg 7, : torque transmitted form gear, Nm
K,  :spring constant, Nm/deg €, : motor voltage, V
K, : motor torque constant, Nm/A i, : armature current, A
N : gear ratio 0., : armature angular position, deg
L, : armature inductance, H 0 : limp-home position, deg
R, : armature resistance, &2 0 : throttle plate angular position, deg
w : throttle plate angular velocity, deg/sec
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Subscripts
cmd  : command signal
des  :desired signal
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Table 1 Parameters used for simulation of throttle system

Parameter Value Parameter Value
7.5x10°
L 45x10*H K,
“ ) > Nm/deg
R, 0.5Q 0, 5 deg
4
I 24319 D 0.08 Nm
kgm
5.45x10°
B
" Nms/deg % 0.0015 m
2.3x10°
K R .002
b Vs/deg of 0.002m
K, 1.141 Nm/A Ff, 0.1 Nm
J, 0.005 kgm® N 4
3
B 5.93x10
Nms/deg

Reference
5 . . . . , . __|—Throttle angle
10 1" 12 13 14 15 16 17 18 19 20
Time (sec)

(a) Angular position

© (deg/sec)

20 L L L L L L L L L

M0 11 12 13 14 15 16 17 18 19 20
Time (sec)

(b) Angular velocity

10 11 12 13 14 15 16 17 18 19 20
Time (sec)

(c) Input voltage

Fig. 8 Simulation results with triangular reference input
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