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Control Performance Test of an Electrically-Controlled Variable Valve
Timing System Using Servo Motors
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Recently, technologies related to green cars are gaining attention. A variable valve-timing system (VVT) is widely used in
internal-combustion engines to improve fuel efficiency and engine performance by controlling the valve open-close timing.
Since conventional hydraulically controlled VVT has problems, such as slow response and low efficiency, an electrically
controlled variable valve timing (ECVVT) system was developed as an alternative the conventional VVT. This paper
presents a performance test rig for an ECVVT system using servo motors. The performance test rig consists of an ECVVT
module with a cycloid reducer, an engine cylinder block, a driving part, and a motion controller. A small servo motor drives
the ECVVT module through the cycloid gear, while a large servo motor drives the camshafts by means of a timing belt. We
carried out simulations using a mathematical model of the ECVVT module, cam shaft, valve, and motion control. We then
built a performance test rig for the ECVVT system, and did experiment of cam phase variations of the ECVVT system to

confirm its performance.
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NOMENCLATURE

b,, = Viscous friction coefficient

c; = Damping coefficient of 1% mass

¢, = Damping coefficient of 2™ mass
D, = Derivative gain of position control
D, = Derivative gain of speed control

1 = Current of armature circuit

J. = Cam moment of inertia

Jog = Equilibrium moment of inertia

J» = Engine moment of inertia

ky = Spring coefficient of 1% mass

k, = Spring coefficient of 2" mass

k,= Torque constant of motor

k, = Voltage constant

L = Inductance of armature circuit

M, = 1% mass of valve system

M, = 2™ mass of valve system

n; = Angular speed of eccentric input shaft
n, = Angular speed of output shaft

n; = Angular speed of outer gear (Housing)
P, = Proportional gain of position control
P, = Proportional gain of speed control

R = Resistance of armature circuit
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T,, = Torque of the motor

T, = Resistant torque

V, = Voltage of armature circuit

W = Total work generated by servo motor

x = Displacement of 1% mass in the valve system
y = Displacement of 2™ mass in the valve system
z = Gear ratio of cycloid reducer

Zy1 = Number of tooth of 1* stage cycloid gear
z» = Number of tooth of 2™ stage cycloid gear
a = Rotation angle of camshaft

A = Numerical coefficient

1 = Deflections of the springs

¢ = Rotation angle of servo motor
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Fig. 1 Schematic diagram of the ECVVT system
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Fig. 2 Structure of the cycloid reducer for the ECVVT

Fig. 3 Operation principle of the cycloid reducer
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Fig. 5 Block diagram of the ECVVT system
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Table 1 Part specification of the ECVVT system

Part name Specification Value
Cylinder head block Torque
(6-1.82.0/2.4) (at 4600 RPM) 198 Nm
Rated output 1500 W
Servomotor
(Driving part) Rated torque 7.15 Nm
Max. torque 21.5Nm
Rated output 200 W
Servomotor
(ECVVT module) Rated torque 0.64 Nm
Max. torque 1.91 Nm
Cycloid reducer Gear ratio 1:100
. Measurable range 20 - 45 mm
IR position sensor - -
Sampling period 0.33 ms
Cam position sensor Measurable range 0-5mm
Controller 80/240 Mhz Turbo PMAC2

2} 22 Z(Output Shaft)e] 452 WSIA|7 7120 54 2w (9]

Fig. 9 Camshafts connected with timing belt
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