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Vibration Suppression of Reduction Geared In-wheel-motor by Joint Torque Control Using Load-side Encoder

Seigo Wakui, Tomoki Enmei, Hiroshi Fujimoto, Yoichi Hori (The University of Tokyo)

Abstract

In-wheel-motors (IWMs) are attracting considerable attentions as drivetrain for electric vehicles owing to their high

motion performance. Requirement of large motor torque with limited mounting space and low costs for IWMs expects

geared drivetrain, but the geared structure deteriorates control performance and ride comfort by vibration caused by

collisions of gear teeth. In order to reduce vibration, reduction geared IWMs (RG-IWMs) are modeled as two-inertia

system and joint torque control using load-side encoder is applied. Simulations and experiments demonstrate that joint

torque of RG-IWMs can be precisely controlled and vibration by collisions can be sufficiently suppressed.
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Fig. 1 Two-inertia system.
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Fig. 2 Experimental vehicle FPEV4-Sawyer.

Fig. 3 RG-IWM unit with motor-side and load-side
encoders.
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Fig. 4 Developed RG-IWM unit with motor-side and
load-side encoders.

Table 1 Definition of plant parameters

Plant parameters Definition
Motor inertia Jm
Load inertia Jp

Motor angular velocity Wi

Load angular velocity
Joint torsional angular velocity
Joint torsional angle
Motor torque
Joint torque
Gear elasticity
Backlash width
Gear ratio
Half of vehicle mass
Half of vehicle normal force
Vehicle speed
Wheel speed
Driving force
Driving resistance

Tire radius

>s BB S<zzeox3SkbeE

Slip ratio

Friction coefficient o

Ta= K -DI(AG) «rvvmeeinaeaiiians (1c)
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Fig. 6 Block diagram of a RG-IWM and a vehicle model.
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Table 2 Symbols in the block diagram of the joint torque

control

Controller parameters Definition

P controller of motor angular velocity Cyp

PI controller of joint torque Cpr

Nominal motor inertia Imn

Joint torque reference Tr

Estimated joint torque T,

Nominal torsional elasticity K,

Joint torsional angular velocity reference Aw™

Motor angular velocity reference wm*

Motor torque reference T ™
First order LPF of joint torque estimator QrsoB(s)
First order LPF of reaction force observer RFOB QrroB(S)
First order LPF to realize motor angular velocity FF control | Qu,, rr(s)
First order LPF to realize joint torque FF control Qrsrr(s)
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Fig. 7 Block diagram of joint torque control using load-side high-resolution encoder (*7).
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Fig. 8 Sigmoid function (K4 = 0.025).
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Table 3 Simulation Parameters

Parameters Value
Half of vehicle Mass M 650 kg
Half of vehicle normal force N 6370 N
Tire radius r 0.3m
Motor inertia J, 0.3 kgm/52
Nominal motor inertia Jyn 0.3 kgm?
Load inertia J; 1.13 kgm/s?
Joint elasticity K 600 Nm /rad
Nominal joint elasticity Ky, 600 Nm/rad
Gear ratio g 4.1739
Backlash width L 0.0366 rad
Gain of P controller 10
Pole of PI controller 5Hz
Cutoff frequency of Qrson 50 Hz
Cutoff frequency of Qrron 50 Hz
Cutoff frequency of Qu,,,0B 50 Hz
Cutoff frequency of Qrsrr 50 Hz
Total gain of sigmoid function Kgiq 0.025
Similarity gain a 10000
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