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Vibration Suppression of Reduction-Geared In-Wheel-Motor
by Joint Torque Control Using L.oad-Side Encoder

Seigo Wakui*, Student Member, Tomoki Emmei*, Student Member, Hiroshi Fujimoto*, Senior Member, Yoichi Hori*, Fellow

In-wheel-motors IWMs) are attracting considerable attention as drive-train for electric vehicles owing to their high

motion performance, because of the absence of drive shafts compared with on-board motors. A large motor torque

with limited mounting space and low-cost IWMs expect a geared drive-train, however collisions of gear teeth cause

vibration and deteriorate control performance and ride comfort. In order to suppress vibration, reduction-geared IWMs

(RG-IWMs), which are IWMs with gears, are modeled as two-inertia system with deadzone model for backlash and

joint torque control using both motor-side and load-side encoders for the two-inertia system is applied that our research

group proposed previously. Simulations and experiments demonstrate that joint torque of RG-IWMs can be precisely

controlled, vibration by collisions can be sufficiently suppressed, and the number of gear collision can be reduced dur-

ing an acceleration situation. We expect that this research solves the critical problem of RG-IWMs, that is, vibration

caused by gear collisions, and realizes the practical and commercial use of IWMs.
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Fig.1. Two-inertia system.
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Fig.2. Experimental vehicle "FPEV4-Sawyer”.

Fig.3. Reduction-geared in-wheel-motor (RG-IWM)
unit with motor-side and load-side encoders.
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Fig.4. Cross section of RG-IWM unit with motor-side
and load-side encoders.

FINEE S EBEET ISR I NS 720, ROER
Rz EIZLBHED ) 27 25Em\, +I T, Afih
SIEEY Y 7 b/ U THEMNCEET 2REE LT W5,
By v 7 SORMERIEEICEL, £, ARy a—
RDA F = ¥ IZHDNE Wiz, T OREE LGN EE
WEBLhWwWeEZLND,

(2:3) BEEARNA VKA —ILE—YDETY VY
WEB AR VRS —LVE—RIZBWVWTIRE— X L AR
(RA—= - Z214Y) BETENLCHET S, £ZT, K
BRI —VE—REZ2EBERELTCETY VT
5, 22T, BREMIF Y & ARHX T ORBRTH 53y
Iy VFAR) BRFLEROAREELTETY VIT S,

F9, [iERAGROERHERNIR (la)-(lo) DL 51tk 5,
NI A—RDEZIL Table] DB TH 5,

I R (1a)
N R R (1b)
Ty =K -BI(AG) -+ vvveemmiieeaaainn, (1c)

ZZT, bl() BREKEET IV ERITLIEBTHY, TD
FEHIER (2), Fig.5 D@EY TH 5,

A+ (A0 <-5),
bl(A6) =<0 (_15 <AO< 15)’ ............ )
A-L (A0> L)

A FE—RAE L AMAEDAETH LR UNATH S,
REEHFE TIVTIE, A0 =0 ZERENMIIF 7 & AFHIX 7 25 E
WIZANY 7 Ty Y OHRDMIALEL TWBIRE, Ad=x5 D
CE2ODXTOHEELTVWAREBLERZ LTS, AW
+L BBABLMNENY Ty Y OMELITA TR b
INEEFHIFADMEEL D, Ny I T VDETI VS
HBIFL KFET 5 O 0, RisCTIRIER A1 kA —
VE—REZ2EUERLELTETY VI LTWSEED, AE
VELERVWREHETVERHALTWS,

Mk, X(a)-2) &0, WHEHBART VRS —ILE—X
DEFNDOTH Y 7% Fig.6 O R (F 0k chib
nNizEn) kind,

Table 1. Definition of plant parameters.

Plant parameters Definition
Motor inertia I
Load inertia Ji
Motor angular velocity Wy
Load angular velocity Wy

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

Slip ratio
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Fig.5. Deadzone function bl(A6).
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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 C,
PI controller of joint torque Cpr
Nominal motor inertia Jonn
Joint torque reference T;
Estimated joint torque Ty
Nominal gear elasticity K,
Joint torsional angular velocity reference Aw*
Motor angular velocity reference [
Motor torque reference T,*
First order LPF to realize joint torque FF control Orsrr(s)
First order LPF of joint torque estimator Ors08(s)
First order LPF of reaction force observer Orros(s)
First order LPF to realize motor angular velocity FF control | Q,,,rr(s)
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Fig.7. Block diagram of joint torque control using motor-side and load-side encoders !*.

Fig.8. Sigmoid function (K, = 0.025).
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Table 3. Simulation Parameters.

Parameters Value
Half of vehicle Mass M 650kg
Half of vehicle normal force N 6370N
Tire radius r 0.3m
Motor inertia J,,, 0.3 kgm?
Nominal motor inertia J,,,, 0.3 kgm2
Load inertia J; 1.13 kgm?
Gear elasticity K 500 Nm/rad
Nominal gear elasticity K, 500 Nm/rad
Gear ratio g 4.1739
Backlash width L 0.04 rad
Gain of P controller 10
Pole of PI controller S5Hz
Cutoff frequency of Qrrr 50Hz
Cutoff frequency of Qr,op 50Hz
Cutoff frequency of Qrros 50Hz
Cutoff frequency of Q,,, rr 50Hz

Total gain of sigmoid function K, 0.025

Similarity gain a 10000
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