2022 A A RPERIC T FIR &

QAN2HNE—R R I 4 TS AT L DMHZENREHTEL S
e PV B il 1

TRE:, fifti 22, HA S GERURE)
BRI, S ER, &G TR, RN ORER, S e (ZZaEEHE T

High Response Driving Force Control Based on Phase Stabilization Design of
Two-Input-Two-Output Motor Drive System
Guangzhi Yu*, Hiroyuki Fuse, Hiroshi Fujimoto (The University of Tokyo)
Kaoru Sawase, Naoki Takahashi, Ryota Takahashi, Yutaro Okamura, Ryosuke Koga (Mitsubishi Motors)

To improve the cornering performance of the vehicle, the two-motor-torque difference amplification-torque vectoring differential
(TDA-TVD) has been proposed for a two-input-two-output motor drive system, because it can increase the maximum torque dif-
ference between left and right wheels. However, this mechanism has problems with torque coupling and vibration in left and right
drive shafts. There was a study that assumed the TDA-TVD as a rigid model and applied the traction control. Since the frequency
response analysis of the TDA-TVD was not performed, the control limit of the controller has not been clarified. In this paper, the
TDA-TVD was decomposed into two modes, translation motion mode and yaw motion mode of the vehicle, and the models of two
modes were analyzed in frequency domain. Based on the analysis results, a motor rotation speed feedback controller was designed
with the stability of control system in mind. The proposed feedback controller was implemented in the conventional traction control,

and the effect of traction control was evaluated by an experimental vehicle equipped with TDA-TVD in the present experiment.
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Fig. 1 The distributed arrangement of rear driving system.
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Fig. 2 Schematic diagram of TDA-TVD !, TDA-TVD has a
mechanical coupling between left and right wheels through

planetary gears.
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Fig. 3 Velocity diagram of TDA-TVD V. All kinds of
two-input-two-output systems can be visually represented.
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Fig. 5 Frequency response of “T’Z—A’Vl’ The controller design becomes
difficult, because there are two resonances at 2 Hz and 6 Hz in this

coupling model.
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Table. 1 Experimental parameters.

Parameter Value
Vehicle mass M 2173 kg
Effective wheel radius r 0.338 m
Distance between left and right wheel d 1.54m
Nominal slip ratio A, 0
Wheel inertia J,, 1.81 kgm?
Motor inertia Jjy 0.0183kgm?
First reduction gear ratio N, 10.8
Second reduction gear ratio by and b, 0.892, 0.895

Tpass

1 1
1+2b 1+2b

(a) Summation mode. (b) Differetial mode.

Fig. 6 Block diagram of summation and differetial mode (one
side).
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Fig. 7 Frequency response of ";;—Z There are a resonance at 6 Hz

and an anti-resonance at 0.6 Hz in this model.
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Fig. 8 Frequency response of %. There is a resonance at 2 Hz in

this model.
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Fig. 9 Block diagram of proposed controller.
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(a) Summation mode. (b) Summation mode detail.

Fig. 10 Nyquist plots of open-loop transfer function in summation
mode.
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Fig. 11 Experimental vehicle equipped with TDA-TVD.
TDA-TVD drives rear wheels using two electric motors.

(a) Slii‘)wr‘atio. (b) Longitudin‘;i acceleration.

Fig. 12 Experimental results of proportional control with different
poles.
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