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High Precision Control for Twin-Drive System of Machine Tool Based on

Mode Decoupling with Virtual Viscosity: Basic Study on Two-Inertia System

Kota Fujimoto*, Hiroshi Fujimoto (The University of Tokyo)
Yoshihiro Isaoka, Yuki Terada (DMG MORI CO., LTD.)

The machine tool is widely used in the manufacturing field, and twin-drive stage, which is moved with two motors loaded in

parallel, has recently been utilized to move a large stage with smaller motors. However, in that system, the coupling force between

the motors is raised, which deteriorates the controller performance. In this paper, the mode decoupling model to center-of-mass

coordination is derived by adding viscosity as controller input. The multirate feedforward controller and P-PI controller are de-

signed based on the proposed model. The proposed method is experimentally verified, and the tracking error is decreased by 74.5%

compared to the conventional method.
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Fig.1: The example of the machine tool utilized widely in the field

of manufacturing
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Fig.2: Two-inertia system utilized for experimental validation of

proposed method
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Fig.3: Block diagram of two-inertia system
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Fig.4: Bode diagram of two-inertia system. (a) Right-side to right-
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Fig.5: Reference trajectory in experiments. (a) Position trajectory

(b) Velocity trajectory
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Tablel: Parameter of two-inertia system

Parameter Value

Right-side Motor Inertia Jg 0.30 mkgm?
Right-side Motor Viscosity Dg 3.0 mNms/rad
Left-side Motor Inertia J;, 0.24 mkgm?
Left-side Motor Viscosity Dy, 1.71 mNms/rad
99.0 Nm/rad
0.05Nm/A

Torsional Rigidity K
Motor Torque Coefficient K;
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Fig.7: Block diagram of conventional methods. (a) Conventional

method 1 (b) Conventional method 2 (c¢) Conventional method 3
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Fig.8: Experimental results of conventional method 1 (—), conventional method 2 (- -), conventional method 3 (- -), proposed method (- ---).

(a) Position (b) Position error (c) Velocity (d) Velocity error (e) Torsional angle (f) Control input on R axis (g) Control input on L axis
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Table2: RMSD obtained in experiments

Conv. 1 Conv.2 Conv.3 Prop.
Position Oy, [¢ rad] 114 134 116 29.1
Velocity wgym [mrad] 13.3 17.1 15.2 18.8
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