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

with Virtual Viscosity: Feedforward Realization of Virtual Viscosity on Two-Inertia System
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Yoshihiro Isaoka, Yuki Terada (DMG MORI CO., LTD.)

The coupling force significantly affects the tracking performance of machine tool with twin-drive stage, which is moved with

two motors loaded in parallel. In this paper, the mode decoupling model to center-of-mass coordination is derived by adding virtual

viscosity as controller input. The virtual viscosity is realized with discretized velocity trajectory based on numerical difference. The

proposed method is experimentally verified, and the tracking error is decreased by 12.1% compared to the conventional method.
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Fig.1: Example of machine tool widely used in manufacturing ©.
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Fig.2: System schematics of parallel twin-drive stage in machine

tool.
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Fig.3: Two-inertia system utilized for experimental validation of

proposed method

M4 2RO 70y 7RI

Fig.4: Block diagram of two-inertia system
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Fig.5: Bode diagram of two-inertia system. (a) Right-side current

Frequency [Hz]

reference to right-side motor rotational velocity (b) Right-side cur-
rent reference to left-side motor rotational velocity (c) Left-side
current reference to right-side motor rotational velocity (d) Left-

side current reference to left-side motor rotational velocity
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Tablel: Parameter of two-inertia system in this paper

Parameter Value

Right-side Motor Inertia Jg 0.26 mkgm?
Right-side Motor Viscosity Dg 7.1 mNms/rad
Left-side Motor Inertia J, 0.29 mkgm?
Left-side Motor Viscosity D;, 7.3 mNms/rad
800 Nm/rad
0.053Nm/A

Torsional Rigidity K
Motor Torque Coefficient K;
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Fig.6: Block diagram of proposed method
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delay as to ideal continuous waveform.
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Fig.10: Simulation results. (a) Tracking error of measured posi-
tion trajectory as to desired position trajectory (b) Error waveform
between actual continuous velocity trajectory and discretized ve-
locity trajectory utilized for calculation of virtual viscosity (Tra-
jectory based on FB signal (—), trajectory based on FF signal by
central difference (-'-), trajectory based on FF signal by forward
difference (----))
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Table2: RMSE obtained in simulations

Conditions to calculate virtual viscosity —6gm Error [urad] 6 — @& [rad/s]

FB signal with two sampling delay 0.453 0.428
FF signal by central difference 0.174 0.161
FF signal by forward difference 0.105 0.0811
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Fig.11: Experimental results. (a) Tracking error of measured po-
sition trajectory as to desired position trajectory (b) Enlarged view
of (a) (Trajectory based on FB signal (—), trajectory based on FF
signal by central difference (- -), trajectory based on FF signal by

forward difference (----))
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Table3: RMSE obtained in experiments

Conditions to calculate virtual viscosity 6sym Error [prad]

FB signal with two sampling delay 394 +0.193
FF signal by central difference 346 +0.237
FF signal by forward difference 347 +0.358
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