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Development of cutting force estimation based on switching type adaptive identification
Koh Ohno™, Hiroshi Fujimoto (The University of Tokyo)

Abstract

The authors had proposed an adaptive cutting force observer, which prevents the estimation accuracy degradation caused by

parameter fluctuation. However, the algorithm lacks opportunities for identification in some cases. Therefore, the switching type

adaptive identification is introduced in this study to enhance identification opportunities.
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Fig. 1. Machine tool with ball-screw stage.
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Fig.2. Experimental setup (Two-inertia-system motor bench).
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Table 1. Identification results of nominal parameters.

Motor inertia Jrin 0.0028 kgm?
Motor torque constant Kin 0.5710NmA 1
Torsion stiffness K, | 24000.0N/ mm?
Load-side inertia (w/o weight) Jr 0.0032 kgm?
Motor-side viscus friction coefficient ~ Bpsy, | 0.002Nm/rad/s
Load-side viscus friction coefficient By, | 0.002Nm/rad/s
Motor Coulomb friction Fonmn 0.15Nm
Load-side Coulomb friction Forn 0.15Nm
RLS with projection P
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Fig.3. Block diagram of the proposed adaptive cutting force

observer.
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Fig.4. Block diagram of cutting force observer based on robust

T estimation.
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Fig.5. Advantage of the RLS with a rectangular window in

Coulomb friction estimation.
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Fig.6. The algorithm of the proposed swithing RLS.
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Fig.7. Assumptions and motion of the experiments.
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Table 2. Experimental conditions.
Sampling period ts 0.4 ms
Encoder resolution q 20 bit
Estimation length of RLS L | 100 samples
Cutoff frequency Q(s) 250 Hz
Cutoff frequency Qrus(s) 40 Hz
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Table 3. Root mean square of the estimated errors.

Assumed spindle speed || Prop. (Switching RLS) | Conv. (ordinal RLS)

stationary revolution 0.5652 0.6643

revolution changes 1.3622 1.6516
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