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Abstract

Monitoring machining force generated during the machining process is crucial to prevent tool breakage and chattering. Cutting

force observer, which considers the machine tool as the two-inertia-system, has been proposed to estimate machining force in wide

bandwidth using multiple encoders. However, modeling errors and parameter variation during machining can deteriorate estimation

accuracy in such a model-based observer. Previous studies solved some modeling error issues, but inertia, friction, and other

parameters that belong to the moving stage had rarely considered. Therefore, the adaptive machining force observer is proposed

in this paper. The proposal consists of on-line stage parameter identification and updating algorithm. The effectiveness of the

proposed adaptive observer is demonstrated through experiments using a simplified experimental setup.
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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 Jnin 0.0059 kgm?
Motor torque constant Kin 0.173NmA~—!
Torsion stiffness K, | 100.90N/ mm?
Load-side inertia (w/o weight) Jr, | 0.000875 kgm?
Motor Coulomb friction Foyn 0.06 N m
Load-side Coulomb friction Forn 0.06 Nm
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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

Ts estimation.
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Fig.5. Frequency analysis of the estimated machining force in
NVX5000.
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Fig.7. Experimental setup w/ and w/o addtional weight on the

load-side, simulating inertia variation during machining.
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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) 150 Hz
Cutoff frequency Qrus(s) 5Hz
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