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Measurement of the Copying Rate of Tool Edge Motions by Using a Measurement-Fused Machining System

Daisuke KONO, Atsushi MATSUBARA, Yusuke KOIKE and Iwao YAMAIJI

This study investigates the copying rate of tool motions to workpiece profiles. A machining system is developed to

measure tool motions and workpiece profiles during machining processes. Tool motions are measured with a laser

displacement sensor and an artifact. Workpiece profiles are measured by scanning type on-machine measurement.

Sinusoidal profiles with various amplitudes are machined with a diamond tool to compare tool motions and workpiece
profiles. The experimental result shows that the commanded motions and vibrations are copied on workpiece profiles. The
ratios between the amplitudes of motions and profiles are calculated in the frequency domain to identify the copying rate. It

is verified that the commanded motions are almost perfectly copied under the amplitudes of from 0.5 pm to 4 pm and the
developed system is able to identify the copying rate under the amplitudes of from 0.5 pm to 1 pm.
Key words: tool motion, workpiece profile, on-machine measurement, copying rate, measurement-fused machining

system
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Fig.1 Schematic diagram of the developed system

Table 1 Major specifications of the machine tool

Axis X Y Z
Travel 230 mm 220 mm 200 mm (Coarse)
Sum(Fine)
Max. .
feedrate 10000 mm/min

Ball screw (Coarse)+

Drive type Ball screw Piezo drive (Fine)
Lead of ball 10 mm 10 mm 5 mm
screw
Guide way Aerostatic Rolling (ball)
Semi Semi-closed (Coarse)
Control type | Full closed closed + Piezo control (Fine)
Resolution 500 nm 500 nm 300 nm (anrse)
10 nm (Fine)
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Fig.2 Experimental setup
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Fig.3 Comparison of displacements measured with sensor L, and L,
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Fig.4 Procedure of machining and measurement

Table 2 Experimental conditions

Nose radius 0.2 mm
Cutting tool Rake angle 0°
Relief angle 7°
Workpiece Electroless Plated Nickel
Feedrate 3000 mm/min
Pick feed 50 pm
Depth of cut 7 um
Sinusoidal Amplitude 4,35,3,2,1,0.5,0.1 um
profile Wavelength 11.5 mm
Wavelength threshold 2 0.1 mm
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Fig.5 Comparison of tool motions and workpiece profiles with
the commanded amplitude of 0.5 pm
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Fig.6 Powerspectrums of tool motions and workpiece profiles with
the commanded amplitude of 0.5 pm
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Fig.7 Comparison of tool motions and workpiece profiles with
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Fig.8 Comparison of the coherences between tool motions and
workpiece profiles with the commanded amplitude of 4 um
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Fig.9 Comparison of the coherences between tool motions and
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Fig.10 Relationship between amplitude and copying rate with
workpiece profiles measured by a measuring machine
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Fig.11 Relationship between amplitude and copying rate with
workpiece profiles measured on the machine
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