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Laser measurement and evaluation for brittle / ductile
cutting of micro/nano scale V-shaped groove

XIE Jin', WEI Feng', TAMAKI Junich?
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South China University of Technology . Guangzhou 510640,China;
2. Micro/Nano Machining Laboratory , Kitami Institute of Technology, Kitami 090-8507, Japan)

Abstract; To improve the measurement and evaluation methods of a machined micro/nano scale V-
shaped groove, a single-point diamond turning was employed to machine the V-shaped groove of optic
glass in micro/nano scale, and a non-contact laser measuring technology was used to analyze the to-
pography of machined V-shaped groove. The micro/nano scale cutting of the V-shaped groove of optic
glass was conducted by using the sharp cutting edge of a single crystal diamond. Then, the machined
V-shaped groove was measured by a 3D laser meter to compare its profile,and the evaluation mode of

the shape error PV and tip arc-radius of the V-shaped groove was established. Finally, the form prin-
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ciple of cutting depth and the angle of V-shaped groove were analyzed and the effect of sub-micro scale
cutting depth on the shape error PV and the tip arc-radius was investigated. The results show that
there exists a critical cutting depth of 0. 386 pm,when cutting mode is transferred from a brittle cut-
ting to a ductile cutting in sub-micron-scale space. In ductile mode cutting with a cutting depth less
than 0. 386 pm. the diamond tool tip can be replicated to the workpiece surface and to produce a sub-
micro-scale V-shaped groove with a cutting depth less than 0. 386 pm and a shape error PV about
0.103 pm. In addition, the tip arc-radius of V-shaped groove decreases in ductile mode cutting when
the cutting depth is decreased, so to get a V-shaped groove with the tip arc-radius of 0. 182 um, the
cutting depth should be controlled below the critical V-form cutting depth of 0. 365 pm. These results
also show that the parameterized model of shape error PV and tip arc-radius can be established by u-
sing 3D data derived from non-contact laser measurement, and can be employed to evaluate the machi-
ning precision of micro-scale V-shaped grooves.

Key words: brittle/ductile mode cutting; laser measurement; form error; tip arc-radius
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Fig. 1 Setup of ultra-precision turning
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Fig. 2 Scheme of micro/nano cutting experiment
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Fig. 3 Ultra-precision 3D laser meter
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Fig. 5 Three dimensional measured point cloud and
fitted topography of machined V-shaped

groove

-

5 VEBKEE

K6 VRIEAR MM A YIBRIRIE d
TSR YIIR B e AR A 5 TR 3w E] B B e
PRy At e PRSI L D) B AR T i 2 3 T
PR I UV HIIRBE o, SYIBRIRBE d; A —
B AEIBPERIBR I T OIHITR I d SOIBRTR
JE dj FEAR—E P IYTEITRBE o Al DUA) 28 1
WAUTH G BV EEREE d) SRA3. BLAh, VRS R
B E LN VRS G 0 114 e B AU T K T Y
fi.

Bl 6V RETE AR BT 4 X

Fig. 6 Evaluation mode of machined V-shaped groove
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Fig. 8 Mode of tip arc-radius of measuring V-shaped
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Fig. 9 Removal depth of machined V-shaped groove
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Fig. 12 Tip arc-radius vs cutting depth of V-shaped groove
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