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Machining of Micro Structure using Elliptical Vibration Grooving Machine
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Successive micro-scale V-grooves and a grid of pyramids were machined by elliptical vibration
cutting (EVC) to investigate feasibility of using EVC as an alternative method of creating micro-
molds to photo-lithography and electroforming, which have been commonly employed. An elliptical
vibration grooving machine was developed which consists of two orthogonally-arranged
piezoelectric actuators, a diamond cutting tool, and a motorized xyz stage. The micro-scale
features were machined on materials of copper, duralumin, nickel, and hastelloy and it was found
that EVC significantly reduces cutting resistance and prohibits generation of side burrs and rollover
burrs, thus resulting in improving machining quality of micro-molds in all experimented workpiece
materials.
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Fig. 1 PZT Cutting structure generating elliptical
vibration

PZT cutting
structure

Cutting tool

Fig. 2 Elliptical vibration grooving machine
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Table | Materials used in experiments

Materials Compositions
Copper(C1010) Cu(99.99 1)
Duralumin Al+Cu(0.15~0.4)+Mg(0.8~1.2)
(Al6061) +Si(0.4~0.8)
Nickel Ni(99.99 1)
Hastelloy(C-276) | Ni+Mo(16)+Cr(15)+Fe(5.5)
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(a) V-grooves ;

(b) Pyramid structures
Fig. 3 Machining of successive V-grooves and pyramid

structures
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CUKIP SEI 150KV X500 10um WD 13.4mum

(a) Conventional cutting

cukip S 0KV X500 10 W) Aum
(b) Elliptical vibration cutting (4,=1.88zm, A~=0.92m)
Fig. 4 Comparison of successive V-grooves machined by
CC and EVC (material of workpiece : C1010, d :

15 pm, f;: 20 pm, ve: 10mm/s)
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Fig. 5 Comparison of primary cutting force between CC
and EVC (C1010,d : 15 um, vr: 10mm/s)
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Fig. 6 Primary cutting force vs. amplitude in cutting
direction of elliptical locus (C1010, d : 15um, v
10mm/s, A 472)
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(a) Conventional cuttin,

(b) Elliptical vibration cutting (4= 4~=1um)
Fig. 7 Comparison of chip shape produced by CC and
EVC (416061, d : 20um, vs: Smm/s)
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cuKp SEU MWDKV XA 100m WK

(a) Conventional cutting

CuKTp S1 B0 B0 0 W e

(b) Elliptical vibration cutting (4= A4=1m)
Fig. 8 Comparison of pyramid structure(material of
workpiece : 416061, d : 20 pm, f; : 68 um, vy:

Smm/s)
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(a) Conventional cutting
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(b) Elliptical vibration cutting (4.= 4~=1zm)
Fig. 9 Comparison of pyramid structure(material of

workpiece : Nickel, d : 20 um, f; : 27 pm, vy
Smm/s)
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Cutting force [N]

0 =
c Ft Fc Ft

Fig. 10 Comparison of primary cutting force(F,) and
thrust force(F,) (material of workpiece : Hastelloy(C-
276), d 2 15 pm+5 pm, vp: 10mm/s, A= A=1um)

F

Conventional cuttinglill EVC 8zA =11m)

CUKTP SE1 150k X270 100km WD 36.40un

Fig. 11 Comparison of successive V-grooves (material of
workpiece : Hastelloy(C-276), d : 15 pm+5 um, f;
32 um, ve: Smm/s)
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(a) Conventional cutting

(b) Elliptical v1brat10n cuttmg (A= A= um)
Fig. 12 Comparison of pyramid structure(material of
. Hastelloy(C-276), d : 10 um, f; :
24 um, vy: 10mm/s)

workpiece

o] =E& 2006 ¥ A{AHALAR ] Yoz
FAGY AdE ol g I
(KRF-2006-311-D00013)

o228

1. Kim, S. K, Yoo, Y. E,, Seo, Y. H,, Jae, T. J., Whang,



EMUTESIX| A 25H 115 November 2008 / 51

K. H. and Choi, D. S., “Fabrication of Ni Stamper
based on Micro-Pyramid Structures for High
Uniformity Light Guide Panel(LGP),” Journal of
KSPE, Vol. 23, No. 9, pp. 174-178, 2006.

2. Shamoto, E. and Moriwaki, T., “Study on Elliptical
Vibration Cutting,” Annals of the CIRP, Vol. 43,
Issue 1, pp. 35-38, 1994.

3. Shamoto, E. and Moriwaki, T., “Ultrasonic Elliptical
Vibration Cutting,” Annals of the CIRP, Vol. 44,
Issue 1, pp. 31-34, 1995.

4. Shamoto, E., Moriwaki, T., Ma, C. and Wang, L.,
“Study of machining accuracy in ultrasonic elliptical
vibration cutting,” International Journal of Machine
Tools and Manufacture, Vol. 44, No. 12-13, pp.
1305-1310, 2004.

5. Shamoto, E. and Moriwaki, T., “Ultraprecision
Diamond Cutting of Hardened Steel by Applying
Elliptical Vibration Cutting,” Annals of the CIRP, Vol.
48, Issue 1, pp. 441-444, 1999.

6. Shamoto, E., Suzuki, N. and Naoi, Y., “Development
of Ultrasonic Elliptical Vibration Controller for
Elliptical Vibration Cutting,” Annals of the CIRP, Vol.
51, Issue 1, pp.327-330, 2002.

7. Brehl, D. E. and Dow, T. A., “Review of vibration-
assisted machining,” Precision Engineering, Vol. 32,
issue 3, pp. 153-172, 2008.

8. Kim, G. D. and Loh, B. G, “Characteristics of
Elliptical Vibration Cutting in Micro V-grooving with
Variations of Elliptical Cutting Locus and Excitation
Frequency,” Journal of Micromechanics and
Microengineering, Vol. 18, No. 2, 025002, 2008.

9. Kim, G. D. and Loh, B. G, “Elliptical Vibration
Cutting with Variable Trajectory for Ultra-precision
Micro-Machining,” Journal of KSPE, Vol. 24, No. 11,
pp. 52-58, 2007.

10. Kim, G. D. and Loh, B. G,, “Characteristics of Chip
Formation in Micro V-grooving Using Elliptical
Vibration Cutting,” Journal of Micromechanics and
Microengineering, Vol. 17, No. 8, pp. 1458-1466,
2007.



