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Compensating the Elliptical Trajectory of Elliptical Vibration Cutting Device
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In elliptical vibration cutting (EVC), cutting performance is largely affected by the shape of an
elliptical path of the cutting tool. In this study, two parallel piezoelectric actuators were used fo
make an elliptical vibration cutting device. When harmonic voltages of 90° out-of-phase are
supplied to the EVC device, creation of an ideal elliptical trajectory whose major and minor axes
are parallel to the cutting and thrust directions is anticipated from a kinematic analysis of the EVC
device, however, the paths we experimentally observed showed significant distortions in its shape
ranging from skew to excessive elongation of the major axis of the ellipse. To compensate
distortions, an analytical model describing the elliptical path of the cutting tool was developed and
verified with experimental results, and based on the analytical model, the distorted elliptical paths
created at 100 Hz, 1 kHz, and 16 kHz were corrected for skew and elongation.
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Fig. 2 Vibration amplitudes vs. applied excitation
frequency (Vpp = 8V)
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Fig. 6 Measured elliptical trajectory at an excitation
frequency of 19 kHz
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Fig. 8 Measurement and estimation of an elliptical path
with an excitation frequency of 10 Hz [B= -120°,
Vip-p=V2p-p=8V, or=90°]
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Fig. 9 Measurement and estimation of an elliptical path
with an excitation frequency of 19 kHz [ = 12°,
Vip-p=V2p-p=8V, a=90°]
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Fig. 10 Compensated vs. uncompensated elliptical path
with an excitation frequency of 100
Hz(uncompensated (red dotted line) g = -120°,

Vip-p=V2p-p=15V, a=90°, CCW rotation)
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Fig. 11 Compensated vs. uncompensated path with an
excitation frequency of 1 kHz
(uncompensated(red dotted line): g = -135°,
Vip-p=V2p-p=15V, a=90°, CCW rotation)

l * Uncompensated Tool Path
0.8 ——C Tool Path

thrust direction vibration amplitude{ um)

08 06 04 02 0 02 04 0.6 0.8
cutting i

Fig. 12 Compensated vs. uncompensated path with an
frequency of 16 kHz
(uncompensated(red dotted line):phase angle 8=
-290°, V1p-p=V2p-p=8V, a=90°, CCW rotation)

excitation

Table 1 Phase angles and excitation voltages for correcting
distorted elliptical path (UC: uncompensated
trajectory, C: compensated trajectory)

f(kHz) afdeg.) | B(deg.) | Vi(V) | VaV)
uc 90 -120 15 15
01 C 60 -90 12 15
ucC 90 -135 15 15
! C 37 -90 11 15
uc | 9 290 8 8
6 C 280 -90 6.6 6.6

4. dE

= 74" HeAH AT

4 ol A4TE B4
#asgch B

Aol Yo WHE A5
o x9E FUFer] AL BA B9 Yol
A g P Je PHES A2 P

Aolol wet olg A3 BAAH A%
Jom 239 HAds

2 F2 71¢7] 2 ZAdvle 5832
A 3&754_@ T dom WA Ay A T AEA
(@5 2839 7|€718 EARS F ALY 4d
2Rl A71E Z4Astd BdAH Y HE B4
gt AQHe BHEAY FAR% 25317
A& 10 Hz~16 kHz 7}A] ThFE o & of] A]
A d3d sdAZd da) v &
g g A AdHPE ABAHL S
¥ A T AFH@E é?ﬁﬂ il
ZHpell vt EE AAA BrLAHY 7e
Aabaka FYPsiA B3Rk 4 AL
Mi}az) o gt Al 15 %S 22 HY W
te] HdAHpe HFAY HEE #d
714717 B39 etdA A ds] 4™
Al 37 24& B3 gEAHY 7
3} glo] AL FPHE 22T
o3 th

g

o3l
W)

Kook

O

off y o (¢
R

nBi AN o
-‘31

lﬂl

Jj o

¢

o
o
¥ X do ol o o

0
Lo
']

N

2

©:
U

L
o,

Nlo o fo H“‘ r\[
o (B oy rd

Y0 Mo X § R
4 N

o N, 9 °



SIRMYRES|K] K 287 72 pp. 789-795 July 2011/ 795

=

1. Shamoto, E. and Moriwaki, T., “Study on Elliptical
Vibration Cutting,” Annals of the CIRP, Vol. 43, No.
1, pp. 35-38, 1994.

2. Moriwaki, T. and Shamoto, E., “Ultrasonic Elliptical
Vibration Cutting,” Annals of the CIRP, Vol. 44, No.
1, pp. 31-34, 1995.

3. Cerniway, M. A., “Elliptical Diamond Milling:
Kinematics, Force, and Tool Wear,” Mechanical
Engineering, M.S. Thesis, North Carolina State
University, 2001.

4. Negishi, N., “Elliptical Vibration Assisted Machining
with Single Crystal Diamond Tools,” Mechanical
Engineering, M.S. Thesis, North Carolina State
University, 2003.

5. Brocato, B. C., “Micromachining using Elliptical
Vibration Assisted Machining (EVAM),” Mechanical
Engineering, M.S. Thesis, North Carolina State
University, 2005.

6. 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.

7. 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, Paper No. 025002,
2008.

8. Brehl, D. E. and Dow, T. A., “Review of vibration
assisted machining,” Precision Engineering, Vol. 32,
No. 3, pp. 153-172, 2008,



