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Mirror Finishing of Co-Cr-Mo Alloy
by Ultrasonic Elliptical Vibration Cutting Method

Young Chan Song®, Kenichi Tanaka" and Toshimichi Moriwaki"*

ABSTRACT

The biocompatibility and the fatigue strength of Co-Cr-Mo alloy are excellent, so it is used well for the material of
artificial joints. The head of artificial joint needs mirror surface for reduction of abrasive resistance. Mirror finishing of
Co-Cr-Mo alloy with geometrically defined single crystal diamond cutting tools is handicapped by micro chipping of
tool edge. In general, it is said that the micro chipping of diamond tool is caused by work hardening of Co-Cr-Mo alloy
for the cut. In the present research, mirror finishing of Co-Cr-Mo alloy by applying ultrasonic elliptical vibration cutting
was carried out. The experimental results show that the micro chipping of diamond tool was suppressed and the tool
wear was remarkably reduced as compared with the ordinary diamond cutting without elliptical vibration motion. It was
confirmed that the good mirror surface of maximum surface roughness of 25 nmP-V was obtained for the cutting length
of about 14 m. It is expected that mirror finishing of Co-Cr-Mo alloy can be achieved by applying ultrasonic elliptical
vibration cutting practically.

Key Words : Ultrasonic elliptical vibration cutting (3 & ZEF 21 E A2t 742 9), Co-Cr-Mo alloy (Co-Cr-Mo &3),
Single crystal diamond tool (‘272 % t} 0] o4& = F ), Mirror finishing (73 B 7}8)
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Fig. 1 Elliptical vibration cutting processes

Ak 2 AFHEe o] nhaEg doz olfa:
H2HQ FA/tE Pyoltt o An Awzo)
Zrlete, AR, A T4, ¥ So| AA TA
gt oz Qs HAARY A4F L 9% A
o datzolst ARAA =y, Sergsy ge 3
BAARY 7HFel dolr wBAWEse] 27 o
| "o} sHgAES) ol A sldsAl Aok
o] AaAe] Fa D Aue Zrh= mAAE
9 72AF 2L TFY AEL AAF=UE &I}
2 0¥ 5 9L Ao s AT

w3 BAAEEANTEA o B9 A%
g ze&nddon A o] 223erY
2 ] 7HER e BaTRd glojA
Fge WZERE JA S £ YA 9
140 ML 344 dx ° @

Fig. 2 Ultrasonic elliptical vibrator
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Fig. 3 Photograph of e;(perimental setup

Table 1 Experimental conditions

Material Single crystal diamond
Tool Nose radius 1.0 mm
Rake angle 0°
Clearance angle | 15°
Workpiece Co-Cr-Mo Alloy
Ordinary cutting [ No vibration
Vibration . Locus: circle
€ | Amplitude: 2x2 pm?
. Cutting speed 190, 569 mm/min
leit'ttl'ng Depth of cut 5 um
conditions Feed 10 pm
Cutting fluid Dry
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Table 2 Material properties of Co-Cr-Mo alloy

Co 55 %
Chemical Cr 30%
composition Mo 7%
etc 8 %
Yield strength | 827 MPa
. (0.2 % offset)
Mecha:xt%cal Tensile strength | 1172 MPa
properties Elongation |12 %
Vickers hardness | 350 Hv
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(c) at cutting length of about 8 m (d) at cutting length of about 13 m
Fig. 4 Profiles of finished surface machined by conventional cutting
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(c) at cutting length of about § m B (d) at cutting ength of about 13 m
Fig. 5 Profiles of finished surface machined by elliptical vibration cutting
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(a) used in ordinary cutting
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(b) used in elliptical vibration cutting
Fig. 7 Diamond tool edges after cut about 14 m at the cutting speed of 569 mm/min (velocity ratio of 10)
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(a) diamond tool edge after cut about 14 m
Fig. 8 The result of elliptical vibration cutting at the cutting speed of 190 mm/min (velocity ratio of 30)
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Roughness nmP-V
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—u— Cutting speed of 569 mm/min
—o— Cutting speed of 180 mm/min
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Cutting length m

(b) surface roughness and cutting length
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(a) ordinaf'y cutting  (b) elliptical vibration cutting
Fig. 9 Photographs of machined surface

EHI 3091 A7 G 14 m7R BHAE

3 HAEA SHEFEHARA T
, Hul BEAAY
ol9} @o] FFuE
]*1E A sk v} ;_}01
B F A el lojA g

47} tE AR e Buy

ok 25

E 2 A}
E“‘I

o2 o2 Co-Cr-Mo 3ol W3] 2%
EH] 30 & 2SHELYAFH A o) A
TP HFEEY AN S
Tk Fig. 9(b)9 Z=&TELAZF A 2% 7
Ho] Fig. 9(a)9] BFEAo] 93 713 EH] 1y
ool:

'}I:

a~

3% 3Bl 4EAUNLE YA ol

gl

¢

5. 48

oldog, ogf MEQ Co-Cr-Mo T
Aol 2EFFE ASF 2SHEINEH
*4% Hggtoz REHA vlg FEgY vjo)

T}

“

2 HAFEY, FFoIE Fo) A dAEN A
*471\31 %F 14 m 7HA HAREIALY) ¢ 25 nqmP-V
o] GAY HUFo] AIFHALSE FAsg.

o] ARETHE, BFY thololRERoRE

Bol BT CocrMo B 48HY AR

O ZEATANEILITYE H4wa 99 4
@ sbsetttn www.

x* 7|
Co-Cr-Mo ¥8& AT FAR

He3ldF4l Nakashima Propeller Co.,
=¥y

2 a7
Ltd.oll ZFA}

62

10.

11.

S gl i}

Park, M. S, http.//www.oskorea.com/plasty.html
Yoden, H., Yoshikawa, M., Yokomizo, S., Kuramoto,
K., Fujiwara, K. and Kaneeda, T., “New Finishing
Process of Co-Cr-Mo Alloy Head for Artificial Hip
Joints - Using Ultra-precision Cutting and Large
Area Electron Beam Machining,” Conference
proceedings of Euspen, pp. 308-311, 2007.

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

Shamoto, E., Morimoto, Y. and Moriwaki, T,
“Elliptical Vibration Cutting (1nd Report),” Journals
of the JSPE, Vol. 62, No. 8, pp. 1127-1130, 1996.
Shamoto, E., Morimoto, Y. and Moriwaki, T,
“Elliptical Vibration Cutting (2nd Report),” Journals
of the JSPE, Vol. 65, No. 3, pp. 411-417, 1999.
Shamoto, E., Ma, C. and Moriwaki, T., “Ultra-
precision Ductile Cutting of Glass by Applying
Ultrasonic Elliptical Vibration Cutting,” Conference
proceedings of Euspen, pp. 408-411, 1999.

Song, Y. C., Shamoto, E. and Moriwaki, T. “Ultra-
precision Cutting of Plastic for Optical Components
by Elliptical Vibration Cutting,” Proceeding of KSPE
Autumn Conference, pp. 34-37, 2004.

Shamoto, E. and Moriwaki, T., “Ultraprecision
Diamond Cutting of Hardened Steel by Applying
Elliptical Vibration Cutting,” Annals of the CIRP, Vol.
48, No. 1, pp. 441-444, 1999.

Shamoto, E., Ma, C. and Moriwaki, T., “Elliptical
Vibration Cutting (3nd Report),” Journals of the
JSPE, Vol. 65, No. 4, pp. 586-590, 1999.

Shamoto, E., Song, Y. C., Yoshida, H., Suzuki, N
Moriwaki, T., Kohda, S. and Yamanishi, T,
“Development of Elliptical Vibration Cutting
Machine Utilizing Mechanical Vibrator,” Journals of
the JSPE, Vol. 69, No. 4, pp. 542-548, 2003.
Shamoto, E., Song, Y. C., Sassa, K., Yoshida, H.,
Hino, R. and Moriwaki, T., “Proposal of Oblique
Type of Elliptical Vibration Cutting and Its Basic
Performance,” Journals of the JSPE, Vol. 69, No. 7,
pp. 970-976, 2003.



