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A Bone-cutting device based on the micro-processing characteristics
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High cutting efficiency, high accuracy, and low cutting temperature are important during the machining of bone.
However, there is no tool to satisfy all these requirements simultaneously. Therefore, a bone cutting tool was
proposed in this paper. Especially a milling tool was designed, because it was easy to achieve high efficiency.
The proposed tool has two kinds of cutting edges. One of the edges has slightly shorter diameter, and realizes
rough machining. The other edge finishes the surface with small depth of cut. Thus it would be possible to
perform rough and fine processes at a time with the proposed tool. Some experiments were conducted, and the
cutting performances were evaluated under the following three points: efficiency, accuracy and temperature.

Key Words : Cutting tool, Bone cutting, Cutting temperature, Endmill, Crack-type chip

1. HEHER

ATLESHEBINICISNT, BUROKEEILEMO T
BIZEREND. ZOKER, FRENZE—0 Y —01
BROBELLAEOEDLAZEICERTS. BURICEWL
TiE, ZOMIEER - MLEE -KBEUHINEETH B8,
B OIABRE IRV CIE, S0CLL E TEHIRANEE L TL
O, —REREBMIEITHKHOBRLR S, FE, K
=Y =RV EETEIC LS BURAEML, #0u
Bl BT AP ER TR TV, kD= K I
BWC, ZOMITEREZ EiFa7-0i10i3, 2 EELRZEL,
PPABZERoTHERHS. L, ZONEEBTTFE
HRE1T 556, Tt EFTE 2B X To & &R L CEHIE
MOMXICELY, BEEOMIAEHEL 25,

T, AMAETIE, SR BREE - RBELREEC
W TMIEBLUNMITREOMRERE BN ET5. BIEKH
2%, ¥7, FOUHIREICER L, ZoBMIcEbE:
BESETEZRETS. 510, FOTEOMTHEME R
L, RERTEBREHRICTS.

2. BB B U

B OBNIE AR T A, HREBEEREBIEL

T 2 KITHIHIEBREIT o7, FRE Figl IRT. 22T,

Fum 25 100 pm 2 E OWN YA R BRI Z B EL TV,

A HDY 10~70 um OFFH T, A R OFARRIEINS
TR THUENREESL 2D, 512, YIIAAA 100 um BE
T AL, FRBYVTRIEHEN, R EIFiES
RBZEN ol AP T, ZOM/NEIAIREOR R
5%, TREONAOGHIRERETD.

S0iim e 5
Fig.1 Depth of cut vs Cutting mode Relationship
((2)10pm ,(b)50um ,(c)100pm)
3. URTEO#RR

31 BURLAEOEREE

1ETHRBRLZEY, FURICE T 2 EREED, &t
EEE - RBEGHITHS. BIROMIFRTIE, =
NOEDEREPERICHELTZEZTERY. Zhit, &£
REMETUBFRENRRRIZENERTHD. HEHET
TOYIHFER, SRBENT CIXEEE—F, SiERmNT
Tt —F, REBENT M E—RFTH5. #2
T, AR CRETIHIBURATRICE, B—TRIK2->
OMIEe— FEERTEL V) ERBEZRELT.

32 BEITHEETAERE EE)

AFRTIE, ISAGEEHOLESRe, BER-SEELSRA
HEEHR T EERICEYMRA TEORRE21TS. BET5
B TR, BE—TETHEMNIE LT NI2ER TN
ERHD. MM LERCEHEOYHI 217581, BHERIC
U THNARIZE DA LTI ETOMIT FIEAESR
T5. BETH LA, UUINWFHROERD 2 HOABENT
NEMT e BFITE45. FmmTidate—r, 417
MITEEE—FERA TS 250N ILE—FiX, £HD
PRI L > TIREEND. D%, 20 2 SORBRBMT
E—REREIELEDI, BFEE—ETHATURINEH
OYHI B2 B ERITNERLRV. 2B ICE 3%, K
RTIE, BBRREIEELRETS. BEMNIZE, =R
W HAE22HOHIST, EHOERIZB/ N e EE DTS, £
2, 20 2 MOFIMEAFRICHIBREOAEL DTEES
3. Fig2 CBURIBREZETEOM T o eRx1.

(Dbeginning of rough process Dbeginning gf fine process

i o
7

@finish of fine process @finish of rough process
Fig.2 Cutting Process

AAEMTES (N10-11) % 8 EIAREMT - TIEMETP#mAH#ER CE 10-11-19,20,/ L)

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

3.3 TENRFA—FDPE
BRIDILETIE, MBE)DPIHTHRMIL, KEFE)DOHRT

H EFIT 2T, FY, IMEOATIE, 1| FAEVERPKEL,

KBOATIE, | AEVENNELBRBIDNCHRETD. LTI
BHADOIRAEVREZEXDRERT. LEFAMIARE d, H
¥z, ARROAELZG EAD 1 AXVEOME fLT5HE,
INEFDLIFEVR f; ERBADIAEVE £, LTDOXD
IZRDENS.

(360-26)f
=Jrf—d2—Jr% _d2+—360
h=f-hf

ZIZT, GIEIBICE DL T ERG A2, /MR, R, KRB
LINERDOBIBTHLZEN DD, ZOGHIBICOVWTIZBEE
LTAMITLMEE 2 ETRUZGIBIFENSEREL, TORE
fEL T BTG A—FERELR. E2, 2 RITEIHIDEIEA B
REETURINGBHI BT AU BRE S & xHiG S & CHlE &%
RELEZ. 2O, M TICEEBSA T LT EIcEE8 L
WEVORMELER L. Fr, BEROL, I0FHHtE%s
ERL30ITRE L. SHIT
TEOUEEICERETHE
FHOFLNA R TRT AL,
EEIZOHIEREZITV, £
DFERPOREL. BEL
7=LE% Fig3 2.

4. RFA—=F (A - RiTA) FMER

4.1 ERFERVCERSEH

TRV T ROTOA - HIT AN RIETOEIMEOFMEE B

MELT, BEVRFINVNTEZAVTHHIERE{To. &£

BRAR%E Fig 4R 3. i, REHIF KB FOREBTEZAW,

KRB TART A LR F R OgE 21T,
Endmill

Hi-speed camera, keyence VW6000
Micro scope , keyence VH-Z Bone

g or

Thermography,
NECSanei, TH51
Force sensor

XY stage
Kistler ,9256A1

Fig4 Experimental Setup
4.2 EBRHERRCEE
ERFERELT, Fig. 5ok A 7 ER#E R, Fig.5(b)
WA EREREENEIRT. ZOKRNDL, K&
REOFTNE, BT ABRDHEFE TIZHLTEHTHS
TENbnb. FORD, BRITILEOIVA, BT AT
UHRRER O, SIHHEINEZBRL, FTERBI K EREICR

180 —

70

"
160 + A E 12deg. 0 L] . EIOdEg
140 ¢ ; 5 deg. s0 . ; 20deg.
120 - - i
L 50deg.
100 40 . 2.
80 30

60
40
20

o

20

10

(]

0 100 200 300 400 500 600
Feed per tooth [pm]

Specific cutting force [MPa]
Specific cutting force [MPa]

0 100 200 300 400 500
Feed per tooth [um]

Fig.5(a) Clearance angle vs Cutting force relationship(left)
Fig.5(b) Rake angle vs Cutting force relationship(right)

Fig.3 Proposed Cﬁuing Endmill
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Table 1 Cutting condition
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Fig.6(a) Cutting force (peak value) vs Feed per tooth relathionship
Fig.6(b) Specific cutting force vs Feed per tooth relationship
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