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A Study on the Critical Depth of Cut in Ultra-precision Machining

Kug Weon Kim’

ABSTRACT

The cutting thickness of ultra-precision machining is generally very small, only a few micrometer or even down to
the order of a few nanometer. In such case, a basic understanding of the mechanism on the micro-machining process is is
necessary to produce a high quality surface. When machining at very small depths of cut, metal flow near a rounded tool
edge become important. In this paper a finite element analysis is presented to calculate the stagnation point on the tool
edge or critical depth of cut below which no cutting occurs. From the simulation, the effects of the cutting speed on the
critical depths of cut were calculated and discussed. Also the transition of the stagnation point according to the increase
of the depths of cut was observed.

Key Words : Ultra-precision machining(Z%'d A2}, Critical depth of cut( Al 2 2}Z 2]), Thermo-viscoplastic
cutting model(E-A 243 Z 25 9, Finite element analysis(++ 324 3 4)
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Cx = penalty constant HT 2L Ao #eA AFPAH,

Cp = specific heat AZ, 3HF Fo AT L A7 A=
k = shear stress of the chip material gkt aEvh 2 A AabelA dEA s, nlAHAat
k. = thermal conductivity Aol FatdFtFol] #I dFE I2g8A BA
S; = where prescribed surface traction f* 7F @t dukEQl Habzlels 7}1] = 7HEaes
S, where prescribed velocities v° 2 mAHANNE BE F o um T2 nm FEL

Q = rate of heat generation per unit volume AazlolE 7MABR T €9o] HAIIF
€ _ effective (flow) strain rate e dde] mg- Fastch niFEA Ade
P = density F7HA Fa% EAo] dud, XNFaFA dAH
o = effective (flow) stress arzlololt}, A EIT Arrgol7l Fadhol uk
4 = coefficient of friction 2} updA A7 Asste S Esked, ol
O, = normal stress iAo 2& dFE0] gt Nakayama 9
T, = frictional stress Tamuraol] &3t AarE Fatds FEEGA
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Fig. 3 Flow chart of FE analysis program for machining
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Fig. 4 Critical depth of cut

8 A% N9 st 4y
£571 PR ER FTEGIMY HAH = &

==

24
M AAMA G EolE %l?%l’é”%ﬁlil Far.

g gt B2 gidEss
: FE AHatAe 3 44
HMVH FEAE FE 4 A M9 g4
AREAQ AAVMEH 24E 7HE o d&) AdHR
Ak 2}zke] AAte] thgk zHAE &S Table 1
of el Fig. 5(a)= Case 1 1AL 93t
7] A9 g4 fFaavselt} Fig 5 (h)E
M2 dojAe atAe H Yo £5¥E S
Epdch Astds 7w AAAL Fol:=
0293 mm |t} &, YAIE2Z ol 0.293 mm o]t}
Table 2 & UAEALZ oo gk o] Mg AFEED
I B Aardor 3 g ¥uwgd Rolt)
Basuray 5o A olAe AHAzbe] 37.6° o],
Yuan 52 wjE8o] FEH 09 ul, ulRA 57}
0.12~0.26 9 @< 71t 7} sl dAHA2
olE FTFEURE L 0.322~0.249 Hl] Alole] it
I ElTh & REle] o3 AisEE AR &
o], & AA™AZH ol = Yuan Fo] AT ghe] W
Aot wig- A8t Basuray 59 479x & A
ol Ro]x o=t} Fig. 5(c)yE Case 1 4243
TR gAkA e FEAHE RYFET FEEG
FEAA AARE A2 Hol YAHE RE

T O
% gHoz Fetke wRo EAYE o 4

L8 B

ik,
Table 1 Cutting simulation conditions
Case 1 Case 2
Cutting Depth of cut | 0.2 mm 0.2 ym
conditions | Cutting speed | 2.16 m/s 0.1
mm/s
Tool shape | Rake angle 12° 0°
Edge radius | 0.1 mm 0.2 um
Materials | Tool Cemented Diamond
carbide
Workpiece 0.2% Carbon | OHFC
steel copper
Table 2 Critical depths of cut
FEM Basuray et. | Yuan et.
0.0249 ~
Case 1 0.0293 mm | 0.0198 mm 0.0322 mm
0.0438 ~
Case 2 0.0688 um | 0.0415 um 0.0644 1m
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(a) initial chip geometry and finite element mesh

(b) calculated velocity vector

(c) flow line

Fig. 5 Simulation example for case 1
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Fig. 6 Depths of cut for cutting speed variation
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