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Cutting Process Computer Simulations

Dr. Katsuhiko Ozakill Koichi Akazawall Shoji Yoshimura

Chip formation analysis and stability lobe predictions are key aspects for machining processes. Kobe Steel
has developed a new computer technique to simulate the chip formation process in orthogonal machining
and to predict milling lobe stability. Elastic-plastic and thermal finite element methods were used for chip
formation analysis. Chip shape, cutting force and cutting temperature predictions were based on the initial
cutting conditions and tool shape. Lobe stability analytical prediction were based on a cutting force model

and a regenerative chatter model.
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d : displacement, v : velocity, a : acceleration,o : stress,e :
strain, ¢ : heat source, T: temperature J 0000000
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Fig. 1 Cal. flow of thermo-mechanical couple model
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Fig. 2 Model of orthogonal machining
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Fig. 3 Chip formation process

900

800 — —

700 — —

600 — —

500 — —

400 .

300 — —

Temperature at rake face (O)

200 — —

100 — —

0 | | |
0 100 200 300 400

Cutting speed (m/min)
04 0O00DOOO0ODOOOOOOOO
Fig. 4 Effect of cutting speed on the cutting temperature
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Fig. 6 Diagram of analytical prediction of stability lobes
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Fig. 7 Schematic figure of cutting process
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C : viscous damping coefficient
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Fig. 8 Predicted stability lobes

gbooooooboobobosbobooooooo
goboobooboobbooboobbooboo
gobooboobboobobooboobbooboo
gboo0o0ooooboobOobobooooosogoa
gobooboobboobobooboobobooboo
gobooboobobobbooboobobooboo
gobooboobboobobooboobobooboo
gbooooooobooobooboo

30000000000 ooooooOoooooo
oooboooooooooo

3O on
cooboboooooooooOoooooOooOooobooooon
cooboooobooooooOoooooOooooobooOooon
coobobooobooooooboooooOoboooobooooo
coobobooobooooooooooOoboooobooboooo
cooboboooobooooooboooooboooosooon
goboboooobooooooboooooboooooboooo
oobobooboooooooooboooooboobooooboboooo
oobobooooooooooboooooboobooooboboooo
ooboooooooog

3O0ODO0OO0
ooobooooooooooboeobOboOonoOoobboOonon
ooobooooooooooboooooobooooboboooo
gooboooloooooooooooooooooon
goobooooboooooooooooooobooooo
coboooooooboboooooooobooooo 1
0il1o00o0oooooooooono
3BUUOOOOOOOOOOO0OO
cooboocooboooobil10i10000000000

09 000000000
Fig. 9 Cutter profile of female
roter
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Fig.10 Locus of cutter
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Fig.12 Simulation result after correction

gogoooobooboobbooboobbooobg
gogoogoooooboo

ooooooo

10 J. S. Strenkowski et al. : Trans. ASME, J. Engg. Ind., 107, Nov.
[0 19850] p.3490

20 J00D0O0O0ODOO0ODOOOVol57, No.1200 19910 p.2170

30 K.Osakada et al. : Int.J.Mech.Sci., 240 1984[] p.4590]

40 T. D. Marusich et al. : Simulation of Materials Processing :
Theory, Methods and Applications(] 1995(] p.101, Balkemall

50 E. Shamoto et al. : MED, Vol.6-100 19970 p.580

6 O Y. Altinas et al. : Annals of the CIRP, Vol.45, No.lD 19960] p.590]

70 Y. Altinas et al. : Annals of the CIRP, Vol.44, No.10 19960]
p.3570

8 O E. Budak et al. : Trans. ASME. J. Dynamics Systems. Mayl 19980
p.220

O

22 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 51 No. 30 Dec. 20010



