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3D Finite element simulation of micro-milling process of titanium alloy
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ARTICLE INFORMATION ABSTRACT

Nowadays, emergence of more advanced computer systems made it possible to simulate and model
complex problems with even higher accuracy. Regarding lower time and cost, the use of simulations
instead of physical experiments is increasingly considered as an alternative method in the analysis and
optimization of process performance. The importance of such methods becomes more significant when
talking about micro-processes, since there are lots of difficulties in experimental measurements as a
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gﬁr{;’tiﬁn result of scaling problems by scaling down from macro to micro. In this study, a 3D model is developed
Micromilling using Deform-3D software for prediction of micromilling process behavior. Effects of cutting
Cutting force parameters on such characteristics as cutting forces, temperature distribution and tool wear are
¥§$P;r;‘?re investigated. Johnson-Cook model is used to define physical and mechanical properties of the material

in simulation. Two types of sticking and sliding friction contacts were assigned along the tool-
workpiece contact length to have more realistic cutting condition. The two types of sticking and sliding
friction contacts were employed to have more realistic contact model. Usui wear model is used to
predict tool wear rate in the simulation. To check the validity of the model, force results of simulation
are compared with the measured ones. A high level of correlation exists between the obtained
simulation and measured results, which shows that the 3D developed model has good capability to
predict process behavior.
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Table 1 Process parameters used in simulation
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Fig. 5 The experimental setup
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Fig. 8 Effect of rotational speed and feed rate on cutting force
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Fig. 9 Effect of rotational speed and feed rate on cutting temperature
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Fig. 10 Temperature distribution of cutting tool at #=35000 rpm, =3
um/tooth, and a,=100 pm

$=35000 rpm % Loyl i cos (5)1575,8,800 50 0l oles ae5 10 JSCB
a,=100 pm 4 £=3 pm/tooth

12 o pleibs 16 095 1395 siduwsl (w30 SuilSo wiie

Fig. 7 Comparison of measured and simulated cutting forces results at
n=15000 rpm, fz=7 pm/tooth, and ap=100 pm
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Table 4 Process conditions and the obtained results of simulation

Tool wear Trnax Femax a, n

(mm) 0 (N)  (um)  (umitooth)  (pm)
0.000000078 242 2.042 100 3 15000 1
0.000000090 259 2.425 100 5 15000 2
0.000000098 274 2913 100 7 15000 3
0.000000138 304 1.966 100 3 25000 4
0.000000137 322 2.386 100 5 25000 5
0.000000161 333 2.699 100 7 25000 6
0.000000185 351 1.941 100 3 35000 7
0.000000203 367 2.224 100 5 35000 8
0.000000213 383 2.699 100 7 35000 9
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Fig. 11 Tool wear of one revolution at n=35000 rpm, £=3 pm/tooth,
and a,= 100 um
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Fig. 12 Effect of rotational speed and feed rate on tool wear
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