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A Finite Element Analysis of the Stagnation Point on the Tool Edge

K. W. Kim(Mech. Eng. Dept. SCHU)

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.
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Fig. 1 Stagnation point on the tool edge
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Table 1 Cutting simulation conditions

Case | Case 2
Cutting Depth ofcut | 0.2 mm 0.2 pom
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 ~
.02 .
Case 1 0.0293 mm | 0.0198 mm 0.0322 mm
0.0438 ~
. .04
Case 2 0.0688 pm | 0.0415 pm 0.0644 1am

@

initial chip geometry and finite element mesh
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(b) calculated velocity vector



(c) flow line
Fig. 2 Simulation example for case 1
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Fig. 3 Depths of cut for cutting speed variation
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Fig. 4 Temperature distributions for casel [unit: °C]
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Fig. 5 Stagnation points for depths of cut variation
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Fig. 6 Experimental flow field around cutting edge by
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() 0.2 gon depth of cut  (b) 2 um depth of cut
Fig. 7 Temperature distributions for case2 [unit: °C]
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