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A Study on the Effectiveness of Finite Element Method in Orthogonal Cutting

Jae-Woong Youn*, Hong-Seok Kim"

I Abstract |r

In general, the direct experimental approach to study machining processes is expensive and time consuming, especially
when a wide range of parameters are included: tool, geometry, materials, cutting conditions, etc. The aim of this study
is to verify the effectiveness of finite element method for orthogonal cutting process by comparing the simulated cutting
forces with measured results. Two commercialized finite element codes AdvantEdgeTM
used to simulate the cutting forces in orthogonal cutting process. In this paper, estimated cutting and feed force
components are compared with experimental results for different two materials. As a result, it has been found that
FEM simulation is effective for understanding and predicting the orthogonal cutting process although some

improvements on friction model and remeshing process are needed.

Key Words : FEM simulation(-8-3+8.4 3}j4]), Orthogonal cutting(2X}& 4}, Cutting force(Z4+2}), Cutting condition(A4}2A),

Constitutive equation(-7-AJH1-44})
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+ Aluminum 6061-T6 » Edge Radius : 0.02mm
» Entrance angle : 0 deg.
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(deg.) {(m/min) {mm) (mm'rev)
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< s 5 N s
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Fig. 4 Experimental Setup
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conditions(SM45C steel)
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Fig. 8 Cutting force components for various cutting
conditions(Aluminum 6061-T6)
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Table 2 Comparison of simulation error for steel Table 3 Comparison of simulation error for Aluminum
machining machining
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(BHN 170} Condition | “corce’  Force  Force | Force  Force  Force (6061-76) Condition | “rorce”  Force  Force | Force  Force  Force
Error (%) Ercor (%) Error (%) | Error (%) Error (%) Error (%) Error (3) Error (%) Error %) | Ervor (%) Error (% Error (%)
Rake angle 3 21 457 205 304 718 488 Rake angie o 25 368 232 146 71 387
00ci10 s 17 a70 191 314 754 286 00 10 5 126 354 224 160 711 355
0C.:10 mm, 0C.: 10 mm,
feed : 0105 mm/r, 10" 29 463 153 316 749 263 Feed : 0405 mmyr,  10° 100 36.2 200 150 742 333
Speed : 150 m/min) 15° 62 459 119 312 771 5.6 Speed : 150 m/min) 15° 17 117 22 20 692 132
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Speed : 150 m/min) 024 memyr | 169 356 25 124 632 254 Speed : 150 m/min) g4 mmsr | 17 258 69 11 670 178
03 mmyr | 125 380 05 141 664 264 03mmyr | 08 288 78 29 66.3 134
50 m/min 145 256 31 303 743 471 50 m/min 174 9.7 15.5 03 365 71
Cutting Speed 150 m/min | 36 382 143 305 748 474 Cutting Speed 100 pymin | 247 438 318 151 661 312
(Rake angle : S, 150 m/min | 17 470 191 278 747 459 (Rake angle : 10", 150 m/min | 100 362 200 91 660 275
;i‘?lcb.ﬁf ,m"/") 200 m/min | 18 488 204 273 725 438 FeDéS';cbié? ;‘:/ .y 200 m/min | 27 305 133 22 634 187
250 m/min | 52 360 s 222 660 356 250 mymin | 6.2 258 52 133 585 82
Average Error (%) 9.9 400 109 227 70.6 39.8 Average Error (%) 9.2 268 143 75 63.0 213
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