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A study on Finite Element Analysis of Tool Deformation
in End Milling
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Abstract This study is predicted tool deformation by cutting forces and chip-tool interface temperature in
machining process. Modeling of tool is made using 3D CAD software, finite element method is performed by
cutting forces and temperature. Cutting forces and temperature used load conditions are predicted using the cutting
force model based on machining theory. Experimental milling tests have been conducted to verify the cutting force
model. Finally, this study is predicted cutting force components and temperature using cutting conditions, material
property, tool geometry without experiment and tool deformation is predicted by cutting forces and temperature in
machining process.
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¥ 1. Cutting conditions

¥ 2. Results of cutting forces

Spindle |Feedrate cutting Axial CASE Fx(N) Fy(N) Fz(N)
Cutterbody | speed | [mm/ | o [depthof | CASE CASEl 17422 100.87 20,506
[rpm] | min] cut [mm]
Diameter:6mm] | 41 ; . CASE2 -510.54 28129 -69.346
Helix angle : 30° 127 | P 2 CASE3 -231.01 140.68 26933
Rakeangle: 0° | 750 a1 ) 3 CASE4 -121.59 . 80.078 -15.082
Cs: 0° 1400 vp 4
H 3. Tool-chip interface temperature
102 - CASE Contact length Temperature
mm
100 LN \d//' ~— 7 _ (mm) ©0)
£ -200 CASEI 0.1255 914.0332
$ 300 CASE2 0.3994 836.8671
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500 CASE3 0.1717 866.3508
-600 CASE4 0.0890 971.3403
0 90 180 270 360
Rotation(degree)
(a) Fx
600 LabVIEWE %3l tlolelg A4t
500 ag 12 F7 1384 §E ue] A solt) 9
T o} Adfola} o]EX|9} AR Hujx|9} wlFo] Al
Z 300 g AL B 29t} o)2 M Aalyg mde) gL 7
3 1232 P A Z3lgomH 01'\’4]—4 2& ZF CASEdl 33z "4t
>4
0 // \ A, ./-/ \_ i HE BA&n}
-100 )
0 ) 180 270 360 2.2 HARE
Roteton(deoree) Ve F A-FT Al BE Lolely WA A
(b) Fy Axexs) gtk B Are A WA
100 et 98 A Ui Halo|gg o|&3lo -7
i~ = Afole] % Zolst Bt HALES dEsglon of
2 oo He ® 33 7o| L3It
5 300
3. BTHY B8t FELY
-500
-600 A} WA ) ZA e o
o " 50 7o 260 TVeAl B B HEL Tt e Hags

Rotation(degree)
(c) Fz

Fig. 1. Predicted(solid line) and experimental(dot line) cutting
forces for CASEL.
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H 4. Material property of Tool

Material name AISI 1020
Tool length 15 mm
Depth of cut 2 mm
Elastic modulus 2X 10" N/m®
Poisson's ratio 0.29
Shear modulus 7.7% 10" N/m?
Tool Thermal expansion coefficient | 15X 107 /Kelin
Mass density 7900 kg/m’
Thermal conductivity 47W /(m.K)
i Specific heat 420 (kg K)
Yield strength 3.5157x 10° N/m?
Tensile strength 42051 X 10° N/m?

38 2. Modelling of endmill.
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Temp (Kelvin)

1.187e+003
1.415e+003
11.042e+003
.9.898e+002
.§.975e+002
. 8,251e+002
2_ 7 527e+002
{ 6.508e+002
 6.080e+002

. 5.356e+002

38 3. Result of thermal analysis of CASEI.

URES (m)
6.939-005
16.361e-005
| 57820005
.5.204e-005
.4.626e-005
L 4.048¢-005
1 3.4692-005
 2.8916-005
12313005
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1.000e-033

™
%8 4. Result of structural analysis of CASEI.
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H 5. Results of FEM

Str i
CASE eszs Strain Displacement
N/m?) (mm)
CASEl | 3.00883%10° | 0.00721584 0.069387
CASE2 | 8.23905X% 10° 0.0125873 0.130054
CASE3 4.0592x 10° 0.00658068 0.077699
CASE4 | 227113x10° | 0.00657776 0.064618
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