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A Study on the Cutting Tool and Holder Deformation Prediction undergoing Laser-
assisted Machining with Moving Heat Sources

1 = 0p 2,
1 FXE OIE'F_FZ@
Jae Won Jung' and Choon Man Lee“®
1 ZHAUEY 7| AMEH &85 (Department of Mechanical Design, Changwon Univ.)
2 FALEty MIERLAZ SR (Department of Mechatronics, Changwon Univ.)
B4 Corresponding author: cmlee@changwon.ac.kr, Tel: 055-213-3622

Manuscript received: 2009.2.25 / Revised: 2009.6.8 / Accepted: 2009.7.27

Laser-assisted machining uses primarily laser power to heat the local area before the material is
removed. It not only efficiently reduces the cutting force during the manufacturing process but
also improves the machining characteristics and accuracy with regard to difficult-to-machine
materials. The prediction of relative deformations between the cutting tool and workpiece is
important to improve the accuracy of machined components.This paper presents the deformation
errors caused for a cylindrical workpiece by thermal effects in the laser-assisted machine tool
using finite element method. The results can be used to increase the cutting accuracy by
compensating thermal distortion prior to laser-assisted machining.
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Fig. 1 Laser-assisted machining of a cylindrical
workpiece

Table 1 Laser specifications

Mode TEMOO
Profile diameter 3mm
Power 319W
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Table 2 Mesh information of a cylindrical workpiece
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Table 3 Material properties of a cylindrical workpiece

A16mm 230mm Alumina | Zirconia
Mesh type Hexahedron Young’s modulus [GPa] 393.0 196.1
Mesh size[mm] 0.5x0.5x0.67 Poisson’s ratio 0.25 0.30
Elements number 66,300 101,700 Density [kg/m3] 3,970.0 6,050.0
Node number 70,516 108,035
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Fig. 3 A transient analysis conditions
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Fig. 4 Temperature-dependent specific heat and thermal
conductivity
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Fig.. 5 Back rake, relief angle and geometry of a cutting
tool
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Table 4 Cutting conditions
Feed[mm/rev.] 0.013
Depth of cutfmm] 0.89
Length of cutfmm] 3
Cutting speed[m/min] ©16mm ©30mm
21.7 41.5
Initial temperature [ 'C] The results of step 2

Table 5 Mesh information of the analysis step 2

Minimum element edge length 0.060
(chip bulk)[mm] '
Minimum element edge length
0.050
(cutter edge)[mm]
Radius of refined region
0.23
(cutter edge)[mm]
Max. number of nodes 100,000
Mesh type Tetrahedron
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Fig. 6 3D model and mesh of the cutting tool

Table 6 Mesh information of the cutting tool

Mesh Tetrahedron
es e
P (Parabolic/10node)
) Insert Holder
Mesh size[mm]
1 4

Elements Number 8,831

Node Number 14,542

Table 7 Material properties of the cutting tool

SAE4140 WC-Co
[holder] [insert]
Young’s modulus [GPa] 205 620
Poisson’s ratio 0.29 022
Density [kg/m3] 7,861 14,700
Thermal conduuctivity 3 100
[W/m-T]
Specific heat [J/kg-T] 560 138.16
Thermal expansion P 6
12.2 x 10 5.0x10

coefficient [K]
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Fig. 7 Temperature distribution by the analysis step 1
(Alumina, @16mm)
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from the laser heating

Table 8 Mean temperature at material removal planes

Location from the Mean temperature[ C]
laser heating @16mm J30mm

180° 97.3 44.0

Alumina 90° 170.5 96.2
45° 293.2 177.8
180° 421.8 284.2

Zirconia 90° 843.4 468.1
45° 1281.4 547.1
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Fig. 9 A cutting simulation
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Fig. 10 Peak temperature variations and forces by mean
temperature 843.35C
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