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A Study on the Analysis of Optimal Working Condition for
Constant Temperature Laser MCT(LAM) Combined Machining
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{Abstract)

Ti-alloy, a high-strength alloy material among the materials used in aircraft that are
trending toward lighter weight, is classified as a difficult-to-cut material that requires
a lot of energy for cutting. Cutting in a high-temperature environment is considered
one means of making this possible, and various studies have been conducted on it. In
particular, research on LAM (Laser Assisted Machining (LAM)), which utilizes laser
heating of the cutting area, is being actively conducted. Before processing of the
milling cutter begins, the temperature is raised locally by the laser irradiated through
the laser head carrier, and the resistance during milling is reduced. Therefore, in this
paper, in order to derive such conditions, we performed heat transfer analysis
according to transfer conditions and compared it with actually applied test data to use
it to establish appropriate processing conditions.
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Fig. 1 Schematic diagram of laser assisted machining
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Fig. 2 Three-dimensional cartesian elemental volume
in a solid for derivation of the heat conduction
equation
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Fig. 3 3D modeling of heat transfer analysis

Fig. 4 Image of finite element model for heat
transfer analysis Fig. 5 Image of convection for natural state
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Fig. 6 Image of temperature area by step

Table 1. Table of time step following feed speed

No 3€C | Case 1| Case 2| Case 3| Case 4| Case 5
Step 1 | 0.428 | 0.36 0.3 0.265 | 0.225
Step 2 | 0.856 | 0.72 0.6 0.529 | 0.45
Step 3 | 1.284 | 1.08 0.9 0.794 | 0.675
Step 4 | 1.712 1.44 1.2 1.059 0.9
Step 5 | 2.14 1.8 1.5 1.324 | 1.125
Step 6 | 2.568 | 2.16 1.8 1.588 | 1.35
Step 7 | 2.996 | 2.52 2.1 1.853 | 1.575
Step 8 | 3.424 | 2.88 2.4 2.118 1.8
Step 9 | 3.852 | 3.24 2.7 2.382 | 2.025
Step 10| 4.28 3.6 3 2.647 | 2.25
Step 11| 4.708 | 3.96 3.3 | 2912 | 2475
Step 12| 5.136 | 4.32 3.6 3.176 2.7
Step 13| 5.564 | 4.68 3.9 3.441 | 2.925
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Table 2. Material property of Ti-6Al-4V

Property Value

Density 4429 kg/m’

Young's modulus 113.8 Gpa
poisson’s ratio 0.3399

Yield strength 839.9 MPa
Tensile strength 930 MPa
Isotropic thermal conductivity Fig. 3-7
Specific heat Fig. 3-8

Table 3. Equation of thermal conductivity and spedific

heat

Thermal property

Value

Thermal
conductivity
(W/mK)

1.00x 10X T?-0.0012 X T+6.6519

Specific heat

(J/kgK)

0.21xXT+483.37
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Fig. 8 Results of heat transfer analysis each case
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Table 4. Temperature data each case (radial direction)

Temp('C)
Locatio Casel | case2 | case3 | case4 | case5
(mm)
8.454 734.76(729.22|723.41|717.05|712.84
12.684 607.3 |611.46| 614.8 |616.45|618.66
19.71 512.67(517.19|521.01|523.42|525.69
33.299 412.81(419.09| 421.8 |427.19(430.25

Position 1

Fig. 11 Image of measure position 1 of heat transfer
analysis(depth direction)

Table 5. Temperature data each case on position 1

emp('C)
Dep Casel | case2 | case3 | case4 | case5
(mm)
0 734.761729.22|723.41|717.05|712.84
1 647.42(633.53|435.63|607.33(591.16
2 494.9 |469.54 |435.63 |412.14|379.55
3 335.63 | 294.2 |253.84|224.32|185.97
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Fig. 12 Image of measure position 1 of heat
transfer analysis(depth direction)
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Table 6. Temperature data each case on position 1

Test Items Test result

Cutting resistance 53.92(N)
Cutting amount 12.75 arf/min
Cycle Time 24min 39sec

1 0.045 mn

Tool wear 2 0.041 mn

amount 3 0.050 mm

tool 4 0.053 mm
life 1 no damage
Visual 2 no damage
inspection 3 no damage

4 no damage
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