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A Study on the Thermo-Mechanical Coupling Analysis to
Working Condition of LAM
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{Abstract)

Recently, the use of aircraft structures using Ti alloy (Ti-6Al-4V), a lightweight
high-strength alloy material, is rapidly increasing due to the weight reduction of
aircraft. However, high-strength materials such as Ti alloys require high energy for
cutting and are classified as difficult-to-cut materials. Also, research on Laser Assisted
Machining (hereinafter referred to as LAM), a cutting processing technology that
utilizes improved machinability, is being actively researched. Therefore, in this paper,
in order to confirm the proper temperature distribution using a laser, the finite
element method is used to determine the temperature distribution according to the
calorific value condition to derive the appropriate condition, and the thermal load
generated at this time is used as a structural analysis. It is intended to be used as
basic data for LAM processing conditions by measuring the amount of residual stress

and thermal deformation caused by heat.
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Fig. 1 Schematic diagram of laser assisted machining
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Fig. 2 Moving heat flux sourcer
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P Laser Heat fl Table 2. Material property of Ti-6Al-4V
No ower diameter | Feed rate cat uzx
) (mm) (W/mm®) Property Value
1.6mm/s Density 4429 kg/m’
Casel | 240 > (100mm/min) 5623 Young’s modulus 113.8 Gpa
1.6mm/s poisson’s ratio 0.3399
Case2 | 320 5 . 7.947
(100mm/min) Yield strength 839.9 MPa
Case3 | 400 5 (101(')fnnr]rf/n£in) 9371 Tensile strength 930 MPa
0.75mm/s
Cased | 240 > (45mm/min) 5625 Table 3. Equation of thermal conductivity and spedfic
heat
Case5 | 320 5 O.75mm/.s 7.497
(45mm/min)
0.75mmy/ Thermal property Value
Case6 | 400 5 /omIns 9.371 Thermal conductivity | 1.00X 10X T2-0.0012 X T+6.
(45mm/min) y
L6mm/s (W/mK) 6519
C 240 10 : . 1.406 ifi
ase (100mm/min) Spe&i;}{l)leat 0.21 X T+483.37
1.6mm/s
Case8 320 10 (100mm/min) 1.874
Case9 | 400 10 L.6mm/s 2343
(100mm/min) ’
G_1x oJAsHA T
Casel0 | 240 10 0.75mm/s |y 4og 3. E-T= ddgely Zat
(45mm/min)
Casell| 320 10 0.75mm/s |y ooy
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D: casel
Temperature
Type: Ternperature
Unit: *C

Time: 0.3

708.19 Max
63195
5557
47948
40322
32607
250,73
17449
28244

22 Min

(@ 03 S

D: casel
Ternperature
Type: Ternperature
unit: °C

Time: 40.2

1223.5 Max.
1090
956.53
82303
889,52
556.02
422351
289.01
1555

22 Min
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88472 Max
78647
68822
58996
49171
39.346
2952
19.685
9.8506
0044242 Min

E: Transient Structural

Total Deformation

Type: Total Deformation

0043655
0037435
0031214
0024934
0018774
0012553
00063329

0.00011256 Min

(@)

(b)
Fig. 8 Results of transient structure analysis on casel
(@) Equivalent stress (b) Total deformation

¥-72 o

(KSA(C

ol

Table 4. Results of temperature distribution reference

b caset b 402 and thermal analysis
Ternperature
éﬁég}mpmm Laser | Heat effect Reference Analysis
N power(W) | depth(mm) | temperature('C) | result(‘C)
om 0 1300 1223.3
i 240 2.0 600 824.6
s 35 350 599.2
e 0 1500 1503.9
(©) 60 S 320 2.0 770 1014.8
Fig. 7 Results of transient thermal analysis on casel 55 500 759.6
Table 5. Results of thermal-structure analysis
No Max temp(C) X-axis dist Y-axis dist Z-axis dist | Equation stress | Total deform
(mm) (mm) (mm) (MPa) (mm)
Casel 1223.3 13.4 7.3 43 88.47 0.056
Case2 1505.2 17.6 8.2 5.8 114.59 0.073
Case3 1792.8 223 9.1 6.3 139.28 0.084
Cased 1356.4 14.5 9.0 6.6 135.97 0.315
Case5 1678.7 19.2 10.5 8.2 169.98 0.607
Caseb 2004.1 24.0 11.5 9.5 199.41 0.458
Case7 672.1 9.8 7.0 2.0 89.21 0.047
Case8 823.5 14.9 9.6 2.5 119.69 0.066
Case9 953.8 19.6 11.0 4.4 142.65 0.083
Casel0 787.9 12.8 10.0 4.1 136.10 0.197
Casell 951.6 17.3 12.5 6.1 172.14 0.225
Casel?2 1094.6 22.0 14.0 8.0 203.02 0.447
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