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ABSTRACT

Recently, with the development of the aerospace and automotive industries, the demand for
high-melting-point materials has increased. However, high-melting-point materials are difficult to cut through
conventional machining methods. Thermally assisted machining (TAM) is a method for improving the
machinability by preheating the materials. A laser, the most commonly used device for TAM, has high
efficiency through local preheating but is not sufficient for maintaining a high preheating temperature due to
rapid cooling. However, the use of multi-heat sources can supplement the disadvantage of a single heat
source. The high preheating temperature can be maintained with a wide and deep heat-affected zone (HAZ)
by multi-heat sources. The purpose of this study is to analyze the preheating effects of multi-heat sources
using laser plasma. Thermal analysis and preheating experiments were carried out. As a result, the high
preheating effect of multi-heat sources compared with a single heat source was verified.

Key Words : High Melting Point Material( (12 @& Z~&}), Thermally Assisted Machining(2 == 713), Multi-Heat
Sources(CHE &), Laser-Plasma(2l|O| X-Z2}=0}), Preheating Effect(0ll2 &1
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Table 1 Analysis condition

Material Inconel 718
Laser
Heat source diameter (mm
(mm) Plasma 5
. . 30° 1.78
Plasma source power intensity
— 45° 2.52
(W/mnm?) 60° 3.09
Convection coefficient (W/m?) 5
Feed rate (mm/min) 100
Density (kg/m?) 8190
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Fig. 3 The specific heat and thermal conductivity of
Inconel 718

829.07 Max
736.97
644 86
552.76
460.66
368.56
27645
184.35
103.76
2317 Min,

781.17 Max
69693
61268
52843
444,19
359.94
27560
19145
107.2
22.953 Min,

(a) Plasma angle 30° (b) Plasma angle 45°
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80023
70015
600.06
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22.871 Min

Multi-heat sources

(c) Plasma angle 60° and temperature distribution

according to depth
Fig. 4 Result of analysis
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Fig. 5 Experimental set

up for temperature
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Table 2 Experimental condition
Plasma torch angle (°) 60
Laser temperature (°C) 900
Plasma power (kW) 1
Plasma gas flow rate (/min) 25
Feed rate (mm/min) 100

Fig. 6 Workpiece for temperature measurement
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