AN A 7383 A, A 198, A8E, pp.56~63(2020.08) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 19, No. 8, pp.56~63(2020.08) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2020.19.08.056

DMT 2A& 2 0|2%F $45¢ +Z=22Z ¥ Inconel 718 =&tz
ME EM EMof| &8 A

otEIsaE

A Study on the Heat Transfer Characteristics of Single Bead
Deposition of Inconel 718 Superalloy on S45C Structural Steel
Using a DMT Process

Kwang-Kyu Lee’, Dong-Gyu Ahn™*, Woo-Sung Kim"™, Ho-Jin Lee™
“School of Mechanical Engineering, Chosun UNIV.,

“"Extreme Fabrication Technology Group, Daegyeong Regional Div., Korea Institute of Industrial
Technology
(Received 22 April 2020; received in revised form 25 June 2020; accepted 28 June 2020)

ABSTRACT

The heat transfer phenomenon in the vicinity of the irradiated region of a focused laser beam of a DMT
process greatly affects both the deposition characteristics of powders on a substrate and the properties of the
deposited region. The goal of this paper is to investigate the heat transfer characteristics of a single bead
deposition of Inconel 718 powders on S45C structural steel using a laser-aided direct metal tooling (DMT)
process. The finite element analysis (FEA) model with a Gaussian volumetric heat flux is developed to
simulate a three-dimensional transient heat transfer phenomenon. The cross-section of the bead for the FEA is
estimated with an equivalent area method using experimental results. Through the comparison of the results of
the experiments and those of the analysis, the effective beam radius of the bottom region of the volumetric
heat flux and the efficiency of the heat flux model for different powers and travel speeds of the laser are
predicted. From the results of the FEA, the influence of the power and the travel speed of the laser on the
creation of a steady-state heat transfer region and the formation of the heat-affected zone (HAZ) in the
substrate are investigated.

Key Words : Heat Transfer Characteristics(@™Et S4A), Single Bead (T2 H|Z), DMT Process (DMT 3%),
Inconel 718 Superalloy(Inconel718 Z=&H=), S45C Structural Steel(S45C T=EZ)
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(a) DMT machine (MX-3) (b) Experimental set-up
Fig. 1 Schematics of the experimental set-up
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Fig. 2 Results of deposition experiments

Fig. 3 Estimation methodology of an equivalent area
of bead in FE model

Table 1 Measured area and width of beads and the
estimated equivalent height of bead for
different deposition conditions

P 1% A, Wi
(W) (mm/s) | (mm) (mm) (mm)
300 14.17 0.077 0.702 0.110
300 16.67 0.057 0.657 0.087
400 14.17 0.073 0.843 0.086
400 16.67 0.071 0.809 0.087
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Table 2 Conditions for FEAs

Parameter of Heat flux Process parameter
Ie T P |4
(mm) | (mm) | " (W) (mnvs)
0.4 | 0.20-0.39|0.3-0.5| 300, 400 | 14.2, 16.7
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