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A Study on the sectional shape of single track added by directed
energy depistion process

Moo-Sun Kim
Urban Railroad Research Department, Korea Railroad Research Institute
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Abstract In this study, analysis was carried out to determine melt-pool shape characteristics according
to the processing conditions to prevent sensor damage due to high thermal energy when applying DED
(directed energy deposition) to manufacture a metal-structure embedding sensor. As Al technology
develops, the importance of developing a self-diagnosis structure increases. As the need for integration
of a sensor and a structure increases, research to insert sensors into structures is expanding. When
integrating a sensor and structure using a general manufacturing method, it is difficult to avoid damage
to the sensor due to heat energy. However, when laser additive manufacturing technology like DED is
applied, sensor damage can be prevented by minimizing fusion energy. A way to determine the fusion
energy is through analysis of the shape of the melt pool formed during the DED process. In this study,
to analyze the melt pool shape, the DED process was performed under various laser power and scan
speed combinations, and the width and depth of the generated melt pool were compared. SUS316L was
applied as the material, and the laser power and scan speed were in the ranges of 900-1,800 W and
800-1,200 mm/min, respectively. As a result of the analysis, it was confirmed that the melt pool width
increased as the energy density increased, and at the same energy density, the melt pool width increased
as the laser power increased. The melt pool depth created within the substrate material also increased
in proportion to the energy density, showing a maximum depth value of 700 g#m under process
conditions of 1,800 W and 800 mm/min. It is estimated that the minimum thickness of the sensor cover
must be more than the maximum depth of the melt pool to prevent sensor damage.
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Fig. 1. Schematic of DED process
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Table 1. Chemical compositions of SUS316L powder
(Wt%)

Material Fe Si

Bal

SUS316L 0.03 0.045

Material Mo Cu Co

16~18

SUS316L 0.03 |12~15 2.5
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Table 2. DED process conditions for each specimen
case

Laser scan
speed(mm/min)

Laser power

Case no. W)

900
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Fig. 2. Single track specimen manufactured by DED
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