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Experimental Study on Porosity Behavior during DED Additive Manufacturing

of S45C/H13 Dissimilar Metals
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This study examines the porosity behavior during the directed energy deposition (DED) of dissimilar metals S45C and H13.
We analyzed the effects of deposition parameters, including laser power, feed rate, and powder characteristics, on pore
formation, taking info account the unique properties of these metals. Our findings indicate that laser power is the primary
factor influencing porosity. At a low power of 200 W, insufficient energy input, along with differences in thermal conductivity
and chemical composition between S45C and H13, led to incomplete melting and lack-of-fusion, resulting in high porosity.
As the laser power increased to 400-600 W, the melt pool stabilized, enhancing interfacial bonding and significantly
reducing porosity. However, at an excessive power of 800 W, rapid melting and solidification of the powder caused gas
entrapment and pore formation, which increased porosity, particularly due to the differing thermal conductivities of S45C
and H13. Therefore, our results suggest that maintaining an adequate laser power of 400-600 W is essential for achieving
a stable melt pool and minimizing porosity in the DED process for dissimilar S45C and H13 metals.
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Table 1 Chemical composition of S45C [%]
C Si Mn P S Cu Ni Cr Fe
045 02 058 0.02 0.01 001 002 0.04 Bal

Table 2 Chemical composition of H13 [%]
C Si Mn Cr Mo v Ti N Fe
04 094 028 506 154 098 0.0086 0.012 Bal.

Table 3 Experimental conditions of directed energy deposition

Parameter Value
Laser power [W] 200, 400, 600, 800
Feed rate [mm/min] 600, 1000
Powder value [g/min] 3,5
Coaxial gas [I/min] 7.0
Powder gas [1/min] 2.5
Shield gas [I/min] 5.0

Laser module

Fig. 1 Experimental setup of directed energy deposition
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Measurement image

Binarized image

Fig. 2 Binarization process of measured bead cross-section image

Bead width

Fig. 3 Schematic showing bead shape measurements
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Fig. 4 Porosity in bead under different deposition conditions
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©
Fig. 5 Cross-section images of bead deposited with laser powers of
(a) 200, 400, and 800 W (Powder value: 3 g/min, Feed rate:
600 m/min)
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Fig. 6 Bead width under different deposition conditions
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Fig. 7 Bead height under different deposition conditions
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