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Effect of Martensitic Transformation on the Deformation Behavior of
Additively Manufactured Fe-based Alloy Components during Laser-Powder Bed Fusion Process
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In this study, the deformation behavior of hollow cylinder parts fabricated by Laser-Powder Bed Fusion (L-PBF) process was
investigated, using two types of Fe-based alloy powders, 316L stainless steel and maraging steel. For 316L stainless steel, shrinkage
of the outer radius of hollow cylinder parts was observed, especially under conditions with high preheating temperature of the
base plate. On the other hand, expansion of the outer radius of the upper part in hollow cylinder parts were observed for maraging
steel on high preheating temperature conditions of the base plate, and the residual stresses along the building direction on the
outer surface of cylinders were decreased with increasing the preheating temperature. The deformation behavior of 316L stainless
steel hollow cylinder during L-PBF process can mainly be explained by the accumulation of residual stress during building, and
thermal shrinking from preheating temperature to room temperature after building. In the case of building of maraging steel hollow
cylinder at the high preheating temperatures, the deformation behavior can be explained mainly by the expansion due to martensitic
transformation after cooling from the preheating temperature to room temperature and the deformation constraint by the base plate.
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Fig.1 Schematic drawing of hollow cylindrical part used in this study.
Unit: mm.
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Table 1 Process parameters used in this study.

Name Value
Laser power, P [W] 300
Scanning speed, v [mm/s] 600
Hatch distance, w [mm] 0.13
Layer thickness, # [mm] 0.05
Spot diameter, d [mm] 0.21
Preheating temperature, 7' [°C] wilo, 120, 200
Process gas N,

<— Process gas flow
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Fig.2 Schematic drawing of scan pattern used in this study.
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Fig.3 Measured outer radius at each height from base plate: (a) 316L
stainless steel and (b) maraging steel.
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Fig. 4 Thermal history under base plate during building of 316L
stainless steel part without preheating.
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Fig.5 Residual stresses along building direction measured on the outer
surface of parts.
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Fig. 6 Possible deformation behavior of hollow cylindrical part during and after building on the base plate preheated at 200T: (a) 316L

stainless steel and (b) Maraging steel.
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