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In this study, we investigated characteristics and mechanical properties of SKD61 repaired using the direct energy
deposition (DED) process. Mechanical properties of the repaired product can vary depending on the base material and
powder used in the DED process. To prepare for DED repairing for a damaged part, we conducted experiments using two
different powders (H13 and P21). Experimental results showed that both powders were deposited without defects in the
surface or interface between the deposited zone and the substrate. Hardness measurements indicated that the repaired
region of the Repaired-H13 sample exhibited higher hardness than the base material, while the Repaired-P21 sample
showed a sharp increase in hardness in the heat-affected zone (HAZ). Additionally, tensile test results revealed that the
Repaired-H13 sample had lower tensile strength and elongation than the base material, whereas the Repaired-P21 sample
demonstrated higher tensile strength and yield strength with a higher elongation than the Repaired-H13 sample. In case of
Repaired-H13, it was confirmed that interfacial crack occurred due to a high hardness difference between the repaired part
and the substrate.
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Fig. 1 SEM images of the powders for H13 (left) and P21 (right)

Table 1 Chemical composition of materials [wt%]

Element  Substrate (SKD61) Powder (H13) Powder (P21)
C 0.32-0.42 0.32-0.45 0.20
Si 0.80-1.20 0.80-1.25 0.30

Mn 0.50 0.20-0.60 0.30
P 0.030 0.030 0.030
S 0.030 0.030 0.030

Ni - 0.75 4.10

Cr 4.50-5.50 4.75-5.50 0.30

Mo 1.00-1.50 1.10-1.75 -
\% 0.80-1.20 0.80-1.20 0.20

Cu - - -

Al - - 1.15
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Fig. 2 (a) Schematic diagram of the laser-DED and (b) DMT MX3
machine used for experiments

Table 2 Parameters for DED Processing

Laser powers 830 W
Power feed rates 3.5 g/min
Scanning speed 850 mm/min
Coaxial gas flows 8 L/min
Powder gas flows rate 2.5 L/min
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Fig. 4 Preparation of tensile specimens from repaired substrate
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Fig. 5 (a) Fabricated sample and (b) OM and SEM images of
deposited beads
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Fig. 6 SEM images showing microstructures on deposited layer and
interface of (a) Repaired-H13 and (b) Repaired-P21 (C, y, B
and M indicate Cementite, Austenite, Bainite and Martensite,
respectively)
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Fig. 7 Vickers hardness distribution in the vertical direction for each
material
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Fig. 8 Stress-strain curve according to repair method

Table 3 Comparison of tensile properties

Substrate  Repaired-H13  Repaired-P21
Tensile strength [MPa] 1,470 1,403 1,534
Yield strength [MPa] 1,271 1,232 1,318
Elongation [%] 12.48 4.08 7.76
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Fig. 9 Fracture and area reduction after tensile test: (a) Repaired-
H13 and (b) Repaired-P21
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Fig. 11 Interfacial defect on the interface between repaired part and
substrate of Repaired-H13 (left: OM image, right: 3D
surface roughness)
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