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Condition of internal void closure with multi-axial stress induce in additive
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Powder bed fusion (PBF) and selective laser melting (SLM) method was used
for maraging steel block manufacturing. Internal void volume fraction and mechanical properties of
the products were investigated under the experimental condition of constant energy density with 4
combinations of laser scanning rate and hatching space distance. Micro tensile test specimens were
cut out from the build blocks and tensile test was performed. In addition, the wedge forging process

was proposed for the purpose of internal defect closure, and its experiment and finite element
analyses were performed. As the result, the forging process realizes employment of large strain in
low compression load.
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Table 1 Processing condition of additive manufacturing

Condition 1 2 3 4
Power of laser P [W] 320

Layer thickness ¢# [mm] 0.05

Spot diameter s [mm] 0.2

Hatch spacing 4 [mm] 0.05 0.1 0.15 0.2
Scan speed v [mm/s] 1680 840 560 420
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Fig. 1  Micro tensile testing method; (left) location and direction of micro specimen for tensile test, (right)
micro tensile test machine and specimen geometry
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’; Table 2 FEA conditions of wedge forging

Mode Deformation
Step increment control 0. 1 s/step
Object type Elasto-Pastic
. Temperature 300 °C
Specimen
Material 7000 series Al alloy
Number of elements 100000
Top die Object type Rigid
Bottom die Object type Rigid
. Top die-Work peace Shear friction 0.7
Inter-Object - —
Bottom die-Work peace Shear friction 0.7

Fig. 2 Wedge forging die
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Fig. 3 Shape and dimensions of wedge die Fig. 4 Intersect angle P of top and bottom dies
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Fig. 5 Schematic illustration of wedge multi-stage forging process
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Fig. 6 Void area fraction on cross-sectional Fig. 7 Microstructure on the cross-sectional

surface of fabricated block surface of fabricated block ( (a) Cond. 1 (h =50
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Fig. 8 Relationship between process conditions  Fig. 9 Relationship between process conditions
and tensile strength and fractured equivalent strain
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Fig. 10 Tensile strength and total elongatlon of specimen durmg Wedge multi-stage forging.
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