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Abstract This paper delves into the crucial realm of support structures in metal additive manufacturing (AM) processes
and their direct impact on the stiffness of printed components. With the continuous evolution of AM technologies, optimizing
support structures has become imperative to enhance the overall quality and performance of manufactured metal parts.
Therefore, in this study, tensile specimens were manufactured using various representative support design variables such as
support type, spacing, and penetration depth, and the differences in displacement-load curve were analyzed though tensile
test. Using additively manufactured support shaped tensile specimen, the paper presents a comprehensive examination of the
effect of support parameters on their stiffness. The findings contribute to advancing the understanding how to design
supports to suppress thermal deformation of metal parts during AM process, thereby paving the way for enhanced design
freedom and functional performance in the ever-expanding field of AM.
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Fig. 1. Fracture of support during PBF type metal additive

manufacturing.
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Fig. 2. Schematic presenting design variable for support.
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Table 1

Parameter set for block and rod support design
Support type Parameter Value
Block Intrusion 0.1,0.3,0.5 mm
(Ti-6Al-4V, CPTi) Spacing 0.5,1.0, 1.5 mm
Rod Intrusion 0.1,0.3,0.5 mm
(Ti-6Al1-4V, CPTi) Rod diameter 0.5,0.8, 1.0 mm

Table 2

Process parameters according to materials

Lasertec 30 SLM 280

Powder Ti-6Al-4V Grade 5 CPTi Grade 4
Power 279 W 350 W
Scan speed 1,117 mm/s 1,400 mm/s
Layer thickness 0.05 mm 0.03 mm
Hatch space 0.12 mm 0.12 mm
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Fig. 3. Support shaped tensile specimen for support strength measurement.
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Parameter Value
Intrusion (mm) 0.1 0.3 0.5
Spacing (mm) 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5

Tensile specimen after
measurement

Fig. 4. Block type Ti-6Al-4V tensile specimen after measurement.

Parameter Value
Intrusion (mm) 0.1 0.3
Rod diameter (mm) 0.5 0.8 1.0 0.5 0.8 1.0

Tensile specimen after
measurement

Intrusion (mm)

Rod diameter (mm)

Tensile specimen after
measurement

Fig. 5. Rod type Ti-6Al-4V tensile specimen after measurement.
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Fig. 6. Result of tensile test measured by Ti-6A1-4V tensile specimen (a) block type, (b) rod type.
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Parameter Value
Intrusion (mm) 0.1 0.3 0.5
Spacing (mm) 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5

Tensile specimen after
measurement

Fig. 7. Block type CPTi tensile specimen after measurement.

Parameter Value
Intrusion (mm) 0.1 0.3
Rod diameter (mm) 0.5 0.8 1.0 0.5 0.8 1.0

Tensile specimen after
measurement

Intrusion (mm)

Rod diameter (mm)

Tensile specimen after
measurement

Fig. 8. Rod type CPTi tensile specimen after measurement.
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Fig. 9. Result of tensile test measured by CPTi tensile specimen (a) block type, (b) rod type.
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