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Optimal Design of Support Structures in Selective Laser Melting of Parts
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Abstract Warping deformation often occurs during the process of selective laser melting (SLM) of parts, which is
related to addition of part supports. Therefore, it is necessary to investigate the addition manner of part supports in
the SLM process. The molding effects in the SLM of parts with different support structures are investigated and one
found that, under the condition of same support parameters, the support sheet which is separated and non-inclined
has better molding effects; the larger the height of support structure is, the stronger the warping deformation is.
After the optimization of support structures, it is found that the separated and non-inclined support structure mixed
with heat conduction columns can effectively reduce the warping deformation of parts. This study provides a
reference basis for the molding of high precision parts by SLM.
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Fig. 1 V-notched specimen
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Fig. 2 Schematic diagram of basic parameters of support structure
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Table 1 Comparison of powder materials manufactured by SLM with ASTM F1377 standard (mass fraction, %)

Element CoCrMo powder ASTM F1377 standard Element CoCrMo powder ASTM F1377 standard
Cr 29.4 27-30 C 0.15 <0.35
Mo 6 5-7 Ni 0.09 <0.5
Si 0.8 <1 Al <0.010 <0.1
Mn 0.75 <1 Ti <C0.010 <<0.1
Fe 0.26 <0.75 W <0.010 <<0.2
N 0.19 <<0.25 Co Bal. Bal.

_~ew JEOL SEI 20KV X500 10 ym 11 mm

B 3 CoCrMo & 4 # oK BB $i
Fig. 3 Micromorphology of CoCrMo alloy powder
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Table 2 Main technical parameters of DiMetal-100

Parameter Content
Spot diameter /pm 60-80
Laser wavelength /nm 1075
Volume fraction of oxygen /% <0.03
Beam quality factor <1.1
Protective gas Ar or N,
Maximum molding volume /mm?® 100 X100 X 150
Laser maximum power /W 200
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Fig. 4 Schematic diagram of part warping deformation and size accuracy. (a) Frontage of femoral prosthesis;

(b) side face of femoral prosthesis; (c¢) reverse side of impact specimen; (d) side face of jawbone
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Fig. 5 Conventional block adding supports. (a) Conventional 0° support; (b) conventional 20° incline support; (c) conventional
45° incline support; (d) tooth cross 0° support; (e) 0.5 mm split and 0° support; (f) 0.2 mm split and 0° support
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Table 3 Parameters of different support structures

Ttem Tooth spacing /mm  Tooth crown width /mm Angle of inclination /(°) Tooth cross Cutting distance /mm
(a) 0.1 0.2 0 No 0
(b 0.1 0.2 0 No 0
(c) 0.1 0.2 20 No 0
(d) 0.1 0.2 45 No 0
(e) 0.1 0.2 0 No 0.5
€D 0.1 0.2 0 No 0.2
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Fig. 6 Molding effects of different support structures by SLM. (a) Specimen close to paint direction;
(b) specimen away {rom paint direction
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Fig. 7 Molding effects of supports with different heights by SLM
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Fig. 8 Relationship between number of layers and support height
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Fig. 10 Molding effects of optimized support parts. (a) Addition of separated heat-conduction-column supports;

(b) molding process of parts by SLM
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Fig. 11 Femoral prosthesis manufactured by SLM. (a) Effect chart of adding support in Magics software; (b) design

chart of optimized support structure heat-conductive-column and support sheet; (c¢) femoral prosthesis
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