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Development of Evaluation Technique for Powder Bed Quality in SLM
Process by Image Processing
Shinnosuke YAMADA and Nobuyuki TAKAHASHI

Synopsis

Recently, additive manufacturing (AM) has been attracting attention around the world because of its potential to manufacture
complex structures without need for tooling. Selective laser melting (SLM) is one AM technique, which melts a thin layer of metal
powder selectively using a high-power fiber laser from 3D-CAD models and manufactures the built parts by stacking melted
layers. In the SLM process, the powder layer property is one of the key factors to determine the quality of built parts. It is well
known that powder properties (e.g. powder size distribution, particle shape, flowability, density, and so on) influence the powder
layer property. However, little quantitative information concerning the relationship between powder layer property and powder
properties has been publicized. In this pape, we attempt to quantify the powder bed (PB) defects as an evaluation parameter with
respect to powder layer property using image processing. Furthermore, we have investigated the effect of PB defects on powder

flowability and the effect of built parts quality on PB defects. As a result, the following points were clarified:
(D)The PB defects rate shows increase with increasing avalanche angle ap of that powder.
(2)The defects rate in the individual built part shows an increase with decreasing relative density in the built part.
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Fig. 2. Schematic diagram of build process in SLM280HL.

Fig. 3. Abnormal detection by Layer control system.
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Fig. 6. Detection of powder bed defects by image processing.
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Fig. 7. SEM micrographs of powder.

Table 1. Powder property.

Powder A B C D

under |under | under | under

Particle size range 45 um |45 pm |45 pm |45 um

Particle size D10 14.28 | 13.74 | 16.09 | 17.44
distribution D50 28.29 | 31.59 | 33.47 | 34.31

(m) D90 | 46.41 | 47.41 | 51.24 | 52.85

Circularity (-) D50 0.93 | 0.86 | 0.86 | 0.83

Bulk
Density | density g, | 462 | 421 | 4.55 | 4.64
(g/cm?) Particle

767 | 7.78 | 7.76 | 7.98

density ps
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Fig. 8. Schematic diagram of RPA system'®:
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Fig. 9. Flowability of powder measured by RPA.
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Fig.10. The shape of built parts shape and placement.

Table 2. Build parameter and relative density of built

parts.
Laser power, P (W) 150~255
Scan speed, v (mm/s) 400~1100
Hatching distance, t (mm) 0.09~0.15

Layer thickness, d (mm) 0.05
Enery density, E (J/mm® | 30.9~83.3
Relative density, p/os (%) 93.0~99.5
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Fig. 12. Powder bed defects detection for individual built parts.
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Fig. 13. Powder bed defects rate for each built layer.
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