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Abstract : Laser powder bed fusion is widely used in aerospace , medical and nuclear power fields. The forming process in-
volves a variety of complex physical phenomena that have a great impact on the quality of components, also the exploration of
material processing parameters is based on a large number of trial experiments with high cost and low efficiency. In order to
solve the above problems, this paper proposes a mesoscopic physical model, the use of EDEM, Gambit and FLOW-3D soft-
ware for discrete powder bed and powder melting during the laser powder bed fusion forming process for mesoscopic tempera-
ture field simulation, explore the influence of scanning speed on the temperature field. The influence of the morphology and
size of the molten pool clarifies the evolution of the temperature field. The results show that under the laser power P =

215 W, the scanning speed V=900 mm +s™" is the optimal
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Table 1 Physical parameters of 316L stainless steel powder

Parameter Value
Melting latent heat/(J -kg™") 2.7x10°
Evaporation latent heat/ (J -kg™") 7.45%10°
Surface tension coefficient/ (N +m™") 1.76

” . » 755(1600 K)
Specific heat capacity/(J - (kg-K) ™)

502(298 K)
Solid temperature/K 1493
Liquid temperature/K 1723
Gasification temperature/K 3090
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Fig. 2 316L stainless steel powder density curve with temperature

50

45|
40}
351
30t
25|
20

Thermal Conductivity /(W~(m-K)‘1)

15

0 500 1000 1500 2000 2500 3000
Temperature /K

3 316L AR A T 3 B IE A9 22 1l 28

Fig. 3  316L stainless steel powder thermal conductivity curve with temperature
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Table 2 Simulation parameters at different scan speeds

No. Laser power/  Scan speed/ Layer Laser
W (mm-s™')  thinkness/um  diameter/wm

Vi 215 800 30 80

V2 215 850 30 80

V3 215 900 30 80

V4 215 1000 30 80

V5 215 1100 30 80

V6 215 1200 30 80

V7 215 1350 30 80
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Fig. 4 Powder bed state at =110 ps
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Fig. 5 Temperature distribution of the surface of the melting pool
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Fig. 7 The state and morphology of the molten pool at six different mo-

ments
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Table 4 Chemical composition of 316L stainless steel powder granules(w /%)

Element Cr Ni Mo Mn

Si

(0] C S P Fe

Content 16. 87 10. 54 2.43 0. 88

0.50

0. 041 0. 007 0.003 0.010 Bal.

F£S 316L REEWHRIMIBERE

Table 5 Physical properties of 316L stainless steel powder

Value
D,y:23. 103Dy 36.77;Dy,: 55.87

Parameter

Particle size /pm

Sphericity 0.89
Fluidity /(s -50g™") 22.78
Loose density /(g -cm™) 4.03
Vibration density /(g +cm™) 4.53
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Fig. 10 3D printing metal machine DLM-280
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Table 6 Main parameters of DLM-280 Table 7 Experimental parameters
Parameter Value No Laser Scan speed/ Layer Laser
Minimum spot diameter/mm <0.08 " power/W  (mm-s™')  thinkness/pm  diameter/pm
Powder diameter/pum 15~53 ! 215 800 30 80
2 215 900 30 80
Forming accuracy/mm 0.05 3 215 1000 30 20
Powder thickness /mm 0.025~0.1 4 215 1100 30 30
Powder feeding method Upwards 5 215 1200 30 80

Powdering method Two-direction powdering

Preheat temperature/ C 20~200

. . Superalloys, stainless steel
Molding material support
and mold steel, etc.
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Fig. 11  Schematic of the experiment (a), sample detached from the

substrate (b)
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