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Numerical Simulation of Multi-pass Laser Selective Melting Forming of 316L

Stainless Steel
Shen Mengging, Miao Bingxi, Niu Xiaofeng
(College of Materials Science and Engineering, Taiyuan University of Technology)

Abstract: Through the secondary development of the Flow-3D software, the numerical simulation of the three-di-
mensional multi-pass selective laser melting (SLM) process was realized. The velocity field, temperature field and
morphological characteristics of the molten pool were analyzed and compared with the simulation results of the fi-
nite element method and the smooth particle hydrodynamics method. The effects of different laser power on the
depth and width of the molten pool were also investigated. The results indicate that the simulation of temperature
field in the SLM process by secondary-developed Flow-3D software present accurate. Marangoni convection plays
an important role in the formation of the molten pool morphology during the SLM process, and the length and
width of the molten pool is increased with laser power increase.
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Fig.1 Morphologies of powder particles and the model
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diagram of simulated powder bed
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Tab.1 Physical parameters of 316L stainless steel powder bed

L/ W/ tt?é&ie?/ ?}“5%/ ?ﬂﬂw&f %EE

K (ge UJegle (Wem te /0 B/

em™?) K™ K™ K H GPa
300 7.79193  0.48596 18.12506 11.717 24  213.314 3
500  7.73345 0.576 65 20.539 91  7.733 450  201.574 53
700 7.66957 0.73355 22,972 43 13.227 94  184.199 57
900  7.600 16 0.770 79  25.400 2  13.970 91  161.847 32
1100 7.52566 0.674 83 27.79530 14.705 62  136.406 56
1300 7.446 50 0.708 09  30.214 22 15432 07  110.040 78
1568.38 7.333 72 — 33.464 45 16.393 94 77.240 83
1700 7.27170 1.613 48 34.98530 17.00520  59.363 96

1900 6.953 69 0.84549 32,620 32  25.078 10 1.260 6110 12
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Tab.2 Simulation parameters
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Fig.2 Simulation results of Flow-3D software at different moment and 200 W

895



Fefp i oA (05 &

2022 4FEEH 42 B T

OGRS PR B R L AR P F2 b J Ak RN EE [ L X B0 AR
ZIEFOER SLM A i 2 v B2 R IO 2 E) i
HEE .

TE RS S o o AN X 5 3R BE o A, B0 2% Tk
TR BE /N + 4 T YRR IS T A 2R TR 5K g A AN %) b ) A
15 (1 4th 7 B8 By 3% 185K R RE 5 ] A A e b A A4 U Bl AN
T e R BRI EF- 5 DU 5 1R I 4 1) i 20 i
G EERA I, YEEL T FLOW-3D BB il 45 5 X-Z
(B y=—0.067 5 mm, JLI&® 3) M Y-Z (WH »=
0.392 5 mm, WA 4 #HFTHF . FTLLE 2 65 A 1Y
4 JE AT RO T 1 T 1) A S0 S LR A b 3k
FE R, B R BE IR B T 1,32 m /s, T 7R 6 L 301 % 1) 4
JEBAFAE W . 33X 2 B Sy 22 X 8 6] 3t 9K 3 6 1R DA
6 RES A5  TELAL ) 2B S TR R A e s
XA BT R R R B A R RT3 DA T 48 1 OE Ok
BE A7 B 7RI R o IORG BE 00 R S 4 23 DR T W A
2 X AR S XA W B A R K R . DAL 4 H]
PIE M TES 22 RJE XAk o T RIK 5 4 &, TR I b
JE R i iR < JE W ) N iz g B R 3,94 m/s . X
PRI A B2 i . 7 245 VA 3 T — 4 ) T P9 3 0 b 3R
T MT 6 ok 22 8 X T R R i e ) B 4 IR AR TR
R0 2 TR S 2 3 [ B A 1 % T 2 R TR AR A L2
PE— 2 B M A IR R . IF JR A 1 22 X8 i AN B ok

FETTWPERT AR TR LR 2) . X8k T
B NBRA 00 B s R 0 TE A P LA B B 22 e X O R
SLM st 7 it e S %5 2R PR

BEIC (s
300 75 1250 1725 2200 0

0.22 044 0.66 088 1.10 132

T

I R—————————.
-0.0001 0.0001 0.0003 0.0005 0.0007 0.0009-0.0001 0.0001 0.0003 0.0005 0.0007 0.0009
x/mm x/mm

() BEY (b) & E Y
B3 P=200W B 2 X R (E5) 8k Re#w
Fig.3 Influence of Marangoni convection (mainly) on

morphologies of the molten pool when P =200 W
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Fig.4 Influence of recoil pressure (mainly) on

morphologies of the molten pool when P =200 W
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Fig.7 Comparison of temperature variation at a point

under different simulation methods
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Fig.8 Depth and width of molten pool at different powers
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Fig.9 Simulation and experimental result comparison of
depth and width of the molten pool by the FLOW-3D software
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