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Numerical Simulation of Electromagnetic Induction Melting Process of

Recycled 316L. Metal Powders
Zhao Shuo, Zhu Shibin, Niu Le,Hao Fangman,Wang Bingshan
(College of Materials Science and Technology, Hebei University of Engineering)

Abstract ; Taking recycling 316L stainless steel powder as an example, COMSOL Multiphysics finite element soft-
ware was adopted to simulate the induction heating and melting of 3161 powder by energized coils. By changing
the porosity, heating atmosphere, particle size and power of the metal powder, effects of morphology of metal
powder recycled by additive manufacturing and the heating method on the powder melting rate and melting
process were explored. The simulation results reveal that the relatively suitable heating conditions can be obtained.
When 3161 powder is prepared into a dense sphere with a diameter of 0.005 m, the electromagnetic induction
heating efficiency is higher and the cost is the lowest by using a vacuum induction furnace with high heating fre-
quency, large number of coils and the closest distance between the coil and the crucible.
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Fig.1 Geometric model diagram Fig.2 Grid meshing
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Tab.3 Complete thermal melting time of powder under

different heating atmosphere
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Tab.4 Comparison of thermal melting rates of powders with
different diameters
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Tab.5 Comparison of complete thermal melting time of

powders with different heating frequecies
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617



Fefp i oA (05 &

2023 4F4H 43 B 5

11.5 kW, i 4 1 200 Hz, @ <M 5K .3 DL
BE ISR B 408 A1 BE B B2 5538 F 2k BB =2 (B 1Y
PR B9 1% 2 K 0.02.,0.03.0.04 J% 0.05 m, % [ B 25 48 {k 1if
S R I AR A A I A AL S, SRy R B 2k R
FIBEIZ BRI R I I B Wi KR, AR5
AR B A AR BORY R DY TR — 1 AT Sk 0
M AR Z R E A,

B &L 7 AT DL ML 2 Bl T 08 A1 BE R B e i B
TR o oA T 303 K 56 1% 5 7 B 8 46 /N I o o A s (]
AR TR AR R AR R . X R D B A 2 P BE 2
B 00T T T G R A i BB T e R R 5E 4 s Ak
it BSF (R B, AT O AT RO A 3 B I R 2k
Rl B B2 M3 AP BE = 5 2 R Gl I BE S L DL SR B Ak
TAERCR T A .

3 4

(D23 PR AR AY 3161 3 R T Ik 3 , i B2 37 728 Ak
AL I T 2 I 23 e AR R TR 22 1 i 2 8 A AN B
D] S B % 4 i 1) oy AR A RN A e v [ I 52 3 b e
U7 HE 1 R0 AT B 300 5 3 AR R ) A S AR AR XU A
FHTR 25 B A BB A Pl 5 Oy 23 0 238 8 1)y A H A
HARR 2 5%,

(2) HLAS AR AR A T R A I IR i/ H
A AR UK L RERT 11 B R Ry R AR s 2 Bk R
4 40 BE SRS AR AR M R THER AL IR . by
AR AR IR 10 I B A o S o A A fEL T s
WK, FHOE L AR . TIN5 SR mT LA B
BB R BEAR 0 5 o JBN 97 A 0 #4568, By
R B2 A T B bR 5 2 ] g T B B BT L R A2 A
S A IR TR BT 5 398 ) £k B 22 % 3 0B L 37 TN 1
TH e Al 22 B R T I AR SR I AR TR R

(3) i COMSOL B A AU ml e 3161 A 45 49 ¥y
R RN A B & 25 45 AR T 25 P 3 A O LA K
WM EGE AR TR R 4 JE o AR i 4 o 23 B 0.001% Y B
R 5 mm BRU SR IR 3 11 2 2k Pl i AT
TR, £ Bl W ST S i ik 3 i i i PR HL BT A R
A

2 % X B

(1] ERZE W, A, 45 4w 58 bt B AR 7 48 4 9038 i F 5 ok e L.

HE R4, 2022, 32(5); 7-15.
(2] &, EZiksc, AR &R MR AR G LR S RRAL] )8

T I T . 2022(3) : 22-27.
(3] @EWat, R 5 5. d IR et HSLA #1241 21 A5 17 4

5y re ] M8k . 2021, 56(10): 136-145.
[4] SHRIVASTAVA A, RAO S, NAGESHA B K. et al. Remanufac-

618

turing of nickel-based aero-engine components using metal additive
manufacturing technology [ J ]. Materials Today: Proceedings.
2021, 45, 4 893-4 897.

[5] FANJ X, ZHANG L, WEI S S, et al. A review of additive manu-
facturing of metamaterials and developing trends[J]. Materials To-
day. 2021, 50 303-328.

L6 BRor ¥ BRI sk ol . 55 4 )@ 4 A ) 1 B Rk e fa 3 g3k [T .44
BRFE 5 T2, 2022, 30(1); 42-52.

[7] COOKE S, AHMADI K. WILLERTH S. et al. Metal additive
manufacturing; Technology, metallurgy and modelling[ J]. Journal
of Manufacturing Processes, 2020, 57 978-1 003.

[8] REVILLA-LEON M, MEYER M J, OZCAN M. Metal additive
manufacturing technologies: Literature review of current status
and prosthodonticapplications[ ] ]. International Journal of Comput-
erized Dentistry, 2019, 22(1): 55-67.

[9] HAN]J K, LIU X, LEE I, et al. Structural evolution during nano-
structuring of additive manufactured 3161 stainless steel by high-
pressure torsion[ J]. Materials Letters, 2021, 302; 130 364.

[10] WANG Y M, VOISIN T, MCKEOWN J T, et al. Additively man-
ufactured hierarchical stainless steels with high strength and ductil-
ity[J]. Nature Materials, 2018, 17(1); 63-71.

(110 222 0% R B A5 1 AN 5 0B 2R A el 32 Il il 20T R Fh i i T A1 8
A4, 2017, 37(9): 990-992.

[12] SARTIN B, POND T, GRIFFITH B, et al. 3161 powder reuse for
metal additive manufacturing[ A//Preceedings of the 28th Annual
International Solid Freeform Fabrication Symposium [ C]. Austin
TX: University of Texas at Austin, 2017.

[13] ANDERSON I E., WHITE E M H. DEHOFF R. Feedstock pow-
der processing research needs for additive manufacturing develop-
ment[ J ]. Current Opinion in Solid State and Materials Science,
2018, 22(1). 8-15.

[14] FAl.316 L AR AR 4 3 19 AL 8L Iy 2 Pk REF 5¢ [ D W& IR U < 1
IR Tl k2%, 2021,

L1570 . 3900 R0 X O 3T ¥ BB 3161 AS 85 1 20 21 % 1 g 1 52 1
(DL 7 R KEM TR, 2018.

[16] SUTTON A T, KRIEWALL C S, KARNATI S, et al. Character-
ization of AISI 3041 stainless steel powder recycled in the laser
powder-bed fusion process[]J]. Additive Manufacturing, 2020, 32
100 981.

L1770 et o 2 B ) 4 Bl by i o 1T S 7 R LT 1) #f 5 LR,
1981(2) . 45-47.

(187 KA KB WU, 2 15 B o #A Ty 2 00 Ja% BT Jo A4 e Jia) 50 532 W) 114 50 (#0452 484
V)R EE 4. 2021,31(10) : 68-74.

[19] it B g . 13 & 8. COMSOL 54 58 10078 1% #2709 v 19 B
(I RAL T, 2021, 48(15): 286-287.

(R4 X RIE)

O e B i a ]
{ Y

WAL e RAGH R R R

iR ER. TR

FF A & www.special-cast.com

S P
e e ee oo e oo

e e e ee e en e —fse e en s —hse—er s e —sr st e —re e en s re—per e



