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Research on the correlation between SLM melting process and forming melt
track quality based on digital image processing

NI Dawei

(School of Machinery and Automation, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract; The generation of irregular melt tracks in the Selective Laser Melting (SLM) process involves complex physical and
chemical factors, among which the melting state during the SLM process is crucial to the quality of the melt tracks. Parameters such
as laser power, scanning speed, powder layer thickness, etc. , determine the size, shape, and stability of the melt pool, which
directly affects the continuity and uniformity of the melt tracks. Spattering is also an important factor affecting the surface
morphology of the melt tracks. Particles generated by spattering will adhere to the powder bed and the partially solidified printing
area, causing the surface accuracy and forming quality of printed parts to decrease. During the SLM process, when the high—energy
laser beam interacts with the metal powder, metal vapor is generated. The recoil pressure of metal vapor disturbs the melt pool,
leading to instability and material spattering, thereby affecting the quality of the melt tracks. In order to establish the correlation
between the melting process and the forming melt pool, this study, based on a self—built high—speed camera monitoring platform,
utilizes image processing technology to investigate the changes in melt pool characteristics, spattering characteristics, and vapor
characteristics during the SLM melting process. The study analyzes the interrelationship between melt pools, spattering, vapor, and
the morphology of the melt tracks, explores the mechanism of irregular melt tracks generation, and provides new insights into the
mapping relationship between monitoring signals and forming quality in selective laser melting.
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0 3 = Z— IFE R R . B O AR TE
il 3 5 2% R B < S e A R O S (R OB %

SIS BOAR S PR M RTRE U PR UG IE R R X R i
il B RE I 52 GTE , A RHE AR RIS s B, S T 2805 TR
A R R 2025 AR B A IR TEROR  ARE0SRHR LA PR AG I 1 2 T 1] BT, 488 v 2 o

EF A GIREN(1999-) 0 W 5E A, ERHTTETT 1A 3 A G 7L . Bmail ; 1227043928@ qq. com,
Wim B 2024-04-23 e B EL ¢ % T K5 A




552 1 KR, FT ARG AL PR SIM AL R 5 RTE Ja i o B S 5 119
Y R AR R T T4 2 BREEE AR S s,

OISR, L S O R, Li 4
GYBTT IR S 0 T SR T R ARG Z R R
S PR 24 0 b 5 A 42 i T R A /N I S it S
PERATE ITE SR, O J5 A o 5 T8 i ER AL TE 55
Khanzadeh 452 % B 58 T 5t 4 5 38 b4 1 s
TR R AR Z P O R Sl A R A | TR S
T BB FE S N FRFLBRAE B, SEge 45 R b K
AN KB SRR X R A L BRI e A A A
SO, Clijsters %527 170 8 ok WA 38 B AR K
T SRR TRt fr s I RN SR AT R 8 s i
TR X TR S PSR4 T B, TR T 57 sl
B 5 A AR FL B B SR . RIRA T R A
AR BB IR, CIEE R TrERDL
HE Gl R v sl ) B 1040358 43 b e SR, o 90 =7 31
Eﬂﬁlﬁ@zﬁﬁi%ﬂ%iﬁﬂ@%%?ﬁﬁﬁy\kﬁ@l:iuiﬂﬁ“ﬁj‘m
o, KISV A BRI IX 38, 5 e 2 1 O HL 4
R b RN 5 B’JﬁﬁkZlEﬂt@ﬁﬂEjﬁ
ARSI st AN R A sk T b 2
— 2L Wang &2 05T R R AL W 0 AE
%JAXT%{&EUE?HI’] M T RIREUEHLER B9 & PR
TR 37 O BE A S = Y R
A A B R T N v T e b 1B 1 Y
TRIE A A I, Snow SE2 Y BESE T ORI A
FE BB R, A XCT &30 €I 2 S BUE L Y
BRI, G A A s i A 5 R AR X TG,
SET RIS R i B 22 TR B SR Bidare 45 2%
B ST R AR SO A T A TR
0 A A RO S0 A 4 0 A DA [ 5 S B, 9
2 TR 214 e Ry A X A e e 2 S B R
(1) SR 2 e 225 B8 3 B T A SR AR K i Bk B
HURL S H
T SLM W A5 IR R 22 AU X s itk | &
MW ZEIRE S SIM M L L ASEMN LR, KT £
KTEE I IR FE VR = 22 8] P AR I LA S R
TE SR, SLM I T2 Gk g — L= | AR X
1ot 7S S A T .LHEE I BLAL G 1 i B A 32 4n
A XN RS A e A S HURE
?“T#FESZ?F'JﬁJzEUFL#ﬁMW Xof I AR S 1
AHALWE IS 15, A G A B AR ST SLM i T
SE A A R | R S A SRR, b T
SHRZMMHEAEH SRR, R T T A
RS R R ST T o S 0 TR A 7
SEIE | DA Ry sk DX O A T 2 e g Wi i)

1 KRS

STRETE SLM ORI & i Fak - A BT F
P R A U IS R 52, 1% R G 32 e i el
FAAL ARG B AOGTIR TR MR P AR
AR, IE 1R,

1 RBEKER

Fig. 1 Diagram of experimental setup
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Fig. 2 Image of SLM process monitoring
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Fig. 3 Image interpolation
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Fig. 4 Data preprocessing diagram
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Fig. 5 Gamma correction chart of melt pool
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Fig. 6 Diagram of melt pool extraction
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Fig. 7 Schematic diagram of corner detection process
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Fig. 8 Shi—-Tomasi splatter particle detection map
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Fig. 9 Schematic diagram of particle tracking
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Fig. 10 Schematic diagram of splash particle tracking
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Fig. 11 Digram of melt pool steam extraction
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Fig. 12 Melt pool characteristic value map under different process conditions
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Fig. 13 Splash characteristic value diagram under different process conditions
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Fig. 14 Vapor characteristic diagrams under different process conditions
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Fig. 15 Vapor diagrams of melt pools under different process conditions
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Fig. 19 Average width of melt channel under different operating

conditions
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Fig. 20 Melt channel morphology diagram

4 HRiE

A SCR ML R A B R BRECT SLM i3
Rk TR R R S5 TR A R B 4 2
SR ] SRR, 38 3 SLM R R T T

H

DULIRPE MR R 2R R I AR A DL, 89T T
eI 2R Z AT R A R R S R
SERRITEBGH MBOCRER 00T, 27 A RR
TR AT I A A AR A A AR A TR A
T A S P T T AR B DTSR TR R 2 A
ST R S5 SL I LG Y B T T
W78 & I AYIZ SRS, R Uk 1) L 2 2
5235w 2 UPE T, i BE S Ao L 2 B b
HOMEIEEE S GO ey 9 1) IR S S S 2 U
R S5 38 JRE S e 4 K 5 T st 5 vy i % 3 PR RO
ES eI NSRBI NERE R SN PN S
F e P S 3l B4 TR, DA TG S R 11 I I e G
RS S 3 T

Sk

(1] Z&, 5o, FeEM SRS 2 s 1], hET
TR, 2022, 24(4) :202-211.

[2] PARKJM, KIM E S, KWON H, et al. Effect of heat treatment
on microstructural heterogeneity and mechanical properties of 1%
C-CoCrFeMnNi alloy fabricated by selective laser melting [ J].
Additive Manufacturing, 2021, 47, 102283.

[3] EVERTON S K, HIRSCH M, STRAVROULAKIS P, et al.

Review of in—situ process monitoring and in-situ metrology for

metal additive manufacturing[ J]. Materials & design, 2016, 95

431-445.

GRASSO M, COLOSIMO B M. Process defects and in - situ

monitoring methods in metal powder bed fusion: A review[J].

Measurement Science and Technology, 2017, 28. 044005.

[5] LI Ruidi, LIU Jinhui, SHI Yusheng, et al. Balling behavior of

stainless steel and nickel powder during selective laser melting

[4

[l

process[ J]. The International Journal of Advanced Manufacturing
Technology, 2012, 59 1025-1035.

[ 6] KHANZADEH M, CHOWDHURY S, MARUFUZZAMAN M, et
al. Porosity prediction; Supervised—learning of thermal history for
direct laser deposition [ J]. Journal of Manufacturing Systems,
2018, 47. 69-82.

[7] CLUSTERS S, CRAEGHS T, BULS S, et al. In situ quality
control of the selective laser melting process using a high—speed,
real — time melt pool monitoring system [ J]. The International
Journal of Advanced Manufacturing Technology, 2014, 75; 1089—
1101.

[8] QU Ruizhi, HUANG Liangpei, XIAO Dongming. Numerical
simulation of melt pool evolution and metal spattering
characterization during selective laser melting processing[ J]. Acta
Aeronautica et Astronautica Sinica, 2022, 43(4) . 405-424.

[9] LIN Xin, WANG Qisheng, FUH J Y H. Selective laser melting
process state monitoring method based on motion feature of melt
pool[ J]. Computer Integrated Manufacturing Systems, 2021, 27
(12): 3403-3415.

[10]JHFERR, XM, B, 5. S5 T4 i sl AR AE A9 4 8 ot
AL TIBUE MRS BEE AT AT SE[ T]. MU A4k, 2019, 55
(15): 39-47.

(] T2, B, B, S S8 Wb i s v 3 A5 1



5 2 1]

KR, FT ARG AL PR SIM AL R 5 RTE Ja i o B S 5 127

WRHFEERIR[T]. TR HLE R & R SE, 2023, 29(7): 2245-
2259.

(2] 8 R, 3T, whiz &, 5. WOGHE DI A3 A il 1 b b 2 g
IS SRR SR [ T]. Az, 2021, 42(10) : 199-233.

[13]WANG D, WU S, FU F, et al. Mechanisms and characteristics of
spatter generation in SLM processing and its effect on the properties
[J]. Materials & Design, 2017, 117; 121-130.

[14]SNOW Z, SCIME L, ZIABARI A, et al. Observation of spatter—
induced stochastic lack—of—fusion in laser powder bed fusion using
in situ process monitoring [ J]. Additive Manufacturing, 2023,
61, 103298.

[ 15]BIDARE P, BITHARAS I, WARD R M, et al. Fluid and particle
dynamics in laser powder bed fusion[J]. Acta Materialia, 2018,
142, 107-120.

[16]XU Wanli, ZHANG Jun, LI Xiaohong, et al. Intelligent denoise
laser ultrasonic imaging for inspection of selective laser melting
components with rough surface[ J]. NDT &E International, 2022,
125, 102548.

[ 17]KOELBLIN J, HASTIE J C, KARTAL M E, et al. Deformation
of AlSil0Mg parts manufactured by Laser Powder Bed Fusion: In—
situ measurements incorporating X — ray micro computed
tomography and a micro testing stage [ J]. Procedia Structural
Integrity,, 2022, 35: 168-172.

[18 ] GUO Sai, REN Guanhui, ZHANG Bi. Subsurface defect
evaluation of selective — laser —melted inconel 738LC alloy using
eddy current testing for additive/subtractive hybrid manufacturing
[J]. Chinese Journal of Mechanical Engineering, 2021, 34.224~-
239.

[19] GENG Luchao, WU Wenwang, SUN Lijuan, et al. Damage
characterizations and simulation of selective laser melting fabricated
3D re—entrant lattices based on in—situ CT testing and geometric
reconstruction| J ]. International Journal of Mechanical Sciences,
2019, 157 231-242.

[20] KAUR A, KUMAR M, JINDAL M K. Shi- Tomasi corner
detector for cattle identification from muzzle print image pattern
[J]. Ecological Informatics, 2022, 68 101549.



