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Study on overlap ratio of pulse laser selective melting forming

QI Bin, LIU Yude, SHI Wentian, WANG Shuo, YANG Jin, ZHANG Feifei
(School of Material and Mechanical Engineering, Beijing Technology and Business University, Beijing 100048, China)

Abstract: In order to study overlap ratio and overlap characteristics during pulse laser selective melting forming process,
the overlap theoretical models of bow and parabola were adopted, and the forming experiments of single melting point, single
cladding and multi-layer block were designed under different conditions to obtain the optimal overlap ratio. The results show that
the width of single melting point increases with the increase of exposure time. The optimal overlap ratio between two melting
tracks is 30% in the single cladding experiment when exposure time is 40us ~ 60ws. The overlap ratio is 50% when exposure
time is 80ws. The overlap ratio is 60% , when exposure time is 100us ~ 120us. The surface morphology of block is slat in the
multi-layer block experiment when overlap ratio between two melting tracks is 50% . After the analysis of block density, defect,
microstructure and tensile properties, sample density is up to 99. 99% , when laser power is 200W, layer thickness is 50pm,

exposure time is 100ws, point distance is 65um and line spacing is 77um. The research is helpful for understanding overlap

characteristics and overlap ratio selection in pulse laser selective melting.
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Fig. 1 a—316L powder profile b—particle size distribution

Table 1 ~ Content of 316L stainless steel elements
element Cr Ni Mo Mn N 0] P C S Fe

mass fraction 0.16~0.18 0.10~0.14 0.02~0.03 0.02 0.01 0.001 0.001 0. 00045 0.0003 0.0003 balance
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Fig.3 Pulse laser forming process and variable parameters
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Fig.4  Overlapping theoretical model
a—diagram of bow model ~b—diagram of parabola model c¢—diagram of o-

verlap model
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Fig.5 Schematic diagram of single melting point
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Table 2 Design of single cladding experiment under different exposure time

and point distances

point distance/ pum

exposure

time/ s w5 WJ/3 0 WJ/2 2W/3 4W./5
40 16 26 39 52 62
60 16 27 41 55 66
80 18 30 45 60 72
100 20 33 49 65 78
120 21 35 52 69 83
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Fig. 6 a—muliilayer block diagram b—tensile specimen c¢—dimension

of tensile specimen
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Table 3 Width measurement of single melting point under different exposure

time

exposure time/ s width of melting point W_/pum

40 78
60 82
80 90
100 98
120 104
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Fig.7 Surface morphology of single cladding under different point distances

and exposure time
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Fig. 8 Width of single cladding under different exposure time and point

distances
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Fig.9 Scanning electron microscope figure of multilayer blocksurface under
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Fig. 10 Density of multilayer block under different scanning intervals
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Fig. 13 Tensile mechanical properties of multilayer specimens under differ-
ent scanning intervals ( W/5 =31pm, W/3 =51pum, W/2 =77 pm,
2W/3 =103 pm,4W/5 =138 um)

3 & it

ik i 2 B DI AE U A L 22X, S S
WG H) 2 Hea bl 45 T i 2L ot ds A 3RS,
TS5 BRI, (AT LB A B I 1 U 1 AR
WA, N Z 2 PAR IR S T R hl SR R 5 R
TP R

(1) Bl f SCI0 32 YIOE Y R — e i), B 4
JEHFTR] 8 I, B Y T o 1 R 24 B S I [E] Dy
40ps I, BRGS0 T8 O T8y > BEE S I [H] 4 R =2
120ws B, B SO 50 104 wm

(2) I 1B S 9% SR W, AE D 320 200W 2 & K
50 wm JLEE I [E] Sy 40ps ~ 60ps I, & P AY 5
W./3 $5H3 28 30% 5 G ESGIF[A] g 80ps B, 45 B
MR R W2, #5452 32 29l 50% 5 4 W 't ) [|] 4y
100ps ~ 120ps B, S B S BE R 2W /3, $E5 4 5820
60% 451225 it 25 W D' B 0] 1) 348 DR 38 98 e 3 T 45
BRI,

G EZ)JZPURSL R, 275 R ETE A BU%
BB OULZE 205 i Ak ], B T A 45 R R RN
W72, BN¥E 3524 50% I, BOE 4 (0 2 1 T 55 fe oM
ORI D

(4) 112 200W | 2 JE Sy 5S0wm | B G E ]
100 s , 5 1K 65 um (& 8] B Ry 77 wm B}, 7521 (0 FF 14
BB FEIR B B N 99. 99% 5 OR AL 2 b T2 R iR
PR PR SRR F A, L R 43 Ay A6 il R i S T o
frf g2z ke 0 Jm MR B2 530MPa, i fii5E B 645MPa,
FEAH 2 41% , {5 T 316L AN 55 4 1 & 14 s i ( ASTM
A473-13) ,

s £ X #
[1] STOPYRA W,KYRZAC J, GRUBER K, et al. Influence of laser

power on the penetration depth and geometry of scanning tracks in se-



FA2E A3

A8 kb RO TR DA LSO A5 R 5T

317

(3]

(4]

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

lective laser melting [ J]. Proceedings of the SPIE, 2016, 10159 .
101590R.
ZHANG D Y, FENG Q H, LI Zh B, et al. Application of laser direct
manufacturing of metallic part in aerospace industry[ J]. Aeronautical
Manufacturing Technology, 2011(9) :38-41(in Chinese).
DEMIR A G, COLOMBO P, PREVITALI B. From pulsed to continu-
ous wave emission in SLM with contemporary fiber laser sources:
effect of temporal and spatial pulse overlap in part quality[ J]. Interna-
tional Journal of Advanced Manufacturing Technology, 2017,91 (5/
8):2701-2714.
LIU R Ch,YANG Y Q, WANG D. Research of upper surface rough-
ness of metal parts fabricatedby selective laser melting [ J]. Laser
Technology, 2013,37(4) :425430(in Chinese).
CHERRY J A, DAVIES HM, MEHMOOD S, et al. Investigation into
the effect of process parameterson microstructural and physical proper-
ties of 316L stainless steel parts by selective laser melting[ J]. Interna-
tional Journal of Advanced Manufacturing Technology, 2015,76 (5/
8) :869-879.
WANG D, YANG Y Q, SU X B, et al. Study on energy input and its
influences on single-track , multi-track,, and multi-layer in SLM[J].
International Journal of Advanced Manufacturing Technology ,2012,58
(9/12) :1189-1199.
WANG D, WU Sh B, MAI Sh Zh, et al. Mechanisms and characteris-
tics of spatter generation in SLM processing and its effect on the prop-
erties| J | . Materials & Design,2017,117;121-130.
GU D D, SHEN Y F. Balling phenomena in direct laser sintering of
stainless steel powder; Metallurgical mechanisms and control methods
[J]. Materials & Design, 2009, 30(8) :2903-2910.
ZHANG G, WANG J H, ZHANG H. Research progress of balling
phenomena in selective laser melting[ J |. Foundry Technology, 2017,
38(2) :262-265(in Chinese).
WANG J H, BAI P K. Study on process parameters on surface quali-
ty of Ti6Al4V by selective laser melting[ J ]. Hot Working Technolo-
gy, 2013,42(15) :13-15(in Chinese).
ZHOU X, LIU W. Melting and solidifying behavior in single layer
selective laser of pure tungsten powder[ J]. Chinese Journal of La-
sers,2016,43(5) :0503006 (in Chinese) .
SUN Zh J, TAN X P, TOR Sh B, et al. Selective laser melting of
stainless steel 3161 with low porosity and high build rates[ J]. Mate-
rials & Design,2016,104:197-204.
ZHANG Y Zh, LIU F R, CHEN J M, et al. Effects of surface quali-
ty on corrosion resistance of 316L stainless steel parts manufactured
via SLM[J]. Journal of Laser Applications, 2017,29(2) :022306.
LIR D, LIUJH, SHIY S, et al. 316L stainless steel with gradient
porosity fabricated by selective laser melting[ J]. Journal of Materials
Engineering & Performance, 2010, 19(5) :666-671.
YASA E, KRUTH J P. Microstructural investigation of selective la-

ser melting 3161 stainless steel parts exposed to laser re-melting[ J].

[16]

[17]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Procedia Engineering, 2011, 19(1) :389-395.

BRANDL E, HECKENBERGER U, HOLZINGER V, et al. Addi-
tive manufactured AlSilOMg samples using selective laser melting
(SLM) ; Microstructure, high cycle fatigue, and fracture bhehavior
[J]. Materials & Design, 2012, 34:159-169.

SUNT T,YANG Y Q, SU X B, et al. Research on densification of
316L stainless steel powder in selective laser melting process|[ J].
Laser Technology, 2010,34(4 ) ;443446 (in Chinese).

LU J B,YANG Y Q,WANG D, et al. Analysis of affecting factors of
overhanging surface quality by selective laser melting [ J].
Technology,2011,35(2) ;148-151(in Chinese).

WANG M Y, ZHU H H, QI T, et al. Selective laser melting Al-Si
aluminum alloy and the crack formation mechanism[ J]. Laser Tech-
nology ,2016,40(2) :219-222 (in Chinese) .

ZHANG X Y, FANG G, ZHOU J. Additively manufactured scaffolds
for bone tissue engineering and the prediction of their mechanical be-
havior: A review[ J]. Materials, 2017, 10(1) :50-54.

FRAZIER W E. Metal additive manufacturing: A review[ J]. Jour-
nal of Materials Engineering and Performance, 2014, 23(6) ; 1917-
1928.

YAN C,HAO L, HUSSEIN A, et al. Advanced lightweight 316L
stainless steel cellular lattice structures fabricated via selective laser
melting[ J]. Materials & Design, 2014, 55 533-541.

MA M, WANG Z,ZENG X. A comparison on metallurgical behav-

iors of 316L stainless steel by selective laser melting and laser clad-

Laser

ding deposition [ J ]. Materials Science and Engineering, 2017,
A685:265-273.

AHMADI A, MIRZAEIFAR R, MOGHADDAM N S, et al. Effect
of manufacturing parameters on mechanical properties of 316L stain-
less steel parts fabricated by selective laser melting: A computational
framework [ J]. Materials & Design, 2016, 112,:328-338.

LI P,WANG Z,PETRINIC N, et al. Deformation behaviour of stain-
less steel micro lattice structures by selective laser melting[ J]. Ma-
terials Science and Engineering, 2014, A614(5) :116-121.
GUNENTHIRAM V,PEYRE P,SCHNEIDER M, et al. Analysis of
laser-melt pool-powder bed interaction during the selective laser
melting of a stainless steel[ J]. Journal of Laser Applications, 2017,
29(2) . 022303.

ZHANG B,DEMBINSKI L, CODDET C. The study of the laser pa-
rameters and environment variables effect on mechanical properties of
high compact parts elaborated by selective laser melting 3161 powder
[J]. Materials Science and Engineering, 2013, A584(6) ; 21-31.
MIRZA F,CHEN D. A unified model for the prediction of yield
strength in particulate-reinforced metal matrix nanocomposites [ J].
Materials, 2015, 8(8) : 5138-5153.

WANG D, YANG Y, HUANG Y L, et al. Impact of inter-layer scan
strategy on quality of direct fabrication metal parts in SLM process

[J]. Laser Technology,2010,34(4) ; 447451 (in Chinese).



