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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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J2IESg 50wm , B E] g 100ws , B A 65 wm, I
FARIE LR W =154 pum , S LB s 435180 R 31 wm
(W/5),5Tpm (W/3) ,77pm (W/2) ,103pum (2W/3) ,
138um (4W/5) . WIE AL R ~F 24 40mm x 10mm x
6mm
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Fig. 6 a—multilayer 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. 10 Density of multilayer block under different scanning intervals
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Fig. 11 Cross section morphology of multilayer blocks under different scan-

ning intervals
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