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Abstract: This study delves into the impact of positive and negative defocusing distances on the surface
quality, densification, and mechanical properties of 3161 stainless steel specimens fabricated through laser
powder bed fusion (LLPBF). The results show that specimens form with positive defocus outperformed
those formed with negative defocus, a phenomenon attributes to the enhanced stability of the molten pool
under positive defocus conditions. When the defocusing distance reaches =3 mm (surpassing the Rayleigh
length) , it leads to a sharp decline in laser power density and a substantial deterioration in spot penetration
capability. Under these circumstances, incomplete melting of the metallic powder occurs, which
undermines the interlayer metallurgical bonding and triggers a proliferation of defects within the specimens,
ultimately resulting in a degradation of their mechanical properties. As the defocusing distance increases
from —3 mm to 3 mm, the laser power density initially roses and then declines. The laser power density
attains at a defocusing distance of +0.5 mm, reaching 61.33 kW/mm?®. At this optimal condition, the part
exhibits superior performance: the upper surface hardness is 200.1HV;, the lateral surface hardness is
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206.2HV, the tensile strength is (647 4= 27) MPa, the yield strength is (525 #+ 30) MPa, and the
elongation reaches (49.4 & 3.1)% . An optimal power density input facilitates effective regulation of the

molten pool morphology, achieving a dual-process optimization: ensuring adequate melting of the powder

while simultaneously suppressing defect generation.
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Table 1  Chemical compositions of 316 L. stainless steel powder

(mass fraction/ % )

Cr Ni Mo Mn Si P C Fe
17.03 10.74  2.52 0.83 0.39 0.01 0.01 Bal.
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Fig.1 Morphology(a) and particle size distribution(b) of 3161 powder
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Fig.2 Details of LPBF experiments

(a)schematic of LPBF process ; (b)equipment exterior; (¢)schematic of scanning strategy and dimensions of tensile specimen;

(d)measurement result of actual laser spot
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Fig.4 Energy distribution of actual laser spot

(a)energy distribution in the  direction; (b)energy distribution pattern of the light spot; (¢)energy distribution in the y direction
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Table 2 Spot radius and power density at different

defocusing distances
) Spot diameter P,/

f/mm w/pm G deviation/ % (kW -mm %)
+3.0 50.007 51.498 2.98 20.40
+2.0 39.754 39.021 —1.84 35.54
+1.0 31.688 32.147 1.45 52.36
+0.5 29.546 29.704 0.53 61.33

0 28.710 28.962 0.88 64.51
—0.5 30.362 30.521 0.52 58.09
—1.0 32.696 32.871 0.54 50.08
—2.0 39.777 40.484 1.78 33.02
—3.0 49.533 48.819 —1.44 22.70
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Fig.5 Image of parts formed at different defocusing distances

(a)macroscopic morphology ; (b)surface morphology of negative defocus;

(¢)surface morphology of positive defocus
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(a)—3mm;(b)—2mm;(c)—1mm;(d)—0.5 mm;(e)0 mm;(f)+0.5mm;(g)+1 mm;(h)+2mm;(i)+3 mm
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(a) stress-strain curve in tensile test; (b)tensile strength, yield strength and elongation
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