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Effect of Process Parameters on the Single—pass Characteristics of
CuCrZr Alloy Melted by a Selective Laser
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Abstract: In the process of selective laser melting (SLM), materials undergo rapid melting and solidification, and improper
selection of process parameters may lead to defects in the fuse. In this study, the fusible characteristics of CuCrZr alloy in a
single-layer single-pass SLM process with different process parameters were studied by numerical simulation and
experimental verification at the microscale. The results show that the morphology of the molten pool is affected by the
change in laser power and scanning rate during single-pass printing. When the laser power increases from 250 W to 450 W,
the width of the fuse gradually increases to 124 wm, and ripples appear on the surface of the fuse. When the scanning rate
increases from 0.4 m/s to 0.8 m/s, the width of the fuse gradually decreases, and the ripple morphology disappears. When
the laser power is 250 W and the scanning rate is 0.8 m/s, the laser energy input is insufficient, resulting in spheroidization
of the fuse. However, with increasing laser power, the spheroidization phenomenon disappears, and the metal powder
particles locally melt at the edge of the fuse, resulting in the occurrence of single channel irregularity.
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Fig.1 Powder accumulation model
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Tab.2 Different simulation process parameter settings

¥ 5 WOt AR/W FIH L (m-s™) JZJE /pum
1 250 0.4.0.6.0.8 30
2 300 0.4.0.6.0.8 30
3 350 0.4.0.6.0.8 30
4 400 0.4.0.6.0.8 30
5 450 0.4.0.6.0.8 30
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Fig.2 Morphology and temperature distribution of the scanning fuse at different laser powers when fixed scanning speed V=
0.6 m/s: (al) P=250 W, overlooking the 3D simulation diagram, (a2) P=250 W, longitudinal section along the central axis, (b1) P=
300 W, overlooking the 3D simulation diagram, (b2) P=300 W, longitudinal section along the central axis, (c1) P=350 W, overlooking
the 3D simulation diagram, (c2) P=350 W, longitudinal section along the central axis, (d1) P=400 W, overlooking the 3D simulation
diagram, (d2) P=400 W, longitudinal section along the central axis, (el1) P=450 W, overhead 3D simulation diagram, (e2) P=450 W,
longitudinal section along the central axis
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Fig.3 Morphology and temperature distribution of the scanning fuse at different scanning speeds when fixed laser power P=350 W:
(a) V=0.4 m/s, 3D simulation diagram, (b) V=0.6 m/s, 3D simulation diagram, (c) V=0.8 m/s, 3D simulation diagram, (d) V'=0.4 m/s,
longitudinal section along the central axis, (¢) V=0.6 m/s, longitudinal section along the central axis, (f) V=0.8 m/s, longitudinal section
along the central axis
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Fig.4 Numerical simulation of spheroidization at different laser powers and scanning speeds

&5 Wi A B R EAEALIE () AN R4 5 20 %(V=0.8 m/s) F I I i A A0 8 4L | (b) AS 7] 49 1 3 B2 (P=250 W) T M5l i B 4k
AL
Fig.5 Temperature changes at monitoring points A and B: (a) temperature changes at monitoring point A with different scanning
powers (V= 0.8 m/s), (b) temperature changes at monitoring point B with different scanning speeds (P=250 W)
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Fig.6 Simulating the spheroidization process with P<250 W and
V=0.8 m/s: (a) three-dimensional diagram of the spheroidization
phenomenon, (b) profile of spheroidization
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Fig.7 Fuse topography of different laser powers: (a) P=250 W, VV=0.8 m/s, (b) P=350 W, V=0.8 mV/s, (c) P=450 W, V=0.8 m/s
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Fig.8 Liquid metal wetting diagram: (a) contact of gas, liquid and solid, (b) spheroidization contraction diagram
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Fig.9 Schematic diagram of the cross section shape evolution of the molten pool formed by single scanning: (a) laser does not
penetrate the specification of the powder layer, (b) laser penetration of the powder layer and partial melting of the substrate, (c) laser
penetration of the powder layer, leading to the melt of the substrate
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Fig.10 Single-channel scanning forming vertical fuse cross-section with P=250 W and V'=0.8 m/s
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Fig.11 Numerical simulation of single-channel unevenness at different laser powers and scanning speeds
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Fig.12 Simulation of the single-channel forming unevenness phenomenon with P<300 W and V=0.8 m/s
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Fig.13 Single track uneven phenomenon at different laser powers : (a) P<300 W, V=0.8 m/s, (b) P=400 W, V=0.8 m/s
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Fig.14 Single-channel vertical cross-section diagram with P=300 W, V=0.8 m/s (powder completely melted on the left side, powder
partially melted on the right side)
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