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Influence of process parameters on micro-channel
roughness of SLM forming CuCrZr alloy
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Abstract: In order to study the effect of process parameters on the surface roughness of CuCrZr alloy micro-channel formed
by selective laser melting (SLM) technology, CuCrZr alloy sample with micro channel was prepared by orthogonal experiment.
The roughness and micro morphology of the inner surface of the sample were measured by 3-D topography instrument and scanning
electron microscope. The effects of laser power, scan speed and hatch distance on the surface roughness of the overhang surface
and side surface of the microchannel were analyzed. The results show that the scan speed has the greatest influence on the
roughness of the overhang and side surfaces, and the overhang surface is affected by the quality of the molten pool itself, resulting
in the phenomenon of “slag hanging” ; while the side surface roughness is greatly affected by the Marangoni effect. After
optimization, under the process parameters of laser power 380 W, scan speed 520 mm/s, and hatch distance 0. 12 mm, micro-
channel samples with minimum side surface roughness ( 16. 91 wm) can be processed; laser power is 320 W, scan speed is
560 mm/s, under the process parameters of 0. 14 mm haich distance, the micro-channel sample with the smallest overhang
surface roughness (24. 86 pm) was obtained. This research provides the basis for SLM forming surface precision from the
perspective of laser processing window, and gives the preliminary process parameter scheme.
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Table 1 Chemical composition of CuCrZr alloy powder ( atomicity fraction)

element  Cr Zr Fe Si P Cu
balance

0.006 0.0015 <0.0005 <0.0005 <0.0001

P R AR LA
Fig. 1 Surface morphology of CuCrZr powder
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Table 2 Orthogonal test table of laser parameters for selective laser melting

hatch overhang side surface
No. laser sean Speﬁ(ll/ distance/ surface roughness/
power/W - (mm - 7 mm roughness/ um pwm

1 320 500 0.08 37.02 34.94
2 320 520 0.1 45.18 31. 84
3 320 540 0.12 37.14 31.56
4 320 560 0.14 24.86 23.83
5 340 500 0.1 39.53 37.51
6 340 520 0.08 49.31 36.53
7 340 540 0.14 47.08 21.08
8 340 560 0.12 32.27 40. 81
9 360 500 0.12 48.61 38.00
10 360 520 0.14 39.00 32.42
11 360 540 0.08 43. 64 28.75
12 360 560 0.1 38.42 39. 64
13 380 500 0.14 46.02 34.28
14 380 520 0.12 32.81 16.91
15 380 540 0.1 34.72 31.86
16 380 560 0.08 40.58 39.02
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Table 3  Range table of roughness value of overhang surface

laser scan speed/ hatch

power/ W (mm - s™") distance/mm
K 36. 05 42. 80 42.59
K, 42.07 41.58 39. 46
K, 42.42 40. 65 37.71
Ky 38.53 34.03 39.24

range 6.37 8.77 3.35
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Fig.3 Main effect diagram of overhang surface roughness
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Fig.4 Schematic diagram of overhang surface molten pool process
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Table 4 Range table of roughness value of side surface

laser scan speed/ hatch

power/ W (mm - s™") distance/mm
K, 30. 01 36. 18 35.83
K, 33.26 28. 66 35.21
K, 33. 945 27.59 31. 82
Ky 30.52 35.30 27.90
range 3.93 8.59 7.93
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Fig.6 Main effect diagram of side surface roughness
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Fig.7 3-D morphology of side surface of formed parts
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Fig.8 Morphology of overhang surface and side surface under SEM
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