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Abstract: A 200 W nanosecond pulsed fiber laser is used to study the laser cleaning of surface area carbon and
oxide of GH3030 nickel base superalloy. The effects of laser spot overlapping rate on the cleaned surface
morphology, element composition, phase composition, surface roughness and microhardness are analyzed. The
results show that as the overlapping ratio of laser spot increases from 58.33% to 70.83%, the content of carbon
and oxygen decreases first and then increases, the content of nickel increases first and then decreases, and the
surface roughness decreases first and then increases. When the spot overlapping rate is 66.67%, the contents of
carbon and oxygen decrease to the lowest value, which are 5.01 wt% and 1.40 wt% respectively. At the same
time, the content of nickel reaches the peak, which is 72.96 wt%. The surface roughness Ra decreases to

0.229 um and Rz reduces to 1.47 pm. The change of laser spot overlapping rate will not have a significant impact
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on the surface microhardness of GH3030 superalloy.
Key words: laser cleaning; spot overlapping rate; element content; surface roughness; surface

morphology
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Fig.1 Surface morphology and composition of GH3030 superalloy. (a) Original plate; (b) Micro morphology; (c) Surface composition and content;
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(d) XRD pattern
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Tab.1 Chemical composition of GH3030 alloy
Element Ni Cr C Mn Ti Si Al Fe P S
Content/wt% Allowance 19-22 <0.12 0.7 0.15-0.35 0.8 <0.15 <15 0.03 0.02
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Fig.2 Schematic diagram of laser cleaning device
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Tab.2 Cleaning experimental parameters

Laser parameters Numerical value

Wavelength/nm 1064
Laser power/W 200
Pulse width/ns 60
Spot overlapping rate 58.33%, 62.5%, 66.67%, 70.83%, 75%
Spot diameter/mm 1.2
Pulse frequency/kHz 20
Wire lap rate 60%
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Fig.3 Schematic diagram of laser scanning mode and spot overlapping
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Fig.4 Surface macro morphology before and after laser cleaning
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Fig.5 Surface morphology of the sample after laser cleaning with different spot overlapping rates. (a) Not cleaned; (b) 58.33%; (c) 62.5%;

(d) 66.67%; (¢) 70.83%; (f) 75%
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Fig.6 Surface micro morphology of laser cleaning samples under different spot overlapping rates. (al) Not cleaned; (bl) 58.33%; (cl) 62.5%;
(d1) 66.67%; (el) 70.83%; (a2)-(e2) Corresponding high magnification images
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Fig.7 Schematic diagram of laser cleaning process
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Tab.3 Content of surface elements under different spot overlapping rates

Samples Clwt% O/wt% Si/wt% Cr/wi% Mn/wt% Fe/wt% Ni/wt%

Original surface 20.06 2.30 0.37 15.99 0.86 - 60.42
58.33 7.14 1.75 035 18.32 0.93 0.49 71.02
62.5 6.80 1.59 031 18.47 0.76 0.41 71.66
66.67 5.01 1.40 0.34 18.99 0.81 0.49 72.96
70.83 7.62 1.98 0.44 18.03 0.84 1.42 69.67

7102 71 6¢
L02 71,66 72.96

70 60.42 69.67,

Content/wt%

Kl 8 LR A AL

Fig.8 Change trend of element content
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Fig.9 XRD pattern of GH3030 superalloy surface before and after laser
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Fig.10 Effect of laser spot overlapping rate on sample surface roughness
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Fig.11 Microhardness of substrate before and after laser cleaning.

(a) Microhardness of different points; (b) Average microhardness
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T, il 6 BKE P4 1 S5 1 1, 2 TR J32 SE 0/ N I 1
T, i VR T AR B 0 AL R 2 S SORLRE B 1 in 1)
T AR B RN 66.67% i, ALRE JE fie /)
Ra #774 0.229 pm, Rz )4 1.47 um.,

(4) ARG BEFE 45 2205 Tk 5 09 3R THD 00 s B 5 R
TR I YA FL AR AN AR
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