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Optimization of laser cleaning parameters and evaluation of

surface properties of EH36 steel

Zhang Ruonan, Wei Pengyu’, Guo Xin, Chen Xiaoping, Huang Xufeng, Wang Lian, Wang Ruoye
(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: In order to meet the requirements of removing rust on the surface of complex space materials in ship
cabins, this paper adopts the pulsed fiber laser cleaning platform to carry out the optimization of laser cleaning
process parameters and the experimental study on the surface properties of EH36 Marine steel plate after cleaning.
Based on the macroscopic and microscopic morphology observation and surface chemical composition analysis,
and combined with the derusting standard specification of the shipbuilding industry, the quality evaluation
criterion of Marine steel laser rust removal is established, and the optimal process parameters of material laser rust
removal are determined. On this basis, the surface quality, microhardness, roughness and comprehensive
mechanical properties of the materials after laser derusting are tested and evaluated. The results show that, under
the optimal derusting process parameters (average power 210 W, repetition frequency 250 kHz, pulse width
300 ns, scanning speed 4000 mm/s), the surface quality of Marine steel plate can reach Sa2.5 grade, and the
mechanical properties remain basically unchanged, which can meet the requirements of derusting process on the
surface of complex space materials in ship hold. It has excellent applicability in the field of surface rust removal
of shipbuilding materials.
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Fig.1 (a) Corrosion sample; (b) Micro diagram of sample corrosion
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Fig.2 Schematic diagram of laser derusting experimental platform
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Fig.3 (a) Macroscopic morphology of the substrate surface after laser
irradiation with 30% average power percentage; (b) Macroscopic
morphology of the substrate surface after laser irradiation with

90% average power percentage
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Tab.1 Experimental scheme of laser derusting

Parameter type Value

Percentage of average laser power 40% 50% 60% 70% 80%

Repetition frequency/kHz 250

Pulse width/ns 300

Focal length of field mirror/mm 250

Motor frequency/kHz 180
Cleaning speed/mm-s™' 4000
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Fig.4 Macroscopic morphology of substrate surface after laser derusting with different average power percentages
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Fig.5 Micromorphology of substrate surface after laser derusting with different average power percentages
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Fig.6 Changes of surface elements after laser derusting with different average power percentages
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Tab.2 Optimum process parameters of laser derusting

Parameter  Percentage of average laser Repetition Focal length of field Motor Cleaning
type power frequency/kHz width/ns mirror/mm frequency/kHz speed/mm-s ™'
Value 60% 250 250 180 4000
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Fig.7 Comparison of surface cleaning quality. (a) GB/T 8923.1—2011 Sa2.5 surface cleanliness; (b) Surface quality of materials after laser derusting
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Fig.8 3-D morphology and surface roughness of substrate surface with different rust removal methods. (a) Pre-cleaning sample (5.18 pm);

(b) Mechanical grinding sample (16.78 um); (c¢) Laser derusting sample (5.5 pm)
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Fig.9 Comparison of hardness test results
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Fig.10 Sectional microstructure near the cleaning layer of typical laser derusting sample. (a) Substrate center; (b) Cleaning area near the layer with 60%

laser power percentage; (c) Cleaning area near the layer with 70% laser power percentage
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Tab.3 Mechanical properties of substrate before and

after laser derusting

Sample type o/MPa o,/MPa o
The original sample 356 421 23.6%
Mechanical grinding sample 354 418 23.1%
Laser derusting sample 361 413 22.4%
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