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Fig. 1 Surface morphology comparison of sample before and after painting. (a) Before painting; (b) after painting
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1064 nm G955k 10 6 2F 806 5 vk B e, FUEL A 45 b Table 1 Main technical parameters of nanosecond pulsed laser
WmE 2 fin., WK EOEBRIE RGN R EHE AR S Technical parameter Value
%’ﬁ(ﬁﬂ%@ 1 iR, Maximum and mean power /W 1000, 200

FTHOETE BRI B, WO 5 " F IR AR TR Wavelength /pm 1.06
ﬁtﬁﬁ%ﬁﬂf TH WK 3 iR, BOLIERTES Focus diameter /mm 0.96
Bk 2 s, WHURRE A ]S, 20 R HEOE 3E Focal length /mm 183,193
AR W B R B TRUBE 3 A A L R X R Y Pulse frequency /kHz 2-50,200
2% 18 T S5 R0 38 43 AT LB 43 HT Pulse width /ns 30,60,100,120

B2 Rk ORI B A . () BROREF OGS (W Ok vk

Fig. 2 Nanosecond pulsed laser cleaning equipment. (a) Pulsed fiber laser; (b) laser cleaning head
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Table 2 Main process parameters of laser cleaning

Cleaning parameter Value
Pulse width /ns 30
Pulse frequency /kHz 30

70—240 (progressive increase
Laser power /W

laser spot cleaning trajectory every 10 W)
B3 SO0 v R A Scanning length /mm 20
Fig. 3 Schematic of scanning path of laser cleaning Scanning width /mm 15
BT GA TS ORI SO gl o speed [mes D o0
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Fig. 5 Macroscopic appearances of sample surface cleaned by laser with different powers. (a) 70 W; (b) 150 W;
(c) 200 W; (d) 240 W
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Fig. 6 Height cloud images of surface microstructure after laser cleaning at different powers (frequency is 30 kHz).
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7 OB TE Be R OB S BE MO D R A A . () 150 W5 (b) 160 W;(c)180 W;(d) 200 W
Fig. 7 Evolution of laser cleaning surface microstructures with laser power. (a) 150 W; (b) 160 W; (¢) 180 W; (d) 200 W
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Fig. 8 Surface micro-morphologies. (a) 150 W; (b) 160 W; (c¢) 170 W; (d) 180 W; (e) 190 W; (f) 200 W
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Fig. 11 Binary processing results of laser cleaning images. (a) 150 W; (b) 160 W; (c) 180 W; (d) 200 W
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Abstract

Objective
requirements. The surface coating needs to be removed in advanced maintenance.

The main component of high-speed rail is the bogie wheel, which has extremely strict maintenance

Traditional surface coating

removal methods are mechanical grinding and chemical treatment. These methods can easily cause excessive grinding

in local areas, thereby causing surface damage. Therefore, designing a new coating removal technology is urgent to

reduce environmental pollution, labor costs and achieve green, efficient, and high-quality coating removal. Laser

cleaning technology has been widely used in coating surface treatment because of its high cleaning accuracy with no

chemical cleaning agent and no physical or mechanical contact. Moreover, it can be easily automated. Therefore, we
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adopt laser cleaning technology for the axle body of existing high-speed rail bogie wheel sets. Through the laser
cleaning process analysis of the surface coating of high-strength steel, the evolution of the surface microstructure of
high-strength steel after laser cleaning, and the online evaluation method of the surface quality after laser cleaning,
a breakthrough is made in the laser cleaning technology of the surface of a high-strength steel axle. Thus, it lays the
application foundation for applying green and efficient surface treatment technology to overhaul key parts of the high-
speed railway body.

Methods High-strength steel was chosen as the experimental material, and red primer and gray finish were sprayed
on the surface. The primer thickness was 50—60 pm, and the gray finish thickness was 230-260 pm. During laser
cleaning experiment, laser was used to scan the sample surface along the bow-shaped path. The main laser cleaning
process parameters were listed in Table 2. The surface morphology and composition of the prepared samples were
observed and analyzed using the laser confocal microscope, digital microscope, and field emission scanning electron
microscope. The experimental design of the laser cleaning workpiece surface inspection mechanism and laser cleaning
quality was evaluated.

Results and Discussions Macroscopic morphology analysis (Fig. 5) shows that the paint removal rate gradually
increases as the laser power increases. For instance, at 70 W, only part of the top paint can be removed, and the
surface is smooth and light gray. At 150 W, the finish paint can be removed, and the surface is jujube red. When the
laser power reaches 200 W, the paint layer can be roughly removed, and the silvery metal surface can be exposed.
Under the optical microscope, there are gully cracks on the surface of high-strength steel. At 240 W, the surface is
blue and purple after excessive cleaning, indicating ablation.

Microscopic appearance analysis (Figs.6—8) shows that when the laser power is 150 W, the primer surface has
no scorch mark and the surface is not smooth. Additionally, the stripping mechanism plays a dominant role.
Meanwhile, when the laser power is 160 W, the oxide film on the surface of the substrate can be exposed, whereas
a large amount of primer remains on the surface of the substrate. The cracks on the oxide film are more clearly
visible when the laser power is 180 W; however, sporadic remelting appeared in the weak part of the oxide film.
Furthermore, the edge of the oxide film crack appears passivation when the laser power is 200 W; the crater-like
remelting appears, and the substrate is slightly damaged.

The following results were obtained from the composition analysis (Fig. 9). The original paint surface contains
high C and O contents and low Fe content. The Fe content on the surface increases slightly when the laser power is
150 W. Meanwhile, the Fe content on the surface increases when the laser power becomes 160 W, indicating that
the substrate has been exposed. The main elements on the surface when the laser power is greater than 170 W are Fe
and O, indicating that the surface of the workpiece is mainly oxide film. The workpiece surface with laser power of
170 W gradually exposes the oxide film holes that exist on the oxide film, and the oxide film has no trace of remelting
damage. At 180 W laser power, the surface had residual additives in the coating, and the oxide film is slightly
damaged. At 190 W laser power, the oxidation film on the surface is damaged and remelted to form pits. When the
laser power reaches 200 W, the pits on the surface are caused by the stripping of the oxide film in laser cleaning
process, indicating that the internal metal is damaged.

An online detection device shown in Fig. 4 was used to scan and detect the surface of the cleaned workpiece. The
online detection device uses a precision motion module to drive a camera to scan the workpiece for collecting surface
information. The analysis results of the collected images using double thresholds (Fig.12) show that the difference in
cleaning effects has evident characteristics in the number of black/white pixels. When cleaning is insufficient (laser
power of 150 W), the number of white pixels in the image is much higher than that of black pixels. Meanwhile,
when cleaning is moderate (laser power of 180 W), the number of black and white pixels in the image is almost the
same. Furthermore, for excessive cleaning (laser power of 200 W), the number of white pixels in the image is
substantially lower than that of black pixels. Therefore, the difference between the number of black and white pixels
in the image can be considered as the characteristic value, reflecting the cleaning residue status of the coating.

Conclusions Nanosecond pulse laser with different parameters was used to conduct laser cleaning experiments.
Macroscopic and microscopic morphologies of the surfaces after laser cleaning were analyzed, and their properties
were studied. The following conclusions were obtained. Macroscopic analysis of workpiece surface cleaning state
shows that when the paint layer is insufficient or excessive cleaning, the cleaning degree can be roughly judged
according to the change of surface color. The microstructure analysis of the workpiece surface cleaning state shows
no burning trace on the paint surface when the workpiece surface cleaning is insufficient, and the surface elements
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are mainly C, O, and Si. Meanwhile, when the workpiece surface cleaning is moderate, the surface has visible
microscopic oxide film cracks, and the surface elements are mainly Fe and O. Furthermore, the surface has an
evident remelting phenomenon when the workpiece surface is overcleaned, and the surface elements are mainly Fe
and O. The binarization processing results show that with an increase in cleaning degree, the number of white pixels
in the image decreases, whereas the number of black pixels increases. Moreover, when the number of black and
white pixels is almost the same, the cleaning is complete. According to this method, the surface quality after laser
cleaning can be accurately evaluated. Our study provides an effective cleaning method and testing means for the
surface paint film of the bogie wheel of high-speed rail.

Key words laser technique; laser cleaning; surface appearance; laser ranging; online assessment

0802005-11



