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Study on effect of laser derusting technology on properties
of high speed train collector ring
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Abstract: In order to study the feasibility of applying laser technology to remove rust from collector rings of high-speed
train, according to the effect of laser rust removal and cleaning efficiency, the optimal laser cleaning parameters of collector ring
were determined. Overlap ratio of laser spot on the whole surface is 29.3% , laser power was 16W, laser repetition frequency was
70kHz and laser scanning speed was 1.0m/s. The optimal process parameters were used to remove rust from the collector ring
samples. The surface microstructure of the original sample and the sample after laser rust removal were observed by scanning
electron microscope and metallographic microscope. The surface hardness and surface mechanical properties of the original
sample and the sample after laser rust removal were analyzed and compared by a new experimental analysis method. The
resistivity of samples before and after laser cleaning was measured by LINSES resistivity tester at room temperature. The results
show that there is no remelting and phase transformation on the surface of samples after laser derusting. The surface hardness and
surface mechanical properties of the original sample and the laser rust removal sample don’t change significantly. Due to the
increase of surface roughness and lattice distortion of some crystal lattice, the probability of electron scattering increases and
resistivity increases by 8.3% . But they still conform to the specifications. Laser derusting technology has no significant effect on
the surface performance of collector ring substrate. The technology is suitable for surface rust removal on the collector rings of
high-speed trains.
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Fig. 1 Diagram of high-speed train collector ring

Table 1  Chemical compositions (mass fraction) of steel 25%

element C Si Mn

S P Ni Cr Fe

0.0022 ~0.0029 0.0017 ~0.0037

mass fraction

0.0050 ~0.0080

<0.00035  <0.00035 <0.0030 <0.0025

balance
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Table 2 Parameters of laser cleaning equipment

parameters values
wavelength 1064nm
spot diameter 0.02mm
pulse width 100ns
focal length 16¢m
maximum average power S50W

pulse repetition frequency 50kHz ~ 100kHz
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Fig.2 Laser spot lap
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Fig.3 Contrast chart of cleaning effect

a—original sample b—Tlaser cleaning sample
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Fig.4 Surface morphology of sample under SEM

a—original sample b—laser cleaning sample
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Fig.5 Sample microstructures

a—original sample b—laser cleaning sample
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Fig. 6 Location of sample hardness measurement
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Fig.7 Measuring results for hardness
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Fig.8 Schematic diagram of rapid detection device for mechanical proper-

ties of TBIS2 ball pressing method
R PR ARG IR B A T S RN B LR R RS
RS BEWURFE OB 5 AN L, 6 R LG R 24
BWOCE VAT ) MERERAE R I 25 2R Nk 3 5%
4 7R .
Table 3 Mechanical properties from the indentation experiments for original

samples

detection point yield strength/ tensile strain hardening elongation/

number MPa strength/MPa  exponent n %
1 348.7 575.9 0.179 22.57
2 353.7 577.2 0.176 22.20
3 318.0 570.2 0.199 25.02
4 349.2 593.8 0.187 23.59
5 305.6 573.8 0.211 26.43
average value 335.0 578.2 0.190 23.96

Table 4 Mechanical properties form the indentation experiments after clean-

ing samples

detection point yield strength/ tensile strain hardening elongation/

number MPa strength/MPa  exponent n %
1 320.9 549.4 0.198 22.36
2 314.0 571.2 0.203 25.48
3 278.5 546.6 0.220 27.56
4 336.1 580.0 0.190 23.95
5 335.5 570.3 0.186 23.42
average value 317.0 563.5 0.199 24.55
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Fig. 10 XRD spectra of sample
3. 5% it

(1) BEOER R R /NN 29.3% I}, 7€ 2 4
ST BOCEREBE 7 42 R AR R A R O TR
BB 257 5 11 B2 F R IBOL T TR, 1 TZ IR/
HOWCRRHER . G RBCR AIE TR, A1

TERAMLBOLTE BES HO8 - WOt D)5 16W, O = 5
K T0kHz, BOEHAHER 1. 0m/s,

(2) KA L2210 x5 B PR AT O BR
5, Xt HE AR AR FOL RS 5 e R i RO 21 |
TR L , 243 BR e ik R 0 g 2 PR R U B, e B
WOCKREEHAXI B BT Ay 25" 59 11 5 3 51) 4 B oy PR LI
AR MVEREBCA P E W B

(3) ZHOCKR S o AR AR B9 5 Je FE e 3 i, i T
P TRTRELIE J3E 1) 38 00 2L B 08 7 it AR A o 2 A ) o A% e
ARSI T RO LR R R 8.3% o 1%
AR TR o

2 £ X #

[1] WUYC, LY G, FENG W Z. A method for assessing turbine gener-
ator carbon brush and collecting ring states[ J]. Large Electric Ma-
chine and Hydraulic Turbine, 2014 ,236(5) ;50-54 (in Chinese).

[2] ZHENG Y W, LUK’YANCHUK B S, LU Y F, et al. Dry laser
cleaning of particles from solid substrates; Experiments and theory
[J]. Journal of Applied Physics, 2001, 90(5) ;2135-2142.

[3] CHENJF ,ZHANG Y K, XU R J,et al. Experim ental research of
paint removem ent w ith a fast axis flow CO, laser[ J]. Laser Techno-
logy, 2008,32(1) :64-66(in Chinese).

[4] LAFARGUE P E, CHAOUI N, MILLON E, et al. The laser abla-
tion/desorption process used as a new method for cleaning treatment of
low carbon steel sheets[ J]. Surface & Coatings Technology, 1998,
106(2/3) .268-276.

[5] ZHANG Z H, YU X Ch, WANG Y et al. Experimental study about
cleaning of tire molds with pulse YAG laser[ J]. Laser Technology,
2018,42(1) :127-130(in Chinese).

[6] WANG Z M, ZENG X Y, HUANG W L. Status and prospect of laser
cleaning procedure [ J]. Laser Technology, 2000,24 (2) :68-73 (in
Chinese) .

[7] CHEN G X, KWEE T J, TAN K P, et al. Laser cleaning of steel for
paint removal[ J]. Applied Physics, 2010, A101(2) :249-253.

[8] CHEN J F,ZHANG Y K, KONG D J,et al. Research progress of
cleaning tiny particles by shortpulsed laser[ J]. Laser Technology,
2007,31(3) :301-305(in Chinese).

[9] SANJEEVAN P, KLEMM A J, KLEMM P. Removal of graffiti from
the mortar by using Q-switched Nd: YAG laser[ J]. Applied Surface
Science, 2007, 253(20) :8543-8553.

[10] LING Ch, JILF, WU Y, et al. Research and mechanism study on
refurbishing stainless bracket using picosecond laser based on laser
cleaning technology[ J]. Chinese Journal of Lasers, 2014, 41(4) .
0403005 (in Chinese) .

[11] HALFPENNY D R, KANE D M. A quantitative analysis of single
pulse ultraviolet dry laser cleaning[ J]. Journal of Applied Physics,
1999, 86(12) :6641-6646.

[12] TAM A C, LEUNG W P, ZAPKA W, et al. Laser-cleaning tech-
niques for the removal of surface particulates [ J]. Journal of App-
lied Physics, 1992, 71(7) :3515-3523.

[13] TAM A C, PARK H K, GRIGOROPOULOS C P. Laser cleaning of
surface contaminants[ J]. Applied Surface Science, 1998 ,127/129 .
721-725.



43 % A2

Froeik

S 5 e AR Xk 7 9 ) 4 4 FR R R B I 5 173

[14]

[15]

KOH Y, SARADY I. Removal of adhesives and coatings on iron ar-
tifacts using pulsed TEA CO, and Nd: YAG lasers[ J]. Proceedings
of the SPIE, 2001 ,4402 :445674.

XIE Y F, LIUH W, HU Y X. Determining process parameters for
laser derusting of ship steel plates[ J]. Chinese Journal of Lasers,
2016, 43(4) 0403008 (in Chinese).

WANG Z, ZENG X, HUANG W. Parameters and surface perform-

ance of laser removal of rust layer on A3 steel[ J]. Surface & Coat-

[17]

[18]

ings Technology, 2003, 166(1) :10-16.

QIU Zh B, ZHU H H. Process parameter study on the removing rust
using pulsed laser[ J]. Applied Laser, 2013, 33(4): 416420 (in
Chinese) .

CHEN J, CHEN H N, CHEN J. Evaluation of mechanical properties
of metal materials by spherical indentation based on representative
strain—characterizing of p-h curve at great depth ratio [ J]. Mechan-

ical Strength, 2012,34(6) : 818-822(in Chinese).



