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ABSTRACT: In this paper, the fractal dimension prediction model of coating damage surface by wind-sand erosion was
established, and the erosion damage surface morphology was reconstructed, which provides the basis for the study of coating
wind-sand erosion damage surface morphology. The sand erosion damage test of polyurethane anticorrosive topcoat coating was
carried out, the impact model of multi-particle was established, particle impact damage area and distribution probability were
solved by using the Hertz contact theory. By described the evolution law of surface damage, the iterative relationship of the
increase of damage areca was obtained. And combined with the theory of fractal distribution, the fractal dimension of damaged
surface was solved. Finally, analyzes the influence of different parameters on the theoretical model, The theoretical model was
used to reconstruct the surface morphology of erosion damage, predict the fractal dimension of damage surface, and compared it
with experimental results. In the erosion experiment, with the increase of erosion time and angle, the random and evenly
distributed damage areas will overlap and connect with each other, and the fractal dimension will also increase. The surface
fractal dimension has a maximum value, and the single-particle impact damage area under oblique angle is a comet. In the
theoretical model, the larger the dominant particle size, the slower the initial growth rate of the fractal dimension. The larger the
impact damage area, the faster the growth rate of the fractal dimension. The larger the damage scale factor, the larger the
maximum value of the fractal dimension. The larger the damage area before erosion, the larger the initial fractal dimension.
Comparing the theoretical model with the experimental results, the damage evolution law of the reconstructed damage surface
morphology was similar to the experimental results, and the cosine similarity of surface topography and the correlation
coefficient of fractal dimension were both greater than 0.9. By analyzing the characteristics of solid particle erosion and
experimental results, it was found that wind-sand erosion is a nonlinear feedback dynamic system, and coating erosion surface
morphology has iterative damage evolution process. Based on this, the fractal dimension prediction model of coating wind-sand
erosion damage surface was established. The wind-sand flow parameters can be used to effectively predict the fractal dimension
of the damage surface and reconstruct the damage surface morphology under different erosion time. The predicted results of the
theoretical model have a high similarity with the experimental results, which can provide a basis for the study of the surface
morphology of wind-sand erosion damage.

KEY WORDS: wind-sand erosion; morphology; fractal dimension; Hertz contact theory; fractal distribution theory; prediction
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Tab.1 Particle size distribution in Kubugqi desert
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Tab.2 Relationship between sandstorm weather classification
and dust mass concentration and wind velocity
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Tab.3 Fractal dimension of damage images under
different erosion time
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Fig.3 Coating damage images under different erosion time
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Tab.4 Fractal dimension of damage images under
different erosion angle
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Fig.14 Surface reconstruction images of erosion damage under different erosion time
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Fig.15 Surface reconstruction images of erosion damage under different erosion angle

£9 FRMMAETENREERS 186 A ek
SRR IR 15 B 1R O AR SR A 0L —~ Experimental data
1.84

Tab.9 Cosine similarity between reconstruction damage

images and actual damage images under different angle g
% 1.82
Erosion angle/(°) Cosine similarity g
15 0.961 6 25T
30 09125 E1mt
45 0.942 7 176
60 0.902 5 '
s 0.940 8 ST 30 45 60 75 %0
90 0.980 7 Erosion angle/( °)
200 17 ORI i T S T 0 T
Theoretical date Fig.17 Fractal dimension of coating surface
195 - _Eﬁgggg&?&agpeﬂmmm data under different erosion angle
gloof MFF, PIEHCHE R R 0.987 1; (HIR L
E1ss) 7o v AR gt 28, H e h 2 K AH /N T 52 Bty
= g0l &Ko FFZRREDIG TR 4ERCRT 0, H LSCM
g TSR B3 P50 T LA BR , (45 52 P il 1) 0 T 4
o e SIS 1PN
1.70
1.65 L 1 1 1 1 1 1 4 zi. -\Lb
0 20 40 60 80 100 120
Erosion time/s — . N 8 -
S 1) sl oMol pfnf 6] AEET, RZE
NER NI G40 TE YE% . Rl B / > y \
A FIG S 5190 A B WA AU, 2 I v ]
ig.16 Fractal dimension of coating surface - N v VA
under different erosion time FRERYSE AN, BEAILY S 43 A B 4545 DX Bl S ik



- 138 - * wm #H R

2022 4 4 A

i, B4R 3O, BRI R AR A ek
{6, AN BRI op e 0 XSO B 2 . did oy
DINEIELS DR RUTLIEIE SEISR N ve R N c Ve 2 DAY 1A
Ty, B b i i B A SRR R, 2
FRL AR B B )2 R G, FRHR AT B2 P AR
T b2 R AR A

2) BIBFRMBI AT R, T K B
WL 3 AT BE , 42 H—FR S XD i 2 Ko 2
IRy AR R U T T T ) 724 5 G ER AR TR ] )
Tk, I M AR 2800 3 AR TR R F) S
SURER, ERTRAR doBOR, SRR Y K
RS ARG TE R so . AR R S e
DI AR R H y MO, B oo 45075 T AR MR, 20 E 4
Ko R R s 5 U R R, B 4
o KA ohi T 05 m AR LBl 4, #OR, )
I T HERGRUR

3) FET b SR 4R B Y, EE
Wi . BRI AR, PR g R
XFEE, R BUPIE AL LA, TR S s AR
PER O TE AR R M E R B R T 0.9, S5, B
TR TN 45 R 5 1 2 R AT e B AR, AT L
A S R RT3 2 o i A 475 3R T 55 S o T AR

S 3k

(17 fLe. b ESCHE b4 KA Bry i 28 38 28 R Ak

(1961—2017)[J]. TR X FEI S5HBE, 2020, 34(8):
116-123.
KONG Feng. Spatial and Temporal Evolution Charac-
teristics of Days of Disastrous Dust Weather in China
from 1961 to 2017[J]. Journal of Arid Land Resources
and Environment, 2020, 34(8): 116-123.

21 20y, KM, XIBA4E, S shphESILE AT iR
RIS, PRSI R A4 (A AR, 2019,
38(8): 70-74, 91.
LI Li, WEI Tian-chou, LIU Ming-wei, et al. Research
Progress on Erosion Wear Mechanism and Anti-Erosion
Coatings[J]. Journal of Chongging Jiaotong University
(Natural Science), 2019, 38(8): 70-74, 91.

31  BRifgde, Wpoede, RN, S5 FEIAORL T i 45 e

RN R BETE R[], APRFTAR, 2017(S2): 403-

406.
CHEN Hai-long, YANG Xue-feng, LU Chong-yang, et
al. Review on the Theory and Influencing Factors of Solid
Particle Erosion Wear[J]. Materials Review, 2017(S2):
403-406.

[4]  FINNIE I. The Mechanism of Erosion of Ductile Metals.
Proceeding of the 3rd US National Congress of Applied
Mechanics[J]. Wear, 1973(23): 87-96.

[5] BITTERJ G A. A Study of Erosion Phenomena Part I[J].
Wear, 1963, 6(1): 5-21.

[6] LEVY A V. The Erosion of Structural Alloys, Cermets

[10]

[11]

[12]

[15]

[16]

[17]

[19]

and in Situ Oxide Scales on Steels[J]. Wear, 1988, 127(1):
31-52.

EVANS A G, BISWAS D R, FULRATH R M. Some
Effects of Cavities on the Fracture of Ceramics: II,
Spherical Cavities[J]. Journal of the American Ceramic
Society, 1979, 62(1-2): 101-106.

TILLY G P. A Two Stage Mechanism of Ductile
Erosion[J]. Wear, 1973, 23(1): 87-96.

HUTCHINGS I M. A Model for the Erosion of Metals by
Spherical Particles at Normal Incidence[J]. Wear, 1981,
70(3): 269-281.

2 TR <119 e B (e R v R0 U L R ES L
WR2E2EAR, 1991, 20(3): 28-34.

LIN Fu-yan, SHAO He-sheng. Study on Mechanisms of
Metal Erosion at Low Impact Angle[J]. Journal of China
University of Mining & Technology, 1991, 20(3): 28-34.
NAM P S. The Delamination Theory of Wear[J]. Wear,
1973, 25(1): 111-124.

MANDELBROT B. How Long is the Coast of Britain?
Statistical Self-Similarity and Fractional Dimension[J].
Science, 1967, 156(3775): 636-638.

PERSSON B N J. On the Fractal Dimension of Rough
Surfaces[J]. Tribology Letters, 2014, 54(1): 99-106.

LIU Yao, WANG Ya-shun, CHEN Xun, et al. Two-Stage
Method for Fractal Dimension Calculation of the Me-
chanical Equipment Rough Surface Profile Based on
Fractal Theory[J]. Chaos, Solitons & Fractals, 2017, 104:
495-502.

NIU Li, MIAO Xu-hong, LI Yu-tian, et al. Surface
Morphology Analysis of Knit Structure-Based Triboele-
ctric Nanogenerator for Enhancing the Transfer Charge
[J]. Nanoscale Research Letters, 2020, 15(1): 181.

WiT Ok, ZE0E, 4422, 45, AZ91D BES A ik
R AT R, RIEHA, 2020, 49(12): 235-243
LAI Yong-lai, LI Wang, JIN Hua-lan, et al. Corrosion
Behavior of Corrosion Resistant Film on AZ91D Mag-
nesium Alloys[J]. Surface Technology, 2020, 49(12):
235-243.

AP, SO, VL, . JET CGAL #1222 —
AT AA 155 TR, 2020, 39(S2):
3450-3463.

PENG Shou-jian, WU Bin, XU Jiang, et al. Research on
3D Reconstruction Method of Rock Fracture Surface
Based on CGAL[J]. Chinese Journal of Rock Mechanics
and Engineering, 2020, 39(S2): 3450-3463.

ZHANG Wei, LU Cheng, DONG Peng-fei, et al. Fractal
Reconstruction of Microscopic Rough Surface for Soot
Layer during Ceramic Filtration Based on Weierstrass-
Mandelbrot Function[J]. Industrial & Engineering Che-
mistry Research, 2018, 57(11): 4033-4044.

FADUE, 2, ARMgK, S, e B R A Y
SHEAEG ], HUBGRIE, 1995, 17(1): 1-5.

HU Han-ru, LI Guo-qing, ZOU Hong-cheng, et al. The
Fractal Sets for Erosion Wear Surface and Wear Frag-
ments[J]. Journal of Mechanical Strength, 1995, 17(1): 1-5.

( FHEE 156 11)



