ol Xt HAEAY

mio

_?_l

4

R

% g4, A

o

’

=ajet uiajolele] B8

g (Fottidd)

zq
B S (Sol)

Application of Fractal Parameter

for Morphological Analysis of Wear Particle

D. W. Won*, S. J. Jun,

Y. S. Cho,

H. S. Park, T. O. Jun

Abstract - The morphological analysis of wear particle is a very effective means for
machine condition monitoring and fault diagnosis. In order to describe morphology of various
wear particle, the wear test was carried out under friction experimental conditions. And fractal
descriptors was applied to boundary and surface of wear particle with image processing
system. These descriptors to analyze shape and surface wear particle are shape fractal
dimension and surface fractal dimension. The boundry fractal dimension can be derived from
the boundary profile and surface fractal dimension can be determined by sum of intensity
difference of swface pixel. The morphology of wear particles can be effectively obtained by

two fractal dimensions.
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Fig. 1 Image processing algorithm
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Fig. 2 Result of image processing
for wear particle in lubricant
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Table 1 Boundry data of wear particle(h)

from Fig. 2
Step size | Perimeter | Log(s) Log(p)
1 166.8528 0 2.2223
2 156.0188 0.301 2.1932
3 152.1487 0.4771 2.1823
4 147.1573 0.6021 2.1678
5 145.8841 0.699 2.164
6 141.2213 0.7782 2.1499
7 139.5247 0.8451 2.1447
8 135.067 0.9031 2.1305
g 131.4494 (0.9542 2.1188
10 | 128.4654 1 2.1088
1 127.1408 1.0414 2.1043
12 130.067 1.0792 2.1142
13 117.9396 1.1139 2.0717
14 122.0049 1.1461 2.0864
15 123.8511 1.1761 2.0929
16 120.7142 1.2041 2.0818
17 114.6777 1.2304 2.0595
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Log(perimeter), = —0.1077 Log(stepsize),+2.2289 (1)
d,=-0.10717, Texture fractal (D)=1-d,=1.10T7
Log(perimeter), = —0.6218 Log(stepsize),+2.9297 (2)
d:=—0.6278, Sbucture fractal (D))=1-d,=1.6218
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Table 2 Surface data of wear particle(h)

form Fig. 2
Sum of
Step size | intensity Log(s) Log(p)
difference

1 245210 0 5.3895
2 213843 0.301 5.3301
3 174784 0.4771 5.2425
4 142572 0.6021 5.154
5 114571 0.699 5.0591
6 80835 0.7782 4.9076
7 55871 0.8451 4.7472
8 80653 0.9031 4.9066
9 40704 0.9542 4.,6096
10 41325 1 4.6162
11 27127 1.0414 4.4334
12 37358 1.0792 4.5724
13 33355 1.1139 4.5232
14 22426 1.1461 4.3508
15 25962 1.1761 4.4143
16 10136 1.2041 4,0059
17 4516 1.2304 3.6548
18 7431 1.2553 3.871
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Fig. 6 Fratal descriptors of surface
of wear particle(h) from Fig. 2
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Texture fractal (D,)=1—d, =1.8249

Log(SID), = —08249 Log(stepsize),+5.5374
dy =—0.8245.

Log(SID), = —2.1255 Log(stepsize),+17.4249 @
dy=—2.1285, Structure fractal (D,’)=1~d, =3.7255
(SID : Sum of Indensity Differnce)

4@ A@e Y25 g8 T A
geANez o714 2 AN sgre
-0.82493 -27256% o|2F¥ 1% vlEq]

34

2o} wWel gt H7 =dg YD)
1.8249, 7+ T g g2 3.7255 ojt},

3. 2% 2 2%

Table 32 Fig. 29 (a)~(h) vlE YA
vstd A de 2z ¥ 72 g
2A4E€ T vl Aoz A A
A Az Z (AL & Aol ¢l &
A AgE dehdn AT BIEY F
grxg e g4 E3JE veie A
BAY Fz Zdg (YL Fig. 204 &
F ARl 4 i MEFE 2 B
ety o o471 FAY FZ3 5o
AAETE A Zo]l UA gE e FFRHE
o ug FHA e HE=e A fEo
gta AZEojA s old ¥ EHEL BE
3] 7] fsiAE CCD sivigst =&z
#H¥e HLEE FolAY FuFE W& e
xd vtEYAE A FE8 "ast U
oz ol WL FE A2de A
A v gAY ZAH ol RE&Ho)
2 Rt B=oizi, w2t FEAE
o % wEAxe] ¥F 5L vuy &
3}A0AE ojfste T2 EZYdY Yoz
B4 F glen of do Fx zdE A
22 A9 A zZdg X == ¥4
g Yoz F4Y F U

Table 3 Boundry and surface fractal

dimensions
Wear Boundry Surface
particle[ Texture |Structure| Texiure |Structure
(DY) (Ds) (Dt") (Ds”)

a 1.047 1.1492 | 1.7388 | 1.7456
b 1.0982 | 1.2032 1.7678 1.7068
c 1.0936 1.2738 1.6546 2.324
d 1.1058 | 1.2781 1.5962 | 2.0079
e 1.0781 1.2883 1.7047 | 2.6995
f 1.0877 1.3115 1.6814 1.61
a 1.085 1.4123 1.4365 | 2.8031
h 1.1077 1.6278 1.8249 | 3.7255
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