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Application of Fractal Parameter for Morphological
Analysis of Wear Particle
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Abstract — The morphological analysis of wear particle is a very effective means for machine condition mon-
itoring 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. These descriptors to analyze shape and surface of wear particle are shape fractal
dimension and surface fractal dimension. The boundary fractal dimension can be derived from the boundary pro-
file and surface fractal dimension can be determined by sum of intensity difference of surface pixel. The mor-
phology of wear particles can be effectively obtained by two fractal parameter.
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face fractal dimension.
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Fig. 1. Image processing algorithm.
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Fig. 2. Result of image processing for wear particle.
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Fig. 4. Result of searching process for the boundary.
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Table 1. Boundary data of wear particle(h) of 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 04771 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

9 131.4494 0.9542 2.1188

10 128.4654 1 2.1088

11 127.1408 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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Fig. 5. Fractal descriptors of boundary for wear
particle(h) of Fig. 2.
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Table 2. Surface data of wear particle(th) of Fig. 2

Sum of intensity

Step size difference Log(s) Loz(p)
1 245210 0 5.3395
2 213843 0.301 5.3301
3 174784 0477. 5.2425
4 142572 0.6021 5.154
5 114571 0.699 5.0591
6 80835 0.7782 49076
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 44334
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
6
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Fig. 6. Fractal descriptors of surface for wear
particle(h) of Fig. 2.
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Table 3. Boundary and surface fractal dimensions

Wear Boundary Surface
particle Texture  Structure  Texture  Structure
)] (Dy) D) (D)

a 1.047 1.1492 1.7388 1.7456
b 1.0992 1.2032 1.7678 1.7058
c 1.0936 1.2738 1.6546 2.324
d 1.1058 1.2781 1.5962 2.0079
€ 1.0781 1.2883 1.7047 2.6995
f 1.0877 1.3115 1.5814 1.51
g 1.085 14123 1.4365 2.8031
h 1.1077 1.6278 1.8249 3.7255
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