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Extraction of Fractal Shape Characteristics
of Wear Particles in Lubricant
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Abstract — The fractal dimension is quantitatively to define the irregular characteristic of the shape in natural.
It can be useful in describing morphological characteristics of various wear particles. This paper was undertaken
to diagnose failure condition for sliding members in lubrication by fractal dimension. It will be possible to diag-
nose wear mechanism, friction and damage state of machines through analysis of shape characteristics for wear
particle on driving condition by fractal parameters. In this study, the calculating and analyzing methods of fractal
dimensions were constructed for the condition monitoring and wear particle analysis in lubricant condition. So,
we carried out the Friction and wear test with the ball on disk type tester, and the fractal parameters of wear par-
ticle in lubricated conditions were calculated. Fractal parameters were defined as texture fractal dimension (D)),
structure fractal dimension (D;) and total fractal dimension (D).

Key words — wear particle, shape characteristics, fractal dimension.
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Fig. 4. A log plot of step length vs. perimeter at step
length of a wear particle displayed in Fig, 4 for fractal
parameter of boundary.
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Fig. 5. A log plot of step length vs. perimeter at step
length of various wear particles broken at SM45C,

g} 7z Tage PRI 9% dde MY g
27} itk ol BAS sk =77} st wp
Azke) St sA 7o) Uit 2 IEE Fig
o] VERASITE.

olg} 7o) B AT E Ay 7x 99e 44
8171 9isked A mEdAlel tisld 21 adze
Uehjlel Aztg 7o) AEAAS Yepd 4 e
Joe] TEA o9} pE TIUL, 2 BANL A (1)
3 2] @9l JERIIT of71M FEA pe] HE b
ol txExale] o3t 2o} vpEYAT} BE 8
AAwollA A A7) AR ekr] wjio] WAl
= otz APTAIL FAEA BeTh2). wekA
Az 7x TAY Qe NFAAS gAks T
A b} $= HolEIE AMgsl] Tain). 2alw &
zdg YDy AR 2 PR g9 2E HojEE
o) g3le] it

a=5+0.013(n—20) Y
b=10+0.237(n—20)

as
w o

a: texture data number
b: structure data number
n : total number of data
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(a) LBC3

(b) SM45C

(c) STS304

Fig. 6. Transmitted images of wear particles, sliding
distance : 340 m.

16

[
S

[
~

—
1=

@

50% Vol. diameter (jm)

| %
4 | |4 LBC3

- SM45C
2 I |-e-STS304

170 340 510
Sliding distance (m)

Fig. 7. 50% Vol. diameter of wear particles for
materials.

S2huldal Aapuide)] o3 wiwA & epdYzpt 5
2 A AL E 4 Uk (b) SM45CY] 5
32 va3 Ze A7)9 Satepde)] o3t At
AGE AL & F Jden & A Hoh 2gz (o)
STS304= vl & YA+ E e Jakizbel] «gt
cutting wear YAF ®ol AAE AL & ¢ Uk
Fig. 72 nlnHA] w& Z+ Az npdio
50% A& vERd el 50% A A7 wpdE
9o A7 dolelE 2 A7|FE FEs] 2 AF §
o] AAWIEA A9 50%7t Bl A wER AAE
= Aom Folx 274 24 npdE-e o)
Talke Arlel). 1@ miE AR} Syl et
LBC39] vldE-2 1 A7/t AR o, SMASCet
STS304= 717} oA L ot o= Fig. 69] ARz

279

5.0

40 | °

roundness

1.5 3.0 4.5 6.0 7.8 90 105 120 135 150
50% vol. diameter (z#m)

(a) Roundness vs. diameter

structure fractal, Ds

1.5 3.0 4.5 6.0 7.5 9.0 105 120 13.5 150
50% vol. dlameter {zm)

(b) Structure fractal dimension, D; vs. diameter

Fig. 8. Distribution chart of shape parameter of wear
particles (SM45C, 3 kg, 170 m).
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Fig, 9. Average of fractal parameters of wear particles.
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Fig. 10. Average of total fractal dimension of wear
particles.
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