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Analysis of Wear Debris for Operating Condition
Evaluation of Lubricated Machine Surface
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ABSTRACT

This paper was undertaken to analyze the morphology of wear debris for operating condition evaluatio of
lubricated machine surfaces. The lubricating wear test was carried out under different experimental condi-
tions using the wear test device was made in our laboritory and wear testing spcimen of the pin on disk
type was rubbed in paraffine series base oil, by varying specimen, applied load, sliding distance. The four
shape parameters (50% volumetric diameter, aspect, roundness and reflectivity) to describe morphology of
wear debris have been developed and are outlined in the paper. A system using such techniques promises
1o obviate the need for subjective, human interpretation of particle morphology in machine condition moni-

toring
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Fig. 2 Schematic diagram of image
processing system.
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Fig. 3 Shape parameter of wear debris.

a)ft&E & (Representative diameter) vl §.9]
Yol FAQel 2 e P2 AT A

b)EME (Aspect) : 2t wpE A 73 1 AHA
& EBR, 23z £y aase AA9Y 7
A 7 AL Gl #9& o <R JdE

2739 wl&.

)B4 (Roundness) : uhE¥o] LYol snE
AEE Jeh Fo, oA A (D3} o] A
o)}, &, wpdio] fJAW P HA(F
477 H2, APl EFsHA 2 $F5 ¥itol
aA e

7= P/ArA §))]

d)HEE (Reflectivity) : s o2 HE H=2A=R
Fitd AgukAd=Ele R 9y J&H9 grey
level(200)9] W epa ¥ 32 grey level R
(red), G(green), B(blue)e] % #3teld}.

e)50% 88K (50% Volumetric diameter) : wpPE&
o] XA EXE Hg Fsigen, oA 1

27 olste] {E 712 whE e MAHe A 2

wpdAM A e A} 50%7F He 7.

ojAel 2zt AFEPRL BF YEIAZ 40 EA

filtere] 50 3hdol X35 HEA 1.345m(10

2ol e & rpbd R AA o) dlste] o]E9 para-

meter® A 43l ot

3.2 vk ZzAe) w& Fd parameter? 53

Table 291& ¥ AT7& 3o ALY 357 A
¥H A g9 Y] parameter F, 50%MF7, EF
5, AYE 9 Fdexe] upd B AMY HIEXE X
AR Ao zH APgzAL #§3F Skg, VYA
2] 27]ed 156~234melcl. LI Fig. 4 ° ¥
Zte] Y28 Bestsid Jepd dxeld, o] 1



oA Aztye] Heprl AR wel zt 2y o
¥l 7 data®] A4S FAls 748 4 A F
SM45Ce] 75+ vhEdAs 2%, AHex 7 ¥4
<, SKD11& 37Fx19 ¥ parameter ZF¥7} ©}

Table 2. Average values of shape parameter
Load ; Skg, Sliding distance; 156 ~234m

Material SM45C STS304 SKDI11
50% Vol.dia 8.585 4.438 3.061
Roundness 1.474 1.359 1.210
Aspect 1.992 1.802 1.629
Reflectivity 0.251 0.406 0.354
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Fig. 4 Diagram of shape parameter.
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Fig. 5 Photo. of wear debris for specimen,
Load: 5kg, Sliding distance: 0~78m.
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Fig. 6 Average value of shape parameter of
total wear debris for SKD11
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Fig. 7 Average value of shape parameter
for STS304 in every (a)50 (b)100 and
(c)200 wear debris, sliding distance:
156 ~234m.
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Fig. 8 Average value of shape parameter in
every 200 wear debris, sliding distance
: 156~234m.

71 WA Jelhde AL SM45CH & F A8 ¥
o FAHLR ALF AN o] HEA Mdgs
7] w-Foln, ol e FAL EFEYG FdE
AE A F498 AL JHHde g9, 19
it} FYES] Ao oz ST33047} SM4SC£}
SKDI11 Bt} ¢] & g Jehz g+ AL STS
3047} SM45Ce} SKD11:dt n]:u.i::];]ao}] wa
Absuk-g &E7F =o] 4tslE 7] olEE F R R
74 vl o]l FE QA= wFolzt Yzied.
ojAell Al SM45Ce] riE £ 3to] A =277} =
2 EF spd e 8o l—i'.—%‘}ffﬂ’él?% FYEE=
o AAoA oFE MALE = "]"%*3""] Ak31gl
Aolghx Pz o ﬂ}%“sz}ﬂ +5 43ts]
Az, =¥ FYEr}L Fode AL spdPe] g
w4 wAg 27E 7 Ji%ﬂi% W Zlola
€ A4S el F32 gickw gz,

Fig.9& STS304°M F43% 5kgol v|uY A
&7, 371 2 D7 A vjuyAe Fsld o4&
el parameter4 #AE Jerd Holdd, vlugA



eje] F7te] weta 47FA) Hel parameter & WA
3L gxste A%E /AL 53 50%AH A 3
YEE 2 A2 ade AL & 5 At o
71& STS3049] dw|HxAo] 22Hhr}o]Eojr] o
ite] vlndAee] Frte @& 238 4 7}
W 499 2 44dd.

20

bX:)

.o L] l.
1.6 ’ 18]
> 2.4 18] .
& 23 ] .
§ 12 §-14
3.1 12
0.0 . 10 .
[} 5 10 15 20 25 10 12 14 18 18 20
50% Vol dia Roundness
(a) 0~78m
0.8 20
0.5 18]
.-? 041 vae . 18] 2
= D.34 §.
14
g 0.2}
0.1_ l.z
0.0 . . 10 . .
0 5 10 15 20 25 10 1.2 14 18 18 20
50% Vol dia Roundness
(b) 78~-156m
0.8 20
05 1.8
E' 04 - . 18] A
3 0.3] g
g 0.2] a4
0.1 12
0.0 1.0

O 5 10 15 20 25
650% Vol dia
(¢) 156~234m
Fig. 9 Average value of shape parameter in

every 200 wear debris for STS304:
Load ; S5kg

Roundness

Fig. 109 vpa & Yelg o] 4 XA A=
] #F43F3 vlnygAde] W& vdAe 34
518 el Ao 24 3FF A¥HA FEF
Tkg®l 74-$9 STS304= #H43t%F kg9l kg
Ekgel Ao & vlmPA 27, F7 € 279 A
<eb. 74 FA wpEAHe] AL vld e ¥
e Fig. 39 F dEAS dFsdr 1A sE,
rhEE AHe) o] PYREAS Fid FeldAH S F
s3stgdel. mpEAF & SKDIilel 714 AR, STS
304+ SM45C B} o AHodes AL 4 4 9.
gl 53 STS304+= #4-31%o] 3kgs} Skgol 4

_89_

10 12 14 16 1B 20

@AY F7tg A AL e g
= AE € F U oA A ulg3do] STS
304 wpAX e Frtet @A sHEA e Gl
A A 43 Az 444

SM45C 1kg O 0~78 m
H B 78~156m
SKD11 1kg B E1156 ~ 234 m

STS304 1kg [E

STS304 3kg |

STS304 5kg B

0 01 02 03 04 05 06
Wear loss (mm®)

Fig. 10 Presumed wear loss.
4.8 B

71A-&gde FFAe Hs1E $sld pin on

disk¥ &¥vhd APAAE T cPEE A

FEXA F, AR, 4315 L vudAe v

d @& spEEE AT H o€ FEAHYEA =

HEE 5, 37182 648 49 Jd29 e 4

& 44id.

1. 714 &89 55 F¥F2 2 spdgA
€ AT & 9= ohEE A3 i 443
7t 7bHsd o

2. wp Eeol A3 Y] parameter?] AEE ¢
A v E QlAF 2007 wicle] FHe ke
2 o] I PAAE o]-fste Zlo] AEy
o] G4,

3. 3FF9 AN¥d” ¥ vimP ALY Fsle o
g} npAde] Asle] Yoz FYEs FAv)
AA s}

4. FZTFHY FFxe w8 wEE gy
parameterg B9 &3 °lg] 5L wla R
Frhet =3 vpdAH e A E ALY &
A& program% +&319ld.

L

2DES

(1) B.J. Roylance and S. Raadnui, 1994, “The
Morphological Attributes of Wear Particles-Their
Role in Identifying Wear Mechanisms” ,Wear, 175,
pp. 115~121.

(2)A.D.H. Thomas, T.Davies and A. R. Luxmoore,
1991, “Computer Image Analysis for Identification
of Wear Particles” , Wear, 142, pp. 213~226.

(3) W. W. Sefert and V. C. Westcott, 1972, “A
Method for the Study of Wear Particles in Lubri-
cating Oil” , Wear, 21, pp. 27~42.

@elst 4



