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An Experimental Study on the Light Transmission Characteristics

with QOil Contamination

S.Y. Cho*, C.J. Jang*, H. Kong, E.-S. Yoon, H.G. Han
*O&V Korea Ltd.
Tribology Research Center, KIST

Abstract - Change in light transmission characteristics caused by various types of oil
contaminations was experimentally measured with a built-in type wear monitoring device.
Three kinds of iron powders of different size distribution, carbon dust, two kinds of
solutions and grease were used for the test contaminants in this work. Light intensity of the
transmitted light was measured with the contamination level. Results showed that the
transmitted light intensity decreased linearly with the contamination concentration in the oil
and the slope was affected by the size distribution. Light attenuation was also caused greatly
by carbon dust, water contamination and polymeric fibers mainly due to the light absorption.
As a result, it was proved that the optical measurement device could be applicable
effectively for detecting any significant change in lubricating oils.

Key Words : Light transmission, oil contamination, condition monitoring, wear

NAZHAD7IEL NAF AFHNE AsHog 5 Fr|Hog 2Ase] Fega
& Abdel ot st do]l datHoz seHY FoHe MUz Jde wak ol y

o2 JIA4HE Fdgoz (HE A2 AM L {Y 29 HH3
g 9% ﬂlOiEMlO]é—'“i %8}741 w Za% afg% v:—;%@ ¢ m o)g} o] 714 Y

q ‘242% ATH1] WHM %Lﬂﬂl—g— a4
Fam A2 Z}Eﬁ (=, 448, £ 5,
tEA (A F, £2L)9 &Xx % viRo) g
AT °olE FHAGI|EEL &4 i

bl =2 M
ALHD e EAH HUAGINEES B
RET 22438, 224 A9 37, o2
= =
[+] 2

& AeEde gA

287



A7t M2 g 5422 ddtq 2R AL AYI e A2 A AN FH
A W 1AM 2" S wEA old HEE dEidries dHste Ro]l RUHo
U, HZoe B 388 FuIE S Fh6tr] Astd o TR JHAGvIeEE Hysl
o AHEstE o]ERFH FHAHY I 2 AL e olex FRIHILEIIEY Fo
ol #4383 Jn. 71AZHILEZIE T E8F e vlRE SAse Vee THFY
ZIAZE GEolA Z1A FA D B =Y glo] NARE R K425 AN 2AsE
& 2908 954z B2 £ UdE F olddEx T4E vtEAAEL] FALH, F2H
A EAEo 71ALLY D}E"a“gﬂ‘?‘ﬂ A%t YEUdER o]EEZREH JIANHHEE 8
Le AT F AT FHol Y2 471 71ed AA ARG L e FAg EHse
BRI FAEE AYR o ZIAANEE 8hFE BUASL TS dse 7iAss 7Y
€2 C¥89 e AFea nREAS AdASy LAY 28 YZse 9 A
Mgl TG gEe] 185 E vtEYA PE2 A 880 wdA 44Uy el
AEe AZIRE, AR &, TAHAEE, FH T AYsHA BAHE 742 o=

A

FEo| B&EFHT lon, oJyd ool odld aUAE FHAdF & A ")

F8F U9 uRYAAE 24 AY FAHHeE E45E WYHEZE Magnetic Plug,
Ferrography, Rotary Particle Depositor, Particle Quantifier ¥ U447 (Particle
Counter) T°l Tz & gaix dom[3] AAA AN Bol ALEEHT g}, o
g 7]€% 19703 W 2o 5% Ferrography 71€< $8F o 2495430 dAES
TEREFE Y IAV|ER FT nEASA e 7IE2M YA Y dUEe =
F3 EXFES AYsA 24T § e P AFFo2H, vtRYAEd g ole}
R 7T iE o]F e AFE EFAIE 482 dddn Hohtm Yok 2y, o
T 7IEEL 29 248 H%d U VAANZEEoRzREY JAY 2P £BH ARE

P

i

off-linee 2 AF Yok ste FFAA FAFES AYR Uk vl FEF AE AHH Py
of #3lo] B EEFE0] AT FFM dAHz gdov, 7jEHe2E a7t 277
71€°] & cc HFY 2 | HE

l

2o ANgrt AA 879 29 548 IQ F 9 £ Qe
A9 A4, AE AEH Ao 24T F J' DL human error T ogd EFHHY 4
v

HATEE Aste] deth A S8F ANEE Aoz QA Bl st 7l
A Seo] dd¥oz EHE EAMTD & £ Ut} Ferrography 714 2 RPD 7] &l
A YEUE E 02 BAZS 47 71ES 4 @4 EnHoz ALEE] Yl B
HPE/ Bositde Zoly, 24 st 333 &S 2Y £ doE Ho|d ued
A HZ AGA A JA BuderlezA FxHor HA R AYE (in-line,
built-in type) £37171€€ Hd3ses B2¥E £ 5 Uvh oS0 ¥ &3 Byge 1y}
8l off-line 5747171 Bt duixoz AAd Fdd Qe dFel g sdIAdE 714
B oRstE AAEe] stE WAE dAH oz 23d € £ YW 279 NARHIG B
AE As F Jen, dFed FANNEL ALY A8 Roll A Fo2N HEo] w
A8 F e 71ALx 99 Bde] ol AHS LY = U

A Sl ez 24 AL §2F e 298 AN A dF &
B717188; A7) A, A=x, 3AEF F3 2L #U)H E4E ZHsl: Py, On-line
Ferrography oA st o] #7138 £48 F3ste B8 £ 3 54 ¥%e F3se ¥y
€< HEHA & deg2A AL AUH2) ol F H/H EHE ZHsE AME)



e A71HQ Noise B4 %A AHHoz Foluyrt 71¢4 Bdolx, 274 54
WEHE ZYHE ANES Bz A4 A o Lddve 2HAE Avde
AUD Qo 3 SRS FARE AL 298de FHHeE NPT & gt
$8¢ 2o +& 9oy ¥74 Noise A0 WA 2PE $EE WY + 3
23 dBel /1Y MUY FAPEoE AeHT Yk §3) HT o 15 vEA
Bl 533 obge) Fuolnl ¥ FPAYIY BE FF 59 295 gote] BE ol &
¥ 29 99E 5471719 2hel A&5Hor FUNT Uk &S 2olT U

2 ERANE 8% U 295 Ut UPY 2@9s Joto] Y 354 W
g 49d¥os 2381 ENYoRN F54 B4 J 7A2HPYr)Ye 4L 2
2837 SGoh

2. 353 1€ o124 =73

LFAAEC] EAL AE SEF ol dAF F M7 Ze FL FAEE Fe oz
o] mlAa% 2FYA BRI FEIG ABHAY, FHol F M7t Zag Fe Ay
UAZ 2] ¥HA} (reflection), 273 (refraction) 18] 33 (diffraction)@4ol 25ty o] 5o
A9, Y] 2717t FdH ez 55 hatel o F A7) Rujzo] g o|s} e B
#2 g4 dutydeg thed 2L Beer-Lambert & Bouger's Lawdl] @2 Roz <&
#HA 4]

rlo =

d

J

=exp(— o L) (1)

~

A DAM T & BgaEo] FAE Qo AV, I, & JARe A2, o= BZARS LS F
4 A=ze AYE I o3t & 2924 g% BT vY FEFE (light
transmittance) &2 W LEEZY T=9 AF Fol vA T} Do S5 vl @A)
g Z7IBXES: NME 7IAE n 749 YA so A

< T4 (2)7 2o BEIU5)

o= Cfoer( NuN(Hr »2dr _ (2)

2iid
H
L1
2
X0,
o
ox
o
2,
o
ol
L.

4ol Ce 2gYAY ¥E, re LYY B, Qe U U EUAT BUHEE
& vlgch 47] AoA aoﬂﬂz}q 2717k 858 oo ¥ TS FArlE 9A 27
o Fol mAstel 2R 2+ A% A OF @2¥Y 29U FEOE e 43
2

C=—'ln( } )/L 121@9( r)aria oy,

o

mln(-—%—) (3)
[4]

&035 Rl-r(D)——g FHE & Uk

289



[ — new

D=In T (4)
aEY, Aol A (@) e Al Ade &BE U FANE hRYAE] FES 57
st} ZAAHDTE Yol sloA A 7R BARSe) EAT & Utk R WAZE 8%
& ohE Ao BE3g WE aclolth &% AL A Z/Hgel wekd BAHL
2 @850 YE7} 7k 5ol 8KoE RERE] WHET 4 YT, B FE L ARF
Sol 9RERH EYSel FEHEL WHY F Ak BA, 4 @44 ¢ & YFl 29
Ex o9E YA 271X DY BAE 231 Yo, AN F3FHY K aE o

B 7| B ARE & F gt
m}a}k] 2 AgolMe olgt Zo] I SEF U 2P BHE 8UEE FAleto HA
sn olgel B B4 BlE 242 2AsnA e

4

3. 48 3A
Fig. 1. Overall view of the test apparatus.

Fig. 1€ £ dgd A1gd FA9 E¢°IE} AR 8F ¥ FHAAE FHe
Z AYE 2Ye B UE 2YE, 0¥ 3= EzRol=d 3?4_ SHHPZ (0.2kW)R
FREHAT 249 A Yolle 299 iE—S— 23% 5 e Ay 2xAZ HAE
o] glom, 2dUF ud HXE EHE o433 2 g o] & zAEIIG 24E uWele

LEE MBS EYE Fol LA BRE F =T HISEE /AT F UE agitator

Fig. 2. A schematic view of the built-in type wear monitoring sensor.
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Table 1. Various types of contaminants
Type Contaminants Remarks
mean size: 7.6 um,
Carbonyl Iron Powder A .
spherical shape
. mean size: 8.7 um,
Solid Iron Powder B
) plate_shape
Contaminant mean size: 10.3 pm,
Iron Powder C .
irregular bulky shape
Carbon Dust channel type black
Liquid Water distilled
Contaminant Hexane solvent
Etc. Grease Lithium type
Table 2. Typical particle shape of test iron powders contaminated
Solid Contaminant Iron Powder A Iron Powder B Iron Powder C

Particle Shape
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Fig. 3. Contamination index vs. Fe powder concentration.
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Fig. 4. Particles size distribution of three types of carbonyl iron powders.
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Fig. 5. Contamination index vs. carbon dust concentration.
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Fig. 7. Contamination index vs. grease concentration.
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Fig. 1. Overall view of the test apparatus.
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Fig. 2. A schematic view of the built-in type wear monitoring sensor.
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Fig. 3. Contamination index vs. Fe powder concentration.
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Fig. 4. Particles size distribution of three types of iron powders.
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Fig. 5. Contamination index vs. carbon dust concentration.
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Fig. 6 (a). Contamination index vs. hexane concentration.
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Fig. 6 (b). Contamination index vs. water concentration.
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Fig. 7. Contamination index vs. grease concentration.
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