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Abstract—This study dealt with some problems occurred in spectrometric oil analysis that has been popu-
larly used for a machine condition monitoring in various fields of industry. One of the problems is that spec-
trometric technique could not analyze contaminants of large particle (larger than 10 pm) in lubricating oils.
This limitation caused a serious problem in analyzing lubricated machine conditions since wear debris of

large size represents better critical machine conditions

. In this work, this problem was found to be solved by

using a filtration method prior to spectrometric analysis. Another problem could be that spectrometric analy-
sis is incapable of identifying contaminants. This may mislead the result seriously in practice. This problem
was surveyed by analyzing both various types of industrial lubricants and laboratory simulation tests, and the

solutions to the problem were suggested in this work.

Key words~-Spectrometric oil analysis, contaminants,

1.M =
&5 ol 78 rEgAEY 24 JeEAE
Azl B4 2 =] X 52 EA3R= W (Ferro-

graphy, RPD, Particle counter, SEM )3} 9=} &
< e & AFHoE BAske W (Spectro-
scopy, Particle quantifier, Magnetic plug, Filter in-
spection %) Eo] 71&0] AMLHT Ut} 53] oY
LHE Yo F59 AES AgHeR BENE
= ¥4 (Spectroscopy)’ 1€ 37 5L WIET

Z1AAN 2 9] e |E2A E85a glom,
ARog 71 EGA ol&FHIL SUTH1, 2] 28y
Hot 7EEL SHY 2 AAA4 5 FHAA
HE o USd2e AHEe AUz oA o=
7KAe) 7ERte 2 JA0 HHE gEA Ay
= glon, M 7t & Oy JisES
PaljA g3t slo] BEAHoT]

oo O X

machine condition monitoring, wear debris.

EHEA S o8 EYA
7ol Hs AL=rt w32, 2HE
TAE A8 A2RE WA
A B4 £ W) dEd
g3 7R F A B ol REREH #9=E
LHEZEY 34 9 SEF FREHA e FHOHA
AR M3l #4F  de ARE A Uk
v 24T 7 e PR A7 Alge] le
), 8|7} Lrtelil {AHZ) HlwAd &) wiEel
A E4A AR IE oElfe] nEe T
= AU AJrk #pEQYA B4 ol §EHe B
7171&X4 = RDE(Rotating Disk Emission) 3%
H| 8|4 AA(Atomic Absorption)®%7], X-ray
£37], ICP(Inductively Coupled Plasma)®-37] Fo
HEHo|H, o|E2 Al A7) Wyt AEE, ©
A EAEEY F Foll dolA Zhzke] AuHE 7}
AL Qe Zew A UtH3E-8]. diHHoE E

¥

=

=
Rl
ks

<

N
T

_—

o
o il

-

131



132

oJERA EoplA &8 W] miEgr BAS &
o2 s ZAfde o 20um )Y £ vley
o] BAMole Ago] wE7] A3t Bxe] A§H
Hgo] sk ¥ E4e] rhedt FEHE

B2 A 59 FHE Ad RDE %717} 7t
¢ Bo) o &5I Ak FudMe 2Rt I
oA o] EFEA we)] sl HErE wR
2HE 3719 BHAES 943 s o gle
H[1), A ST 2 siFe] F8 714 Aol &
HME o] WhHg HEstd st ot

2 E°] RDE £3%& o83l 585 U9 v}
EAA A0l og e Fdtv|ee] de RFEw
A} o]Zlo] KA e A v & Z AR
S g 249 g FEsEE =Y d¥o
2 A2 E 71EY Hgo) ARHIL Qi) o)yF
71€8 718 NEe FR3FY S8F W =
nEAREE £H02 HBA rotating discol filtration
Z-2 ashing W& o834 m|E] F2(depositplZ! F
BAE P3ts Aotk A7) e vhdEd sub-
micron T2 wi- wAE PR} 2 oo LajH
o] e HA7H AEe HdAE AN FEH7)
HEd o]l #AF EAo] oz EAHE AYx
=

#HZ A5 RDE Spectrometer 2338 0|23}
712l JOAP(Joint Oil Analysis Program) el <
st 87 W] mtRyRt AR £49¢& Y3
HolA o e ZARES LA

ARz, TEEAY 2R A 8EE B2 AEe
AA @A AHd= 29 EAol M= gE
oA ¥iEse EAlelty. & RDE 379 3¢
T 2o 413 &gt ol2std {frlFS g
& BEE AEE 3] ", AA 71AA 2"l
Al AFHE LU o] goje] A A7) BxE
I AT 2YY Ao dAHer e Fx=
rEY A HE EFE A8 B Aoivt 9
© o2 et oleh 72 AF o2 AAH
o2 deo] AF HA¥E402 To| o&dy Y&
¥ carbonyl iron powderS 2 <o 100 ppme]
FEE Alxste] JOAP Wl ofsf &A% Az of
30~32ppm FEE WA SAHHAT 0|9} e olf
€ Bz & gAse] Ae Hxol gA =Hoj &
tizo] EojA] dAd Y= o]FEHA ¢ wid
WE e FAHLEA, o]g} 7wy o3 &

2o

!

-

=
7
P

—_—

Joumnal of the KSTLE

THA - BT - Ao
g Ade= AA L ICP Spectrometer 52 £4]
AN AracidHEo] s AEE o238 A BAF
A HjE) WA S, 2 o] T3 uf$ AN
57 vlolEle] AN oBg A/ AE2 EA
Fol 3l Aog Jepith £33 o9} e A
2 Fo #qiEHY Ue FRRYPA] =) BEX
HAME HA FEete] HAAPE M2 g o=
ettt $HH, carbonyl iron powder 100 ppme] £
A filtrationHS ©| &3 1ml ENFPL dole
oF 200-250 ppm AEE UL APHoT QAAF
7-4-(JOAP) HT} wi¢ =& oz 2= 23
& UERULE o] Afele AIERY filtration U}
HH A FAAM e HA0H 0.5ml * sk
4% 39 oF 90~100 ppml.2 HAY FE 7ol
ke B4 2948 By

EA=, Spectrometerl] &3] FEiZgE dH= o)
F59 ALE $8F o 71ALKAE o)FE F4a
Aol Ao FhEY e AE FFHe= ¥
7Vehs Ao] gubFolt), o9} e &3 ZAAEo)
1A A2" A A=EA AMSEHEY, d8 S
F F2oME JOAP £l HFe) HE9] F
o] dAE ppm ©)Fe] HH FxA FFE Al
sle] FUHARE B3 2ES wAshs #E e
Agstal Aok 2y #H olux|e] A o}
2t Z1ARY) 58 Al 2ol S859 AY
E3Vt 71EF 02 ARHWEA, old ©E {34t
EARE Basb] A8l FYE 2 ke e Fol
7] % 3}sk HIHAY) ARl ZA ZUHEI A
o Jen, 2 A} 3}5HH wrEAo] T H A9}
71A 840 F4EWAe] W32 F 213 sub-micron
@919 mAg RautE it AJg Bk oz} o
Ao g3iE £ e KVIEE BjtEo AAHE
%, =l wpESECA B EE a2 YR} £
= o7 UM FE AR oA el A
g =+ 3UoH10-12]. WEkA olg o] o7 7R F
HEA EY e SEHYES EFEAYS o
BA BAE AL, AdegFgoz 2 o] oy
7] Wi 5 M9 AR EFE uE @) 9
e Aoz o8 = ke Aol o9
22 g 24, AEe] 2E % Uadn#e &
/e AMFsIA 7122 JOAP Wi AMEA 2t
¥ filtration gl 2&l] vlw A% njof o3, 3}
s Arete] vhgoz <l "HE 53¢ Fro

o



prar}

EFEAEE ol 8d

3] wAS AR F& &3E 1S siREe
FHRM &5 tEgARg o 128 A== W
2 oo} WEEE AL ¢ F UATE o% S H
& 885 U SRS B 9 A9
e Ak gsle Zigo] oA wig- Felsior &
Aoz Algss, B3] AA, ICP Spectroscopy, BS
(Emission Spectroscopy) =3 7ol &% uio] &
FR F& HES ooy 94 FHY 7E ®L
o] 24 BAEhe AvE Aeiide] o]&¥ A4
off 9loiM Arlel Axe Wdsle b Aot 2
o] 27t g F dvke AE AR FE A
ojch,

wEkA], 8 Aeis AUizid 7]ee RDE
FHe AL glojd g4 en T 9
A7lg ke BARES AEAE NEH 7 @3
A AHE AREfe] 42 Fold PR B
IS, M2 filwationd-& Walst] AETo2
2} RDE #3718 o443 AT 7] &4
A B Wt ANESA s

i e

==

2. A uy

21, NEHEA

RDE 2% 249 el Fg 19 vekd v} 2
th & rod elechodeZHE NEE BF I rotating
disc® ZAY WEo| g of-Zr} TS} A5
A FEEHe FMel FHRE T IHEY
(diffraction grating)2 Rifo] X},

FALOME YAE Fg T2A EAA=,

Sample excitation

Optical system

Sample oil

Readout system

S 29% 2 vheda 2o ol B4 23 133

Z, ojm|s Y FHe YA 2 Ast e
2 sl we 387 gz wAlEe] Wrb] ok
o] 71A whare] o] YARAES @, 7} gl o
2 o2 e sigse] ol At olgA 7 &
29 gz BAbE e &4 ¥ B B
A 2By g7 BHl FFsA ot Fo gist
o W7t B9 B Fol YAHE FofddAlst
ARAIAZ ve FHEHAE o83l A7lE &
ke AegA, ojdg HFe wWg U] G
off g AAslEoiE AT 4 POBE dynode
& Foke <l ARE S3AIA 8ok dwd
SR RDE B84 &8FUe B8 48L&
Agl7) sl AMEEE BESHE AlEe &85
£58 4 de §71E5EE S 7 =8 (ppmE
Esle] ALEstA "o

2 ddiae oY BHE BEEAre dF
RDE ##}¢] SPECTROIL-M Spectrometer® A}&-3}
gom, B4 9P 7% JOAP % Wi A
2% filrationd & WYt o] oBA HE Hw
£ 59 A28 AEE =F3A sk 549 o
23] YAE AHE e e Fig 29 Zel 2
re AFHFHE AMESHCE A WEE B 4
A 2de FHs aukele FeE UdRE 2EA
izl Fol 1mie} ARE AFsl FH8IR
£71 e pHiHn-Hexane) 22 Qe Fxo) ma)
11~1:3 AER 343t AR H e, ¢35 0
oz 2-33E AHAH (YL Bt Y BE
AATL BN SAea

9 g3 v=9) CARBONE LORRAINEAH
AE 1 ex ¥ 2 71 Y2ag AR

A} /- Sample ol
\ ]

e

} l Graphite disc

to Vacoum Pump
Fig, 2. The view of filtration unit.

Vol. 15. No. 2. 1999



Fig. 3. Micrograph of graphite disc.
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Table 1. The test result of standard oil contaminated
by carbonyl iron powder in accordance with the test
methods
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Fig. 9. The micrographs of deposited materials on graphite disc and the EPMA results.
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Table 2. The test result of used oils in accordance
with the test methods;
(a) Synthetic gear #460

Concentration of metal
element (ppm)

Fe Cu Zn Sn P
Normal RDE 04 0.0 190.0 0.0 785.0
Normal RDE 4.2 40.8 151 0.0 667
Used in roll Filtered RDE 754 189 98 00 129

mill system ICP
(acid digest) 463 61.4 1104 - -

Sample oil Test method

New oil

(b) Engine oil (10W/30)

Concentration of metal

Sample oil Test method element (ppm)
Fe Cu Zn Sn P
New oil Normal RDE 0.1 86.0978.0 0.0 878.0
. Normal RDE 55.0 62.3935.0 0.0 835.0
Used in Filtored
. iltere
tr:
-ansmission RDE(0.5cc) 148 14 84 05 52
. Normal RDE 16.5 8.5 945.0 0.0 815.0
Used in Filtored
. 11ter
engine RDE(0.5cc) 41 02 140 00 02
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