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Abstract

Project Code: PDF/44/2541

Project Title: TOTAL EVALUATION OF HEAVY
MACHINERY CONDITIONS THROUGH CONTAMINANT
AND USED OIL PROPERTIES

Investigator: Associate Professor Surapol RAADNUI (Ph.D.)

E-mail Address: srr{@kmitnb.ac.th

Project Period: 2 Years

Wear of machinery, earth moving vehicles in this particular
work, is an anticipated consequence of surface contact between
interacting engines’s parts such as shafts, bearings, gears and
bushings which occurs even in properly lubricated systems. As
component loading, system investments and maintenance cost
have risen, so that the need for highly reliable and longlasting
systems has become very important. Engine condition
evaluation techniques utilizing used oil/wear debris/contaminant
analysis are highlighted. The most important aspects research
carried out in this work were:=multivariate monitoring chart for
used oil analysis results’ assessment, Filter Debris Analysis
(FDA), Failure Root Cause Analysis (FRCA).

Keywords: Used Qil Analysis, Wear Debris, Contaminant
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Laborarory report

MACHINERY HEALTH MONITORING AND MAINTENANCE
TRIBOLOGY RESEARCH AT KING MONGEUT’S
INSTITUTE OF TECHNOLOGY NORTH BANGKOK

8. RAADNUT
Machinery Health Monitoning and Tribology Laborarory
Department of Production Engineering, Faculty of Engineering
King Mongkut's Institute of Technology North Banghok
1518 Pibulsonghkram Road, Dusit, Bangkok, 10800, THAILAND
e-mail: sm@kmitnb.ac.th

The King Moagiut's Instiuse of Technology North Bangkok (KMITNB), founded in 1959 with the support of
the government of the Federal Republic of Germany, is one of ihe premier higher ediscation msitutions in Thalland
with n strong base im applied schences, technalogy ond enginecring. The facubly of enginsering, the arges of ihe four
focultics of the mstitmte, wos founded with an sim 10 provide o munge of profiessional enginesring education service 1o
meed the commumity and indussry o the earty phase of industrialmeion in Thailond. The degrees were sstnblished 10
Fill & need for bemer-educaied engineers in the practice of engineering 15 wedl as in research and developement.

The Machinery Health Momivoring and Tribology Laborumry (MHM ond Tribo, Lab.) forma part of the
Preduction Engiscering Department, Fuculty of Engineering. Currently, machinery health monitoring research is
comiuned with mibology studies. Tn gencral terms; the current activities of the condition moaitoring and tribology
nesearch group mclude:
condition momitoring smudies relating 1o oil and wear debris anslysg,
hydraulic failure wudies as relased 10 contaminnns,
rouieene oil, wesr debis and comtamination analysis for industry,
developments of mew and improved condition monitorng wehniques, especially used oll, wear debeis and
CONLAmination analysis,
fandamental of friction, lubrication and wear siudies.

maAlensnce strscgy stulies for productivity improvement

Key words: health monitoring, machinery, ibology.
L. Machinery health monitoring research
1.1, Multivariate monitoring chart for used oil analysis resnlts assessment

Regular examination of the oil from an engine crankcase can give vital information on two quite
different fronts. Firstly, simple routine tests for physical and chemical propenies of the oil indicaie
whether or not it is fit to perform its function. Secondly, since mechanical wear is inherent in all engines
with the generation of metallic particulate matter, examining of these suspended wenr particles
spectrographically or morphologically gives means of monitoring engine condition. As most used oil
aralysis data normally obey the normal distribution law, statistical parameters and control limits can be
extracted which if exceeded suggest that the engine oil should be changed, The Utilizing of Upper and
Lower Control Limit (UCL: mean value plus three standard deviations, LCL: mean value minus three
standard deviations), multivariate monitoring chart can be established. Figs. 1 and 2 illustrate typical
examples of these charts. As simple as in the implementation of statistical process control chart, once the
value of parameter(s) reaches UCL/LCL (in some specific parameters i.c. oil viscosity) or goes bevond its
limits, this can be interpreted 25 “abnormal” condition of the engine (Raadnui, 1998a; 1999a, b: 2000
Raodnui and Roylance, 1998; Raadnui and Subunpawong, 1997).

" To whom comespandence should be sddressed
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Fig.1 Multivariste monitoring chart for  Fig.2 Multivariste monlioring chart for elemental
physical/chemical used oil properties. anmalysis of used oil.

1.2. Filter debris analysis (FDA)

It has long been recognized that wear debris and contaminant trapped by oil filter are invalunble w
comdition monitoring unalysts. Filters of lube oil of earth moving vehicles were collected and consequently
contaminants and wear debris were extrocted and msessed visually under a conventional microscope and, in
SOME Ciuses, A scanning electron microscope (SEM). Two sets of ofl fillers from different engine operating
modes, namely, run-in and overhaul period, were assessed to demonstrate the distinction between debris
churacteristics, The filiers to be analyzed are cut by & special tool to prevent additional metallic particles
from its housing. Debris is separated from the oil filter media by submerging the oil filter in proprietary
solvent and applying ultrasonic cleaning for 15 minutes. The debris is then captured om n 0.4pum absolute,

polycarbomute Millipore filler using 8 vacuum 1o expedite the fillration process. Figures 3 and 4 show typical
debris characteristic found on the Millipore filiers. Elongated wear particles are generally found in the filier

collected from run-in period. On the other hand, chunky and/or spherical T¥pe wear particles are normally
presented in those collected from overhaul period (Rasdowi, 19990: 2000q). '

Fig-3. Elongated wear particle. Fig.4. Spherical wenr particle.
1.3, Used grease wear debris analysis




welr of materials, However, there are wi
testers. Hence, the studies of the sliding wear behavior of sliding
condocted utilizing a convention

of contacting surfaces that can be performed on this particular test rig is shown in Fig.10.

Machinery health monitaring and maintenance rribology research ..

137

debris and moisture. By snalyzing wear particles and contaminants in the used grease samples, problems may
be identified early, before a catastrophic bearing Failure occurs (Randnui 2000b; Raadmi and Gradnium, 2001),

L3.1. Wenr debris analysis of used grease Ffrom simulative four-hall sliding wenr tester

A series of lests was undertaken using & conventional four-ball machine. In & simple sliding mode,
the wear debris characteristics before and after scuffing were determined In term of their morphological
aspects. Tests were conducted as related (o the test of standard preparation and procedure - IP 239/85 (1992).
At the end of each successive test run, used grease was carefully collected on labeled glass slides and gresse
sample bottles. Wear debris from each test was imspected qualitatively - and photomicrographs of
represeniative wear debris in each wear regimes were taken, Figures 5 and 6 illustrate typical wear debris
characteristic found in the mild and severe sliding wear mode respectively.

T
: R L
i el
L T -
L .

ot

Fig.5. Mild sliding wear debris. Fig.6. Severe sliding wear debris.
1.3.2. Wear debris analysis of used grease from simulative four-ball rolling wear tester

In this aspect, using the same four-ball machine. rolling contact pitting fatigue tests were carried ot
Tests were performed as per standard tes preparation and procedure - TP 300/82 (1987). Some of the rolling
Wear lests were stopped prior to pitting failure of the top ball 50 that representative “pre-failure” wear debris
can be collected for comparison with those from “after pitting filure™. Upon completion of each test, the

used grease sample was collected and subsequently analyzed under an optical microscope. Figures 7 and 8
represent typical wear particles from “before™ and “after” pitting of the top ball.

Fig.7. Before pitting wear debris. Fig.B. Afer pitting wear debyris.

L3.3. Wear debris analysis of used grease [rom simulative plain bearing wear tester

There have been several publications in the smdy of effects of wear variables on systemaric sliding

de ranges of parameters and slso rather complicated standard wear

. bearing materials i.e. babbit materials are
lathe, A typical amangement is shown in Fig.9 below. A schematic diagram
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Fig.9. Plain bearing test rig. Fig.10. Schematic diagram of test rig.

In this section, the journal bearing wear debris characteristics is investigated. The narrow sleeve
specimen is used for the simulation of sliding bearing wear. The load of the bearing applied on the
deadweight arm mechanism permits the besring mean pressure to go up lo SMPa. The rotstional speeds are
set within the range of 300 1o f000rpm. The sleeve material is either aluminum, brass or bronze. The journal
is made of mild carbon steel and is ground to the roughness of Ra = Jum . The west lubrication regimes can
be either dry or boundary lubrication condition. Afier each test series, the used grease is collected and
consequently wear debris is extracted and analyzed under either a light power microscope or i high power
magnification through Scanning Electron Microscope (SEM). Typical wear particles from mild and severe
wear regimes are shown in Figs. 11 and 12 respectively (Raadnui, 2002a), :

Fig.11. Mild adhesive wear debris. Fig.12. Severe adhesive wear debris.
1.4. Magnetic chip detector (MCD) wear particle analysis

In power transmisgion such as gearboxes, engine crankcases or final drives, a failure of one pant will

cause a chain reaction of secondary faflure. If an “impending failure™ can be identified at an early stage, then
suitable preventive measures can be planmed in advance. This identification is the objective ;rf the MCD
through ferrous wear debris monitoring at strategic positions in

fermous wear particles from passenger car are shown in Figs.13 to 15 (Raadnui, 2002b, ¢).

b

Fig.13. Condition of an MCD located in the final drive after 10000 km.
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Fig.14. Combined rolling and sliding wear particle. Fig.15. Severe sliding wear particle.

L.5. Inclined planar chromatography method

This newly developed technique (application to the U.S. Patent office filed) is a quick and simple
test used to estimate the general condition of lubricant. It involves placing one or two drops of used engine
oil on an inclined blotter paper (either 240M grade or Whatman No.4 filter paper). The oil drops spread out
and dry, the large particles remain within a center corona. Forther dispersion leads to oil penetration and
filtration through the paper, A sharply defined corona around the oil-wetted area indicates the presence of
sludge. A good degree of correlation is found between a conventional blotier test method and an inclined

planar chromatography method as shown in Figs. 16 and 17 respectively (Raadnui, 20024, &).

a) Poor dispersancy, b) Good dispersancy.

Fig.16. Typical result of an oil spot test (conventional method),

a) Poor dispersancy. b) Good dispersancy,

Fig.17. Typical result of an ol spot test (new method). |
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Z. Maintenance tribology research i

In this part, some recent applications and developments in Maintenance Tribology will be briefly
reported,

2.1. Fundamenta! tribology research f

Wear of machine elements or tools is one of the most common problems encountéred in industry
today, OF the different mechanisms of wear, namely, sdhesive, sbhrasive, fatigue and tribochemical reaction
(as per DIN 50320, the first two wear mechanisms are spproximately 50 to 75% of all wear in industrial
metal components. Statistical methods have been employed in our fundsmental wear research. The important
advantage of the application of mathematical statistics in the study of mu-l!nnjcad wearing systems is,
among others, the complete and reliable information obtained for both the effects of the main wesr factors
and the existing interaction between factors and alse a reduction in the number of experiments and
expenditures. In short, adhesive and abrasive wear test series were performed and the resulls were
satistically assessed. The experiments have been carried out according to special factorial designs that have
varied the levels of five most important cause variubles in sach wear mechanism. Within the confined area of
the test rigs, main factors and interaction of adhesive and abrasive wear behavior are presented in Figs.18
and 19 respectively (Raadnui, 1998b; 1999¢; 2000c; Rasdnui and Watanasriyakul, 20009,

b [ I
E :‘ ; Emg T —
g OF ; “of :
8 = 3 g “.: 1
B - Z
S i} d i B

1o " i = [1 S s

5 IF__ E !.Ih'im:l-jl-. -—L— Lusbricars “ﬂ

1.0 6.0
Load Veloelty Tirme I.nuﬂw_.Lm Roupghness
a) Main effect on adhesive wear. b) Interaction effect on adhesive wear,

Fig.18. Main and im=HMnmemHﬂmh¢hﬂrm

" .ml- 3 HJ Low_Cr
s 24} ] —at
i) .
16k 3 A5E
Low_Cr 1
-E,.m- / / / — ] 'ﬂ.l-
G 1 '3
= ORf 20 High_or—— High_Cr
04 4 - :
1] 20
Load Velocity Time Erﬂnﬂhnfd:trpt Load (N )

) Main effect on abrasive wear. b) Interaction effect on abrasive wear.

Fig.19. Main and imeraction effect of factors on abrasive wear process.
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2.2. Utilization of statistical exploratory data analysis for fundamental tribology research
1.1.1. The classification of machined surfaces

Surface roughness parameters can be measured by a variety of typical surface roughness testers
available in the market. Parameters obtained from the meaturing devices are numerous, and, in turn, ane used
to represent the characteristic of the surfaces under investigation. In this part of work, an initiative to utilize a
statistical-bused technique to classify the differences between major machining processes on finished
surfaces is proposed. Preliminary results of classification of machined surfaces commonly used in indusiry,
namely, planing, milling, grinding and wrning processes are shown in Figs.20 and 21 respectively (Raadmui,

2000d; 2001,
fi@)
L L]
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wea ‘-_ o GRINDING
5 -'l & TURMNING

=4 =1 | =1 5 ] £ ¥ L]

Fig-20. Classification of different machined surfaces by Andrews’ plot.
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Fig.21. Classification of milling surfaces by & 2-dimentional plot.
2.2.2, Off-line condition monitoring of worn surfaces

Microscopic observation has greatly contributed w wientify andlor classify worn surf; of
tnbomaterials. Words, sketches and photographs used in expressing surface characteristics are by lII!Tﬁu
qunlimﬂfrf and depend on human sense. It would therefore, be beneficial 1o be able to translate these
“qu_.lilnnv:" properties into a somewhat “guantitative” aspect. Hence, the quantitative classification of
typical adhesive, abrasive and rolling fatigue worn surfaces is proposed. The relationship between l
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conventional quantitative surface roughness parameters and physical properties of typical worn surfaces are
assessed. The more fundamental exploratory statistical data analysis is employed. Typical results are shown
in Fig.22 (Raadnui, 2002f, g).

iﬂﬁ-'ldﬂl;ﬁ;id-dhr llﬂl::m-qﬁﬂ 'Alminm.-lﬁp:l

f.00 1,00 .00 100 4,00 5,00 d,00
Ra(p m)

Fig.22.Worn surface classification of specific worn surfaces by two-dimensional plot.
1.3. Maintenance research activities
2.3.1. Maintenance for reliability improvement

The analysis of relisbility of mechanical components, which form part of mechanical repairable
systems, is & vital part of reliability engineering. Component reliability analysis is based mainly on the
observation of time to failure of components in service. The information obtained proves to be useful for the
following identification of problem area: aiding engineering investigation of failure modes andfor causes of
failure, specifying reasonable preventive maintenance period and replacement strategies, quantifying spare
parts requirements and reliability assessment for the system under investigation. In this specific part, the

employment of Weibull statistics, Pareto diagram and fish-bone diagram are fully utilized as shown in Tab. ]
and Fig.23 (Rasdnui, 19994),

Table 1. Shape and scale parameters of sclected subsystems
(Parmmeters are extracted from field data within three years period),

Subsystem Scale parameter (MTBF: &) (hours) Shape parameter (B)
Engine 1035 0.817
Hydraulic dumping system 1217 0.660
Adr starter 2720 1.045
Planetary 3063 0.670
Final drive 1673 | 0.763
Steering pump 1500 0.690
Transmission 2704 0.783
Hydraulic control valve 2624 0.900
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Fig 23. Failure analysis of hydraulic dumping system.,
2.3.2. Maintenance for productivity improvement

in performing preventive maintenance activities of industrial mackinery, in general, perheps
“Maintenance Resource Management” i3 one of the most important issues for maintenance managers. “4M"
is commonly known as the four fundamental indusinial resources, in particular “Maintenance Resources™
here, namely, Man, Machines (or Tools), Materials (or Spare parts) and Money (or Mainiénance Budget).
Generally, there is evidence in the literuture, of the application of the Predetermined Time System (FT3)
technique in men-hour estimation in performing repetitive working activitiee of operators in production
environments, However, there are few reports on the employment of such technique in maintenance field.
Here, the PTS technique is implemented. Selected basic preventive maintenance sctivities are assessed.
Generally, work content is divided into work elements. Consequently, standard tables consist of
predetermined time for manual operations i.e. Reach, Move, Grasp, Tum, Position ete. are applied 1o
estimate the normal and standard time in performing some commonly performed maintcnance jobs for
industrial machinery. In this way, maintenance works asre more manageable. Hence, maintenance
productivity ean be controlled and improved {Raadnui, 2000, f: Raadnui and Thummanusati, 1998).
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WORN SURFACE EVALUATION

3. RAADNUI
Department of Production Engineering, Faculty of Engincering
King Mongkut's Institute of Technology North Bangkok
1518 Pibulsongkram Foad, Bang-Sue, Bangkok, 10800, THAILAND
e-mail; s kmimb.ac.th

Microscopic observation by humsn unaided eyes has grealy contributed (o identify andor classlfy. wors
surfaces of ribomaserials. Wonds, codes, sketches and photgruphs used In expeessing surface characteristics by
aIIqumuﬂdupmdmhmnmwhhhbﬂmﬂﬂ}mmummﬁumdﬁmnu
o person. It would be, therefore, beaeficial 1o be able o imnslse these “gualittive™ propertics into somewht
“quantitative”™ aspect. In this paper, an suthor seeks his own initislive o wille & ssistical - based meas o
classifyfidentify the differences berwoen wom sarfaces from differens wesr mechsnisms L. sbessive, adhesive,
ralling and reciprocating wear in particudar. The relationship between conventional quastitative surfice roughness
parumeters and physical properties of wom surfaces are aisessed. The more fundamsnesl sxplomtory statistical
datn annlysis is employed

Key wonls: worn sarface.
1. Introduction

In mibology it has become common knowledge that surface roughness plays a significant pan
in boundary and mixed Jubrication regimes. Precisely, the understandings of this behavior are vital in
miln}r!.ppli:ﬂinum:huﬁ'iﬂim.iuh‘imﬁnﬂndwmdﬂgmﬁhfrm“fiilmminplrﬁndlt.
Therefore characterization of surface roughness has been developed over the last 70 years. The
profilometer techniques are used 1o quantify and standardize measurememts; hence, the use of
statistical parameters has been proposed. As early in 1930s, researchers started to characterize surface
roughness. The insensitivity of conventional surface roughness analysis to differentiate meaning
surfaces has been recognized for sometimes (Nowicki, 1985; Klimczak, 1992, and Michalski and
Pawlus, 1993). One manifestation of this problem is that, despite an existence and wide spread use of
Emfmmgh:nmﬁngmmhﬂnmm.MHHan:mﬁﬁmmﬁq
correlation with behavior or wom surface creative mechanism J{s), It is believed that systematic
WMIM&MMMMEMMMMWMWMEIM
complete understanding of the worn surface features.

2. Methods

hgemhﬂmvcnﬁmalmnﬁmrmghnﬂumhv:muﬁmnfmmurm&{-mm}
upnnwhi:hnmll:r]mdmanfuﬂElppﬂﬂd.Th:ﬂylmh{maﬂy,hummmﬂf!lﬂm]
moved horizontally along the specimen. After the stylus slides some chosen distance, the average
height of the stylus tip during the trace is calculated to determine the datum. Then various quantities
can be calculated, such as the simple average of the height of the surface features that rise above the
datem, referred to 2s Ra, or the Root-Mean-Square (RMS) of these height, referred to as the Rq, an as
many as 20 other quantities.

Abrasive wear tests are carried out using an sbrasive belt wear tester (Fig. [(a)). The specimens
nl’piﬂn::ubnnw:lsf.??.ﬂumz?ﬁ.!mm:ﬂ.ﬁm]ntumd,ﬂwmmhiﬁﬂmfu:mnghnmhu
1.0um {in Ra value). Experiments are performed to produce typical abrasive worn surfaces.
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Roughness of womn surface after each h:nismr.mtmd.ﬁp&cﬂnﬁgiuﬂmdwmmrfﬂnumgmphs
of the specimen are shown in Figs.1(b) and 1(c) respectively.

wﬁiwmtﬁmmmﬁdwtmnjumﬂhmin; wear lest rig utilization of a
conventional lathe (Fig.2(a)). The specimens of bronze (G-CuSnSZnPb) are used, The mean initial
surface roughness is st 10.0um (in Ra value), Experiments are performed o produce typical adhesive
worn surfaces, nghmnfmmfmaﬂnmchtmism:mnpiuduﬁginﬂmdm
surface micrographs of the specimen are shown in Figs.2(b) and 2(c) respectively.

Fig.2(a). Adhesive wear tester, 2(b). Original surface.  2(c). Typical worn surface.

Similar test rig for adhesive wear is used for performing rolling wear test (Fig.3a)). Slight
modification of specimen holding mechanism has been made. This led to be able w allow two rollers
{low carbon steels, @ J2mm x {{hmm) mounted and rolling contact configuration can be achieved.
Original and worn surface features are show in Figs.3(b) and 3(c).

Fig.4{a). Reciprocating wear iester, . Ori 4{c). Typical wormn surface.
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In case of reciprocating wear fest, » conventional planning machine i used (Fig.4{a)).
MMmmummMWﬂmpmmm.mmﬁpﬁu
mbunmlhuui{%a?ﬂﬂmm;?m}ﬁurﬁum:hwmhﬁhfmmdlﬁﬂm
Hmmﬂﬁmﬂuﬁﬁlﬂmmﬁ:dﬂﬁﬂmpﬂmﬂuhﬁﬂﬁm}
and 4{c) respectively.

Atlmﬂrmmpmmdnmﬂjmlungmmﬂumdmlmﬁminpumﬂmlu
uﬁmminnsufﬂuwmmimhﬂmmntﬁutﬁmmmmmwuinﬂmh}ﬂ with 8 TEK 300

such as the arithmetic mean deviation, Ra: the mt-mn:m—npm deviation, Rq; average peak-to-valley
roughness; Rz etc. that are commonly used were chosen for analysis. In this study, the utlization of
exploratory satistical analysis techniques was employed to characierize typical worn surfaces.

3. Results and discussion

m:ﬂ:ﬁm&pbﬁnﬂmuyu{m:tﬂﬂabinmm.ﬂ:Mwﬁmnfmmnﬁmlm
15 scarcely hmhymymmlm}.h:dﬂﬁm.utmsmmufmfmmuﬂmm
not yet heen sccomplished to everyone's satsfaction. Thus, the choice of parameter is quite arbitrary,
Hﬂtplfﬂrmmmnimﬁmnfdmwiﬂ!mhn,Shmilithnpmihhhawmplﬁel}'nhunﬂ:_ﬁml
EurfuceMmaﬂngiummmn.mdmmumhﬂilhmmmamlﬂ:ﬂﬂmn
mm:vﬂﬁ]::rﬁmmutﬂdummmﬂmm.hmﬂmﬁmu{ﬂm
pmmmﬂm@&uﬂmmmlmnﬂqmﬁfyhmiunmﬁcu(wmmfmu}.ﬁr
l:ﬁ‘n:[l'-'emllyﬂafwm:mfmrmqlmmurwwhm.:hapmﬁhmmmdhf&mﬂ:uﬂng
inmum:nunud:mhuvﬂumdmmcﬁugmhmimnuymgﬁmimluifmmm.ﬂﬂ

upmtufmnmmmmdhmummﬁmdfmwhjmﬂwupmmrmunmmﬁﬂmﬂy,
parameters can be separated into four basic types, namely, amplitude, spacing, hybrid and extended
pm.!u“h%ams%mﬂm,ﬂﬂmmmh
ﬂhnu:n.innludiugulunmnfdhtﬂ:uﬂm:i

| —#—Areragy value of ariginel curfiere =l A rerags ralae after ier best
.00

S6.00
4100
Jo.og

2000

10.00
2.00 w

AT &BM RID RI-1 RA RP RPM RQ RIIM RIZ PT WT

Fig.5. A plot of roughness parameters of abrasive wear tests.

Messurement unft {um)

As previously shown, typical wom surfaces in Figs.1(c), 2 (c), 3{c) and 4{c) these surfaces are
easily identified by unaided eyes. It is basically from an erial view that the differences become
obvious. However, human sense, particularly, visual and touch commonly involve. In this paper, in
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contrast, exploratory data analysis techniques are used instead. This of approach would enable

munm:hunmminm“hmmwmqﬁﬂmﬁznuwmdmiﬁmﬁ::
MHMSn;mmmﬂmmﬂmwmmmmmmmmu
frm::luhra.ﬁ':ru. adhesive, rolling and reciprocating wear tests respectively, It can be seen that some
mnwmmmﬂmﬁﬁmm.mummmm wom  surface
mmupmhm.hﬂiﬁumpumhdmiﬁ:ﬂmmﬂmﬁmﬁﬁnuﬂnnf
worn surfaces either for within or among worn surface data groups can be picked op i.e. Rt Ra, Pt and
WLinpuucnm.mmumﬂLmtnﬂnmﬁﬂmsmumcmthMnEMHRah
:Mmmdmnmm:mumhrmmmwﬂm.ﬁgmcymmmcpluwbm:um
mymlnmmmdﬁﬁmummmmmmﬂuuwmﬁmmw

== Armags wiar of origoesl reriacd =i A reriugy valus qffer the deni
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Fig.6. A plot of roughness parameters of adhesive wear tests.
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Fig.7. A plot of roughness parameters of rolling wear tests.
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Fig.8. A plot of roughness parameters of reciprocating wear tests,
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Fig9. Two-dimensional plot of surface roughness parmmeters,
4. Conclusions

_ mm&mﬂmmmdmmmmmisfmmmmmamdﬁm
mmmm:mmmﬂngmmﬁymmmﬁmmm=m
work, it can be concluded thar:

SmfmmmmmnﬂMitmmdmmMmmﬁmm
mmfigniﬁmﬂyuﬂhﬂfmﬂuﬁ&ﬂhﬂflypﬁuimmfm

U@Mmﬂnmwwmmmﬂum?ﬁmh
important in wom surface evalustion.

It should be possible in the future 10 develop an automatic wom surface
evaluation/classification utilizing surface roughness parameters,
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FLAIN BEARING USED GREASE DEBRIS ANALYSIS
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manicnng machine condition for quils sometimes. However, moat of the works reponed o date have been
facussed for afl * lubricated machimery, Actually, very little primary masertal of the application of ussd greass
umalysis technique for plain bearings ls iy b= fomnd in the perindical liesaturs,

The slsntification of the camse of damige or fuilure in plain besrings s crucial before remedisl sction can
thmmwmthl#mmmﬂmmmmm
in the used grease samples. In addition, siep can then be followed up by visuslization of the damaged parts, if
tpplicable. Once failure has been initisied, the origin mechanismn may Icad o ocher fallure mechenisms amd B i

1. Introduction

MMuhmmwwhHﬂimumﬂwmdyufcﬂnﬂ;ufmvmhlummﬂ:
sliding wear of materials (Bayer, 1975; Begelinger and De Gee, 1972 and 1974; Rasdnui 1999 and
1999). However, only few research puhlhuimnmmmumlymufjnmnﬂhﬂumr
behaviour {Sorzelecki and Woicicki, 1999; and Duchowski er al,, 2000). In addition, as there are wide
mmﬁmmmm:mmwwmm.ﬂm.hmmd
aﬁﬁngwmhhmduu[jnmuﬂmmhﬂpinmm“mmmmwmh
utilization of conventional lathe. The structure of “conformal™ contact tribosystem accommodates the
characieristics of journal bearings. Principally, the journal bearing of an engine or industrial machine
uhmmummpﬁsndmﬂumwﬂaﬂubﬂdngmuﬁﬂmmci:mmﬁmnﬂhmlmm
mumumwmmmﬂlﬂmm.mmmﬁ
experimental investigations of spefimens in the form of partial bearing material lubricated with grease
und & journal made of steel. The generated wear debris of different lubrication regimes i.e. boundary
and mixed lubrication are examined.

2. Test rig

In this section, the investigations of the joumnal bearing wear debris characteristics are
mdwmd.ﬂmmwﬂmummimiﬂﬂhmddrmﬂmﬁnd::ﬂmhﬁmﬂjwm
wear. The load of the bearing is applied via & deadweight arm mechanism permits the bearing mean
pressure up to SMPa. The schematic diagram of the test rig and test rig arrangement is shown in Fig.1.
The rotutional speed is set within the range of 300 1o /600rpm.

The materials of sleeves are aluminum, bronze and brass. The journal is made of harden steed
with diameter of 25mm. The mineral base oil with lithium soap grease (NLGI No.2) without EP
uidiﬁmhhududuhhi:ﬂuflhﬁhﬁhﬁn&ﬂttﬂlluhimﬁmmgimmh:ﬁmﬁdm
mmmmmuummmmmwmmhmmmwym
debris is extracied and analyzed under light microscope or high power magnification through
MimﬂmMimp{Mhﬂiﬂmmmmﬂmmmmuﬁﬂﬂp
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(a) Schematic diagram (b) Arrangement of test rig

Fig.1. Test rig arrangement.
3. Results of experimental investigation

The investigations of bearing material were made on three friction pairs, namely, steel-bronze,
steel-aluminum, and steel-brass bearing materials, The journal was made of S45C carbon steel and
hmdmupmﬁHRE.Theumﬂugmfmnfﬂuimmﬂwummdmﬂumﬁ::mughmn
ptm:uiuufﬂd-ﬂ.ﬁum{dmmughnnmufupﬂﬂln;mrﬁuulslmuﬂd-?pm}.ﬁﬂﬁna:hmﬁ
series, the journal and sleeve were disassembled from the test rig, the used grease are collected and the
mmummmﬁmmpmﬁ:mmhmtmmwwdﬂndmtumm

3
e =
e

(a) Mild worn surface feature (b} Severs wom surface feature

Fig.3. Wom surface of sleeve material (bronze).
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(b} Severs wom surface feamre
Fig.4, Wom surface of sleeve material {aluminum).
For the analysis of wear debris characteristics, it has been found out that in these specific est

-mru:litinm. three different regimies of lubrication were wmken place, mamely, run-in period, boundary
and mixed lubrication, Typical debris feature from each regime is shown in Figs.5 1o 7, respectively,

Fig.7. Severe adhesive wear particles from boundary lubrication regime.
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4. Conclusions

Mﬂmmmhiuimﬂudm:ﬂm‘mudnmmmnfbuﬁqmm
Lﬁ.cﬁlﬁnqn_lu—iu,nﬂd!ﬂmmmndn.
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