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Introduction

Tribological diagnostics as the ensemble of means and methods
of continuous monitoring of the state of friction characteristics
of moving junctions is playing an ever importent part in the deve-
lopment of friction,lubricaetion,and wear theory end practice. The
scheme presenting the main areas of tribological diagnostics is
given in Fig.I, This growing part of TD is determined by the gene-
ral tendency of modern technology,expressed in en attempt to orge-
nically combine the functions of measuring,evaluating,end predicting
the paremeters and characteristics of the processea taking place
in the operating device., The logical result of this integration in
future 1s the closed system correcting its operation in accordance
with an established program.

Unfortunately, tribotechnicel devices are still very far from
such an ideal system at the present time, While in the friction
aggemblies with hydrodynemic lubrication it is possible in the first
epproximetion to reglize feed-backs in the lubricant circulation
system with the aid of monitoring of the pressure,tempersture and
filtration, in the systems operating without lubrication and with
boundary lubrication even the process of selection of the diagnostic
perameters has not been completed.

The following parasmeters can be used for monitoring the friction
assembly; friction coefficient,contact tempereture,wear rate,vibra-

tion level,acoustic emission and electrical signals,generated in the

agsembly. The most efficient are the date enabling the sutometic
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processing and enelysis witn the poscibility oI forecasting the wear
of the assembly. Up to cate acoustic asnd vibretion snalysis as

well as electric and megnetic methods seem to be promising as ve-

ry sensitive to smell changes in friction behaviour, inertieless

and presenting the dete in tvhe most cohvenient form Irom tne point

cf view of prccessing.
Wear Diagnostics

One of the most importent problems erising in the development
and meintensnce of moving junctions of mechines is the evsluation
and prediction of the weer. The problem ean be sclved by measuring
the cnsnge in mess of the parts or their dimensicns. Hcocwever,these
me thods require disassempbly of the machine end, in aedditicn do not
yield complete date for establishing the wear mode, An important
aspect of the problem is the fact that éfter eacn disasgembly the
the mechanism begins & new "run-in" cycle., A considerebly larger
amcunt of infcrmastion on the type of wear and the degree of wear
cen be obteined by studying chenges in the stete end properties oz
lubricent conteining the wear debris (see Fig.Z2).

At the present time various pnysicel and physicochemical methods
are used in this field. A classification cf these methods and s

comparison of their caepabilities are shown in the Table il17.

Emission Spectrophotometry

This method has been used sinee the i95Us as a method for di-
agnosing the condition of internal combustion engines. The inten-
gity of ruobing junctions is indirectly charescterized by the con-
centration of metals in the ovil which are present in materials of
the rubbing parts. Emission spectral analysis is baesed on the emi-
ssicn spectra of the atoms and ions excited by electromagnetic ra-
diaticn (ususlly by en electrical source light-electric arc,sparx).

Emission spectrel enslysis is pericrmed both Ior liquid cii spe-
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or for speccmend »
cimens“with preliminsry celcination of the sample, In the later

cage the sediment is first separated from the oil semple (by cen-
trifugetion, filtretion, or cslcinetion) sand the gshy residue is
burned in the spectral anelysis., The sample calcination method has
high sensitivity in determining small concentrations of elements

in both used end unused oils, However, the process ol calcination
and preparation of the o0il ssmple for anslysis mekes it diificult
to carry out continuous monitoring of the engine condition, The ba-
sic adventege of liquid o0il semple analysis is the speed of the me-
thod.The development of multichannel emission spectrophotometric
systems makes it possible to perform lasrge-scele multicomponent
enelysis of used oils.,The sensitivity of quantitative analysis rea-
ches I-3'I()'4 messe. This method is most widely used in engine di-

agnosis under laeboratory conditions,
Atomic Absorption Spectrometry

In this spectrsl enselysis method the semple is veporized in an
atomizer (in fleme or plasma), then we messure the intensity of the
light from a discrete redistion source, passing through the vapor
of the ssmple being studied. Un the bssis of the degree of attenu-
ation of the intensity of the lines of the element being determined
we eveluate its concentration in the sample.

Analysis oi the etfectiveness of determination of the wesr deb-
ris content in the oil by the AAS method showed thet..this method
reacts primarily to the small particles suspended in the oil sample

and does not reect to large perticles of dimension more than IO um.
Atomic Xlucrescence Spectrophotometry

In this method the vapors of the sample are subjected to radiati-
on that is resonent for the sought element and its fluorescence is
recorded. Roentgen rediation is normslly used to irradiate the oil
sample, With the use of this method therégﬁo limitations on the

paerticle size, and we cen rapidly determine the presence in the lub-



ricant of large wear particles charsacterizing the ounset oi catas-
trophic wear. Atomic fluorescence spectrophotometry is eppliceaole
only for those metals which have realizeple resonance radiation,
The X-rsy fluorescence method can gerve foe determinagtion ol the

same elements as the AAS method, except for lithium and magnesium,
IR Spectroscopy

This method of qualitetive molecular spectrel anslysis estab-
lishes the molecular composition of the studied specimen and is
ugsed to determine the content of 0il oxidetion products,carbonates,
sulietes,and inorgenic nitrites,based on the absorption spectra in
the IR region,

Absorption Spectrophotometry

This quantitetive molecular spectral anelysis method is vased
on the Bouger-Lambert-Beer law and establishes the connection bet-
ween the intensities ol the incident light and the light passing
through the substunce as & function of the absorbing layer thick-
ness and the substence concentration, It makes it possible to de-

termine the wear psrticle concentiration in used cil.
Direct Photometry

The degree of contsmination is tsken &s the index characteri-
zing o0il quality., The degree of contsmination is determined by the

optical density of the ovil,measured by photometry ol oil semples,
Electrooptic Method

This method is bssed on the phenomenon of opticel anisotropy
relexation aiter removel of electrical fields orienting the dis-
persion, The particle size distribution function is determined
from the recorded relaxstion curve by solving the integrel egua-
tion for the light flux intensity.The method sensitivity is Iu"3
messk., Thus, the electrooptic method makes it possible to deter-

mine the particle concentration and geometric dimensions. At the

pregent time the method is used only under laboratory conditions.
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icroscopy
This method mekes it posuible to count the nuwmber of wesr par-
ticles and also determine their size distribution, The wear mode
is clessified in sccordance with the number, dimensions,and con-
figuretion of the particles. These particles are studied in op-
ticel and electron microscopes, Application of this method is po-
ssible only in combinstion with eny other, resulting in getting

the sediment of debris,
Light Scattering

This method is used to determine the concentrstion of mechsani-
cal impurities in the 0il on the bssis of messurement of the meg-
nitude of the optical radiation flux scattered by the mechanical
particles present in the oil sample, Use oi the method requires
careful procedurel development,associated with stendardizing the

sample prepsration conditions end ensuring their stubility,
Flow Ultramicroscopy

This method meskes it possible to determine the wear particle
concentration and size digstribution, However,we should note that
the method requires a high level of semple dilution and complex
equipment, and its sepplicstion to contemineted mctor oils is ob-

viously possible cnly under leborstoxry conditions.
Neutron-Activation Analysis

This method hes high sensitivity to smell metel concentretions
end involves irradietion of the oil sample by a beam of neutrons;
this excites the nuclei of the substance being asnslyzed, The euer-
gy of the raediosctive rediation charscterizes the conceniretion
of the metal beilng snalyzed in the oil sample, In spite of its
high sensitivity tnis methocd has not yet been widely used because

of the labour involved and the high cost of the enalytic equipment.
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sdcoustic Analysis

The possibility of using the acoustic method to eveluate the con-
centration and size distribution of the wear particles during lub-
ricated friction wes noted, but there are serious problems in pro-
cessing of the signals corresponding to debris in the whole gpec—

trum of acoustic emiagsion,
Nuclesr Magnetic Kesonance (Nuk)

This method hes high sensitivity to small ferro-magnetic particle
concentraticns (Iu'6 messy) in used c¢ils.The method is based on the
regonant absorption of electrumegnetic energy in substances due to
megnetism, The analysis reduces to recording the NMK spectre of un-
ugsed oil, and used il with the mechanicul pasrticles removed, Lthe
particles concentrastion is determined by comparing the raletive
broadening of the spectrum line., The Nk method can also determine
the paramagnetic particle concentration with sensitivity 10"4
massgs and the diamegnetic particle concentration with sensitivity

10-2 mass/6, This method is quite complex snd laborious, but an

advantege is the prospect tor use in early wear disgnosis,
Sedimentometry

The method is based on determining the diemeter of the parti-
cles from their rate ot settfing in the oil, The process of sett-
ling of the particles in the o0il is realized either under sction
of the grevity force, or (for acceleration of sedimentetion) cen-
trifugal force (centrifugation).During centriiugation the parti-
cles position themselves along the radius of the centrituge in
accordence with their dimensions, Further anslysis is sccomplished

with the use of opticel devices.
Polarogrsphy
Thig method utilizes the phenomencn o1 depolarization at one
of the electrodes of an electrical cell during electrolysis o1 the
studied solution, containing the wear products,
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The polurogrephic snulysis techniques are appliceble for the
analysis of used oil end determining its chemical and concentrati-~

on composition under leborstory cunditions.
Chrometography

The method involves separstion of the coumponents in liquid pha-
ses ; 1in the first slage of the chromatogrephic study the multi -
component liquid system 1s fructionasted, and in the next stage the
separated components sre snalyzed.

A technique hes been developed which makes it possible to deter-
mine the quaelity and degree of contaminstion of the ovil. Additional
procedural development is necessary for use of the method in wear
diegnosis,

Magnetometry

This method is used to determine the concentration of magnetic
wear psrticles in the oil, The cperation of the magnetometiric de-
vices is based on recording the chenge of the magnitude otf an ap-
plied magnetic field as it interfaces with the magnetic moment of
the sample being messured, This method mekes it possible to deter-
mine ferromegnetic impuriries in concentrations irom Iu_4 to 60 .

mess.b,

The technique listed above have been used mostly in laborastory
conditions and their review has becn carried out upon the data
presented in scientitic publicetions, Unly spectroscopy is stan-
dardized in some industrial countries where it is used as the
field method in diagnostics ol vehicles,airplanes, and helicopters.
There is snother method which has been widely used during lsst ten
years thrcughout the world,- rerrography, and it’s necessary to,

describe it more ceretfully.

Ferrography and other Heleted Techniques

The ferrography method , proposed by Seifert and vestcott is
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widely used for sample anulysis oy the o0il./2/ This method is
bssed on obteining the ferrogrum by passing the oil sample along
the substrate that is inciined at & smell gngle, The deposited
particles arrange themselves on the suriece oi the substrate in
chains that are perpendicular to the direction of lubricent flow,
with the large particles‘locuted at the beginning ol the suvstrate
and the small particles locsuted at the end. The ferromagnetic par-
ticles depogit first, while the paramagnetic snd diasmagnetic pasrti-
cles deposit later on the substrate, After the entire liquid sample
drains from the substrate g solvent and a {ixing solution are
pessed over the substrate., Qualitetive study involves observation
of the morphology of the particles in a microscope or determinati-
on of the wear porticle type with the aid of a biochromatic micro-
acope (the use of red and green light filters mskes it possible to
determine the presence of oxides on the basis of their coloration)
or by heating the ferrogrem and observing the particles under a
microscope (at 33000 the particles of low-alloy become bluish, fur-
ther heating leads to the iron perticles becoming covered with blue
spots). Two basic methods are used for quantitstive anaelysis of the
perticles, One is the direct counting method, consisting in cal-
culetion of the wear index D, which is ususally expressed by the re-
letion:
D= (A + 4 )(A ~ Ay) = 4% = A2
L s L S L 5 ?

where AL’ AS are the optical densities of the precipitate at the
beginning and end of the ferrogram; (AL + AS) is the wesr particle
concentration index (characterizing the wesr rate); the quantity
(AL - As) igs the index of the degree of shift oi the particle size
distribution toward the region of large particles (characterizing
the degree of wear).

The second quantitstive ferrogram analysis method involves the

uge of statistical analysis o1 the images. This method is used to

obtein intormation on the number, size, and distribution ol the
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wear particles, lhe ferrography method is widely used to deter -
mine and predict the wear ol jet engines, diesels, helicopter tren-
smissions,hydraulic systems, und suv on., In spite ui its wiide use,
ferrogruphy is characterized by the tollowing drewbacks. A large
part of the wear products deposits on the tirst 5-10 mm of the
substrate, which sometimes leuds to signiiicanl compaction and
hinders study of the individusl perticles, liigh dilution is re-
quired in order to obtain u deposgit suitable for study in the csase
of highly contemineted semples, This dilution reduces the validi-
ty of the analysis, In studying oils that are highly contaminated
with non ferromegnetic perticles (for exumple, soot) the deposit
becomes contaminated, which mekes it difficult to study the wear
products, In additicn, the use of ferrcgrephy is limited by the
cogt of the substrate, containing the barrier made of fluorinated
polymer,

These drawbscks were overcome in the rotary psrticle depositor
(RPD), developed in the I98uUs /3/.The special configuration of the
magnetic field and the selection of the rate c¢r rotation of the
substrate with the semple lead to depousition ol the perticles pre=
gent in the oiil in three concentric circles, The kPl is used with
success in monitoring the condition of gearboxes,diesel engines,
aircraft piston engines,and hydrsulic systems, A specially develo-
ped "perticle counter", consisting of an selternsling current mug-
netometer, is normally used ifor quantitetive anelysis o1 the pre-~
cipitete obtained with the aid of the nurmaelly used RYPD. The per-
ticle counter cen be used under both laborstory end field conditi-
ons for rapid determinwtion of the purticle concentrstion in the
0il, Une drawbeck is the influence of wear particle size on the

counter indicetions,
On~line kethods

A very promising direction in the development of moving junc-
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tion condition disgnostics is the development of real-time monito-
ring methods, i.e., the use of on-line deviceg that provide conti-
nuous trecking of the mechanism wesr intensity. While in the case
of semple enalysis ¢ the oil the sempling is usually performed
after terminetion of operation of the mechanism,in the case ot gne-
lysis correct selection ot the sensor locastion reletive to the
junction is important in ensuring minimel distortion of the obta-
ined dsta,.

One exsmple of the on-line analysisg device is the device deve-

loped on the basis of direct-redout terrography (¥ig.3)./44/ The

(40)
device consists of a direct-redout 1errograeph, two membrene pumps
) (123

tor the oil end solvent, three cut-off valves 1or controlling the
flow, & signal converte§§)and a microprocessori”@hich controls the
operation of the entire device end the output ot the mechanism con-
dition information, The ferrograph itself ig constructed with the
uge of a light sourcéuénd optical fibers,through which the inlorms-
tion cheracterizing the number of fine and cosrse particles is sup-
plied to the signsl converter,where the optical signal is converted
with the sid of s photocell to an electricel signal and enters the
migroprocessor for rurther procesging, Yhis system makes it possi-
ble to obtain information on the overall wear particle concentrati-

on and cheracterize the particle size distribution.

A new method for eveluating wear particle perameters in real

time has recently been propused /5/. The oil is tapped from the oil

(10) €)

line into & special line and psssed through g small celly
(s)
which there are positioned four electromagnets, creating e rotating

around

magnetic field by supplying to the winding of each electromagnet
impulses that are shiited by a quarter oi a period relative to one

another (Fig.4). The rotating magnetic 1ield causes rotation of the
w
perticles in the cell. The particles are illuminated by leser ra-
8

diation with the aid of a single-filament opticsl tiber, The redi-

ation reflected from & particle is applied by means of the I'iber



2)
to the signal convertery where it is converted to sn electrical

signal and enters the microprocessoﬁ%)A signal that is modulated

in amplitude and frequency forms as the particle rotates, The par-
ticle shape and gize are determined from the Fourier spectrum of
the mcdulated signal with the wid of the microprocessor, However,
it ig apparent that the sccuracy o1t determinstion oi ine weser
particle characteristics will ve determined by several perameters -
the size ol the optical fiber esperture, the locuation of the parti-
cle relative ‘to the fiber aperture, the reflectivity of the indi-
vidual perticle fecets, and the influence of reflections of the
radiation from the neighboring perticles,

The forementioned built-in wear perticle enalysis methods are com-
plex, both in their configursticn and in the processing of the re-
sults, It is obvious that such devices are advisable tor use in
critical end expensive devices, such es airplune engines,

A built-in enalysiy device whose operation is based on sccumu-
lating the wear particles from the lubricant is going to be desc-
ribed./6/. The device counteins a sensor that consists of an ensem-
ble of electromegnets und 8 permanent magnet thet is exposed to the
lubricent stream. this leads to change of the megnetic flux inthe
measuring coil, that is proportionuel to the mess of the csptured
perticle. The signel from the sensur is fed through the preampli-
fier to the data processor, where the input pulses are sepanQ}ed
into two cetegories, characterizing particles that sre larger than
ZOO‘pm and particles that are larger then quqym. After separastion
the pulses ere applied tu counters, which determine the pulse re-
petition rate and the total number of perticles. In spite of its
relative simplicity this device con be used only fur monitoring
wesr procegses thet ere accomponied by the formetion ot large pear-

ticles ( 200 um), which is determined by the sensor sensitivity.
in those cases when the prohlem is to determine the maintensance

cycle on the bases of the wesr particle content in the oil, quite
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simple built-in devices thet ure also besed on particle accumulatbion
can be used./7/ An exasmple of one such device is the device contai-
ning a permanent magneé%?a pair ol instelled pole pleces, and lwc
temperuture motched thermistors wilel, k2, which form the srms ol a
Wheatstone bridge (FYig.5). A nontferromagnetic sgpacer is installed
in the oil line and the méasuring device is mechunically connected
with 8 motor that is used to displsce it., When the device is brought
near the nonferromagnetic spacer wedar particleéééccumulete on the
unit, This ceauses change of the magnetic flux, which leads to reduc-
tion of the flux density in the magnetoresistive sensor MitI and in-
crease in the sensor WMk2, The bridge output voltsge will increase
lineerly with perticle accumulation to scume level, Upon resaching
& certain level the lineerity is disrupted, the mctor is energized
and moves the metering device awsy from the spacer on which accumu-
letion took place. The wear particles leasve the accumulation surface.
Then the measuring cycle repeats., Thid device can be used iu rela-
tively cleen systems, in which the number of wear psrticles is cri-
tical. However, in measuring the particle content in the oil the par-
ticle whosge gize does not exceed 6Jum are not taken intu account,
since the magnetic flux gredient is not sufficient to capture them
from the lubricant stream,

The comparison of the capabilities o1 the methods based on perti-

cles detection is given in the Tuble 2./8/.
Problems in wear Disgnostics

It is obvious that the further research snd development is nece-
gsary in order to provide msintenasnce of mechinery by the adequate
and efficient techniques of disgnostics. Thergsre scme scientilic
problems in the aree of particles detectioun.

Study of an oii sample conteining wear perticles makes it possi-
ble to provide eerly diegnosis of the condition of lubricated assem-
blies. In the genernl case the concentration of these particles in

the oil semple and their size distribution cherscterize the wear
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rate and the degree of weuar,

An equilibrium concentratiovm of £ine particles corresponds to
the normal stesdy-state regime ot mechenism operetion, With incresase
of the load (thinning of the oil film) scufiing develops,and the
number of wear particles increases abruptly and their size distri-
bution shifts toward the region of large particles, The sudden ap-
peerance of lserge particles in the oil indicetes the onset of the
catastraphic wear, The most important problem lies iu establishing
the connection between the particle paerameters asnd the regime of
wear,

The wear mechanismg were initielly studied by qualitative anely-~
gis of the wear particles on the bagis of microscopic observations,
The following buasic provlems must be solved in order to egteblish
e quantitative evaluation of wear basged on the particles. It is
necesgsary to establish the relastionsnip between the pasrticle con-
centration in the oil and the weesr magnitude or tine wear rate, In
the initial stage of run-in the particle concentration in the oil
increases, However, the following particle los.,s puths exist: depo-
gition in the filter, depocsition on the bottom o1 the c¢il tank,
adhesién to the wall in the form of gel-like deposits, grinding
into fine perticles by mcving parts, snd removal together with the
lubricant that is drained from the system, If the machine operation
under constent conditions (constent particle generution rate), then
the particle concentration in the oil incresses untill the equilib-
rium state is reached. The use of 8 filter in the system imposes
an aedditional problem, since it removes from the vil the large par-
ticles thet are important witnesses for enelysis oi the wear process,
This lesads to reduction of gensitivity of the oil anaslysis methods
besed on measuring the concentration of the particles present in the

oil.

For quantitetive wear evaluetion it is importunt to correctly

determine the place and time oi teking of the oil ssmple in order
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that the semple be typical for the given wear counditions, In the
case of 0il sampling in the process of machine operation good in-
termixing is ensured, but al the sume time the psrticle concentra—
tion in the o©il chenges with the change of lousding parameters.,
therefore the ssmple is ususlly tekenm from an sccessable location
that is closest to the peir being studied, aiter stopping the machine
but soon enough that the large particles do not setile out. In aed-
dition it is necesuary to ensure the posgsibility of separetion of
the metsllic wear parlicles from the perticles of other types (pur-
ticles of silicon, scot, and su on), The megnetic disgnostic methods
based on the action of magnetic fields on ferromagnetic psrticles

mogt completely satisly this requirements,

Summarizing the survey of the diasgnosiic methods, we note that
they make it possible to evaluate the condition of machines and
predict their wear on the besis ot cheracteristics such as the wear
particle concentration and the wesr particle size distribution, Un
the other hand, direct oubservetion of the wear particles yields in-
formation o” the typegaear, often with the specific lccation of
the pert thet is wearing. If the purpose oi disgnosis is the opti-
mization of the design pasrameters of the mechanism in the develop-
ment stuge, then it is necesssry toc have maximwa informstion on the
wear particles end it is convenient to use methods such es ferro-
graphy and RPD. The ssmple enalysis methods can be slso used iu
the large maintenunce centers, The complex on-line gystems are ef-
ficient for use in expensive sand criticel equipment,

In these cuses when cemplete information on the wear particles
is not required end it is sufficient to determine the pasrticle for-
metion rate, the simpler and less expensive field disgnosis methods
are suitable, However,tield disgnostics should be based on &n appro=
priste deta releting to tribotechnical tests, created with the use
of more complex informetive diugnosis methods.This information date
boase tor eech specilic machinelype, oil type, und exterusl operating



conditions makes it possible to use in field diuwgnostics the rela-
tively simple methods based on the determinstion ¢l some one clia-
racteristic of the o0il (tfor exsmple, the optical density, magnetic
permeability, end so on), From our point ¢f view the most promising
field diegnostic methods are the magneto-optical methods with the
use ol ingtruments combining simplicity end portubiliiy with ade-
quate accurecy of determinution of the characteristic being measured.
In selection of the particuler diagunostic method it is necessary

to consider the design of the mechanism, its cost, the mechunism
operating conditions (loading regime, degree oi contamination of
the 0il) and the disgnostic objective,

The list of the problems requiring solution in the development of
reliable diegnostic newsns can be continued., However, the rapid de-
velopment of the instirument base of machine disgnostics snd the ap-
pearance of simple, miniature physical purumeter scusors ana micro-
procegsors make it pos:sible to hope tor successiul solutiovn of thease
problems associelted with development of the methodolugy ot tribo-
technical disgnostics come to the Toreground, i.e., the problems
of the development oi diasgnostic criteria that adequately reflect
the weer mechanism with saccounti lor the great variety of processes

of demage and mass transfer during frictiocn,

Methods of Tribological Diegnostics leveloped
in MPRI

L. Topography and morphology evalustion using the SEuw-computer
system for three-dimensional analysis of surface and wear debris/9/

The system consists oi the Skd interface and IBiui rC XL/AT (Fig.6).
The basic principle is the use of secondsry electrons image for
quantitative analysis, There is o packsge of soltware realizing s
number of procedures in surface topography analysis:
- surfece quantative three-dimensionsl reconstruciion( F@ 1 )
- calculstion ol stendard roughness peramelers, heights and slopes



distribution{ Fiy? ).
~ caleulation of specific surface areu( Fig 9)
- congstruction of binary imeges snd anaslysis of suriece anisotropy

(orientstion ol surisce relier)( 9510,44)

Morphological snalysis is reulized as a set or progresms calcula-
ting the total area, perimelers of wear debris, approximate nuwber
in the areu of perticle, average dismeter, shape fuctor, snd parti-
cle size distribution{ F9 1)

Application ol the system hsas been realized tu difierent fricti-
on assemblies andbinteresting findings which hsve been carried ocut,
e.8. correlation between the initiel surface roughness and wear
debris size distribution. Ugege of vericus magniiications in the
SEM makes it posgible to eveluate some gpecitic features of wear deb-
ris distribution related to wear mechanism.,(Fig.I3. ).

All the software programs cen be used in asny other system of image
anslysis, for exemple in combination with optical migroscope, vi-
deocamers,lager scanner,etc., LThere are some prospects in using this
epproech for combining the morphclogy analysis system with the di-
agnostic device like RPD for gutomatic quentitative snslysis of deb-
ris sediments,

2. Acousticemissioun analysis for wear evaluation,

This method is used in kPRI for monitoring the triboclogicel be-
haviour of triction asusembly usg well ag the snclysis of weer avs s
real-time process /IU/.

Installation for messuring Ak consists of piezcelectiric transdu-

Iz (s Ce® &9 (o)
cers,amplifier, detector,pulse normslizer, pulse anslyser und recor-
ding units (Fig.IQ). The frequancy renge ot the system is 50-2000
kHz, rate of AE pulse counting O—S-IUS, sensitivity can be chaonged
in wide range eccording to the speciiie conditions oi testing.
this system hss been used for 1riction behaviour monitoring in
metal-polymer ossemuvlies., Rate of AE pulses formumtion has been

found to be efficient parameter in eveluation the wear mode, do-
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minant weaiﬁméphauism, and other paruometers relsted with the materi-
3

al remcva'(.Wear debris formstion rate und their size were also

feound to be correlsted with AE periormances,

Some attempts have been made to creaste the expert systems vased
on the analysis of the ascoustic emission deta in correlation with
load, velocity, temperuturevand friction coefiicient of the fric-
tion assembly, this esssembly is considered to Le w dynamic probabi-
listic system and multi-dimensionsl stetisticael snalysis has been
used for evaluation of friction end wear behsvicur., The bssic prob-

lem in this development is the necessity of finding the correlation

ol wear type and dynsmic performsnces of the agsemply.,
3. Upto-magnetic detector for wesar debris snaelysis.

The principles of ovpto-magnetic enalysis applied to luuricants
conteminated by wear debris have been discugsed eurlier /Lli/ Appli-
caetion of non-linesr mugnetic i'leld has been round to be eflicient
in getting information on the totel contuminetion of lubricsnt,con-
centretion of megnetic particles, psert of relatively small and large
particles in lubricant,etc.

A prototype of simple opto-magnetic detector hasbeen developed
for using both as e field device wnd laborstory device (Fig.Il4).
Its most productive use seems to be in combination with other di-
agnostic techniques as ferrography, RPD and spectruscopy. This
device is now being developed by the joint efforts of MPRI,KIST

and Swenses Tribology Center in Uk,

4, Electricel methods oi friction and wear monitoring.

As it has been mentioned earlier, the electricul methods seem
to be very efficient in gelbiing informstion on the state o1 the
friction contact /IU/.In the WPRI thege methods aete used ncw mostly
for evaluation the effect ot lubricsnt on the fricticn and wear

performances, Une oi the systems frequently used is the scanning of

the lubricated surtfece by the elecirical probe in order tv fingd



the stete of lubricout [ielm on the surrece (Fig.13). Needles made
of noble mefal are used as probeg and the sutomustic computer proces-
sing of dets gives the ability ol quantitative evaluation of lub-
ricant aebility to wet the surisce and form the film proteciing the
contact ageinst wesar,

Composition of surrace films on the surfsces as well us heteroge-
neous composition of different materials can be evuluated by tne
same technique,

Application of electricul methods found to produce relisvle da-
ta in evgluation of tribological problems occuring in electronics,
5. Tribological testing of friction assemblies, standerdizstion

and dete base formation,.
wm USSR

MPRI hes become cne of the main centerg of tribologicel testing
in the area of polymer and composite materiasls, The main sttention
is devoted to automation in friction and wear testing, formulation
of standard procedures providing reliable test date for coliecting
the deta base, MPRI tokes part in the Internetionel Standard Crge-
nization activity for prepuring testing standerds in wesr of poly-
mers{ 127,

The Testing Center of the MPRL hsas ten standard testing machines
combined with the computer (¥ig.i8). A new mecline has been deve-
loped in MPRI es & basic system for msking tests according to the
ISC stendards (Pig.I19), Yrom the point cf view of production geo-
metry of specimens is simple (¥ig.20).

Collection of dats cn rriction,coefiicient, weer rate, 1limit
load, velocities and temperetures provides intormaetion for date base.
Todsy this date base 13 criented ior use with the conventionsl IBM
PC X/a%®, The PRI duta base is created ss & part of the SUVIKIBU
date bsse system directed to join all data for design, selection of

materials, informetion gearch and CAD,
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CONCLUSIONS

ALL THE AREAS OF TRIBOLOGICAL DIAGNOSTICS ARE PROMISING FOR
INDUSTRIAL APPLICATIONS. BEST PROSPECTS ARE CONSIDERED TO BE 1IN
THE FIELD OF WEAR DEBRIS ANALYSIS AS WELL AS IN FIELD EXPRESS

SYSTEMS AS IN ON-LINE MONITORING SYSTEMS.

ELECTROMAGNETIC METHODS ASSUMED TO BE MOST FLEXIBLE AND FRUITFUL

BOTH IN EXPRESS AND ON-LINE APPLICATIONS.

WEAR TESTING TECHNIQUES ARE IMPORTANT AS PROVIDING DATA FOR

TRIBOLOGY DATA BASES AND CAD.

FURTHER RESEARCH IS DESIRABLE 1IN DEVELOPMENT DIAGNOSTICAL

CRITERIA ADEQUATE TO REAL WEAR PROCESS IN MACHINERY.
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