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Purposes of Tribological Testing

ATribological test objectives:
AQuality control
AlLearning to apply tribological principles
AResearch to extend fundamental understanding
Alnvestigating realife problems
ASolving realife problems

AObjectives can be divided into two groups:
Asimplified or idealised tests
ATests designed to model real systems
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Tribological testing has a wide range of different purposes and it is important to
recognise that different objectives result in different test system requirements
and a different experimental approach. Here are some typical test objectives:

Quiality control

Learning to apply tribological principles
Research to extend fundamental understanding
Investigating real  -life problems

Solving real -life problems

= =4 4 4 4

These objectives can be roughly divided into two groups:

91 Simplified or idealised tribological tests

1 Tribological tests design to model real systems
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Purposes of Tribological Testing

Quality Control Tests Limited objectives:

Als the additive there: yes or no?

not:

AHow much additive is there?

or:

AHow beneficial is the additive?

or:

AHow is the wear or friction reduced?

or:

ADoes the result correlate with something else?
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Quality control tests have a very limit ed purpose and are mostly based on
recognised standards, and with very limited objectives, for example, answering
a simple question such as:

Is the additive there: yes or no?
not:

How much additive is there?

or:
How beneficial is the additive?
or:
How is the wear or friction reduced?
or:

Does the result correlate with something else?
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Purposes of Tribological Testing

Quality Control Tests

AResultsusuallyfar removedfrom modellingof, and correlation with,
real systems

Aln many cases,d ¢ N2 gtahdards used as product acceptance
criteria, becausethey are familiar and have been around for a long
time

AEssentiato be awareof what standardtest purposehappensto be

Alf following ASTM standard test procedures, read the & . A I &
statement
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The results of many of these tests are usually far removed from modelling of, and
correlation with, real systems.

Inmany cases, Awrongo standards are wused as
because they are familiar and have been around for a long time.

By fAwrongodo we mean that they poorly simulate
guide to the performance in the real application . The risk is that the product is

designed to pass the test, not work in the application. Standard tests are not

always used correctly!

Quiality control tests have their purpose, but it is essential we are aware of what
that purpose happens to be.
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Purposes of Tribological Testing

Quality Control Tests Typical bias statement:

G¢KS S@ltdzZ GA2y 2F a4t NPLISNI@g - € o8
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This recognises that the test does not correlate with some real application
5284 lye aNBlFfé¢ 6SIN LINOSaa 221

Sliding Four Ball ISOFuel Lubricly
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If you were to choose to follow ASTM standard test procedures you should note
that the ABiaso statements will frequently st

AThe evaluation of AProperty X0 by thiapertyest m
X0 can be defined only in terms of the test m

This essentially recognises that the test does not correlate with some unspecified
real application.
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Purposes of Tribological Testing

Quality Control Tests

Do you find anything like this anywhere in an engine?

Athere is no real engineering application anywhere that involves a sliding hertzian
point contact

Athere is no sliding contact in an engine that involves bearing steel sliding on
bearing steel

Sliding Four Ball ISOFuel Lubricly
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Does any fAdreal 06 wearthigfkrocess | ook 1|ike

Do yo u find anything like this anywhere in an engine? The answer both questions
is of course no

1 there is no real engineering application anywhere that involves a sliding

hertzian point contact
1 there is no sliding contact in an engine that involves bearing steel sliding

on bearing steel



Slide 8

Purposes of Tribological Testing

Idealized Tests

AMany tests do not attempt in any way to model real systemsfor
example pin on disctest

AResultssimply show how specimenpairswork in a particular pin on
discmachine

ADifficultto usethe idealizedtest datato predict performancein other
test systemsor real applicationsjnvolvingdifferent materials,contact
geometriesjubricationregimesetc
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There are many idealized tests that do not attempt in any way to model real
systems. A good example of an idealized tribological experiment is the pin on disc
test, where the results si  mply show how the specimen pairs work in a particular
pin on disc machine. The difficulty comes when we try to use the idealized test
data to predict performance in other test systems or real applications, involving
different materials, contact geometries, lubrication regimes etc.
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Purposes of Tribological Testing

Modelling Real Systems

ATests must model the friction, wear and/or failure mechanism
apparentin the real application, with test materials and variables
selectedand adjustedin orderto obtain correlationwith field data

Alf wear generatedin the benchtest looksnothing like the wear in the
real systemmodellikelyto be wrong

Astarting point for modelling real systemis to characterizethe full-
scalesystem,then seeif it cansensiblybe modelledin a benchtest,
at reducedscaleand, potentially,at acceleratedate
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The challenge with real life emulations is that to be of any use the tests must

model the friction, wear and/or failure mechanism apparent in the real
application, with test materials and variables selected and adjusted in order to
obtain correlation with field data. If the wear generated in the bench test looks
nothing like the wear in the real system, the model is likely to be wrong. Hence,

before we start, we need to be able to analy se what is going on in the real
application and then to see if there is a sensible way to model this in a bench

test. The risk here is twofold, that our original analysis and then the resulting

model may both be wrong!

So the starting point for modelling a real system is to characterize the full -scale
system, then see if it can sensibly be modelled in a bench test at reduced scale
and, potentially, at an accelerated rate.
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Purposes of Tribological Testing

Modelling Real Systems

AContactsinvoIvir&g both sliding friction and wear can usually be modelled at

reducedscaleandwith acceleratedesting Thisis becausat is usuallypossibleto
increasethe severity of the test rig contact without changlngthe wear regime
real components are usually deSigned to operate under relatlveIP/ bénign
pondltlons,ﬂeneratlng\Near overlon(t:] periodsand we canusuallyacceleratethis
in our benchtest, providingwe do not precipitatean unintendedweartransition.

AProcessesnvolvingsurfacefatigue can, in some casesbe modelled at reduced
scale,but for obviousreasonsnot at a reducednumberof cyclesunlessthere is
anincreasen load.

AAbrasiveand erosivewear processeswhere particle size,hardness distribution
andangleof incidenceare criticalto the wear processhaveto be modelledat full
scale You cannot, model the effect of, say, large sand particles, by using fine
siliconcarbidepowder,andviceversa
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As a general rule, contacts involving both sliding friction and wear can be
modelled at reduced scale and with accelerated testing. This is because it is

usually possible to increase the severity of the test rig contact without changing

the wear regime; real components are usually designed to operate under
relatively benign conditions, generating wear over long periods and we can

usually accelerate this in our bench test, providing we do not precipitate an
unintended wear transition.

Processes involving surface fatigue can, in some cases, be m odelled at reduced
scale, but for obvious reasons, not at a reduced number of cycles, unless there

is an increase in load. Examples of these processes include rolling contact fatigue

and fretting.

Abrasive and erosive wear processes, where particle size, hardness, distribution,
angle of incidence and, in the case of erosive wear, particle velocity, are critical

to the wear process, have to be modelled at full scale. You cannot, model the

effect of, say, large sand particles, by using fine silicon carbide p owder, and vice
versa.
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Purposes of Tribological Testing

Standard Generic Tests

APlentyof standardqualit?/ control tests, usingidealisedcontactsand materials,but very few
testspurportingto modelrealapplications|t iSimportantto understandwhy.

A Quality control tests are designedfor comparingone productwith another,so usefulto try to
test usingthe sametest and procedure Testsattemptingto modelreal systemsfor example a
componentin a particularengine,are usuallyfor researchand product development People
are hapIpHy to share information about quality control tests, but not about tests used for
researchandproductdevelopment

Dr Glyn Roper (formerly Shell Research):

& ¢ Ke@sonfor not putting information into the public domain is that
there is nothing to be gainedand everythingto lose from telling the
world aboutthe detailsof theserigsandassocCiatedest<t.

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

You will soon discover that there are plenty of standard tests available for quality
control purposes, using idealised contacts and materials, but very few tests
purporting to model trib  ological contacts in real applications. It is important to
understand why this is.

Quiality control tests are designed for comparing one product with another, so it
is useful to try to test different products using the same test and procedure. Tests
attem pting to model real systems, for example, a specific component in a
particular engine, are usually undertaken with research and product development
in mind. People are happy to share information about quality control tests, but
not about tests used for res earch and product development.

To quote Dr Glyn Roper (formerly Shell Research):
iThe r e a smotnputfing information into the public domain is that there is

nothing to be gained and everything to lose from telling the world about the
details of these rigs and associated test procedure s O .
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Wear and Lubrication Regimes

Wear Transitions

ATo ensure tests run under correct wear regime, must ensure correct lubrication regime
and frictional energylissipation
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Wearmap for steel under lubricatedonditions- Beerbower A. (1972),
Boundary Lubrication, U.S. Army, Office of the Chief of Research and Development
Contract No. DAHC168-G0033

If we are to model a specific real -life wear mechanism, we need to make sure
that our experiment is run under the correct wear regime.

Al t hough there are numer anay swe d s eme dcdhani SmC.
M.F. (1987), Wear -mechanism maps, Acta Metall., 35(1):1 -15.)), for dry sliding

contacts, there are very few for lubricated contacts. One example worth noting

is that proposed by Beerbower in 1972, for a steel contact under boundary
lubrication.

To ensure that our tests are run under the correct wear regime, we must, in
addition to numerous other parameters, ensure that we run under the correct
lubrication regime, with appropriate frictional energy dissipation.
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Wear and Lubrication Regimes

Lubrication Regimes

Dry Dry

Fluid Film
(HD & EHD)
A>10
h>R

Fluid Film
(HD & EHD)

Friction Coefficient
Friction Coefficient

Viscosity x Speed / Load Specific Film Thickness ()

Stribeckcurve:

A Specific film thickness is ratio of oil film thickness to the composite surface
roughness (Lambda value)

AFor values of less than 4, contact in mixed or boundary lubrication
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The specific film thickness is ratio of the oil film thickness to the composite surface
roughness, otherwise known as the Lambda value. For values of less than 4, the
contact will be in mixed or boundary lubrication regime S, in other words, at the
lower end of the Stribeck curve.
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Wear and Lubrication Regimes

Frictional Energy Input

AThe friction power intensiti/).(Matveevsky)is defined as the amount of
energypumpedinto the rubbingsurfacesasthey passthrough the contact
zone

ATemperatureachievedin the contactand in bulk material directly related
to the FPland the size and thermal characteristicsof the materialsand
their supports

Friction Power Intensity: Qe=mP \{/ A W/mm?

Wheremis friction coefficient, P is the normal load3/the sliding speed and A is the
apparent area of contact
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The friction power intensity (Matveevsky) is defined as the amount of energy

pumped into the rubbing surfaces as they pass through the contact zone. The
temperature achieved in the contact and in the bulk material is directly related

to the FPI and the size and thermal characteristics of the materials and their

supports.

The FPI defines only the rate of energy generation and does not take into account
the timescale over which this energy can be lost to the contacting materials. This
timescale clearly has implications for the amount of damage caused in the
contact.
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Wear and Lubrication Regimes

Frictional Energy Input

Generated at asperities - Generated by shearing lubricant -
dissipated through dissipated through fluid heat transfer
bulk material
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Viscosity x Speed / Load Viscosity x Speed / Load

A With constant friction under boundary regime, friction power increases with increasing speed

A As friction falls with increasing speed, during transition through mixed regime, friction power falls

A With friction rising gradually, under hydrodynamic regime, friction power rises slowly

A Most severe condition occurs around point of maximum speed and boundary regime friction

A Using lower viscosity oil stretches curve aloraxis, extending boundary regime to higher speeds, hence higher friction potgesity
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If we superimpose a friction power curve on our Strib eck curve, we get the
following.
With fairly constant friction under the boun dary regime, friction power increases

with increasing speed. As the friction falls with increasing speed, during transition

through the mixed regime, the friction power falls. With friction rising gradually

with increasing speed, under the hydrodynamic reg ime, friction power rises
steadily, from a low value.

It will be apparent that the most severe condition in terms of frictional energy

input occurs somewhere around the point of maximum speed and maximum
boundary regime friction. Using lower viscosity oi | stretches the curve further
along the x -axis, extending the boundary regime to higher speeds, thus higher
friction power intensity.
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Boundary

Plain|

Mixed

Bearing —

Lubricated Engine Contacts

Fluid Film
(HD & EHD)

Ring/Liner

Cam/Follower
Gear

Friction Coefficient

—_

Dry

Friction Coefficient

Wear and Lubrication Regimes

Fluid Film
(HD & EHD)

Additive)Chemistry | Fluid Bulk Properties
(Viscosity)

Viscosity x Speed / Load

Viscosity x Speed / Load
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If we now replot the Stribeck curve showing where typical engine
operate, we have the following.

components
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Wear and Lubrication Regimes

Engine Components under Boundary Lubrication

AJournal bearings at starip or during starved lubrication

APiston ring & liner contacts at bottom & top dead centre

APiston ring & liner during running because of starved lubrication

APiston skirt during stastip

Acam & tappet or finger follower because of negative entrainment
Avalve stem/guide because of low velocities & starved lubrication
AFuel injection systems because of low viscosity

Engine Components under Hydrodynamic Lubrication
AJournal bearings under normal operating conditions

PLl NT Tribology Preducts
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Here are some engine ¢ omponents running under boundary lubrication

9 Journal bearings at start  -up or during starved lubrica tion
Piston ring and liner contacts at bottom and top dead centre

Piston ring and liner during running because of starved lubrication
Piston skirt during start ~ -up

Cam and tappet or finger follower because of negative entrainment
Valve stem/guide because of low velocities and starved lubrication
Fuel injection systems because of low viscosity

= =4 4 -4 48 -4

Journal bearings of course run under hydrodynamic lubrication under normal
operating conditions
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Wear and Lubrication Regimes

Choosing Test Conditions

AApparentthat we havea number of questionsto answerwith regard
to the types of test we shouldrun and thesewill vary dependingon
the purposeandrequiredoutcome

ATo put this more simply, we should perhapsexpecta friction test, a
wear test & a scuffing test, for different components,to require
somewhatdifferent testsandtest conditions
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It should be apparentt  hat we have a number of questions to answer with regard

to the types of test s we should run and these will vary depending on the purpose
and required outcome. To put this more simply, we should perhaps expect a
friction test, a wear test and a scuffing test , for different components, to require
somewhat different tests and test conditions.
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Rings and Liners

Floating Liner Rigs
ANumerousnon-standarddesignsievised

ARigsessentiallydeconstructedengineswith a cylinderliner mounted
on force transducersand (usually) counter pistonin placeof cylinder
head

AAllows measurementof friction between ring pack & liner, with
limited pressurisationbut without combustionpressure

AAlthoughfriction measureddirectly, actualradial load on eachring is
indeterminate
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Numerous designs of floating liner rig have been devised, a recent example being

a unit at the University of Nottingham. The rig is essentially a deconstructed
engine, with a cylinder liner mounted on force transducers and a counter piston

in place of a cylinder head.

The arrangement allows measurement of friction between ring pack and liner,
with a limited degree of pressurisation, but without combustion and hence
combustion pressure. Although the friction is measured directly, the actual radial

load on each ring is indeterminate.
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Rings and Liners

Floating Liner Rigs

Main Castings« Seal Adjustment Assy

—Ave. L\ner Temp = 40°C
50°C

Labyrinth Seal

Air Injector z
& 20 —Ave, Liner Temp = 80°C
g Ave. Liner Temp = 87°C
Removabie Liner o
Liner Support w 0
| Draphragms 5
Load Cells ﬁ
(ot shown) -
! ! 1147 Fiywheel (Puma) 20
4
Crankshaft =821 A, t -0
(Modified Puma)

270 360

i - At %0 180
= Crank Angle, "ATDC
© Paul Shayler
ANew Floating.iner Test Rig Design to Investigate Factors Influencing RistenFriction
SAE 20121-1328 Published 04/16/2012
T Law, D MacMillan, PJ Shayler & G-+inkiversity of Nottingham
lan Pegg and Roland Stafford Motor G
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Rings and Liners

Reciprocating Tribometers

General purpose reciprocating tribometers used for many years in
attempts to model the conditions in the ring & liner contact

AEyreBICERB(itish Internal Combustion Engine Research Instjtlniversal Wear
Machinec from 1968

AOptimol SRV Machinefrom 1972
ACameronPlint TE 77 Machinefrom 1982
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General purpose reciprocating tribometers have been used for many years in
attempts to model the conditions in the ring and liner contact, starting with the

Eyre -BICERI (British Internal Combustion Engine Research Institute) Universal
Wear Machine,in1968,t he SRV machinein 1972 and the longer stroke Cameron
Plint machine in 1982 .
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Rings and Liners

Reciprocating Tribometers

Testswere & are run using both idealised specimengeometries,
typicallya cylinderon flat in line contact,& specimensut from actual
pistonrings& cylinderliners

PLl NT Tribology Products
from Phaenix Tribalogy Lbd

With all these machines, tests were and are run using both idealised specimen
geometries, typically a cylinder on flat in line cont act, and specimens cut from
actual piston rings and cylinder liners.
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Rings and Liners

Reciprocating Tribometerg Limitations

Acannot model following , which affect tribological behaviour of materials in fired
engines:
A Ring flexing
A Ring pack interactions
A Ring rotation
A Blowby
A High frequency thermal cycling
A Influence of combustion products on trizorrosion
A Bore polishing, without adc*~= ~# third hads narinine

T T

T T

— =
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Reciprocating tribometers cannot model the following parameters, which affect

tribological behaviour of materials in fired engines:

T

= =4 =4 A4 A 9

Ring flexing

Ring pack interactions

Ring rotation

Blow - by

High frequency thermal cycling

Influence of combustion products on tribo -corrosion
Bore polishing, without addition of third body particles

In the engine the rings flex depending on direction of motion, com

pressure and ring profile. It is not possible to emulate this motion in a

reciprocating tribometer.

bustion
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Rings and Liners

Sharing of Wear Rintliner Modelg Overlap Parameter

AA fired enginetends to produce about the sameamount of wear on the
ring as on the liner. In short stroke reciprocatingbenchtests, more wear
usually occurs on the liner specimenthan on the ring, Thisis to be
expected Thereis a differencein & 2 @ SINE NILY Baiwedhthe (long
stroke)engine& the (shortstroke)reciprocatingrig.

AThe"overlapparameter"(Czichosjs definedasratio of slidingdistancefor
"body" divided by sliding distance for "counter body". For the thrust
washerthis is 1, for fretting testsit is closeto 1, but for pin on disc or
reciprocatingtestsit is variable,but istypicallylessthan 0.05.
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A fired engine tends to produce about the same amount of wear on the ring as

on the liner. In short s troke reciprocating bench tests, more wear usually occurs

on the liner specimen than on the ring. This is to be expected. There is a

di fference in fioverl|l ap parameter o between the
stroke) reciprocating rig.

The "overlap parameter" (Czichos) is defined as the ratio of sliding distance for
"body" divided by sliding distance for "counter body". For the thrust washer this

is 1, for fretting tests it is close to 1, but for pin on disc or reciprocating tests it

is variable, but s typically less than 0.05.
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Rings and Liners

Adjustable Radius Ring Clamps

A relaxed radius of piston ring exceeds radius of corresponding liner, resulting in unwanted edge Funning
A custom designed ring clamps facilitate fiemsioning of ring segment to adjust radius
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Another issue with ring and liner samples in reciprocating tribometers is that the
relaxed radius of the piston ring exceeds the radius of the corresponding liner,
resulting in un  wanted edge running.

This issue can usually be addressed by using custom design edring clamps, which

facilitate pre -tensioning of the ring segment to adjust the radius to match the
liner section.
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Rings and Liners

Hybrid Ring Liner Geometry

A Alternative to using sections cut from liners & ring segments with adjustable radius ring
clamps

A Attempts to address complications associated with floating liner rigs
A Similar geometry to floating liner rig, but with loads on contact measured & controlled

|

ring gap closed with mechanical cI;np & sections of liner loaded on either side
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An alternati ve to using sections cut from liners and ring segments with adjustable
radius ring clamps and that attempts to address some of the complications
associated with floating liner rigs, is to use a complete ring, with the ring gap
closed with a mechanical clam  p. A section of liner is then loaded on either side of
the ring, which is reciprocated. The result is a rig with similar geometry to a
floating liner rig, but with the loads on the contact measured and controlled.
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Rings and Liners

Idealized Specimens
Cylinder on edge against flat plate

Acylinder typically hardened or coated steel pin

Aplate appropriate material, for example, grey cast iron

Asuitable surface finish, for example, grinding at 45 degrees to sliding axis to mimic
honing marks

PLl NT Tribology Preducts
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The most commonly used Aidealizedo ring
tribometers is the cylinder on edge against a flat plate. The cylinder will typically
be of some form of harden or coated steel and the plate of appropriate material,

for exam ple grey cast iron, with suitable surface finish. In an attempt to mimic

honing marks, grinding the plate surface at 45 degrees to the sliding axis is
sometimes used.

and



Slide 28

Rings and Liners

Idealized Specimens
Howlongshouldcylinderbe comparedwith plate width?
If the plate wider than the cylinder.

Amay be issuesassociatedwith the geometricstressconcentrationat either
end of the cylinder

Aoil fed to one end of plate canflow roundto the other sideof the cylinder
If cylinderoverlapsedgesof plate:

Athere ma% be issueswith geometric stress concentrations,but can be
mitigatedby curvededges

Aoil fed to one end of the plate canbe usedto generatestarvedconditionon
onesideof contact

PLl NT Tribology Preducts
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One of the questions to be addressed is how long the cylinder should be compared
with the width of the plate.

If the p late is wider than the cylinder t here may be issues associated with the
geometric stress concentration at either end of the cylinder

Oil fed to one end of the plate can flow round to the other side of the cylinder
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Rings and Liners

Idealized Specimens

PLl NT Tribology Products
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If the cylinder overlaps the edges of the plate, there may be issues with geometric
stress concentrations, but these can be mit igated by having curved edges
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Rings and Liners

Idealized Specimens

Curvededges means that edges of the plate do not have to be parallel, making
wedge shaped specimen possible, giving stiige pressure variation, hence
different wear patterns

~ &l

PLINT Tribology Products
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Having curved edges means that the edges of the plate do not have to be parallel,
making a wedge shaped specimen possible, such that there is stroke -wise
pressure variation.
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Rings and Liners

IdealizedSpecimens

Wedge/Parallel - 133,000 Cycles

Green/Purple: Paralle] Blue/Red: Wedge
A little difference in friction between parallel & wedge
A difference in contact potential & resulting wear

PLl NT Tribology Products
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Ther e is very little difference in friction between parallel and wedge shaped
specimens, running under identical conditions. There is however a difference in
contact potential and  the resulting wear.
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Rings and Liners

Idealized Specimeng Different Wear Patterns

micrometres
micrometres

44 45 48 50 52 54 56 58 60 62 64 65 68 70 72 74 76 78 80 82 84

Greeng Parallel / Blue Wedge

PLINT Tribology Products
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Rings and Liners

Idealized SpecimensDifferent Wear Patterns
Stop/Start Tests

material agglomeration on cylinder specimen

A Right- stop/start test with cyclic frictional energy input, produces adhesive wear with material pulled out
from plate & embedded particles in cylinder specimen

PLl NT Tribology Products
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Diffe rent test procedures ca generate very different wear mechanisms. In this
exampl e, a temperature ramp test produces
adhesive wear process; this is in fact mild abrasive wear followed by materi al

agglomeration on the cylinder specimen.

A stop/start test using identical specimens and lubricant, with the temperature
gradient the right way round and cyclic frictional energy input, produces adhesive
wear with material pulled out from the plate surf ace and embedded in the cylinder

specimen.

w h
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Rings and Liners

Idealized SpecimensStop/Start Tests

PLINT Tribology Products
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Inserting a thermocouple in the cylinder specimen allows the difference in

temperature  between the cylinder and the plate

start cycle.

to be measured during the stop
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Rings and Liners

Idealized SpecimensStop/Start Tests

Test Setpoints

Temperatures
600
140

180

120 - 500 160

140 . ]

100 T 120 o/ —{

80 300 100

60 80
200

40 6015
40

20

mmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmm

——Frequency (Hz) Temperature Set Point (C) ——Load (N)

——Test 1 Plate Temperature - 1 Test 1 Pin Temperature - 1
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In this test, the plate specimen temperature is controlled and the speed cycled.

At rest, the temperature of the cylinder falls below the temperature of the plate.

When motion starts, frictional heating causes the plate temperature to rise a few

degrees ab ove the temperature set-point , however, in due course, the cylinder
temperature rises substantially higher. When motion stops, the cylinder

temperature falls back below the plate temperature and the cycle can be
repeated.
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Rings and Liners

Rotary Tribometers RRV

RotationReibVerschleiss (RRV) recent alternative to reciprocating tribometers aiming to
address following issues:

A limited sliding velocity achievable with a
non-dynamically balanced reciprocating tribometer

A difficulty & cost of manufacturing liner specimens
from standard engine liners

A need for an idealised ring sample that can be easily
manufactured from different materials & with

different coatings

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

The Rotation Reib -Verschleiss (RRV) test rig is a more recent alternative t o the
assorted reciprocating tribometers and aims to address a number of issues

including:

A The limited sliding velocity achievable with a non -dynamically balanced
reciprocating tribometer

A The difficulty and cost of manufacturing liner specimens from stan dard
engine liners

A The need for an idealised ring sample that can be easily manufactured from
different materials and with different coatings
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Rings and Liners

Rotary Tribometers RRV

InRRYV, instead of reciprocating piston ring or piston ring segment up & down liner bore or against liner segment, thred iitigptiamples, in line contacts, are

rotated around inside bore of unmodified liner, allowing sliding at significant speeds of idealised ring samples agaieseatagive liner surface

Typical truck engine lingrmaximu rotational speed 2,000 rpm

Development of a test method for a realistic, single paramelependent analysis of piston ring versus cylinder liner contaittsa rotational tribometer
J Biberger, W Fiifier Tribology International 113 (2017) 1124

PLINT Tribology Products
from Phaenix Tribalogy Lbd

In the RRYV, instead of reciprocating a piston ring or piston ring segment up and
down a cylinder liner bore or against a liner segment, three idealised ring

samples, in the form of line contacts, are rotated around the inside of the bore of

an unmodified liner. The rig thus allows sliding at constant speed of idealised ring
samples against a representative liner surface.

In practice, for tests using complete liners, it is preferable to have the ring sample
carrier static and rotate the liner.
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Rings and Liners

Rotary Tribometers RRV

different positions on each liner

A Each ring segment is mounted on a lever arm,
pivoted at one end, with a rolling element :
bearing at the other. An axially loaded cone A,
acts against the bearing resulting in a radial
force on the specimen. With three lever arms
arranged at 120 degree intervals, an axial load
applied to the cone results in equal forces
being applied to each specimen, normal to the 1=
bore of the liner. The axial position of the ring A == S
sample carrier within the bore can be adjusted CO
to allow multiple wear tracks to be run at 1

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

§

Tl

Each ring segments is mounted o

n a lever arm, pivoted at one end, with a rolling

element bearing at the other. An axially loaded cone acts against the bearing
resulting in a radial force on the specimen. With three lever arms arranged at 120

degree intervals, an axial load applied to th

e cone results in equal forces being

applied to each specimen, normal to the bore of the liner.

The axial position of the ring sample carrier within the bore can be adjusted to
allow multiple wear tracks to be run at different positions on each liner.
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Rings and Liners

Rotary Tribometers; RRV

A A neat way to make the idealised ring sample
specimens is to start with a thick walled tube, with an ﬁ
outside radius equal to the required face profile for
the sample. The outer surface of the tube is treated
or coated as required and it is then cut radially into
segments, thus making simple line contact specimens.

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

A neat way to make the idealised ring sample specimens is to start with a thick

walled tube, with an outside radius equal to the required face profile for the
sample. The outer surface of the tube is treated or c oated as required and it is
then cut radially into segments, thus making simple line contact specimens.

A derivative of the RRV, compatible with a standard rotary tribometer, uses a

stationary section of cylinder liner and a rotating ring sample carrier. This
arrangement works satisfactorily with smaller bore diameter liners. It does, of

course, require the liner to be cut into short lengths, which can prove problematic.
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Rings and Pistons

Piston Ring Micrewelding
A devised to investigate scuffing between piston groove materials & rings

A ring sample trapped between heated piston material samples & subjected
to combination of cyclic load & rotary oscillatory motion

asCriLaTin HoTion

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

The piston ring micro  -welding test was  devised to investigate scuffing between
piston groove materials and rings. A ring sample is trapped between heated

piston material samples and subjected to a combination of cyclic load and rotary
oscillatory motion.
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Crankcase Bearings

APlainjournal bearm(k;scove[ a wide variety of different devices,rangingfrom standard
dry & lubricated bulk material bearings,to’dynamicallyloaded coatedbearings,asused
in‘enginecrankcaseslt issensibleto treat the latter asa speciakase

A Crankcasdearingsoperate lubricatedwith oil & are invariablysubjectedto high speed
dynamicloading Furtherto this, during stop/start cyclesthe bearingsare subjectedto a
range of different lubrication regimes, ranging from boundary, at start up, to fully
hydrodynamicduring steadystate operation Protectionunder boundarylubricationhas
to be provided by "a combination of materials & lubricant additives, but during
hydrodynamidubrication,throughlubricantbulk properties(viscosity)

A Currentkeyissueswith crankcasdearingsare associatedvith:

A Themovefrom softer coatings(lead)to hardermaterials(tin)
A Theon-goingreductionin lubricantviscosityhencehydrodynamidilm thickness

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

Plain journal bearings cover a wide variety of different devices, ranging from
standard dry and lubricated bulk material bearings, to dynamically loaded coated
bearings, as used in engine crank cases. It is sensible to treat the latter as a
special case.

Crankcase bearings operate lubricated with oil and are invariably subjected to

high speed dynamic loading. Further to this, during stop/start cycles the bearings

are subjected to a range of different | ubrication regimes, ranging from boundary,

at start up, to (hopefully) fully hydrodynamic during steady state operation.
Protection under boundary lubrication has to be provided by a combination of
materials and lubricant additives, but during hydrodynamic lubrication, through
lubricant bulk properties (viscosity).

Current key issues with crankcase bearings are associated with:
A The move from softer coatings (lead) to harder materials (tin).

A The on -going reduction in lubricant viscosity, hence hydrodynamic film
thickness.
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Crankcase Bearings

Wear & Failure Mechanisms

A Adhesivewear.

This occurs under boundary lubrication, in other words, during stop/start cycles Journal bearing tests,
involvingstop/start cycles thus makesense

A ScuffingResistance

Thisis essentiallyfailure, following the onsetof adhesivewear It is causedby thermal or mechanicabverload
duringstop/startcycles

A Conformability
Thisis ameasureof the ability of the bearingshellto conformto the housing& shaft
A Embeddability

Thisis a measureof the ability of the bearingpo resistdamagefrom entrainedparticlesin the lubricant These
particlescan either be those generatedwithin the engine (from ingestedhard particles)or, more seriously,
residualparticlesgeneratedduringthe manufacturingorocess

A FatigueStrength
Thisis ameasureof the de-laminationlife of the soft metal coating,causedby cyclicloading

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

The kinds of wear and failure mechanisms endured by crankcase bear ings
include:

Adhesive Weatr:

This occurs under boundary lubrication, in other words, during stop/start cycles.
Journal bearing tests, involving stop/start cycles, thus make sense.

Scuffing Resistance:

This is essentially failure, following the onset of adh esive wear. It is caused by
thermal or mechanical overload during stop/start cycles.

Conformability:

This is a measure of the ability of the bearing shell to conform to the housing and
shatft.

Embeddability:

This is a measure of the ability of the bearing t o resist damage from entrained
particles in the lubricant. These particles can either be those generated within the

engine (from ingested hard particles) or, more seriously, residual particles
generated during the manufacturing process.

Fatigue Strength:

This is a measure of the de  -lamination life of the soft metal coating, caused by
cyclic loading.
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Crankcase Bearings

Friction, Wear & Scuffing
ASuzuki Test

A Modified version of the standard thrust
washer test, using a coated plate as
candidate sample, used for friction, weal
& scuffing tests.

A Plate is machined with radial grooves, to/ &
facilitate lubricant entrainment. The
lubricant is fed to centre of assembly & [
flows radially outwards.

A Measurements include friction, wear &
lubricant inlet & outlet temperatures.

PLl NT Tribology Products
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The Suzuki test is a modified version of the standard thrust washer test geometry,
using a coated plate as the cand idate sample. It is used for friction, wear and

scuffing tests.

The plate is machined with radial grooves, to facilitate lubricant entrainment. The
lubricant is fed to the centre of the assembly and flows radially outwards. In
addition to measuring fricti on and sometimes wear, the difference in lubricant

inlet and outlet temperature is a useful measure.
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Crankcase Bearings

Friction, Wear & Scuffing
AHalf-Journal Test

A More complicated arrangement than the
Suzuki thrust washer seip & can be
used for experiments using samples
manufactured from actual bearing shells.
AcCan be used for:

A Friction running under boundary
& mixed lubrication

A Adhesive wear
A Scuffing tests

ACannot be used for:

A Tests under hydrodynamic
regime

PLl NT Tribology Products
from Phaenix Tribalogy Lbd

The half -journal test geom etry is a more complicated arrangement than the
Suzuki thrust washer set -up and can be used for experiments using samples
manufactured from actual bearing shells.

This arrangement can be used for:

1 Friction running under boundary and mixed lubrication
1 Adhesive wear
1 Scuffing tests

Despite the potential for rotating at high speeds, this geometry cannot be used
for tests under hydrodynamic regimes, because it is not possible to duplicate the
necessary lubricant entrainment conditions associated with a full journal bearing.
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Embeddability

Crankcase Bearings

A Journalbearings,exceptduring start up, are designedto operate with comparativelythick lubricant films
between the loaded surfaces Transitof particulate contaminantsthrough the bearinggap can giverise to
different wear mechanismseachproducingdifferent wear rates

A Whenthe size/gapratio is small,worn surfacesmay consistof a large numper of smallpits & indentations,
usuallywith no obviousorientation in the direction of relative sliding, indicatingeither free movementof
the particlesthroughthe fluid film & subsequenimpactwith the surfacesor the rolling of the I|ghtI¥1I0aded
particlesthroughthe contact In both casesthe actualload on the bearingis of no relevanceother
mechanisnfor settingthe bearinggap

A This mechanism,perhapssimilar in nature to conventional polishingwear, has been termed & G dzY 6 £ A y 3
wear Theterm is usedto describethe situationin which particlesare not in continuouscontactwith both
surfaceshut are free to tumble through the bearinggap

S

anasa

Journal bearings, except during start up, a

comparatively thick lubricant films between the loaded surfaces. Transit of
particulate contaminants through the bearing gap can give rise to different wear
mechanisms, each producing different wear rates.

When the size/gap ratio is small, worn surfaces may consist of a large number of
small pits and indentations, usually with no obvious orientation in the direction
of relative sliding, indicating either free movement of the particles through the

fluid film and subse

guent impact with the surfaces or the rolling of the lightly

loaded particles through the contact. In both cases, the actual load on the bearing
is of no relevance other than as a mechanism for setting the bearing gap. This
mechanism, perhaps similar in na ture to conventional polishing wear, has been
termed Atumblingd wear. With polishing

to roll through the tribo

tumbling is used to describe the situation in wh

-contact in continuous contact with both sides. The term

contact with both surfaces, but are free to tumble through the bearing gap.

re essentially designed to operate with

ich particles are not in continuous

wear

V
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Crankcase Bearings

Embeddability

A Abovea certainsize/gapratio, the particlesare no ]ongr(]erfreeto roll throughthe contact,insteadbeing
dragt?edt_hrough generatinggroovingwear. Aswith the pmm? wear mechanismthe actualload on
the bearing is of no relevanceother than as a mechanismfor setting the bearing gap It will be
apparentthat the load on a particle will be a function of the size/gapratio, the relativehardnessof the

article & the bearingsurfaces& the number of particlessharingthe load. It is not a function of the
oadon the bearingitself.

A For surfacesof similar hardness groovingwear may occur on both surfacesof the tribo-contact For
surfacesof different hardnessthere are two possiblemechanismghat maynot be mutuaII%/ exclusive
If the surfaceroughnessof the harder surfaceis sufficiently large, particlesmay becomefrapped by
asperities& be draggedthrou%hthe contactproducinggroovingor micro-machiningwear of the softer
surface However,increasingthe hardnessatio betwéenthe two surfacesmay causehard particle to
becomeembeddedin the softer surface resultingin more severegroovingwear on the hardsurface

Above a certain size/gap ratio, the particles are no longer free to roll through the
contact, in stead being dragged through, generating grooving wear. As with the
pitting wear mechanism, the actual load on the bearing is of no relevance other
than as a mechanism for setting the bearing gap. It will be apparent that the load

on a particle will be afu  nction of the size/gap ratio, the relative hardness of the
particle and the bearing surfaces and the number of particles sharing the load. It

is not a function of the load on the bearing itself.

For surfaces of similar hardness, grooving wear may occur on both surfaces of
the tribo -contact. For surfaces of different hardness, there are two possible
mechanisms that may not be mutually exclusive. If the surface roughness of the

harder surface is sufficiently large, particles may become trapped by asperities

and be dragged through the contact producing grooving or micro -machining wear
of the softer surface. However, increasing the hardness ratio between the two

surfaces may cause hard particle to become embedded in the softer surface,
resulting in more severe grooving wear on the hard surface.
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Crankcase Bearings

Embeddability

ACritical parameters for adequate test model are:
Atest configuration that allows precise control of the bearing gap

Ameans of introducing abradant particles of carefully controlled shape & size
into the contact

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

The critical parameters for an adequate test model are therefore:

1 A test configuration that allows precise control of the bearing gap
1 A means of introducing abradant partic les of carefully controlled shape and
size into the contact

It will be noted that load (either static or dynamic) is not considered of importance
except in as much as it may provide a mechanism for setting the bearing gap.
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Crankcase Bearings

Embeddability- Possible Test Systems

Difficult to control total mass, size & angularity of particles passing through contact

PLl NT Tribology Products
from Phaenix Tribalogy Lbd

The key challenge is the injection of particles in a controlled fashion into the test
bearing. As with any tests involving abrasive particles, there are uncertainties

associated with how long the particles remain in the contact and avoid
com minution.

Ideally, one would like to control the total mass, size and angularity of the
particles passing through the contact.
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Crankcase Bearings

Embeddability- Possible Test Systems

AMachine small pocket into irunning side of the loaded bearing shell & insert a
known quantity of well calibrated abrasive particles, held in place with a suitable
wax

AAs the bearing runs & heats up, wax melts, releasing the particle into the contact

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

One way of achieving this is to machine a small pocket into the in -running side
of the loaded bearing shell and insert a known quantity of well calibrated abrasive
particles, held in place with a suitable wax.

As the bearing runs and heats up, the wax melts, releasing the particle s into the
contact.
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Crankcase Bearings

Fatigue Strength Cyclic Load Test Rigs

ARigs can be divided into two basic categories:
AMachines Applying Pulsating Alternating LoaBall Wave Load Cycle
AMachines Applying Pulsating Loads Between Zero & Maximum in one
directiong
Half Wave Load Cycle

ADynamic loads generated mechanically, hydraulically, servo
hydraulically & by resonance pulsator

PLl NT Tribology Preducts
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Fatigue strength cyclic load test rigs can be divided into two basic categories:

1 Machines Applying Pulsating Alternating Loads - Full Wave Load Cycle
1 Machines Applying Pulsating Loads Between Zero and Maximum in one
direction - Half Wave Load Cycle

Dynamic loads can be ge  nerated mechanically, hydraulically, servo - hydraulically
and by resonance pulsator.
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Crankcase Bearings

Fatigue Strength Cyclic Load Rigs

AUnderwood Machine (1945)
Aout-of-balance masses generate cyclic pulse on a test hearina

Abearing loaded in both directions i @\

Image © Dmitri Kopeliovich
http://www.substech.com
By permission: Dr Kopeliovich

PLl NT Tribology Products
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This machine, which is still used in various guises, involves out

-of-balance masses

generating a cyclic pulse on a test beari ng. The bearing is loaded in both

directions.
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Crankcase Bearings

Fatigue Strength Cyclic Load Rigs e e e
ASapphire Machine (1958) i

A Glacier Metalg; now Mahle
A half-wave actuator machine

A bearing sample mounted on eccentric shaft with connecting
rod attached to a dashpot, making the equivalent of a
pulsating pump

A dynamic load controlled by adjusting relief pressure on
pump

A ideal & simple method of generating a pulsating load

Image © Dmitri Kopeliovich
Inlet & outlet

http://www.substech.com bydraulic valves
By permission: Dr Kopeliovich

PLl NT Tribology Products
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This Sapphire machine is a half -wave actuator machine. A journal bearing sample
is mounted on an eccentric shaft with a connecting rod attached to the equivalent

of a dashpot, maki ng the equivalent of a badly pulsing pump. This is however an
ideal and simple method of generating a pulsating load.
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Crankcase Bearings

Fatigue Strength Cyclic Load Rigs

APulsator Rigs

AResonant frequency devices electromagnetic drive is used to excite a
specimen assemblyat its natural frequency, which, for a given system
stiffness,is adjustedby varyingthe massof the assembly

AAlthough the dynamic load cannot be directly controlled in reaHime,
pulsatorsare a very reliable, energyefficient, but lessflexible alternativeto a
servahydraulicactuatorbasedtest system

APulsatorstend to operate at much higher frequenciesthan servehydraulic
systems

AcCurrent suppliersof pulsators include ZwickRoell(Vibrophore) & SincoTec
(UniversaResonanc@ulsato).

PLl NT Tribology Preducts
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Puslator rigs are resonant fre guency devices. An electromagnetic drive is used to
excite a specimen assembly at its natural frequency, which, for a given system
stiffness, is adjusted by varying the mass of the assembly.

Although the dynamic load cannot be directly controlled in real -time, pulsators
are a very reliable, energy efficient, but less flexible alternative to a servo

hydraulic actuator based test system. Furthermore, pulsators tend to operate at

much higher frequencies than servo - hydraulic systems.

Current suppliers of pulsa tors include ZwickRoell (Vibrophore) and SincoTec
(Universal Resonance Pulsator)



Slide 54

Crankcase Bearings

Fatigue Strength Cyclic Load Rigs

AServehydraulic Dynamic Bearing Rigs

A Thesemachinesuse high dynamicforce servoactuators,usuallyfitted with multiple
super high responseMoog servo valves We are aware of one rig, which cost in
exces®f Euro750,000, someeight yearsaga Becauseof the large numberof Moog
valves,servicingcostsare significant,likewiserunning costs this particularrig hasa
150kW hydraulicpower pack!

Alnorderto achievethe required performance reaktime adaptivecontrol is required,
whichworkswell until the control algorithm failsto converge,in which casethe rig
hasthe necessarypoweravailableto smashitselfto pieces

ATo understandthe basicissues& costs,considerthe price of a high dynamicforce
servohydraulictest machinefrom, say, Instron or MTS,then build it into a bearing

testrig.
PLINT Tribclogy Products
Servo -hydraulic dynamic bearings rigs use high dynamic force servo actu ators,
usually fitted with multiple super high response Moog servo valves. We are aware

of one single actuator rig, which cost in excess of Euro 750,000, some eight years
ago. Because of the large number of Moog valves, servicing costs are significant,
likewise running costs; th is particular rig has a 150 kW hydraulic power pack!

In order to achieve the required performance, real -time adaptive control is
required, which works well until the control algorithm fails to converge, in which
case, the rig has the necessary power avail able to smash itself to pieces.

To understand the basic issues and costs, consider the price of a high dynamic
force servo hydraulic test machine from, say, Instron or MTS, then build it into a
bearing test rig.
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Cams & Followers

Engine Component Based Test Rigs

AMIRA Cam & Tappet Rig

AThe MIRAcam & tappet rig was designedduring the 1960 & useda cam profile
taken from a 1950s MGA sports car & a conventionalbucket follower. The spring
force on the tappet was adjustedto vary the severity of the contact, with repeat
tests run at progressivelyhigherloads The highestload at which a given material
combination could survive 20 x 10f cycles,without failure, was the recorded test
parameter

AThe rig was subsequentlyused, in collaborationwith the CoordinatingEuropean
Counci(CECho developlubricantrating testsfor camfollower pitting & scuffing

Aln the 19805, the rig was used for the evaluation of new materials & surface
treatmentsfor camfollower applications

PLl NT Tribology Preducts
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The MIRA cam and tappet rig was designed during the 1960s and used a cam
profile taken from a 1950s MGA sports car and a conventional bucket follower.

The spring force on the tappet was adjusted to vary the severity of the contact,

with repeat tests ru  n at progressively higher loads. The highest load at which a
given material combination could survive 20 x 10 6 cycles, without failure, was the
recorded test parameter.

The rig was subsequently used, in collaboration with the Coordinating European
Council (CEC) to develop lubricant rating tests for cam -follower pitting and
scuffing.

In the 1980 s, the rig was used for the evaluation of new materials and surface
treatments for cam  -follower applications.
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Cams & Followers

Engine Component Based Test Rigs

AVW-P\£5106 Cam & Tappet Rig
A Modern equivalent of the MIRA tig

Image© KST Motorenversuch GmbH & Co KG

A moder n equivalent of the MIRA rig is the VW -PV-5106 Cam and Tappet Rig.
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Cams & Followers

Engine Component Based Test Rigs

JASO M348 (obsolescent)

A Motored head rig designed to run JASO M 328 test for
evaluation of automotive gasoline engine oils for wear
characteristics of camshaft & rocker arm, using motorec
Toyota 3A engine with pistons removed.

A Service unit provides temperature control of the engine
under test. Oil is drawn from the sump of the engine by
circulating pump & is returned to the sump via a heater
heat exchanger. Oil temperature control is achieved by
electric heating & water cooling.

PLl NT Tribology Preducts
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This test rig is designed to run the standard JASO M 328 test for the evaluation

of automotive gasoline engine oils for wear characteristics of camshaft and rocker
arm. In this configuration the rig is fitted with a Toyota 3A engine. The rig
comprises three modules, the engine unit, the service unit and the control unit.

The service unit provides temperature control of the engine oil under test. Oil is
drawn from the sump of the engine by a circulating pump and is returned to the

sump via a heater and heat exchanger. Oil temperature control is achieved by

electric heating and water cooling.
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Cams & Followers

Idealised Test Geometries

AReciprocating
Asimple reciprocatingtests using appropriate materials have been used for
screeningubricant additives,pre-enginetest or more sophisticatedrig tests
the latter includethoseinvolvingslidingrolling contacts

Carburised steel
cylinder — 1. 7”,
B ¢

Induction hardened =N
grey cast iron S ORBAT

PLl NT Tribology Preducts
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Simple re ciprocating tests using appropriate materials have been used for

screening lubricant additives, pre -engine test or more sophisticat

latter including  those involving sliding  -rolling contacts.

ed rig tests; the
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Cams & Followers

Idealised Test Geometries ~ b

. . P
ASlidingrolling QJ’\
AAsymmetric slideroll arrangementg
Reciprocating Amsler

A Involves plate reciprocating on rotating roller giving asymmetric variation in entrainment
velocity, similar to that in a cam & tappet contact

A Claimed correlation with various engine tests, however, minimal information in public
domain to support this

Review & evaluation of lubricated wear in simulated valve train contact conditiGivg Roper
& JC Bell

SAE952473, Fuels & Lubes Meeting & Exposition, Toronto, Ontati@, @6t 1995 SAE )
tdzot AOFUAZ2YY awSOSyYyUu ayl LjaK2eale,pp6BY aA IKU
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Two such tests have been extensively used, with claimed correlation with various
engine tests, however, there is minimal information in the public domain to
support this claim.
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Cams & Followers

Idealised Test Geometries

ASlidingrolling
AAsymmetric slideroll arrangementg

Reciprocating Amsler
procafing S AN\
\ /
\ / \
\ /
\ /
\ /
\

PLl NT Tribology Products
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The first such rig was t he Areciprocating
recipro cating on a rotating roller. This gives an asymmetric variation in
entrainment velocity, similar to that in a cam and tappet contact.
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Idealised Test Geometries
Aslidingrolling 4
ASymmetrical slideroll arrangement ™ 3 3
A Involves reciprocating roller connected to a linkage,
producing a symmetrical variation in slidel ratio,

more similar to that in a cam & finger follower
contact

PLl NT Tribology Preducts
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An alternative arrangement, involving a reciprocating roller connected to a
linkage, produces a symmetrical variation in slide -roll ratio, more similar to that
in a cam and finger follower contact.
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Cams & Followers

Idealised Test Geometries

Aslidingrolling
ASymmetrical slideroll arrangement

PLINT Tribology Products
from Phaanix Tribalo, .y Lt

Wit h all these idealized test geometries, the correct materials must be used.
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Diesel Fuel Injection

Fuel Lubricity ,‘!’

AASTM D6078 Standard Test Method for Evaluating /3 y
Lubricity of Diesel Fuels by the Scuffing Load v
Ballon-Cylinder Lubricity Evaluator (SLBOCLE)

Fuel Lubricity: Statistical Analysis of Literature Datacey P. & Mason+SAE
Technical Paper 20601-1917, 2000

A& ¢ ®i§hFrequencyReciprocatindrig(HFRRproducedmuchlower correlationwith pump wear
than did the ScuffingLoad Ball on Cylinder Lubricity Evaluator (SLBOCLE}yith HFRRtests
performed at 60°C being even lessaccuratethan those performed at 25°C. Correlationwasalso
lower for fuelsthat containlubricity additivesasopposedto neat¥ dzSf a ¢

PLl NT Tribology Preducts
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Various diesel full lubricity tests exist. These, however, do not use representative
materials for test samples.

Methods include ASTM D6078 Standard Test Method for Evaluating Lubricity of
Dies el Fuels by the Scuffing Load Ball -on-Cylinder Lubricity Evaluator (SLBOCLE)
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Diesel Fuel Injection

Fuel Lubricity
Various diesel full lubricity tests exist, however, they do not use
representative materials from real systems for test samples

AASTM D6079 Standard Test Method for Evaluating Lubricity of Diesel Fuels by the|
HighFrequency Reciprocating Rig (HFRR)
A The standard includes the following:

Note 1—It is not known that this test method will predict the ‘
performance of all additive/fuel combinations. Additional work is under-

way to establish this correlation and future revisions of this test method
may be necessary once this work is complete.

PLl NT Tribology Preducts
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And ASTM D6079 Standard Test Method for Evaluating Lubricity of Diesel Fuels
by the High -Frequency Reciprocating Rig (HFRR)

The standard includes the following:

Note: It is not known that this test method will predict the performance of all
additive/fuel combinations. Additional work is underway to establish  this
correlation and future revisions of this test method may be necessary once this

work is complete.



Slide 65

Diesel Fuel Injection

Fuel Lubricity

AModified HFRR SwRI
Amodified version of the HFRR test, using a line contact, with claimed

improved sensitivity

PLl NT Tribology Preducts
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SwRI have been working on a modified version of the HFRR test, using a line
contact, with claimed improved sensiti vity.
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Diesel Fuel Injection

Fuel Lubricity & Materials

AModified HFRR ORNL
AY2RATASR @GSNBRAZ2Y 2F GKS | cww 0
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The development of a "pin on twin" scuffing test to evaluate materials for
heavyduty diesel fuel injectorsJJ Truhan, J Qu, PJ Blaubology
Transactions Volume 50 Number 1 Januadviarch 2007

PLl NT Tribology Preducts
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GThefriction force wasfoundto giveareliablereattime determinationof the onsetof scuffingasverified by
the morphologyof the wear scar Thescarwidth & surfaceroughnessprofiles either did not reliably detect
the onsetor were difficult to carryout with this geometry

Of the three parametersused, the friction force wasfound to be the most reliable measureto detect the
onsetof scuffing& correlatedto surfacemorphologyasmeasuredby SEM

Scarwidth & surfaceroughnessdata were not usefulasa meansto detectthe transition between polishing
& scuffingé

Question

If we define scuffingasthe onsetof adhesivewear, in other words, the start of the adhesivewear process,
why do we usetestsinvolving generation& measurementof a wear scar?

PLl NT Tribology Preducts
from Phaenix Tribalogy Lbd

This raises an interesting point: i f we define scuffing as the onset of adhesive
wear, in other words, the start of the adhesive wear process, why do we use tests
involving generation and measurement of a wear scar?
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APin on twin geometry has been used for testing DLC coated pins, with
diesel fuels

AcCoatings tend to fail, navear

The pin on twin geometry has been used for testing DLC coated pins, with di esel

fuels. The coatings tend to fail, not wear.



