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ABSTRACT
Introduction

A drong dependence on evauation by practicad testing is typicad for the whole field of
tribology. This is due to the complex conditions of geometry, pressure, temperature,
contacting materids, and environment, experienced by interacting surfaces in redive
motion. However, many of the more traditiona wear tests for friction and wear are no
longer applicable when developing or sdecting thin coatings for mechanica tools and
especidly for mechanicd components [1,2,3]. New dedicated tribologica tests and
testing procedures must be devel oped.

This paper presents some of the laest gpplications and findings by usng the Load
Scanner first presented a& the OECD conference in Amderdam 1999. This tet was
originaly deveoped to assess the ability of sazure between meds in diding contact,
but has proved to be very useful dso in the evduation of thin tribologica coaings.

Experimental

The Load-Scanner

This tester uses a configuration involving two crossed, cylindrical specimens typicaly
of @ = 10 mm, which are forced to dide reciprocaly against each under a constant
speed [4-6], cp. Figsl and 2.

During forward strokes, the normd load gradualy increases from a low to a high levd,
see Fig. 1. On the reverse sroke, the load is correspondingly decreased. Each point
dong the contact path of both specimens will experience a unique load, dso in
reciprocad testing. Thereby, each point will experience a unique tribologica higory,
which fadlitates immediate friction and wear vs. load evduation in one single test, and
rapid determination of any critica load. The tests can be run dry or lubricated, cp. Fig 2,



and the reault is evauated from the recorded friction higory and by imaging the worn
surface in the optical microscope (OM) or scanning €l ectron microscope (SEM).
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Figure 6. Principd function of the Load Scanner, showing the lower of the contacting
goecimens moving upwards under increesng load. The load VS. podtion rddion is
fixed, 0 tha any sngle point will only experience one unique load dso in repeated
reciproca diding.

Fg. 2. @ The Load Scanner in operdion. b) Detal of the clamped test rods and the ail
container used in lubricated tests.

The Load scanner can be usad in a sngle sroke mode to evaduate load carrying capecity
of coaed components or to edtablish critica loads for onset of high friction or saizure
In high cyde mode, the influence of load on running-in, friction, wear and fatigue
damage is easly assessed. The technique offers a very rapid and convenient means of
esteblishing 3-dimensnd friction maps, je diagrams over the friction vs load and
number of srokes.

Results and discussion



DLC coated lubricated components

The effect of coating on one or both pats on running-in propeties of boundary
lubricated DLC coated components have been investigated. Hardened sted rods (H =
85 GPa) were used combined as sdf-maed uncoated sted (Sted/Stedl), DLC coated
ded agang uncoated sed (DLC/Sted) and sdf-mated DLC coated sted (DLC/DLC).
A diding peed of 0.1 mvs and a load scan of 140 — 1700 N was used, and the friction
coefficient during the firg 30 strokes was recorded, see Fig. 3. The lubricant was PAO
without any additives.
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uncoated sted. b) DLC coated sted agangt
DLC coated sed. ¢) DLC coaed sed Load [N]
againg uncoated sed [7]. )

The bendfit of the DLC coaing is obvious The Sted/Sted combingtion initidly
exhibits rather high friction coefficent, egpecidly a the low ad high loads For the
intermediate loads, there is a rapid reduction of the friction coefficient to bdow 0.1
(dak shede in the diagrams) presumably due to surface smoothening by plagtic
deformation and wear of the asperities The friction reduction is relaivdy dow a low,
and egpecidly a high loads, where the oil obvioudy is not cgpable of offering boundary
lubrication.

Having both surfaces DLC coated dramaticdly reduces the initid friction a dal loads,



but a running-in towards g = 0.1 occurs dowly and initidly only & a rddivey high
load level, due to the high wear ressance of this coating. The very best result is
generated by the DLC/Sted combination, which indantly displays a friction coefficient
bdow 0.1 for dmog the whole load interval. The hard DLC codting obvioudy has the
potentia to rgpidly smoothen the stedl counter surface dready during the first stroke,

5.4 Effect of coating on running-in with additivated ol

The above test was repeated with anti wear additives (AW) added to the PAO ail [7],
se FHg 4. The additives efficiently reduced the high load friction for the Sted/dted
combination, s.e FHg. 8a However, agan DLC coating can have a dgnificant effect in
further reducing the friction reduction and totdly avoiding the high friction during the
first few strokes.
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Fgure 4. Fiction magps demondraing the
effet of DLC coding on the running-in
fricion of boundary lubricatled mechanica
component. Tests performed in the LS sat-up.
Lubricant: PAO + AW additives. 8 Uncoated
ded againgt uncoated sed. b) DLC coated
ded agangt DLC coated sed. c¢) DLC
coated stedl against uncoated sted [7]. 0)

Conclusion

A positive effect of DLC coating on only one surface was observed. This is due to the
fact that a tribofilm composed of both reection products between sed and the lubricant,
and dements from the coating is formed tha seems to give a somewha lower friction
than the film formed on stedl surfacesin self mated contact [8].
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