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Environmental factors during lunar activities pose a
great technical challenge that must be overcome prior to
successful extended operations in a lunar environment.
Of these factors lunar regolith disturbance via anthropo-
genic activities is the greatest challenge to the reliability
of tribological components[1]. Prior art has shown lunar
regolith particles within tribological contacts lead to
premature failure[2—4]. Furthermore, sealing elements
are subject to premature failure and degradation in a lu-
nar environment as well. Lunar regolith ingress is ex-
pected under the harsh environmental conditions re-
gardless of sealing elements. Assessing the ability of
tribological contacts to withstand the intrusion of these
particles is crucial for extending the service life of these
components. Polymeric coatings and hard coatings are
both potential choices for dust tolerant bearing surfaces.
ATSP polymer composites have proven performance
benefits when exposed to lunar regolith simulants in
both cryogenic and high temperatures. Additionally,
hard coatings such as diamond-like carbon (DLC) and
titanium molybdenum disulfide (Ti-MoSz) have shown
tolerance to dust in extreme environmental condi-
tions[5-7].

There is a lack of prior work comparing hard coat-
ings against polymeric soft coatings in the presence of
harsh abrasives. This work is an assessment of DLC, Ti-
MoSz, and PS400 hard coatings tested against them-
selves and an aromatic thermosetting copolyester
(ATSP) vitrimer in the presence of fine lunar regolith
simulant at room temperature (Figure ). The goal of
this testing was to provide data for downselection of
hard-hard and hard-soft tribopairs, focusing on their
ability to eject or thrash lunar regolith dust and resist
abrasion.
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DLC and Ti-MoS: averaged low friction (COF
~0.18) in self-tests, thick DLC (0702) had intermediate
COF of ~0.23 in self-tests, while DLC vs ATSP aver-
aged a higher but stable COF (~0.26-0.30) (Figure 2).
Soft counterfaces yielded more consistent performance
(SD <0.125) and avoided unstable high-energy run-in
(~3 min/~45 m). ATSP paired with PS400 resulted in
improved abrasion performance, ~60% reduced pin
wear compared to PS400 self-test (Figure 3), and a sta-
bilized COF in the presence of dust (Figure 2).
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Figure 2. In-situ COF results of a) Ti-MoS>, b) DLC
0701, ¢) DLC 0702, and d) PS400 hard coatings tested
against themselves and against ATSP coated 440C steel
disks.
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Figure 3. Curved pin profilometric scan data refer-
enced to initial pin shape for a) Ti-MoS>, b) DLC0701,
¢) DLCO0702, and d) PS400 tribopairs. Graphics of e)
cross-sectional wear area (Aw) and f) section path and
pin length (L) are shown.
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Figure 4. SEM images of DLC 0702 disk after self-
tested at a) 250X, b) 500X, and c) 2500X.

Surface analysis of the samples after testing con-
firmed that hard-hard tribopairs pulverized the dust par-
ticles resulting in an initial high energy run-in followed
by a stable regime for the remainder of testing. Figure 4
shows the SEM images of fractured and pulverized dust
particles after the DLC 0702 self-test. In contrast, the
hard-soft tribopairs maintained a higher friction equilib-
rium due to the soft coatings capturing the dust particles
and forming an abrasive pad (Figure 5). The formation
of the abrasive pad did increase friction for most tri-
bopairs; however, it did not necessarily increase wear.
The DLC hard coatings were able to withstand the abra-
sive pad effect of the embedded regolith due to their
high hardness and abrasion resistance.
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Figure 5. 3D optical profilometric data of tested 25.4
mm radius disks for all tribopairs (a-h).

These results demonstrate the feasibility of combin-
ing hard coatings with polymer coatings for extreme
space applications. Additionally, they highlight the im-
portance of understanding tribopair contact dynamics
within third body abrasive environments. Future work
could benefit from further material testing and analysis
in cryogenic and high temperature environments as well
as incorporate rolling-sliding interactions such as in
roller element bearings.
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