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Abstract

Pellets were formed by compacting MoS, powder. A series of tests were conducted on a tribometer that consisted of simultaneous pellet-on disk
and pad-on disk sliding contacts. The purpose of the tests was to intentionally transfer MoS, third-body particles to a disk where its lubrication
characteristics could be studied. This work also showed that the MoS, pellet actually acted as a self-repairing, self-replenishing, oil-free lubrication
mechanism. In the experiment, a pellet is sheared against the disk surface while the loaded slider rides on the lubricated surface and depletes the
deposited powder film. A control-volume fractional coverage modeling approach was employed to predict both (1) the friction coefficient at the
pad/disk interface and (2) the wear factor for the lubricated pellet/disk sliding contact. The fractional coverage varies with time and is a useful
modeling parameter for quantifying the amount of third body film covering the disk asperities. In the model, the wear rate of a pellet and pad
friction coefficient can be determined as a function of the pellet load, slider pad load, disk speed, and material properties. Results from the model

qualitatively and quantitatively predict the tribological behavior of the experimental sliding contacts reasonably well.

© 2007 Published by Elsevier B.V.

Keywords: Powder lubrication; In situ solid lubrication; Transfer film; Fractional coverage; Particulate lubrication

1. Introduction to powder lubrication

Advancements in engine technologies and the continuing
depletion of the world’s petroleum oil supply have increased
the need for oil-free lubrication. Additionally, conventional lig-
uid lubricants have proven inadequate in extreme-temperature
and load environments. Fortunately, lamellar powders or
“powder lubricants” such as molybdenum disulfide (MoS,),
titanium dioxide (TiO;) and tungsten disulphide (WS;) have
demonstrated excellent tribological capabilities [1]. In powder
lubrication, powders lubricate by forming transfer films from
compact, spray, or composite forms. In this paper, the lubricant
source is obtained from powder compacts intentionally sheared
against a rotating disk surface. Consequently, a thin transfer film
is formed on the surface on the order of the surface roughness.
Therefore, thick film powder lubrication theory, such as Hesh-
mat’s quasi-hydrodynamic theory, does not apply to these thin
asperity-covering transfer films.
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1.1. Compacted powder transfer films

Powder lubricants, pelletized to serve as a deposition source,
present a novel approach to lubricating machine components
in future applications. Research has shown that pellets can be
successfully applied as transfer films to tribosurfaces [2—4].
Additionally, Haltner compacted powder lubricants as a mecha-
nism for transferring a thin lubricious film to a rotating disk [5].
He studied MoS, compacts in both vacuum and in room air (rel-
ative humidity of 50%), at a velocity of 0.84 m/s. In these tests,
the steady-state friction coefficient was p=0.17. Compacted
MoS, powders have also exhibited transient frictional behav-
ior in tests done under both non-vacuum [1] and vacuum [6]
conditions. Johnson and Vaughn, who did their tests in vacuum,
concluded that the “buildup” in initial friction values was due to
an amorphous layer of sulfur generated at the initial point of slid-
ing. Higgs and Heshmat, who conducted tests under non-vacuum
(i.e., atmospheric conditions at room temperature) introduced an
alternate explanation to the build-up friction relating it to disor-
der as quantified by entropy [1]. The traction behavior of powder
graphite compacted at Hertzian pressure levels was studied to
characterize the behavior of the powder particles in the contact
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region [7]. In the disk-on-disk tribometer used in their experi-
ments, the speed was U=3.98 m/s (100 rpm) and the Hertzian
pressure P; =690 MPa. From their work, a method was devel-
oped for predicting the film thickness of a powder film in a
Hertzian contact, and the traction coefficient of a powder film in
rolling element bearing configurations. Higgs et al. showed that
MoS; pelletized powder lubricants acted as a velocity accommo-
dating third-body in high-speed sliding contacts [1]. Extending
Godet’s third-body approach [8], Fillot et al. [9] used a computa-
tional wear simulation to glean mass balance laws for describing
wear between tribosurfaces when a third-body is formed.

The scope of this work presents experimental results from
a competing transfer film deposition and lubricant depletion
process. To predict this process, a control volume fractional
coverage (CVFC) model has been developed that extends the
mass-balance concepts of Fillot et al. [9] to analyze the com-
peting pellet transfer film (i.e., lubricant deposition) and pad
wear (i.e., lubricant depletion) mechanisms on a pellet-on disk
with slider pad tribometer configuration. Results from the pellet-
on-disk with slider experiments are compared to the theoretical
results from the CVFC model.

2. Experimental details
2.1. Pellet-on disk experiments

To analyze an in situ powder transfer film mechanism, a setup
consisting of in-line sliding of a MoS; pellet and slider pad
(Fig. 1) was developed. Pellets fabricated from tap powder are
wear tested on the pellet-on-disk tribometer (Fig. 2), using the
in-line pellet and slider setup of Fig. 1. In the wear tests, MoS,
pellets were sheared against the surface of the rigid rotating
disk. The thin-film interfacial third body particulates produced
by the pellet were depleted by the loaded slider pad riding on
the lubricated surface.

2.2. Fabricating pellets for wear testing

Preliminary work identified MoS; powder as a suitable solid
lubricant material for this investigation [2]. A powder com-
paction system was designed for forming the cylindrical MoS»
pellets, consisting of a top and bottom die, which housed the

F,= 17.8 N (41bs)
P = 68.7 kPa - 340.8 kPa
a,, = 34 MPa (5000 psi)

Slider pad
MoS, pellet

Lubricant film :EL
—

TiC Disk U

Fig. 1. Pellet-on-disk with slider apparatus enables the study of self-replenishing
powder film transfer. The test parameters were as follows: F,=17.8N;
P, =68.7-340.8 kPa; U=4.5-45m/s.

Pellet holder on low

friction slider .__

Fig. 2. Pellet-on-disk with slider tribometer for measuring the pellet wear and
friction forces at pellet/disk and slider/disk.

powders during compaction. A thin sleeve of Inconel alloy
encompassed the powders. A porous, split sleeve tube encasing
the powder and the Inconel was placed in the bore of the top die.
This encasing was rested on top of a porous disk located at the
base of the bore. The disk had a porosity of 0.5 um and allowed
the air in the powders to escape during compaction. The piston
was less than 100 wm smaller than the porous encasing to avoid
metal-to-metal contact. Once filled with powder, the fixture was
placed under a hydraulic press where it was compacted to the
desired pressure. The resulting pellet had a diameter of 19 mm
and a length of 51 mm. The pellets were made by compacting
three different samples of MoS, powder with varying average
particle sizes; Sample A with 13.64 wm; Sample B with 7.4 pm;
Sample C with 1.56 pum. Similar to transfer films that are not
self-replenishing [10], Sample A was used in previous pellet-
on-disk tests conducted without slider pads and was excluded
as a self-replenishing solid lubricant candidate for this work, so
only Samples B and C are examined in this study. The mass,
diameter, length, and density of the pellet were measured after
compaction.

2.3. Pellet-on disk with slider experiments

After the pellets were fabricated and measured, they were
placed in the L-shaped pellet holder for wear testing. During the
tests, a pellet was loaded against the disk, as it rotates. A slider
pad, located in-line with the pellet, was also loaded against the
disk. In this project, the investigation of the film transfer process
was studied using the pellet-on-disk wear test. Fig. 1 shows a dia-
gram of the pellet-on-disk with slider pad configuration. In the
experiment, a powder transfer film from a pellet was deposited
on the disk and a slider pad depletes the film when its load
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exceeds the film’s load carrying capacity. Since the pellet is
pressed against the rotating disk by a weight Fy, the thin film is
transferred to the disk by shearing. The transfer film supports the
normal load on the slider, which is expressed as a contact pres-
sure P.. Lastly, the wear rate (i.e., transfer film delivery rate)
of the pellet and the frictional behavior at the pellet-disk and
pad/disk interfaces were studied.

2.4. Experimental setup

A schematic of the tribometer is shown in Fig. 2. The tribome-
ter from Mohawk Innovative Technology Inc. [1], consisted of a
disk mounted on a spindle driven by a one HP variable-speed DC
motor, which had a maximum speed of approximately 5000 rpm.
The disk, made of Titanium Carbide cermet (TiC), had an aver-
age test track radius of 83.1 mm (3.27in.) and a thickness of
14mm. A pellet lubricant holder for the test specimen main-
tained the pellet in a vertical position. The holder, mounted atop
alow friction slider, allowed the pellet to slide without constraint
against the rotating disk. A load cell with a probe wire attached
to the base of the specimen holder measured the frictional force
exerted on the pellet. A linear variable differential transformer
(LVDT) with a resolution of 2.5 pm was placed on top of the
pellet to record its vertical displacement, which was converted
to the mass of material worn vertically. This calculated vertical
mass wear was verified against the total mass of wear measured
at the completion of the tests using a mass balance.

The measurables in the experiments are shown in Fig. 2 as the
frictional (tangential) force Fts at the slider pad, the frictional
force at the pellet FY, and the wear displacement of the pellet
AL (see Fig. 1).

The high-speed pellet-on-disk tribometer was modified to
include a load arm capable of securing a slider pad on the disk
during wear tests. The slider pad supports the load on the film
and was loaded by placing dead weights F on the load arm at a
distance away from the pad’s center of mass. Since the point load
was not being applied at the pad, a moment balance was made
to determine the load actually realized at the pad, which was
transmitted by a pivot ball. At the pivot ball on the load arm,
the contact pressure P, on the bearing pad was computed by
dividing the normal load F by the pad area and multiplying this
quotient by a moment factor. This factor, 0.719, was determined
by taking the summation of moments about the load arm joint
and was used to determine the load actually experienced at the
center of the pad. The contact area of the pad was 6.45cm?
(1in.?) and a photograph of the slider pads are shown in Fig. 3.

A graphical user interface data acquisition software was
developed and used to record the relevant parameters of speed,
friction forces, and pellet vertical displacement at acquisition
time intervals as small as a tenth of a second. Digital panel
meters also displayed the output values for manual verification,
and an alarm was designed to warn the user when the dry friction
coefficient was attained between the slider and disk.

2.5. Pellet-on disk with slider testing procedure

Testing was initiated when the disk reached the prescribed
speed. The data acquisition is started at the same time. To ensure

Fig. 3. Photographs of TiC slider pads: (a) pad was wear tested for 180 km and
(b) pad was untested pad.

reliability, data is also acquired manually by reading the digi-
tal panel meters, measuring the average wear depth and friction
forces. A special receptacle collects the wear debris emerging
from the interface. At the end of each run, the structural integrity
of the pellet is visually examined, and the disk cleaned using hex-
ane for the next run. The amount of wear for a particular run is
experimentally determined by computing the product of the pel-
let cross sectional area, pellet density, and vertical displacement
(i.e., change in pellet length) as measured by the LVDT system.
The mass wear of the pellet is also obtained using a mass balance
with a resolution of 0.05 g. The LVDT-based wear from exper-
iments is compared to the mass balance wear at the conclusion
of the tests. The LVDT computed pellet mass loss was within
5% of the mass loss in wear tests. The in situ measurements
were vertical pellet wear AL and the pad and pellet coefficient
of friction are s and pp, respectively. Numerous pellet-on-disk
with slider tests were conducted under normal room conditions
with the following experimental parameters shown in Table 1.

3. Experimental results

The wear tests consist of a pellet-on-disk with a slider pad
depleting the film track deposited by the pellet. The series of
wear tests show wear and friction trends of the pellet and pad
as a function of distance. The results depict the behavior of the
pellet as a function of disk speed U, load on pellet F,, powder
compaction pressure oyy, and pad load, F;. Friction coefficients
at the pellet/disk interface ., and slider/disk interface p, were
also measured (from the frictional forces) to assess the fric-
tional behavior of the powder film at the two sliding contact
regions. The vertical wear AL of the pellet was also measured

Table 1

Experimental parameters for pellet-on disk tests

Parameter Value
Ambient temperature (°C) 23.3-24.4
Relative humidity (%) 40-50
Test speed, U (m/s) 4.5-45
Compaction pressure, oyy (MPa) 34.5
Pellet load, F}, (N) 17.8

Pad load, Fs (N) 56.8-307
Range of test sliding distance (km) 6-8

Average MoS; powder particle sizes Samples B (7.4 pm)

and C (1.56 wm)
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Fig. 4. Data from a single pellet-on-disk with slider test for pelletized MoS, on a TiC disk. (a and c) Pellet and pad friction coefficient; (b and d) cumulative pellet
wear. (a and b) Test (#55) conditions for Sample B (oyy =34.5 MPa), P. = 137.8 kPa (20 psi), U =9 m/s; (c and d) Test (#80) conditions for Sample C (oyy =34.5 MPa),

P.=340.14kPa (49.6 psi), U=27 m/s.

and converted into mass wear loss. While there were numerous
tests conducted on the tribometer, the authors exercise brevity
by showing data friction and wear at one test condition in Fig. 4.
Summary data are shown for both Samples B and C pellets at two
additional disk speeds U=27 m/s and 45 m/s in Figs. 5 and 6,
respectively. The friction and wear data at these speeds show
trends that are representative of the other pellet-on disk with
slider tests.

Fig. 4(a) and (b) shows data from a wear test with the
MoS; pellet Sample B (P4 =7.4 um) at a compaction pressure
oyy =34.5MPa, slider pad contact pressure P =137.8 kPa, and
disk speed U=9 m/s. In Fig. 4a, the pellet friction coefficient s,
is shown as a function of wear distance Lt. The friction coef-
ficient was determined by the quotient of the frictional force
FtP measured at the base of the pellet and the normal load pro-
duced on the disk by the pellet (see Fig. 2). It is not evident

(a) U =27m/s
- 0.2
=
@
'E 0.16 4
=)
é 0.12 @ Sample B
g 0.08 Sample C
:§ 0.04 4 —
=
1]

62.6 137.8 340.14
Contact Pressure Pc (kPa)

from the up versus distance graphs what the tribological effect
on the pads would be. However, it seems that ;, may be useful
in estimating the tangential force needed to detach the MoS;
particles from the pellet [11]. Detachment forces, which relate
to pellet wear, may be discernable by looking at the i, plot. In
Fig. 4a, the slider friction coefficient g is shown as a function
of distance. The friction coefficient g was determined by the
quotient of the frictional force F> measured at the base of the
slider pad and the normal load produced on the disk by the pad.
During run-in, the slider friction coefficient g decreased below
the dry friction coefficient (s =0.2) until it reached the lowest
friction coefficient for the test of ws=0.08. Steady-state con-
ditions (i.e., when the wear rate becomes constant) for the test
were reached at approximately 2 km at which point pug=0.13.
This shows that the pad did not experience starvation during
the Skm at steady state. Fig. 4b shows the mass loss of pel-

—
=2
~

U =27Tm/s
1.00E-05

1.OOE-06 A

@ Sample B
1.00E-07

Sample C

1.O0OE-08 +

1.00E-09

T . 1
62.6 137.8 340.14
Contact Pressure Pc (kPa)

T

Wear Factor (cm3/cm-kg)

Fig. 5. (a) Slider pad friction and (b) pellet wear as a function of slider contact pressure. Test conditions: U=27m/s, oyy =34.5MPa, F,=21.3N.
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Fig. 6. (a) Slider pad friction and (b) pellet wear as a function of slider contact pressure. Test conditions: U=45 m/s, oyy =34.5 MPa, F},=21.3N.

let wear as a function of distance Lt. The corresponding wear
factor ¢, which is the steady state wear volume divided by the
product of the mass-load on the pellet and the total wear dis-
tance, is 1.07 x 1078 cm® cm~! kg~!. The ¢ was approximately
constant for 5 km indicating that there was a continuous deliv-
ery of powder lubricant being supplied to the pad/disk sliding
contact. In another test, Fig. 4(c) and (d) shows data with the
MoS; pellet Sample C (Pq=1.56 wum) at a compaction pressure
oyy =34.5 MPa, slider pad contact pressure P. =340.14 kPa, and
disk speed U=27m/s. In Fig. 4c, one can see that both the
pad and pellet friction coefficients approach steady-state val-
ues in the approximate range of 0.13-0.15. This corresponds to
a steady-state wear rate which starts at approximately a wear
distance of 1 km as shown in Fig. 4d.

The results from the pellet-on disk with slider wear tests for
both MoS, powder Samples B and C have been summarized
using the bar charts in Figs. 5 and 6 which represent wear tests at
U=27m/s and 45 m/s, respectively. The normal load on the pad
creates a contact pressure P (in kPa) on the disk. In Figs. 5 and 6,
the steady-state friction coefficient g at the slider/disk inter-
face and the wear factor ¢ as a function of P, are shown. At
U=27m/s, Fig. 5a shows that the friction coefficient increases
with the pad load for both samples. In Fig. 5b, the wear fac-
tor also increases with increasing slider load, except for Sample
B at P.=137.8kPa. At U=45m/s, Fig. 6a shows that the fric-
tion coefficient at the pad/disk interface increases with contact
pressure. However, Sample B slightly deviates from the global
trend at P; = 137.8 kPa. In Figs. 5 and 6, Sample C consistently
shows that the pad friction coefficient and pellet wear rate ¢
both increase with pad load. This likely suggests that increasing
the pad load increased the lubricant starvation which made the
friction coefficient also increase. Consequently, the pellet wear
rate increased as the disk starvation (i.e., lubricant-depletion)
promoted increased pellet wear. In Fig. 6b, the pellet’s wear
increases as the load on the pad increases for both MoS, sam-
ples. Itis likely that environmental fluctuations such as humidity
may have caused the slight deviations from the expected trends
for Sample B in Figs. 5b and 6a. In Figs. 5b and 6b, one can
see that the pellet with Sample C powder wears less than Sam-
ple B pellet for almost all contact pressures. This is attributed
to the fact that for a prescribed compaction pressure, Sample C
powder (i.e., the smaller particles) was more dense with higher
cohesion. Another telling feature of Figs. 5b and 6b is that a
larger pad load increased pellet wear. As the film was depleted,
the wear rate of the pellet increased to account for the lack of

lubricant film present on the disk. This suggests the lubrication
mechanism appears to replenish the transfer film only as-needed.
One should note that Fig. 4c and b is the friction and wear evolu-
tion data for the test which is summarized in Fig. 5 (U=27 m/s;
Sample C) when P =340.14 kPa.

4. Theory

Fig. 7 shows a simplified schematic of the pellet as it is
sheared against the disk whose surface asperities have been exag-
gerated. The third body particulates sheared from the pellet fill
up the valleys on the disk surface en route to covering up the
asperities.

4.1. The control volume fractional coverage (CVFC) model

In order to develop a first principle tribology model of the
lubrication process, the third-body transfer film was made the
control volume. Next, a wear and third body concept was adopted
[9]. As the pellet in Fig. 7 wears, it deposits a thin film of lubri-
cant on the surface of the disk and covers the asperities on the
disk surface. The control volume fractional coverage (CVFC)
modeling assumptions are as follows:

(1) The slider/disk and pellet/disk interface topographies are
represented by a nominally flat pellet or slider surface in
contact with a rough disk with a composite roughness.

(i) The disk topography varies little relative to the maximum
asperity height p,x.

(iii) The frictional response in the pellet/disk and slider/disk
interfaces is predominantly a function of the amount (i.e.,
fraction) of transfer film covering the disk surface.

pellet !
disk «—}—o ' h [ hmax

Fig. 7. Schematic of pellet sheared against the disk.

control
volume

Third-body
particulates

— L]
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The fractional coverage, X, is dimensionless and is defined
as the fraction of lubricant (third body particulates) that covers
the asperities of the disk surface. That is:

h

X =

hmax
where & is the local height of third body film. The film height
when the disk asperities are completely covered is & = hpax and
in that case, X=1. Similarly, X=0 represents the case of no
lubricant coverage. Researchers have employed other forms of
fractional coverage relations in modeling lubrication processes
[12-17]. Our model assumes that the slider pad can be treated
as smooth and that the frictional response is primarily a function
of the change in the film height /& of solid lubricant that covers
the asperities. Referring to Fig. 7, consider the control volume
that encloses asperities and valleys as well as the third body
particulates transferred by the pellet as shown by the dotted lines.
The third body has the pellet as its sources of supply, however, it
is being depleted from two sources: at the pellet’s leading edge,
and far away from the pellet, at the slider. From conservation of
mass:

Third Body Third Body Third Body )

Storage Rate /  \ Input Rate Output Rate

To mathematically interpret Eq. (2), use is made of Archard’s
Wear Law:

ey

V =KFNU 3)

where V is the volume wear rate, K the dimensional wear coeffi-
cient, FNy the normal load applied, and U is the sliding velocity.
K is an empirical constant that usually describes the probability
of wear occurring between two different materials such as TiC
on MoS», although in some instances, K could just be between
the same kind of material for instance MoS; pellet riding on
MoS, third body. Using Archard’s wear law from Eq. (3), the
conservation law of Eq. (2) becomes:

Adh—KFUl h KFUh
e PP Pmax PP Bimax

h
—Kes FU—— “
hmax
where A is the cross-sectional area, and F}, and Fy are pellet and
slider loads, respectively. Additionally, K}, is the wear coefficient
for the pellet/disk interface, while the wear coefficients for the
third body wear due to shearing from the pellet and slider pad are
Kep and K, respectively. Applying the definition of fractional
coverage from Egs. (1)—(4) yields:
dXx

Ahmaxa = KpFpU(1 — X) — Kep FyUX — Kes FsUX 5)

Eq. (5) is the governing equation which together with the
initial condition X(0) =0 completely defines the problem for the
CVFC model. The solution to Eq. (5) is given by:

FpKp

X0 = Kt FoKep - Kp) {1 TP (_é)] ©

where ¢ is the time constant defined by:

_ Ahmax
FiKes + Fy(Kep + Kp)U

)

T

After a long time has elapsed, the steady state fractional
coverage is deduced from Eq. (6) as:
Ky

X =
FsKes + Fp(Kep + Kp)

®)

Researchers have used other forms of fractional coverage
to predict the friction coefficient. Adopting the linear-rule-of-
mixtures from Dickrell et al. [ 18,19], the pellet and slider friction
coefficients can be defined as:

MHp = Xﬂlub,p +1 - X)/'Ldry,p 9

Hs = Xﬂlub,s +(1 - X)Mdry,s (10)

where up and g are friction coefficients at the pellet/disk and
slider/disk interfaces, respectively. The pellet and slider fric-
tion coefficients for unlubricated conditions are fLgry,p and idry,s
while those for lubricated conditions are indicated by ttjub,p and
Mlub,s-

To obtain the steady-state wear factor of the pellet, ¢, Eq. (5)
is first rewritten for the pellet alone:

dv,

V= dTp = K,F,U(1 — X(1)) (11)
Thus,

Is
Vo total = /0 KpFoU(1 — X(1)) dt (12)

where V,, is the pellet wear volume, Vj ora is the total pellet
wear volume over a total sliding time #;. Then, the result from
Eq. (12) is used in Archard’s wear law to give the steady-state
wear factor as:

Vp,total
(Fp/)tsU

where g is gravitational acceleration.

Table 2 has the numerical values that were used in the CVFC
model. Based on Eq. (5), the wear coefficients K}, and Kes rep-
resent the probability of the MoS; pellet being worn by the TiC
disk and the probability that the MoS; film will be removed
from the disk by the trailing TiC slider pad, respectively. Thus,
both of these sliding contacts involve a TiC-on-MoS; inter-
face configuration (Fig. 2), and it was assumed that K}, = Kes =
5.5 x 1078 m2/N, as shown in Table 2. The final wear coeffi-
cient Kep, represents the lower probability that the MoS; pellet
will become glazed and thus removes MoS; transfer film from
the disk. Since this event happened less frequently in the tests,
we assigned this wear coefficient with an order of magnitude
lower probability of Kep=5.5 x 10~% m?/N. These values rep-
resent our best guess and can be improved through detailed curve
fitting. The authors chose not to curve-fit here to demonstrate
the reasonable effectiveness of the first-principle CVFC model.
The other values in Table 2 were taken to coincide with the
experimental conditions.

¢(cm’>ecm'kg™!) = (13)
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Table 2
Parameter values for CVFC model
Pellet Slider

Friction coefficient

Mdry,p =0.12, unlubricated
p=0.05, good lubricant

Mdry,s = 0.15, unlubricated
s =0.03, good lubricant

Wear coefficient (m?/N) Kp=55x 107 K., =5.5%x 107° Kes=5.5x 1078
Normal load (N) F,=283.38 Fy=0-225
Disk values—sliding speed: U= 27 and 45 m/s; roughness: /ipax = 1074 m.
0.6 0.8
2
g 05 =
> )
: z 06
Z 04 O
= =
E 5
g 0.3 5 0.4
g g
g 02 [
=
2
ol 0.2
0
0 : .
1] 50 100 150 200
0 50 100 150 200

Load on pellet, Fp (N)

Fig. 8. Fractional coverage vs. pellet load.

The results from Egs. (8)—(10), and Eq. (13) form the basis
for the comparison of the theoretical and experimental results in
the next section.

4.2. Comparing experimental results with theory

The CVFC model qualitatively and quantitatively agrees with
results from the pellet-on-disk with slider tests. In Figs. 8 and 9,
the model predicted the fractional coverage parameter to
increase with pellet load while decreasing with slider load, trends
that were irrespective of the sliding velocity at steady state.
Fig. 10a and b illustrate that at sliding speeds of 27 m/s and
45 m/s, both the model and experiment show the friction coef-

(a) THEORY

0.16 \

0.14
2 012
=
S 0.1 U=27m/s
L.E 0.08 Sample C
= 0 \
=]
o 0.06
] EXPERIMENT
O 0.04

0.02

50 100 150 200

Load on slider, Fs (N)

Load on Slider, Fs (N)

Fig. 9. Fractional coverage vs. slider load.

ficient at the slider/disk interface increase before levelling off,
as slider load increases. Finally, for the same sliding speeds
of 27m/s and 45 m/s, Fig. 11a and b shows that the theoreti-
cal and experimental wear factors for the pellet increase with
slider load. This actually demonstrates that the pellet repairs
the transfer film and self-replenishes the depleted film. Since
the frictional response of powder lubricants are dependent on
the environmental conditions, namely temperature and rela-
tive humidity, one should note that the CVFC model could
be improved by including thermal variables in the model.
This might certainly explain the deviations between experi-
ments and theory at higher loads where the frictional heat
increases.

(b) THEORY

\

0.15
w
= 0125
=}
=2
§ 0.1 U=45m/s
= Sample C
B 0075
o
8 0.05

EXPERIMENT
0.025
50 100 150 200

Load on slider, Fs (N)

Fig. 10. Coefficient of friction vs. slider load.
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Fig. 11. Pellet wear factor vs. slider load.

5. Conclusion

Experiments were conducted to test the feasibility of devel-
oping a self-repairing, self-replenishing lubrication mechanism
using powder lubrication. The results indicate that compacted
MoS; in a competing-process tribosystem is a suitable candi-
date for providing continuous lubrication to sliding contacts. In
order to predict the competing (deposition/depletion) lubrication
process, a third-body control volume fractional coverage model-
ing approach was developed to predict slider friction and pellet
wear on a pellet-on-disk with slider tribometer. The model is
essentially based on first principle tribology with the only free
parameters being the experimental wear coefficients. To that
end, the model did an adequate job of predicting the friction
coefficient at the slider/disk interface and the wear factor for the
pellet. The experimental results also demonstrated that an in situ
self-replenishing solid/powder lubrication mechanism could be
developed using a pellet-on-disk with slider pad configuration.
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