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This paper presents an experimental approach for the evaluation of the third body role in dry contacts. The
ultrasonic cleaning is applied to remove the third body layer from a contact sample pair, allowing to perform
frictional tests with and without the interface layer. The comparison between the observed behaviors evidences a
strong influence of the third body on the overall frictional response. The cleaned samples have been used as the
substrate to introduce an external third body. The frictional tests pointed out the predominant role of the

interface layer, rather than the substrate, on the frictional performances. This procedure allows to test external
(eventually artificial) third bodies, investigating the role of different features (morphology, composition) on the

frictional response.

1. Introduction

The study of the third body layer in terms of its effect on the frictional
performances is one of the main topics of interest in tribology. The
concept of third body has been firstly introduced by Godet in the 1970s
[1], as a contact entity that provides the separation of the first bodies in
contact, with the aim to clarify the load transmission and the velocity
accommodation. The concept has been extended by Berthier, that pro-
posed the third body as one of five possible sites in which relative ve-
locity can be accommodated in a mechanical system [2]. Berthier also
evidenced the importance of third body rheology inside the contact
interface, introducing the concepts of tribological circuit and tribolog-
ical flows, redefining the wear as the flow of matter that permanently
leaves the contact interface [2].

In dry contacts, the rheology of the third body results to be extremely
complex, due to the discontinuity and evolutive characters of such a
complex media, which is subjected to high local stress and strain rates.
The question of establishing a parallelism between a solid third body and
a fluid one (lubricant) has been afforded since the 1980s [3], but the
problem has still no solution. In fact, differently from a fluid lubricant,
the rheology of a solid third body is not directly describable by a
constitutive law and the material cannot be described by an exhaustive

parameter, as the viscosity does for a lubricant [4-6]. Moreover, in
presence of a solid third body, the boundary conditions strongly depend
on the first bodies surface chemistry and topography [7]. The evolutive
and discontinue chemical and morphological characteristics of the third
body at the interface increase the complexity in understanding and
predicting. Nevertheless, numerical and analytical simulations have
been attempted to simulate the role of third body features in simple
normal contacts [8], or even for tangentially loaded contacts, as for
instance in [5,9]. By an experimental point of view, because of the
discontinuity and non-homogeneous character of this layer, largely
affected by several mechanical and physio-chemical phenomena, there
are not well-established experimental procedures to directly evaluate its
rheology and effects on a dry contact. One of the main issues, is to
separate the contribution of the third body from the ones coming from
the bodies in contact and their surfaces.

The understanding of the third body rheology and its role at the very
local scale is strongly linked with the global frictional response at the
macro scale and, therefore, with the system aptitude to incurs in self-
excited friction-induced vibrations [10-13]. Different unstable mecha-
nism, related to different frictional behavior of the contact pair, can lead
to the occurrence of such unstable oscillations in braking systems, as
mode coupling [14,15], negative friction-velocity slope [16,17] or
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stick-slip [18,19]. Being such instabilities originated at the frictional
interface, the role of the third body layer on the local and macroscopic
frictional response of contact systems is directly related to the occur-
rence of either stable or unstable friction-induced vibrations [12,18].

Carbon/Carbon (C/C) composites materials are considered to be one
of the most suitable in high performance frictional applications, because
of low density, high mechanical strength and thermal stability [20-23].
For this reason, C/C materials have been here chosen to develop a new
approach for investigating the specific role of the third body layer in the
overall frictional and vibration response of a contact system. Because of
their industrial interest, C/C have been the object of several experi-
mental works, that characterized their tribological performance in
function of different operating parameters (sliding velocity, normal
load, temperature) and environmental conditions [24-28], as well as
their aptitude to induce dynamic contact instabilities [29,30]. Many
studies focused also on the characterization of wear debris [31-33]
generated during the sliding contact, mainly with the aim of under-
standing the wear mechanism affecting the C/C materials [34].

In this context, this work aims to propose an experimental approach
to evaluate, indirectly, the role of the third body in the overall frictional
response of a dry contact. The procedure has been here applied to the
contact between Carbon/Carbon (C/C) composites materials.

2. Materials and method

The proposed approach has been developed to investigate the role of
the third body layer in the frictional response of material pairs, on a
dedicated tribometer. The main steps of this approach consist in:

1. Testing friction pairs coming from a specific application, with a third
body layer well established, directly in-situ, during the frictional
contact in real operative conditions; this first step allow for obtaining
a reference frictional response of the material pair.

2. Cleaning the contact samples by ultrasonic cleaning, allowing for
removing, collecting and analyzing the third body removed from the
interface.
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3. Testing the contact pairs without third body, previously removed, to
investigate their frictional response.

4. Re-introducing the third body on the contact pair surfaces. The third
body could be either the one previously collected, or artificial third
body created or recovered from other contact pairs.

5. Testing the samples with the reintroduced-third body layer and
comparing their frictional response with the one of the cleaned
samples and the original ones.

In this section, firstly, the test bench and the material samples are
presented. Then, cleaning and re-introduction procedures of the third
body layer are presented.

2.1. Experimental set-up

The experimental campaign has been performed on a specific test
bench, named TriboAir (Fig. 1), used to study the frictional response of
the analyzed material samples and the associated vibrational response.
This tribometer has been designed to have a simple dynamics, allowing
to investigate the dynamic excitation generated at the interface [35,36]
and the overall frictional and vibrational response, in well controlled
boundary conditions and reduced external parasitic perturbations.

The TriboAir test bench is a linear tribometer, therefore, a recipro-
cating relative motion is imposed between the samples by a linear voice
coil motor ((8), BEI KIMCO LA30-75-001A), coupled with an optical
encoder (MicroE OPS-200-1-1) and a controller (Elmo G-DCWHI10/
100EE). The use of this kind of motor, in combination with the use of air
bearings (1), allows to have the moving part completely suspended in
air, resulting in the reduction of external parasitic noise that could affect
the measurement, as well as in a better control of the boundary condi-
tions. The load as well is imposed by dead weights driven by air bear-
ings. The only contact interface in relative motion, therefore, is the one
between the samples (3), that is the only source of friction-induced
vibrations.

This test bench allows the imposition of different motion and tem-
perature laws, this latter ensured using InfraRed (IR) lamps (2) driven by
a PID controller (GEFRAN F650). The measurement of the temperature,

Air bearings

IR lamps

C/C Samples

Force tranducers
Accelerometer: X direction
Accelerometer: Z direction
Thermocouple

Linear Voice Coil Motor

Contact Interface

/

(7

Linear (8)

Reciprocating motion

™~

voice coil

X

—_———p

- -

e

Fig. 1. TriboAir test bench functional scheme. The main components of the Test bench have been evidenced: 1) Air Bearings, 2) IR Lamps, 3) C/C Samples, 4) Force
Transducers, 5) Accelerometer X Direction, 6) Accelerometer Z Direction, 7) Thermocouple, 8) Linear Voice Coil Motor.
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necessary also to feedback the controller, is performed by a thermo-
couple (7) placed in a hole drilled 3 millimeters below the contact
interface. For the present work a contact pressure representative of the
contact conditions encountered in the real application is imposed by
dead weights.

The dynamic response (friction-induced vibrations) of the system to
the dynamic excitation generated at the contact interface is registered by
two accelerometers along the tangential (5) and normal (6) directions to
the contact. The contact forces are registered by two tri-axials piezo-
electric force transducers (Kistler 9017C).

All data are recorded by an acquisition system SIRIUSi - DEWESOFT,
based on DualCoreADC® technology with dual 24-bit delta-sigma
analog to digital converter (ADC), with a sampling frequency equal to
40 kHz, and then post-processed by MATLAB ©.

2.2. Contact material samples

The C/C specimens, used in the present investigation, have been
directly machined from brake discs, demounted after service life on a
real braking apparatus, therefore, with a natural and well established
third body layer. Fig. 2 provides an example of the machined samples
used in the experimental campaign. Upper views of the frictional sur-
faces are also shown.

As shown in Fig. 2, a simple geometry has been adopted for the used
specimens, with the aim of simplify their own dynamics, while con-
trolling the contact parameters.

2.3. Ultrasonic cleaning procedure

The Ultrasonic (US) Cleaning is a widely used technique in many
research and industrial applications [37]. So far, in the field of tribology,
it has been used in various applications, for instance to prepare samples
surfaces [38-40], to study the effect of transfer layer on wear rate [41],
to disperse additives inside lubricants [42], etc. In this work, this tech-
nique is directly used to remove a solid third body from the contact
surface and superficial open porosities, that could act as a reservoir for
the third body recirculating in the contact.

A synthetic scheme of the adopted setup is shown in Fig. 3.

As shown in Fig. 3, only the frictional surface of the sample is sub-
merged into the solvent, to minimize the portion of the sample in contact
with the liquid and avoiding contaminations form the sides of the
sample. In this way, only the frictional surface is cleaned, allowing to
minimize the impact on first body. The use of the term “solvent” is

Fig. 2. Example of specimens used in the experimental campaign. The lower
specimen (a) is a 50x10x25 mm prism, the upper specimen (b) is a cube with
10 mm edge. A detail of frictional surfaces is also provided. The adjectives
“lower” and “upper” are referred to their position in the set-up configuration
shown in Fig. 1.
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Fig. 3. Ultrasonic Cleaning set-up.

knowingly improper in this application, because no chemical solutions
are involved. This nomenclature has been adopted to refers to the
dispersion of detached third body particles inside the “solvent 1,
observed after the cleaning procedure. The ultrasonic cleaning, lasting
15 min with a sinusoidal wave profile at 40 kHz, is followed by a phase
of sample drying, performed under vacuum (= 5 Pa) for at least 48 h, to
degage from the surfaces the used solvent, minimizing its effect on the
successive frictional tests. The samples are restored for two hours in
ambient air before the successive frictional tests.

In this work, distilled water has been used as the “Solvent 1", because
of the presence of water in the material operating environment, avoiding
in this way to introduce a further fluid that would have led to unrealistic
physiochemical reactions. Common water was used as “Solvent 2’,
having the only function of acting as the media by which ultrasonic
waves are transmitted from the machine towards the sample. The choice
of using two different and separated solvents has been adopted to
facilitate the collection of detached third body, used for observations
and tests after the evaporation of the solvent.

The effectiveness of the experimental procedure has been verified by
scanning electron microscope (SEM), observing the same zones of the
sample frictional surface before and after the process of ultrasonic
cleaning. An example of the acquired images is reported in Fig. 4. As can
be observed, the ultrasonic cleaning process removed most of the third
body that was on the frictional surface and inside the porosities, without
causing damage to the first body. Consequently, two main conditions
can be achieved by the ultrasonic cleaning. Firstly, the same sample pair
can be tested with and without the presence of the interface layer,
allowing for a direct comparison. Secondly, a substrate representative of
the used material, cleaned from its original third body, is available to
introduce an external / artificial third body.

The ultrasonic cleaning set-up allows for a simple collection of the
third body detached from surface and porosities, that is directly avail-
able to be observed, as shown in Fig. 5, that present an example of SEM
observation performed on the recovered third body.

2.4. Third body reintroduction

The third body reintroduction procedure has been set in place with
the objective of being able to test an external / artificial third body,
distinguishing between its role and the one of the original substrate (first
body). The reintroduced third body could be either retrieved from a used
disc, and so representative of the material state during the real appli-
cation, or artificially constituted to investigate the role of specific
constituents.

A scheme of the procedure is reported in Fig. 6. It is composed by the
following three main steps, which can be repeated if retained necessary:

i. Firstly, the external third body, object of the test, is deposed on
the frictional surface of the sample, that has been previously
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US Cleaning

Fig. 5. Example of SEM observation on third body recovered from ultrasonic cleaning. In the left image recovered third body is recognizable as a black pile on the
copper support.

3rd body recovered from
used brake disc

PComp = PContact

Fig. 6. Scheme of the third body reintroduction procedure. Three different steps have been applied. 1) Deposition of the external / artificial third body on the sample
surface 2) Distribution of the third body by the use of a brush 3) Third body compaction at high temperature, applying the same pressure of the one used dur-
ing braking.

cleaned with the described ultrasonic procedure. The amount of
third body deposed on the surface has been measured to be
around 3 milligrams.

ii. The deposed third body is far from being uniformly distributed on

the entire surface. To approach a uniform distribution, a brush is
used to distribute the deposed powder on the surface.

iii. As alast step, as described in Fig. 6, the system is heated up to the

service life working temperature (referred as T3 in the following),
while a normal load, calculated to have the same contact pressure
used in operative conditions, is applied statically to compact the
third body on the surfaces, without the application of any relative
motion between the two samples in contact. The contact pressure
is applied along all the surface by unloading, moving and
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reloading the samples. The temperature has been set to be
representative of real temperature ranges in the real application.

After cooling down to room temperature, a running-in phase is
performed, imposing a sliding motion between the samples for 30 min.
This last step allowed to expel the excess of reintroduced third body,
approaching a surface and porosity redistribution of the third body
closer to the one originated by the operative sliding conditions. The
samples are then ready to be tested on the tribometer.

3. Experimental tests

To evaluate the role of the third body on the frictional response of the
investigated C/C contact pair, the same samples have been tested in
different states. The reference test has been conducted on the samples in
the original state, directly machined from a brake disc demounted after
service life. This state will be referred in the following as “Before US”
and represent the reference state of the contact pair. The samples, then,
have been cleaned by ultrasonic cleaning, as described in 2.3, to remove
the third body layer, this state is indicated as “After US”. In a successive
step, third body recovered from a different brake disc, made of the same
material, has been reintroduced on the cleaned sample (state referred as
“After Reintroduction”). This sequence allows for a direct comparison
between successive tests, always performed with the same first bodies,
permitting to evaluate the effect of the third body layer on the frictional
response, with respect to cleaned C/C samples, or the effect on the same
ones of an external reintroduced third body.

3.1. Test protocol

Reciprocating sliding is provided by the TriboAir tribometer, under a
contact pressure representative of the real application. The tribological
and dynamic response of a C/C contact pair has been proved to be
strongly dependent on the imposed conditions [24,26,29]. Therefore, it
is necessary to define and apply a well-defined test protocol, in terms of
sliding velocity and temperature conditions.

As concerns the sliding velocity, a variable velocity motion law is
imposed, as described in Fig. 7. This motion law has been chosen to
maximize the decreasing velocity part of each stroke, simulating a
braking event. With this objective, the acceleration and the maximum
velocity (100 mm/s? and 20 mm/s, respectively), have been chosen to
minimize the acceleration initial transitory. Then, a constant decelera-
tion of 6 mm/s? is imposed. This last phase, representative of a braking
condition, allows to investigate the relationship between the friction
coefficient and the relative velocity.

Regarding the temperature, the trend described in Fig. 8 has been
imposed during each test. The temperature law described in Fig. 8 has

Imposed Relative Velocity

Velocity [mm/s]

I I | I I I L I

0 1 2 3 4 5 6 7 8 9 10
Time [s]

Fig. 7. Variable Velocity imposed motion law. Each stroke is composed by
three different phases: 1) Acceleration phase, imposed value 100 mm/s? 2)
Constant Velocity phase, imposed value 20 mm/s; 3) Deceleration, simulation
of braking conditions, imposed value — 6 mm/s.
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been conceived to investigate the whole temperature range covered in
the investigated application, focusing the attention on 4 different pha-
ses: Room Temperature, heating phase, High Temperature (HT) and
cooling phase.

3.2. Example of test post-processing

For each test, the acquired raw data have been processed by MATLAB
© to retrieve meaningful information. The main outcomes that have
been analyzed are the overall material frictional response, as a function
of the imposed temperature (Fig. 9), and a single stroke frictional and
dynamic response of the system at high temperature conditions
(Fig. 10).

An example of the overall frictional response, measured during a
whole test and including about 75 back and forward cycles, in function
of the imposed temperature, is reported in Fig. 9. Both normalized
friction coefficient (in red) and measured temperature (green) are
plotted in function of time. It has been chosen to highlight, in blue, the
dynamic friction coefficient, that has been conventionally evaluated as
the mean of the friction coefficient values recorded between the 25%
and the 50% of each braking stroke (see detail in Fig. 9), correspondent
to the part with highest values of sliding velocity, excluding the initial
acceleration transitory.

As important as the frictional response, also the correspondent dy-
namic response of the system (friction-induced vibrations) has been
analyzed for the single braking stroke. Fig. 10 presents an example of
single-stroke analysis. The analysis focuses here on one single stroke,
selected at high temperature conditions, of the reciprocating motion
between the samples. By this type of analysis, it can be investigated the
evolution of the friction coefficient as a function of the sliding velocity
(the velocity decreases from 20 to 0 mm/s during the stroke). The
relationship between friction coefficient and relative velocity is, in fact,
the key parameter for the occurrence of unstable vibrations caused by
negative-slope instability. The vibrational response of the system,
consequent to the specific frictional response, is investigated as well by
the accelerometer time signal and its normalized spectrogram (short-
time Fourier transform, with each window normalized on its maximum
value). In the specific stroke reported in Fig. 10, it can be observed as an
increase of the friction coefficient with the decrease of the velocity
(negative friction-velocity slope) leads to a dynamic instability charac-
terized by an unstable mode that vibrates at its natural frequency.
Consequently, the normalized spectrum passes from a broadband spec-
trum to a harmonic one (at about 549.3 s), corresponding to an increase
of the vibration amplitude.

Fig. 11 presents the four different configuration that have been
characterized by frictional tests. The baseline material, machined from a
used brake disc after service life, has been tested both in its original state
(Before US, orange) and without its third body layer, after ultrasonic
cleaning (After US, blue). The third body collected on a different disc
(3rd body source, green), has been reintroduced on the cleaned sample,
used as a substrate. Frictional tests have been performed also on this last
configuration (After Reintroduction, black). The performed test
sequence allows for a direct comparison between the frictional behavior
observed in different configurations, allowing to evaluate the role of the
third body (and of the substrate) on the frictional response of the
material.

4. Experiment results

In this section, the frictional responses obtained for the different
states of the contact samples, described in Section 3, are analyzed, using
the post-processing detailed above.

4.1. Frictional tests before US cleaning

The frictional and vibrational response of the reference state has
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Fig. 8. Imposed Temperature Law. Four different phases have been investigated in each test: Room temperature (RT), Heating, High Temperature (HT), Cooling.
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Fig. 10. Example of Single-Stroke analysis. The dynamic response of the system (Accelerometer signal, magenta, and accelerometer normalized spectrogram) is
shown with the correspondent frictional response (normalized friction coefficient, red).

been obtained by testing the samples in their original state, after service
life. The retrieved frictional response is reported in Fig. 12, as well as the
dynamic response observed for a high temperature braking stroke.

As shown in Fig. 12, the friction coefficient strongly depends on the
imposed temperature. Different frictional regime can be recognized in
correspondence of different temperature conditions:

1. Room Temperature: the contact pair show a constant and repro-
ducible frictional response during the whole room temperature part
of the test.

2. Intermediate Temperature (T2): In correspondence of this tempera-
ture condition, the friction coefficient approaches a minimum value.
This behavior has been already observed in other works that inves-
tigated the frictional behavior of similar materials [43,44]. It has
been related to the desorption of water vapor from the material bulk
and third body layer, registered in these conditions using an in-situ
mass spectrometer. The water vapor act as a “lubricant”, lowering
the friction coefficient.

. High Temperature (T3): An abrupt increase of the friction coefficient
occurs when passing from temperature T2 towards temperature T3.
This behavior, commonly observed for graphitic carbon materials
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Fig. 11. Sequence of the performed test. Four different configurations have been tested: Before US, After US, Third Body Source, After Reintroduction.
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[27,45], happens because of an increased reactivity of the surfaces in
contact, caused by the desorption of chemical species that were able
to deactivate the active sites of the material at lower temperatures. In
these conditions, therefore, it is privileged a recombination of the
active sites between first and third body or, eventually, between the
two first bodies in contact, resulting in higher values of the friction
coefficient.

To understand the role that third body plays on the frictional
behavior of the C/C contact pair, the interface layer, including the
contamination elements, has been removed from the surfaces by ultra-
sonic cleaning.

4.2. Frictional tests Afterafter US cleaning

The test presented in the following have been performed on the same
samples pair used in 4.1, after having removed the third body layer by
the introduced US cleaning procedure. The overall frictional response in
function of the temperature, observed after the ultrasonic cleaning

(Fig. 13), has been analyzed and compared with the one observed for the
material in its original state, before US cleaning, described in Fig. 12.

Comparing Fig. 13a (After US Cleaning) and Fig. 12a (Before US
Cleaning), it can be observed that the third body layer almost has almost
no influence on the frictional behavior at low temperature, below tem-
perature T2, that appears to be very similar to the one observed before
US Cleaning (Fig. 12). Conversely, an important increase of dynamic
friction coefficient is observable at high temperature after having
removed the third body layer. This behavior could be attributed to a
change in the rheological behavior of the third body layer, which "lu-
bricates” the contact, avoiding the direct physicochemical interaction
between the two surfaces, which are much stronger at high temperature.
Moreover, an increase of the real contact area could contribute as well to
the increase of the adhesive contribution of friction [46,47] due to the
surface reactivity at higher temperatures.

Comparing the dynamic behaviors (single-stroke analysis) observed
before (Fig. 12b) and after US Cleaning (Fig. 13b), it can be observed
that the negative friction-velocity slope relationship remarked before US
is not observed after ultrasonic cleaning. The high temperature friction
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Fig. 13. Global frictional response (a) and high temperature (Ts) single-stoke analysis (b) obtained After US Cleaning. The negative slope p — V, relationship is no

more observable.

coefficient, after US cleaning, presents high values and is almost inde-
pendent from the sliding velocity. Consequently, the dynamic response
of the system does not show a negative slope instability.

4.3. Third body reintroduction

One of the objectives of the work consists in the development of an
experimental procedure to (re)introduce an external third body on a
substrate obtained from a used material, previously cleaned of its own
third body by US cleaning. This procedure could allow to test different
third bodies maintaining a substrate representative of the operative
conditions. The procedure described in 2.4 has been applied using the
third body recovered from a different brake disc than the one of the
substrate. This material will be referred as “Third Body source”. Fig. 14b
shows the frictional response obtained after third body reintroduction.
The behavior observed for the substrate after US cleaning, in absence of
the third body layer, is reported as a comparison (Fig. 14a).

As shown in Fig. 14, the reintroduction of third body on the cleaned
samples drastically lowered the friction coefficient at high temperatures,
if compared with the situation observed after US cleaning (Fig. 13). The
obtained values of the friction coefficient at high temperature are even
lower than the ones observed for the sample from which the substrate
comes (before US Cleaning, Fig. 12). To understand this behavior, it has
been chosen to perform frictional test also on a sample pair machined
from the material “third body source”, from which the third body comes.
Fig. 15 presents a comparison of the results obtained for the three

different conditions: a) frictional response of the substrate material
before US cleaning; b) frictional response of the substrate cleaned
samples with reintroduced third body; c) frictional response of the
sample from which the third body has been recovered (Third body
source).

As shown in Fig. 15, the frictional behavior of the “Substrate
+ Reintroduced 3rd body” configuration is much more similar to the
behavior of the “Third body source” material, rather than to the one of
the substrate before cleaning. This result underlines the importance of
third body role on the frictional performance of the contact pair, in this
case more important than the first bodies (substrates).

Comparing the single strokes at high temperature, as shown in
Fig. 16, the similarity is confirmed even in terms of dependance of the
friction coefficient on the sliding velocity.

Looking at Fig. 16, it is remarkable that, at high temperature con-
ditions, the frictional behavior of the material source of third body,
before cleaning, is almost identical to the one of the Substrate with the
Reintroduced third body. Moreover, the same dependance of the friction
coefficient in function of the sliding velocity is observed, with a strong
negative friction-velocity slope relationship.

Conversely, the comparison between strokes selected at room tem-
perature conditions, evidences the lower importance of the third body
rheology on the frictional response of the contact pair in these condi-
tions. As shown in Fig. 17, similar values of the friction coefficient have
been observed at room temperature conditions for all the analyzed
configurations.

After Reintroduction

a)

—,—J Normalized fc

15 —DFC
1.2
0.9
0.6

0.3

-0.3

Normalized Friction Coefficient
o

300 400
Time [s]

500 600

Normalized Friction Coefficient

Accelerometer

Accelerometer Normalized Spectrogral

570.5
N Time[s]

571
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Reintroduced third body).
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b) Substrate + reintroduced 3 body
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5. Discussion / Conclusion

The procedure proposed in this work allows to perform frictional
tests maintaining the same substrate (first bodies) and changing the
interface layer (third body). As a consequence, direct comparison be-
tween successive tests can be performed to retrieve meaningful infor-
mation about the third body role on the frictional behavior of the
material.

A C/C contact pair has been analyzed by the use of the described
approach, characterizing the frictional and dynamic response under
different temperature conditions. The main results are listed in the
following:

m For the tested C/C material, the effect of third body is almost
unappreciable at low temperatures, as shown by the similar
values of the friction coefficient observed, at low temperature,
before and after US cleaning, as well as after the third body
reintroduction on surfaces. Conversely, at high temperatures,
when the reactivity of the material is increased, the third body
strongly affect the frictional performance of the material. This
different behavior can be explained by the complexity of the
rheology of the third body layer, which can be largely affected
by its physiochemical reactivity at higher temperatures.

The third body strongly influences the frictional performance of
the contact pair, more than the first bodies. After 3rd body
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Fig. 17. Comparison of single strokes at room temperature conditions. Four different tests are compared: Substrate - Before US (orange), Third body source (Green),

Substrate - After US (Blue), Substrate + 3rd body reintroduction (black).
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reintroduction, the frictional material response of the substrate
with the reintroduced third body has been observed to be much
more similar to the one of the contact pair source of the third
body, rather than to the one of the substrate before cleaning. It
could be deduced, then, that the frictional performances are
almost governed by the third body layer, pointing out a strong
influence of material physiochemistry for the analyzed C/C
contact pair.

= More in general, meaningful information can be obtained by
the (re)introduction of an external third body on a used sub-
strate, previously cleaned of its own third body by ultrasonic
cleaning. As a result, the developed procedure, can be applied
to test external / artificial third bodies (e.g. different mor-
phologies, different chemical compositions) reintroduced on a
substrate representative of first body encountered in the oper-
ative conditions.

The presented results and the proposed methodology open the way
to investigate the effect of different third body features and composi-
tions on the frictional and dynamic response of contact pairs.
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