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Tribological Properties and
Acoustic Emissions of Some
Thermoplastics Sliding Against
SAE52100
Measurements were made of the dynamic friction; wear volume and acoustic signal (AE)
of several thermoplastics rubbing against smooth SAE-52100 steel. Polyoxymethylene,
polyamide, poly(amide-imide), polypropylene, Poly(vinyl chloride), polytetrafluoroethyl-
ene, and polyethylene, were investigated using pin-on-disk configuration. Sliding speeds
ranged from 0.05 to 0.45 m/s, and normal loads from 40 to 160 N (2–8 MPa) for sliding
distances varying from 4 to 20 km. Orthogonal experimental design and analysis method
was used to develop wear equations expressing wear volume as function of the operating
parameters. Consistent relations were also found between the integrated AE signal over
time and the wear volume as well as the friction work. �DOI: 10.1115/1.2000264�
Introduction
Many studies have so far been carried out to investigate the

friction and wear behavior of different plastic materials when in
dynamic contact with themselves or with metallic surface espe-
cially hard steel �1–3�. Various experimental conditions have been
considered including the effect of the testing environment �dry,
humid, lubricated with water or conventional lubricants also with
additives�. The majority of experimental setups used were in the
form of pin-on-disk arrangements equipped in some cases with
features that allow the removal of wear debris from the contact
zone during sliding. Despite considerable effort some conflicting
and sometimes unexpected results were found which did not con-
tribute to finding useful correlations between tribological proper-
ties �friction and wear� and the operating conditions. The other
major factor that complicates this task even more is the wide
scatter that is often observed in the wear rate of plastic materials.
Additionally, the wear rate variation could experience discontinui-
ties when a certain threshold value of rubbing conditions is
reached, thought to be associated to surface thermal effects. The
performance of polymeric bearings is characterized not only by
the level of friction but also wear generated under operating con-
ditions appropriate for engineering applications. The challenge re-
sides in the effort of developing models that could properly pre-
dict the wear of these materials, to be used during the design
phase. Meng and Ludema �4� have extensively analyzed wear
models and equations in the literature and recommended to rather
translate the microscopic observations of the wearing process into
macroscopic models. On the other hand, Zhang �5� has reviewed
the progress in the understanding of polymer tribology. As a gen-
eral guideline, Czichos et al. �6� have reported in an overview
paper that materials suitable for dry tribological applications
should yield a wear rate lower than 10−6 mm3/N/m, a coefficient
of friction lower than 0.2 both being independent of mild changes
of the operating conditions.

When a polymeric material is rubbed against metal surface,
adhesion, abrasion, and fatigue are the most recognized modes of
wear that could occur. It is now accepted that when the metallic
surface is smooth and hard, abrasion is negligible. A surface
roughness of about 0.05 µm is often cited to be the threshold
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above which abrasion mechanism becomes significant. The results
of the weight loss due to wear of polymer based composite caused
by sliding against smooth metallic surface were found by Rhee �7�
to be satisfactorily described by the equation

�m = CLaVbtc �1�

where �m is the weight loss, C is the wear factor, L is the load, V
is the relative speed, and t is the sliding time. The remaining
parameters are constants for a given system. At the same time the
author concluded that the wear factor C was practically constant
for a given system.

Kar and Bahadur �8� performed a refinement of Eq. �1�. It con-
sisted of the incorporation of pertinent mechanical and thermal
properties of the worn material yielding the following form:

w = kPxVy−zty�3−y−zE−3−x+y�Cp

K
�z

�2�

Equation �2� relates the wear volume w to the experimental pa-
rameters, the load being expressed by the contact pressure P in
this case. Apart from the constants k, x, y, and z that should be
determined, the equation includes the surface energy �, the modu-
lus of elasticity E, the specific heat Cp, and thermal conductivity
K. Expanding on this finding and based on a dimensional analysis,
Viswanath and Bellow �9� have developed the following relation-
ships that include the effect of the counterface roughness �:

w = kwLVt��−1 �3�

w = kwLpVqtr�sE−3+p+r+s�3−2p−q−s�Cp/K�r−q �4�

However, their experimental results obtained using different plas-
tics revealed in some cases unexpected high sensitivity of kw with
the operating parameters. More recently, Liu et al. �10� have been
successful in describing the wear of two polymers in virgin state
as well as blended together, using regression equations based on
an orthogonal experimental and analysis method. Finally, Raviki-
ran �11� has also reported the large scatter in wear rate and
showed that the ways of qualifying it could also be the cause. He
then proposed a new nondimensional factor called wear index WI
that incorporates the volume lost per unit sliding distance, the
contact area, an aspect ratio of the dimensions of both triboele-
ment along the friction path, as well as a factor that expresses the
effectiveness of the layer �third body� formed on the contacting

surfaces.

006 by ASME Transactions of the ASME

p://www.asme.org/about-asme/terms-of-use



Downloaded From
It is clear that wear predictions with reasonable accuracy are
important for designers of systems in which machine elements are
subjected to dynamic contact. Also real time monitoring of wear
itself could be cumbersome and complicated. Acoustic emissions
�AE� have started to be used in early 70s to analyse vibration
spectra during sliding friction of solids. Later on, researchers have
shown the possibility of applying this technique to study the tri-
bological behaviour of interfaces in relative motion. Various rela-
tionships have been so far proposed between different information
of AE signal such as number of pulses per unit time, the frequency
spectrum, amplitude �voltage�, or energy of the signal and tribo-
logical properties. Different systems and triboelements have been
considered under dry and lubricated environment �12–21�. The
aim of this study was to develop wear equations for a wide range
of thermoplastics that are potentially used as bearings in engineer-
ing applications. Another objective was to investigate whether the
tribological properties of these materials could be linked to any
information from AE signals in order to be able to predict wear
and friction from on-line monitoring of AE.

Experimental Procedure, Samples Preparation, and
Materials

A designed pin-on-flat disk apparatus was used, powered by a 1
kW brushless motor that provided the rotating movement and
torque to the disk through a flexible coupling thus preventing
vibrations from being transmitted to the tribosystem. Rotating
speeds were obtained with accuracy equivalent to �0.1 rpm. The
sample �pin� holder was attached to a very rigid arm linked to the
rig support by means of a horizontal pivot. The later was mounted
on precision bearings, whose axis lies in the interfacial plane of
initial contact between the pin and the disk and thus eliminating
any moment that would otherwise be created by the friction force
in dynamic state. The arm was balanced by a counterweight. Care
was taken in order to ensure that the arm was perfectly horizontal
at the beginning of each test. A force sensor equipped with silicon
strain gauges was used to measure the friction force with a reso-
lution of at least 0.05 N. Dead weight system was utilized to apply
the normal load. The AE signal arising from the interaction of the
surfaces in dynamic contact was detected by means of an acoustic
emission transducer with a resonant frequency of 750 kHz acous-
tically coupled to the sample �pin� holder with silicon grease. The
signal from the transducer was fed into a preamplifier �60 dB gain
with a frequency range of 300–1000 kHz� and then channelled to
a root-mean-square �rms� meter that in turn outputs the signal in
the form of a voltage. The signals from both sensors were fed into
a computer through a 12 bits data acquisition board.

Generally, AE signals fall into two categories: transient pulses
�burst emissions� and pseudocontinuous emissions. The most
common measurements used for burst emissions is what is known
as ringdown counts which consists of counting the number of
times the amplified AE signal crosses a preset trigger level volt-
age. The present study considered the pseudocontinuous emis-
sions type, without imposing any threshold level on the measure-
ment of this signal.

The tribometer was enclosed during testing in a Plexiglas box
and care was taken to maintain the relative humidity of the envi-
ronment at 50%±5% and the temperature at 22 °C±2 °C.

The disks were made of in-house machined SAE 52100 steel
then heat treated to obtain very high hardness. Seven different
thermoplastics in the form of pins cut from commercially avail-
able extruded rods were selected for this study. They are listed in
Table 1, which includes pertinent properties taken from data sup-
plied by the manufacturers. The technical specifications of both
triboelements are listed in Table 2. Before testing all samples were
placed into a beaker containing a 1 to 1 mixture of isooctane and
isopropyl alcohol then ultrasonically cleaned for 15 min. After
they were rinsed with acetone and dried, they were stored in des-

iccators. Special care was taken in order to ensure that the tribo-
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surfaces were not contaminated before mounted onto the testing
apparatus. A new set of materials was used at the beginning of
each testing period.

After testing, the wear surface of the pin was carefully cleaned
with a soft brush from loose debris and the mass loss was evalu-
ated using a balance with an accuracy of �0.001 mg. The density
reported in Table 1 was then used to derive the wear volume.

The experimental results were obtained after a reasonable num-
ber of trials carried out at repeated testing conditions and the data
subsequently reported are average values. The number of tests
was increased if repeatability was not satisfactory.

Results and Discussion

Wear. It is well known that although wear is a property of the
material, it strongly depends on the operating conditions. Most
developed wear equations, among them those reported earlier
�Eqs. �1�–�4��, contain proportionality constants such as the wear
rate. Yet, as it will be shown below in the case of the wear rate,
these constants can be significantly influenced by the operating
parameters. The regression techniques are alternative ways of
modeling and present the advantage of better relating the impor-
tance of each operating factor on the wear. The orthogonal analy-
sis is a statistical method, which could be readily applied to find
the parameters of this correlation that relates the studied param-
eters to the wear. This study dealt with the examination of the
effects of the sliding distance s, apparent contact pressure P, and
sliding velocity V on the wear volume. Based on this method, the
test arrangement shown in Table 3 was developed. The levels of
each operating condition characterizing each trial are listed as
well as the resulting wear expressed in mass loss, for each poly-
mer. Clearly, the test duration for each trial, which ranged from
2.5 h to 4.5 days, can be readily derived from the assessed param-

Table 1 Characteristics and properties of tested plastics

Table 2 Experimental specifications of the triboelements
JANUARY 2006, Vol. 128 / 97
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eters s and V.
The specific wear rate K0 defined as the wear volume per unit

load and unit sliding distance is mostly used for wear qualification
and often quoted as an indicator of the performance of the mate-
rial. An example of the wear results expressed by K0 obtained
according to the experimental parameters arranged as shown in
Table 3, is depicted against the parameter PV in Fig. 1 for all
experimented sliding distances. The figure indicates in general a
large scatter with the operating condition and although an approxi-
mate average value could be derived for some materials, a con-
tinuous increase is apparent for others. These results are summa-
rized in Table 4 as the average value of K0 together with the
standard deviation � normalized with respect to that average and
listed in percentage. Power equation approximated through curve
fitting is proposed when the trend shows an increase. The data in
Table 4 could be used for material selection and comparison pro-
cess but clearly the design of bearings for critical applications
requires equations that would predict more accurately the amount
of wear and its progression with the time.

Coming back to the wear modeling, the determination of the
regression constants of the equation relating the wear volume to
the experimental parameters according to the orthogonal analysis

Table 3 Array of the experimental parameters and resulting
wear

Fig. 1 Specific wear rate as function of PV for PP, POM, and

Torlon
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requires the construction of a matrix, which contains the investi-
gated parameters in a normalized form. The aim of this operation
is mainly to facilitate the manipulation of the data necessary for
the determination of the correlation constants. The preliminary
investigation has permitted us to conclude that the second order
form expressed without any interaction between the parameters
was sufficient to adequately correlate the wear volume to the test-
ing parameters. According to code, the first and the second order
normalized forms of each investigated parameter, called OC� and
OC�, are obtained using Eqs. �5� and �6�. Note that Eq. �6� con-
tains two constants c1 and c2 whose values should be chosen in
order to yield normalized values varying within the same range
for all considered operating conditions, respectively. By choosing
c1=1 and c2=2 all were found to vary between �2 and �2 in the
case of this study

OCi� =
OCi − OC

��OC�
�5�

OCi� = c1��OCi − OC

��OC�
�2

− c2� �6�

The value of each operating condition is labeled OC, varies within
a certain range characterized by an average value OC �OC
=12 km for s, 5 MPa for P and 0.25 m/s for V� and a constant
increment ��OC�, ��s=4 km,�P=1.5 MPa,�V=0.1 m/s�. The
subscript i refers to the trial number. The results of this normaliz-
ing process constitute the entries for each column of Table 5. It is
to note that the matrix contains an extra column filled with entries
equal to 1 that will serve to determine the correlation independent
constant.

The calculation of the regression coefficients forming the last
row of the matrix and labelled bk requires the preliminary evalu-
ation of parameters Bk and Dk according to Eqs. �7� and �8�;
knowing the wear volume wi�mm3�. The components of array Bk
are obtained by summing the squared values of entries in the
corresponding columns. These entries are in fact the normalized
values of the assessed operating conditions. Subscript k varies
between 1 and a value equivalent to the product of the number of
the considered operating conditions and the chosen order of the
regression. Note that Bl is associated with the independent con-
stant and that the maximum value of k in this case is 6. The
measured wear volume is involved in the determination of array
Dk

Bk = 	
i=1

i=25

�OCi��
2 or 	

i=1

i=25

�OCi��
2 �7�

Dk = 	
i=1

i=25

�OCi���wi� or 	
i=1

i=25

�OCi���wi� �8�

The above outlined reasoning applies also to the independent con-
stant. Finally, the inverse ratio of these two quantities Bk and Dk

Table 4 Average values or trends of K0 and normalized stan-
dard deviation
gives the regression coefficients represented by array bk. Table 5
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shows the results for POM.
An example of the calculation of OC� and OC� for s corre-

sponding to trial No. 1 chosen for clarification follows; note that
c1=1 and c2=2:

OCi� =
OCi − OC

��OC�
=

4 − 12

4
= − 2

OCi� = c1��OCi − OC

��OC�
�2

− c2� = 1��4 − 12

4
�2

− 2� = 2

The results of Table 5 yielded Eq. �9� that expresses the relation-
ship between the wear volume w and the investigated operating
conditions

w = 0.556 + 0.182� s − 12

4
� − 0.027�� s − 12

4
�2

− 2�
+ 0.162�P − 5

1.5
� − 0.008��P − 5

1.5
�2

− 2�
+ ¯0.064�V − 0.25

0.1
� + 0.025��V − 0.25

0.1
�2

− 2� �9�

This equation contains the independent constant as well as all
regression coefficients taken from Table 5 �see last row labeled bk�
that were applied, respectively, to the first and second order nor-
malized forms of the investigated parameters �Eqs. �5� and �6��.

By grouping the compatible terms of Eq. �9�, the regression
equation relating the wear volume to the experimental parameters
is written in the following general from:

w = k0 + k11s + k12s
2 + k21P + k22P2 + k31V + k32V

2 �10�

The corresponding values of the constants for Eq. �10� are sum-
marized in Table 6 for all tested materials. These constants have
no physical meaning and therefore were treated as dimensionless
quantities. But, it is important to mention that their listed values
apply only when the operating parameters s, P, and V are ex-
pressed in km, MPa, and m/s respectively; yielding a wear volume

3

Table 5 Arrangement of the experimental conditions and re-
sults of the orthogonal analysis
in mm . In addition, it is clear that the proposed equation of wear
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prediction reflects principally the phase of equilibrium wear.
According to statistics analysis, the degree of control R, at

which a certain parameter affects the wear can be determined as
follows:

R = max
w̄n� − min
w̄n� �11�

in which w̄n is the average wear generated by the effect of the
remaining parameters when the considered one remains constant.
Equivalent equation is applicable for the evaluation of the effect
of the other testing parameters. The results pertaining to the
present study are summarized in Table 7, level 1 �R=1� denoting
the testing parameter that controls the most the wear volume.

The data of Table 7 reveal that the range of speed investigated
had lesser effect on the wear of all materials with the exception of
HDPE. It is recognized that the sliding speed contributes the most
to the increase of the interface temperature in dry conditions,
which in turn affects the wear mechanism. HDPE having the low-
est softening temperature explains the higher sensitivity of its
wear to the sliding speed. On the other hand, the contact pressure
was found to be the dominant factor on the wear of PTFE. This is
a soft material with low surface hardness therefore more suscep-
tible to indentation by the asperities of the metallic counterface
that cause microcutting accentuated by the relatively high normal
load. It is believed that these conditions tend to hinder the benefi-
cial effect of film formation and transfer for which PTFE is rec-
ognized. For all remaining plastics, mostly the sliding distance
influences the wear volume. This finding reveals that severe wear
is generated when POM, PA 66, Torlon, PP, and PVC are sub-
jected to extreme sliding distance. Therefore, one or the combina-
tion of more of the following phenomena may take place under
this condition: surface fatigue; upset of transfer film; creation of
abrasive environment induced by metallic debris from the coun-
terface. All these mechanisms are known to produce severe wear.
Conversely, due to their good mechanical properties especially the
tensile strength �see Table 1�, wear of these materials is influenced
to a lesser degree by the contact pressure followed by the sliding
speed.

Figure 2 was constructed to evaluate the developed relationship
between the wear volume and the load. It was obtained by plotting
the experimental results depicted by the symbols together with the

Table 6 Values of the constants for Eq. „10…

Table 7 Degree of control of each testing parameter on the
wear volume
JANUARY 2006, Vol. 128 / 99
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predicted trend represented by lines. The case of PTFE was taken
as an example. The plots generated using the linear and nonlinear
equations �9� were also included for the purpose of comparison.

These data illustrate that although some scatter is apparent the
trend is reasonably well predicted by all models. A closer look
reveals that the precision of each model depends on the level of
wear. For instance, the linear equation seems to predict better low
levels of wear. The intermediate levels are better represented by
orthogonal analysis. On the other hand, the nonlinear model is
more adequate for predicting higher levels of wear. But this ob-
servation did not apply to all tested plastics. In fact we were
unable to make the nonlinear model converge toward a solution
that fits reasonably well the experimental data for the case of
POM, PA 66, and Torlon due to the very high sensitivity of the
wear coefficient with the operating variables. It was noted that
these three materials were characterized by low wear and high
tensile modulus. Nevertheless, it was felt interesting to report bel-
low the non-linear equations that were developed for PP, PTFE,
HDPE, and PVC, respectively,

wmod = 1.021 � 10−16L1.631V1.75t1.01 �12�

wmod = 1.633 � 10−16L1.31V2.4t1.22 �13�

w = 2.054 � 10−13L1.497V0.695t0.772 �14�

wmod = 1.977 � 10−16L2.041V1.152t0.679 �15�
Finally, it was found that in all cases both the orthogonal analysis
as well as the linear model yielded best fit of the experimental
results. The derived wear coefficient kw of the linear model �Eq.
�3�� is presented for each material in Table 8. It worth repeating
that Eq. �3� is dimensionally homogeneous in terms of the speci-
fied variables and therefore the proportionality constant kw is di-
mensionless.

Acoustic emissions. Figure 3 shows typical AE rms voltages
during the first 5000 s of testing at the conditions of trial No. 10
�see Table 3�. These signals clearly show two apparent regions,
one characterized by unsteady variations pertaining to the
running-in period followed by a leveling off corresponding to
equilibrium state of the wear rate and friction. Similar behavior

Fig. 2 Experimental and predicted w
has also been reported for the case of metallic specimens in rela-
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tive sliding motion �19�. At the same time, each material is char-
acterized by distinct form of AE signal. Knowing that these sig-
nals arise from the release of mechanical stress waves created by
deformation of the material surface, different steady state levels
should be observed for materials of different mechanical and mor-
phological properties rubbing against the same counterface at the
same operating conditions. The present results are in agreement

r volume as function of P for PTFE

Table 8 Wear coefficients for the linear model

Fig. 3 Acoustic emission signals as function of time for all

tested plastics
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with this analysis and further suggest that a direct relationship
between the AE level under steady state and the tensile strength at
break �see Table 1� may exist. Specifically, they indicate that
higher is the strength of the material higher is the steady state AE
signal. It is to note that the steady state value itself was observed
to be a function of PV level. Moreover, the signals pertaining to
the materials that are more susceptible to stick-slip phenomenon,
such as PA66, PVC, and Torlon are characterized by higher fluc-
tuations. This is due to the fact that microvibrations excited by the
stick-slip at the interface can be an additional source of AE.

The relationship between wear and AE signal was investigated.
Plots of the specific wear rate K0 against the integrated AE rms
voltage over the sliding time, called int AE and which was ob-
tained by a rectangular summing process, revealed a large scatter
with random distribution. This is due to the observed high sensi-
tivity of K0 with the operating parameters.

However, reasonable correlation between int AE and wear vol-
ume existed. Figure 4, which summarizes the results obtained un-
der all experimented parameters for the case of three materials
taken as example. It shows that int AE increases with the increase
of the wear volume of the pin. In this study, this relationship can
be modeled by linear dependence for all materials as follows:

int AE =� AEdt = kAEw �16�

The values of the proportionality constant kAE applicable to this
study are reported in Table 9.

It is clear that the constant kAE depends on the calibration of the
AE signal. In practice, if different measuring system is used, few
experiments should be conducted followed by a linear curve fit-
ting of the results whose slope corresponds to the value of the
constant.

Contrary to the present findings, power law expressions have
been suggested in previous investigations to illustrate the depen-

Fig. 4 Relationship between the integrated AE signal and the
wear volume

Table 9 Values of the constant kAE
Journal of Tribology
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dence of AE rms voltage or count on wear rate or wear volume for
different non-polymeric materials in dry rubbing contact
�15,17,19� or lubricated with different types of lubricants �13�.
Nevertheless, linear variation of the mass loss by wear with the
total AE was arrived at Ref. �12� resulting from tests conducted on
different polymers rubbing against high carbon steel under non-
conformal contact geometry. The authors have based the interpre-
tation of such relationship on the assumption that each particle
separation in an isolated source of AE generation, both events
being characterized by similar probability distribution. It is be-
lieved that the linear type is typical to plastic/steel friction when
adhesion is prevalent. Plastic materials possess properties such as
viscoelastic behavior, susceptibility to creep, and thermal effects
that distinguish them from the other group.

Figure 5 depicts the simultaneous variations of the coefficient
of friction �COF� and AE rms voltage during the first 5000 s of
rubbing for the case of POM and HDPE taken as examples. The
traces pertaining to COF were identified in the figure for both
plastics. Comparable trend is displayed suggesting that some re-
lationship may exist between these parameters. The spikes con-
tained in the friction signal are generated by the adhesion phe-
nomenon that induces deformation of the asperities. The initial
peak of the AE signal is associated with an early removal of
material taking place during the running-in process. But despite
the compatible trend no correlation could be found between the
two parameters when all testing conditions were considered. On
the other hand, there are suggestions of the existence of close
relationship between AE and friction work from sliding contact of
pairs of materials. An attempt is made to investigate the possibil-
ity of identifying such for the case of the tribosystems considered
in this study in which plastic materials are involved. The friction
work Fw is defined by the following equation:

Fw= � Ff ds �17�

This represents the real time variation of the friction force Ff,
integrated over the sliding distance. The data derived under the
conditions of trial No. 10, that permitted to construct Fig. 6, show
the existence of a reasonable correlation between int AE and Fw
that was approximated by a linear relationship whose proportion-
ality constant depends on the material. It is at this stage pertinent
to mention the work of Lingard and Ng �22� who found a system-
atic relationship between cumulative AE count and frictional
work, using disk on disk configuration �one fixed� to conduct dry
friction experiments at a wide range of tribological conditions on
six different metallic materials. Other authors �16� have concluded
that the acoustic emission at the interface slider/disk was propor-
tional to the work of friction per unit time �friction power�. As

Fig. 5 Variation of COF and AE with the time for POM and
HDPE
pointed out earlier, the adhesion mechanism is predominant in this

JANUARY 2006, Vol. 128 / 101
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study. Therefore, one can assume that an important part of the
stress waves is generated by the shear strain energy from the
material surface. This could explain the good correlation between
Fw and AE. On the other hand, AE is related to the material
removal power in an abrasive process �14�.

It was shown that it is promising to establish useful relation-
ships that could be used for predicting the tribological properties
�friction and wear� of similar tribosystems, if on-line monitoring
of AE signal is possible.

Conclusion
A designed pin-on-disk tribometer was used to conduct the fric-

tion and wear testing as well as acoustic emissions measurements.
Seven different thermoplastics were rubbed against SAE 52100
polished surface, under a wide range of operating conditions.
Based on the obtained results, the following conclusions can be
drawn.

The wear volume can be reasonably well correlated to the op-
erating parameters �sliding distance, speed, and contact pressure�
by a second order equation derived from the orthogonal experi-
mental and analysis method.

A statistical analysis of the data revealed the highest degree of
control of the sliding distance on the wear volume for all plastics
with the exception of PTFE and HDPE. Due to its softness, the
pressure mostly influences the wear behaviour of PTFE. The wear
of HDPE is more influenced by the sliding speed owing to its low
softening temperature.

Linear relationships exist between the wear volume under
steady state and the integrated AE rms voltage for all tested plas-
tics.

Although no direct relationship was found between the friction
and AE signal, the same trend characterizes their variation with
the time and it is possible to distinguish between the running-in
and steady state regimes from AE signal.

Fig. 6 Friction work as function of the integrated AE signal
102 / Vol. 128, JANUARY 2006
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The friction work is proportional to the integrated AE rms volt-
age.

The found relationships are important for the prediction of tri-
bological behavior using on-line monitoring of AE signal.
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