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Abstract. The results of simulation of acoustic radiation with increase of load on friction unit with
composite material were shown. Was shown that increasing of load leads to increase of amplitude and
energy parameters of resulting acoustic emission signals. The regularities of percentage increase of
amplitude and energy parameters of the resulting acoustic emission signals were determined. Was described
that with increasing of load on friction unit the increase of average amplitude was ahead of its standard
deviation and variance. Was considered what most sensitive parameter with increasing of friction pair load
is variance of average energy of resulting acoustic emission signal.
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Introduction

The using of composite materials (CM) in
friction units has received much attention in the
scientific literature. Conducted researches aimed to
optimize the choice of mating CM and optimize of
friction units regimes. Obtained results show that the
use of CM leads to improvement of tribological
characteristics of frictional contact and lifetime
extension of friction units. At the same time there is
a problem of monitoring and diagnostics of friction
units with CM that caused by the specifics of
structure and destruction of CM. Conducted
researches shows that use of traditional methods
(determination of friction torque, coefficient of
friction, etc.) allows to fix the development of macro
fracture in the surface layers of friction materials.
Practically this means that is fixed the accelerated
transition from normal to stage of catastrophic wear
when occur total disability of friction unit. From this
perspective, the most interesting makes the fixation
of processes developing in the area of frictional
contact on initial stages emergence of the
catastrophic destruction of the surface layers with
CM.

In recent decades, in study of friction and wear of
friction surfaces contact with traditional materials
(with crystal structure) and CM acoustic emission
(AE) method is used. Registered AE signals are
reflection of processes which are developing on
submicro, micro and macro levels. Continuing
development of those processes leading to
modification of acoustic radiation and its parameters
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can be used in the development of methods for
monitoring and diagnosis of friction units including
friction with CM. However, small inertia and high
sensitivity of AE requires the identification of
relationships of detected acoustic emission
parameters with the parameters of the developing
processes that leads to the problem of determination
of the influence parameters of the developing
process on AE parameters. Solution to this problem
should be based on theoretical studies. Such research
at modeling of acoustic radiation can determine the
regularities of its radiation for action of various
factors — physical and mechanical characteristics of
CM, their dispersion properties, rotational speed of
friction pair and so on. Such regularities should be
the basis of methods of control and diagnostics of
friction units with CM. One of the factors which
influence on the processes of wear and therefore on
AE is the load applied to the pair of friction.
Investigations of acoustic radiation in this case of
load change are definitely representing scientific and
practical interest.

Analysis of sources and publications

Acoustic emission is widely used at study of
friction and wear of the surface layers which made
from materials with crystalline structure and CM [1-
7]. The research results show the complexity of the
changes of registered AE signals on every stage of
the process of friction and wear. Comparison of
curves character of standard parameters change
which were used during the research of friction
(curve of friction coefficient, friction torque) and the
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average amplitudes of acoustic radiation level in
time shows significant divergence. For standard
parameters of obtained dependences have smooth
character of change. A sharp change in the
dependences was observed at passing from normal
stage to the stage of catastrophic wear of surfaces.
For the average level of amplitudes of registered AE
signals the obtained dependences have significant
dynamic of change in time. Rising and falling of
average levels of amplitude AE signals were
observed continuously on all stages of the friction
process: at normal wear and at stage which prior to
the stage of catastrophic wear and at transition from
normal stage to stage of catastrophic wear. This
modification of the acoustic emission shows low
inertia of method and reaction of method for
microscopic processes which are developing in the
surface layers of materials. However, the
interpretation of such processes significantly
complicated by difficulties of theoretical studies.
The problem is definitely limits the using of the AE
method for monitoring and diagnosis of friction
units and processes that develop in the surface layers
of materials.

Theoretical studies of acoustic radiation in the
friction surfaces of materials with traditional
structure were considered in [8, 9]. For the analysis
of acoustic radiation, which is formed during
friction, was used AE signal model at destruction of
the secondary structures of I and Il types, and the
resulting signal has the form
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where U ,,=a,M —%3,,
ZO
amplitude which depends on physical
mechanical characteristics of the material;
ap —amplitude of single pulse of disturbance during
movement of single dislocation; M — coefficient that
depends on physical and mechanical characteristics
of the material;

v, — average velocity of dislocations;

U,, — displacement

and

¢, — distance between two acts of single dislocation
radiation;

d, —average duration a single pulse disturbance
during dislocation movement;

€oq — initial relative strain;

r and B — coefficients that depend on physical and
mechanical characteristics of the material;

t—time;

U,"=kN,cz — maximum possible displacement in

case of brittle fracture of non-dispersible by strength
of the surface layer of material;

k — coefficient of proportionality;

c — coefficient that depend on the physical and
mechanical characteristics of the material,

z=E/¢;
c,, — initial equivalent stress;
d; —average duration of single pulse disturbance in

case of brittle fracture of elementary volume of
material,

E — elastic modulus

& — viscosity coefficient.

On the basis of the developed models in [8-10]
the simulations of AE signals at influence of
different factors were conducted. Was shown that
the resulting AE signals are continuous signals with
very rugged form. The studies allowed to determine
the main regularities of AE signals parameters in
case of changes of influenced factors. These
simulation results are consistent with experimental
results.

In articles [11-14] reviewed the results of AE
signals simulations in case of destruction CM by
shear load. Under such loading conditions, taking
into account the rule «OR» (CM elements were
destroyed due bending or stretching when the
equivalent strain reaches certain threshold) and
independent uniform distribution of threshold levels
with borders [0, 1], and also the Kkinetics of
destruction process of formed CM elements, the AE
signal take the form
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where U, =N, 8& - maximal possible
displacement at instant destruction of elements;

N, — initial quantity of CM elements;

B — coefficient of proportionality;

o, — parameter which numerical value is defined by

form of single disturbance impulse at destruction of
single element (has the dimension of time);
o —speed of elements loading;



t, t, — respectively, the current time and start time

of the elements destruction;
g — coefficient which depends on geometrical sizes
of elements (area of cross-section and length);

r, v, —constants which depending on their physical

and mechanical characteristics.

Simulation of AE signals using equation (2)
allow determine the main regularities of their
parameters change (amplitude, energy and time) at
influence of different factors — loading speed of CM,
physical-mechanical characteristics (brittleness and
dispersion properties by strength) of CM elements,
as well as their sizes.

Developed model of AE signal (2) as in the case
of materials with traditional structure can be used to
describe the resulting AE signal which is forming in
friction of CM surfaces. In this case the expression
for the AE resulting signal can be written as

U, (0=2U,-t)), 3)

where j — serial number of the j contact interaction
area (j=0,1,2,..,m); U,(t;) - AE impulse signal
which is formed in the j contact interaction area
described by expression (1);
t; —time moment of j AE signal;
m — pulse number of AE signals on the length of
realization (time of friction unit working).

Initial conditions in model (3) as follows. For

friction units in the form of rings or rollers the
platform of contact interaction is some small and

variable in time in the platform S, of overlap

surface area S of CM. When rotating of friction unit
within given area take place the destruction of the

specified numbers of elements N, that have certain
physical and mechanical properties and dimensions
— parameters v,, r and g which included in the
expression (2). Change of position of contact
interaction platform in time is provided by friction
unit speed o . Specified speed and axial load on

friction unit with the size of elements define the
regularity of equivalent stress changes and the

threshold stress o, of start CM elements destruction

gp=aty(l-aty)d- g aty). 4)

According to equation (3) with (2), it is possible
to simulate the resulting AE signals which are
formed in friction of CM surfaces depending on the

influencing different factors. One of these factors is
the axial load applied to friction unit with CM.

Formulation of article objectives

In this paper will be carried out simulations of
resulting AE signals which are formed in the friction
surfaces of the CM, with increasing axial load on
friction unit. It will be shown that with increasing
axial load on friction unit increases the average level
of amplitude of the resulting AE signals and the
values of its standard deviation and variance. Such
increase in the average amplitude is increase ahead
of its standard deviation and variance. Will be
implemented analysis of energy parameters of
resulting AE signals. It will be shown that with
increasing of the axial load on the friction unit is
increase in average energy level resulting AE signals
and the values of the standard deviation and
variance. The variance increase in the average
energy level is ahead of the average energy level and
its standard deviation.

Results of researches

Influence of load on the friction unit as known in
[15] leads to change in the conditions of it work and
influence on the development of the friction
processes and wear. It primarily relates variations of
the equivalent stress and interconnected parameters
— torque, friction torque and friction force and so on.
Certainly, load affects on kinetic of the friction
process (kinetic process of destruction of the surface
layers of frictional contact). In articles [16, 17]
during consideration of kinetic friction processes
using «model of earthquakes» (EQ model) shows
that with increasing of axial load occurs increase of
threshold and kinetic friction that are necessary for
course of the friction process. Such growth of
friction forces in its turn leads to increase in speed
(local rate) movement and reduce time of frictional
contact (increasing the number of friction
connections that were destroyed per time).
Otherwise speaking the continuous development of
friction process at the macro level of areas
destruction of contact interaction occurs with
variable speed which increases with increase of
threshold and kinetic friction forces.

For surface frictional contact with CM, this
means that an increase in the threshold and kinetic
forces is result of the growth of the axial load and
approaching to start time moment of destruction
elements of CM and speed of equivalent stress
increase. Such growth of speed provided by the
accumulation of external energy. Thus while



achieving the threshold stress fracture of CM
elements occurs with higher speed from the initial
time of destruction or with additional growth rate
which compared to the previous level of axial load.
Considering these conditions let’s conduct the
simulation of AE resulting signals according to
equation (3) and taking into account the change of
axial load on the friction unit with CM. During the
simulation we assume that in friction unit in the
form of rings or rollers the platform of contact
interaction is some small and variable in time

platform S, of area S of CM surface overlap.

Changing of contact area position S; in time of
interaction provided by rotational speed of friction
unit. During the rotation of friction unit within this
platform occurs destruction of the elements N, that
have specified physical and mechanical properties
and dimensions caused by the parameters, r and g.
We assume that for given initial velocity o value of

the axial load is equal to one (P =1), and that with
increasing of axial load P is increase the rate of
destruction of CM elements relative to the initial rate
o, i.e the rate of destruction is follows:

o; =a +Aa;, where i — number of increase in axial

load. Simulation will perform in relative units.
The initial conditions of simulation. The initial

value & =200, and the value of the axial load P =1.
Under these conditions the start of the destruction

t, of the first platform of contact interaction in
relative units is t,=0,0006.

For given values a and t~0 from regularities of
equivalent stresses change ¢ we define the limit of
fracture stress &, according to equation (4). Then

& ,=0,1528445825,

Values of parameters v,, I and g that were
included in expression (2), accept the following:
v,=10% § =0,1, I =10*.

Axial load P of friction unit with CM is not
included in explicit form in expression (2). It
influence we determine by changing the threshold
tensions that we calculate as equivalent stress based
on the relationship of shear and normal stresses,
according to article [15]. To perform the calculations
we set the coefficient of friction f =1 and the axial
load increase from 1 to 1.6 in increments of
AP =0,15.

Start time t, of CM elements destruction with

increasing of P is unchanged. So for obtained
values of the threshold stress let’s define the values

o, based on equation (4) or Aa; increment to

a =200. The results of the calculations for the
simulation of the AE resulting signals are given in
the table.

According to the model of AE resulting signal (3)
destruction of platforms of contact interaction
happens in consistent manner.

Table 1
The calculation results of &, and o
| & 5. a

1 | 0,0006 | 0,10194190869441454 | 200
1,15 | 0,0006 | 0,11041324719634700 | 220
1,3 | 0,0006 | 0,11858646007796404 | 240
1,45 | 0,0006 | 0,12646368867491953 | 260
1,6 | 0,0006 | 0,13404688883894890 | 280

In these conditions the time moment of AE pulse
signals Uj(tj) occurrence at destruction of each

subsequent platform of contact interactions can be
written in the form t, = jAtj + 3, where j — number
of pulse signal AE (j=1, 2, 3, ...., n);

At; —time interval between onset of the next and
previous pulse signals AE;

d - random component of time moment of

occurrence of each subsequent AE signal.
The value of the time interval for o= 200 and

P =1is Af,=1,1-10", which was selected by the AE
signal duration which formed for & =200, which

was considered at calculation of time changes in the
amplitude pulse signal according to equation (2).

At the same time the values & will change in the
range from & =0to & =5,0-10" randomly.
As can be seen from table 1, with increasing

values pf P takes place the growth of & which in
turn leads to decrease in the duration of AE pulse
signal according to equation (2). Therefore, the

values Afj and & with increase of P (o) will be
set in proportion to the change of pulse duration of
AE signals.

Simulation of the resulting AE signals as graphs
of amplitude changes in time in relative units for

P=land P=16 according to equation (3) shown in



Fig. 1. During a simulation resulting AE signals

according to equation (3), for each value of P was
performed estimation and procession of 5000 pulse
signals.

The initial value o is & =200. Start time of the

destruction of elements of CM fO:O,OOOB.
Simulation parameters according to equation (2)
v,=10°, § =0,1.
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Fig. 1. Change of amplitude of resultant acoustic emission

signals in time according to (3) with values of P:
a- P=1;
b-P=16.

0,0008 0,001

The results of the simulations indicate that
increasing of axial load which changes the stress
state of the friction unit leads to increase of the

average level amplitude of AE resulting signals v
and the values of its spread. As shows statistical

analysis of data, if P =1, the average amplitude level
of the resulting signal is AE U =67,1 and standard

deviation S5 and variance SS: of average level
amplitude, respectively, are:

5==20,92; s§=437,65. With increasing of P in

1,15 times, values U and S5 sé respectively
increased in 1,1 times, 1,02 times and 1,04 times.
If P increased in 1,3 times U and S5 sé

consequently increasing in 1,21 times, 1,05 times
and 1,1 times.

With increasing P in 1,45 times, values J SJ,

sé respectively increased in 1,32 times, 1,07 times
and 1,15 times.

If P increased in 1,6 times, the values U , =
and SS: consequently increase in 1,43 times, 1,1
times and 1,2 times.

Graphs of percentage increase AZ ,. of average
amplitude level U of resulting AE signals, as well
as percentage increase in the value of its standard

deviation S5 and variance sli: relative to their

values when P =1 shown in Figure 2.
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Fig. 2. Change in percentage increase of amplitude

average level u (2), its standard deviation SJ (3) and

variance sé 2

Obtained data (fig. 2) show that the percentage
increase in the average level amplitudes of resulting
AE signals, its standard deviation and variance with

the growth of P takes place linearly. Analysis of the
obtained dependences (fig. 2) with their



approximation showed that they were good
described by an expression of form

AZ,. =A+BP, (5)
where AZ,. —percentage increase in average level
amplitude of resulting AE signals, its standard
deviation S5 and variance SS:;

A, B — coefficients of approximating expression.
For the dependences of average level amplitude

U of resulting AE signals, as well as the percentage
increase in the value of its standard deviation S5

and variance sé the coefficients of approximation

expression (5) is:

- for percentage increase of average amplitude level
A=-73,42, B=72,86;

- for percentage increase of standard deviation of
average amplitude level A=-15,98, B=15,84;

- for percentage increase of dispersion of average
amplitude level A=-33,54, B=33,13. The correlation
coefficients for the percentage increase of average

level amplitude U of the resulting AE signals, its
standard deviation S5 and variance sé, respectively

are:

R=0,9996; R=0,9995; R=0,9991.

The results of the simulations indicate that
increasing of axial load on the friction pair with CM
affects on amplitude parameters of resulting AE
signals. There is an increase in average level
amplitude of the resulting AE signals, its standard
deviation and variance. However, the greatest
influence of axial load is observed for average
amplitude of resulting AE signal (Fig. 2).

Similar research was conducted at processing of

energy resulting AE signals with growth of P . The
results showed that, like for amplitudes of the
resulting AE signals, the growth of the axial load on
friction unit leads to increase of the average level of

energy E its standard deviation Sz and variance

S

my N

Processing of energy parameters of resulting AE
signals in the form of dependences of percentage
increase of average level of energy, its standard
deviation and variance with the growth of axial load

P in relative to their initial values at P =1 shown
in fig. 3.

Analysis of the results showed that percentage
increase in average level of energy and its standard

deviation, as in the case of amplitude parameters of

resulting AE signals, with growth of P takes place
linear manner. Growth of percentage increase in
average energy level and its standard deviation were
good described by an expression of the form

AQ,u.=C+D-P (6)
where C, D - coefficients of approximating
expression.
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Fig. 3. Change in percentage increase of average energy

level E (3), its standard deviation Sz (2) and variance

2
sz (1)

Coefficients of approximating expression (6) for
the analyzed dependencies equal to:
for percentage increase of average energy level C=-
127,23, D=164,44; for percentage increase of
standard deviation of the average energy level C=-
175,79, D=172,68. At the same time correlation
coefficients for percentage increase of average

energy level E and its standard deviation Sz,

respectively are: R=0,99665; R=0,99802.
Dependence of percentage increase of variance of
average energy level of resulting AE signals with

increase of P is non-linear. Approximation of
dependence of percentage increase sé with increase
of P shows that it is well described by the
expression

AQ,e =a+bP +cP? )
where AQAE —percentage increase in variance of

average energy level;
a, b, c — coefficients of approximating expression.



Coefficients of approximating expression (7) for
the analyzed dependence are:
a=215,4; b=-677,8; c=461,5.

The correlation coefficient for the percentage
increase of variance of average energy level of
resulting AE signals is R=0,99974.

Results of these studies shows that regularities of
changes of energy parameters of resulting AE
signals with growth of axial load are similar to the
regularities of change of amplitude parameters.
However, there are differences of obtained
regularities. Percentage increase in average level of
energy and its standard deviation with the growth of

P is almost identical (Fig. 3). This increase exceeds
the percentage increase in average level of amplitude
and its standard deviation.

The largest increase is observed in the variance
of average energy level, which is in seven times
exceed the percentage increase in average level of
amplitude of the resulting AE signals. This means
that in a real experiment with increasing of axial
load should expect the largest increase in average
level amplitude of the resulting AE signals or in
variance of average energy level. However, the most
sensitive parameter is the variance of average energy
level of resulting AE signals.

Conclusions

The simulations of the resulting AE signals with
increasing of axial load on the friction unit with CM
were conducted. Simulation results shows that
increasing of axial load leads to increase of the
amplitude parameters of resulting AE signals such as
the average level of amplitude and its standard
deviation and variance. Were obtained the
regularities of change of amplitude parameters of
formed AE signals. Was determined that changes in
percentage increase of dependence of average
amplitude level and its standard deviation and
variance are the same type character and are well
described by linear functions. With increasing of
axial load the largest percentage increase have the
average amplitude of the resulting AE signals.

The analysis of the energy parameters of acoustic
radiation with increasing of axial load on the friction
unit with CM was performed. Percentage increase in
average level of energy and its standard deviation is
also described by linear functions. Variance of
average energy level increase non-linear and is well
described by polynomial of second order. However,
the largest percentage increase with increasing of
axial load on the friction unit was observed in the

variance of average energy level of resulting AE
signals.

Therefore during the experimental study with
increasing of axial load on the friction unit with CM
largest increase should expect in the average
amplitude of the resulting AE signals. Increase its
standard deviation and variance is not significant.
However, the largest increase should expect in the
variance of average energy level of resulting AE
signals. Of course, interest is the experimental study
of AE signals and determining of regularities of
change their parameters in case of change loading
conditions of friction unit with CM.

Jlirepatypa

1. Ferrer, C.; Salas, F.; Pascual, M.; Orozco, J.
2010. Discrete acoustic emission waves during
stick—slip friction between steel samples. Tribology
International. — Vol. 43, N 1: 1-6.

2. Liao, C.; Suo, S.; Wang, Y.; Huang, W.; Liu,
Y. 2012. Study on stick-slip friction of reciprocating
o-ring seals using acoustic emission techniques.
Tribology transactions. — Vol. 55, N 1: 43-51.

3. Dobrzanski, L.A.; Pakuta, D.; Krizh, A;
Sokovic, M. 2006. Tribological properties of the
PVD and CVD coatings deposited onto the nitride
tool ceramics. Journal of materials processing
technology.— Vol. 175: 179-185.

4. Cao, D. 2010. Investigation of acoustic
emission and surface treatment to improve tool
matereals and metal forming process. Dissertation
The Degree Doctor of Philosophy in Materials
Engineering. University of Dayton (Dayton, Ohio).
116 p.

6. Hong, E.; Kaplin, B.; You, T.; Suh, M., Kim,
Y.S.; Choe, H. 2011. Tribological properties of
copper alloy-based composites reinforced with
tungsten carbide particles. Wear. — Vol. 270: 591—
597.

7. Pybyos B.E. Vcnonb3oBaHHE aKyCTHYECKOM
OMHUCCHUU IS aHaJIn3a IMMpOoUeCCOB U3HAIIMBAHUSA ITPU
Tpeuun ckonwxenus /| B.E. Pybyos, E.A. Konybaes,
A.B. Konybaes, B.JI. Ilonos // Ilucema B KTD. —
2013. - T.39. — Bpim. 4. — C. 79-86.

Rubtsov, V.E.; Kolubaev, A.V.; Popov, V.L.
2013. The use of acoustic emission analysis for the
wear in sliding friction. Letters to ZHTF. — Vol. 4:
79-86.

8. babax B.Il. Mopneni CUrHaIiB aKyCTHYHOT
emicii mpu pyHHYBaHHI NOBEPXHEBHUX WIAPiB Map
tepts  / B.IL.  babak, C.®. ®dinoHeHKo,
B.M.Craagaunuenko, A.Il. Craxosa // IlpoGnemu
Tepts Ta 3HomyBaHHs. — 2007, — Ne 47, — C. 5-18.



Babak, V.P.; Filonenko, S.F.; Stadnychenko,
V.M.; Stakhova, A.P. 2007. Models of acoustic
emission signals in the destruction of the surface
layers of friction pairs. Problems of friction and
wear. — Vol. 47: 5-18.

9. Filonenko, S.F.; Stahova, A.P.; Kositskaya,
T.N. 2008. Modeling of the acoustic emission
signals for the case of material’s surface layers
distraction in the process of friction. Proceedings of
the National aviation university. — N 2: 24-28.

10. @unonenxo C.®. MonenupoBaHue CHTHAJIOB
aKyCTH‘ICCKOﬁ OMHCCHU IIpU HU3MCEHCHHUUN o0BeMa
marepuala, BCTYIIUBUICTO B IJIaCTUYECKYIO
nedopmariiiro/ C.®. dunonenko, A.I1. Craxosa, B.I'.
Kpasuenko //Texnomorndeckue cuctemsl. — 2008. —
Nel (41). — C.22-27.

Filonenko, S.F.; Stakhova, A.P.; Kravchenko,
V.G. 2008. Modeling of acoustic emission signals at
the amount of material that came in plastic
deformation. Technological systems. 2008. — N 1
(41): 22-27.

11. Filonenko, S.; Kalita, V.; Kosmach, A. 2012,
Destruction of composite material by shear load and
formation of acoustic radiation. Aviation. — VVol. 16,
N 1:5-13.

12.  Dinonenxo C.@. Bmms
HABaHTA)XEHHS Ha aMIUITYAHI Ta eHepPreTH4Hi
napamMeTpy CHTHalliB  aKyCTUYHOi emicii mpwu
pyHHYyBaHHI KOMITO3UIT THIX MartepiajiB
nonepeuHoro cunoro /| C.d. dinonenko, O.IL
Kocmau, T.M.Kocuimska //  Texomormueckue
cuctemsbl. — 2012, — Nel (58). — C. 46-51.

Filonenko, S.F.; Kosmach, O.P.; Kositskaya,
T.M. 2012. Effect of loading rate on the amplitude
and energy parameters of acoustic emission signals
in the destruction of composite shear force.
Technological systems. — N 1(58): 46-51.

LIBUIKOCTI

13. Dinonenxo C.P. 3aKOHOMIPHOCTI 3MiHH
YacOBHX TIapaMeTpiB CUTHAJIB aKyCTHYHOI eMicii
NpHU pyiHyBaHHI Kommo3uiiiiHoro matepiany / C.@.
Dinonenxo, O.I1.Kocmau I BicH. YepHiriB. aepik.
texHout. yu.—2012. — Ne 2(57); 114-122.

Filonenko, S.F.; Kosmach, O.P. 2012. Laws of
change of time signal parameters of acoustic
emission at destruction of composite material.
Proceedings of Chernihiv state technological
university. — N 2(57): 114-122.

14. ®@inonenxo C.®. 3aKOHOMIPHOCTI 3MIiHH
aMILTITYTHO-€HEPTEeTHYHNX TapaMeTpiB CHUTHAJIB
aKyCTHYHOI eMicii mpu 3MiHI pPO3MIpIB EIEMEHTIB
kommosuiiinoro wmarepiany / C.@. @inonenxo,
O.I1. Kocmau // Bicauk HAY. — 2012. — Ne4. — C.
66-73.

Filonenko, S.F.; Kosmach, O.P. 2012. Laws of
change in amplitude and energy parameters of
acoustic emission signals at change of dimensions of
the composite material. Proceedings of National
aviation university. — N 4: 66-73.

15. Ubamynnun HU.J]. KuHeTHKa yCTalOCTHOW
IOBPEXIAEMOCTA W pPa3pyLICHUA ITOBEPXHOCTHBIX
cioes | M J. Hoamynnun Il Camapa: Camapckuit
rOCYJapCTBEHHBIA TEXHOJOTMYECKUN YHHBEPCUTET,
2008. 387 c.

Ibatullin 1.D. 2008. Kinetics of fatigue failure
rate and destruction of surface layers. Samara:
Samara state technological university press. — 387 p.

16. Braun, O.M.; Manini, N.; Tosatti, E. 2008.
Role of lubricant molecular shape in microscopic
friction. Physical review. — Vol. 78: 195402-1-
195402-10.

17. Braun, O.M.; Tosatti, E. 2011. Kinetics and
dynamics of frictional stick-slip in mesoscopic
boundary lubrication. Philosophical magazine. —
Vol. 91: 3253-3275.



C.D. dustoneHko 1, A.Il. Kocmau 2, T.H. Kocuubka 8

3AKOHOMEPHOCTHU AKYCTHYECKOI'O U3JIYYEHUA ITPU BOSPACTAHUN
HAI'PY3KH HA ITAPY TPEHUSA U3 KOMITIO3ULNUOHHOI'O MATEPHAJIA

HammonanesHe1it aBrannonHsid yHuBepeuTet, [Ipocnext Kocmonasta Komaposa 1, Kues, Yipauna, 03680
E-mail: fils01@mail.ru; “alexkos86@gmail.com; *balishap@gmail.com

Paccmompenvr pesyrvmamovl MOOenUpOBaAHUs AKYCIMULECKO20 UTYYEHUS NpPU 603PACMAHUU OCEGOU
HA2PY3KU HA Napy Mpenus u3 KOMNO3uyuoHHo20 mamepuana. Iloxazano, umo ygenuueHue 0cesoli Hazpy3Ku
NpUGOOUM K GO3PACMAHUIO AMIIUMYOHBIX U IHEPLEMUUECKUX NAPAMEMPO8 pPe3VIbmupyiomux cucHaios
axycmuyeckou  omuccuy. OnpedeneHvl  306UCUMOCMU  NPOYEHMHO20 NPUPOCTNA  AMAIUMYOHBIX U
IHEpeemuiecKUx Napamempos pe3yibmupyiowux cuecHanos akycmuueckou smuccuu. Onucano, 4mo npu
V6enUYeHUU 0Ce8ou HA2py3KU HA Napy MpeHus 603pacmanue cpeoHeco YPOBHA AMNIUmyObl Onepexdcaem
eo3pacmanue e20 CMaHOapmHo20 OMKIOHeHUs u oucnepcuu. Paccmompen naubonee uwyecmeumenvHuiil
napamemp K y8eaudeHusi 0Cesoll HAepy3KUu Ha napy mpeHusi — OUCnepcust CpeoHe20 YPOBHS IHepeuu
DPE3YALMUPYIOWUX CUSHATI08 AKYCIUYECKOU IMUCCUU.

KiroueBble ciioBa: akycTHyecKas SMHCCHS, aMIUIITYAd, 3aKOHOMEPHOCTh, KOMIIO3MLMOHHBIM MaTepiail,
3arpyska, mapameTp, IpUpocCT, CUTHAJI, TPEHHEe, YPOBEHb, SJHEPT .
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REGULARITY OF ACOUSTIC RADIATION AT ASCENDING LOAD ON A PAIR OF FRICTION
FROM A COMPOSITE MATERIAL
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The outcomes of simulation of acoustic radiation are reviewed at ascending thrust load on a pair of
friction from a composite material. Is shown, that the increase of thrust load results in ascending amplitude
and energy parameters of acoustic emission resultant signals. The relations of a percentage increment
amplitude and energy parameters of acoustic emission resultant signals are determined. Is shown, that at
increase of thrust load at a pair of friction the ascending of an average level of amplitude advances
ascending its standard deviation and dispersions. Is determined, that most sensing parameter to increase of
thrust load at a pair of friction is the dispersion of average level of energy of acoustic emission resultant
signals.

Keywords: acoustic emission, amplitude, composite material, energy, friction, increment, law, level, load,
parameter, signal, variation.
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[IpoBeneHo MomenrOBaHHS PE3yNbTYIOUNX CHTHANIB aKyCTHYHOI eMicii, IKi BHHUKAIOTh B YMOBaX TepTS
MOBEPXOHb i3 KOMIIO3UIIIMHUX MaTepialiiB, a TakoX 31 3POCTaHHSIM HABaHTAXEGHHS, sKE CHpUiiMae
JOCHIPKyBaHa Tapa TepTs. Pe3ynpTaTu AOCHiIKEHb MOKa3aiH, M0 30i7bIICHHS OCHOBOTO HABAHTAKCHHS
MIPUBOJUTH 10 3POCTaHHS aMILTITYJHUX MapaMeTpiB pPe3ylbTYIOUNX CUTHAJIIB aKyCTHYHOI eMicii, Takux sK
CepeqHhOT0 pIBHA AaMIUTITYOH, HOro CTaHJapTHOTO BigXwieHHA 1 pgucnepcii. OTpuMaHO OCHOBHI
3aKOHOMIPHOCTI 3MiHM aMIUTITYJHHX I[apaMeTpiB (POPMOBAHUX CUTHAJIB. YCTaHOBJICHO, IO 3aJICKHOCTI
3MIHH BiJICOTKOBOTO IIPHPOCTY CEPEAHBOTO PIBHS aMILTITYIH, HOTO CTAaHAAPTHOTO BIAXWJICHHS 1 AUCTepCii
MaloTh OAHOTHUITHHNA XapakTep, IO J00pe OMUCYIOThCA NHIWHUME (YHKIisIMHA. Pe3ymbTatm mOCHiKeHb
MOKa3yI0Th, IO 31 3DOCTaHHSIM OCHOBOTO HAaBAaHTAKEHHS HAHOIIBIINIA BiJICOTKOBUI MPUPICT 3HAYCHb M€
Cepe/iHi piBeHb aMIUTITYAN PE3yJIbTYIOUHX CUTHAIB aKyCTUYHOI eMicii.

Takoxx OyB TpoBeACHHWI aHAN3 EHEPreTHYHUX IapaMeTpiB aKyCTHYHOTO BHIIPOMIHIOBaHHS 3i
3pOCTaHHSM OChOBOTO HAaBaHTAXKEHHS Ha TMapy TepTsA 13 KOMIIO3WIIHHOTO Marepiany. Pesymbratu
MOJICJIIOBaHHsI TIOKAa3aJid, IO BiJCOTKOBHH MPHUPICT CEPeIHBOrO PIiBHA €Heprii i HOro CTaHJapTHOTO
BIJIXFJIEHHS TaKOX OMHCYIOTHCS JIIHIHHUME QYyHKIisIMA. B TOM e dac HalOUThIINN BiICOTKOBUIN TIPHUPICT 3i
3pOCTaHHSIM OCHOBOTO HaBaHTA)KCHHS Ha Tapy TEPTS CIIOCTEPIraeThCs B AUCIIEPCii CEpEAHBOTO PiBHS €HEpTii
PE3YJBTYIOUNX CUTHAJIIB aKyCTUYHOI eMicil.

Pe3ynbraTtu 1ociipkeHb OKa3ally, IO i 9Yac eKCIIEPUMEHTAIBHOTO JIOCHIKEHHS CUTHAIIIB aKyCTHYHOT
eMicii 31 301IbIIEHHSM OCHOBOTO HABAHTAXECHHS Ha Mapy TEPTA 3 KOMITO3UIIIHHUX MaTepiaiiB HaHOUTBIIOTO
3pOCTaHHS CJIiJ] OYIKYBaTH B CEpEIHLOMY PiBHI aMILIITYId PE3yJIbTYIOUHX CHTHAJIB akycTH4HOI emicii. [1pu
IILOMY 3POCTaHHS HOro CTaHAAPTHOIO BIAXWJICHHS 1 qucnepcii Oyje He3HauHuM. HalGinbmoro 3pocTaHHs
CJIiJT OYiKyBaTH 1 B AMCIIEPCii CepeTHOTO PiBHS €HEPTii CUTHAJIIB aKyCTUYHOI eMicii.

KarouoBi ciioBa: akycTHuHa eMicisi, aMILTiTyla, €HEpris, 3aKOHOMIpHICTh, KOMITO3UIIIMHUI MaTepia,
HaBaHTaXEHHS, TapaMeTp, IPUPICT, TEPTs, PIBEHb, CUTHAIL.
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[IpoBeneHo MonenupoBaHHE PE3YIbTHPYIOIIMX CHUTHAJIOB aKyCTUYECKONW AMMCCHUH, BO3HMKAIOMIMX MpPHU
TPEHUH TOBEPXHOCTEN M3 KOMIIO3MIIMOHHBIX MaTEpHalIOB, & TAKXKE NPH BO3PACTAHUM HAarpy3Kku, KOTOPYIO
BOCIIPMHUMAET HccieqyeMas apa TpeHus. Pe3ysbTaTel uccienoBaHui 10Ka3ald, 9YTO BO3pAacTaHUE OCEBOM
Harpy3kd TpPUBOAUT K pPOCTY aMIUIMTYJHBIX IapaMeTpPOB pPE3YJIbTHPYIOIMX CHUTHAJIOB aKyCTHUYECKOH
9MHUCCHH, TAKUX KaK CPEJHEr0 ypOBHS aMIUIUTY/bl, €0 CTAHAAPTHOIO OTKJIOHEHUS U aucnepcud. [Ipu sTom
OBUIM TIONYYeHBl OCHOBHBIC 3aKOHOMEPHOCTH HW3MEHEHHWS aMIUIMTYJHBIX MapaMeTpoB (HOPMHUPYEMBIX
CUTHAJOB. YCTaHOBJIIEHO, YTO 3aBHCHUMOCTH W3MEHEHHWS MPOIEHTHOTO TPUPOCTa CPEAHET0 YpPOBHS
aMIUTATY/IbI, €70 CTAHJAPTHOTO OTKIOHEHUS U JUCTIEPCUM UMEIOT OJHOTUITHBIA XapakTep, IPH 3TOM XOPOIIO
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OIMKCHIBAOTCS JTUHEWHBIMH (YHKIMSIMH. Pe3ynbTaThl MCCICIOBAHUM MOKA3bIBAIOT, YTO MPH POCTE OCEBOMH
Harpy3Ku CaMblil MPOLEHTHBIA MPUPOCT 3HAYECHUN UMEET CPEIHUN YPOBEHb aMIUIUTY/bl PE3YIbTUPYIOLINX
CUTHAJIOB aKyCTUYECKOU SMUCCHUH.

Brinonnen ananus sHEPreTHYECKUX MapaMEeTPOB aKyCTUUECKOTO U3IIYUCHHSI TIPU POCTE OCEBOU HArpy3Ku
Ha @apy TpEHUsT W3 KOMIIO3ULIHMOHHBIX MaTepuanoB. Pe3ylbTaThl MOIEIMPOBAHUSA IOKAa3aid, 4YTO
MPOLICHTHBIM NPUPOCT CPEAHETO YPOBHSA 3HEPrUU U €€ CTaHAAPTHOIO OTKJIOHEHUS TAKXKE OMUCBHIBAKOTCS
JUHEHHBIMU (QyHKIUAMHU. Hanbonbmuii MpoleHTHRIH MPUPOCT C POCTOM OCEBOM HArpy3KH Ha Mapy TPEHHUS
HaOJIIO/IACTCS B JUCIICPCHH CPEIIHETO YPOBHS SHEPTUU PE3YJIBTUPYIONUX CUTHAJIOB aKyCTHUECKON IMUCCHUH.

PesynpTaTel uccnenoBaHUl MOKa3ald, YTO TMPU SKCIEPUMEHTAJIbHOM HCCIECIOBAHUM CHUTHAJIOB
AKyCTHYECKOM 3MHCCHM C POCTOM OCEBOM HArpy3KH Ha Mapy TPEHHUsS C KOMIIO3ULMOHHBIX MaTEpHaJIOB
HauOOJBIIETO POCTa CIEAYET OXHUJATh B CPEAHEM YPOBHE AaMIUTUTYABl PE3YJBTUPYIONIMX CHTHAJIOB
aKycTHYecKol smuccuu. lIpm 3TOM pocT ero cTaHAapTHOTO OTKJIOHEHWS M JAWcrepcuu OyneT He
3HaYNTENHHBIM. Hanbompiero pocra cienyer 0XXuaaTh U B IUCIEPCUN CPETHETO YPOBHS SHEPTHH CUTHAIOB
aKyCTHUYECKON AIMHUCCHH.

KiroueBble ciioBa: akycTH4ecKas SMHCCHS, aMIUIITYAd, 3aKOHOMEPHOCTb, KOMIIO3MIMOHHBIM MaTepial,
3arpysKa, napamerTp, IpupocT, CUTHaJ, TPEHHE, YPOBCHb, SHEPTHSL.
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In this article the simulation the results of acoustic emission signals formed by friction surfaces with
composite materials at load increasing were showed. The results showed that at increase of axial load
increases the amplitude of the resulting parameters of acoustic emission signals, such as the average
amplitude, its standard deviation and variance. Thus were obtained the basic changes of amplitude
parameters generated signals. Was determined that the variation of the percentage increase in the average
amplitude, its standard deviation and variance were the same type of character, with well approximate by
linear functions. The results showed that with growing of axial load the percent increase in average
amplitude of the resulting acoustic emission signals.

Also, an analysis of the energy parameters of acoustic emission with increasing axial load on the friction
pair with composite materials was conducted. The simulation results showed that the percentage increase in
the average level of energy and its standard deviation are approximate by linear functions. At the same time
the greatest percentage increase with increasing axial load on the friction pair is observed in the dispersion of
the average energy of the resulting acoustic emission signals.

The results showed that at experimental study of the acoustic emission signals with increasing axial load
on the friction pair with composite materials greatest growth is expected in the average amplitude of the
resulting AE signals. The growth of its standard deviation and variance will be not significant. At the same
time, the greatest growth is expected in the dispersion of the average energy of acoustic emission signals.

Keywords: acoustic emission, amplitude, composite material, energy, friction, increment, law, level, load,
parameter, signal, variation.
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