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Abstract. Modeling of acoustic emission energy during the composite material machining for termoactivative
model of acoustic radiation is simulated. The regularities of resultant signals energy parameters change depending
on composite materials machining speed are determined. Obtained regularities with their statistical characteristics
are described. Sensitivity of acoustic emission energy parameters to the change of composite material machining

speed is shown.
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1. Introduction

At manufacturing of items from composite materials
(CM) the considerable attention is paid to problems
of optimization, monitoring and diagnostics of
technological processes of their machining,
including diagnostics of the treating tool and worked
material. Their solution is aimed at ensuring of the
quality of manufactured products. The main
problems caused by complexity of the structure,
wide range of physical and mechanical
characteristics of the CM and their tendency to
occurrence of defects such as surface defects, cracks
and flaking.

In the research of CM machining processes both
traditional and non-traditional methods are used.
Traditional methods allow to inspecting cutting
forces, wear of the cutting tool, the machined
surface roughness, specters of vibration signals and
other parameters. However, the non-traditional
method — the AE method is widely spread. Its
application is caused by high sensitivity of method
to the processes of deformation and fracture
materials under static and dynamic conditions of
loading. This method is a low-inertia method. The
method is a reflection of the internal processes
occurring in materials during their destruction
(destruction of the surface layers). At the same time,
the influence of various factors (speed and depth of
cut, type of machining materials, etc.) on the
modification of AE complicates its interpretation,
finding interrelations and practical applications.
From this point of view, theoretical researches with

modeling of an impact of various factors on the
patterns of AE shape and parameters change are
very important. One of the influencing factors is the
CM machining speed. Its change may lead to the
variation of AE energy parameters.

2. Analysis of the latest researches and
publications

One of the non-traditional methods to research of
CM machining, which becomes more and more
widespread, is the AE method [1 — 3]. Registration
and analysis of AE is carried out in the performance
of different types of materials (steel, CM, alloy)
machining (whetting, drilling, milling). Obtained
results demonstrate that registered AE signals are
similar to each other by their shapes [4 — §]. They
are continuous signals with amplitude variations,
whose parameters vary over time at different stages
of machining materials. At processing of such
signals parameters, as a rule, analysis of the root-
mean-square ( RMS) value of their amplitudes, low-
frequency and high-frequency peaks in the specters
of signals, the area under the signals or their
accumulated values, energy (accounts energy),
accounts of signals during the introduction of a
threshold limit are carried out [7 — 11].

In the basis of spent researches the submissions
about potential sources of acoustic radiation lie at
machining of materials. It is assumed that such
sources may be [1, 12]: plastic deformation and
destruction of the machined material; temperature-
phase transformations in the machined material; the
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friction of the machining tool and the surface of the
machined material; friction of fillings and the tool,;
destruction of fillings; collision of fillings with
machined materials; destruction of the tool etc. Such
emission sources imply the formation of two types
of AE signals — continuous and discrete (short-term).
It's almost impossible to take into account the
assumed detailing of the emission sources in
conducting research of AE. However, from an
energy point of view, the main source of AE is the
deformation and destruction of machined material.
Hence, the parameters of AE registered signals are
analyzed in conjunction with the parameters of
machined materials with traditional structure and
CM (cutting speed, cutting depth, cutting angle),
also with status of cutting tools (tool wear),
parameters of formed shavings and the condition of
machined surface detail.

Researches allowed obtaining a number of
dependencies, which show the influence of the
parameters of a particular type of machined
materials on AE parameters. However, received
dependencies are not generalizing. They relate to the
specific conditions of implementation of the
machining materials technological processes.
Dependencies, in many cases, are of complex
character and contradict each other, which
complicates their interpretation and using during the
monitoring and diagnostics of machining materials
technological processes, including CM. At the same
time, there is limited amount of theoretical
researches of AE, which allow obtaining the
expected patterns of its parameters changes during
the machining materials, taking into account various
factors.

The model of the AE and the results of modeling
during CM machining and prevailing
thermoactivative destruction of its surface layer are
reviewed in the articles [13, 14]. The model of AE
resultant signal, taking into account the sequence the
surface layers destruction processes of the machined
material, for prevailing thermoactivative formation
of AE is represented in the next way

U,(0)=SUs(t-1,), (1)
J

where ¢ ;- the moments of time when AE pulse

Ug
thermoactivative destruction of certain areas of CM.
The instant of appearance each subsequent signal
AE can be written to a kind

;= jAL,, @)

signals appear, arising at the prevailing

where Af ;- the time interval between the

beginnings of the formation of the subsequent AE
pulse signal compared to the previous.

The studies have shown that the formed AE
resultant signal is a continuous signal with a highly
rugged form. In the simulation of these AE signals it
was thought that the machined CM dispersion
properties, instability of the workpiece rotation
speed, longitudinal feed speed or other factors may
affect the duration of consecutive destruction surface
layers processes, i.e. the duration of generated AE

pulse signals. Therefore, moment of time 7, is

represented in a next way
t,=jAt; £9, 3)

where j = 0,...... , n — the number of consequently
destructed areas; ¢ — random component in a
moment of occurrence of each subsequent AE pulse
signal.

In view of accepted conditions, it is shown that
with increasing of CM machining speed descends
increase of the AE resultant signal average level
amplitude, its standard deviation and dispersion.
Thus by the greatest sensitivity to ascending of CM
machining speed is a dispersion of AE resultant
signal average level amplitude.

At the same time, the most capacious AE
parameter is its energy. Of course, it is interesting to
study the influence of CM machining speed on the
energy characteristics of AE resultant signal.

3. Research tasks

In the paper, modeling and analysis of AE resultant
signals energy characteristics in time during
prevailing thermoactivative acoustic radiation in
dependence of CM machining speed is carried out.
Regularity change of the AE signals average level
energy, its standard deviation and dispersion with
increasing of CM surface layer destruction speed
will be identified and described. It will be also
shown that dispersion of the AE resultant signal
average level energy is most sensitive to an increase
of CM machining speed.

4. Researches results

Modeling of AE resultant signals energy in time
during CM machining for prevailing
thermoactivative destruction will be carried out in
the next way. In the first stage, we shall conduct
simulation of AE resultant signal amplitude change
in time. At that, calculations of AE pulse signals
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amplitude change in time will be conducted
according to the next expression

_L(e_X(to —1) _ eXto)

UT(t)zuOOLte_X(tO_t)e ToX , (4
where T, — is the parameter match value of the

period of thermal vibrations of the lattice atoms of a
solid body; o — speed of change of the enclosed

. . N, . .
loading; ¢ — time; u, =—>f8, — maximum possible
T
displacement in the instant destruction of a given
CM area, made from N, destructible elements; B —
the coefficient of proportionality between stress

fracture and amplitude of a single impulse
perturbations in the destruction of one CM element;
i)
t+5

0. =

N

[ a(t)dt; & — the duration of a single

)

impulse perturbations in the destruction of one
element; a(t)— the function that determines the

shape of a single impulse perturbation; XZE;

U, : . .
t, =—2; U, starting energy of activation (the size

Yo
of the starting energy barrier) of the destruction
process; k — the constant of Boltzmann; 7 -
temperature; Y — structure sensitive coefficient.

On the second stage we will perform

calculations of AE resultant signals energy,
according to the next equation
E,(t)=ALU;, )

where k = 1....n — the amount of the calculated
values of the resulting AE signal amplitude on the

implementation length n; Az, — the time interval for
calculating of the resulting AE signal amplitude;
U, — estimated value of the resulting AE signal
amplitude at the & -t interval.

According to previous calculations there will be
built dependency of the AE resulting signals energy
changes in time and it will be analysed.

At the modelling of AE signals, agrees (1),
assumed that during CM machining occurs
sequential destruction of the individual fields of the
material i.e. the cutting depth is a constant
value. Parameters included in equations (3) and (4)
will be given to dimensionless quantities and the

time is normalized to #,. Signal amplitude will be

normalized to u,. Value y/kT will be proceeding

to a single normalized value. In this conditions
X =0o.. Value of parameter 7, will be assumed

equal to ’T:O=10_7 . Value of ¥ (&) will be changed
in diapason from 20 to 60 with step of increment 10.

Taking into account the changes in duration of
AE pulse signals for given values of %, value of

Af; is assumed to be: § =20 — Af,=0,1; ¥ =30 —
At;=0,08; x =40 — Ar;=0,06; ¥ =50 — At¢;=0,04;
%=60 — AZ;=0,03. The value & for §= 20 will
change in the range from 0 to 0,16 in an arbitrary

manner. For other % values, & will be reduced in
proportion to the reduction of Ath .

According to taken conditions, upon the
results of AE resulting signal amplitudes in
time, calculations of their energy changes will
be performed according to (5). The calculations
of AE resultant signals energy change in time in
relative units are shown in fig. 1. On the graphs
fig. 1 time is normalized to the time of the
destruction CM surface process during its
machining. In constructing the curves, that shown in
fig. 1, 4000 wvalues of the amplitudes were
calculated, respectively, energy for every AE
resultant signal.

Results of the researches (fig. 1) show that
increasing of y leads to increment of AE resultant
signals average level energy and the value of its
spread.

Truly, according to statistical analysis of the

values at ¥ =20, average energy level E of AE

resultant signal is E=2,957O2~10_14, and its

standard deviation Sz and dispersion s

9

SN

1IN

respectively, are equal: §== 8,61053-107"°;

7,41411- 107’ . The increase of ¥ by 2 times (up to

2

40) leads to an increment of E, Sz and S,

respectively, increases in 2,62 times, in 4,72 times
and in 225,61 times. Further increasing of j by 2.5
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Fig. 1. Graphs of the AE resultant signal energy change

in time in relative units during CM machining: a- J =20,
AT;=0,1; b- 7 =30; AT;=0,08; c- 7 =40, A7, =0,06; d-
7 =50, A7;=0,04; e- 7 =60, A7;=0,03. T,=10"". Initial

value O changes in diapason from 0 to 0,16

proportionally with a decrease of Ath

times (up to 50) values of the AE resultant signal

average energy E level, its standard deviation Sz

and dispersion sig, respectively, increases in 10,6
times, in 37,85 times and in 1432,78 times. If ¥

increases by 3 times (up to 60), the values E, Sz

and siz , respectively, increases in 17,9, in 70,0 and

in 4903,0 times.

Fig. 2 shows the dependence of AE resultant
signal average energy level change, its standard
deviation and dispersion during an increase of 7 .

Analysis of the obtained dependences have
shown that dependences of the AE resultant signal
average energy level change, its standard deviation
and dispersion with an increase of ¥ is well
described with the next function

W=a-b*, (6)
where a and b — coefficients of approximated
expression.

The wvalues of approximating expression
coefficients are: for the dependence of AE resultant

signal average energy level — a = 1,479- 10_14; b=
1,062; for the standard deviation of the AE resultant

signal average energy level — a = 6,997-10_15; b=
1,077; for the dispersion of the AE resultant signal

average energy level —a = 1.480- 1072 ; b=1,139.
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Fig. 2. Dependences of the AE resultant signal energy

change (a), its standard deviation (») and dispersion (¢)
during an increase of

At the description of relations (fig. 2, a, b, ¢)
determination coefficient R’ and the residual
dispersion SD? make: for the average energy level
of the AE resultant signal — R® = 0,99414,

SD? =3,164-10_28 ;for the standard deviation of the

AE resultant signal average energy level — R%=
0,9896, SD? =8,427 - 10_28; for the dispersion of the
AE resultant signal average energy level -R*=
0,9982, SD*=6,396-10>".

Processing results of the percentage growth of
the AE resultant signal average level amplitude, its
standard deviation and dispersion, of the AE
resultant signal average energy level, its standard
deviation and dispersion during an increase of 7 in
relation to their initial values when ¥ =20 are shown
in fig 3.
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Fig. 3. Graphs of change of a percentage growth: a —

amplitude average level (7 (M), its standard deviation

Sg (@) and dispersion S§ (A); b —energy average level
E (®), its standard deviation Sz ('¥) and dispersion

s}% () in dependence of ) during CM machining for a

thermoactivative model of acoustic radiation
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Researches show that for a thermoactivative
model of acoustic radiation with an increase of CM
machining speed we should expect an increase of
AE resultant signal average level amplitude and
energy, their standard deviations and dispersions
(fig. 3). However dispersion of AE resultant signal
average level energy during an increase of 7 is the

most sensitive parameter of AE. Percentage growth
of dispersion of AE resultant signal average level
energy is the highest (fig. 3).

6. Conclusions

Modeling of AE resultant signals during CM
machining for a thermoactivative model of acoustic
radiation have shown that regularities of energy
change in time of the formed signals are continuous.
AE signals have hardly rugged shape. Obtained data
processing has shown that increasing of CM
machining speed leads to an increase of AE resultant
signal average energy level, its standard deviation
and dispersion. Regularities of AE resultant signal
average energy level change, its standard deviations
and dispersions have nonlinear character of increase.
The statistical analysis of the data with
approximation of the obtained relations has shown,
that they are well described with power functions.
However an increase of CM machining speed has a
different impact on the degree of AE resultant
signals average amplitude and energy level increase,
their standard deviations and dispersions. It was
defined that dispersion of AE resultant signal
average energy level is the most sensitive AE
parameter during an increase of CM machining
speed. Percentage growth of AE resultant signal
average energy level dispersion is the highest. At the
same time, it is interesting to research regularities
change of accumulation AE energy processes when
changing CM machining parameters.
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