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Abstract. 4 model of acoustic emission formation during machining of the composite material for the prevailing
thermoactivative destruction of surface layer is represented. It is determined that the resulting acoustic emission signal
is a continuous signal with the strongly broken shape. The dependences of the variation of the amplitude and energy of
the resulting acoustic emission signal in time are obtained. It is shown that if process of composite material destruction
is stable in a different intervals of analysis, stable values of amplitude characteristics of the resultant acoustic emission

signal are observed.
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1. Introduction

Acoustic emission (AE) method is widely used to
study machining of materials, including the composite
materials (CM). Active research is related to the search
of patterns of change of registered AE signals
parameters with the parameters of technological
process of CM machining. Setting such regularities is
aimed at solving optimization, monitoring and
diagnostics problems of technological processes of CM
machining. This issue covers the diagnostics of the
machining tool, as well as obtaining the specified
quality of the processed material surface.

The research findings show the complex nature of
the registered AE and high sensitivity of the method to
changes in CM machining conditions. High reaction of
AE method at the dynamics of the processes occurring
in the surface layers of CM complicates the
interpretation of the results obtained and their use to
control, monitoring and diagnostics of technological
processes of CM machining. The large volumes of
received information aggravate the problem. To solve
these problems, theoretical studies of AE during CM
machining are important. Such researches allow
carrying out modeling of AE signals, identifying
patterns of change in their parameters under the
influence of various influencing factors. The results of
this modeling will make it possible to determine the
contribution of various processes in the AE and
interpretation its modification as conditions of CM
machining processing change, which can be used to
develop control methods, monitoring and diagnostics
of technological process of CM machining. Theoretical

researches primarily are related to the development of
models of AE formation during CM machining.

2. Analysis of the latest research and publications

AE method is widely used to develop methods for
control and monitoring of materials machining and
condition of the cutting tool. The studies of AE are
conducted in the performance of various types of
machining of materials — drilling, milling, turning,
grinding [1-4]. When describing and processing of
the recorded AE signals, it is assumed that their
formation is caused by the presence of various
sources of AE — deformation and destruction of the
material surface, the deterioration of the cutting tool,
destruction of filings and others [5]. In relation to
the energy, generated signals must be certainly
different from each other. Therefore despite the
detailing of the alleged sources of AE it is believed,
that the continuous AE signals are formed during
operation of the normal or worn cutter and impulse
(explosive) signals are generated at failure of the
cutting tool or filings. Basing on those assumptions
in experimental researches the search of the relation
between AE parameters and the parameters of
technological process of machining of materials or
deterioration of cutting tool is held [6-9].

It should be noted, that empirical AE dependencies
have limited application. They are obtained for given
technological parameters of machining of materials. In
many cases, the dependencies are complex and have
contradictory nature of change that complicates the
generalization and interpretation of the results. Thus
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there are practically no theoretical studies with an
analysis of the impact of various factors on the
parameters of formed AE signals during the
machining of the materials. First of all, this applies
to CM. The research of theoretical regularities of
changes of parameters of the resulting AE signals
during the machining of the materials with a
crystalline structure is performed in [10, 11]. At the
researches was considered that during machining of
the material sequential processes of deformation and
destruction flow in its surface layer. Under such
conditions, the resulting AE signal was presented in
the form of

Up(t)=§Ud(t_t_j)+;UT(Z_ti)7 @)

where ¢, ¢, — instants of appearance of AE signals

from the plastic deformation U, and destruction U,
of the surface layer of material.
The AE signals U, and U, are described by the

following expression — during the flow of plastic
deformation in a given material volume

U, () = u,0t exp(-Bat), @)

LY . .
where u, =a,M TDS p — the maximum amplitude

of the displacement at the instantaneous joining of a
given volume of material with certain physical and

mechanical properties to plastic deformation; a, —

amplitude value of a single perturbation impulse
which is formed of a single mobile dislocation; 6,
— the average duration of a single perturbation
impulse; v, — dislocation movement speed; /—
distance passed by the dislocation; M, B — the
parameters that depend on the physical-mechanical
characteristics of the material and characterize the
density of mobile dislocations from deformation
(M — related to the number of dislocations and
proportional to the volume of the material which
comes in plastic deformation); o — loading speed of
the material;
— at a destruction of a certain areas of the material

Ur(t) =U o0 1% exp(—bai), (3)

where U, =Nyck — the maximum amplitude of

displacement at the instant destruction of a given
area of material with specific physical and

mechanical characteristics on strength; N, — the
total number of micro volumes destroyed in a certain

area; k — proportionality factor; ¢, b — coefficients
which depend on the physical-mechanical
characteristics of the material (characterize the
spreading of elementary destructible volumes by
strength); oo — loading speed of the material.

Simulation of the resulting AE signals [10, 11],
according to (1), showed the following. Generated
AE signals in the machining of the materials which
have a crystalline structure are continuous signals
with strongly broken shape. This result agrees well
with experimental results [7, 8, 10, 11, 12]. Processing
of simulation results [10, 11] showed that when the
machining of the materials speed increases we
should expect to increase the average level of the
resulting AE signal amplitude, its standard deviation
and variance. Herewith the simulation results are
consistent with experimental data.

The approaches considered in [10], can be used
for theoretical studies of AE in CM machining. Such
researches will allow obtaining expected regularities
of changes of AE parameters during CM machining
taking into account the influence of technological
factors and physical-mechanical characteristics of
the material.

3. Research tasks

In this paper it will be showed that thermoactivative
micro model of AE which appears during the CM
destruction can be used to describe the resulting AE
signal which is formed during the machining of CM.
Modeling of the amplitude and energy of the AE
during CM machining will be held. It also will be
showed that the generated AE signal in connection
with time is a continuous signal with a hardly rugged
shape. Such signal can be characterized by the
average amplitude and energy level and also by
values of their standard deviations and variances.

4. Research results

Let’s assume that we have a CM sample with given
physical and mechanical characteristics which is
subjected to machining using a cutting tool (fig. 1).
CM machining is carried out at a constant depth (%),
cutting speed (V) and the speed longitudinal feed ().
Taking into account notions about the sequence of
destruction processes [13], we assume that at short
time intervals there is a sequential destruction of
areas of the CM surface layer. At a constant depth
and cutting speed, as well as the value of
longitudinal feed, we assume that consequently
destructed spaces of CM S; have the same area
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(fig. 1) i.e. areas of CM with the same size are
destructed per unit of time. Also, we assume that
destruction of each area leads to the formation of
acoustic radiation in the form of AE impulse signal.

Destructed area

Workpiece

Cutting tool

Fig. 1. CM machining

In such conditions resulting AE signal can be
represented in the form of a sum of consequently
formed impulse signals

Up(t):ZUj(t_tj)v 4)

where ¢, — moments of time, when AE (U)) signals
appear. They are caused by destruction of j-th areas
of CM.

Let’s assume that destruction of every CM area
(S, fig. 1) is followed by AE impulse which is being
formed during the overwhelming termoactivation
process. Such AE signal, according to work [14], is
described by kind expression

1 [—X(to —1) xt()]
-——le —e
Uy (6) =uqote X0~ Tok )

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, =—2B8,— maximum possible
To
displacement in the instant destruction of a given
CM area, made from N, destructible elements; 3 —

the coefficient of proportionality between stress

fracture and amplitude of a single impulse
perturbations in the destruction of one CM element;
d
5

3, = [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
(0] U

'Y = _0 * UO J—

X:_9 t() s

impulse perturbation;
kT Yo

starting energy of activation (the size of the starting
energy barrier) of the destruction process; k£ — the
constant of Boltsman; 7 — temperature; y — structure

sensitive coefficient.

During the constant depth and velocity of cutting
as well as the amount of line feed time appearance
of every next AE signal in the formula [4] can be
recorded as

t; = JjAt;, (6)

where At i— the amount of time between the start of

formatting the next AE pulse signal in relation to the
previous.

For the accepted conditions of CM machining, if
there is no random component in time development
of the fracture process, the resulting AE signals
according to (4), taking into account (5) and (6), will
appear as the sinusoidal signal. This corresponds to
the sequential occurrence of AE impulse signals at
sequential the destruction of CM areas.

However, the dispersion properties of the
processed CM, the instability of the rotation speed of
the workpiece, the instability of the velocity of
longitudinal feed, instability of the sizes of the
fracture areas or other factors will affect the duration
of successive processes of destruction areas of CM
surface layer, i.e. will affect the duration of the
formed AE impulse signals. On this basis, the time
of occurrence of each subsequent AE signal can be
written as

tp=t+jAt; 3, (7)

where ¢, — the time of the start destruction of the
first Sy area during the CM machining or the time

the first AE signal appear; & — the random
component in the time of the occurrence of each
subsequent AE impulse signal.

Let’s carry out the simulation of the resulting AE
signals in the form of dependency changes its
amplitude and energy over time in relative terms.
Modeling the dependence of the amplitude of the
resulting AE signal will hold on expression (4),
taking into account expressions (5) and (7).
According to the results of the simulation we will
perform calculations the energy change resulting AE
signals in time according to the expression

E,(t)=ALU;, (8)

where £ = 1....n — the amount of the calculated
values of the resulting AE signal amplitude on the
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implementation length n; Af, — the time interval for
calculating of the resulting AE signal amplitude; U,

— estimated value of the resulting AE signal
amplitude at the k-th interval.

During the modeling of the resulting AE signal
amplitude changing in time, parameters that are
included in formula (5) we will change into
dimensionless quantities and the time is normalized
by f,. The signals amplitude will be normalized by

uq . The value of y/kT will be turned into a single
normalized value. In this conditions y =o. The
value of 1, will be equal to T, =10". Value ¥ will

be equalized to ¥ =20 . Time interval A7j between

the appearances of every next and previous AE
signal will be matched by the length of generated

signals. It’s value will be equalized to Afj =0,1. The

value of & will be randomly substituted in diapason
from 0 to 0,16. The time interval A¢,, which

formula (8) includes, will be determined by the
results of calculating of 4000 AE signal amplitude
values.

The calculations in the form of dependences of
the amplitude and energy of the resulting AE signals
over time in relative units during CM machining are
shown in fig. 2. In the graphs of fig. 2 time is
normalized by the progressing of the CM surface
destruction process during the machining.

The results of the spent studies (fig. 2) show that
for the given modeling conditions of AE in CM
machining represent that the AE signals is a
continuous signal. The signals, characterizing the
dependence of the amplitude and energy of AE in
time, have a strongly rugged form. It should be
noted that the simulation results are consistent with
the data obtained by various authors [15, 16].

Such AE signals can be characterized by medium
levels of the amplitude and energy on different
analysis intervals and also their standard deviations
and dispersion. The results of the statistical analysis
of AE signals amplitude at predetermined intervals
are showed in table 1.

In table 1 is the following notation: U — medium
level amplitude of the resulting AE signal; Sz =

standard deviation of the medium level amplitude of
AE signal; S%— dispersion of the medium level

amplitude of AE signal.
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Fig. 2. Graphs of the variation of the resulting AE
signals amplitude (¢) and energy (b) over time in
relative units during machining of CM. Simulation

parameters: ¥ = 20, At~j= 0,1; T0=10'7. The value

8 varies in the range of values from 0 to 0.16. Value

At,=0,0001

From the upcoming results (table 1) we can see
that during the CM machining in case of the stability
destruction process of the surface layer, at various
intervals analysis shows stability of the statistical
characteristics of the resulting AE signals amplitude.
The statistical processing shows maximum deviation
of the medium level resulting AE signal amplitude at
predetermined intervals (T4, ..., Ty)
according to the maximum interval (7;) does not
exceed 0,9 %. For the standard deviation of the
medium level resulting AE signals amplitude this

analysis

deviation does not exceed 0,7 %
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Table 1. Statistical characteristics of the resulting AE signals amplitude at predetermined intervals of analysis

Interval analysis T T T T. T
(amount of 0 ! 2 3 4
analyzed points) 0...4000 0...1000 1001...2000 2001...3000 3001 ...4000
U 1,70117-107 | 1,70704-107 | 1,70983-107 | 1,70155-10 | 1,68585-107
S= 2,51114-107° | 2,50059-107° | 2,49308-107° | 2,52237-107° | 2,50301-107°
52 6,30581-107"% | 6,29804-107"% | 6,21545-107"% | 6,36233-107"% | 6,26506-107"2

For the dispersion of the medium level resulting AE
signals amplitude deviation does not exceed 1,4 %.

Certainly, as conditions of the CM surface
destruction change (first of all, we mean the increase
of cutting tool wear), AE generating conditions also
change. In turn, this should lead to the change of
values and the statistical characteristics of the
resulting AE signals that can be used for controlling,
diagnosis and monitoring of technological processes
of CM machining.

5. Conclusion

The model of the resulting AE signal during the CM
machining for the prevailing termoactivation
destruction of the surface layer has been considered.
Conditions for the formation of the AE impulse
signals during sequential destruction of areas of the
CM surface layer have been found. Factors which
affect the AE signals formation time instability have
been defined. The modeling of the resulting AE
signal with calculating the conditions of its
amplitude and energy changing has been processed.
It is shown that for the predetermined conditions of
AE modeling during the CM machining, AE signals
are the continuous signals. Herewith AE amplitude
and energy time dependence characterizing signals
have strongly rugged form. Statistical analysis of the
modeling results shows that during the stability of
the destruction progressing process of the CM
surface layer on the different analysis intervals there
are constant resulting AE signals amplitude values
has been processed. Their deviation may indicate a
change in the CM machining conditions. It can be
used for controlling, diagnosis and monitoring of
technological CM machining.

At the same time, there is interest in the studying
of the influence of various factors of the machining
technological process on the resulting AE signals.
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