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APPLICATION OF ACOUSTIC ANALYSIS IN CONTROL SYSTEMS
OF ROBOTIC MACHINE TOOLS

Relevance. The problem of controlling complex technological machines such as machines with mechanisms based on kinematics with
parallel structure is given consideration in the article in order to improve accuracy of positioning of actuators, to ensure their dynamic
adjustment and optimization of trajectories of displacement of operating elements of the equipment (cutting tools, assembling or control-
ling instruments). The object of the study is the model of the operating area of a mobile robotic machine tool.

Objective. The goal of the work is to create a concept for controlling a mobile robotic machine tool applying acoustic control on the

basis of a reference model based on deep neural networks.

Method. A method of identification and control of a mobile robotic machine tool using spectral description of absorption of acoustic
wave with further processing of obtained information is offered. This method allows determining accuracy of positioning of actuators, as
well as conducting dynamic adjustment and optimization of trajectories of displacement of operating elements of the equipment. A method
of acoustic analysis for precision machining on machine tools with parallel kinematics has been developed.

Results. A neural network reference model has been constructed, which allows to diagnose current characteristics of the state of objects
in different conditions, namely mechanism’s configuration, mechanism’s geometric parameters while running motor-spindle, dynamics of
displacement of mechanism’s nodes of the experimental stand with variable velocities and load on the drive, as well as temperature changes
of the object. The developed neural network models also were tested for adequacy.

Conclusions. The experiments on the study of the dependency between the parameters of the spectrum of the acoustic signal with a
given discreteness disturbed by excitatory effect in the form of “white noise” confirmed efficiency of this approach. Prospects for further
research may consist in creation of methods for optimal control of complex technological machines to improve accuracy of positioning

of actuators and to improve their dynamic settings.

Keywords: acoustic diagnostics, robotic machine tool, neural networks, reference model.

NOMENCLATURE

X - a set characterizing the coordinates {Xi,yi,zi}
of the object’s actuator;
Y — a set characterizing the acoustic spectrum of

natural oscillations of the object’s system,;

A;(f;) - amplitude of the k-th frequency of the
amplitude-frequency response;
Q — object of modeling;

)_(/ — a set of recovered coordinates of the object’s
actuator;

?’ — a set of restored characteristics of the acoustic
spectrum of natural oscillations of the object’s system,;

X;,¥i>Z; — spatial coordinates of the actuator of the
object Q);

Xk »Y1,Z; — controlled characteristics of the object;

o — error of recovery X;

&' — error of recovery ?;

W(f) — signal of excitation of the object by the “white
noise”;

R[W(f)] — reaction of the object to the excitatory action
W(b);

x{,yi,z{ — restored spatial coordinates of the object’s
actuator;

A'(f;) — restored amplitude-frequency characteristics;
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ill ’X_’z — a set of identifiers of intermediate layers of
deep neural network by {X;,y;,z;};
?1'»Y_2'~- — a set of identifiers of intermediate layers of

deep neural network by [A;(f;)].
INTRODUCTION

Perfection of the accuracy and efficiency of mechanical
processing technology depends on the quality of control
of the actuators of the equipment. Along with increasing
technical requirements for actuators, requirements for the
control systems of the equipment and processes, in
particular for informativeness of the diagnostic channels,
are increasing too. In [3, 4, 7, 15, etc.] analysis of the
methods and means of analysis of technological equipment
and processes of mechanical processing is presented.
However, despite a significant progress in creating new
tools, methods and means for analysis of objects, topicality
of research work in this field is still high [2].

The object of the research is the model of the operating
area of a mobile robotic machine tool.

Among actively developing diagnostic methods of
objects and processes, it is necessary to allocate the
methods of acoustic analysis and creation of control
systems on this basis [5, 6, 17].

The subject of the study is a set of methods for analysis
of current characteristics of the state of objects in different
conditions, namely mechanism’s configuration,
mechanism’s geometric parameters while running motor-
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spindle, dynamics of displacement of mechanism’s nodes
of the experimental stand with variable velocities and load
on the drive, as well as temperature changes of an object.

The aim of the work is to create a concept for controlling
a robotic machine tool using acoustic control on the basis
of a reference model based on deep neural networks.

1 PROBLEM STATEMENT

Recommendations of work [14] were applied for
formalization of mathematical description, in which the
spectrum of the signal is represented by spectral
characteristics.

In general, these estimates are not dependent and there
is a possibility of fluctuations around true value of the
spectrum. Using frequency filters with frequency response

S (k), modified spectrum Y of the object €2 is obtained as
a function of its properties X:

Y = A {fc[S(k)]} > Fy (X)),

To formulate the problem, the Bayes’ theorem [8] was
applied. Therefore, two of the main input positions were
used: one known, the other one unknown (Fig. 1). The first
one is the hypothesis about functional interconnection of
frequency response with positioning of the operating
element of a robotic machine tool; the other one is statistical
data, which, due to transformation of Bayes’ theorem, form
a posteriori information that has an error within the
confidence interval.

The input data is the amplitude-frequency response
(obtained due to the measurements carried out by spectral
analysis of the acoustic signal in the form of a response to
the action of the exciting effect of the “white noise”).
Amplitudes of the discrete stages of the obtained
amplitude-frequency spectrum are determined by the
considerations of the volume of calculations and
assumption of a decent error.

Computational model allows determining the
coordinates of the actuator of a robotic machine tool and
can be used for solving direct and inverse tasks. The direct
task is to determine the estimate § of the error, so the sum
of quadratic deviations of the restored spectral
characteristic is minimized within a given error. The inverse

task is solved by direct converters, using the neural network
constructed for this purpose in reverse order. Then

determine inputs for known coordinates X and restore

initial values Y (Fig. 2).
Evaluation of the neural network should not exceed error

of recovery sum(X—X')> (4):
Y =F[x;.y;.2] , “)

X' =F [A;(H)],

i=1.N,
j=1.M,
M<N.

When solving the task directly the model is built with
unknown data, so the required accuracy is obtained through
subsequent training.

In the inverse task, knowing the positioning of the
recovered coordinates, training of neural network is
performed with subsequent restoration of the frequency
response spectrum with subsequent restoration of
coordinates, which must differ from the inputs not more
than the magnitude of error A (Fig. 3). Therefore, the
optimization task is to minimize errors between the input
and the reconstructed positioning coordinates.

As the output data, the concept of frequency response
is employed (inputs are amplitudes of discrete degrees of
frequency response). The number of such degrees is
determined by the degree of discretion and is chosen for
reasons of volume of calculations, capacity and required
accuracy of the model.

+
—» min<J
X ~e |l > X
Coordinates Restored coordinates
Amplitude-
frequency
responce

Figure 2 — Concept of neural network model construction
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Figure 1 — Representation of the Bayes’ approach, taking into account [8]

52



p-ISSN 1607-3274. Panioenektponika, inpopmaruka, ynpasiinas. 2018. Ne 2
e-ISSN 2313-688X. Radio Electronics, Computer Science, Control. 2018. Ne 2

Device of selective
frequency response

Digitization of

positioning of operating
element of actuator of
robotic machine tool

7y

Standard provisions of

frequency
response

Solution of
inverse task of

operating element of
actuator of robotic
machine tool

A\ 4

frequency
response
restoration

\ '

Calculation of parameters
of neural network for a
given constraints §

Coordinates of
neural network &'

-

Figure 3 — Information model of the process
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Figure 4 — Modeling of input and recovered coordinates
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For coordinates {X;,y;,z;} restrictions are the

following:
|Xi —xi’| <9,
ly; —vi| <8,
|Zi —z{| <39,

Under the terms of recovery of amplitude-frequency

response within the limits of error §':
|A(f)-Al(D|< 8.

Each amplitude A, (f) is endowed by distribution of
probabilistic characteristics. For a given input X neural
network restores value Y. For a given frequency response
specimen a computational model has been created, which

allows accurate |§—f| <38 recovery Y'=F,[x!,y!,z!]

(Fig. 4). For this purpose an optimization task is solved,
which contains a target function and has limitations.

2 LITERATURE REVIEW

In [6, 17] authors consider issues related to the analysis
of technological equipment. The main task of analysis is to
recognize the state of the object in conditions of limited
information [1]. The algorithm of recognition is partly based
on diagnostic models, which establish relationship between
the states of the objects and their reflections in space of
assessed indications [18].

Authors [9, 10] propose to use acoustic control for
above mentioned algorithms, based on amplitude-
frequency response of natural oscillations of objects.

Previously in [12, 18] an assumption was made and
partially confirmed, that as an informative source of
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diagnostic signal it is necessary to employ amplitude-
frequency response of object’s own oscillations within the
acoustic range.

Among the methods of acoustic control the following
are distinguished: the active ones, using radiation and
reception of acoustic signals; and the passive ones, based
only on reception of acoustic signals [11].

Acoustic control methods are based on interaction of
elastic oscillations of controlled products with waves of
wide frequency range [13, 16]. For non-destructive testing
of multilayer structures these methods are most widely used.
The main of them are the low-frequency methods, the
ultrasonic method of exposure and, to a lesser extent, the
method of reverberation and the acoustic and topographic
method, although the possibilities of which are not fully
disclosed. Obviously, the main problem lies in methodology
and is applied to mathematical apparatus for processing of
acoustic signals. Therefore, in this work, a method of
acoustic analysis for mechanisms of robotic machine tools
is proposed, as well as further processing of data by means
of neural networks.

3 MATERIALS AND METHODS

Given the special importance of the issue, the authors
of the article offer a comprehensive approach, in which the

Spectrum of "White noise”

\

processes of control and analysis are a procedure for
creating a reference model of controlling an object and
keeping this model current during the technological
operation. The basis of this approach is the acoustic signal
spectrum, reflected from the elements of the technological
system and the system of its transformation (Fig. 5).

The basis for creation of a reference model is the
hypothesis on the informative capabilities of the acoustic
signal spectrum as a source of data about the properties
and parameters of an object. As shown in [10, 12], the
spectrum of eigen-damaged vibrations of an object is the
most informative in relation to various properties and
parameters of an object. However, informative capabilities
of the acoustic signal spectrum for analysis are greatly
expanded by excitation of the spectra of forced oscillations
by “white noise”, emitted by transmitter over the test range.

As for adopted designations: W (f) — is the signal of the
object’s excitation by the “white noise”; R [W (f)] — is the
reaction of the object to excitation by the “white noise”; x,,
X,..., X.... — are properties and parameters of the object
(configuration, velocity, deformation, effort, strain,
acceleration, temperature, etc.) R [W (] =F {x, x x ...}.

The task of analysis and creation of a reference model
of an object is to determine the object’s properties and
parameters X, X,...X.... by response RfTW(f)] (Fig. 6).

>
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Figure 5 — Structural diagram of creation of a reference model of a mobile robotic machine tool
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Figure 6 — Information model for determining properties and parameters of an object
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Transmitter and receiver of the device for diagnostics
are reversible piezoelectric elements, where signals are
emitted (transmitter) and received (sensor). Since the
analysis of an object is carried out relative to the reference
signal of the “white noise”, this approach permits to
normalize initial diagnostic signals with respect to the
reference signal.

Each dimension is maximally protected against accidental
signal fluctuations. This is achieved by the fact that at
each implementation of the elements of the experiment plan,
the measurements are averaged over a cycle of 100
successive spectral scans with spectral discreteness of
178.3 from 0 to 20.000 Hz. Owing to the full factor experiment,
a randomized combination of factors was employed to create
a database, where the factors are the coordinates of
positioning of the actuator of the experimental stand.

Acoustic spectrum of response, representing the sum
of excited, absorbed and reflected acoustic waves, can be
processed by deep neural networks. The result of such
processing is a model that integrates the features of
multilayer perceptrons and Kohonen Maps. Such an
association is possible by virtue of neural networks of
cascade configuration and modified neural element.

NeuroPro software package grants an opportunity to
apply the resulting model for prognostication of properties
and parameters of an object by amplitude and frequency
characteristics and thereby ensure functioning of the
reference model, which is applied for intelligent control of
a robotic machine tool.

After processing of information on positioning in each
of the characteristic positions of the executive element, a
reference model is obtained, which allows adjusting the
coordinates of displacements during processing or
assembly by robotic machine tools.

For the research the algorithm of fast calculation of
discrete Fourier Transform using the FFT analyzer with
digital audio signal input is employed. The analyzer selects
successive intervals (“windows”) from the signal, by which
the spectrum is calculated, which is displayed in the form
of a graph of amplitude-frequency dependency (Fig. 7).

Figure 7 — Display of FFT Analyzer

Similarly to band analyzers, a logarithmic scale is usually
employed for the axes of frequency and amplitude. But due
to the linear positioning of FFT bands, frequency spectrum
may not be sufficiently detailed at low frequencies or
excessively oscillate at higher frequencies.

The horizontal line of FFT analyzer displays white noise,
which is of equal energy in equal linear frequency intervals.

Parameter N is the number of analyzed signal responses,
and it is crucial for the spectrum type. The larger N, the
denser is the frequency grid, by which FFT decomposes
the signal, and the more frequency details are visible on
the spectrum.

Longer signal areas are analyzed for higher frequency
resolution. If the signal within the FFT window changes its
properties, the spectrum displays averaged signal
information from entire window interval.

To analyze rapid changes in the signal, the length of the
window N is assigned a small one. In time the resolution of
analysis increases, but frequency decreases. Thus, the
resolution of frequency analysis is inversely proportional
to the resolution of time, which can be explained by
relationship of uncertainty.

In order to create an informative spectrum of an acoustic
signal, a hypothesis about its informational content was
accepted in case of impact on an object by the influence of
“white noise”, which, along with detection of active
informational frequencies of the spectrum, allows forming
single initial conditions during the process of analysis.

Construction of a neural network’s reference model for
analysis of current characteristics of an object opens with
the choice of the analyzed characteristics of an object,
determined by the control tasks:

— increase of the accuracy of positioning of the actuator
of an object;

— provision of dynamic adjustment of the actuator;

— optimization of the displacement trajectories of the
operating actuator.

Solution of these tasks is aimed at improvement of the
quality and productivity of technological machines and
processes.

4 EXPERIMENTS

Equipment for experimental research:

— an experimental stand in the form of a delta mechanism,
which is a group of mechanisms based on parallel
kinematics, equipped with a system of numerical software
control based on the MEGA 2650 circuit, which provides
control programming of the stand using G-codes;

— two sound cards installed on two computers running
Windows XP operating system;

— piezoelectric transmitter and sensor.

— an amplifier of the “white noise” signal excitation, 2
watts of power.

Software:

— computer package Spectrolab;

— computer package NeuroPro-0.25;

— computer package Statistica 10.

The plan of the experiments supposed to study the
relationship between the parameters of the spectrum of the
acoustic signal with a given discretion, disturbed by excited
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influence in the form of “white noise”. The authors put
forward an assumption about a possibility of analysis of
characteristics of investigated objects being invariant with
respect to the errors made by the hardware part of the
diagnostic system. This assumption is based on the fact
that the diagnostic signal possesses initial values of the
acoustic spectrum formed by the “white noise” by the same
information channels and the same means as the main
excited diagnostic signal.

Each of measurements 7 possesses maximum protection
against accidental signal fluctuations. This is achieved by
the fact that at each implementation of the elements from
the experiment plan, the measurements were averaged over
a cycle of 100 successive scans of spectrum with spectral
discreteness of 178.3 from 0 to 20,000 Hz. A full-factor
experiment with randomization of combinations of factors
allowed formation of a database, where the factors were
the positioning coordinates of the actuator of the

experimental stand (X;,Y;,Z;), i=1...n. An example of a

fragment of such a database for experimental positions is
presented in Table 1.

An example of acoustic spectrum of diagnostic signal
for identifying the positioning of the actuator of the
experimental stand is presented in Fig. 8.

5 RESULTS

On the experimental basis there were constructed neural
network diagnostic models:

— configuration of the mechanism;

— geometric parameters of the mechanism while running
motor-spindle;

— dynamics of displacement of nodes of the mechanism
of the experimental stand with variable velocity and load
on the drive;

— temperature changes of the object.

The created neural network models were tested for
adequacy by Fisher’s criterion. The results of assessment
of these models are presented in Table 2.

Table 1 — Amplitudes of acoustic spectrum by its discrete

Inputs: positioning coordinates, mm Outputs: amplitude of acoustic spectrum, decibel, according to its discrete, Hz
No.
X, mm Y, mm Z, mm 1723 344,6 516,9 21882,1 22054,4
1 =52 =30 5 -29,9 -29,76 —46,87 73,68 —81,32
2 52 =30 5 -32,3 —31,94 —46,98 75,34 —83,49
3 0 60 5 34,49 33,72 45,56 75,61 —83,99
4 0 0 5 —36,68 =36,11 —48,39 —76,12 —84,93
n-3 =52 =30 250 —54,24 —48,78 —49,53 75,75 —83,77
n-2 52 =30 250 —53,57 —48,33 —48,57 -76,55 —84,44
n-1 0 —60 250 —55,13 —48,41 —48,71 76,27 —84,16
n 0 0 250 —54,31 —49,35 -50,21 75,86 —84,02
Frequancy, f, Hz
40 ; ;
5000 lO(LOO 15000 20000 000
-45
-50
o 55 - —-, AFCsamplei
= , AFCsamplel
3 AFC sample r
2 60 —
o
g
< 65
-70
=75

Figure 8 — Examples of spectra of acoustic signals for positioning coordinates of the actuator of an experimental stand
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6 DISCUSSION

While training a neural network an input data sample
(frequency response parameters) was formed, i.e. the input data
relative to the positioning. Within the framework of these input
data a neural network model was constructed, for which it was
assumed in the very beginning that it would allow establishing a
relationship between frequency response and coordinates of the
position of the actuator of a robotic machine tool. Yet these data
are obtained due to measurements, so there occurs an error (hence
there is a statistical probability). These data were obtained before
the experiment.

In general, this approach justifies feasibility of implementation
of the concept of deep neural network (Fig. 9).

Adequacy of the models is confirmed by repeated excess of
calculated value of Fisher’s criterion over its table value for a given
error probability for the input models — frequency ranges of the
acoustic spectrum, constructed for the tuple time of the initial data.

The obtained results of the study confirm the provisions
outlined in [12], where the authors state that control of the
executive motions of technological machines with mechanisms of
parallel structure is a complex task, a solution of which can be
done on the basis of solving kinematic problems and dynamics of
actuators. As aresult, conditions can be created for precise positioning
of operating elements of actuators at optimal speeds and accelerations
of their displacements on a given trajectory. For these purposes,
control systems should be equipped with informative systems of
object identification. To confirmthis, the results of experimental studies
are proposed, which provide a basis for establishment of diagnostic
systems of kinematics and dynamics of'a mechanism, on the basis of
which mobile robotic machine tools are created for application in
reconfigurable production systems of mechanical processing.

CONCLUSIONS

During the research an actual task of increasing the accuracy of
positioning of actuators of robotic machine tools has been solved.

Table 2 — Verification of mathematical models, constructed according to experimental data, for adequacy by Fisher’s criterion under

conditions F ., <<F_,

2?;:;;2;}16 Input coordinates xi, i, zi 1) Fiable Fest.
Xo=—75,-50,-25,0,25,50,75 0.01 2.67 8.6x107
yo=—75-50,-25,0,25,50,75 0.01 2.66 4.5x10

Configuration of the z,=—-75,-50,-25,0,25,50,75 0.01 2.66 1.6x10°
mechanism x;=—-75,-50,-25,0,25,50,75 0.01 2.60 9.6 x10°
yi=-75,-50,-25,0,25,50,75 0.01 2.60 3.1x10°

2= —75,-50,-25,0,25,50,75 0.01 2.60 2.1x10°

Configuration with Xo=—75,-50,-25,0,25,50,75 0.01 2.63 1.4 xlOZ
runnung motor-spindle y=—75-50,-25,0,25,50,75 0.01 2.60 29 x107
7= —75,-50,-25,0,25,50,75 0.01 2.59 1.8 x10

Xo 0.01 2.60 5,9 x10*

Xo> X X, 0.01 2.60 6,5 x10°

Trajectory of YooY Yo 0.01 2.60 6,7 x10?
displacement with 071 Y, 0.01 2.60 6,7 x10°
variable velocity and 7 =7 Zo 0.1 2.60 8,8 x10°
load on the drive 0~ <1 7 0.1 2.60 8,8 x10°
Displacement velocity 0.01 2.60 4.7 x10

Actuator’s weight 0.01 2.60 3.5x10°

Changes in sample Sample 1 0.1C° 3.17 3.7x10°
}fﬁf:gastur%g‘g&m Sample 2 0.1¢C° 3.05 6.9 x10?

Processing
coordinates

X ool Vi

<

Figure 9 — Deep neural network scheme
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The scientific novelty of the work consists in the method of
identification and control of a mobile robotic machine tool on the
basis of amplitude-frequency response, reflecting absorption of
acoustic wave with further processing of information by deep
neural networks of cascade architecture.

A new approach is proposed to the control of complex
technological machines, such as machines with mechanisms of
parallel structure for increasing the accuracy of positioning of
actuators, ensuring their dynamic adjustment and optimization
of trajectories of displacement of operating elements of the
equipment (cutting tools).

Practical value of the obtained results consists in the
development of the method of acoustic analysis for mechanisms
of robotic machine tools. This allows to expand the range of
opportunities for the improvement of the accuracy and
performance of their performance.

Prospects for further research may consist in creation of
hardware for controlling complex technological machines, such as
machines with mechanisms based on parallel kinematics to improve
the accuracy of the positioning of actuators, ensuring their
dynamic adjustment and optimizing the trajectories of
displacements of operating elements of the equipment.
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3ACTOCYBAHHS AKYCTHYHOI'O AHAJII3Y B CUCTEMAX YIIPABJIIHHSI BEPCTATIB-POBOTIB

AKTyalbHicTb. PO3NISIHYTO 3a/ady ynpaBIiHHS CKIQJHUMH TEXHOJOTIYHUMH MalIMHAMM, TAKAMH, SK BEPCTaTH 3 MEXaHI3MaMH Ha OCHOBI
KiHEMaTHKH 3 HapajelbHOI0 CTPYKTYPOIO AJIS MiJABHUIIEHHS TOYHOCTI MO3MIIOHYBAaHHS BHKOHABYMX MeXaHi3MiB, 3a0e3nedeHHs iX JUHaMiduHOI
HAaCTPOMKHU i onTUMIi3alii TPAeKTOpii HepeMilieHb poOOYMX OpraHiB obNagHaHHS (PiXKY4Oro IHCTPYMEHTY, CKJIaJajbHOTO a00 KOHTPOJIOKYOro
iHCTpyMeHTY). O0’€KTOM JOCITiKEeHHS € Mojedb pobouoi 30HM MOOIIBHOTO BepcTaTa-poboTa.

Meta po6oTH — CTBOPEHHS KOHIIETIi YIpaBliHHA MOOITBHUM BEPCTaTOM-POOOTOM i3 3aCTOCYBaHHSIM aKyCTHYHOTO KOHTPOJIIO Ha OCHOBI

€TAJTOHHOI MOZelNi Ha TTHOOKHX HEHPOHHHX Mepexax.

Mertoa. 3anponoHOBaHO MeTOH iAeHTHdIKalii Ta yrnpaBiliHHS MOOITBHUM BEPCTATOM - POOOTOM 3 BHKOPHCTAHHSM CIIEKTPAJIbHOTO OIHUCY
MOTJIMHAHHS aKyCTHYHOI XBHJII 3 MOAANbBIIOK 00pOOKOH OTpuMaHii iH(popmalii. MeTon 103BoJsie BU3HAYATH TOYHICTh MO3UIIOHYBAHHS BHKO-
HaBYMX MEXaHi3MiB, IIPOBOJUTH X JMHAMIUHY HACTPOIKY i ONTHUMI3allil0 TpaeKkTopiil mepemimeHs podounx opraHiB obnanHanHs. Po3pobieHo
METOJMKY aKyCTHYHOI A1arHOCTHKHM 3a0e3Med4eHHs] TOYHOCTI MEXaHi4HOi 0OpoOKHM Ha BepcTarax 3 MapajlesbHOK KiHEMaTHKOIO.
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Pesyasrarn. [ToOynoBana HellpoMepexeBa €TaOHHA MOJEIb, 110 AO3BOJISE JIarHOCTYBAaTH [OTOYHY XapaKTEPUCTHKH CTaHy 00 €KTIB B
PI3HUX yMOBax, a came, KOH(DIrypalilo MexaHi3My, TeOMETPUYHI MapaMeTpy MEXaHi3My HpH MPaLOKYOMY MOTOP-IITHH/AENII, JUHAMIKY Hepe-
MIIIEHHS BY3JIiB MEXaHI3My €KCIEPHUMEHTaIbHOIO CTEHY 31 3MiHHOI IIBHJKICTIO I HABAaHTa)KCHHSM Ha HPHUBIiJ, 3MiHU TeMIepaTypu 00’ €KTa.
Po3pobieni HeifpomepesxHi Mozelni Oynu mepeBipeHi Ha aJeKBaTHICTb.

BucnoBku. IIpoBeieHi eKCIIEPUMEHTH 10 JOCIIPKCHHIO 3aJISKHOCTI MDK IapaMeTpaMH CIEeKTpa aKyCTHYHOrO CHTHAJy i3 33aaHOK JJUCKpPeT-
HICTIO, TIOPYIIEHOI 30yJIMBUM BIUJIMBOM Y BUIJISIII «OiJIOr0 mIyMy», MiATBEPIMIN MpPale3daTHICTh JaHOro miaxony. IlepcrnekTuBy moganbinx
JIOCIIJ)KEHb MOXXYTh IOJISAraTH B CTBOPCHHI METO/IB ONTHMAJIBHOTO YHPAaBJIHHS CKJIAJHUMH TEXHOJOTIYHUMH MalIMHAMH JUIS IiJBUIICHHS
TOYHOCT] NMO3MIIOHYBAaHHS BHKOHABYMX MEXaHi3MiB, yNOCKOHANEHHS IX NUHAMIYHOI HaCTPOIKH.

Kuio4oBi cjioBa: akycTH4YHA AiarHOCTHKA, BEpPCTAaT-poOOT, HEHPOHHI Mepexi, eTaoOHHAa MOJEIb.

Kopanesckas E. C.!, Kosanesckuii C. B.2

'KaHj. TexH. HayK, JOLEHT, JOLEHT KaeApsl TEXHOJIOIMH MaIIMHOCTpoeHus J[0H6AacCKoi rocyjapcTBeHHOM MalIMHOCTPOUTENILHOM aKaje-
muu, Kpamaropck, YkpanHa

2JI-p TexH. HayK, npodeccop, npodeccop kKadeapsl TEXHOIOTHMH MAMIHHOCTPOeHHUs JJOHGACCKOH TOCYAapCTBEHHON MAalIMHOCTPOMTENbHON
akagemuu, Kpamaropck, Ykpanna

NPUMEHEHHUE AKYCTHYECKOI'O AHAJIN3A B CUCTEMAX YIIPABJJEHUSI CTAHKOB-POBOTOB

AKTyanbHOCTb. PaccMoTpeHa 3ajjaua ynpaBIeHHs CIOKHBIMH TE€XHOJIOTHYECKHMH MAallMHAMH, TAKHMHU, KaK CTAaHKM C MEXaHH3MaMHU Ha
OCHOBE KHHEMATHKH C MapaUIeNbHON CTPYKTYypOH IS MOBBIIEHUS TOYHOCTH ITO3UIIHOHHPOBAHHS UCIONHHUTEIBHBIX MEXaHH3MOB, 00eCIeYeHHS
X NUHAMUYECKOHl HACTPOMKH M ONTUMH3AIlMM TPAeKTOPUI HepeMeleHuil paGodux OpraHoB o0opynoBaHHUs (PEKYINEro MHCTPYMEHTa, cOO-
POYHOTO MIIM KOHTPOIHPYIOIETr0 HHCTpyMeHTa). OObeKTOM HCCIEeNOBAaHUS SBISETCS MOJeNb pabodell 30HBI MOOIMIIBHOTO CTaHKa-poboTa.

Hean paGoThl — co3jaHHe KOHIENIIHH yIPaBICHUS MOOMIBHBEIM CTAaHKOM-POOOTOM C HIPHMEHEHHEM aKyCTHYECKOro KOHTPOISL Ha OCHOBE
JTAJOHHOW MOJENU Ha IIyOOKHX HEeHpPOHHBIX CETSX.

Metoa. IlpeqioxeH MeTo HISHTU(GHUKANNN H YIPABICHHUS MOOMIBHBIM CTAHKOM-POOOTOM C HCIOJNB30BAHHEM CHEKTPAIbHOTO OIHCAHHS
IIOIVIOIIEHHsI aKyCTHYECKO! BOJHBI ¢ MOCIeRyoneil o6padoTkoil monydeHHoi HHGOpManuu. MeTox IO3BOISET ONpPEAeNsITh TOYHOCTh ITO3HIU-
OHUPOBAHUS HCIOIHUTEIbHBIX MEXaHHU3MOB, IIPOBOJIUTH UX JUHAMUYECKYI0 HACTPOHKY U ONTHMHU3AIHIO TPAeKTOPHH IepeMeleHHi pabodanx
opraHoB oOopynoBaHusi. PazpaboTana MeTOIHKa aKyCTHYECKOH JHATHOCTUKU OOECIIeYeHUs] TOYHOCTH MEXaHHYECKOW 00pabOTKH Ha CTaHKaxX C
rnapajuielbHOH KMHEMaTHKOM.

PesyabTathl. ITocTpoena HelipoceTeBast 3TalOHHAs MOJENb, TO3BOJLIONIAsl AUATHOCTUPOBATh TEKYIIUE XapaKTEPUCTHKH COCTOSHHS 00OBEKTOB
B Pa3IMYHBIX YCIOBHUSX, & HMEHHO, KOHQHIYpalUI0 MEXaHU3Ma, FeOMeTpHUeCcKHe apaMeTpbl MeXaHu3Ma IIpd paboTaloleM MOTOp - IIIUHIENE,
JIUHAMHKY NEepeMEIIeHHs y3JI0B MeXaHH3Ma dKCIIEPUMEHTAIbHOIO CTEHJA C NEePEMEHHOH CKOPOCTHIO M HATPy3KOH Ha NPHBOA, M3MEHEHUS
TeMIepaTypsl 00bekra. Pa3paboranHble HelipoceTeBble MO ObUIM IPOBEPEHBI HA aJIeKBATHOCTS.

BriBoasl. IIpoBeneHHbIE SKCIEPHMEHTHI 10 HCCIIEJOBAHUIO 3aBHCHMOCTH MEXAY IapaMeTpaMH CIIEKTpa aKyCTHYECKOro CHTHalla ¢ 3aJaH-
HOH JHCKPETHOCTBIO, BO30YXKIEHHOTO BO3JEHCTBUEM B BHIE «OENOro IIyMa», MOATBEPAHIN PabOTOCHOCOOHOCTh JHaHHOro moaxoxa. Ilepcmek-
THUBBI JaIbHEHIINX MCCIEAOBAHHH MOTYT 3aKIIOYAaThCS B CO3JJAHUU METOMOB ONTHMAIBHOI'O YIPABICHUS CIOXKHBIMH TEXHOJIOIHYECKHMH MAaIlH-
HaMH JJIs TIOBBILIEHUS TOYHOCTU NO3MLIMOHUPOBAHUS HCIIONHUTENBHBIX MEXaHU3MOB, COBEPIICHCTBOBAHME UX JUHAMHYECKOH HACTPOMUKHU.

KarueBble ciioBa: akycTHuecKkas JUAarHOCTUKA, CTAHOK-POOOT, HEHPOHHBIE CETH, 3TaJOHHAS MOJEIb.
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