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METHODS FOR IMPROVING PROCESS AUTOMATION IN THE MINING INDUSTRY

Abstract. This paper discusses topical issues of process automation in the mining industry. Depending on
the type of open pit or underground mining, various automation facilities are used. In the case of open mining,
in recent years, due to technological progress, photogrammetric methods using unmanned aerial vehicles
(UAVs) are used for filming, the main advantage of which is the ability to perform operational control of the
mining enterprise, determine the volume of warehouses and dumps by obtaining a three-dimensional digital
model.

In the case of underground mining, various mechanisms are applied, including driving drums. To control
the speed of the drive drum, phase shifters with electromechanical control are used. This range of phase
shifters includes devices that use mechanisms controlled by an electrical signal. The principles of signal phase
control themselves remain mechanical, but the possibility of electronic control allows such phase shifters to be
included in automated control and measuring systems. The most important elements of an automation system
are converters. The primary converter is the first in the measuring circuit and includes a primary sensitive
element (probe, membrane) and other necessary elements for converting an input non-electric quantity into
an output electrical quantity. The sensor may consist of one or more measuring transducers combined into a
single structure. The sensor is directly affected by the measured non-electrical quantity (force, pressure, level,
temperature, etc.)

The unified converter consists of a sensor and a matching circuit, the measured physical quantity is
converted with an energy source into a normalized output value. The intermediate converter receives the
measurement information signal from the upstream converter and, after conversion, transmits this signal to
the downstream converter.

From early works on various methods for measuring mechanical quantities, it is obvious that there are
many unresolved issues in this matter. Over the years, scientific publications have periodically appeared in
which the authors outlined their possible methods for using phase shifters with a traveling magnetic field to
measure mechanical quantities.

Also, the key point in solving this problem is certainly the technology of improving and modernizing
the design of measuring phase shifters of angular displacements. In the works of some authors, it has been
repeatedly suggested that it is necessary to systematize the available materials and develop a certain concept
on this issue.

Key words: automation, underground mining, unmanned aerial vehicles, driving drum, transducer,
sensors, probe, membrane.

Introduction. Numerous studies justify that drones can compete with traditional mapping methods in
terms of accuracy, speed and economy. Land surveying is not an easy task. Traditionally, surveyors have used
total stations, GPS receivers, and terrestrial laser scanners and many other tools to obtain high-resolution
spatial data about the topography of the earth’s surface. But due to the development of drone technology,
in recent years, drones have become an outstanding tool for surveying and mapping. Drone mapping uses
photogrammetry to create accurate real-life 3D models from 2D images. Photogrammetric methods combine
and process several georeferenced aerial photographs, allow creating three-dimensional point clouds, raster
digital elevation models and orthomosaics.

Currently, aerial photography using UAVs is used for open pit mining. Aerial photography is used to
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create topographic products at a scale of 1:5000 — 1:500, in connection with which a technological scheme
for performing mine surveying surveys at opencast mines was developed. The technological scheme was
developed based on instructions and taking into account the requirements for the accuracy of plans in scales
of 1:500 — 1:5000, in which the main mine surveying schemes are drawn up.

Electromagnetic sensors of mechanical quantities firmly hold the leading position in terms of reliability in
operation, simplicity in manufacturing technology and cost among a huge number of sensors. A fairly large
number of scientific studies have been devoted to sensors, which are the main elements of the conversion
of mechanical quantities into electrical signals [1]. This indicates that interest in such devices continues
unabated.

A special place among the well-known developments in this area is occupied by measuring phase shifters
with high resolution [2]. Developed on the basis of the electromagnetic system of electric micro machines,
they have taken a strong position in the systems of automatic control and regulation of the most critical
devices [3].

The main informative parameter of the output signal of the phase shifters is the change in the phase of the
output voltage. Therefore, an important characteristic of the measuring system is the accuracy of displaying
the phase and amplitude of the output voltage [4].

The basic theory of this electromagnetic system is presented by one of the authors of this article [5].

In this article, for measuring mechanical quantities, it is proposed to use phase shifters with a running
magnetic field. This allows not only to simplify the design of the measuring phase shifters of angular
displacements, but also to develop reliable phase shifters of linear displacements. In practice, we are talking
about the unification of methods for measuring linear and angular mechanical quantities. The proposed
principle of construction of sensors makes it possible to significantly reduce the overall dimensions of the
information line and increase the coefficient of its use in linear displacement sensors.

Materials and methods. The principle of operation and design features of phase sensors with a running
magnetic field. The principle of operation of phase shifters with a running magnetic field will be explained
using the example of a phase linear displacement transducer, the design of which is shown in Figure 1.

Figure 1. Phase Linear Displacement Sensor

A phase linear displacement transducer with a transverse magnetic field consists of an information line and
a magnetic shunt. The information line includes: 1 - sinus winding, 2 - cosine winding, 3 - output winding,
4 - magnetic circuit of the information line, 5 - magnetic shunt.

It follows from the construction that all three sensor windings are located on a fixed part, called the
information ruler. The length of magnetic circuit of / the information ruler has #» teeth, on which the windings
are laid. The distance between the midpoints of adjacent teeth is equal to: a=I/n.

The number of turns of the sinus winding of each tooth depends on its serial number and is determined by
the formula 1.

Wee = Wysin (2 (k - 0,5)), (1)

where,

Wsi — is the number of turns of the sinus winding on the k-th tooth; W;, — the maximum number of turns;
n — the number of teeth in the information line; k£ — the serial number of the tooth, varying from 1 to n.
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The number of turns of the cosine winding changes according to the cosine law depending on the serial
number of the tooth and is determined by the formula 2.

Were = Wicos (2 (k - 0,5))» ()

Where, k=1;2;...., n;

W, — is the number of turns of the cosine winding on the £-th tooth.

The output winding 3 has the same number of active conductors on all teeth of the magnetic circuit of the
information line, equal to 147,

The sine and cosine windings of the sensor are powered by a two-phase sinusoidal voltage source.
A sinusoidal voltage is applied to the terminals of the cosine winding 2, so the winding current changes
according to the following law as a function of time (formula 3):

i, = ILpsinwt, 3)

Where, i — is the instantaneous value of the current of the cosine winding; I,,, — amplitude of currents;
w — is the angular frequency of the supply voltage.

Sinus winding 1 receives power from a sinusoidal voltage source, which is phase-shifted relative to the
voltage of the cosine winding by a quarter of a period, so the sinus winding current will vary according to the
following law as a function of time (formula 4):

is = I,Sin (wt + %)» 4)

where i — is the instantaneous value of the sinus winding current.
The resulting magnetizing force of the k-th tooth of the information line is determined by the sum of the
magnetizing forces of the windings (formula 5):

F, = I, sinwtW,, cos (27” (k — 0,5)) + [,sin (a)t + %) W, sin (%ﬂ (k — 0,5)). ®)

The effective value of the resulting magnetizing force of the 4-th tooth will be equal to (formula 6):

Fyp = \/IZW,,Zlcosz (= (k= 0,5)) + 12WEsin2 (2 (k = 0,5)) = [W,. ©)

The initial phase of the magnetizing force of the k-th tooth is determined by the equation (formula 7):

sin(Z(k-0,5)) _ )
cos(%n(k—o,s)) ’

thus, @pr = 2= (k —0,5).

In the case of gquality of the magnetic resistances of the teeth, their magnetic fluxes will change according
to a sinusoidal law as a function of time with equal amplitudes, but with a phase shift relative to each other
by an angle @ = 2m/n.

The specific magnetic flux @, determined by the magnetic flux per unit length (®y = d®/ dx), will
be unchanged within the tooth. At any time ¢ within the information line, it will be distributed according
to the law of a step function. The instantaneous value of the magnetic flux at the moment of time ¢ = t;
is distributed along the axis of the information line according to a sinusoidal law, depending on the serial
number of the tooth k. (formula 8):

Ppx = arctg

Dy (ty, k) = Doy sin (wty + 2 (k = 0,5)) (8)

Within any tooth of the information ruler with length / the specific magnetic flux as a function of time #
will also change according to a sinusoidal law.
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Figure 2. Distribution of specific magnetic

The main harmonic component of the stepwise distribution function of the specific magnetic flux during
its expansion in the Fourier series in terms of the argument x in the function of time 7 and in the function x is
described by the formula 9.

Dy (t, k) = Dy, sin (a)t + ZTnx) )

Thus, the sinus and cosine windings, supplied with a two-phase voltage, create a running magnetic field,
the lines of force of which are closed in the plane perpendicular to the axis of the information line.

Figure 2 shows the distribution of the specific magnetic flux along the ruler at a moment in time t = t;
(Figure 2, a) and at a moment in time t = t, > t; (Figure 2, b). If the magnetic conductor of the information
line is homogeneous, i.e., its specific magnetic resistance is constant along the entire length of the line, then
at any moment of time the flux of the induction vector over the surface of the uniform winding will be zero
[7]. In other words, the resulting magnetic flux coupled to the uniform winding will be zero and the voltage
at the output of the uniform winding will also be zero. When a magnetic shunt is applied to the information
line, the uniformity of the magnetic circuit along the axis x is violated. Let the magnetic shunt, the length of
which along the axis x is equal to the width of the tooth [, = I/n, is superimposed on the 8th section of the
magnetic circuit. The magnetic resistance of this section will decrease, which will lead to an increase in the
magnetic flux of this section. The increase in the magnetic flux of the 8th section, caused by the change in the
magnetic resistance of this section, is proportional to the shaded area in Figure 2a.

R P
\

Figure 3. Vector diagram of magnetic fluxes

The resulting magnetic flux of a uniform winding in this case will not be zero and will be determined by
an increase in the magnetic flux in the area of the movable magnetic shunt. The initial phase of the output
voltage will be determined by the initial phase of the resulting magnetic flux, which, in turn, is determined
by the initial phase of the magnetizing force of this section. The magnetic flux coupled to a uniform winding
will change sinusoidal in time with an initial phase determined by the initial phase of the magnetizing force
of the section. In our case, this angle will be equal to

a=(28-05))=04697 radians.
When moving the magnetic shunt, the initial phase of the output voltage will change in proportion to the

distance from the beginning of the information line to the middle of the magnetic shunt [8].
Let us explain the operation of the sensor using a vector diagram of the magnetic flux of the teeth. Figure
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3 shows a vector diagram of the magnetic fluxes of the sections in the absence of a shunt. As shown earlier,
the magnetizing forces of the sections are equal in magnitude and are phase shifted by an angle a. If the
magnetic resistances of the sections are equal to each other, then their magnetic fluxes will also be equal in
magnitude and phase-shifted by an angle a. Since the magnetic fluxes of all 16 sections are coupled to the
output winding, the total magnetic flux will be zero. The sensor output voltage will also be zero. A decrease in
the magnetic resistance of the 6th section, for example, will lead to an increase in the flux of this section by an
amount of ®_ . In the figure, this flow is shown with a dashed line. The resulting magnetic flux of a uniform
winding will be equal to the magnetic flux ®_ . The amplitude and the initial phase of the input voltage are
determined by this magnetic flux. A change in the position of the shunt relative to the information line will
lead to a change in the initial phase of the resulting magnetic flux at practically unchanged amplitude.

It is necessary to clarify the method of laying the sensor windings. The active sides of the windings are
the conductors located along the axis of the information line. Earlier it was indicated that the number of these
conductors is determined using the formulas 10, 11, 12.

Wi, = W, sin (27” (k — 0,5)), (10)
Wy = Wy, cos (27" (k - 0,5)), (11)
W, = W = const, (12)

where Wy - is the number of active conductors of the sinus winding on the & - th section; Wy, - is
the number of active conductors of the cosine winding in the & - th section; W,. - is the number of active
conductors of a uniform winding, which covers all n the teeth of the information line; & - is the serial number
of the tooth, varying from 1 to n.

The difference of the considered electromagnetic system from the existing magnetic systems of phase
shifters is that the mechanical force of the interaction of the windings is directed perpendicular to the direction
of movement of the magnetic field. The resulting value of this force along the direction of travel is zero, since
both windings are located on the stator. The second difference is that for the normal functioning of the device,
it is enough to introduce a body that violates the uniformity of the magnetic circuit of the information line.
The initial phase of the output voltage will indicate the location of the discontinuity. The magnetic field of
the sensor is concentrated around the active sides of the winding. The length of the magnetic field lines is
much shorter than the length of the magnetic field lines of classical phase shifters. And the last but important
difference is that all the windings are located on the stationary part of the device and there is no electrical
connection with the moving part of the phase shifter.

It should be noted that a magnetic system with a traveling magnetic field reacts to the presence of a
conductive non-magnetic medium in the magnetic field of the magnetic circuit of the information line. Despite
the fact that the magnetic permeability of the conducting material of the introduced body will be practically
equal to the vacuum permeability, the conducting body will have a significant effect on the magnetic field in
the area of its location. This is due to the demagnetizing effect of eddy currents caused by the time-varying
magnetic field of the stator. The total magnetic flux of the field in this zone will be less and the total EMF of
a uniform winding will not be zero, and its phase shift relative to the reference voltage will depend on the
location of the conducting body.

Results. Phase sensor of angular displacement.

Figure 4. Sensor design

A classic electric machine phase shifter can be used as an angular displacement sensor. When the rotor turns,
the EMF of the rotor windings change their initial phase. This type of sensor has a significant disadvantage in
that the output winding is located on the rotor. The rotor is the moving part of the sensor. For normal operation
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of the sensor, it must have an electrical or magnetic connection with the stationary part, that is, with the stator.
This greatly complicates the design and reliability of the sensor.

The angular displacement sensor is quite simply implemented on the basis of a magnetic system with a
transverse running field. The design of the sensor is schematically shown in Figure 4. The sensor consists of
stator 1, rotor 2, sensor windings 3. To obtain such a sensor, it is enough to “roll” the measuring ruler into a
ring of the linear displacement sensor. In this case, the sine and cosine windings become exactly the same,
shifted only in space by 90°.

The excitation windings of the sensor fit into the grooves located on the inner surface of the stator. The
number of turns of a sinus winding and a cosine winding is determined in the traditional way.

The cosine winding is similar to the sinus one, but the sections of this winding are shifted relative to the
sinus sections by two teeth, that is, by 90° in space. Uniform winding is laid along the projections.

The construction of the phase angle encoder can be different. One of the sensor versions is a magnetic
system with an internal stator. This design is quite convenient for laying the windings, as it allows the winding
to be laid not only manually, but also by automatic machines.

Mechanical torque sensor. The problem of measuring torques has always been quite difficult, since the
measurement conditions are not always favorable. As a rule, the issue is solved quite simply when measuring
static moments, when the rotational speed of the driving and driven shafts is zero. The issue of measuring the
mechanical moments of rotating shafts is being successfully solved. The most known examples of measuring
the torque are changing the speed of rotation within certain limits. The main disadvantage of existing torque
transducers is that, for the most part, they cannot measure the mechanical moment of both stationary and
rotating shafts.

The proposed phase sensor of mechanical torques can be used with equal success to measure the torques
of stationary and rotating shafts.

In addition to measuring the average value of the torque over a certain period of time, the sensor allows
you to determine the instantaneous value of the torque, or to monitor the change in the mechanical torque
over time with good resolution.

The sensor design is shown in Figure 5.

Figure 5. Cross-sectional design of the sensor

The sensor consists of two angular displacement encoders 2 and 3 located on the same axis. The shafts of
the rotors / and 4 of the sensors are connected by an elastic element that allows the magnetic shunts 5 and 6
of the sensors to be displaced relative to each other. The axis of one sensor is rigidly connected to the driven
shaft 4, and the other sensor is connected to the drive shaft /. The elastic element 7 is calculated in such a way
as to provide the maximum angle of twisting at the maximum measured torque.

When powering the excitation windings of the sensors with a two-phase voltage with a frequency w, and
when the axes of the sensors connected with magnetic shunts rotate at a speed €2, the instantaneous values of
the output voltages of the sensors can be described by the equations the formulas 13,14.

u; = Ulmsin(wt+ Qt+a1), (13)

uzzUzmsin(wt+ Qt+a2). (14)

In the absence of a load on the shaft, the position of the rotors of the sensors relative to each other can be
chosen such that a; = a, = a. The same effect can be achieved using an electronic stage - a phase shifter. In
the above formulas o, and o, — are the initial phases of the output voltages u, and u,. When a shaft is used
to transmit a mechanical torque that is not equal to zero, the elastic element will provide a certain angle of
relative displacement of the shafts and magnetic shunts of the sensors. The value of the angle of displacement
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of the shafts will be proportional to the torque. At the angle of twist B and the angle of the initial position
of the driven shaft o, the output voltages will change as a function of time according to the following laws
(formulas 15, 16):

uqy = Uy Sin (a)t +p(9t)), (15)

u2=U2msin(a)t+p(Qt+B). (16)

Obviously, the phase shift between the two voltages is proportional to the torsion angle of the spring
(formula 17):

¢ =pp (17)

where ¢ — is the phase shift between voltages; P — is reduction factor, the values of which vary from 8 to
32.

“Phase lag” of voltage u,t from voltage u(t) is provided by rotation of the drive shaft at a speed Q2. When
observing voltages with the help of an oscilloscope when synchronizing with its input voltage, the output
voltages u, and u, “float” relatively with u a speed that is higher, the higher the rotation frequency Q.

A large value of the angle of twist is undesirable due to the fact that it leads to deterioration in the dynamic
properties of the mechanical connection of the driving and driven shafts.

To convert mechanical torques into the angle of mutual displacement of the drive and driven shafts, an
elastic element with increased rigidity should be used, which provides a small angle of relative displacement
of the shafts. To measure this angle, use reduction-type phase angular displacement encoders.

Phase sensor with electromagnetic reduction. The desire to increase the sensitivity of the sensors of
angular and linear displacements forces to increase the number of periods of laying windings in the sensors of
angular displacements and to reduce the length of the information ruler in the sensors of linear displacements.
However, there is a more convenient and more effective way to increase the sensitivity. This is the combined
use of a running wave and the construction of a magnetic circuit structure according to the principle of
electromagnetic reduction. Previously, a ferromagnetic shunt was considered as an element that introduces
inhomogeneity into a homogeneous stator magnetic circuit (Figure 6).

Crarop
Potop

Figure 6. The design of the magnetic circuit of the reduction sensor.

In sensors with increased sensitivity, inhomogeneity is understood as not a significant change in the
magnetic resistance in one place of the magnetic circuit, but a change in the specific magnetic resistance of
the magnetic circuit along the information line or along the air gap of the angular displacement sensor.

Let us explain this with a specific example. In a linear encoder, the stator is a traditional ruler with a
magnetic conductor made of magnetic material. The stator teeth and slots can be of the same width. This ratio
was chosen only for a better understanding of the principle of operation of the sensor with electromagnetic
reduction. The design of the magnetic circuit of the reduction angular displacement transducer is shown in
Figure 6. The moving part of the transducer, or the so-called magnetic shunt, can be of any length. The surface
of the shunt facing the stator has teeth similar to those of the stator. The number of shunt teeth is one more
or one less than the number of stator teeth within the wavelength. More complex relationships between the
numbers of teeth are also possible.

Discussion. In an angle encoder, linear dimensions are replaced by angular dimensions. The magnetic
flux of an individual tooth will be proportional to the overlapping area of the stator tooth by the teeth of the
moving part of the sensor. It is obvious that the magnetic flux is unevenly distributed in the gap. The initial
phases of the fluxes of the teeth are equal to the initial phases of the magnetizing forces, and their amplitude
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is inversely proportional to the magnetic resistance or proportional to the degree of overlapping of the stator
and rotor teeth. The vector diagram of the magnetic flux of the teeth will look as shown in Figure 7. The total
flux will be large enough, and, which is very important, it will be in phase with the magnetic flux of the first
tooth (Figure 7).

D,

Figure 7. Vector diagram of the magnetic flux of the teeth

When the magnetic shunt is displaced by 1/12 of the tooth division, the maximum magnetic flux will take
place not in the first, but in the second tooth, since the protrusion of the movable part, located opposite the
first tooth, will shift to the right by a twelfth part, and the degree of overlap of the first tooth will decrease. The
second stator tooth will be completely covered. If we now construct a vector diagram of magnetic fluxes and
calculate the resulting vector, we can conclude that its amplitude value will remain the same, but the initial
phase will change in the direction of lagging behind the previous value by /6 rad.

When the rotor is turned 1/12 of a turn, the initial phase of the output voltage will change to 27 rad. The
reduction factor in this case will be equal to 12. The sensor sensitivity will increase 12 times.

This method of increasing the sensitivity of the sensor is used both in the creation of linear displacement
transducers and in the design of angular displacement transducers.

When using this method, the sensitivity in angular displacement encoders is increased when the rotor is
turned by 27 rad. the initial phase ¢, of the output voltage will change to 27 rad.

When describing the construction of the sensor, a feature of the magnetic system of the sensor with
magnetic reduction has already been considered, this consists in the fact that the width of the groove is equal
to the width of the tooth of the stator magnetic circuit. The rotor of such a phase shifter is generally a circle
made of ferromagnetic material with a thickness equal to the stator thickness. The rotor has grooves and teeth
along its entire circumference. The number of rotor teeth is one more or less than the number of stator teeth.

Above, only the distribution of the specific magnetic flux over the stator was considered for different
values of the ratio of the lengths of the stator and rotor teeth m. To obtain the maximum output voltage, it is
necessary to take into account not only the absolute value of the magnetic flux, but also the initial phase of
this magnetic flux. Figure 8 shows a graph of the dependence of the amplitude of the specific magnetic flux
and its initial phase on the spatial angle, where the initial phase of the maximum magnetic flux is taken to be
ZEerO0.

@ o A
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Figure 8. Graph of the dependence of the amplitude of the specific magnetic flux
The temporal angles of the phase shift are plotted vertically, and the spatial angles are plotted horizontally.
The equation of the straight line located to the right of the axis of specific fluxes Y1, will be written in the
following form with m=0,5 (formula 18):

g = Doy (1-26) (18)
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The equation of the straight line located to the left of the axis will look like this(formula 19):

By = Doy (1+26). (19)

The equation of the direct dependence of the initial phases of the specific magnetic flux on the spatial
angle is determined by the equation o = 4. Taking into account the values m, we obtain the equations of
magnetic fluxes to the right and left of the vertical axis(formula 20):

®g = Dy (1= - 0) and Dy = Doy (1+52—6): (20)

Equations are valid for f». — . For other values ®o = €. The output voltage is proportional to the
total magnetic flux of the output winding, which is determined by the integral of the distribution law of the
specific magnetic flux over the spatial angle (formula 21):

2mm 2
™ mdg (1 -2-6) cos 0d6 =
2mm 1

6 cos 6d6 — | 56 cos 9d9] =m®dg,, [2 sin(2mm) + # -

%cos(an) -2 sin(an)] = %CDOm[l —cos(2mm)]. (21)

0 2
[y M@0 (14 2-6) cos 66 +
1
2Tm 2mm

m®y, [f_OZHm cos0do + f_o

Thus, the total magnetic flux, providing the output voltage, changes when changing m according to the
following law(formula 22):

D, = %Cb(,m[l — cos(2mm)]. (22)
From the obtained equation it follows that the most effective value is m = 0,5, since cosw = —1, in this case
too(formula 23):
2
cDr — cI)Om (23)

The initial phase of the magnetic flux, which changes sinusoidal in time, is determined by the initial phase
of the magnetizing force of the tooth with the maximum magnetic flux.

Conclusion. When designing measuring phase shifters with a traveling magnetic field, it should be taken
into account that an important indicator of the quality of the sensor is the ratio of the voltage at the output
of the sensor in the absence of a shunt Uro and in the presence of a magnetic shunt Uy. The larger the ratio
Uy /Uy, the smaller the sensor error. To improve this ratio, it is necessary to increase U, and decrease Uyq. It
can be reduced U, by balancing the sine and cosine windings. An additional effect is the weakening of the
magnetic coupling between the windings in the absence of a shunt.

In conclusion, it should be noted the simplicity of the construction of phase sensors with a running
magnetic field on one side. On the other hand, comparing the operation of classical phase shifters with a
rotating magnetic field with the phase shifters presented above, we come to the conclusion that the primary
and secondary equipment ensuring their operation is absolutely identical. This gives the right to note the
versatility of the presented technical solutions on the one hand. On the other hand, the scope of application
of phase shifters has been expanded due to the use of phase shifters for measuring the parameters of linear
displacements.
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TAY-KEH OHEPKOCIBIHJIE ABTOMATTAH/IBIPY )KYWUEJIEPTH
KETLIAIPY 9AICTEPI

AnHoTamus. Byn Makanmana Tay-KeH OHEpKOciOiHIeri mpolecTepll aBTOMATTaHIBIPYIbIH ©3€KTi
MocereNepi KapacThIpbuIabl. AIBIK 9JIICTICH HEMece KepacThl JaMybIMEH JAaMy/bIH TYpiHe OaiIaHbICThI
OpTYpJIi aBTOMATTaHBIPY KYPaJiapbl KOJIJAHBUTAAbL. AIIBIK 33ipaeMerniep OoFaH jKaFaaiiia, COHFbI KbUIIaphI
TEXHOJIOTHSUIBIK TIPOTpecke OaiIaHBICTBI ChEMKAIApAbl OHIIPY YIIH YIIKBIIICHI3 YOIy armaparTapblH
(¥¥A) xonmana OTBIPHII, (OTOrPaMMETPHUSIIBIK ICTEp MaiilalaHbUIaIbl, ONMapABIH 0acThl apTHIKIIBUIBIFBI
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YII enmeMIi HUQPIBIK MOAEIH Ty apPKbUIBI Tay-KEH KOCIITOPHBIHBIH KYMBICHIH JKeJesl OaKblIayibl OpbIHAY,
KoliMasap MeH YHIHIIep KeleMiH alKbIHAdy MYMKIHAIr OOJIBIT TaObLIadbI.

XKep acTel KyMbICTapbl >KarnailblHIa >KeTeK OapaOaHIapblH KaMTUTBIH OpPTYPIl MeXaHU3MIEp
KoJmanbuIanbl. JKetek OapaOaHbIHBIH KBUIIAMIBIFRIH OAKbIIAY VIIIH AJIEKTPOMEXaHUKABIK 0acKapbhUIaThIH
(hazaTbIK ayBICTHIPFRIMITAP KOMAAHBIIAAB. Da3allbIK TYPICHIIPTIIITEP IiH OYJT KJIachiHA JIEKTP CUTHAIBIMEH
OacKapbUIaThIH MEXaHU3M/EP KOJAAHbIIAThIH KYPBUIFbIIAp skaTa1el. Curnan gasaceln 6ackapy NpuHIKANTEP]
MEXaHHMKaJIBIK OOJIBII KaJlaibl.

BipplHFall TYpJICHAIPrill CEHCOpIAH JKOHE COMKECTIK CXEeMachlHaH TYpajbl, O©JIIICHETIH (H3HKAIBIK
mama SHeprusi ke3iMeH HopMmayianraH IIIbIFbIc MoHIHE aWHamajbl. ApPaJbIK TYPJICHIIPTIIl aJJIbIHFbI
TYPIACHIIPTIIITEH OJIIey aKnapaThIHBIH CUTHAJIBIH aJa bl )KOHE TYPICH I pyAeH KeiiH OyJ1 CHTHAIABI KeHiHT1
TYpIEHIIpTinTKe Xibepemi.

MexaHuKaJIBIK IIamMaliapAbl eJIIeyAiH SpTYpJli 9AicTepi Typasibl ajlFallKbl eHOCKTEpACH OaliKal ThIHBIMBI3,
Oy Mocenene Oipkarap memriiMereH npoOnemanap Oap. ¥3ak skpuiap OoOWbl FBUIBIMHM OachbUIBIMIApna
aBTOpJIAD MEXAaHUKAJIBIK [IaManapibl Oley YIOiH >KYMBIC ICTEHTIH MarHut epici Oap (azanbiK
TYPJACHIIPrilITep i KOJIaHYIbIH MYMKIH 9JIICTEpIH YCHIH/IBI.

Conpaii-ak, Oy MoceneHl MICTIyAETi MaHBI3IBI HOpPCE, OpWHE, OYPBIMTHIK KO3FAIBICTAPIBIH OJIIIIey
(bazanmapbIHBIH TYPICHIIPTIIITePiHIH JU3aHHBIH KETUAIPY XKoHE KAHAPTY TEXHOIOTHSACHI OOJIBIT TaObIIa b,
FouteiMu sxapusianbIMIap aBTOPIIAPbIHBIH €HOCKTEPiHAE KOJI KETIMAI MaTepuasiapbl XKyiesey sKoHe OChl
npobnema OolibiHIIa Oenrisi O0ip TYKbIPBIMIaMaHbI Kacay KaKeT eKeHi OipHele peT alThUIFaH.

Tyiiinai ce3aep: aBTOMaTTaHABIPY, KEP aCThl AaMYbI, YIIKBIIICHI3 Yy ammaparTtapbl, OapabaH »eTeri,
TYPJICHAIPTINL, IaTYUKTEP, 30H], MeMOpaHa.

TyneryJos A.Jl.', Epraaues I.C.%, Baxaes H.A.”", Kepu6aeBa T.b.2, Aknmen K.M.3

' AnMMaTHHCKUN YHHUBEPCUTET SHEPTETHKH U CBs3H, AnMmarthl, KazaxcraH;
2AxazieMus rpaXkJJaHCKOM aBuaiuu, Anmarsl, Kazaxcras;
*Kazaxckuii yHuBepcuteT TexHosoruu u ousnece, Hyp-Cynran, Kazaxcras.
E-mail: Bazhaev na@mail.ru

METO/IbI COBEPIIEHCTBOBAHUS CUCTEM ABTOMATHU3AIIMA B TOPHOM
IMPOMBIINJIEHHOCTH

AnHoTaums. B naHHOHN crarbe paccMaTpUBaIOTCS aKTyaJIbHbIE BOIPOCHI aBTOMAaTH3allMy MPOLECCOB B
TOPHOHM MPOMBIIIJICHHOCTH. B 3aBUCMMOCTH OT BHa pa3pabOTOK OTKPBITHIM CIIOCOOOM HJIM MOJ3€MHBIMH
pa3paboTKaMy HCIONB3YIOTCS Pa3IUYHbIE CpPEICTBA aBTOMATHM3alWW. B ciydae OTKPBITBIX Pa3pabdOTOK
B IOCJEIHUE TOAbl B CBS3M C TEXHOJIOTHYECKHUM IPOrPECCOM ISl MPOU3BOACTBA ChEMOK HCIIOJB3YIOT
(hoTorpamMMeTpUUECKIE METO/IBI C TPUMEHEHUEM OCCIIIIOTHBIX JieTarelbHbIX anmnapaTtoB (BI1JIA), rmaBHBIM
MIPEUMYIIIECTBOM KOTOPBIX SIBIISICTCSI BOBMOYXKHOCTh BBIIIOJHEHHSI OTIEPATUBHOTO KOHTPOJIsI pabOThI TOPHOTO
MPEIIPUSATHS, ONIPEISIICHUS] 00bEMOB CKJIAJIOB U OTBAJIOB MMOCPEIACTBOM MOJIyUYEHHUS TPEXMEPHOU 1TUPPOBOI
MOJIETIN.

B ciydyae moazeMHBIX pa3pabOTOK HCIIONB3YIOTCS pa3iMyHbIe MEXaHW3MbI, BKIIOYAIONINE TPHUBOIHBIC
Oapabanbl. [lns KOHTpONS CKOPOCTH MPHBOAHOTO OapabaHa WCIONB3YIOTCS (a3oBpamiarend ¢
AJIEKTPOMEXaHUYECKUM yrpaBieHueM. K atoMy kiaccy ¢azoBpamiareneid OTHOCITCS PUOOPHI, B KOTOPBIX
WCIIOJIb30BAHbI YIPABIIIEMbIC JICKTPUUCCKUM CUTHAIOM MeXaHU3Mbl. CaMU MPUHIIUIIBL YIIPaBIeHUs (a3oit
CUTHaJla OCTAIOTCS MEXaHWYECKUMH, HO BO3MOXKHOCThH 3JIEKTPOHHOIO YIIPABJIEHHUS MO3BOJSET BKIIIOYATh
Takue (a3zoBpaniaTeNd B aBTOMaTH3NPOBaHHBIE KOHTPOJILHO-N3MEPHUTEIbHBIE CUCTeMBI. Hanbornee BaxHBIMU
AIIEMEHTaMH¥ CHCTEMbI aBTOMATH3AIUH SBISFOTCS TipeoOpa3oBateny. [lepBruaHbIN peodpa3oBaTess ABISETCS
MEePBbIM B M3MEPUTEIBHON MMM M BKJIIOYAeT B Ce0S YYBCTBUTENBHBIM AJIEMEHT (30HA, MeMOpaHy) H
JpyTue HeOOXOAMMBIE AIIEMEHTHI JUIs TIPe0oOpa30BaHusl BXOAHON HEAIEKTPUUYSCKON BEJIUMYUHBI B BHIXOHYIO
JJEKTPUUYECKYIO0 BEJIMYMHY. J[aTUMK MOMKET COCTOSATh M3 OJHOTO MM HECKOJbKUX HW3MEPUTENIbHBIX
npeoOpazoBareneil, 00beINMHEHHBIX B €IUHYI0 KOHCTPYKITHNIO0. Ha maTdynk HEMOCpPEACTBEHHO BO3IEHCTBYET
n3MepsieMas HedNIeKTpHUIecKas BeNnInHa (CHiia, IaBlIeHre, YPOBEHb, TeMIlepaTypa 1 T.]1.)

YHuGUIMpOBaHHBI TpeoOpa3oBaTellb COCTOMT W3 JaT4WKa M CXEMBl COIJIAaCOBaHUS, H3MepseMast
(u3nyeckas BeTUYMHA MPEoOpazyeTcs ¢ UCTOYHUKOM SHEPTHH B HOPMUPOBAHHYIO BBIXOAHYIO BEIHUYHHY.
[IpomexxkyTouHBIH Tpeodpa3oBaTeib MOIyYaeT CUTHAI U3MEPUTEIBHON MH(POPMAILIUU OT HPEANIECCTBYOIIETO
npeoOpa3oBarelis ¥ MepeaeT mocie Mpeodpa3oBaHms ATOT CHI'HAJ MOCIIEAYIONEMY TPeodpa3oBaTeo.
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W3 panHuX paboT MO pa3IndHBIM METOJaM U3MEPEHHS MEXaHHYECKHX BEINYNH OYEBHIHO, YTO €CTh PSA
HE peIIeHHBIX MPOoOJIeM B 3TOM Borpoce. Ha MpoTshkeHnH MHOTHX JIET TIEPHOIUYECKH TTOSBISUIMCH HAYYHBIC
MyOJIMKayy, B KOTOPBIX aBTOPHI M3JIarajiyi CBOM BO3MOXKHBIE METOBI MCIONB30BaHMA (ha3oBparmareneii ¢
OeryImnM MarHUTHBIM OJIEM JJISl H3MEPEHUSI MEXaHMYECKUX BETUUMH.

Taxke KIIOYEBBIM MOMEHTOM B pPEUICHHUH ITaHHOH NpoOieMbl Oe3yCIOBHO SIBISETCS TEXHOJIOTHS
COBEPLICHCTBOBAHUS M MOACPHM3ALMN KOHCTPYKLIMH H3MEPUTENBHBIX (asoBpaliaresieil  yriioBbIX
nepemenieHnii. B pabotax aBTOpOB Hay4YHBIX IMyOIUKAIMN HEOTHOKPATHO BBICKA3bIBATIOCH MPEATIOIOKEHHE
O TOM, YTO HEOOXOIMMO CHCTEMAaTH3HPOBATh HMMEIOIIMECs Marepuajbl U BBIPA0OTaTh ONpEeTICHHYIO
KOHIICIIIUIO TI0 JaHHOU Mpobiieme.

KiroueBble ci10Ba: aBTOMarm3amms, MOI3EMHBIE pa3pabOTKH, OECIMIOTHBIE JIETAIOIINE aIllaparsl,
OapabaHHBII PUBOA, IPeOOpa30BaTelb, JaTINKHU, 30H, MEMOpaHa.
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