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OBEO0CHOBAHHME BAPHAHTA PASBUTHA TPAHCMOPTHO-
3KCNEAUTOPCKOA KOMNAHKK B YCNOBHAX
HEONPEAENEHHOCTH

Wnentndunnposansl hakTopbl HEOTIPEIETEHHOCTH B 1€STEb-
HOCTH TPaHCHOPTHO-9KCIEUTOPCKUX KOMITAaHUH. YcTaHoBIeHa 1mo-
aTalHasg Tpancgopmalinsl HeollpeleJJeHHOCTH B 11POIlecce peasnsa-
MU MepOTIpUATHii 110 paszsuTnio. CynecTBYOINIT METO BIGOpa
B HEYETKUX YCJOBHUSIX aJalTHPOBAH Uil 000CHOBAaHMs BapuaHTa
Pa3BUTHUSI TPAHCHOPTHO-IKCIIEUTOPCKON KOMIIAHNU. YCTAaHOBJICHO
MHOKECTBO KPHTEPHEB BbIOOpa BapuaHTa passutus. IIpespcrasie-
HBI 9KCIIEPUMEHTAJbHBIC PACYCThI 110 BbI60py BapuaHTa Pa3BUTUA
KOMIIJIEKCa YCJIyT TPaHCIIOPTHO-9KCIIEAUTOPCKOI KOMIaHWUM.
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COMPENSATION OF THE SPATIAL
DEVIATIONS OF MEASURING
ELEMENTS IN CAD

Ilokasamno, wo npu GUMIPIOBAHHIX BEIUKOZAOAPUMHUX CKAAOHUX 00 €KMi6 iH00i 00800umbcs posma-
ULOBYBAMU UACTMUNY eJleMeHMmis 3aC00i8 BUMIPIOBaNs scepeduni 06 exkma, a wacmuny — 306Hi. B yvomy
BUNAOKY, 0COONUBO KOIU 308HIUUHI eIeMEHMU PYXOMI, MONCAUBA 0eBialis OCMAHNIX 610 3aNIAH0BAH020
posmawyeanns y npocmopi. 3anpononosani memoou, SKi 30UCHII0Mb NPOEKMYBAHHA 3aC00i6 BUMI-
PI0BAHHS MAKUM YUHOM, W00 B0HU A0ANMUBHO NPOMUOIALU MAKUM AGUULAM, U0 003601SE SHUSUMU
NOXUOKY BUMIDIOBANHS MA NIOBUWUMU 11020 00CMOBIPHICTD.

Kmeouosi cnosa: eiemenmu mempoioziunux 3acobie, npocmoposa 0esiauis, asmomMamusosane npoex-

myeanms, noxudxa ma O0CmoGIPHICMs UMIPIOBAHD.

1. Introduction

The automated design of measuring instruments has
certain features, which consist in the need to create ad-
ditional favorable conditions for the operation of their
sensitive organs. The fact is that the accuracy of the
measuring instruments (MI) depends essentially on the
stability of the geometric arrangement of their ele-
ments (EMI). And, although in EMI, as a rule, there are

no significant mechanical strains, even minor deviations
can lead to significant losses in positioning accuracy,
and hence the accuracy and reliability of the results of
such measurement.

Under the EMI deviation, static deformations or dis-
placements, as well as dynamic oscillations or any com-
bination of them, which are not envisaged in the passport
geometric or kinematic scheme of the corresponding means,
are understood in the work.
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To eliminate external influences that can lead to simi-
lar deviations in the design of pollutants, various design
techniques are used: increasing the stiffness of the ele-
ments, optimizing their design, modern materials with
improved resistance characteristics, and the like. Widely
used are methods of active and passive vibration protec-
tion, thermostating, screening and many others.

Of course, any protection is not capable of completely
eliminating unwanted EMI deviations. This is especially true
for measurement objects that have large dimensions (tens of
meters) and weight, opacity, high temperatures (hundreds
of degrees), significant external influences of unpredictable
nature, and the like. Models of behavior of such objects
under load are extremely complex, and methods for their
analysis and use in CAD are not available at all, which
leads to the laying of significant future errors of the future
measurement already at the design stage.

Therefore, current research is aimed at developing
methods and models that are in the early stages of metro-
logy tools (for example, at the stage of computer-aided
design) ensure the required accuracy of the measurement
parameters of the future of large-sized objects, regardless
of the conditions of their use in practice.

2. The ohject of research
and its technological audit

The object of research is the processes of automated
design of the elements of complex measuring instruments
intended to work under conditions of significant devia-
tions of such elements in space caused by internal and
external mechanical or thermal stresses.

Technological audit is a method of diagnostics of an
innovative CAD subsystem in metrology, and allows to
receive the characteristic of innovative potential at creation
of new and reconstruction of existing measuring instruments.
Conducting a technological audit gives the project company
the opportunity to formulate a strategy for making a profit
based on the results of innovation activities. It is assumed
that the developer uses the results of innovation directly
in the design process, releasing new projects in the field
of instrumentation using the created design innovations.

The procedure for assessing the commercial potential
of the innovation idea is carried out according to an algo-
rithm consisting of 6 consecutive steps [1]:

1) conducting a preliminary analysis of existing tools
for measuring the parameters of large-sized heterogeneous
objects when they are created;

2) search for analogs of metrological means in adjacent
objects and analysis of the effectiveness of their applica-
tion for the investigated objects;

3) verification of the technical feasibility of the innova-
tive idea of measuring the density of reinforced concrete
in complex products in the conditions of deviation of ele-
ments of metrological means using the capacitive method;

4) product identification (design result) for comparison
with analogues;

5) determination of market advantages of the created
product;

6) practical feasibility of an innovative idea in real
production.

The conducted studies confirmed the high commercial
potential of the innovative idea: the use of new models of de-
viation of elements in the measurement of object parameters.

3. The aim and ohjectives of research

The aim of research is increasing the accuracy of mea-
surements of technical parameters of large-sized objects
of responsible designation by creating automatic systems
for the design of new complex measuring instruments.
Such means should be based on new models of undesir-
able movements of individual elements of the latter and
methods for their compensation.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To build models and analyze static, technological
and dynamic movements (deformations) of the elements
of the measuring instruments.

2. To develop methods of compensation for future unde-
sirable static, dynamic and technological movements at the
stage of computer-aided design of measuring instruments.

3. To carry out practical tests of the research results
and evaluate their technical effect.

4. Research of existing solutions
of the prohlem

In recent years, the automated design of special met-
rological support (MS) for investigating the internal pa-
rameters of the object [2—4] has become very widespread.
This is due to the fact that in the first, the project phase
of the MS life cycle it is possible to effectively choose the
measurement method and the design of the corresponding
MIs that have normalized metrological characteristics. The
latter include measures of physical quantities, measuring
devices, converters and equipment, information and measur-
ing systems, computer systems and measuring instruments,
in which only one of the components of the measurement
procedure is performed, for example: conversion, scaling,
comparison, or other operations with a signal.

Existing MS CAD are not able to function effectively,
because they are not «equipped» with models and me-
thods for measuring the critical facilities. Examples of
such objects are large-sized building structures, the study
of internal parameters of which (for example, density) is
very problematic due to the considerable spatial devia-
tion of MS elements, which lead to unacceptable losses
in measurement accuracy.

Among the main directions of elimination of these pro-
blems, identified in the resources of the world scientific
periodicals, the following can be singled out:

1) application of methods and tools external to the
object of non-destructive testing [5-9];

2) use of non-destructive testing facilities built into
the facility [10-14];

3) application of complex means of nondestructive tes-
ting, which are only partially integrated into the measured
object [15-19].

Let’s consider these directions in more detail.

1. Nondestructive testing is widely used in the pro-
duction and operation of vital products, components and
structures (buildings, railroads, aircraft, ships, oil and gas
pipelines and other equipment) to detect internal defects
of the object without destroying it [5, 6]. Common me-
thods for nondestructive testing (measurement) also include
those when the sensor is entirely outside the object of
measurement (for example, a thermal imager [7] or an
ultrasonic head [8] (Fig. 1, a).
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Fig. 1. Schemes of arrangement of the measuring instrument with respect to the measured object:
a — outside; b — inside; ¢ — partially inside, partly outside; d — internal elements of the measuring instrument is part of the object

External sensors require precise positioning relative to
the object and creating additional conditions for interac-
tion with the latter. For example, to create conditions for
the penetration of ultrasonic waves from the measuring
head to the object and back, it is necessary to ensure that
the gap between them is filled with a special liquid [9].

2. According to DSTU 3400:2006, state tests of mea-
suring equipment are conducted to ensure the uniformity
of measurements in Ukraine. When it comes to reversible
measurement of the internal parameters of a solid object,
the unity of measurements can be ensured by the fact that
the measuring instrument (for example, the thermocouple)
is fully integrated into it already in the design (Fig. 1, b),
that is, becomes an element construction, and therefore
part of the technical specification for the object [10].
With reliable protection, such means are, as a rule, not
amenable to the relative displacement of the individual
parts relative to them and do not require compensation
for the corresponding deviation, which affects the accuracy
and reliability of their indices [11-13].

The main disadvantage of <«built-in» sensors is their
one-off, inability to use in other objects, makes them
inapplicable in mass production. In addition, disposable
elements of measuring instruments, remaining forever alien
inside the measured object, can significantly complicate
the technology of its manufacture. They are also able to
change its properties (strength, presence of metallic in-
clusions, general porosity and thermal conductivity, etc.),
which, in the end, makes such method «not completely
non-destructive» [14].

It is also unclear why in the sources of literature are
called «non-destructive» partially «immersed» in an object,
so-called, mechanical methods. For example, when mea-
suring the properties of concrete in a finished product,
the latter is exposed to sufficiently destructive influences.
These include: plastic deformation, elastic rebound, detach-
ment (or detachment with shearing), chipping of the rib,

as well as methods for exploding, driving and pulling out
parts of fittings, grinding, etc. [15].

After all, even a slight violation of the structure or
geometry of a heterogeneous product, to which concrete
certainly belongs, may in the future significantly affect
its reliability in general.

3. The structural separation of the sensors into two parts:
the internal built-in and the external mobile (Fig. 1, ¢) in
the design of both measured products and complex MIs,
sometimes partially solves the problem of «metrological»
reliability [16]. But this does not eliminate now the total
shortcomings resulting from the disposability of internal
and inaccurate positioning of external parts.

After all, in this case, there remains one-time (and,
consequently, high costs) in relation to the internal parts
of the measuring instrument, and all the problems of the
external moving parts of the instrument are added to it,
in particular, a certain coherence between the elements of
the tool. For large objects, there is an additional signifi-
cant drawback: the need to shift the sensor over a long
distance, which creates the prerequisites for a significant
dynamic deviation during the movement [18].

Additional opportunities appear when, during the design
phase of the pollutant, the role of the internal element of
the complex sensor is «entrusted» to the part of the object
itself (Fig. 1, d) [19]. This eliminates all the problems of
the «foreign body» in the design of the latter and greatly
simplifies the technology of its manufacture. But there are
problems of positioning the outer part and its movement

It is clear that in this case it is necessary to «inter-
vene» in the future measurement process at the morning
stages of designing both the object itself and metrological
support to it, which, in the end, makes this problem the
prerogative of CAD.

Thus, the results of the analysis of world experience
lead to the conclusion that a significant contribution to the
accuracy of measurements can be made only at the stage
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of designing methods and tools for the latter. However, for
this it is necessary to develop new models of the origin
and methods for compensating for the spatial deviation
of the elements of the measuring instruments in CAD.

5. Methods of research

The basis for the creation of individual CAD subsys-
tems is the theory of the analysis of technical systems,
the theory of measurements, the theory of the resistance
of materials and oscillations, and the theory of computer-
aided design.

To develop a capacitive method for measuring the den-
sity of parts of large-sized objects made from heterogeneous
materials (for example, reinforced concrete), methods of
pattern recognition and a virtual object are used.

To test the adequacy of the methods, as well as the
accuracy and reliability of the models, the laboratory and
production facilities of JSC «Galenenergobudprom» (Lviv
region, Ukraine) are used.

6. Research resulis

6.1. Construction of deviation models (deviation, dis-
placement, deformation) of elements of complex measuring
instruments. At the beginning of the creation of models of
elements of complex MIs, let’s perform a classification of
the MI deviation by their location relative to the large-
sized complex measurement object and the causes of their
occurrence (Table 1).

Static deviations are the result of mechanical or thermal
stress on the elements of metrological means, which led
to deformation and displacement of elements.

Classification of deviation of elements of complex measuring instruments by location and causes

where C — the capacitance of the capacitor, F; go=
=8.854187817-107'> F/m - the electrical constant; & —
the average permittivity; p — the average dielectric den-
sity, kg/m?, located between the capacitor plates; § — the
capacitor area of, m?; d — the distance between the plates, m.

Obviously, in a real measuring device, all the listed
parameters (except for the electric constant) can be deter-
mined only approximately, and hence the real capacitance
is a deviation calculated according to (1). In this case,
the general models of static deviations consist of their
elementary displacements (Fig. 2, a—c).

Static
1 l
d+Ad o
b
Dynamic

==
S

X4

hﬁ\)(ﬁ\ g

ext
d

Fig. 2. Schemes of elementary movements of elements
of measuring instruments: a — parallel shift; b — rotation;
c — bend; d — 3D vibration

Tahle 1 Accordingly, the mathematical form

of such elementary displacements is

Elements of Causes of deviation

the change in the distance between
the plates Ad with parallel shift. The

complex Mls

Static Dynamic

Technalogical angle of the relative rotation of the

Internal (built
into the object)

Displacement, rotation, ben-
ding of the measurement ob-
ject together with the inter-
nal EMIs

3-D vibration of the mea-
surement ohject together
with the internal EMIs

Deviation from the drawing
and displacement of the in-
ternal EMIs relative to the
measurement object

plates a, the radii of the bending of
the lining: inner 7;, and external 7,
and accordingly the parameters of the
oscillations are the frequency / and the

External to the
object

Displacement, rotation, ben-
ding of the external EMIs

3-D vibration of external
movahle EMIs from drive
and guides

Deviation from the drawing
and displacement of the ex-
ternal EMIs relative to the

amplitude A. The dynamic deviation
models are stipulated by the 3-D vibra-
tion of the technological equipment and

measurement object

Dynamic: deviations are the result of mechanical in-
teraction with the drive and direction of movement of
the external element of a metrological facility or object.

Technological: deviations are a consequence of a vio-
lation of the technology of manufacturing products, for
example, the use of metal, which in size does not match
the design of the product, inaccuracies in welding, metal-
working, etc., inaccurate installations and fixing of metal
reinforcement in the mold, etc.

Let’s consider a plane capacitor with parallel plates
with the plane § at a distance d from each other. The
capacitance of such capacitor, as is known, is determined
by the formula:

S
C=e(P)e0 . (1

EMIs when the latter move along the
product along the guides (Fig. 2, d).

A real complex capacitor in a complex product, for
example, a capacitor «product armature — outer plate» in
a reinforced concrete cylinder, next to which is a MI, is,
of course, not plane-parallel according to the drawing and
exact in manufacturing technology. Thus, Fig. 3 shows
the appearance of the fittings of the future cylindrical
large-sized (20 m) product, which was also used as the
internal embedded in the object of the already completely
non-flat capacitor.

Imagine an ideal complex capacitor, the internal cover
of which is the steel armature of the product, and the
external one — some metal element located next to the
product at a structurally defined distance from it (Fig. 4, a).

It is clear that even having precise drawings of the
reinforcement of the external element and their mutual
arrangement, it is theoretically difficult to calculate the
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first capacitance value of this capacitor because of the
configuration complexity. From the same complexity, it is
also impossible to produce the exact fixture and install
it in the formwork before pouring. From this it becomes
evident that the theoretical calculation of the actual ca-
pacitance of the capacitor with the indicated internal part
only according to the drawing is also impossible.

-

b {2 g

o Al

Fig. 3. General view of the finished welded reinforcement for the
reinforced-concrete product «Power transmission line support> 20 m long

In fact, there is a capacitor with an indeterminate
and inaccessible for direct monitoring of the internal
part (Fig. 4, b), does not allow to apply formula (1) when
measuring the concrete density. And also it is adapted to
measuring the density p reverse version:

-C S 2
p(e)= &7 (2)

To determine p as a measurement result, it is neces-
sary not only to have the function p(¢) in an explicit (for
example, tabular) form and measure the value of C and S,
but also obtain an immeasurable value of d.

To solve the latter problem, the image recognition of
a real capacitor in the form of an equal in capacitance
using the virtual object method is used.

In the framework of this method, let’s search for a vir-
tual capacitor with a conventionally flat inner cover which
capacity of C, is equal to the capacitance of the real
measurable capacitor C,., with the air layer between the
plates for the current object, that is, Crei with air= Cyire- Thus,
obtain a virtual image of a real capacitor (Fig. 4, c).

Measurement Creg wich air 1S carried out on the working
measuring stand [20] to fill the formwork with concrete
reinforcement, that is, when the place of the future con-
crete is filled with air.

Next, fill the formwork with the concrete reinforcement
installed (Fig. 4, d), perform the second measurement of
the capacity of the same capacitor, but «with concrete»
and calculate the dielectric constant of the latter accor-
ding to the formula:

Creal with concrete
8 concr = . ( 3 )

Creal with air

To obtain the dependence peoner (namely, this index is
the aim of the metrological process), from the measured
value €goner let’s perform the experimental calibration of
the measuring instrument using the virtual representation
of the object (Fig. 4, c).

Since the permittivity of air g, is practically equal
to 1, from (2):

N

d in =€ .
virt 0
Cmul with air

(4)

Perfect inner Inaccessible
element internal
(drawing) element
(real)
External External
element element
a b
Measurement
object (real)
Virtual internal
element
(real)
A
D\'il‘t
B A External
clement External
element

c

d

Fig. 4. Models of the construction of a complex capacitor with one unobservable panel:
a — maodel of the «ideal> complex capacitor (according to the drawings); b — real capacitor with an inaccessible «internal» coating for observation;
¢ — recognized virtual image of a real capacitor; 4 — real object during measurement

;SS
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Calibration is carried out using a separate flat capaci-
tor, in which the distance between the plates is dy;y. Its
results are shown in Fig. 5.

Peoncrs 4
kg/m3
2400 1
22001
2000 1
1800 1
1600 +

1400 1

! | ! ! ! >
T T T T T »

4'5 800“01’

Fig. 5. Besults of calibration of the virtual capacitor
with d,;y =5.73 cm

As a result, there are theoretically experimentally ob-
tained models necessary for use in automated design systems
for complex means for measuring the density of concrete
required for managing the technological process of manu-
facturing reinforced concrete products of large dimensions
with geometrically complex fittings.

6.2. Methods for compensation of undesirable static,
technological and dynamic deviations at the stage of auto-
mated design of metrological means. Any spatial deviation
of the measuring device elements from the calculated (de-
sign) position leads to a deterioration in the measurement
accuracy [21].

Therefore, reliable compensation of deviations con-
tributes to the increase of this accuracy, and hence the
effectiveness of process control, in which the measurement
results are used in closed cycles.

The following requirements are imposed on methods
of compensation for unwanted deviations of any origin.

First, compensation must occur automatically as de-
viation occurs.

Secondly, compensation must occur in a short time.

Thirdly, the reason for such behavior of the elements
of the metrological means, the deviation of which is com-
pensated, should be the properties of the latter, laid down
at the stage of its automated design.

Let’s consider the methods for compensating for the
deviations of the elements of complex measuring instru-
ments by the example of the above-mentioned capacitive
measurement method.

The mathematical method assumes that all compen-
sation measures are performed only due to changes in
computational models.

For example, under the known laws of changing the
dimensions and/or configuration of the plates, when mea-
suring the capacitor, mathematical compensation involves
introducing an additional coefficient into formula (1), which
is calculated by the formula:

CAd

Ok (3)

As a result:
S
C=Keyp(e) 7. (6)

Expression (6) is practically applicable only if the
designer knows the laws of variation of the distance d
under the load and the true value of C for the «passport»
capacitor. These laws follow from the methods of calcu-
lating deformations and displacements in the resistance
of materials.

It follows from Fig. 4, the virtual surface of the inner
lining is always flat. If, however, the outer lining loses its
flatness when the form deviates, the formula for calcu-
lating the capacitance (1) becomes much more complicated.
Let’s supposc for example, that in the general case, the
surfaces y;(xf', x42) and y(xf? x4%), the capacity between
which is calculated, is described by the expressions:

— 22 2.
{%—Jﬂ +x3; 7
.2 2
Yo =—X{ — X3,
at restrictions:
X1minSX1 thnax; (8)
x2mingx2 S-752nmx~ (9)

Then the capacitance between these surfaces within (6)
and (7) can be calculated as [20]:

Plmax ¥2max dx1dx2
C= =
o f J f1(x1x2)_f2(x1x2)‘

Flmax X2max 1

ZEEOJ. f(

Ftmin X2min

x it

Ftmin X2min

Ximin X2min

x12+x22)—(—x1 -x3 )dx1dx2—

dxdx2 (10)
2

The mechanical method assumes constant models of
processing of the metrological information, but the con-
denser (more often external elements) are subjected to
geometrical transformation, which compensates deviations.
Let’s consider the methods developed for static and dy-
namic deviations.

Mechanical compensation of static deviations. The sug-
gested methods of compensation of EMI static deviations
will be considered on the example of designing complex
equipment for capacitive measurement of concrete density.
In accordance with formula (1), as d changes to d+Ad,
it is necessary that § automatically change to S+AS, com-
pensating for the <«additions» to the distance Ad:

B CAd
B gp(e)’

(1D

In fact, such addition can be carried out, for example,
by displacing the parts of the electrode (Fig. 6, @) or by
rotating it (Fig. 6, b). The displacement or rotation is
carried out by a simple mechanism in which AS and Ad
must be connected uniquely, for example, rail.
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a

d+Ad

Fig. 6. The scheme of automatic geometric compensation of increasing the distance
between the plates by increasing the projection area of one of the plates: a — offset compensation; b — compensation by rotation

Mechanical compensators for dynamic deviations are
essentially shock absorbers.

In work, adaptive shock absorbers are used for the
mechanical compensation of dynamic deviations.

Adaptive are such active damping systems which pa-
rameters can vary during operation in such way as to
ensure minimum transmission of vibration from the motor
and the guides to the external element of the measuring
instrument.

Such systems operate according to two main schemes.
The first scheme provides for preliminary monitoring of
the frequency spectrum of mechanical deviations that
propagate from the drive and guides (Fig. 7, a), and the
introduction of future compensating actions at the pre-
vious stage of computer-aided design of the corresponding
shock absorbers.

The frequency spectrum of such oscillations is relatively
wide [22], and they act in all directions (Fig. 2, d). There-
fore, shock absorbers for their compensation are chosen
from the class of 3-D rubber-metal multilayer (Fig. 7, b).
Mathematical models in CAD for their calculation are
models of electromechanical filters used in radio engi-
neering [23, 24].

The second scheme involves obtaining a signal for
adapting the depreciation systems directly during the
movement of the moving EMI. Such systems are much
more complicated, but they work better in conditions of
unpredictable deviations of elements.

6.3. Practical use of research results. The scheme for
setting and solving the problem of measuring the density
of concrete in large-sized objects of increased complexity
is shown in Fig. 8. The choice of this or that method of
testing concrete depends on the purpose of the test (quality
control of the products in the factory, selective or con-
tinuous strength testing, testing of structures of concrete
with unknown properties).

Receiving the task and the initial data: design and drawings of the reinforced concrete

object

=

Making real capacitor covers:
internal (steel fittings)
and external (measuring cylinders)

L

Experimental device

Measuring the capacitance of the capacitor before |UE;

Recognizing the «image»
of a virtual capacitor

filling the equipment
J—
] | —
' A ' ' Measuring the capacity of the capacitor after filling u.
the equipment [ Calibration of the
b [ | measuring capacitor
Fig. 7. Rubber-metal shock absorbers ==

for devices according to GOST 11679.1-76:

Concrete permittivity calculation

a — diagram of the device for preliminary

monitoring of the frequency spectrum of
mechanical deviations; b — project of 3-D

Calculation of the effective density of concrete

rubber-metal shock absorber; 1 — measuring
instrument; 2 — rubber part of the device;
3 — fixed platform; 4 — staple; 5 — cargo

Fig. 8. Scheme of setting and solving problems of creating a tool and measuring the density
of concrete in large-sized objects of increased complexity with the help of CAD «DEVICOM»
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INFORMATION AND CONTROL SYSTEMS:
SYSTEMS AND CONTROL PROCESSES )

It is also important to take into account the shapes
and dimensions of the products (beams, slabs, columns,
massive elements with inclined surfaces), the type of con-
crete (heavy, porous, lightweight aggregates), as well as
the accuracy requirements of the results and the conve-
nience of testing.

A common system for automated design of elements of
metrological means «the DEVICOM>» (deviation compen-
sation) and its subsystem for practical use is developed.
CAD «DEVICOM>» allows to design large measuring de-
vices, protected from external static, technological and
dynamic loads.

With the help of CAD «DEVICOM>» 3-D shock ab-
sorbers for the capacitive measuring system of filling
density of the concrete mix with concrete are designed.
Shock absorbers are designed to compensate for dynamic
deviations during the movement of the outer ring of the
measuring capacitor along the reinforced concrete support
20 m long.

In the production areas of JSC «Galenenergobudprom»,
such measuring capacitor is tested. The device is involved
in the control of the technological process of manufac-
turing the reinforced concrete product «Power transmission
line support», which, as a result, reduced the number of
defective products by 7.4 %.

7. SWOT analysis of research
results

Strengths. The main positive influence of the research
object on its internal factors is the ability to:

— at the design stage, choose the method of compensa-

tion for the deviation of the elements of the measured

means and devices;

— to develop appropriate parts and mechanisms of the

compensation unit;

— due to the available models, to predict the degree

and reliability of compensation.

This allows to significantly improve the efficiency of
CAD in general, in particular — when using the results
of design in the management of technological processes.

Weaknesses. The main negative influence of the research
object on its internal factors is the need to return to the
design stage of the measured medium after changing the
design of the measured object.

Opportunities. Opportunities for further research in
this area are related both to the development of the
theoretical base in the creation of new methods and
models for the design of measuring technology, and to
the improvement of methods and means to improve the
accuracy of measurement and the reliability of the lat-
ter’s results.

Threats. As in any case of computer-aided design, the
main threats for this activity stem from the adequacy of
the CAD models used in the subject area. Weighing the
large dimensions of design objects and their complexity, as
well as the natural divergence of technological parameters
for production of successive objects in the series, which
leads to their permanent deviation, the confirmation of
adequacy needs to be made more often.

Previously, compensation nodes were used to coun-
ter high-frequency oscillations at relatively small objects.
Therefore, there are no complete analogs of the proposed
models and methods in the design.

1. Theoretical and experimental virtual models of electri-
cal characteristics of the elements of measuring instruments
and models of their deviation are obtained. Models are
used in automated design systems for complex means of
capacitive measurement of concrete density required for
controlling the technological process of manufacturing
reinforced concrete products of large dimensions with
geometrically complex fittings.

2. Methods of compensation for undesirable static, tech-
nological and dynamic displacements at the stage of auto-
mated design of metrological means are proposed. Methods
fall into two classes. The first is mathematical, in which
compensation is performed solely by making changes to
the measurement results. The second is mechanical, in
which compensation is made by changing the geometry of
the measuring tool (with static deviation) or depreciation
of their elements (with dynamic).

3. Research results were implemented in the CAD
subsystem «DEVICOM», with the help of which 3-D
shock absorbers were designed for the system of com-
plex capacitive measurement of the filling density of the
concrete mix. Shock absorbers are designed to compen-
sate for dynamic deviations during the movement of the
outer ring of the measuring capacitor along the reinforced
concrete support 20 m long. In the production areas of
JSC «Galenenergobudprom» (Lviv region, Ukraine), such
measuring capacitor was tested. The device was involved
in the control of the technological process of manufac-
turing the reinforced concrete product «Power transmission
line support», which, as a result, reduced the number of
defective products by 7.4 %.

References

1. Baranov V. V. Tekhnologicheskiy audit predpriyatiya v semi
shagakh // Elitarium. TSentr dopolnitel'nogo obrazovaniya.
URL: http://www.elitarium.ru/tekhnologicheskijj_audit_pred-
prijatija/ (Last accessed: 03.05.2016).

2. Osnovni pytannia proektuvannia ta povirky tsyfrovykh vymi-
riuvalnykh pryladiv. URL: http://elib.lutsk-ntu.com.ua/book/
fepes/pruladobyd/2015/15-07 /other/lekcziya 30 osnovni_pi-
tannya_proektuvannya_ta_povirki_czifrovix_vimiryuval nix_
priladiv.pdf (Last accessed: 11.01.2018).

3. Selection of metrological support of management of com-
plex foundry objects with hardly measurable parameters /
Oborskiy G. A. et al. // Eastern-European Journal of En-
terprise Technologies. 2014. Vol. 6, No. 3 (72). P. 41-47.
doi:10.15587/1729-4061.2014.32420

4. Brignell J. E., Young R. Computer-aided measurement // Jour-
nal of Physics E: Scientific Instruments. 1979. Vol. 12, No. 6.
P. 455-463. doi:10.1088,/0022-3735/12/6,/002

5. Kuts Yu. V., Lysenko Yu. Yu., Protasov A. H. Pryntsypy pro-
ektuvannia zasobiv elektromahnitnoho neruinivnoho kontroliu:
proceedings // Suchasni prylady, materialy i tekhnolohii dlia
neruinivnoho kontroliu i tekhnichnoi diahnostyky mashynobudi-
vnoho i naftohazopromyslovoho obladnannia. Ivano-Frankivsk,
2017. P. 44-45.

6. Shherbinskiy V. G., Pafos S. K., Gurvich A. K. Ul'trazvukovaya
defektoskopiya: vchera, segodnya, zavtra // V mire nerazru-
shayushhego kontrolya. 2002. Vol. 4. P. 18.

7. Stanovskaia T. P, Dukhanyna M. A., Shykhyreva Yu. V. Infra-
krasnyi metod izmerenyia teplovykh parametrov zatverdevanyia
betona // Kholodylna tekhnika i tekhnolohiia. 2013. Vol. 2 (142).
P. 112-115.

8. Detection and location of defects in electronic devices by means
of scanning ultrasonic microscopy and the wavelet transform /
Angrisani L. et al. // Measurement. 2002. Vol. 31, No. 2.
P. 77-91. doi:10.1016/s0263-2241(01)00032-x

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 1/2(39), 2018

59—)



IHPOPMALIHHO-KEPYHYI CHCTEMM:
— I

CHCTEMH TA MPOLECH KEPYBAHHA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

I55N 2226-3780

. Review of Second Harmonic Generation Measurement Tech-

niques for Material State Determination in Metals / Mat-
lack K. H. et al. // Journal of Nondestructive Evaluation.
2014. Vol. 34, No. 1. P. 273. doi:10.1007/s10921-014-0273-5
Overview of Sensors and Needs for Environmental Monitor-
ing / Ho C. et al. // Sensors. 2005. Vol. 5, No. 12. P. 4-37.
d0i:10.3390,/55010004

Yakovlev M. Yu., Volobuiev A. P. Otsinka metrolohichnoi na-
diinosti zasobiv vymiriuvalnoi tekhniky aviatsiinykh radiotekh-
nichnykh system na etapi proektuvannia // Systemy ozbroiennia
i viiskova tekhnika. 2007. Vol. 2. P. 53-55.

Mishhenko S. V., Tsvetkov E. I., Chernyshova T. I. Met-
rologicheskaya nadezhnost’ izmeritel'nykh sredstv. Moscow:
Mashinostroenie, 2001. 96 p.

Chinkov V. N., Mel'nichenko A. E. Izbytochnaya model’ nadezh-
noy ekspluatatsii sredstv izmeritel'noy tekhniki // Ukrainskiy
metrologicheskiy zhurnal. 2004. Vol. 2. P. 57-60.
Prokopovych Y. V., Dukhanyna M. A., Monova D. A. Uprav-
lenie svoistvamy strukturochuvstvytelnykh obiektov lyteinoho
proyzvodstva // Pratsi Odeskoho politekhnichnoho universytetu.
2013. Vol. 2 (41). P. 13-18.

Mekhanichni metody neruinivnoho kontroliu mitsnosti betonu.
BudMaister. URL: http://budmayster.pp.ua/1511-mehanchn-
metodi-neruynvnogo-kontrolyu-menost-betonu.html (Last ac-
cessed: 11.11.2017).

Yakovlev M. Y., Volobuyev A. P. Evaluation of the Metrologi-
cal Reliability of the Means of Measuring Techniques of the
Aircraft Radio Systems: Proceedings // Modern Problems of
Radio Engineering, Telecommunications and Computer Science.
Lviv-Slavske, 2006. P. 591-592. doi:10.1109 /tcset.2006.4404644
Optymizatsiia zviaznosti elementiv v zadachakh avtomatyzova-
noho proektuvannia system / Stanovskyi O. L. et al. // Vis-
nyk naukovykh prats NTU «KhPI». 2015. Vol. 49 (11/58).
P. 170-175.

Porter B. E. Handbook of Traffic Psychology. Norfolk: Old
Dominion University, 2011. 536 p. doi:10.1016,/¢2009-0-01975-8
Rao, P. Manufacturing Technology: Foundry, Forming and Wel-
ding. New Delhi: Tata McGraw Hill, 2008. 485 p.
Metrolohichne zabezpechennia kontroliu shchilnosti hetero-
hennykh materialiv / Prokopovych I. V. et al. // Visnyk
NTU «KhPI»: Mekhaniko-tekhnolohichni systemy ta kompleksy.
2016. Vol. 50 (1222). P. 22-28.

Measurement Error (Observational Error). Statistics How
To. 2016. URL: http://www.statisticshowto.com/measurement-
error/ (Last accessed: 21.12.2017).

Stanovskaya T. P, Tonkonogiy V. M., Oparin A. V. Avtoma-
tizirovannoe proektirovanie mekhanizmov s vnutrenney vibro-
zashhitoy // Kholodil'naya tekhnika i tekhnologiya. 2005.
Vol. 2. P. 107-109.

23. Szhul’gin K. Osnovnye parametry diskovykh EMF na chastotu
500 kGts // Radio. 2002. Vol. 5. P. 59-61.

24. Carr J. J. Radio Society of Great Britain. RF components
and circuits. Oxford: Newnes, 2002. P. 34-65. do0i:10.1016/
b978-075064844-8/50004-9

KOMNEHCALMA NMPOCTPAHCTBEHHLIX REBUALMHA INEMEHTOB
CPEACTB H3MEPEHHA B CANP

TTokasano, 9TO MPU N3MEPEHUSIX KPYTTHOTAOAPUTHBIX CIOKHBIX
06BEKTOB MHOT/IA IPUXOAUTCS PACIIOJIAraTh YACTh DJIEMEHTOB CPeji-
CTBa W3MepPEHUs] BHYTpU OOBEKTA, a 4acTh — CHApPYXKU. B atom
carydae, 0COGEHHO KOT/Ia BHEITHIE 9JIEMEHTHI TOIBIKHBI, BO3MOKHA
JeBUAIMA HOCJEJHUX OT 3aIJIAHUPOBAHHOTO PACIOJIOKEHUS HX
B IpocTpaHcTBe. lIpeyioskeHbl MeTo/bl, OCYIEeCTBIIAION[NE TPOeK-
THPOBAHIE CPEJICTB N3MEPEHNUST TAKUM 00pa3oM, 4TOOBI OHH ajIar-
THUBHO IIPOTHUBO/ICIICTBOBAJIN TAKNUM SIBJICHUSIM, YTO 1103BOJISIET CHU-
3UTH MOTPEIIHOCTh M3MEPEHHs! M MOBBICUTH €r0 JOCTOBEPHOCTD.

Kmouessie cnoBa: 271eMeHTHl METPOJIOTNYECKUX CPEJICTB, MPO-
CTPAHCTBEHHAs JIeBUAINs, aBTOMATU3UPOBAHHOE [IPOEKTHPOBAHME,
MOTPEIIHOCTh ¥ JOCTOBEPHOCTh M3MEPEeHMIA.
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