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SIMULATION MODELLING IN THE TASKS OF DIGITAL
ENGINEERING IN THE CREATION
OF INFORMATION-MEASURING SYSTEMS
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Tepepi3ax BaTy IUIONMHAMH PO3POOIEHO arOPHTM PO3PaXyHKY ITOTOYHOTO TOJIOKEHHS TOUKH MPO(IIFO 30BHIIIHBOI MOBEPXHI BaTy. BHacminok
BIUIMBY (Di3MYHMX TPOLIECIB Pi3aHHS PO3TAllyBaHHS TOYOK HA MOBEPXHI Bay Ma€ BUIAIKOBUI XapakTep. ToMy MOJOXKEHHs PO3PAXYHKOBOI TOUKH
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H. Oborskyi, V. Gugnin, L. Perperi, G. Goloborodko, V. Goloborodko. Simulation modelling in the tasks of digital
engineering in the creation of information-measuring systems. The object of this study is virtual measuring systems for shape
deviation parameters. The article describes the designed virtual instrument for simulating the process of determining the parameters
of the shape deviation of cylindrical shafts. To implement this task, a model for calculating the parameters of the deviation of the
shape of the shafts is proposed, which takes into account the effect of random real diameters of the parts processed on metal cutting
equipment on their geometric accuracy. The process of modelling the measurement of shaft shape deviation parameters is carried out
in two stages. At the first stage, the movement of the plungers of the device to the surface of the shaft and the sound of the drive of
the plungers are simulated. At the second stage, the parameters of the shape deviation of the cylindrical shafts are calculated. The
shape of the cylindrical part depends on the random values of the actual diameters of the shaft in various intersections of the
cylindrical part with planes. To obtain estimated values of shaft diameters in different cross-sections of the shaft by planes, an
algorithm for calculating the current position of the profile point of the outer surface of the shaft has been developed. Because of the
influence of physical cutting processes, the location of points on the surface of the shaft is random. Therefore, the position of the
calculation point is determined by superimposing on the theoretical profile of the shaft a random variable, which is generated
according to the law of equal probability. The method of processing the array of profile points coordinates to obtain numerical
parameters of shaft shape deviation, such as taper, barrel, bow and ovality, is described.
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Introduction

In today’s conditions of rapid development of the fourth industrial revolution, many enterprises
are undergoing the stages of digital transformation of production in various fields of industry, charac-
terized by rapid changes to meet new needs. Modelling and simulation, which are used in digital engi-
neering, are based on a theoretical foundation, but are aimed at finding solutions to problematic issues
in various fields. Therefore, questions related to the application of practical skills of digital literacy by
specialists in an interdisciplinary context are important [1, 2]. Accordingly, the growth of needs within
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the framework of Industry 4.0 has led to the reformatting of educational components of training pro-
grams for specialists in engineering specialties in institutions of higher education in order to approach
the practical conditions of work in the production of future engineers. Most universities, thanks to the
rapid development of information technologies and the possibility of using Internet technologies, have
moved to the creation and use of virtual or remote laboratories during student training, gradually ap-
plying the transition from “face to face” training to a distance format [3, 4, 5]. All these aspects con-
tributed to the implementation of the educational process in the conditions of the global pandemic
caused by COVID 19 and, unfortunately, do not lose their relevance during the hostilities taking place
on the territory of Ukraine today. In the Odessa Polytechnic University, when training mechanical en-
gineers and metrological engineers, virtual instruments are also used to implement the acquisition of
digital competencies and practice-oriented learning when training specialists in engineering specialties
to manage production processes [6, 7, 8].

Analysis of recent research and publications

In works [9, 10], research was conducted on the effectiveness of using virtual laboratories as a
tool for learning. The students’ perception of the experience during training in the virtual laboratory
was evaluated. Benefits include maximizing time and space flexibility, simplifying complex seminars,
and increasing student enthusiasm. Disadvantages are the impossibility of familiarization with physi-
cal tools, as well as the hindrance of direct interaction. In general, virtual laboratories can satisfy some
complex requirements for engineering education.

The researched [11] describes the experience of using simulators with the use of mathematical
modelling and simulation using LabVIEW and LabVIEW MathScript as a supplement to theoretical
and distance learning. A positive result was obtained in confirming the consolidation of theoretical
knowledge and facilitating the conduct of research and surveys in the future in real conditions. The
article also discusses the creation of modules for control systems and numerical analysis using the
specified products.

The authors of the article [12] talk about the wide opportunities that open up from the use of in-
formation technologies in the training of engineering specialists. Among the advantages, it is stated
that interactive simulators increase the effectiveness of training and develop professionally oriented
skills and abilities. However, at the same time, the inadequacy of using only this learning technology
was noted due to the possible complication of the stage of adaptation of the future graduate in the con-
ditions of real production.

The purpose of research

The purpose of the presented work is to create a virtual instrument in a software-oriented Lab-
VIEW environment that simulates the process of determining the parameters of the shape deviation of
cylindrical shafts. Accordingly, to implement the modelling of the simulation process of determining
the shape deviation parameters, it is necessary:

—to describe the process using mathematical modelling;

— to make a software implementation of the process;

— to test the virtual instrument and analyse the obtained results.

Research materials and methods

The case study is devoted to the practical application of common virtual tools for solving digital
engineering tasks in the design of information and measurement systems in the field of the machine-
building industry. To fulfil the task, theoretical methods based on the theories of mathematical and
computational modelling and the use of the basic provisions of the theory of measurements and statis-
tical processing of measurement results were used.

Results and discussion

The use of modern computer technologies in various fields of industry for modelling and simula-
tion when solving digital engineering tasks allows you to obtain information about the object (system)
of modelling, its properties and characteristics in general. All this is accompanied by a high degree of
visualisation and makes it possible to understand better how exactly the object can behave in one or
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another case. The use of software products for modelling and
simulating objects with obtaining results about their functioning
is relevant not only in the conditions of distance learning.

Among the instruments developed at the Odessa Polytechnic,
there is a instrument for simulating the process of determining the
parameters of the shape deviation of cylindrical shafts. The input
parameters for the process simulation are the diameter of the
shaft, the upper and lower tolerance zone deviation of the shaft
being machined.

When developing such a virtual instrument as a sensor for
measuring the diameter of shafts, digital indicators of the clock-
type were used for high-precision measurement of external di-
mensions of products. The sensor (Fig. 1) is equipped with a Mi-
croUSB data transfer port to a computer, has the following char- Fig. 1. Clock-type digital
acteristics: measurement range 0...12.7 mm; discreteness (separa- indicator [13]
tion value) — 0.001 mm; LCD display and touch control buttons.

The scheme of measuring a shaft with six clock-type indicators is shown in Figure 2. The design
of a virtual instrument for determining the shape deviation parameters of cylindrical shafts was carried
out in the LabVIEW software-oriented environment [14, 15]. When designing the appearance of the
virtual instrument for measuring the deviation of the shape of cylindrical shafts, the movement of the
indicator plungers relative to the part was simulated.

D,
D,
D,

Fig. 2. Scheme of measurement of shape deviation parameters of cylindrical shafts

When designing the appearance of the virtual instrument for measuring shaft diameters, a measur-
ing installation with six measuring heads was modelled. On this basis, the appearance of the executive
module of the virtual installation was presented in the form shown in Fig. 3.

After starting the device, the measuring tips of the heads are lowered to the outer surface of the
part. During the movement of the measuring tips of the heads, the speakers of the computer on which
the program is installed emit a sound that simulates the operation of the drive of the measuring heads.
At the moment the tips of the heads touch the outer surface of the controlled shaft, the virtual instru-
ment displays six values of the measured diameters and four parameters of the error of the shaft shape
in the display windows.

To control the deviations of the actual shaft size from its maximum permissible values and to
control the error of its shape, it is necessary to set the nominal size of the diameter and the limit devia-
tions of the controlled cylindrical surface. When simulating the measurement of the surface diameter,
according to the working drawing of the part being controlled, its diameter (mm), upper deviation
(um) and lower deviation (um) are set (see Fig. 4).

When the virtual instrument is started by pressing the [Run] button on the front panel of Lab-
VIEW, the characteristic sound of the movement of the indicator plungers is heard. The measurement
diagram appears on the screen of the “Measurement diagram” window, and in the windows of the
“Measured diameters” and “Deviations of form” panels — calculations, measured dimensions of diame-
ters (Fig. 5, a) and deviations of form (Fig. 5, b).
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Fig. 3. Appearance of the executive module of the virtual instrument Fig. 4. Initial parameters of the part

The front panel of the virtual instrument after measuring the diameters and calculating the devia-
tions of form is shown in Fig. 6. The operation of the designed virtual device for measuring the diame-
ter of the shaft requires two actions to be performed in sequence. The first action consists in simulating
the movement of the tips of the measuring heads. The second action consists in simulating the meas-
urement of diameters and calculating the deviations of form. The execution of two actions separated in
time allows the implementation of the Flat Sequence Structure of the G programming language, the
LabVIEW software-oriented environment [14, 15].

Measured diameters
01, pm D2, um 03, um

0 0 0 Measurement scheme
D4, um D5, um D6, pm
0 0 0
a = - e
a = _
Detail paramebers -ED . D; Tt ].5;_._-_ T “I)_ﬁ ﬂzl_
Controlled diameter,
Deviations of form mm
a‘\ 0
T. 0 .
He [ Upper deviation
= es, um Measured diameters Deviations of form
Barrel, um n DL pm D2 pm D3, um T 0
o aper, pm
Bow, pm 0 Lower deviation g 2 g Barrel, pm 0
es, pm
Ovality, um [0 j ] D4, pm DS, pm D6, pm Bow, pm |0
: 0 0 0
Ovality, pm 0
b
Fig. 5. Results of modelling and Fig. 6. Front panel of the virtual instrument

calculations: a — measured diameters;
b — deviations of form

The formation of a moving image of the operation of measuring equipment is programmed in the
first frame of the Flat Sequence Structure. Simulation of diameter measurement and calculation of
shaft deviations of form is programmed in the second frame of the structure (Fig. 7).

A For Loop structure is introduced to the first frame of the Flat Sequence Structure and 10 cycles
performed by this structure are defined, for which a constant equal to 10 is connected to the terminal
of the number of cycles of the For Loop structure (Fig. 7). In the For Loop structure, the Wait Until
Next ms Multiple function is placed and a numerical constant equal to 10 is attached to it. This ensures
that one cycle of the For Loop structure takes 10 microseconds. Then the total duration of the first
frame of the Flat Sequence Structure will be 2 seconds. Place the 2D Picture graphic indicator on the
front panel (Controls = Modern = Graph = Controls = 2D Picture). The icon of this indicator will
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appear in the block diagram window. Let’s move it inside the For Loop structure. To create an image
on the graphic indicator screen, let’s place six Drow Rect.vi functions and three Drow Arc.vi functions
inside the For Loop structure and connect them sequentially to each other and to the graphic indicator.

sNsN=N=N=NsNsNsNsNsNsNsReA=NsNs NN NsNsNeE=NsNs NN NN eN=NsAsNs NN eNeNsEsNs NN eReNsNsNs NN sAeRs N =N s NN ReNsNsN NN NN eNs NN s NN NN A e]

| F ion of of the indi tips and the sound of mechanisms work. | Madeling of diameter
measurement and calculation of
deviations of form.

Centrolled dismeter,
mm

Beep.vi

‘iz
i 03, um
»
02, pm
Upper deviation Diameters.vi »
5 Hm T 01, pm
EE B
Lower deviation  Deviations|of form vi| [k
es, pm Barrel, um
»
Tz Bow, um
B

s
1

Ovality, pm
v

D6, pm
v

) _ o Before starting the program, write down the full path
Draw Flattened Pixmap.vi Read JPEG Filevi to the file with the measurement scheme

ees ] T v
E% o+ E % C\Users\Dick GiLabVIEW\control shaft_2\drawing JPG

D4, pm
v

D5, pm

[NsE=E=NsEsNs s NsNsAeR=NsNsNs NN AsNsReAsEsAs AN sNsNeEsRsRsAs s NN eReRsAsNs s NN sNeNeReRsAsNs NN NsNeAsReRs NN s NN NN NeAeRsAsA s NN NsNsNeNsAeRs A s N s NN NsN NN A A Rs]

Fig. 7. Block diagram of the virtual instrument

To the six Drow Rect.vi and three Drow Arc.vi functions, we will attach a cluster with the coor-
dinates of rectangles and triangles, which depict three virtual indicator drive cases and three foot tips.
To ensure the movement of the tips of the indicators, we will form clusters of coordinates of the corre-
sponding shapes using the Bundle function. We will attach numerical constants that determine the co-
ordinates of the upper and lower sides of rectangles and triangles to the input terminals of the Bundle
function. To change the coordinates, we will add numerical constants and add them to the serial num-
ber of the executed cycle of the For Loop structure.

To simulate the sound of the indicator mechanisms, let’s place the Beep.vi virtual sub-instrument
in the For Loop structure. Let’s set the frequency and duration of the Beep.vi alarm sound.

To display the shaft measurement scheme on the screen of the graphic indicator, in the first frame
of the Flat Sequence structure, we will sequentially place the Read JPEG File.vi and Draw Flattened
Pixmap.vi functions, and for the first of these functions, we will show the full path to the drawing
drawing.JPG with the diameter measurement scheme.

Finally, the block diagram of the first action of the virtual device is shown in Fig. 7. Calculation
deviations of form and simulation of measurement of shaft diameters is in the second frame of the Flat
Sequence Structure (Fig. 7).

The virtual sub-instrument «Diameters.vi» carries out simulation of measuring shaft diameters.
The block diagram of the virtual sub- instrument is shown in Fig. 8.

In the For Loop structure (Fig. 8), the following functions are used to simulate diameter meas-
urement: rounding to the nearest integer, generation of a random number from 0 to 1 according to the
law of equal probability, functions of addition, subtraction, multiplication and division. The result of
each cycle is the diameter of the shaft within the tolerance zone. The number of cycles of the For Loop
structure is 6. The Index Array function (see Fig. 8) returns the element of the array that was formed
by the For Loop structure, according to the index. Thus, the “Diameters.vi” sub-instrument generates
six random numeric values for the diameter of the shaft.

The virtual sub-instrument “Deviation of form.vi” carries out the calculation of form deviations.
The block diagram of the virtual sub-instrument “Deviation of form.vi” is shown in Fig. 9.

The deviations of form of the cylindrical part is calculated according to the formula:

dmax - dmin
D 5 : Q)

where A —deviation of form; d.x — maximum shaft diameter, mm; d, — minimum shaft diameter, mm.
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Fig. 8. Block diagram of the virtual sub-instrument “Diameters.vi”

Consider the sequence of calculating the taper value. The value of the diameter D1 and D3 is
summarized as an example (Fig. 9). Add the values D3 and D1 to the Subtract function. Since it is not
known in advance, which of these values is greater, we use the Absolute Value function to take the
absolute value of the result. To calculate the second value of the taper value, we use the values of the
diameters D4 and D6 (Fig. 9). Add to the Subtract function to obtain the difference between D6 and
D4. Since it is not known in advance, which of these values is greater, we use the Absolute Value
function to take the absolute value of the result. Both values of the taper are given to the input of the
Max & Min function, the maximum value of the two taper values is divided by two using the Divide
function according to formula (1) and the result is given to the element of indication of the calculated
taper value. Similarly, we calculate the numerical values of bow, barrel and ovality.
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Fig. 9. Block diagram of the sub-instrument “Deviation of form.vi” virtual sub-device “Deviation of form.vi”
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The virtual instrument for modelling the process of determining the parameters of the deviation
of the shape of cylindrical shafts is used at the Odessa Polytechnic University during laboratory work
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under the educational programs of the specialties Applied Mechanics, Industrial Mechanical Engineer-
ing, and Metrology and Information and Measurement Technologies [7]. Students independently set
the numerical value of the diameter of the shaft, the upper and lower deviations of the diameter, obtain
the numerical values of the deviation of form of the cylindrical shaft, and form conclusions based on
the obtained results.

The design of virtual instrument allows you to get a device with extended functionality, unlike
traditional ones, the capabilities of which are determined by the supplier company. It also allows them
to be used as devices for distance learning, which in turn provides an opportunity for engineering stu-
dents to gain practical skills in measuring physical quantities, using knowledge of the theory of meas-
urements, signal processing and measuring circuits, as well as to gain practical experience in using the
simulation of the device operation.
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