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One of the directions which ensures a significant economic effect in resource- and energy-
intensive technologies is the process of restoring the large-sized composite rolls for rolling mills.
The defining operation of this process is the separation of the mating bandage and the roll’s axis by
thermal action on the embracing part. The general principles and results of the development, re-
search and creation of an improved technological process for heating the products under study in a
high-speed heating furnace have been described.

An integrated approach to solving the problem, based on theoretical and experimental stud-
ies, made it possible to develop a mathematical model of the process of dismantling large-sized
composite rolls by thermal action on the basis of the put forward hypothesis and preliminary results
of laboratory studies.

The development of the mathematical model is based on the process of rotation of the roll
when it is being heated in the furnace and the subsequent dismantling of the bandage from the axis
of the composite roll.

The methods of modeling the multi-mass electromechanical systems in relation to the drive
of a high-speed heating furnace have been analyzed.

The dynamic model of the process of opening the bandage has been investigated and ana-
lyzed. Preliminary results have been obtained that characterize the operation of a dynamic system.

The expediency of subsequent research and development of the control system for the opti-
mal performing of the heating process of the roll has been established.

Key words: composite rolls; thermal dismantling; heating furnaces; automatic control

Jle6ian B. T., 3anaToB A. ®. «Y10CKOHAJIEHHS MPOLIECY HArpiBy OaHOaxiB BequKoradbapu-
THUX CKJIQJIEHNX BAJIbLIFOBAJIBHUX BAJIKIB, SIKI M JSITAIOTH IEMOHTAXKY»

OpHnM 3 HanpsIMKIB, O 3a0e3neuye 3HAYHUI €KOHOMIYHUN e(eKT B pecypco- Ta eHepro-
€MHHX TEXHOJIOTISIX € TPOLIEC BiTHOBJICHHS BEIMKOTaOapUTHUX CKJIAJEHUX MMPOKATHUX BaJKiB. Bu-
3HAYAJIbHOIO OTEPAIi€r0 MbOrO MPOLECY € PO3'€AHAHHS MOB'S3aHUX OaHmaa Ta Bicl BUPOOy IJis-
XOM TepMO/li Ha iX OXOIUTIOIYY JeTalb. BUKIaneHO 3araibHi MOJIOKEHHS 1 Pe3yIbTaTH PO3POOKH,
TOCHIIKEHHS 1 CTBOPEHHS BJIOCKOHAJIEHOTO TEXHOJIOTTYHOrO MPOLECY HArpiBy MOCIIIKYBaHUX BH-
pobiB B eyl MIBUAKICHOTO HArPiBY.

KomrmuiekcHuil miaxia 1o BUPILISHHS 3aBAAHHS, MO 0a3yEThCA HA TEOPETUYHHX 1 €KCIepH-
MEHTAJIBbHUX JAOCHIKEHHSIX T03BOJIUB PO3POOUTH MaTeMaTHYHUI MOAEIb MPOLeCy AEMOHTAXY BeE-
JTUKOrabapuTHUX CKJIAJCHUX BAJKIB TEPMOIIEI0 HA MIJCTaBl BICYHYTO!l TIIIOTE3H 1 MONEPENHIX pe-
3yJIbTATiB BUKOHAHUX JJA0OPATOPHUX JOCHIIKEHb.

B ocHOBY po3po0ku MaTreMaTHUHUX MO MOKJIaIeHO MpoLec 00epTaHHs BaJIKa IPHU HOTO
HarpiBaHHI B Tedl 1 MOAAJBIIOTO AEMOHTaXy OaHIaxa 3 OCl CKIIaIeHOTO BUPOOY.

[IpoaHanizoBaHO METOIU MOJAEIIOBAHHS 0AraTOMAacOBUX €JIEKTPOMEXAHIYHHUX CHCTEM CTO-
COBHO MPHUBOJY Medi MBUIAKICHOTO HarpiBy.
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JocnupkeHo Ta npoaHanizosaHo AVHaMIAHA mMofenb npouecy po3kputta baHgaka. OTpu-
Mall nonepefHi pesynbTaT, SKi XapaKTepuayrTb po60oTY AMHAMIYHOI CUCTEMM.

BcTaHOBNEHO [OUINbHICTL MOAANbLLIONO BUKOHAaHHA [OCNIMKEHb | PO3PO6GKM CUCTEMM
ynpas/LLHA 418 ONTMMaIbHOr0 NPOBEAEHHS Npouecy Ha”*BY BMpoba.

Knouoei cnosa: cknafell Baiku; TEPMIYHUIA AEMOHTaX TEPMO/IEHD; OnatoBasibHI Meui;
aBTOMaTWYHe ynpasiHHA

Nebenb B. T., 3anaToB A. ®. «CoBepLIeHCTBOBaHME NpoLecca Harpesa 6aHaaXel KpymnHo-
rabapuTHbIX COCTaBHbIX MPOKATHbIX Ba/IKOB, MOAMEXALUNX [AEMOHTaXKY>

OfHUM 13 HanpaBneHWiA, 06ecneynBatoLLMM 3HAUNTENbHbIA 3KOHOMUYECKUIA 3PDEKT B pe-
CYPCO- M 3HEPrOeMKUX TEXHONOIMMAX SABNSETCA MPOLECC BOCCTAHOBMEHUA KPYNHOrabapuTHbIX CO-
CTaBHbIX MPOKaTHbIX BaKoB. OnpeaenstoLLgein onepaLueit 3Toro npoLecca sBNSETCA pa3beanHeHve
COMPSHKEHHBIX GaHAaXa 1 OCU M3AeNns MyTeM TEPMOBO3AENCTBUA Ha HX OXBaTbIBAKOLLYHO AeTaslb.
3noxKeHbl 06LLMe NONOXKEHHS U pe3y/bTaTbl Pa3paboTKK, UCCNeA0BaHMS U CO3AaHUS YCOBEPLLIEHC-
TBOBAaHHOIO TEXHO/IOMMYECKOro MpoLecca HarpeBa M3y4vyaemblX M3AENIA B MEYUM CKOPOCTHOIO
Harpesa.

KoMnneKkcHbIM NoaxoA K peLleHnto 3afayun, 6asmpyroLLmMincs Ha TEOPETUYECKMX N SKCNepn-
MeHTaNbHbIX UCCNEeA0BaHNAX MO3BOAMA pa3paboTaTh MaTeMaTMYyHy MOAE/b MpoLecca AeMOHTaxXa
KPYMNHOrabapuTHbIX COCTaBHbIX Ba/IKOB TEPMOBO3AEMNCTBMEM Ha OCHOBaHWUW BbIABUHYTON rMNOTU3bI
1 NpeaBapuTenbHbIX pe3ynbTaTax BbIMOMHEHHbIX 1ab0paTOPHbIX UCCea0BaHNIA.

B ocHoBy pa3paboTKM MaTemMaTMYHOW MOJENM MOMOXKEH MPOLECC BPaLLEHMS BasiKa Npu ero
HarpeBaHWK B Meyn 1 NocneayoLwero AeMoHTaxa 6aHaaXa ¢ 0C COCTaBHOMO M3aenus.

MpoaHann3oBaHbl METOAbI MOJENMPOBaHNS MHOTOMACCOBbIX 3/IEKTPOMEXaHUYECKNX CUCTEM
NPUMEHNTENbHO K NPMBOAY MeYn CKOPOCTHOrO Harpesa. ViccnegoBaHa v npoaHanvM3oBaHa AMHaMu-
yeckas mMofesb npouecca paskpbITUS GaHaaxKa.

MonyyeHbl NpeABapuTe/IbHbIE Pe3y/bTaTbl, KOTOPbIE XapaKTEPM3YOT paboTy AMHAMMUYECKON
CUCTEMBI.

YCTaHOB/EHA LieNecoobpasHOCTb NOCNEeAYHOLLEr0 BbIMONHEHNS UCCNe0BaHNIA U pa3paboTKu
CUCTEMbI YNpaBeHnsa A1 ONTUMabHOro NPOBEAEHNS MPOLEecca Harpesa U3aenus.

KntoueBble cnoBa: COCTaBHbIE Ba/KU1; AEMOHTaX TEPMOBO3/ENCTBMEM; HarpeBaTe lb-
Hble Meyn; aBTOMaTUYECKOE YrpaBneHmne

1. Relevance of the work

One of the effective areas related to resource - and energy-intensive technologies is the
process of restoring the heavy-weight products related to bodies of rotation [1].

These are, for example, Large-sized Composite Rolling Rolls (LSCR) (Fig. 1), which have
worked out their resources and can be the subject to subsequent restoration or can be used as high-
quality billets.

1 - axis of the rolling roll; 2 - bandage; 3 - plugs Figure 2 - High-speed heating furnace (FHF)
Figure 1- Compound rolling roll
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2. Purpose and objectives of the article

The aim of the research was the development, research and creation of an improved techno-
logical process for heating process LSCR in a fast heating furnace (FHF) (Fig. 2) for dismantling.

At the same time, the creation of a control system was considered for this process with a
help of information-measuring control system for the disclosure of the embraced and embracing
parts (EEP) of the LSCR in FHF for the subsequent dismantling of this product [2].

In accordance with the set goal, the following was accomplished:

1). Analysis of the heating functions under consideration of the LSCR in FHF [3].

2). The developments of physical and mathematical models of the process for disclosing of
the mating parts during heating of LSCR in FHF;

3). Mathematical modeling of the heating process of LSCR for dismantling;

4). Experimental system for controlling the separation of EEP.

Scientific novelty lies in:

1) Putting forward a theoretical hypothesis of the process of heating the bandage of the
composite product in the FHF for its dismantling;

2) The confirmation of theoretical developments by experimental studies.

The introduction of the developed measuring system will increase the efficiency of disman-
tling of composite heavy weight rolls (CHWR) for the entire range of sizes that can be placed in the
FHF [5].

Theoretical and experimental studies based on the hypothesis [4, 5], which has been put
forward about the change in the position of the center of bandage’s mass relative to its axis, will
make it possible to further optimize the process of thermal dismantling.

The results of the research will allow:

- to lay the groundwork for the development of an intelligent control system for the dis-
placement of the center of mass of the bandage during the heating and disclosure process of the
EEP of the composite rolls;

- to monitor and register a number of parameters of the heating operation in real time to dis-
play the process on the monitor of the operator’s panel.

This allows to ensure a significant reduction in energy consumption for heating operations in
the furnace.

The object of the research is the process of heating the bandage LSCR in FHF.

The practical value of the research lies in the development of a mathematical model and the
creation of the basic prerequisites for the subsequent development of a measuring system that al-
lows you to control the process of opening the EEP when heating the bandage in the FHF. This will
make it possible to lay down the basic provisions for controlling the process of heating of the band-
age in FHF when the process will be implemented in an industrial environment.

3. Analysis of published literature

A search on the topic of research performed in the scientific and technical information envi-
ronment of the countries of Great Britain, Germany, Italy, Russia, the USA, France, the Czech Re-
public, and Japan showed that there are partial studies on the reuse of equivalent standard sizes of
composite rolls, as well as the use of composite rolls with a set of interchangeable bandages at some
foreign enterprises (for example, Union Electric Steel (USA), Kobe Steel (Japan)) [1, 6-9]..
Given the results of a patent search, having studied the solutions found for thermal dismantling of
such products, it is acceptable to conclude that this topic of research in heavy engineering is im-
portant.

4. The main part

In the process of heating a uniform rotating bandage in the FHF (Fig. 3), its inner diameter
undergo changes.

In this case, the positions of the center of the bandage’s axis relative to the center of the axis
of the roll and the speed of rotation (rotation) of the bandage (2) relative to the center of the axis of
the roll (1) are being changed ( Fig.3).
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1 - composite roll, 2 - electric motor, 3 - driving roller
Figure 3 - Maintaining the process of the bandage’s heating

b C
1- axis ofthe roll; 2 - bandage
a- condition of the product before heating the bandage CHWR; b- in the process of heating
the bandage; c - the position of the heated bandage on the roll’s axis at the final stage;
Ai - is the intermediate clearance; Ak- is the final value ofthe gap.
Figure 4 - Changing the position of the center of mass ofthe parts of the composite roll dur-
ing heating ofthe bandage in the FHF

Consideration of the technological process of dismantling a large composite roll under the
influence of heating in the FHF is represented by three interacting subsystems: 1) a bandage and 2)
the axis ofthe composite roll; 3) an electric drive ofthe FHF rotation mechanism.

The structure of the model is presented in two parts: the electric, which includes the control
system, electric drive, feedback sensors, and mechanical part consisting of a bandage and the axis of

the composite roll [9].

Figure 5 - Structural diagram ofthe dismantling process

The considered structural diagram of the technological process (Fig. 5) allows you to build a
physical and mathematical model of the process of heating the bandage for dismantling the compo-
site roll. To implement the mathematical model, analytical [10, 11] and experimental methods have
been used [12, 13]. The analytical method allows to create a computational-theoretical model of the
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processes occurring in the object under scrutiny in accordance with the equations which describe
the physical laws. The coefficients of these equations are the physical parameters obtained by theo-
retical research and characterize the object and the working processes in it: - structural elements of
the object; - parameters of the working body; - heat transfer coefficients, etc. The model under con-
sideration allows us to reveal the physical essence of the main stages of the process under study and
analyze the change in the parameters of the EEP and the course of the heating operation [4, 5].

Due to the lack of the possibility to measure directly the controlled parameters of the relia-
bility of these process characteristics and calculating the values of the coefficients, difficulties arise
when describing the equations. The equations describing electric and thermal parameters are de-
rived on the basis of the known design parameters and characteristics of a theoretical analysis of the
processes which occur in the object under scrutiny. The experimental part of the simulation is to
obtain the transient characteristics of the object.

During the implementation of the FHF heating process, the composite roll band is heated in
the HSHF.

It is known [14] that the diameter of the bandage varies according to the linear law:

dy=d-(1+a-T)

where d| -is the diameter of the bandage under the influence of temperature t;
d -is the output diameter of the bandage;
a- is the coefficient of linear expansion of the metal (for steel 13.1%10°);
b- T - heating temperature, °C
The gap Z (7) between the bandage and the axis of the composite roll can be determined by the
formula:

Z(t)y=d (t)-d
The speed of rotation of the bandage depends on the speed of rotation of the CHWR and the

contact area of the connected inner surfaces of the axle and the bandage [15 — 17]. The equations of
the process under scrutiny have the form:

oz a(t)<a,

k
T,p>+7T,-p+1

1
©y| 1 —— zZ>2z,
I'p +T7,-p+1
where k£ —is the gain and

1, and 7', - time constant of the electric part of the drive;

o (t)=|o,-" Z<Z,a(t)za,,

o, and 0, - the speed of the bandage and roll respectively;

d, - the opening angle at which the area of contact of the inner surface of the bandage with

the surface of the roll does not provide rigidity;
Z, - the required gap value.

When operating an electric motor, the torque of the motor must balance the static resistance
of the working machine and the dynamic torque caused by the inertia of the moving masses. The
equation of moments of the electric drive can be written in the form:

M=M.+M T >
where M - moment of the electric motor;
M . - static moment of resistance;

M - dynamic moment.
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Dynamic or inertial moment, as you know from mechanics, is equal to:

dw
MauH =J « dt ’

where J -is the moment of inertia of the moving masses, reduced to the motor shaft, kg / m2;

L - angular speed of the motor shaft, c-1

The moment of inertia of the bandage changes in time due to the change in the inner diame-
ter of the bandage:

M - MC+M g

24
B~ mn R2+ 4O ]

where Tb - mass of the bandage.
In the Laplace formula, the velocity equation can be expressed as:
Ma (P - M+ (P)
J P
where M P-the moment that takes into account the process of disclosure. Asynchronous
motor equations have the form:

w(P)=

un(p) =1 O MO~ D)

M(P)- WizwAel
ToeP+1
Fig. 6 shows the model of the drive. Experimental studies were conducted on a personal

Figure 6 - Mathematical model of the drive

Fig. 8, 9 summarize the results obtained in the simulation. The dependence of the opening
angle on the current gap value Ais established. As an example, a composite at mill roll of a thick-
sheet mill has been considered.

A number of basic discrete values of the diameter of the bandage during its heating were de-
termined D 15 = 1201.0mm (a); 1201.5mm (b); 1202.0mm (c); 1203.0mm (d); 1204.0mm (f); where
d = 1000 mm is the nominal diameter of the fitting surface of the roll axis (Fig. 7).

According to the analysis (Fig. 7), its diameter increases during the heating of the bandage,
and in the result of which, the contact area of the mating surfaces of the bodies of revolution de-
creases and oscillations of the embracing part of the product appear, which disappear after the for-
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mation of the required gap is completed (Fig. 8) The results of technical solutions for the automa-
tion of this process are reflected in the following works [18- 21].

a b C d
Figure 7- The calculated angle of the contact surface of the bandage and the axis of the roll
when changing the diameter of the bandage during its heating

For step-by-step confirmation (or refutation) of the theoretical hypothesis of the trajectory of
motion of the center of mass of the bandage relative to the center of mass of the axle and to test the
possibility of fixing the disconnection of the EEP using IR sensors, an experimental facility was
created.

The industrial facility (Fig. 9) consists of a FHF model (which includes a frame, electric mo-
tor, a clutch and support rollers) and a LSCR model (roll axis and four interchangeable bushings).

Figure 8 - The trajectory of the center of mass of the bandage
at changing the inner diameter

The product under study is a model of LSCR in aratio of 1:20.

Figure 9 - Block diagram of the experimental model

During the implementation of the technological process rotating bandage LSCR is heated in
FHF. In the laboratory conditions of the department it is not possible to perform diameters, based
on the calculation of the linear expansion of metal at 100, 200, 300 degrees Celsius.

In the general version, the LSCR model has the following characteristics: axle length - 422
mm; diameter - 100 mm and its mass - 25 kg; length of the sleeve - 140 mm and its inner diameter,
mm: 100.0 (with tension); 100.1 (for temperatures 1000 C); 100.4 (200°C); 100.8 (300cC),
respectively; its outer diameter is 121 mm; weight of one bushing 8.8 kg.
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The rotation of the axis is provided by rollers on which the axis of the model of the compo-

site roller. One of the rollers is connected to the RD-09A motor via the clutch (Fig. 10). The electric
motor ensures four revolutions per minute, which is the closest to the actual technological process.
The industrial installation model is shown in Fig. 10.

In the laboratory conditions of the department it is not possible to perform heating, there-

fore, to simulate the expansion of the bandage under the influence of high temperatures (up to
9200C) bushings were made, with different internal.

The characteristics of the engine are given in table 1
1 2

1- roll axis; 2 - bandage; 3 - support rollers; 4 - electric motor PD-09A; 5- coupling; 6 - frame

Figure 10 - Industrial plant model

Table 1 - Characteristics of the RD-09A electric motor

Parameter Value
Power supply voltage, V 127
Frequency, Hz 50
Idle current, A 01
Frequency of revolutions, rpm 1200
Power, W 10
Reduction 1/137

For the processing of information, measurements and data transmission to the 1/ O device, a

measuring system is created, which is shown in Fig. 11

Figure 11 - Structural diagram of the measuring system

© Lebed' V. T., Zaliatov A. F., 2019 9
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Based on the functionality of the installation, the Arduino UNO board was chosen as the
hardware and computing platform. The choice is due to the fact that the board in its design has
already a power controller, a microcontroller, a programmer, interfaces for connecting devices (Fig.
12) and software libraries, which facilitate the work of creating the measuring system. At the
conceptual level, all boards are programmed via RS-232 (serial connection), but the implementation
of this method is different depending on the version. The Serial Arduino board contains a simple
inverted circuit for converting RS-232 signal levels. Current boards, such as Diecimila, are
programmed via USB due to USB- to -serial converter chip. The Arduino Integrated Development
Environment is a cross-platform Java application that includes a code editor, a compiler and a
firmware transmission module [22].

Based on the block diagram (Fig. 11), sensors are selected that will measure the position of
the centers of mass of the bandage and the axis of the roll relative to each other. The choice of
sensors is due to the accuracy of the input data conversion to the output, the range of measurement,
optimal geometric parameters and mass, the reliability of installation and operation cost.

The Arduino Integrated Development Environment compares two types of TCRT5000 and
SHARP-GP2Y0A710KOF sensors by the above criteria. It is stated that TCRT5000 corresponds to
the experimental setup better than the SHARP-GP2Y0A710KOF. In the table 2 their characteristics
are shown.

Table 2 - Sensor characteristics

Parameter TCRT5000 SHARP-GP2Y0A710K0F
Range, mm 1-15 1000-5500
Accuracy, mm 0.2 0.3
Dimensions, mm TX7Xx12 58.0 x 17.6 x 22.5
The cost is $ 0.8 11.2

The distance to the object by the sensor is determined by triangulation. The light pulse (in
the IR range: 850 + 70 nm [23]) is emitted and reflected back from the obstacle. The angle of falling
the light beam depends on the distance to the reflecting object. Triangulation works by detecting
this reflected beam and identifying a reflection angle from which the distance is determined.

The measurement system of the experimental unit should be flexible to certain changes,
namely: adding more sensors to the system; changing the positions of the sensors relative to each
other; the change of sensor connections. Therefore, it is advisable to use a circuit board on which all
the elements are fixed without soldering and are connected by wires.

The diagram of connection of the sensor to the Arduino board is shown in Fig. 12.

1- Arduino hardware and computing platform; 2 - bread board,;
3- IR sensors; 4 - resistance 510 Om; 5 - resistance 10 Kom
Figure 12 - Circuit for connecting of sensors to the board Arduino
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The measurement system is shown in fig. 13.

1- Ardumo hardware and computing platform; 2 - bread board,
3 - IR sensors; 4 - resistance 510 Om; 5 - resistance 10 Kom

Figure 13 - Measuring system

Considering the above, a program has been created that measures the output voltage from
the sensor (0 ... 5V) and converts it to a numerical distance value based on the characteristics of the
sensor.

The general view of the experimental unit is shown in Fig. 14

This ensured the connection of the board to the sensors and obtaining the values. Since Ar-
duino is one of the most convenient ways of programming the tools on microcontrollers, the device
programming language is based on C/ C ++ [22]. Any Arduino application has two required func-
tions: setup () and loop (). The Setup () function is started once, after each connection to power.
This function is used to initialize variables, to set the mode of operation of digital ports etc.

Figure 14 - General view of the experimental setup.
An Arduino board was programmed for the experimental studies on the installation.

The above function initializes the required variables of type double (floating point variables
are larger than the normal float variables). In these function analog ports 0 and 5 are started to
which sensors are connected [22]. The loop () function in an infinite loop consistently executes the
commands described in its hardware. This means that when the function is completed, it will be
called again [19]. In this function, the variables declared above, are assigned values which come to
ports 0 and 5 from the sensors.
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The values range from 0 to 1024, since Arduino has an ADC (bit-to-digital converter) of bit
depth 10.

After the values are received, data is transmitted via the COM port. Since there are two sen-
sors in the experimental setup, the decision has been taken to divide values by the symbol "$».
Based on the above, we have the initial program algorithm for the Arduino board shown in Fig. 15.

It is known [23], that infrared sensors are sufficiently sensitive to environmental factors
(light, heat, etc.), which results in inaccurate readings (up to 25%). The sensors are planned to be
installed directly under the rotating shaft, which rotates and this adds such an exciting factor as vi-
bration. Based on the above, it was decided to introduce a signal filter for the board into the pro-
gram.

The Kalman filter (FC) [24] is an efficient recursive filter that estimates the state vector of a
dynamic system using a series of incomplete and noisy measurements.

The algorithm operates in two stages. At the stage of forecasting, the FC extrapolates the
values of the state variables as well as their uncertainties. At the second stage, according to the
measurement results, the extrapolation result is specified. Due to the step-by-step nature of the algo-
rithm, it is possible to track the state of an object in real time (using only current measurements and
information about the previous state and its uncertainty). Based on the above, it was decided to im-
plement the FC programmatically. Since the information comes from two sensors in the experi-
mental setup, both signals need to be filtered.

Software FC is implemented separately from the sensor located under the axis of the shaft
and for the sensor which is to be mounted under the bandage of the shaft. The average deviation is
calculated in Excel. The function calculates the average deviation from the column (A) into which
the unfiltered values from the sensors are to be entered.

The rate of response to change the values is to be set by the experimenter, based on the re-
quirements for the time of the experiment, and it is 0.05. After the introduction of FC to the Ar-
duino hardware and computing platform, we have the final version of the program algorithm for
Arduino (Fig. 16).

A complete code listing for the Arduino hardware platform has been developed. Microsoft's
Visual Studio 2010 solution has been chosen as the development environment. It is planned to cre-
ate software in Visual Basic NET [25].

A complete code listing of the software for the hardware has been developed. This language
is based on a NET framework (works with CLR), and a programming language has also been de-
veloped.

Considering the advantages and disadvantages of VB.NET programming language, it was
decided to synthesize software for experimental installation in VB.NET. Based on the functionality
of the program, an algorithm for the future software product has been created (Fig. 17).

Based on the functionality of the program, it was decided to create an experimenter's work-
place (program interface).

The automated workplace (AWP) should contain the following components: fields for enter-
ing geometric data of the study object and experiment number; fields for selecting the connection
port and data rate; element of graphic image of received data; information about the time of the ex-
periment; experiment start button. The picture of the workplace is shown in Fig. 18.

Based on the functionality of the program, we built the algorithm. A serial port is used to
communicate between the board and the PC. On this basis, we will add to the program the element
SerialPort, which is a serial connection resource.

The project folder already has a database in which it is planned to store the values obtained
during the experiment. Once connected to the board, a table is created in the database. The table
name consists of information such as the experiment number and the date and time of the experi-
ment. After that, the Splter and Splter Two functions separate the value of the sensor under the axis
from the value of the sensor under the bandage, separated by the symbol "$".
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Initializing variables Initializing variables

Reading data from

Assigning sensors to
sensors

variables

Filtering the data
received

Yes
Assigning filtered
values to sensors
variables

Send?

Yes
End

Figure 15 - Initial program algorithm  Figure 16 - The final version of the program
for the Arduino platform algorithm for Arduino

The program ignores if the data from the board is more than 1024. This allows you to sepa-
rate the erroneous reading of unnecessary signals. Otherwise, a point is created on the graph (the
value of the sensors relative to time), and the process is repeated again. It also records to the data-
base where the result of the experiment, axis and bandage parameters, experiment number and time
are recorded. The distance between EEP is determined mathematically by looking at the value from
the board. Full program code listing has been developed.

At the first stage of the experiment, a roll with a bandage is to be installed the inside diame-
ter of which was 100.0 mm. The valid interval of the first stage of the experiment is 0.02 mm.

Based on the data obtained during the experiment, it was found that the measurement error
at this stage was up to 22 %.

The previous obtained values testify that it is possible to measure the separation of the roller
axis and the bandage by the developed measuring system.

For further (complete) verification it is advisable to make a number of changes to the meas-
uring system, for example, to increase the number of sensors (up to eight); to use a higher bit ana-
log digital converter (ADC); install the sensors at an angle of 450 relative to each other along the
forming (forming) surface of the bandage.
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Figure 17 - The algorithm of the program for Figure 18 - The experimenter's AWP
processing data from the Arduino card on the
computer

5. Conclusions

1 A review and analysis of the sources of technical information, as well as the market for
raw materials and capabilities of potential customers, shows that in the process of reuse of disman-
tled parts ofthe LSCR there is a large reserve of savings.

2. It is established that due to the existing technology of dismantling the LSCR, the ma-
chine-building enterprises can obtain parts for the restoration of the rolls; high quality workpieces
for rolls of smaller size; high quality workpieces for various other parts.

3. The stage of heating of the rolls for further process of dismantling was considered and
performed on the basis of modern methods of automation (to control the disengagement of the con-
jugated surfaces) based on the use of new equipment (partially, FHF), which ensures increased prof-
itability of operations of disassembly and improvement the quality of service.

4. In order to test the theoretical hypothesis, an experimental setup has been developed,
consisting of FHF and CHWR models with ratio to 1:20. To simulate the expansion of the bandage
under the influence of high temperatures were made bushings (bandages), with different internal
diameters, based on the formula of linear expansion of the metal for 100, 200, 300 degrees Celsius,
respectively.

5. A measuring system has been developed, consisting of: Arduino hardware and computing
platform; two TCRT5000 sensors (one sensor measures the position of the center of mass of the ax-
le and the other the bandage); the motherboard; the connecting wires.

The algorithm and software have been created to ensure the connection of the board with
sensors and Arduino hardware platform.
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After implementing FC into Arduino hardware platform we have the final version of the al-
gorithm of the program for Arduino.

Experimenter AWP has been developed to provide visualization of the experiment process,
logging and recording of the data obtained. Additionally the software in Visual Basic. NET has
been developed.

Experimental studies have shown that this measuring system works correctly, responding to
changes in bandage diameters. Accuracy, at this stage — up to 30%.

6. According to the received experimental data recommendations are made up for the design
of an industrial installation. The automatic industrial installation system must consist of two S7-300
series programmable controllers; two Sinamics G120 frequency adjustable actuators; switching and
relay contactor equipment. The installation must guarantee measurement accuracy of up to 1.5%
and reliability of up to 90%.

7. Based on received calculations, which show that the biggest economic benefit is achieved
due to roll restoration depending on sizes and energy savings.

The economic effect of re-assembling of the component supporting rolls with the restoration
of the axle, on the example of the plate rolling mill of metallurgical plant with amounts to UAH
800,000.

The full economic effect consists of the economic benefit in the reconditioning of the com-

pound support rolls and the additional economic advantage in the above mentioned sum due to the
optimal heating of the bandage of the used roll.
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