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Introduction

Technological diagnostics covers issues of search and automated fault control. It is
related to the development of innovative methods and tools for monitoring and control, creation
of diagnostic tests, active testing, embedded diagnostic systems, assessment of the ability of the
control and diagnostic system.

The need to establish the factory is presented; Bulgarian and world producers of metal
and pipes; hardware methods and means for intelligent measurement and analysis of machine
performance maintenance.

An innovative approach to the operation of technological equipment is presented; the
standards and brands of steels are presented, as well as the produced types of pipes and profiles;
The innovative procedures for quality control in the production of thin-walled electric welded
pipes and profiles, as well as the defects that occur in the production process are analyzed.

Methodologies have been developed to use the necessary devices; attention is paid to
the main functions influencing the measurements. On the basis of the compiled methods the
preparation of a test body for testing with spectral analysis, tensile strength in low-carbon steel
and the production of high-strength steel is carried out; measurement of roughness and
hardness, as well as the measurement of geometric characteristics and the measurement of
geometric characteristics with a 3D computer tomograph.

The results achieved by research and production research are presented. An analysis of
the chemical and mechanical parameters of low-carbon metal during its transformation from
hot-rolled metal to cold-rolled metal, results of high-strength steel production, as well as
analysis of measured parameters carried out during the technological process.

The future projects for the development of the factory for the production of pipes and
profiles are presented.

Aim and tasks of the thesis

The submitted dissertation deals with problems related to the technological
diagnostics of automatic machines and lines. The aim of the thesis is to study the progress and
integration of new technologies in modern diagnostics of automatic machines and lines and to
propose an innovative approach to creating test methods.

To achieve this aim, the following tasks will be solved:

1. After a detailed review to analyze and systematize approaches and methods for
integrating intelligent technologies in technical diagnostic procedures.

2. To study existing methods and tools for modern diagnostics of automatic
machines and lines.
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To study the impact of ICT on technical diagnostic methods.

4. To propose and substantiate innovative methodologies for types of diagnostics
of automatic machines and lines.

5. To conduct experiments and simulations of different methods in industrial
environments.

6. The obtained results should be analyzed and tested.

Chapter 1

OVERVIEW, ANALYSIS AND SYSTEMATIZATION OF METHODS
AND TOOLS FOR TECHNOLOGICAL DIAGNOSTICS OF
AUTOMATIC MACHINES AND LINES

1.1. Historical background

The development of science and the implementation of innovations enabled in 1995 the
establishment of FPTFK (Factory for the production of tubular furniture and components),
together with the company "IKEA" - Sweden. It was agreed to jointly realize the production of
components from parts, assemblies and installation of modern and luxury metal furniture.

Over time, in order to improve working conditions, there is a need to organize their own
production of thin-walled electric welded profiles and cold-rolled steel (CRS) pipes.

Encouraged by the closure of the entire production cycle and the removal of the
influence of external distributors, suppliers of finished profiles, the joint management decided
to establish and organize a subsidiary FPPP (Factory for the production of pipes and profiles).

The creation of the new factory is fully in line with the trends for digital development
"Industry 4.0" and implementation of the components of cyber-physical systems: intelligent
machines, embedded self-regulating systems, hardware, software and more uniquely addressed
objects and networks that intelligently interact with each other to achieve the set aim, [162,
163].

Manufactured products:
» Hot rolled narrow strips
Hot rolled stained narrow strips
Hot rolled stained precision tubes and profiles
Cold rolled strips and coils (Fig. 1.5.)
Cold rolled electric welded pipes and profiles (Fig. 1.3. And Fig. 1.4.)

Fig.1.3. Steel pipes Fig.1.4. Steel profiles Fig. 1.5. Steel coils



1.4. Hardware methods and instruments for intelligent measurement
1.4.1. Types of operations and punching machines

By punching (Fig. 1.11; 1.12) metal specimens are prepared for tensile strength testing
[22, 23, 24, 25]. One of the most widely used punching machines is called a press and may
consist of one or more replaceable dies. Punching is done with different presses (punches),
which have a complex structure.

1.4.2. Machines for testing strength, tension, compression and bending
1.4.2.1. Standard test methods

Strength tests extract information about certain mechanical properties of materials that
are important for their further use in the manufacture of various parts, machines and equipment.
Since tests most often end in destruction, it is normal to work with test specimens rather than
finished products. In Fig. 1.13 test specimens with tensile strength are presented.
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Fig. 1.13. Tensile strength specimens: (a) tube; (b) a flat body with a rectangular cross-

section

4. Universal tensile strength machine WDW-300, shown in fig. 1.16.

The maximum load capacity is 300 kN, and the measuring range is 1.2 KN ~ 300 kN.
The accuracy of the load is £ 0.5%; The speed range is 0.005 mm / min ~ 500mm / min
infinitely. Operation at an ambient temperature of 10 ~ 35 °C and relative humidity < 80% [32].
The maximum tension movement is 600 mm, the maximum pressure movement - 600 mm, the
width of the test area: 600 mm and the maximum movement of the slider: 1350mm;

1.4.3. Selection of spectral devices

Spectral analysis allows to create a kind of elemental analysis - atomic spectral analysis,
which can quantify the content of various elements in a sample of matter by decomposing them
into atoms or ions in the flame or electric arc. Spectral analysis is a set of physical methods for
guantitative and qualitative determination of the composition of substances by studying their
spectra. The relationship between the composition of a substance and the electromagnetic
spectrum emitted or absorbed by it allows spectral analysis to be used as a sensitive, relatively
easy and fast method in research, industry and other fields.

1.4.6. 3D computed tomography



The 3D scanner (computed tomography) is a non-invasive procedure that uses a special
X-ray machine connected to a computer that creates multiple images of a part of the body that
needs to be examined. Based on these images, the computer synthesizes a three-dimensional
model of the captured structures.

3D computed tomography is widely used in the analysis of various materials. Nikon XT
H 225 3D industrial computed tomography (Fig. 1.29) is used for the analysis of the linear
values of width and thickness [43, 44].
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Fig. 1.16. Universal tensile strength machine Fig. 1.29. 3D industrial computer tomograph
WDW-300 Nikon XT H 225

Computed tomography (CT) provides high accuracy and has the ability to examine the
internal and external dimensions of the provided samples (samples, blanks). In addition, it
provides an additional view of the internal microstructure of the object under study, examining
it for inhomogeneity.

1.5.2. Optimal performance of automatic equipment

The aim of every company is to achieve optimal machine productivity in order to
achieve greater productivity and lower costs. But here are already settling: To produce better
quality, increase safety, protect the environment, the need for higher morale.

The condition of the equipment (AM and AL, A of the whole technological process and
operations) determines the production, quality, supply, safety and morale. The aim is to strive
for optimal values.

1.6. Conclusion:

This chapter provides an overview and analysis of various producers of HR and CR
metal and Bulgarian and foreign pipe manufacturers. Different types of machines for punching
parts (test bodies), for testing for tensile strength, pressure and bending, spectral analysis of
materials, mechanical measuring instruments and how to measure physical quantities are
presented. The innovative method of analysis by computed tomography and the types of
printing devices by SLA and FDM are considered. Management models of Tsikuba and INAX
for analysis of maintenance and increase of machine productivity are considered.



Chapter 2

INNOVATIVE APPROACH TO TECHNOLOGIES AND
TECHNOLOGICAL EQUIPMENT

To follow the innovative approach to the use, implementation and operation of
technologies and technological equipment, a regulation is created, tracking the production of
thin-walled electro-welded closed profiles of cold-rolled steel (CRS) [57, 58] in the ZPTP.

The approach used aims to follow step by step the implemented innovative technologies
and technical equipment, realizing the particularly difficult combination of automation of
continuous and discrete, basic and auxiliary processes and operations, ensuring and achieving
high technical and economic performance with comprehensive control of materials , equipment,
manpower, risk, environmental protection, etc.

2.1.2. Used steel grades
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Fig. 2.1. Used steel grades and corresponding standards

In Fig. 2.1. The necessary used steels are shown, ensuring the production of profiles
from thin-walled cold-rolled electro-welded steels, meeting the standards of BDS, DIN, EO,
EN, IKEA.

2.2. Operation of innovative technologies and technological equipment

In Fig. 2.2. a scheme of implemented innovative technologies is shown, providing the
innovative equipment for the production of thin-walled electro-welded closed profiles from
CRS, providing primarily its own production of tubular furniture for external customers.
Simultaneously with the monitoring of management, production, quality control step by step,
the digitalization of "tight production” is being implemented.

2.4. Strip quality control approach

The approach consistently monitors and analyzes the operational control of the
technological implementation in the production of strips from CRS or HRS. This standard strip



strip is the basis for profiling and calibration of pipes and profiles in adjustable automatic pipe
lines of the product thin-walled electrowelded closed profiles.

The data is entered into the IT computer system of the server, from where each manager
and interested party can monitor the status of an order - the duration and operations through
which the metal has passed. A quality management system (QMS) has been established, which
is to be certified according to ISO 9001. The implementation of this procedure aims to ensure
the constant relevance, adequacy and efficiency of QMS, including quality policy and
objectives, to ensure continuous and improvement. In order to discuss current tasks, problems,
projects and developments, meetings can be held daily, weekly or monthly in the form of
operatives between the various units in the Organization.

2.6. Conclusion:

Chapter 2 presents the tubes and profiles produced, the steel grades used and the
corresponding standards. It is presented schematically and by describing the operation of
innovative technologies and technological equipment, describing all units in the plant, as well
as what is monitored for quality control: unbroken pickling unit, single-cell roller mill 700,
thermal section, unit for longitudinal and transverse cutting , automatic pipe lines, lubrication
station, construction department and tool production. An approach for technological realization
is proposed, which covers steps of production and auxiliary processes, operations and control
for quantitative and qualitative establishment, documentation and presentation of the finished
products in the warehouse. The factors for quality control are described. A quality management
system is being implemented through digitization of operational documents. The defects that
occur from the production of steel to the production of pipes and profiles are described.
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Chapter 3

ESTABLISHMENT OF METHODS FOR INTELLIGENT
RESEARCH

The development of a methodology is extremely important for conducting research. The
repeatability of the methodologies and the sequence of actions and processes ensures uniformity
in the obtained results. A number of factors need to be addressed for the different studies.

For the production of thin-walled pipes from cold-rolled steel for tubular furniture and
other products are used a number of technological processes and operations implemented on
innovative automatic machines, automatic lines and units equipped with the necessary
technological equipment and modern digital control. This requires the development of a
methodology for intelligent measurement of their production, which includes 13
methodologies:

1. Method for technological preparation of a sample / test tube

2. Compilation of a method for testing a specimen (test body) for tensile strength testing

3. Development of a methodology for testing linear plastic deformation of a rigid body

4. Development of methodology and experimental study of carbon steel in tension

5. Methodology for preparation and conducting spectral analysis of a metal test body

6. Development of a methodology for monitoring the mechanical characteristics in
tensile testing of test specimens of low-carbon steel during its transformation from hot-rolled
to cold-rolled sheet metal

7. Development of a methodology for innovative production of high-strength cold-rolled
steel for precision electric welded pipes

8. Development of a methodology for innovative measurement of the geometric
characteristics of a metal test body using a 3D computer tomograph

9. Design of a new type of innovative test body holder / rectangular sample for 3D
computed tomography

10. Compilation of a methodology for analyzing the characteristics of a test body before
sharpening the punch

11. Compilation of a methodology for studying the hardness of working rolls on a cold
rolling mill

12. Compilation of a methodology for machining and roughness of the working rolls for
reversing mill for cold rolling

13. Development of a methodology for testing the roughness of low-carbon steel after
cold rolling of reversible loom 700

3.14. Conclusion:

13 methodologies have been compiled to support the experiments conducted in Chapter
4. Strict adherence to the methodologies can contribute to more accurate results and intelligent
research. Carrying out experiments on methodologies leads to a reduction in marriage in the
production of pipes and profiles.
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Chapter 4

EXPERIMENTAL RESULTS IN TECHNOLOGICAL DIAGNOSIS
OF AUTOMATIC MACHINES AND LINES

4.1. TECHNOLOGICAL PREPARATION OF SAMPLE / TEST PIECES

Test pieces, also called specimen, are prepared according to standard, Part 1: Room
temperature test method BDS EN 1SO 6892-1.

4.1.1. Form

Typically, test specimens should have widenings at both ends of the parallel length that
engage the jaws of the tensile strength machine. The other reason for these widenings is to avoid
breaking the sample at the gripping area with the jaws of the test machine. The parallel length
Lc must be connected to the ends of the test piece by means of transition curves with a radius
of at least 20 mm. The width of these ends must be >1,2 b0, where b0 is the original width.

4.1.2. Test body dimensions

The dimensions of the test piece are determined from Table 4.1 and the tolerances are
taken into account according to Table 4.2. In our case we have chosen a type of test body Ne 2
with a width of 20 £ 1 mm.

The resulting test piece has the following dimensions:
bo- 20 mm, width of the widenings 30 mm;
Lc- 120 mm;
Lo- 80 mm;
Le- 180 mm.

4.2. SELECTION OF TECHNICAL EQUIPMENT
4.2.1. Tensile strength testing machine

All mechanical tests of metal samples during the various stages of processing are
performed with a universal electromechanical test machine WDW-300 (presented in Chapter
1). The maximum tensile load is 300kN, the load accuracy is 0.5%.

4.2.2. Spectral analysis machine

The other quality control device used is the BRUKER Q2 ION OES metal analyzer
[128, 129]. The Q2 ION spectrometer performs the metal analysis in 30 seconds. Works with
argon. This is a universal multi-matrix system for complete inspection and quality of the input
material of metal alloys.

4.3.TEST BODY PREPARATION / PUNCHING SAMPLE

The press used for punching is hydraulic with a single simple cutting trough. The hole
of the punch for placing the workpiece has dimensions HxW - 300x40 mm.

11



4.4. Preparation for sizing and linear plastic deformation of a metal test body

Using a micrometer, measure in three places the diameter / do / or the thickness of the
test pieces along the length of the working section to the nearest 0,01 mm. The measured
minimum diameter / thickness determines the cross-sectional area So. The test length lo is then
applied to the working area. This delineation is made so that after its testing the elongation
A80%, mm [130-136] can be calculated.

The definitions of elongation required for the analysis of a test piece are shown:

A is the percentage elongation after rupture (calculated from the extensometer or

directly from the test specimen) - Ay = LuL;Loxloo;

Ag is a plastic elongation at maximum force - - Agy = (ALL—Em - %)xloo;

Agt is the total percentage elongation at maximum force - Agty, = ALL—emxloo;
At is the total percentage elongation after total rupture;
man 3 - ALf
e" Is a percentage extension; Aty = ?xloo;
mE is the slope of the elastic part of the stress-percentage elongation graph;

R is voltage;

Rm is tensile strength- Rmo, = F’;‘j"xloo;

A e is an extension zone;
Le is the measuring range (extensometer)

Table 4.3 presents an example of calculating the elongation of a test piece at the tensile
strength of a low carbon steel metal test piece.

Table 4.3. Initial, final and calculated elongation parameters of the test piece

Initial parameters Parameters after rupture Calculated parameters
a, mm 20 Fm, kN 8.28 Rm, MPa 360
b, mm 1.15 A % 32
Lo, mm 80 Lu, mm 106 At,% 315
So, mm 23 Agt,% 22.5
Le,mm 120 me,MPa 240 Ag,% 21

4.5. Experimental study of carbon steel samples at tensile strength

In order to facilitate the processing of the results are exported to an Excel file (Fig. 4.10),
where they can be systematized according to the required parameters. Also directly from the
program can be prepared a test report with the schedule and the desired parameters that need to
appear in the report.

After the test, the data processing software calculates all of the parameters, only the relative
elongation A80,% is calculated manually by measuring from the tube using a caliper.

12
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4.6. Study of the chemical parameters of carbon steel

In order to make sure that the delivered raw material meets the parameters of the
certificate, control measurements of all characteristics are made. The aim is to minimize errors
in the preparation of operating modes and obtaining satisfactory values of the metal after its
processing.

After the rolls are saved, the data of each roll is entered in a logbook. An analysis of samples
from each roll is made and compared with the data from the certificate. In addition, a
comparison is made with the data that must meet the standard for the respective steel grade.

In most cases the values of the chemical composition correspond to the values indicated in
the certificate, but there are cases in which a large discrepancy occurs as shown in Table 4.6.
This leads to a discrepancy in the values of mechanical parameters in higher limits, which if
not complied with will have a problem in the technological process.

Table 4.6 Comparison of chemical and mechanical parameters by certificate and after test

Type Steel Ne of Chemical composition Rm Re A,%
grade | Heat C Mn Si Al (Mpa) | (Mpa)

Certificate | DD11 | 915921 | 0,06 0,24 | 0,008 |0,320 | 386 285 33

data
Control 0,08 0,26 | 0,012]|0,033| 410 335 29

sample

4.7. Technological setting and experimental results from the transformation of the
mechanical characteristics from GVR to SVR

A single-cell mill (Rolling Mill with one roll) was used for the study, and the metal used
was 2 mm thick and 550 mm wide, with a roll weight of 6 t, manufactured in Romania by
ArcelorMittal Galati S.A. The initial thickness after rolling is 1.13 mm, after 3 passes through
the reversible rollers.

4.7.1. Heat treatment of metal
» Fe-C state diagram

13



» The methodology from the diagram in fig. 4.13 is described by the heat treatment
process, which takes place in 5 stages:

1) Purge;

2) Heating the metal to 350°C for a period of 3 hours;

3) Subsequent heating of the metal from 300°C to ~ 650°C for a period of 6 hours;

4) Air cooling until the metal reaches 300°C;

5) Water cooling from 300°C to 80°C.

During the annealing cycle, a shielding gas flows, which is a mixture of 96% nitrogen
and 4% hydrogen. The first stage (purge) is an extremely important process and an integral part
of the cycle, because the purpose of the passage of this protective gas is to expel the oxygen
that is in the space between the rolls. Otherwise, oxidation of the metal will occur.

4.7.2. Test resul

ts

Table 4.8 Mechanical characteristics during different stages of the technological process

Type Rm Re A

Mpa Mpa %
HRC 390 305 32
CRC 695 695 2.5
After annealing 355 255 33
After skin pass 365 330 25

4.7.3. Tensile strength testing diagrams

Test Report- Hot rolled metal

Test method  1SO 6892-1
Lenath 20
Test date 2018-6-13

Rm
MPa
340

Specimen No. 887-1
Width

ReH ¥

MPa
305

Curve Load-Time

2

Test method 15O 6892-1
Specimen No. 887-1

Width

kN

Test Report- After rolling

Material vale
Lenoth 20

113 Testgate  2018-6-13

Rn  ReH At
MPa  MPa (%)
695 6% 25

Curve Load-Time

s

1651

L e e

1321

1156

991

8.26

660

495

330

165

A)

97.47

10965

12184

089 178 266 355 444 533 621 7 799 888
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Test Report-After annealing .
Test Report-After Skin Pas

Test method Material 20x20

Specimen No. 887-1 Width 1.13

Lenath 20 Testdate  2018-6-15

Testmethod 15O 6892-1 Material 2020
Specimen No. 887-1 DR Width 1.04
Lenath 20 Testdate ~ 2018-6-15

Rm  ReH At
MPa  MPa (%)
3 255 (33

Rm  ReH At
MPa  MPa (%)
365 330 25

Curve Load-Time KN
8 Curve Load-Time
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Fig. 4.14 Diagrams of tensile strength testing:
A) HRS, B) CRS, C) after annealing, D) after skin pass

4.8. Innovative production of high-strength steel

From the analysis of the characteristics of the steel grade S235JR (EN 1.0038 Steel),
Standard EN 10025-2 it was found that it is close to the requirements of E320 and E370.

Based on the performed experimental data and analyzes, a technological regime for the
production of pipes with brand E320 and E370, standard EN 10305-3 and EN 10305-5 has been
developed depending on the input data of the material, chemical composition and mechanical
parameters.

4.8.2. Technological regime and experimental results

After analyzing the input parameters of the HR raw material, which show that the
material is suitable for the production of E320 steel, the metal is cut to the required width,
stained (surface cleaning of scale, corrosion and dirt) and a rolling assignment is prepared
according to the desired thickness . In our case, the desired thickness is 1.0 mm.

When rolling from 2.0 mm to 1.0 mm, the number of passes is 3:

1-2.0 mm — 1.55 mm 22.5%
2-1.55mm — 1.25 mm 19.4%
3-1.25mm — 1.0 mm 20%

After the rolling mode, the annealing mode and% deformation during training (skin
pass) are determined. The annealing process consists of several stages:

1) Purge - 1 hour (for the purpose of expelling oxygen, by means of protective gas from
nitrogen and carbon)

2) 1st delay - 350°C / 3h: Heating the metal to 350°C for 3 hours

3) 2nd delay - 620°C / 20 min. Per ton (polygonization): Raising the temperature to
620°C, and the time is determined by the amount of metal in tons per hour. For example, with
a stand with a tonnage of 24 tons, 8 hours are obtained.

15



4) Cooling with air up to 300°C
5) Cooling with water from 300°C + 100°C
6) Unpacking the rolls and natural cooling to 40°C

To properly report the results after annealing, it is necessary to place three samples in
different places, simulating sampling from the beginning, middle and end of the roll. The results
of the 3 samples are averaged.

After the heat treatment, the rolls go through another stage - training / skin pass. Through
it the metal becomes more shiny and superficially strengthened. Depending on which brand of
steel we want to achieve, the percentage of deformation in training after annealing is different.
Table 4.11.

Table 4.11. Percentage of deformation in different steel grades

Steel drade % Deformation Steel drade % Deformation
E320 3 E275 10

E370 4,5 E355 15

E420 6

4.9. Sharpening the punch

For proper testing of mechanical parameters, its linear dimensions (width and thickness)
must be monitored and whether the punch blades do not wear out. With worn knives, there is a
loss of uniformity over the entire area [144, 145].

4.9.1. Analysis of the geometrical characteristics with a micrometer and a caliper and by
means of a 3D computer tomograph before sharpening the punch for cutting metal samples

When adjusting the arithmetic mean of the measured widths and thicknesses of the test
body, the following parameters are obtained:

- The values of the samples measured with a micrometer and a caliper

a=0.96 mm; b =20.01 mm

- Sample values measured by 3D computed tomography

a=10.99 mm; b =20.07 mm

If we make a simulation of the tensile strength test, Table 4.14 at force F = 6,5 kN, it will
be calculated by the formula Rm% = F / Sx100 and cross-sectional area S = a.b, we will get the
following values:

Table 4.14: Simulation of tensile strength calculation

Measured with: S, mm Rm, Mpa
micrometer and | 19.2096 338
caliper

3DCT 19.8693 327

Figures 4.16 and 4.17 show images from the 3D computed tomography of the scanned
test specimens of their thickness and width.

16



When the test body is cut off by punching, wear of the knife occurs during prolonged
operation. This phenomenon is observed in fig. 4.18. The height of the resulting patch was
measured using a 3D tomograph. After the analysis from the computed tomography it is clearly
seen that on both sides of the test body, the thickness is significantly less than the real one,
which is a consequence of the worn knife in punching fig. 4.16.

Fig. 4.16 Measured thickness with 3D tomograph; Fig.4.17 Measured width with 3D tomograph

4.9.2. Comparative analysis of the geometrical characteristics before and after
sharpening of the sample cutting press

After the 3D computer analysis of the sample prepared before sharpening the guillotine
knives of the press, a defect on its surface is clearly visualized. Due to the wear of the knives,
the metal is crushed and deformed. The size of the defect is 0.12 mm is shown in Fig.4.19.

From the examinations of the two types of specimens it is clear that the deformed
specimen produced before sharpening the knives shows deformation. . Significantly less
thickness was measured at the edges of the sample than the actual thickness in the middle - 0.92
mm; 1.04 mm; 0.88 mm.

From the analysis of the sample prepared after sharpening the press, a uniform width
and thickness can be noticed (Fig. 4.26). The dimensions of the width are: 19.98 mm; 19.96
mm; 19.96 mm, and those of thickness are 1.01 mm; 1.03 mm, 1.01 mm.

Nezws crmedhie ARk
A2

[0
Caliper 1: 1.01 mm

Fig.4.26. Measurement of sample thickness after sharpening
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4.10. Creating a new type of innovative test holder for 3D computed tomography

The holder shown in fig. 4.28 is designed to allow the placement and attachment of
several types of tubes, depending on their thickness [146].

4.10.3. 3D printed holder

The modeled holder, FIG. 4.29 is manufactured using additive technology on a 3D
Fused Deposition Modeling (FDM) printer. It was chosen because its consumables are cheaper
and the design of the prototype does not require great precision in printing.

4.10.4. 3D computed tomography

The utility model holder for test specimens works as follows: The test object (tube) is
placed in the holder, then fixed in the support mass of the 3D computed tomography described
in Chapter 1. The test specimen is tightened by means of a light threaded hole and a screw with
thread. After placing the test object, the parameters necessary for successful scanning of the
tube are set. In case of incorrectly set parameters, there is an option not to notice defects in the
internal structure of the studied object.

Fig. 4.28. Modeling holder Fig. 4.30. Set object for research
4.11. Study of the hardness of working shafts
4.11.3. Results and discussions

The results obtained are after processing of the metal, approximately after 100 tons of
metal have been processed through them. The analysis was performed with a portable hardness
tester of the INSIZE brand, model ISH-PHA portable, which has the ability to measure hardness
on 4 scales: HB (Brinell), HRC (Rockwell), HV (Vickers), MPa. The life of the support and
working shafts is quite long as long as they are operated properly. After the initial work with
the support shafts, the time after which they have to be removed for the first grinding is
approximately 3000 tons, due to increased roughness or trimming of the shafts. After smoothing
the surface, they return to the work cage. The working method of work shafts is the same, with
the difference that they are ground after rolling 150 tons of metal. The minimum diameter of
the support shafts is about @520 mm, and of the working shafts until the diameter ®185 mm is
reached.

The analyzes are reported on the Rockwell scale - HRC. Research shows that the
hardness of the shaft has changed by only 1 unit.
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4.12. Study of the roughness of working shafts and low-carbon steel
4.12.1. Study of the roughness of working shafts

> Used equipment:

* The lathe used to machine the work shafts is the C13MB universal lathe.

* For the needs of the production a universal round grinder from a Bulgarian
manufacturer has been chosen. This grinder is based on the principle that the workpiece rotates,
the stone remains stationary, and the table on which it is attached is moved.

> Experimental results

After grinding the shaft, the roughness is normal - 0.4 um, and after its rolling work it
reaches over-smoothing - 0.042 um, (Table 4.24). After machining the work roll - grinding, the
diameter to be removed is in the order of 0.2 mm.

Table 4.24. Roughness of the working roll

Roughness, [um]
Grinding roll 0,4
Worked roll - processed 50 t. metal 0,15
Worked shaft - processed 250 t. metal 0,042

4.12.2. Measurement of roughness of low-carbon steel after rolling of reversible single-
cell loom 700

To perform the experiment, an analysis of the roughness of low-carbon metal was made
in several states of delivery and processing of metal: hot-rolled coil, purchased cold-rolled coil,
and cold-rolled coil from purchased hot-rolled coil, processed on a reversing mill 700 for cold
rolling, Table 4.25

Table 4.25 Average roughness of different type of steel

Type of steel Average roughness, um
HRS 1,39
Purchased CRS 1,0
Manifactured CRS, 5 % deformation 1,01
Manifactured CRS, 50 % deformation 0,32

4.13. CONCLUSION

This paper presents the method for technological preparation of a test body from
the choice of press, the type of punch to the dimensions that must meet the standard EN 1SO
6892-1 a test body for tensile strength testing. After testing different thicknesses and hardnesses
of the sample body, it becomes clear that there is no pattern in the number of samples that will
be prepared, after which the guillotine knives of the punch will have to be sharpened. However,
after a study and monitoring of the work process, taking into account the intensity of work, it
IS necessary to sharpen after about 2 years or when edges begin to appear in the area of cutting
the workpiece.

After a thorough analysis of the study using spectral devices, it was found that this
method provides information essential for learning and improving the work processes. This is
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necessary in order to be able to make quick and accurate quantitative analyzes of the chemical
composition of the raw material, because from there the whole mode of operation is determined.

After analyzing the high-strength steel grades, it became clear that the replacement of
ordinary structural steel grades allows to significantly reduce the metal consumption of
manufactured products by using a smaller wall thickness and similar or higher tensile strength.
In this way, in addition to maintaining the durability of the product / structure, but significantly
reducing its weight, the linear meters of rolled sheet metal are increased, which leads to savings.

During the tensile strength test, a graph is drawn from which the program will calculate
parameters important for the analysis of the material. Depending on the material tested, the
graphics are different. Low carbon steel has been tested at various stages of processing.

As a result of the developing world, the analysis equipment is being modernized.
Therefore, a comparison of the measurement of linear quantities using standard measuring
instruments - caliper and micrometer and the modernized 3D computed tomography, which
provides more detailed information about what problems may arise in preparing a test body for
tensile strength testing. The analyzes show that despite the discrepancy in the measurement by
the two methods, the dimensions of the sample meet the 1SO standards for width and thickness
and do not give a significant error in the subsequent calculation of the mechanical parameters.
The analysis with the 3D computed tomography shows detailed defects after cutting off the test
body after punching. The thickness on both sides of the sample is crushed from 1.02 mm
average thickness in the middle to 0.90 mm. The other defect that is visualized is the appearance
of a mustache also due to a worn punch knife.

From the comparative analysis of the geometrical characteristics of a metal test body for
tensile strength testing, prepared before and after sharpening of guillotine knives on the press,
significant differences were found. From the measurements made on a 3D computed tomograph
it was found that when the knives are worn out, large defects occur on the surface of the sample.
During the detailed measurement of the width, there is a crushing of the metal on the upper side
of the knife, uniformity in the middle and a defect in the lower part of the sample. And the
thickness in the final widths is 0.12 mm less, in contrast to the test body prepared after
sharpening, where the thickness and width are uniform.

Due to the variety in the hardness and thickness of the workpiece, it is difficult to say
after what period of work the guillotine knives of the punch wear out. According to observations
of the needs and workload of the current production, it is necessary to sharpen every 2 years.
Timely sharpening of guillotine knives on the press can lead to more accurate measurement of
tensile strength.

An intermediate inspection of the test specimen for a period of 6 months is
recommended, depending on the press load.

A test body holder was created, used in a 3D computed tomograph to analyze the
geometric characteristics and structure of the tube. It provides a secure and stable grip to avoid
damage and inaccuracies in the examination and analysis of the test specimen, which is essential
for quality control. After comparing the dimensions of the new holder for test specimens and
the standard for determining the dimensions, it becomes clear that all sizes of flat test specimens
with a rectangular shape are comparable to the size of the holder and can be tested. The
advantage of the test fixture holder is the reduced time for placing the test specimens in the
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movable plate, the secure grip and the possibility to place different types of test specimens and
does not fall into the scanning area.

The optical method of measurement, TIV technology allows measuring the hardness of
different materials without additional calibration. In addition, the static application of the load
allows measuring the hardness of thin and small objects, as well as coatings.

Chapter 5
PLAN FOR COMMERCIALIZATION OF SCIENTIFIC RESULTS

Using the latest technological operations and equipment from global manufacturers and
brands, the company is focused on developing innovative solutions in the production of pipes
and profiles through:

* Quick implementation of new profiles.

* Production of pipes and profiles from high-strength material - up to 520 Mpa.

* Production of complex profiles in combination with material with high tensile strength
5.2. Conclusion:

Through the simulation of a combination of complex profiles and smaller thickness of
pipes and profiles and their testing under load shows a significant reduction in the weight of the
finished products without compromising their strength and appearance.

CONCLUSION

In the developed dissertation the review, analysis and systematization of methods and
means for technological diagnostics of automatic machines and lines are made.

A technological regulation and approach for implementation and operation of the
technological equipment for production of thin-walled electro-welded closed profiles from
cold-rolled steel is proposed.

Methods for experimental preparation of a test body are proposed, through which tensile
strength, spectral analysis and computed tomography are tested.

Experiments were performed with a universal tensile strength testing machine, which
analyzes the mechanical properties of the metal.

The chemical composition of the raw material used to correctly determine the operating
modes was studied by spectral analysis.

An innovative holder for test specimens has been created, which is protected by the
Patent Office of the Republic of Bulgaria, Reg. Ne 3892 U1 /23.09.2020. The holder is used in
the developed methods for 3D scanning of the internal structure of the test body, aiming at non-
destructive analysis of its geometric characteristics. Analyzes show deformation in its shape,
defects have formed, due to wear of the press punch. An analysis and recommendation for
prevention of the punch, in accordance with its load was made. It was established that the
prevention should be carried out within two years.
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In-depth analysis of chemical and mechanical indicators contributes to reducing waste
in the process. Increases the quality of finished products and performance on time.

SCIENTIFIC AND APPLIED CONTRIBUTIONS:

The contributions to the dissertation are mainly of scientific and applied character and
are as follows:

1. After a detailed review, a critical analysis and systematization of methods and tools for
technical diagnostic procedures are made.

2. Existing problems and solutions concerning the modern diagnostics of automatic machines
and lines are discussed and the influence of ICT on the methods for technical diagnostics is
studied.

3. Innovative approaches for diagnostics of automatic machines and lines are proposed.

4. Methods have been developed for: technical diagnostics (testing) through a test body of
plastic deformation and tensile strength, graphs of carbon steel at tensile strength,
transformation from hot-rolled to cold-rolled sheet, creation of high-strength cold-rolled steel
for precision electric welds pipes.

5. Methods have been developed for: design of a new type of innovative test body holder,
innovative measurement of geometric characteristics by 3D computed tomography, analysis of
the characteristics of the test body before and after punch sharpening .

6. Methods have been developed for: spectral analysis of a metal test body, machining and
research of the hardness and roughness of working rolls, testing of the roughness of low-carbon
steel after cold rolling.

7. Experimental developments and simulations of different methods in industrial environment
are made.

8. The results are analyzed and tested

ACKNOWLEDGMENT

| had the honor to work under the guidance of Prof. Dr. Dimitar Karastoyanov, who has
supported and helped me over the years - thank you very much for your help and irresistible
sense of humor.

I would also like to thank Prof. Galya Angelova for the opportunity to work with unique
and modern research equipment within a large European project.

Of course, | would also like to thank Assoc. Prof. Dr. Nikolay Stoimenov for the
methodological instructions and guidelines he gave me.

I would also like to thank Prof. Dr. Todor Neshkov and Assoc. Prof. Dr. Lyuben
Klochkov from the Department of ADP at the MF of the Technical University of Sofia for their
support during all these years.

Thank you all very much !

22



[1]
[2]

[3]

[4]
[5]
[6]
[7]
[8]

[9]
[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]

[18]
[19]
[20]

[21]
[22]

[23]

[24]

[25]

[26]
[27]

BIBLIOGRAPHY

Cn. mxenepuHr pero, MexaHW4HU cucteMu, 6poit 2, 2010

KibcTepn W WHOBaIMK- BB3MOXKHA TapagurMa Ha oOHOBJIEHHE, CT.H.C I-p benmcnaB BaneB u cT.H.c. n-p Kupun
Kemszkos, crp. 310 (ot 309-337 crp. MHOBanmuTe- €BpONEHCKH, HAIIMOHAIHA W PErHOHAIHU NMONUTHKH), 2008,
Donpanus ,,[IpunoxxHu u3cnensanus U komyHaukanuu”, [ISBN 978-954-9456-12-7 ARC FUND.

Keitnocyke Ono m Tanyroku Heropo, ,,CTaTHCTHYECKHM MEHHDKMBHT Ha TPOU3BOJCTBEHHs Om3Hec™, (Strategic
management of manufacturing businesses”- Corporation, Tokyo, Japan), n3nanue na Bulgarian AOTS Alumni Society
u LIKTI

WuoBarmnte- EBpornelicky, HAIMOHATIHA U PETHOHATHU MTOJUTUKH, HAyYCH pelakTop npod. n.Hk.H. MapuH [letpos,
Donpanys ,,[Ipunoxau uscnensanus u komynunamun, ARC FUND, ISBN 978-954-9456-12-7; ¢ (Codwust), 2008
https://www.ikea.bg/, (mocnemHo moceren 12.2021)

B.I'anoBcku, U. bosmxues, JI. Kioukos ,,ABTOMaTHYHY JIMHAK, y9eOHUK, NedyaTHa 6a3a BMEU

Cn. Umxenepunr pero- 6poii 6, 2013 r.K. Elissa, “Title of paper if known,” unpublished.

Zheng Q., Mashiwa N, Furushimaa T., Evaluation of large plastic deformation for metals by a non-contacting technique
using digital image correlation with laser speckles, Materials and Design 191, 2020, 108626.

Penchev T., Altaparmakov I., Stoimenov N.,Controlled Impact: Experimental Results in plastic deformation. XXVIII
International Scientific Conference of the Faculty of Industrial Technology of TU-Sofia— FIT 2015, Sozopol, Bulgaria,
11-13 September, 2015, ISBN:978-619-167-178-6, 2015, pp. 151-156.

Poiines M., I'eopruesa B., Ctoumenos H., Kioukos JI., [Tanes I1., Pa3paGoTBane Ha aBTOMaTHYHA JIMHKS 32 OTTAKOBaHE
¢ eqHokpaTHa onakoBka, XXV MHTK ABromaTusaius Ha JUCKPETHOTO Mpou3BoJCTBO ,,AJII1 — 2016 23-26 IOHu,
Cosomon 2016r., ISSN — 13 10 -3946, 2016, ctp.232-239.

Wnnes JI.- Meroau 3a onpenensHe CBOMCTBaTa Ha MaTepUANITE — SIKOCTHY M IUTACTHYHHU cBo¥icTBa, KypcoBa Pabora
no TexHonorus Ha Marepuanure

Stoimenov N., Gyoshev S., Penchev T., Contactless measurement of temperature during cold plastic deformation.,
Scientific Proceedings, NDT days 2016, Number 1 (187), June 2016, ISSN 1310-3946, pp. 449-450

WBanues U., Cnasues B., /loopesa U., [laanos b., ExcniepuMeHTanHo onpeaensHe Ha SKOCTHUTE XapaKTEPUCTHKH IPH
pasnmuuHa BB3pacT Ha Oerona, XVIII IOOumeitnHa mexayHapogHa HaydHa KOH(EpPEHLUS IO CTPOHUTEICTBO H
apxutektypa BCY’2018, ISSN: 1314-071X

Ivanchev 1., Slavchev V., Research on concrete mechanical properties and their application for cracks’ research in
reinforced concrete elements, subjected to bending, 15th International scientific conference VSU'2015, ISSN: 1314-
071X, pp.115-120

OMnBKOBBYEH JIMCT 32 KOMITIOTHPHO KOHTPOJIMpaHa eIeKTPOHHA TecT MamuHa, Time Group

https://www.zwick.com/en/systems-for-climate-and-temperature-testing/temperature-chamber, (mocmexso moceTeH
01.2022)

Iones B., 3cneBaHe Ha MEXaHWYHH XapaKTEPUCTHKH Ha JIETHPAaHU CTOMAHH B YCJIOBHUSTA HA BUCOKH TEMIIEPATYPH,
ABtopedepar 3a mpuckxkIaHe Ha 00pa3oBaTeIHA U HaydHA CTETeH ,,JJokTop™

Kupxosa E. O6ma Xumusa. Codust, Yaus. u3n. ,,Ce. Kimment Oxpuncku®, (2001). c. 436.

Ho6pu Jlazapos, ,,Heoprannuna xumus ™, (2019), YU "Cs. Kmument Oxpuackn', ISBN: 9789540738192

Xpucto Panes, ,,MeTposorus u u3MepBaTeliHa TEXHUKA, KHUTa- CIIPAaBOYHUK B TPU TOMa, O] 00IaTa peJaKknus Ha
mpod. a.1.H. Xpucro Panes, mzparenctso ,,Codrpeiin, Codus 2012 r. (Tom 2, ctp. 144-165, MexaHUYHHU CpeACTBa
3a U3MepBaHe)

Polymeta-S, last visited June 2021 https://www.polymeta.bg/shop/instrumenti-i-okomplektovka-za-metalorezheshti-
mashini/insize-2/shubleri/elektronen-shubler?v=461b1990fe86

Xpucto PaneB u konekTus, ,,lI3MepBaHe Ha AHaMETpH Ha ToysiMO TabaputHH BajoBe XXV HannonameH HayueH
CHMITO3UYM C MEXIYHApOIHO y4acTue ,,MeTpornorus u Metponorungno ocurypsisane™, 2015, 7-11.09,2015 Cozormomn,
70 ron. TY Codus, ctp. 221-225

Xpwucro Panes n konektus ,,OnpeesnsiHe Ha HEMOCTOSHCTBOTO Ha OCTa Ha BBPTEHE Ha 00EKTH, OCHIIECTBSABAIIN TOUHH
BbpTENUBH ABMKeHUA, XXV HamuonanreH HaydyeH CHMIO3MYM C MEXAYHApOJHO YyuacTue ,MeTponorus u
Mertponoruuno ocurypsisane®, 2015, 7-11.09,2015 Cozomomn, 70 rox. TY Codwus, ctp. 226-234

XpHCTO PaIIeB " KOJICKTUB, ,,I/I3MepBaHe Ha T€OMETPUIHUTE NMapaMETPHU Ha T'OJIAMO I‘a6apI/ITHI/I POTAlITMOHHU I[eTaﬁHPI
THI ,,[IpbcTeH !, XXV HanuoHaneH Hay4eH CUMIIO3UYM C MEXKIYHApOJHO ydyacTue ,,MeTposiorust 1 MeTposornaHo
ocurypsiBane®, 2015, 7-11.09,2015 Cozomomn, 70 roa. TY Coduwus, ctp. 235-239

Kazakova S., Kamenova I., Klochkov L., Stoimenov N., Popov B., Sokolov B., Application of 3D Industrial
Tomography In Dental Medicine., International Scientific Conference “Industry 4.0”, 13-16 December 2017, Borovets,
Bulgaria, pp. 187-190, ISSN: 2535-0021 (Print), 2535-003X (Online), Publisher: Scientific Technical Union of
Mechanical Engineering Industry — 4.0

Nicon Metrology Brochure http://www.nikonmetrology.com/en_EU/Products/X-ray-and-CT-Inspection/Computed-
Tomography/XT-H-225-ST-Industrial-CT Scanning/ , (mocieano noceren 01.2022)

(https://www.livescience.com/39810-fused-deposition-modeling.html

23


https://www.ikea.bg/
https://www.zwick.com/en/systems-for-climate-and-temperature-testing/temperature-chamber
http://www.nikonmetrology.com/en_EU/Products/X-ray-and-CT-Inspection/Computed-Tomography/XT-H-225-ST-Industrial-CT%20Scanning/
http://www.nikonmetrology.com/en_EU/Products/X-ray-and-CT-Inspection/Computed-Tomography/XT-H-225-ST-Industrial-CT%20Scanning/
https://www.livescience.com/39810-fused-deposition-modeling.html

[28]
[29]
[30]

[31]
[32]

[33]

[34]
[35]

[36]
[37]
[38]
[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]

[57]

[58]
[59]

[60]
[61]
[62]
[63]

[64]

[65]

https://all3dp.com/fdm-vs-sla/, (mocnemano noceren 01.2022)
https://www.fargo3dprinting.com/choose-fdm-sla-desktop-3d-printers/, (mocnento noceren 01.2022)

OnuThT Ha AMOHCKUTE Kopropamwuu ,,Tommba™ u Celiko, kHmwkka 5/93, M3natenctso ,,lIeHTBp MO Ka4ecTBOTO H
npousBogurenHoctra’, C., 1993, M3narencrBo cranaapTH3aus

I. Jlroxenmxues, P. Mopaanos ,,KouTpon u yrpapiesue Ha kadecTBoTo™, cii. Codrrpeiin, 2002 rox.

W. Manaxog, I'. Jlrokenmkues, ®. @nemunr, P. ﬁopnaHOB ,,KiTacugukanus Ha METOJIUTE 32 OTPEICIITHE Ha TEXHUKO-
HMKOHOMMYECKHUTE MOKa3aTeNM 3a KauecTBO MPU MPOEKTUPaHE HAa TEXHUYECKH u3nenus’, HaydHu uzmectus, HTCM,
rojuHa X111, 6poii 10/93, Hoemspu 2006 r., ,,HHTKMY*, ABTOMaTH3a11s Ha TUCKPETHOTO pou3BoacTBO, A 11 2006,
HoemBpu 2006, Codust ISSN-13-10-3946 (27-33).

H. Kones, E. Punkosa, E. I'pbHYapoB, ,,AHaa13 U OLICHKA HA PUCKA Ha 3aK/II0YAJIKU HA IaXTHU BpaTHU HAa aCAHChOPU*,
coopuuk noknagu AT 2008r., HTKMY, CemkoBo- cenremBpu 2008 r. ISSN-13-10-3946 (277-283).

K. dumurpos, J. lanues, ,,Hanexnnoct Ha cTpouTeNHu MauHu U cucteMu’’, Texnuka, C., 1994 r.

E. EBrennes, b. CaoBa 1 B. Kynaposa, ,,Onenka Ha npodecroHamHns puck™ yact BTopa, Vznartencka xpma “Illanc
AJll, Cx., 2011, ISBN 978-954-92179-6-4

Cold Rolled Steel". Archived from the original on 7 April 2014. Last visited 31 March 2021.
How innovation works: And why flouris in freedom, Copyright ©, Matt Ridley, 2020; ISBN: 978-954-28-3274-4
Liu, David Liptak, Béla G. (1997). Environmentalengineers' handbook. CRC Press. p. 973. ISBN 978-0-8493.

CRCA Steel - Cold Rolled and Close Annealed".materialgrades.com. 4 November 2017.Archived from the original on
15 November 2017. Last visited 29 April 2021.

Eagleson, Mary (1994). Concise encyclopedia chemistry). Walter de Gruyter. p. 834. ISBN 978-3-11-011451-5.
BDS EN 10130: 2006

BDS EN 10139: 1997

http://www.splav-kharkov.com/en/e_mat_start.php?name_id=356, (mocieauo moceren 01.2022)
BJC EN 10131:2006

BJIC EN EN10140

BDS EN 10025

BDS EN 10111: 2009

BDS EN 10305-3

BDS EN 10305-5

http://www.sa-inco.com/en/rolling-mills/projects/1, (mocnenuo noceren 01.2022)

U3MEPBAHE HA TBBPJJOCT HA METAJIU U CIUVIABU, Cn. Umxenepunr pesto - 6poii 9, 2013
VY4ebHa nmuTepaTypa o Metano3HaHue / Mmarepuano3nanue (31)

Xpuctos, C.I'., UsnutBane n nepexrockonus Ha metanure, C., Texauka, 1988.
https://www.hardnesstesters.com/, (mocneato moceren 01.2022)
http://www.sa-inco.com/en/annealling-and-heating-ovens/projects/3, (mocneano moceren 01.2022)

HIOKGHI[)KI/IGB F., I/IOp)Z[aHOB P., Meroau 3a aHamu3 Ha HU3MEPBATCIIHU CHUCTEMMU. OreHKa Ha BB3MOXKHOCTHTE W
MPUIIOKEHUA

mpod. a.17.H. Xp. Pages, MeTposorus u u3MepBaTeiHa TEXHUKA, KHUATA- cripaBouHuK, Tom 1, 2, 3, Codus, CodTpeiin,
2002

CemepmxueB A., ABTOMaTH3aIUsl Ha KOHTPOJIa B MAllIMHOCTPOCHETO, cil. TexHuka, 1990

H. Yu, X. Liu, X. Ren, Behaviour of longitudinal cracks on slab surfaces in V-H rolling processes, Steel Res. Int., 2
(2008), pp. 537-544, 10.2374/SR107SP066-79-2008-xx

M.Nioia, S.Celottob, C.Pinnaa, E.Swartb, H.Ghadbeigia, Journal of Materials Processing Technology, VVolume 249,
November 2017, Surface defect evolution in hot rolling of high-Si electrical steels, Pages 302-312

S. Shainu, T.K. Roy, B.K. Dey, R.K. Sharma, N.C. Gorain, S. Dhar, C.V. Sastry, Study on Slab Surface Defects and
Generation of FeO Type Slivers in Hot Rolled Coils Tata Steel Ltd., Jamshedpur (2008)

S.-L. Lee, J. Choi, Deformation analysis of surface defect on hot rolling by 3-D FEM simulation, Rev. Metall. Cah.
Inf. Tech., 105 (2008), pp. 127-135, 10.1051/metal:2008025

Paneva M., Klochkov L., Methodology and experimental study of carbon steel in tension for technological preparation
of a sample /test tube, XXIX International Scientific and Technical Conference, ADP - 2020., 29.06-02.07 2020,
Sozopol, Bulgaria., Publishing house of TU-Sofia ISSN — 2682-9584, Publisher Department “Automation of Discrete
Production Engineering” Mechanical Engineering Faculty, Technical University — Sofia, pp. 56-61

European standard - Metallic materials- Tensile testing- Part 1: Method of test at room temperature (EN 1SO 6891-
1:2009)J. Clerk Maxwell, A Treatise on Electricity and Magnetism, 3rd ed., vol. 2. Oxford: Clarendon, 1892, pp.68—
73.

Paneva M., Research of Mechanical Characteristics in Tensile Tests of Low Carbon Steel Samples During
Transformation from Hot Rolled to Cold Rolled Sheet Metal Method for testing the grinding media in mills, 8th
International Conference on Mechanical Technologies and Structural Materials (MTSM 2018), Split, Croatia,
September 27-28, 2018, Croatian Society for Mechanical Technologies, Croatia, ISSN: 1847-7917, pp. 153-158

24


https://all3dp.com/fdm-vs-sla/
https://www.fargo3dprinting.com/choose-fdm-sla-desktop-3d-printers/
http://www.splav-kharkov.com/en/e_mat_start.php?name_id=356
http://www.sa-inco.com/en/rolling-mills/projects/1
https://www.hardnesstesters.com/
http://www.sa-inco.com/en/annealling-and-heating-ovens/projects/3

[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]

[74]
[75]

[76]
[77]

[78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]

[86]

[87]

[88]
[89]
[90]
[91]
[92]
[93]
[94]
[95]

[96]

Paneva M., Linear Plastic Deformation of Solid Body, Problems of Engineering Cybernetics and Robotics, 71, Prof.
Marin Drinov Publishing House of Bulgarian Academy of Sciences, ISSN:0204-9848, 2019, pp. 35-42

®emikc H., Apco fl.. IlnaHupaHe Ha eKCIEpUMEHTa B TEXHOJOrMATa Ha MeTamure. M3n. ,,MamuHocTpoeHue”,
Mocksa, n3g. ,,Texanka”, Codus, (1981).

Zlateva, G., Martinova 3., Microstructure of Metals and Alloys. An Atlas of Transmission Electron Microscopy
Images. CRS Press, Taylor & Francis Group, (2008), ISBN: 978-1-4200-7556-4.

M. Zhaoa, L. Huanga, Ch. Li, J. Li, P. Li, Evaluation of the deformation behaviors and hot workability of a high-
strength low-alloy steel, Materials Science and Engineering: A, 810 ( 2021), p. 141031

D.X. Wen, J.K. Wang, K. Wang, Y.B. Xiong, L. Huang, Z.Z. Zheng, J.J. Li, Hot tensile deformation and fracture
behaviors of a typical ultrahigh strength steel, Vacuum, 169 (2019), p. 108863

Laboratory SmartLab ath the IICT-BAS (last visited December 2021) — https://www.iict.bas.bg/rius/smartlab_en.html
Stoimenov N., Panev P., Karastoyanov D., Software for 3D Modeling, Simulation and Optimization, XXVII
International Scientific and Technical Conference, ADP - 2018., June 21-24th 2018, Sozopol, Bulgaria., pp. 329-334,
ISSN — 13 10 -3946.

Paneva M, Panev P, Stoimenov N, Survey of the Geometric Characteristics of a Test Specimen Before Punch
Sharpenings, V INTERNATIONAL SCIENTIFIC CONFERENCE "INDUSTRY 4.0", 09-12.12.2020, BOROVETS,
BULGARIA, ISSN: 2535-0153, pp. 245-248

M. Paneva, N. Stoimenov, Hardness Of Working Rolls For Cold Rolling Mill, 8th International Conference, ICAT’19
Sarajevo, Bosnia and Herzegovina, August 26-30, E-ISBN: 978-605-68537-4-6, 2019 pp. 203-206

nou. J. Hengemues, karenpa TMMM, TY-Bapna: Tema 3. CtpyroBu onepauuu. XapakTepHUCTUKH 1 Bb3MOKHOCTH Ha
nporeca. EnemenT Ha TexHONIOTHYHATa cucTeMa, 2014. ,

. T'eoprues, . Henemues, Ct. CnaBos. ,, TexHoMOTHS Ha MAaIIHHOCTpOeHeTO | gacT™.

AH. Jluxos, ,,TexHomorus Ha MammHOcTpoeHeTo, ['ommHa Ha m3maBane 2007; bpoit Ha crpanumm: 410;ISBN:
9789543340538; Uznaren: Codrpeiia.

JUITNIOMHA PABOTA Ha Tema: ,,YCTpOMCTBO 3a MOBBPXHOCTHA 00paboTKa Ha (HUHO - MEXAaHHYHH JACTAIN C
HenpaswiHa popma” 2008 .

BJAC EN _22768-2

Aranacos, XK., ,,A0pa3uBHa 00paboTka Ha MetaiuTe1979/80 T.

BIC EN ISO 4287:2006

B. Anues, B. Tomkos, JI. BacuneBa, XK. 3axapunona, JK. Kaneiiuesa, M. Huxonos, P. [Terpos, B. CumeoHOB,
PwroBozaCTBO 32 TaGopaTopHu ynpakHeHus mo Marepuanosnanue, MK ,, KUHI, 335 ctp

Assoc. Prof. Eng. Ivelin lvanov, Materials resistance, lecture notes for the specialties HERE and 11, 2006.
PwroBozacTBO 32 pabora YHuBepcanna mamuaa WdW-300

Bruker, https://www.bruker.com/en/products-and-solutions/elemental-analyzers/optical-emission-spectrometers/q2-
ion.html, (mocnexno moceren 01.2022)

Todor Penchev, |. Altaparmakov, N. Stoimenov, Controlled Impact: Experimental Results in plastic deformation,
XXVIII International Scientific Conference of the Faculty of Industrial Technology of TU-Sofia — FIT 2015, Sozopol,
Bulgaria, 11-13 September 2015, pp.151-156, ISBN: 978-619-167-178-6

N. Stoimenov, B. Popov, V. Yosifova, Controlled High-Temperature Sintering of Boron Carbide, 23rd International
Conference on Circuits, Systems, Communications and Computers (CSCC 2019), MATEC Web Conf. 292 03005
(2019), elSSN: 2261-236X, DOI: 10.1051/matecconf/201929203005

Stoimenov N., Gyoshev S., Penchev T., Contactless measurement of temperature during cold plastic deformation.,
Scientific Proceedings, NDT days 2016, Number 1 (187), June 2016, ISSN 1310-3946, pp. 449-450

Karastoyanov D., Gyoshev S., Penchev T., Altaparmakov I.. Innovative Impact Processes: Machines, Theory,
Experiments, Modeling. Prof. Marin Drinov Academic Publishing House, 2016, ISBN:978-954-322-860-7, 111
Gyoshev S.. Theory of Controlled Impacts. PROBLEMS OF ENGINEERING CYBERNETICS AND ROBOTICS,
67, 2016, ISSN:0204-9848, 11-18

Penchev T., Karastoyanov D., Gyoshev S., Altaparmakov 1., (2016). Monography — Innovative Impact Processes:
Machines, Theory, Experiments, Modeling, Academy publishing house, Sofi, ISBN 978-954-322-860-7

Karastoyanov D., Ivanova D., Stoimenov N., (2015). Technology for production of high-temperature materials and
alloys including nano elements., Recent Advances in Systems,19th International Conference on Systems (part of
CSCC’15), Zakynthos Island, Greece, July 16-20, pp. 177-181, ISSN: 1790-5117, ISBN: 978-1-61804-321-4.

Stoimenov N., Karastoyanov D., Vukov A., Neshkov T., Klochkov L., Gyoshev S., (2014).

Thermographic Study Of Rolls on Roller Batteries., XII International SAUM Conference on Systems, Automatic
Control and Measurements., Nis, Serbia, November 12th-14th, pp 25-28, ISBN 978-86-6125-117-7

Gyoshev S., Penchev T., Karastoyanov D, (2014). Study of parameters of controlled impact by impact deformation of
elastic and elastic-plastic materials. 5th European Conference of Mechanical Engineering (ECME' 14), November 22-
24, Florence, Italy, p. 113-119, ISBN: 978-960-474-402-2

Marcheva Y., Loukaycheva M., Tsonev V., Dimova B., The influence of magnesium alloy AE42 test specimens
deformation magnitude on their microstructure, IOP Conf. Ser.: Mater. Sci. Eng. 878 012065, 2020

25


https://www.iict.bas.bg/rius/smartlab_en.html
https://www.bruker.com/en/products-and-solutions/elemental-analyzers/optical-emission-spectrometers/q2-ion.html
https://www.bruker.com/en/products-and-solutions/elemental-analyzers/optical-emission-spectrometers/q2-ion.html

[97] Ruzic J., Stoimenov N., Advanced copper matrix composites, 2016 “Prof. Marin Drinov” Publishing house of Bulgarian
Academy of Sciences, ISBN 978-954-322-859

[98] Paneva M., Klochkov L., Methodology and experimental study of carbon steel in tension for technological preparation
of a sample /test tube, XXIX International Scientific and Technical Conference, ADP - 2020., 29.06-02.07 2020,
Sozopol, Bulgaria., Publishing house of TU-Sofia ISSN — 2682-9584, Publisher Department

[99] http://www.insize.com/, (mocrenro moceren 01.2022)

[100] Markus Griber, Gerhard Hirt, Investigation of correlation between material properties, process parameters and residual
stresses in roller leveling, Procedia Manufacturing, Volume 15, Pages 844-851, ISSN 2351-9789,
https://doi.org/10.1016/j.promfg.2018.07.180, 2018.

[101] José Lucio Gongalves, José Daniel Biasoli de Mello, Henara Lillian Costa, Wear in cold rolling milling rolls: A
methodological approach, Wear, Volumes 426-427, Part B, Pages 1523-1535, ISSN 0043-1648,
https://doi.org/10.1016/j.wear.2018.12.005., 2019.

[102] Paneva M. and Panev P., MECHANICAL TREATMENT AND ROUGHNESS OF WORKING ROLLS FOR
REVERSE MILL FOR COLD ROLLING, XXX International Scientific and Technical Conference, ADP - 2021.,
29.06 + 02.07.2021, Sozopol, Bulgaria., Publishing house of TU-Sofia ISSN — 2682-9584, Publisher Department
“Automation of Discrete Production Engineering* Mechanical Engineering Faculty, Technical University — Sofia, pp.
38-42

[103] Helpos.com, (2008) THESIS on the topic: "Device for surface treatment of fine - mechanical parts with irregular shape”.
(last visited April 2021)

[104] Ruseva Sl., Papazyan K., Atanasov Ass., Petkova St.,(1988) ESKD, Handbook of design documentation, State
Publishing House "TECHNIQUE", Sofia

[105] https://www.hahn-kolb.net/-/-DIAVITE-Compact-11/5521CL04_040801020102.cyid/5521.cgid/bg/BG/EUR/  (last
visited November 2021)

[106] J. Alberto, M. Martina, A. N. Schellcd, H. G. Brokmeiercd, R. E. Bolmaro, Comparison of a low carbon steel processed
by Cold Rolling (CR) and Asymmetrical Rolling (ASR): Heterogeneity in strain path, texture, microstructure and
mechanical properties, Journal of Manufacturing Processes, 64 (2021), Pages 557-575

[107] M. Zhaoa, L. Huanga, Ch. Li, J. Li, P. Li, Evaluation of the deformation behaviors and hot workability of a high-
strength low-alloy steel, Materials Science and Engineering: A, 810 (2021), p. 141031

[108] D.X. Wen, J.K. Wang, K. Wang, Y.B. Xiong, L. Huang, Z.Z. Zheng, J.J. Li, Hot tensile deformation and fracture
behaviors of a typical ultrahigh strength steel, Vacuum, 169 (2019), p. 108863

[109] Acatech (Hrsg.) (2015) Smart Maintenance fur Smart Factories Mit intelligenter Instandhaltung die Industrie 4.0
vorantreiben acatech POSITION, Springer Verlag, Berlin, Heidelberg].

26


http://www.insize.com/
https://www.hahn-kolb.net/-/-DIAVITE-Compact-II/5521CL04_040801020102.cyid/5521.cgid/bg/BG/EUR/







