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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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3. 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.)

VVVVYVY

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

a) b)
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
quantitative 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
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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].

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.

Abstracts of Dissertations 2022 (2) 4-27



8 Miglena Paneva

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
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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.

Abstracts of Dissertations 2022 (2) 4-27
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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 ISO 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;
Le- 120 mm;
Lo- 80 mm;
Li- 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.

Abstracts of Dissertations 2022 (2) 4-27
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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

Lu_LOXIOO;
Lo

directly from the test specimen) - A, =

Ag is a plastic elongation at maximum force - - Agy, = (ALL—em - %)XIOO;

. . . A
Agt is the total percentage elongation at maximum force - Agty, = %XIOO;

At is the total percentage elongation after total rupture;

nn

. ) A

e" 1s a percentage extension; Aty, = LLefXIOO;

mE is the slope of the elastic part of the stress-percentage elongation graph;
R is voltage;

Fmax
So

Rm is tensile strength- Rme, = x100;

A\ e 1S 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,% 31.5
So, mm 23 Agt,% 22.5
Le,mm 120 mg,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.
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Fig. 4.11 Graph of hot rolled metal
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
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» 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 results

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

A) b)
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B) )
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) Ist 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.
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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=0.99 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.
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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.

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, [pm]
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, pm
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 ISO
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
1s 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 ISO 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
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29 MurneHa NaHeBa

O01ma xXapakTepuCTUKA HA TUCEPTANUOHHUS TPY/A

AKTYaJIHOCT HA npodJiema:

OcHOBHa 3a/1aya Ha TEXHOJOTMYHA AUArHOCTUKA € pa3lo3HaBaHE HA ChbCTOSHHUETO Ha
TEXHUYECKUTE CHUCTEMH B YCIOBHSATa Ha orpanuyeHa uHdopmanus. Tasu uHbopMmanus
IIOCTBIIBA BbB BUJ HA IIOKA3aHUs OT Pa3JIMYHU U3MEPBATEIIHU, PETYIUPAIIU, CUTHAIHA WU
yIpaBJsSBaIl YCTPOWCTBA, HAN-4ECTO CEH30pU (IaT4MiM) 3a BHOpaIMH, TeMIeparypa,
HAJIATAHE U Jp.

[pyro HampaBjieHME HAa TEXHOJIOTMYHATA JUATHOCTHKA Ca BBIPOCUTE 3a THPCEHE U
ABTOMATH3HMPaH KOHTPOJ Ha HEM3MPABHOCTH. To € CBBp3aHO C pa3paboTBaHe HA MHOBATUBHU
METOJIU U CPEJICTBA 3a HAOIIOCHHE U KOHTPOJI, Ch3/laBaHe Ha IMarHOCTUYHU TECTOBE, AaKTUBHO
TECTBaHE, BIrPaJICHW AMArHOCTUYHU CHCTEMH, OLIEHKa Ha CIOCOOHOCTTa Ha cHCTeMara 3a
KOHTPOJI ¥ JJUarHOCTULIUPAHE.

O0eKT 1 00JI1aCT HA U3CJIEABAHETO:

W3non3BaHuTe MHOBATUBHUTE METOJIU 32 IMarHOCTHUIA Ca KOMITIOTAPU3UPAHU MAIIUHU
3a TECTBaHE Ha SIKOCT Ha OIThH, CIIEKTpaJIeH aHAIM3 U ToMorpad. M3nuckBaHeTo 3a KaueCcTBO Ha
U3XOJHUSA TPOIYKT TpsAOBa na Obae BHB (yHkums ot usuckBanusTa no BJC u ISO
CTaHJApTUTE.

Cbzn)pmaﬂne Ha Jucepranusara:

JlucepTalMOHHUAT TPY/ ChAbP:Ka MET INIaBH, CIUCHK Ha Oubianorpadus cbe 163 3arnasus.
ObembT My € B pasMep Ha 153 cTpaHumu TeKcT, BKIIOYBANl Tabmumu, Gurypu u Gopmynu.
HomepanusTa, purypute u GopmynuTe € 3ama3eHa B HaCTOSIIHUA aBTopedepar.

B I'JTABA 1 e npencraBeHa HEOOXOIUMOCTTa OT Ch3/1aBaHE Ha 3aBOJa; OBJITAPCKU U
CBETOBHHM MPOU3BOAUTEIHN HA METal M TPHOU; amapaTHH METOAM U CPEJICTBA 32 HHTEITUTEHTHO
I/I3M€pBaH€ 1 aHaJIn3 Ha nozmp%mKaTa Ha HpOI/ISBOI[I/ITeJ'IHOCTTa Ha MAallIMHUTC.

B TJIABA 2 e mnpencrtaBeH WHOBAaTUBHUAT TMOJIXOJ 3a €KCIUIOATalus Ha
TEXHOJIOTUYHOTO O0Opy/ABaHE; MPEJACTABEHU Ca CTaHJIAPTUTE M MAPKUTE CTOMAaHU, KaKTO U
MPOU3BEXKIAHUTE BUIOBE TPHOU U MPODUIHN; aHATU3UPAHU Ca WHOBATHUBHHUTE MPOLEAYPH IO
KOHTPOJI Ha Ka4eCTBOTO MPHU MPOHU3BOJCTBO HAa THHKOCTEHHU €JEKTPO3aBapEHU TPHOU M
npoduu, KakTo U JePEeKTUTE, KOUTO Cce MOJIydaBar B Ipolieca Ha MPOU3BOJICTBOTO.

B T'JIABA 3 ca cbcTaBeHH METOAMKH, IO KOUTO J1a CE€ U3MOI3BaT HEOOXOAMMHUTE YPEIH;
0o0BpHATO € BHMMaHHE Ha OCHOBHU (YHKIMH, BIMSCIM Ha u3MepBaHusATa. Ha 0aza Ha
ChCTAaBEHUTE METOJUKH C€ OCBIISCTBSIBA MOJATOTOBKAaTa HAa MPOOHO TSAJIO 32 TECTBAHE ChHC
CIIEKTpaJIEH aHAJIMU3, SKOCT HAa ON'bH IPU HUCKOBBIJIEPOJHA CTOMaHa M IPOM3BOACTBOTO Ha
BUCOKOSIKOCTHAa CTOMaHa; M3MEpBaHE Ha TpamaBOCT U TBHPAOCT, KAKTO U HU3MEPBAHETO Ha
F€OMETPUYHU XapAKTEPUCKUTU W HU3MEPBAHETO HA TEOMETPUYHU XapakTepuckutu ¢ 3D
KOMITFOTBPEH ToMOTpad.

B I'JTABA 4 ca u3m0K€HU pe3yJTaTUTE, NOCTUTaHW OT HAy4yHU H3CIEABaHUS U
W3CIIE/IBAHKMS B IPOM3BOACTBOTO. HampaBeH € aHanu3 Ha XUMHUYHUTE U MEXaHUYHUTE
MoKa3aTea Ha HUCKOBBIVIEPOAECH MeTall IpU TpaHchopManuara My OT TOpeIlo BalllyBaH
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MCTAJI B CTYACHO BaJIINYBaH MCTAJI, pC3yJITaTu OT MPOU3BOJACTBO HA BUCOKOAKOCTHA CTOMAHa,
KaKTO W aHaJIM3 Ha U3MCPBAHHU ITapaMETPU, OCBIICCTBCHHU 110 BPEME Ha TCXHOJIOT'MYHMS ITPOLIEC.

B I'JTABA 5 ca npeacraBenn ObaentuTe npoektu 3a pazpurue Ha 3I1TII.

Ien u 3a1aum HA AUCEPTANUOHHUS TPYI:

B mnpenocraBeHuss nucepTalMOHEH TPYA CE€ pa3TiekIaT MpoOJieMu, CBBP3aHU C
TEXHOJIOTMYHATA IMAarHOCTUKA HAa aBTOMAaTUYHU MalluHU U Jinauu. LlenTta Ha nucepranmoHHus
TPy € Jla ce U3Cje/iBa Halpeabka U MHTETPUPAHETO HA HOBH TEXHOJOTHMU B ChbBpPEMEHHaTa
JIMarHOCTHKA Ha aBTOMATHYHU MAIllMHU U JIMHUU U JIa C€ MPEIoKU MHOBATUBEH MOJXO[ 32
Ch37laBaHe Ha METOJUKHU 33 U3IHUTBAHE.

3a U3NBIHEHHUE Ha Ta3u eI o€ CC peuatr CJICIHUTC 3a/laun:

1. [a ce HanpaBu aeTaiisieH 0030p, aHAJIU3 U CUCTEMAaTU3aIus Ha TTOJAX0AU U METOAN
3a UHTCIPpUPAHC HA MHTCIIMI'CHTHU TEXHOJIOTMH B TCXHUYCCKUTC AUATrHOCTUIHUN

IPOLEAYpPH.

2. Jla ce u3cnenBar ChLIECTBYBAIM METOIU M CPEJICTBA 34 ChbBPEMEHHA JMAarHOCTHKA
Ha aBTOMATUYHU MAIUHU U JIMHUM.

3. Ha ce uzcnensa Baustuuero Ha UKT Bbpxy MeToauTe 3a TEXHUYECKA JUArHOCTHKA.

4. Jla 6b1at npeiokeHu 1 000CHOBaHM HHOBATUBHU METOJUKH 32 IMarHOCTUKA Ha
aBTOMATHYHU MAlIMHU U JIUHUH.

5. [la ce mpoBenaT eKCIepUMEHTH U CUMYJIAllMU Ha Pa3JIMYHA METOAUKH B
MHAYCTpUaJIHa Cpea.

6. [Tomy4yenute pe3ynratu Aa ObaaT aHATM3UPAHHU.

AnpodGauust Ha pe3yJTaTUTe

Pesynrartu, BkIOUEHH B aucepTalMATa, ca JIOKJIAJBAaHM HA: MEXIyHAapOJHA
xoHdepenmus B gyx6una: 8", 10" Mechanical Technologies and Structural Materials, Split,
Croatia, 2018, 2021, suguma B8 SCOPUS; ISSN 1847-7917 u ap.

Yact oT pesynrarure ca npenctaBeHu Ha cienanute Kondepennnn: XXX, XXX, XXXI
MHTK AproMaruzanuss Ha AUCKpeTHOTO mpou3BoAcTBO ,,AJlIT” FOuu, Cozomon 2019r.,
2020r., 2021r.; B cnucanue ,,IIpobieMu Ha TexHUYECKaTa KuOepHeTnka u podotukara™; V, VI
International Scientific Conference, winter session, Industry 4.0, 2020 r., 2021 r.
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Tnasa 1

OB30P, AHAJIN3 U CUCTEMATHU3AIIUA HA METOAU U
CPEJACTBA 3A TEXHOJIOTHYHA TUATHOCTHUKA HA
ABTOMATHUYHU MAIINMHU N JIMHUHN

1.1. UcTopuuecka cnpaBka

C pa3BUTHETO HA HayKaTa M BHEJPSIBAHETO Ha MHOBALIMUTE CE€ OCUTYPSiBAa HKOHOMHUYECKU
pacTex, BUCOKa IMPOU3BOIUTEIHOCT, Olla3BaHe Ha OKOJIHATA Cpe/a, peliaBaHe Ha COLMAIHU U
yrpaBiieHYeckr podaemu. OcurypsiBa ce BACOKO KaueCTBO Ha MPOM3BEXKAAHUS TPOTYKT.

Te3u mpennocTaBku JaBaT Bb3MOXKHOCT 1pe3 1995 r. 3a cp3naBane Ha 3IITMK (3aBox 3a
MIPOU3BOJICTBO HA TPHOHA MeOEN M KOMIIOHEHTH ), ChBMeCTHO ¢ kommanus ,,UKEA - I1IBemws.
JIOroBOpeHO € ChbBMECTHO pealu3upaH IMPOU3BOACTBO HA KOMIIOHEHTU OT JI€Taillld, Bb3IU U
MOHTaX Ha ChBPEMEHHH U JIYKCO3HH MeOeH OT MeTall.

C TedyeHune Ha BpeMeETO, 3a MOA0OPSIBaHE yCIOBUATA HA pad0Ta, Bb3HUKBA HEOOXOIMMOCTTA
OT OpTaHU3UpaHe Ha COOCTBEHO MPOU3BOICTBO Ha TBHKOCTEHHH €JIEKTPO3aBapeHu Mpoduin u
TpBOH OT cTyneHo BaniyBanu cromanu (CBC).

[TogTukBanm OT 3aTBapsiHE Ha LIETHUs MPOU3BOJICTBEH IIUKBJ U MPEMaxBaHEe BIMSIHUETO Ha
BBHIIHUTE TUCTPUOYTOPH, TOCTABUUIIA HA TOTOBU MPOQUIH, CbBMECTHOTO PHKOBOJICTBO B3eMa
pelieHue 1a cb3aanae u opranusupa apiiepHa gupma 3I1TII (3aBox 3a mpou3BOACTBO HA TPHOU
U IPOHITH).

Cp3naBaHeTo Ha HOBUAT 3aBOJ € CHOOPA3EHO H3IUIO C TEHACHIUUTE 3a JUTUTATHO
pasBurue ,,anycrpus 4.0° u BHeapsiBaHE HA KOMIIOHEHTHTE Ha KHOep-(pU3NYHUTE CUCTEMH:
WHTEJIUTEHTHH MAIIWMHU, BIPAJICHU CaMOpPETYIHpalld Ce CUCTEMH, Xapayep, copTyep u ap.
YHHUKAQJIHO aJpeCUPaHd OOEKTU U MPEXH, KOUTO UHTEIUTEHTHO B3aMMOJICICTBAT MOMEXIY CU
3a nmocturaHe Ha nocraBenara uen (dwur. 1.1), [162, 163].

NOTUCTUKaA

KNUEHTK {626, 62C
Sl

AOCTABYMLM
S

* Butoka +  Coipasae

MoBKABOCT Ha Mpesh
* HHTYHTHEHO *  Knubep-dHiaKuHK
ofcmykeaHe CUCTEMH
* Yosex-pobor r  HowdurypHpase
KOONEpHpaHe CAMOCTOATEAHD |
* MHTRAKMEHTHO
yIpasnenve _ KHOBATHEBHK
- P NPOUIBO.CTEENN n.# .
g -— POBOTH m_gm CHCTEMH ]
» L =
s GE 1
s g0) cenzoru iy wr O3 3
16 "+ HubepHETHNHA -
= * KHTerpHpana CHIYRHOLT
MHTRAMIEHTHOCT * QORAYHA YUYTH
« PaGoTa 8 pEANHO + Mera pastn
speme » Wireless u
+ TpocnegHmact MEGHAHH MpEXH
= HapempHodr

* {TunHoTa

E— OBOPY/ABAHE HA
PA3BUTHE HA NorvcTUKa SABPUKU

NPOAYKTH

@ur. 1.1. Ctpykrypa Ha IHTEepHET Ha Helara
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IIpou3sBexx1aHU MPONYKTH:

['operto BanyBaHu TECHU JICHTH

["operio BaniryBanu OaiI[BaHU TECHU JICHTH

["operio BaniryBanu O6aiiBaHM MPEUU3HU TPHOU U TPOPUIN

CryzneHo BailyBaHu JIeHTU U pyjionu (Pwur. 1.5.)

CtyneHo BaJIIlyBaHM elIeKTpo3aBapeHu Tphou U npoduiu (dur. 1.3. u Gur. 1.4.)

YVVVYVY

®ur.1.3. Ctomanenun @wr.1.4. Ctomanenu npopunu ~ dwur. 1.5. CtomaneHu pysiaoHu
TpBOH

1.2. IlpousBoauTeju Ha TPBHOU U Npoduan

Bewnuku pasriieqanu KOMITaHUH- BCETOBHH M OBJITAPCKU MMPOU3BOAUTEINH € IBJITOTOAUIITHA
MIPOU3BOIUTENN HA TPHOHU M MPOQHIN N0 Pa3IMYHU TEXHOJIOTHH, KAKTO U MPOU3BOACTBO Ha
paskpoeHu mpuricoe u ucTd. OObpHATO € BHUMAaHUE HA U3IIOJI3BAHUTE BXOIHU CYPOBUHH U
TEXHOJIOTHATA Ha mpepaboTka Ha MeTana. Benukara mpousBeneHa MpOAyKIUs Ha GUPMUTE €
yauunupana u crannaprudunmupana ceriaacao ISO 9001. Pa3paboTBanuTe MpOAYKTH ca C
BHUCOKO KadyecTBO, ChC CTPEMEX Ja CE€ CBele N0 MHMHHMYM pHUCKa 3a TEXHUTE KIIMEHTH,
HaMaJsiBaHe Ha pa3XoJHTe, yBeIMYaBaHEe Ha I'bBKABOCTTA U HaMalIIBaHE BPEMETO 32 ITyCKaHe
Ha Iasapa.

1.2.1. Komnanusa ( pupma, kopnopayus) ,, FERROPIPE” - Mym6aii, Hnous
1.2.2. ,,OMET'A" 004
1.2.3. @upma Xvc OO

1.2.4. @upma ,, Mezanpogun* (“MEGAPROFIL”)
1.2.5. Komnanuama ,, Cmutiiumnexc

1.3. IlpousBoauTesu Ha MeTaJl

I3

1.3.1. Komnanusma ,, ApcenopMuman "
1.3.2. Maenumozopcku memanypauier KOMOUHam
1.3.3. 3anopoorccman

1.4. AnapaTHu MeTOAY U MHCTPYMEHTH 32 MHTEJIMIC€HTHO H3MepPBaHe

1.4.1. Buoose onepayuu u Mmawunu 3a WaHyo8aHe
Upes mannoBanero (Pur.1.11; 1.12) ce moaAroTssIT MetaaHuTe oOpa3ly 3a TECTBaHE Ha
SIKOCT Ha OITBH [22, 23, 24, 25].

EIIHE[ OT Hal-M3IOJI3BAHUTE MAITUHU 3a ITaHIIOBAHE CC HapHU4a nNpeca U MOXKEC 1a C€ CbCTOU
OT €AHAa UKW HAKOJIKO CMCHACMU MATpHUIU. H_IaHIIOBaHeTO CC M3BLHpUIBA C PA3/IMYHU MPECH
(H_IaHI_[I/I), KOHTO UMaAT CJIOKHA KOHCTPYKIUA U CC ACIIAT Ha CICAHUTC KaTCrOpUU:

Asmopegpepamu na oucepmavuu 2022 (2) 29-70



MHOBATUBHW METOOWN 3A TEXHONOIMYHA OMATHOCTUKA HA ABTOMATUYHWU MALLHN 1 TNMHNA 34

» B 3aBHCHMOCT OT omepanusATa: IAHIU 3a ps3aHe, JAbIO0KO H3TEIISIHE, OI'bBaHE H
ApYyTH,

@ur. 1.11. XugpasnuuHa mpeca ®ur.1.12. Hlanamna [26]

» B 3aBUCHMOCT OT 3aroTOBKaTa, KOSTO MPOU3BEXK/IAT - SAMHUYHU WIH CIIBOCHHU IIAHIIH,
3a UBHIIH, 32 JJIEHTHU U JPYTH;

» B 3aBHCHMOCT OT NPUHIIMIIA HA JICHCTBUE - KOMOMHHPAHU WU C TIPOCTO JICHCTBHUE;

» B 3aBUCUMOCT OT KOHCTPYKTUBHUTE MIPUHIIHITH - €THOTIO3UIIHOHHU, MHOTOIIO3UIIMOHHH
U T. H.

1.4.2. Mawunu 3a mecmeane Ha AKOCH, ONbH, HAMUCK U 02bBAHE

1.4.2.1. CtanapTHU METOJIM 3a U3MUTBaHE
C u3nWTBaHUATA HAa SKOCT CE€ HW3BJIMYA WHGOpMAIUSA 3a ONpPEAcieHH MEXaHHUYHU
CBOMCTBA HA MaTEPHAINTE, BAYKHU 3a MMO-HATATHITHOTO UM H3ITI0JI3BaHE ITPH M3paObOTBAHETO Ha
pa3NUYHU AETalIN, MAllMHA U ChOPBXKEHHUS. Thi KaTo TECTOBETE 3aBBPIIBAT Hal-4ECTO C
paspyliaBaHe, HOPMAaJIHO € MPH TAX Ja ce padoTu ¢ MPOOHM Teja, a HE C TOTOBaTa MPOAYKIIHUS.
Ha ¢ur. 1.13 ca npeacraBeHu npoOHHU Tesla IPU IKOCT Ha OI'BH.

a) 6)

@wr. 1.13. O6pa3mu 3a AKOCT Ha OIBH: a) TPHOA; 0) TIIOCKO TSIIO C MPABOBI'BIHO CEUCHHE

6. YHuBepcasiHa MamMHa 3a skocT Ha ombH WDW-300, nokaszana Ha ¢ur. 1.16.

MaxkcuMannus kananuret Ha ToBapa € 300 kN, kato uzmepurenHusT ooxaar € oT 1.2 kN ~
300 kN. Tounocrra Ha ToBapa e +0.5%; OOxBara Ha ckopoctta € or 0.005 mm/min~
500mm/min 6e3ctenenHo. Pabora npu okonHa temneparypa ot 10 ~ 35° C u oTtHOocuTenHa
BiraxxHOCT < 80 % [32]. MakcuMaTHOTO JIBHKEHHE Ha obH € 600 mm, MaKCHMaTHO JIBYKCHUE
Ha Hatuck — 600 mm, mmpounHa Ha TecT obsact: 600 mm M MaKCHMaJIHO IBWI)KEHHE Ha
mrp3rada: 1350mm;
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> [TpunosxeHue U 00XBart:

KoHcTpyupana e 3a M3MMTBaHE HA OIbH, MpErbBaHe, HATUCK U T.H M3moisBa ce 3a
aHaJIM3MPaHEe HA MEXaHWYHHM CBOMCTBA Ha MeTasl M HemeTal. [loaxopsiia e 3a u3Moia3BaHe B
HAay4YHHU U U3CIICAOBATCICKU UHCTUTYTHU, KOJICKU U YHUBCPCUTCTH, HCHTPOBC 3a KOHTPOJIMPAHEC
Ha Ka4eCTBOTO ¥ KOHTPOJ HA CTOKHUTE.

@ur. 1.16. YHuBepcanHa MalnHa 3a sikocT Ha omrbH WDW-300

OnepaniOHHHUSAT TPUHIUI HA JBUTATENIi HAa MallMHATA Pa0OTH C XHUAPABINIHO
3aJIBUYKBaHE C IPUCIIOCOOJIEHNUS 3a OIIBH 3a IuIocKa 4estocT oT 0 + 21 mm u ¢ KpbIia 4eatocT
oT 9 + 26 mm. MamuHata UMa ¥ MEXaHUYHO 3aJBI)KBAHE 3a MPUCIIOCOOJICHUS 32 OMBH 3a
rocka yemocT ot 21 + 30 mm u ¢ KpbIvia yentocT ot 26+40 mm.

1.4.3. U360p na cnexmpannu anapamu

CHeKTpa HHST aHAJIA3 MTO3BOJISIBA JIa CE Ch3/1aJIe PAa3HOBUIHOCT HA €JICMECHTHUS aHATU3
— aTOMHUSAT CIIEKTPAJICH aHAJIN3, C KOUTO MOXKE KOJIMYECTBEHO JIa CE ONPEIEIs ChBPIKAHUETO
Ha Pa3IMYHA CJIEMEHTH B TIP0o0a OT BEIIECTBOTO YPE3 pasliaraHeTO UM JIO ATOMH WJIM HOHH B
IIaMbKa WIH B eJeKTpudyeckata abra. CIEKTPATHHIT aHAM3 € CHhBKYITHOCT OT (DU3HYHU
METOJIM 33 KOJHMYECTBEHO M KAUECTBEHO ONpEISIsIHE Ha ChCTaBa HA BEIIECTBaTa upe3
W3Clie/IBaHEe Ha TEXHHUTE CIeKTpH. CHOTHOMICHHETO MEXIYy ChCTaBa Ha JIAJCHO BEIISCTBO U
€IIEKTPOMArHUTHUS CHEKTHp, M3IBUEH WM TOrBIHAT OT HEro, MO3BOJIABA CIEKTPATHHSIT
aHaJlM3 J1a Ce M3IMOJ3Ba KaTO YyBCTBUTEJIECH, OTHOCUTENHO JIECEH U OBbp3 METO] B HAYUYHUTE
W3CIIeIBaHMS, B IPOMHUIIUICHOCTTA U JIPYTH 00JIaCTH

1.4.4. Mexanuunu cpeocmaa 3a uzmepsame

MexaHUYHUTE CUCTEMH 3a U3MEPBaHe U KOHTPOJI Ha (PU3UYHU BETUYMHU Ca Hall-MacoBO
U3MOJI3BaHU CUCTEMH B UHAYyCTpHsTa. Te 06XBalaT MEXaHUYHUAT IPUHLIMI Ha B3I pUEMaHe
U mnpeoOpa3yBaHe Ha HM3MEpBAaHAaTa BEIUYMHA, KAKTO HA BBHIIHHU, Taka U Ha BBTPELIHU
MOBBPXHUHM OT L1yOsepHu ypeau (¢ur. 1.22), mukpomerpuunu uzMepBatennu ypenu (dur.
1.23), u3mepBaTeIHY TJaBU U CTOWKHU U T.H. [37].

Our. 1.22. Enexrponen uryonep INSIZE [38] @ur. 1.23. MukpomeTsp
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1.4.5. Hsmepsane u Koumpoan Ha pu3u4HU eTUUUHU

[Ipod. Xp. PaneB ¢ Tpu paznuyuHu KOJIEKTUBA, MpEeAaraT 1 pasriiexkaaT TpU METOINKH 3a
M3MEpBaHE U KOHTPOJ Ha ¢usnuecku Benuunnu [40, 41, 42].

B mepBara [40] myOnukanust KOJEKTHBBT pa3padOTBa OPUTHHAICH METOJ 32 M3MEpBaHE
JUaMETPUTE Ha OTIOBOPHHU POTALMOHHM IOBBPXHUHM Ha rojiiMO rabapuTHu Bajiose. B
OMMCAHUETO HA METOJIa CE Ipeiara MpuHIMITHA cXxeMa Ha usmepBaneto (dur. 1.26) [41], [42].

@ur. 1.26. CxeMa Ha U3MepBaHe Ha JUaMeTpU Npu O6a3upaHe Ha Bajia Ha IIEHTPUTE Ha
METaJIopesKella MalluHa

1.4.6. 3D xomniomwvpHa momozpaghus

3D ckeHepbT (KOMIIOTHpPHATa ToMOrpadus) € HEMHBa3WBHA IpoOLEAypa, MPU KOSITO ce
M3IIOJI3BA CIICIMANIEH PEHTI'CHOB amapaT, CBbp3aH ¢ KOMIIOTHP, KOMTO Ch3/1aBa MHOXKECTBO
M300paXk€HMs Ha 4acT OT TSJI0TO, KOSATO € HeoOxoaumo 1a Obe u3ciensana. Ha 0azara Ha Te3u
1300pakeHUs] KOMIIOTHPBT CUHTE3UPa TPUU3MEPEH MOJIEN Ha 3aCHETUTE CTYKTYpH.

3/1 xoMmioTbpHaTa TOMOrpadus HaMUpa TOJIIMO MPUJIOKEHHE U B aHAJIU3a Ha Pa3INYHU
MaTepuaid. 3a aHalu3a Ha JIMHEHHWTE BEMUYMHU LIMpUHA U JebenuHa ce u3nonsBa 3D
uHAycTpuaieH kommtoTbper Tomorpad Nikon XT H 225 (dpur. 1.29) [43, 44].

@wr. 1.29. 3D unayctpuanen kommioTbpeH Tomorpad Nikon XT H 225
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Kommrorsprara Tomorpadus (CT) ocurypsiBa BUCOKa TOYHOCT M UMa CITOCOOHOCTTA 1A
W3clieIBa BHTPEIIHU U BHHITHU pa3MepH Ha MPeJoCTaBeHUTe oOpasuu (IpoOu, 3arOTOBKH).
OcBeH TOBa OcuUTypsiBa JONBJIHUTENIEH IOIVIE]] Ha BBbTPEUIHATa MHUKPOCTPYKTypara Ha
u3cieBaHus 00CKT, KaTo IO U3cje/lBa 32 HEXOMOTEHHOCT.

1.4.7. Buooee npunmepu 3a 3D neuamane Ha enemenmu

3D neyaranero € MeTOJ 3a Ch3/laBaHE Ha MPOTOTHUIIU U € €UH OT Hali-Obp3uTe U Haii-
JOCTHITHA HAYMH 32 Ch3JaBaHe Ha MOTPEOUTEIICKH CTOKH IO Mmopbuka [45, 46, 47].

Hma HsKosKOo pa3nuyHu Metoa 3a 3D medar, HO HaW-IIMPOKO M3MOJI3BAHUTE Ca JBA
mpoleca: eIMHUAT € U3BECTEH KaTo MojelinpaHe Ha crorneHo otiarane (FDM), a apyrust e
crepeonutorpadus (SLA).

Kora na ce uznonszsa FDM npuntep:

1. Bbbp3o nporotunupane
W3rpaxxnane Ha eBTUHU MOJIEIH
CTpaxoTHO 3a TFOOUTETH U MTPOU3BOIUTENN
Koraro npenun3HocTTa 1 MOKPUTHUETO HAa MOBBPXHOCTTA HE Ca OT pelIaBallo 3HaYeHHe
obukHoBennte FDM mpuHTEepH MoraT /1a meyarar camo ¢ BucounHa Ha ciost ot 100 mo
300 mukpoHa.

N

Kora na ce usnonssa SLA npunTep:

1. Korato cnoxHHUTE HETailii W/WIM MHOTO TIajKaTa MOBBPXHOCT ca OT pelaBalilo
3HaYEHUE

2. Koraro 3apaBuHaTa U H3APHKIMBOCTTa HA MOJENla HE ca OT pellaBalio 3HAUYCHHE
(MozenuTe, HalIpaBeHH OT CMOJIA, MOTAT Jia IOCTPAJIaT, KOraTo ca U3J0KEHH! Ha CIHHIIE
3a MPOIBJKUTEIIHN TIEPUOJIN)

3. 3a cp3maBaHe Ha ¢GopMH 3a JieeHE 3a YJECHsSBaHE Ha MAacOBOTO IPOHM3BOJCTBO
(HampuMep OT MPOU3BOAUTENN Ha OMXKYTa WIM UTPAYKH)

4. SLA npuHTepbT MOXE Ja 1euvara ¢ BUcCo4rHa Ha ciiost ot 25 1o 100 mukpoHa.

1.5. AHanu3 Ha noaapb:KKarta HW INOBHIIABAHEC Ha IPOU3BOAUTE/IHOCTTA HA
MalllMHUTE

1.5.1. Onuma na Anonus- Kopnopayuu Towuba u Catixo
Tommba mposexa 3 kammanun [48]:

1. TlomoGpsiBane

- Mapxkerunr

- Ilponax6u

- Pa3Butue Ha TeXHOJOTMYHATA TIPOU3BOJUTEITHOCT

- Ilpou3BoacTBeHU BB3MOKHOCTH, MOAPHKKA

- MHoBaTmBHA NpOAYKIUS

- Kanpute- oOyuenue

1.1.Kamnanus, codpTyepHa TEXHOJIOTUS U OTIUYHU IPOAYKTU
TexHonorus 3a cb3aBaHe Ha BUCOKO peHTaOMIIHA OpraHu3alus Ha paboTa (cTpaTerus
IIPOrpaMH, YIPABJIEHUE Ha IMPOU3BOJCTBOTO, Y CHBBPIIEHCTBAHE HAa CpEACTBaTa 3a
IIPOU3BOJICTBO (MHOBALIYS).
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1.2.Kamnanus- mnoBUIIaBaHE Ha NPOM3BOAUTENHOCTTA. Jla ce cb3maae BHCOKO-
YyBCTBUTEIHA MPOIYKTO-OPUEHTHpPaHa OOIIHOCT ChC CBETKABUYHO OBP3U PEaAKIIUU.
Wsrpaxnane Ha cucTema 3a IUIaHUpaHe, pa3paboTKa Ha NPOAYKTH, pearupaHe Ha
nasapure, IOCTaBKM U paslpeneneHue, Obp3a peakius. [la ce moaabpixka TUaior C
nazapute. MUHUMU3HMpaHe BPEMETO 3a BHEJIPSIBAHE.

1.3.MnoBanus B mpoaaxOuTe 1 MapKeTHHTa
[{anocTHA cucTeMa 3a MOAbpKAHE IPOU3BOAUTENIHOCTTA Ha MamuHuTe- (I11IM, TPM)
(xopnopanus ,,INAX”- 3aBon ,,[{uky0a“)

- Ilocturane Ha MakcuMaigHa €(EKTHBHOCT Ha MAIIMHUTE B PE3ylNTaT Ha IIBJIHO
pasrppliaHe Ha YOBELIKUTE LIEHHOCTH M aKTUBHO Yy4YacTHE€ HAa BCHUYKHM WIECHOBE Ha
pabotHus xonekTuB. [logaprikkara ce H3BBPIIBA OT oneparopuTe. BHenpsBaneTo Ha
[1IIM Tpsi6Ba Aa ce POMEHU HAYHHA, 110 KOUTO PAOOTHUIIUTE Ca MUCJIETH U ICHCTBAIH
nocera.

- ExenHeBHO TEXHOJOIMYHO OOCIIy)KBaHE Ha MAIIMHUTE (CMa3BaHe, ITOYUCTBAHE,
IPUTATAHE U MpOBepka). MallmHUTe UMaT SIBHU NPU3HAIM Ha ObP30 U3HOCBAHE B T.4.
Ipa3HU XOJA0Be, Jy(TOBE, 3aMBPCEHOCT, U3TUYAHE HA Maciio U Ap. PBKOBOACTBOTO
TpsiOBa TBBPAO 1a nprioxu [1TTM

1.5.2. Onmumanna np0u3600umeﬂﬁocm Ha aemomamudrnama mexHuxka

CTpeMe>I<a Ha BCiAKa (1)I/IpMa € J1a IIOCTUI'HC OIITUMAJIHATA ITPOU3BOAUTCIIHOCT HA MAIITKUHUTC
C OCJI 1a CC€ IIOCTUTHC II0-TOJIIMa IIPOU3BOAUTCIHOCT U I1IO-MAJIKO pa3xodu. Ho TYK B€YC CC
HaMCCTBArT: I[a CC IIPOU3BLCIKIA HO-,Z[O6pO Ka4y€CTBO, IIOBHIIIaABAHEC 0e30macHOCTTa Ha pa60Ta,
OIlla3BaHC Ha OKOJIHAaTa CpEaa, HCO6XOJII/IMOCT OT IMO-BHUCOK MOpaJ.

Cocrosinuero Ha obopyaBaHeTo (AM u AJl, A Ha uenus TEXHOJIOTMYEH MpOIeC U
orepalu) onpeaesns Mpou3BOACTBOTO, KaU€CTBOTO, IOCTABKUTE, O€30MacHOCTTa U MOpaja.
Lenra e 1a ce cTpeMUM KbM ONTUMAJIHU CTOMHOCTH.

He moxe na ce roBopH 3a €()eKTUBHO H3IMOJI3BaHE HA MAIIMHUTE aKo T€ BHE3aIHO U
HENPEKbCHATO Ce MOBpeXKAaT. ToBa HapylIaBaHE HAa IPOU3BOIACTBEHUS IIPOLIEC BOJIU 10 HUCKA
IIPOU3BOJUTEIIHOCT, BJIOLIABAHE HA KauyeCTBOTO Ha MPOU3BEKIAaHATa NPOAYKLHS U
yBenuuaBaHe Ha Opaka. CremoBaTeNHO IIeNiTa € J1a Ce OCUI'YpsiBAaT MHOBATUBHU METOIH 3a
TEXHOJIOTUYHA TUarHOCTUKA Ha aBTOMAaTUYHHM MAIIMHU U JIMHUU KaTo ce cra3BaT (hakTopure,
npencTseHu BuB Our. 1.32 .

@ur. 1.32. Mozen Ha ¢pakTOpHUTE, BIUSACIINA HA KAYECTBEHOTO MPOU3BOACTBOTO
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3anpiokeHneTo Ha (upmara € Ja ch3aBa MHOBAaTMBHH METOAM 3a TEXHOJIOTMYHATA
nuarHocTrka Ha AM u JI, ocurypsiBamia Bb3MOKHO Hal-I0OpOTO CHCTOSIHHE M ONTHUMAaliHA
IIPOU3BOIUTEIHOCT, IPUAPYKEHA C KAYECTBO HA ITPOU3BEKIaHATA IPOLYKLHUA.

1.6. 3akurouenue:

B nacTosiaTa riaBa e HarpaBeH 0030p U aHAJIW3 HA pa3IMyHu IpousBoauTenu Ha ['B
u CB meranm u OBJITapcku W UYYKIECTPAHHU MPOW3BOAMTENN Ha TpwOu. [IpenacraBenu ca
pa3IMYHU THUIOBE MAIIMHU 32 IIAHIIOBAaHE HA JeTailau (MpoOHU Tena), 3a TECTBaHE 3a SIKOCT Ha
OI'bH, HATHCK W OT'bBaHE, CIEKTPAJHUs aHAJIU3 HA MATEpUald, MEXAHUYHU HU3MEPBATEIHU
CpeICTBa M Kak ce u3MepBar (pu3nyHu BenrnunHUu. OCHOBHOTO MpeAHa3HAuYEeHUE Ha MAIIMHUTE
3a SIKOCT Ha OITbH € aHAJU3UPAHETO Ha PA3JIMYHU TUIIOBE MarepHayd. Te ce M3mos3Bar 3a
aHaJIM3 Ha MeTaJa Mpe3 pa3IMyHUTE eTaly Ha IPOU3BOJICTBOTO MIPH MpepadoTKaTa Ha TOPEIIo
BAJIIYBaH B CTYJEHO BaJII[yBaH HUCKOBBIVIEPOJAEH MeTal. Pa3iensar ce Ha TpH TUIA: TECTBaHE
IIpY BHCOKa TEMIIepaTypa, IPU HUCKA TeMIIEpaTypa U Mpu cTaiiHa TemiepaTtypa. Pasrienan e
WHOBAaTUBHUAT METOJI 32 aHAJIU3 4Ype3 KOMITIOTbpHA ToMorpagus U BHIOBETE MPUHTHPALIN
ycrpoiictBa upe3 SLA u FDM. Pasrnenanu ca Mmoienu Ha ynpasineHnue Ha pupmute Lukyba u
INAX 3a aHanu3 Ha MOAAPHKKATAa W TMOBHUIIABAHE HA MPOU3BOJMTEIHOCTTa HA MAITUHUTE,
Bpb3kata Mexay [1I[IM, noaabpkaHeTo Ha BUCOKA MPOU3BOIUTEIHOCT M MPOdUIaKTUIHATA
MOJJPHKKA, KAKTO U ONTUMAJIHATA TPOU3BOJIUTEIIHOCT HA aBTOMAaTHUYHATA TEXHUKA.

I hasa 2

NHOBATHUBEH ITIOAXO0/ HA TEXHOJIOTUHX U TEXHOJIOI'MYHO
OBOPY/IBAHE

3a mpocnensBaHe Ha WHOBATUBHHAT TOJXOJ 3a W3MOJI3BaHE, BHEApSIBaHE U
eKCIUIoATalisl Ha TEXHOJIOTMHM M TEXHOJOTMYHO OOOpyABaHE c€ Ch3JlaBa periaMeHT,
MpociesBall MPOU3BOJACTBOTO Ha THHKOCTEHHU €JIEKTPO-3aBapEHHU 3aTBOPEHH MPOGUIH OT
cryneno BaniryBanu cromanu (CBC) [57, 58] B 3aBoa 3a mpou3BOACTBO Ha TpbOU U mpodumu
(3IITII) npiiepHO MpeanpusTHE Ha 3aBOJ 3a MPOU3BOACTBO Ha TPHOHU MeOEIH U KOMIIOHEHTH
(BIITMK), cxBMecTHO ¢ kommnanus UKEA.

M3non3BaHuAT MOAXOA MMa 3a LeJ Aa MPOCIeIn MOCIEA0BATEHO CThIIKA MO CThIIKA
BHEJPEHUTE MHOBATUBHU TEXHOJIOTUM M TEXHUYECKO OOOpyABaHE, peanusupaiiyd 0coOeHO
TPYAHOTO ChUYETaBaHE IPH ABTOMATU3UPAHETO HA HEMPEKBCHATUTE U JTUCKPETHH, OCHOBHU U
CrioMarateflHd MpoLEeCH W ONEpalMH, OCUTYPSBAIM M TMOCTUTAUId BHUCOKU TEXHHUKO-
MKOHOMMYECKH TIOKa3aTeI C OCUTypeH ISJIOCTEH KOHTPOJ Ha MaTepuai, o0opyJBaHe,
paboTHa cuiia, pUCK, 3alla3BaHe Ha OKOJHATA Cpe/ia U T.H.

2.1.2. HM3nonzeanu mapxu cmomana

CypoBuHara, KoiT0 ce 00paboTBa B 3aBoJia ca ropeio BaiyBanu pynonu (I'BP) [61-
65] u cryneno BanuyBanu pyionu (CBP). Ternoro Ha pynonure Bapupar Mexay 7-14 ToHa u
mupunn 1010, 1105 n 1135 mm. JlocTaBst ce ¢ ToBapHM KaMHOHH, pa3ToBapBaT c€ ¢ MOTOKAp
(16 T) unu ¢ xpan (20T). 'BP B moBeueTo cinydan ce pa3KposBaT Ha JABE MOJIOBUHU HAAIBHKHO
U TOraBa C€ HacoOYBaT 3a M3IIBIHEHUE Ha TEXHOJOTMYHHS MIpoliec TpapieHe (OaiiiBaHe) Ha
HenpekbcHat TpaBuieH arperat (HTA). Ho nossikora, korato pyJIoHUTE ca TBbPE FOJIEMH, TE
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Ce pa3KposABaT Ha 4 YacTH- HA/UTHKHO M HAIIPEYHO 10 JOCTUTAHE Ha MOIXOIAIINTE HapaMeTpu
3a mupuHa 10 600 mm u tero a0 6,2 MT Ha nocienBamoTo TeXHoIornyHo ooopyasane. CBP
ce pa3kposBaT (pa3(acoBaT) IUPEKTHO HA IPUIICOBE 110 MOPBUKATA 3a CHOTBETHUST pazMep
npoduim TpHOU.

Ha ®wur. 2.1. ca moka3aHu HEOOXOAMMHUTE H3MOJ3BAaHU CTOMAaHHU, OCHTYPsBAIIU
MIPOU3BOJICTBOTO HA TPO(MUIM OT THHKOCTCHHH CTYICHO BAJIIYBaHU €IEKTPO-3aBapeHU
cromanu, otroBapsmu Ha crangaptute o b/{C, DIN, EO, EN, IKEA.

Bceuuku I'BP, CBP, nonpynonu u nipurcoBe ce Bpb3Bar (OIMaKkoBaT) ¢ 4eMOep JICHTa,
OCHUTYpsIBallld TH MPOTUB pa3Bbp3BaHe (camopa3zmoTaBaHe). JIorucTukara B 3aBojia OT II€X B
LI€X, OT arperart J0 arperaT ce U3BbPIIBA OT MOTOKAp WM OT KpaH.

TexHoNornuyeH npotec

M3nonseaH

matepuan Mpouseeaexu,
Bxoa no CTaHAapT TbHKOCTEHHW €NeKTpo-
« 3aBapeHu CTyAEeHO
o® Uzxoa
cg\,\ o BanuysaHn npoduam
o 0('0 030‘3’0’ no cTaHaapT
A

OOX\ o
5135\?\

EN 10130

N 10130

N 10140

EN 10305-5
EN 10139

EN 100252

CTaHaapTv Ha MapKu CToOMaHa

@ur. 2.1. U3non3Banu MapKky CTOMaHa M CbOTBETCTBAIIM CTaHIAPTH

2.2. Excmiioatanusi Ha MHOBATUBHHM TE€XHOJIOTMH U TEXHOJOTUYHO 000pyIBaHe

Ha ®wur. 2.2. e nokazaHa cxema Ha BHEJIpEHU WHOBATUBHU TE€XHOJIOTUH, OCUTYPSBAILIU
WHOBAaTHUBHOTO OOOpY/BaHE 3a MPOU3BOJCTBO Ha THHKOCTEHHU €IIEKTPO-3aBapeHU 3aTBOPEHU
npodunu ot CBC, ocurypsiBaiu npear BCHUKO COOCTBEHOTO MTPOU3BOJICTBO HA TPHOHA MeOen
Y 32 BbHIIHU KIMEHTH. EqHOBpEeMEHHO ¢ mpociensBaHe Ha YIPABICHUETO, IPOU3BOJICTBOTO,
KOHTpOJIa TI0 Ka4eCTBOTO CTHIIKA MO CTHIIKA C€ BHEAPsBA U HU(poBU3aIUATA HA ,,CTETHATOTO
MPOU3BOACTBO.
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2.4.J1oxxox 3a KOHTPOJI HA KA4eCTBOTO HA LIPHIIC

[ToaxoabT MoOCIENOBATENHO NPOCIEASIBA U aHAIM3HPA ONEPALUOHHUAT KOHTPOJI IPU
TEXHOJOIMYHATa peanu3auus npu npousBoacTBoTo Ha wmpunc or CBP wmu I'BP. Tosu
Pa3KpoeH MO CTaHJapT JICHTOB IIPHUIIC € OCHOBA 3a MpoduiInpaHe U KaTuOpoBaHe HA TPHOU U
npodwIn B MPEHACTPOWBAEMH ABTOMATHYHU TPHOHH JIMHUU HA MPOAYKTAa THHKOCTEHHH
€JIEKTPO3aBapPEHU 3aTBOPEHU MPOPHIIH.

JanHure ce BpBexaar B IT koMmMIoTbpHaTa CUCTEMa HA CbPBBPA, OT KBJIETO BCEKU
PBKOBOJIUTEN M 3aUHPEPECOBAH MOXE Ja CJEeId CBhCTOSIHUETO Ha JaJeHa IOpbhyKa-
BPEMETPAHETO M OIEpalMUTe, MPE3 KOUTO € IpeMuHan Mmetana. Ceb3najneHa € cucrema 3a
ynpasieHue Ha kadecTtBoTo (CYK), xosTto mpencrtom na ce ceprudunupa mo ISO 9001.
[Ipunaranero Ha Ta3u mpoleaypa KMMa 3a LeN Ja OCUTYPH IIOCTOSIHHAaTa akTyalHOCT,
anexkBaTHOCT U epukacHocT Ha CYK, BKIIOUMTETHO Ha MMOJIUTUKATA U LEIUTE 110 Ka4YeCTBOTO,
Jla TapaHTHpa HENpeKhCHATOTO W mojoOpsiBane. C 1men oOCHXKAaHE Ha TEKYIIM 3ajJlayH,
npoOiieMy, TPOEKTH U pa3pabOTKU MoOraT Ja ce€ MPOBEXKIAT ChOpaHHS E€XKEIHEBHO,
€XKECeIMUYHO WM €XKEeMECeyHO MmoJ (hopMaTa Ha ONEPATUBKH MEXKIy OTACITHHTE 3BEHA B
Opranuzanusira.

Tabnuua 2.11. IIpouenypu mo KOHTPOJ HA Ka4E€CTBOTO
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CrotHomenneto Ha goctaBeHus ['B kbM CB metan e 95% kbm 5%, kato I'B ce pazaens
Ha 2 rpynu: 3a MPOU3BOATCBO Ha TPHOU U 3a IIaHIloBaHe B choTHOIIEHUE 77% kbM 18%, Our.
2.8.

[IpousBeneHara npoayKIus OT TPHOU U MPOQUIIN € ITpeTHa3HAuEHA 33 eKCIIUIULUS KbM
ocHoBHara ¢upma 3I1TM u BbHIIHM KIHMEHTU- U3HOC B choTHOIeHue 70% na 30%, dur.2.9.
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2.5.AHaqm3 Ha nedexTuTe
2.5.1. [edektu, noay4yeHH Mpy IPOU3BOJACTBOTO/ IECHETO HA CTOMaHa
2.5.2. Jledbektu, NpuUUMHEHU MPH TPOU3BOJCTBOTO Ha TONy(haOpHKaTUTE TOPEIIO
BJIILyBaHU PYJIOHH
2.5.3. JledexTn, MpUYMHEHN TPU MPOU3BOACTBOTO HA MOTY(PaOpPHUKATHTE CTYACHO
BJIILyBaHU PYJIOHH
2.5.4. JedexTy, Bb3HUKBALIH 110 BpeME Ha IPOM3BOACTBOTO HA TPHOU M KOHTPOJI HA
Ka4eCTBOTO
2.5.5.
2.6.3akr0ueHue:

B I'maBa 2 ca mpeacraBeHH NMPOU3BEKIAHUTE TPBOM U NMPO(UIM, U3MOI3BAHUTE MAPKU
CTOMaHa W ChOTBETCTBalIMTE CTaHAapTH. [IpencTaBeHa € cXeMaTWUYHO U 4Ype3 OIUCAHUE
eKCIUIOATAlUATa Ha MHOBaTUBHU TEXHOJIOTUM U TEXHOJIOTUYHO 000pyIBaHe, KaTO ca OIMCAHU
BCUYKH 3B€Ha B 3aB0JIa, KAKTO M KAaKBO C€ CJIEJM 32 KOHTPOJIA Ha Ka4eCTBOTO: HETPEKbCHAT
TpaBUJICH arperat, €IHOKJIETKOB BajIlloB cTaH 700, TepMUUEH y4acTbK, arperar 3a HaJUIbXXeH U
Hampe4yeH pa3Kpod, aBTOMATHYHU TPHOHH JIMHUHM, TPOMACiIsgBalla CTaHLUSA, OTJIEI
KOHCTPYKTOp M IPOU3BOJCTBO Ha MHCTpyMEHTH. lIpemnoxeH e moaxon 3a TEXHOJIOTHYHA
peann3anusi, KoTo 00XBallla CThIIKM HAa IPOU3BO/ICTBEHHU U CIIOMAraTeIHU MPOLECH, ONIEPALIUN
1 KOHTPOJ 32 KOJIMYECTBEHO U KaU€CTBEHO YCTAHOBSIBAHE, JIOKYMEHTHPAHE U IIPEJCTaBsIHE Ha
roroBaTa IpoAYKIHMs Ha ckiaaa. Onucanu ca pakTopuTe 3a KOHTPOJI HA KauecTBOTO. BHepsiBa
Ce cHucTeMa I10 YIIpaBJIEHUE Ha KaueCTBOTO upe3 U pOBU3aLMsI HA ONIEPaTUBHUTE JOKYMEHTH.
Onmcanu ca JedeKTUTe, KOUTO BH3HUKBAT OT TPOM3BOJACTBOTO HAa CTOMaHa JI0
MIPOU3BOJICTBBOTO HA TPBHOU M MPOPUIIH.

[ nasa 3

CBb3JABAHE HA METOJIHMKMU 3A ITPOBE’KIAHE HA
HUHTEJIMI'EHTHO U3CJIE/IBAHE

CpcTaBsHETO HA METOAMKA € U3KIIIOUNTENHO Ba)KHO 3a NPOBEKIAHE HA M3CIIEC/BAHUS.
[ToBTOpsieMOCTTa MpU METOOUKUTE M IIOCIEJOBATEIHOCTTA HA JEHCTBUATA U IPOLECUTE CE
rapaHTupa YHU(UIMPAHOCT B MoJydyeHHTe pe3ynaTtatu. Heobxoaumo e ga Obae oObpHATO
BHUMaHME Ha penia (pakTopyu 3a pa3IuuHUTE U3CIIEIBAHMSL.

3a Mpou3BOJICTBOTO HA TRHKOCTCHHH TPHOH OT CTYJ/ICHO BaJII[yBaHa CTOMaHa 3a TpPhOHA
Me0en W JAPYyru U3JeNus Ce€ HW3MOJ3BaT peAulla TEeXHOJOTMYHHM TPOLECH U Olepalu,
peanv3upaHd HAa WHOBAaTMBHU aBTOMATMYHU MAIllMHW, ABTOMATUYHHM JIMHUM W arperaru,
ChOPBKEHU C HEOOXOAMMaTa TEXHOJOTMYHA EKHUMHPOBKA M CHBPEMEHHOTO MM ITHU(PPOBO
ynpasieHue. ToBa Hajmara Ja ce€ CbCTaBU METOJOJOTHS 3a WHTEIMIEHTHO W3MEpPBAHE Ha
MPOU3BOACTBOTO UM, KOSITO BKJIFOYBA 13 METOAMKH:

1. Metoz 3a TeXHOJIOTHYHA MTOATOTOBKA Ha 00pasel/ enpyBeTka
2. CwobcTaBsiHE HAa METO/IMKA 32 TECTBaHE Ha 0Opasel] (MpPOOHO TAI0) 3a U3MUTBAHE HA SIKOCT

Ha OITbH

3. CnbcTaBsiHe HA METOJUKA 32 TECTBaHE Ha JIMHEWHaA MacTHUYHa JedopMalus Ha TBbPAO
TSII0

4. C1>3z[aBaHe Ha MCTOAHKA U CKCTICPUMCHTAJIHO U3CIICABAHC HAa BBIJICPOAHA CTOMAaHa Ipu
OI'bH
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5. Mertoauka 3a MOATOTOBKA U MPOBEKAAHE HA CIIEKTPAJICH aHAJU3 Ha METAIHO MPOOHO
TSIIO

6. CbcTaBsiHe Ha METOJIMKa 3a MPOCIENSBAaHE MEXAaHWYHHTE XapaKTEPUCTUKU TIPU
M3NUTBaHE HA ONBH Ha TNPOOHM Telda Ha HUCKOBBIVIEPOAHA CTOMaHa IIpU
TpaHcopmanuaTa i OT FOPEIIO BalllyBaHa B CTY/ICHO BaJll[yBaHa JJaMapHHa

7. CbcraBsSHE Ha METOAMKA 33 MHOBATUBHO MPOM3BOACTBO Ha BHCOKOSKOCTHA CTYICHO
BaJII[yBaHAa CTOMAaHa 3a IIPELU3HH €IEeKTPO3aBaAPEHU TPHOU

8. CobcraBsHe Ha METOJAMKA 3a WHOBAaTHBHO M3MEpPBaHE HAa T'€OMETPUYHUTE
XapaKTePUCTHKH HA METAIHO MPOOHO Ts10 ype3 3D kommoThpeH Tomorpad

9. IlpoexkTupaHe Ha HOB THII MHOBaTUBEH Jbpkad Ha NPOOHO TsAI0/ obOpasen c
MPaBOBI'BIHO ceueHue 3a 3D KOMIIOTBPHHUAT TOMOTpad

10. ChcTaBsHE METOIMKA 33 AHAIM3HWPAHE XAPAKTEPUCTHKHUTE HA MPOOHO TSIO Tpenu
3aTOYBAHE Ha IaHLA

11. CbcraBsiHe HA METOJMKA 3a M3CIEIBAaHE TBBHPAOCTTA Ha pabOTHH BaJOBE Ha CTaH 3a
CTYJICHO BaJIIlyBaHE

12. CbcraBsiHEe HAa METO/IMKA 32 MEXaHMYHA 00padOTKa M rpanaBoCcT HAa paOOTHUTE BAJIOBE
3a peBEpCHUBEH CTaH 3a CTY/IEHO BaJIl[yBaHE

13. CbcraBsiHe HAa METOIMKA 32 TECTBAHE I'PAIlaBOCTTa Ha HUCKOBBIJIEPOIHAA CTOMAaHa CIIe]]
CTYJICHO BaJlllyBaHe Ha peBepcuBeH ctaH 700

3aki0ueHue:

CscraBenu ca 13 Oposi METOJMKHM, KOUTO ca B ITIOMOII Ha IPOBEACHUTE E€KCIIEPUMEHTH
B I'1aBa 4. CTpUKTHOTO clla3BaHe Ha METOJMKHUTE MOXKE J1a IOIPUHECE 3a MO-TOYHU PE3yJITaTH
U MHTEJIUIeHTHO u3cielBaHe. M3BbpIIBaHETO HAa EKCHEPUMEHTU IO METOAMKHUTE BOJIAT IO
HaMaJisiBaHe Ha Opaka MpH MPOU3BOACTBO Ha TPHOU U MPOPHIIH.

[714B4 4

ONMUTHU PE3YJITATH IIPU TEXHOJIOT MYHA TMATHOCTUKA HA
ABTOMATUYHU MAIIMHU N JINHUHN

4.1. TEXHOJIOTTYHA MOJATOTOBKA HA OBPA3EI/ ITIPOBHO TAJIO

[IpoGHuTe Tena, HapUYaHU OIIE ENPYBETKHU Ce MOATOTBAT IO cTaHaapT, Yact 1: Meton
3a U3NMUTBaHe Npu craiina temneparypa BDS EN ISO 6892-1.

4.1.1. Dopma

OOHMKHOBEHO TeCcTBaHMTE OOpa3lM TpsOBa Ja MMAT YIIMPEHHUs B JBaTa CH Kpas Ha
napajenaHaTa AbDKMHA, KOUTO CE€ 3aXBallaT 3a YEIIOCTHTE Ha MalIMHATa 3a SIKOCT Ha OIbH.
JlpyraTa npuuuHa Ha TE3W YIIUPEHHS € J1a ce n30erHe CKbCBAaHEeTO Ha Mpodara B y4yacThKa Ha
3axBalllaHe C YeNIOCTUTe Ha MalluHata 3a wu3nurBaHe. [lapanennata abmkuHa Le TpsiOoBa
na ObJe CBBbp3aHa ¢ KpauiaTa Ha MPOOHOTO TSJIO C MOMOIITA HA KPUBH HA MIPEXOJ C pasnyc
oT Haii-manko 20 mm. Illupunara Ha Te3u kpauia TpsOBa na Obae >1,2 by, KbIeTO by €
OpHUTHMHAITHATA IMPHHA.

4.1.2. Pasmepu na npobHo msno
Pasmepute Ha mpoOHOTO TsI0 ce ompenensaT oT Tabmuma 4.1, a gomyckure ce
croOpaszsBaT criopea Tabmuma 4.2. B HammsaT ciny4ait Hue cMe u30paid THI Ha TTPOOHO TSIIO
Ne 2 ¢ mmpuna 20+1 mm.
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[Tomy4eHOTO MPOOHO TAJIO € ChC CIETHUTE PA3MEPH:
b0- 20 mm, mupuHa Ha ymupenusTa 30 mm,;

Lc- 120 mm;

LO- 80 mm;

Lt- 180 mm.

4.2.A350P HA TEXHUYECKO OBOPY/IBAHE

4.2.1. Mawuna 3a mecmeane Ha AKOCM HA ONBH

Bcuuku MexaHUYHY TECTOBE HA METATHUTE 00pa3Iiy 1O BpeMe Ha pa3InIHUTE €Talu Ha
oOpaboTkaTa ce U3BBPIIBAT C YHUBEpPCATHA €JIeKTpoMeXxaHnyHa TectoBa MamuHa WDW-300
(npencraBena B rnaBa 1). Cepusta WDW or KoHTposMpaHa ¢ MHUKpPOUMIT €IEKTPOHHA
YHHMBEpCAIHA MallliHa 32 TECTBaHE € MpeJHa3HaYeHa IJ1aBHO 3a OI'bH, KOMIIpEeCHs, Or'bBaHe,
cpsi3BaHe, o0enBaHe, pa3KbCBaHE, aOpas3usi BbPXY METall, T'yMa, IUlacTMaca, BJIaKHA, KOXKa,
IUTUTKA, TeJ, Kabel, CTPOUTENHM MaTepHalid, IbPBO 3a MPOBEpKA TEXHUTE MEXaHUYHU
XapaKTePUCTHUKH.

MakcumanHoto HatoBapBaHe Ha onbH € 300kN, TouHocTTa Ha HatoBapBaHe ¢ 0,5%.
O6opyaBaHeTo MOXe Jia TecTBa II0cku oOpasuu oT 0 10 20 MM 1 KpbIiu o0pasiu oT 6 10 60
MM. YenmtocTHUTE I1aBU ¢ 00XBaT 10 20 MM pabOTAT ¢ XUIPABIIMKA, & YSIFOCTHUTE TJIaBH I10-
roemu ot 20 MM ce 3aTBapat ppuHO. CkopoctTa Moxe na 0b1ae ot 0,005 mm/min go 500
mm/min.

4.2.2. Mawuna 3a cnekmpanen anaiu3s

JpyroTo u3nosis3BaHo ycTpoicTBO 3a KOHTpoul Ha kauecTBoTo € BRUKER Q2 ION OES
MetasieH aHanuzarop [ 128, 129]. CnexkrpomerspbT Q2 ION u3BbpiIBa MeTanHus aHanus 3a 30
cekynau. Pabotu c apron. ToBa e yHHBepcallHa MHOroMaTpuyHa CHCTEMa 3a LSJIOCTHA
MpOBEpKa M KayecTBO Ha BXOJALIMS MaTepual Ha MeTaJHU cIulaBu. OCHOBHUTE MY
NPUIIOKEHNUS U METAJHUTE MAaTPUIM BKJIIOYBAT MEJ, aJyMHUHHH M KEIs30 MPH IMO-MaJKH
JeSIPHU, UHCIIEKIIMOHHU (PUPMH, PELIUKIMPaHE HAa METAIM U IPOU3BOIUTENN HA METAIIH.

4.3.II0ATOTOBKA HA TIPOBHO TSIJIO/ OBPA3EIL 3A IIAHIIOBAHE

IIpecaTta, KOATO ce M3MOJI3BA 3a IAHLIOBAHE € XUAPABIMYHA C €MHUYHA [IAHIIA 32 PsI3aHe
C IPOCTO JAEUCTBUE ChC 3aroToBka. OTBOPHT HA LIAHIATA 33 MOCTAaBSIHE Ha 3aroTOBKA € C
pasmepu BxII- 300x40 mm. IIlanniata € ¢ THIIOTUHHU HOXOBE W CIIEJ JIbJIra ynorpeda 1o
MOBBPXHOCTTA Ha MPOOHOTO TS0 MMa pbOYe, KOeTo TPsOBa /1a ce 3aYMCTU UM HOXKOBETE Ha
MaTpulara Ja ce 3ato4yar. Broporo e npenopbunTenHo. 3a 1a ce HapaBH KOPEKTHa mpoda 3a
SIKOCT Ha OITBH - JIMCTAa JJaMapuHa, KOWTO ce U3IO0JI3Ba TPsIOBa /1a € 10 MTOCOKA Ha BaIlyBaHe.

4.4.IlonroroBKa npu opa3MepsiBaHe M JHHEHHA IVIAaCTUYHA AepopManus HA
MeTaJIHO NIPOOHO TS1JI0

C moMortiira Ha MUKPOMETHP Ce U3MEpBa Ha TPU MecTa TUaMeThbpbT /do/ uiu qedbennHaTa
Ha MPoOHUTE TeNa Mo AbDKMHATA HAa pa0OTHUA y4acThk ¢ TOUHOCT 10 0,01 mm. [To usmepenus
Hal-Mall'bK TuaMeThp/nebenHa ce onpeaens MIolTa Ha HAPeYHOTOo ceueHue So. Cren ToBa
BBPXY paOOTHHS y4acThK Ce HaHACs M3MUTBATEIHATA IBJDKUHA lo. TS 3aBHCH OT cEYEeHHETO U
OT BUJIa Ha TPOoOHUS oOpaserl. 3a MOJyYeHUTE METaTHU EMPYBETKH ce pazuepTraBar Ha l,= 80
mm. [Ipu KpbIi0 HaNIpeYHo ceueHrne nMa cTouHocTH lo= 10.do 3a aprute u lo = 5.do 32 KbCUTE
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npoOHu 00pa3iu. [Ipu mMpaBOBIBIIHO HANIPEYHO CEYCHHE C TUIONI So, T€ Ca CHOTBETHO lo =

11,3v/So 3a aparute u 1,=5,65vS0 3a kbeute 0Opasiy. 3a MPEANOYNTAHE € H3MOI3BAHETO HA
KbcU TIpoOHU 00pasim. ToBa pazuepraBaHe ce MpPaBH, 3a Ja MOXKE CIIe]] TECTBAHETO U Jia Ce
M3YHCIU yabIKeHuEeTo Ago%, mm [130-136].

Cren 0603HaYaBaHETO HA M3MHUTBATEIHATA IBJDKUHA |0 TI1aBuTE Ha MPoOHMS oOpaserr ce
MOCTABSIT IEHTPUPAHO B YEIIOCTUTE HA M3MUTBATEIIHATA MAIlIMHA M C€ HATOBAPBAT IJIABHO
(TIOCTETIEHHO) Ha OITHH.

Ha ¢urypa 4.6 e nokazana rpaduka, KoATO € TUIIMYHA 32 TECTBAHE HA AKOCT Ha OI'BbH.
[Tokazanu ca onpeeneHus 3a yaIb/KeHNEe, HeOOXOAMMH 33 aHaJIi3a Ha POOHO TS0, KbJETO:

- Ac MPOUCHTHO YABJDKCHUC CJICA CKbCBAHC ( HU3YUJIICHO OT CKCTCH30METHhPA NI AUPCKTHO
Lu-Lo

OT MPOOHOTO TI0)- Ao, = x100;
Lo
ALm Rm
- Ag e nnacTUyYHO yABJDKEHHE IIPU MaKCUMallHa cuiia- Agoy, = (7 - E)XIOO;
ALlm

- Agt e TOTaIHO MPOIEHTHO YABJDKEHUE MTPU MaKCUMaJlHA cujia- Agty, = 7}(100;
- At e TOTaJHO MPOIEHTHO YABIDKEHHUE CJIe]l TOTATHOTO CKbCBAHE,

» AL
- ,, " e IPOUEHTHO yAbJDKEHUE; Aty, = L—efxlOO;

- IMg € HAaKJIOHA Ha CJIaCTh4YHaTta 4acCT OT l"pa(bl/IKaTa HAIpEKCHUC-IIPOLUCHTHO YABJIKCHUC,

- R e Hanpexenue;
Fmax

- Rm e sxoct Ha ombH- Rme, = x100;

So
- /e e 30Ha HAa YIbJH)KaBaHE;

- Le e oOxBara Ha u3MepBaHe (€KCTEH30METHPA)

Ae

\e/2
—_— -

>

mg

o
P
o

'
- — -

®ur.4.6. I'pacduka, TUIIMUHA 32 TECTBAHE HA AKOCT HA OITBbH
3a 1a cMe CHTypHM B pe3ysiTaTa € HeoOXOAMMO Ja C€ HampaBAT MHUHUMYM IO 3
n3MepBanus. KpallHUAT pe3ynTar € ocpejHeHaTa CTOMHOCT OT BCUYKHM U3MEPBAHUS.

B Ta6J'II/II_Ia 43¢ MMPEACTaBCH MPUMEP 34 U3UUCIIABAHC HA YABJIDKCHUCTO HA Hp06HO TAJIO
IIpH AKOCT HA OIIbH HA MCTAJIHO HpO6HO TAJIO OT HUCKOBBIJICPOJHA CTOMAaHaA.

Tabnuua.4.3 Hauanuu, kpailHU ¥ U3YMCIICHN TapaMeTpH 3a yIbJDKEHHE Ha TPOOHO TAJIO

Havannu napamerpu [TapameTtpu cresi CKbcBaHe W3uncnenu napamerpu
a, mm 20 Fm, kN 8.28 Rm, MPa 360

b, mm 1.15 A, % 32

Lo, mm 80 Lu, mm | 106 At,% 31.5
So, mm 23 Agt,% 22.5
Le,mm 120 mg,MPa 240 Ag,% 21
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4.5. ExciepuMeHTAaJIHO U3cjieIBaHe Ha 00pa3iM OT BbIJIEPOAHA CTOMAHA NP SIKOCT
HA ONbH

4.5.1. Hnuyuanuzupane na 6X0OHU napamempu npu mecmeare Ha SKOCM HA ONbH
Cien moaroToBkara Ha MPOOHOTO TSJIO, TCOMETPHUYHUTE IMapaMETpU Ce€ BBIACKIAT B
codryepHa nmporpama 3a 06padotka Ha nanau WinWDW Electronic Universal Testing Machine

TecTBaHUAT MaTepual, OT KOKTO ca u3pabOTEeHH 00Pa3IUTE/CPYBETKUTE € C MapKa CTOMaHa
DCO01(1,0330)= 08kp ot I'B cromana.

4.5.2. AHAJIH3 HA IIOJIVYEHHUTE PE3YVJITATH

C nen no-necHara oOpaboTKa Ha pe3yaTaTUTe ce ekcroptupar BB ¢aitn Ha Excel (¢wur.
4.10), kpAETO MOTraT Jia ce CHCTeMaTH3Upar cropes HeoOxoaumurTe mapamerpu. ChIo Taka
JMPEKTHO OT IpOorpamara MOKe Jla e M3TOTBU TECT PEMOPT C rpadyKa U KEIaHUTE apaMeTpH,
KOUTO € HE0OX0IMMO Jla PUrypupar B oT4eTa.

@ur. 4.11 I'paduxa na I'B metan

Crnen mpoBexJIaHe Ha M3MUTAHUETO codTyepHaTa mporpama 3a o0paboTka Ha JAaHHUTE
W3YHCIIsABA TTapameTpure, onucanu B Tabmuna 4.4. ETMHCTBEHO OTHOCHUTEITHOTO YIBIKEHHUE
A80,% ce m3umcIsABa PHYHO KATO CE M3MEPBA OT CIPYBETKATa, OCPEICTBOM IIyOJIep.

4.6. U3caenBaHe HAa XUMUYHHUTE NMOKAa3aTeJId HA BBIJIEPOAHA CTOMAHA

3a /1a € cUrypHO, Y€ JOCTaBeHaTa CypOBHHA OTTOBAps Ha IMapaMETPUTE MO CEPTUPUKAT ce
IMPaBAT KOHTPOJHU U3MCPBAHUSA HAa BCUYKU XapPaAKTCPUCTUKH. HeJ’ITa € aa C€ CBCAC 10 MUHUMYM
rpelika B W3TOTBSHETO HAa PSKUMHUTE Ha paboTa W TOJIYy4aBaHETO Ha YIOBJICTBOPSBAIIU
CTOMHOCTH Ha MeTajia CJIe/l Heropara rmpepadoTka.

Crnen 3anpuxo/iBaHETO HA PYJIOHUTE TaHHUTE Ha BCEKH PYJIOH CE BIIUCBAT B THEBHUK.
[IpaBu ce aHayn3 Ha MPOOH OT BCEKH PYIIOH U CE€ CPaBHSABA C TaHHUTE OT cepTudukara. OcBeH
TOBa c€ MpaBU U CpPaBHEHHE C JAHHUTE, HA KOUTO TpsAOBa Ja OTroBapsAT MO CTaHAAPT 3a
ChOTBETHATa Mapka croMmana, Tabmuia 4.5.
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Tabnuna 4.4 WM3uucieHnu napaMeTpy Opu SIKOCT Ha OI'bH

ITapameTrpu cjenq  CKbCBaHe, N3uucienu mnapameTpu oOT Pbuno
H3YHMCJIEHH OT  NporpaMara/ | KOMIThpa H3YMCIEHT
rpajgukara napamMeTpu
Fm, kN | 5,124 Rm, 325 E, GPa | 27,35 Asgo,% | 34

MPa
Fen,kN 3,672 Agt, |21 ReH, 230

% MPa
Fo kN 3,582 At,% | 30 ReL, 220

MPa

5, mm 36,14 Rp, 230 7.% 62

MPa

Rt, 147

MPa

Tabmuua 4.5 lanau ot xuM. aHanu3 Ha ['B Pynon, mapka cromana S235JR

C Mn Si Al Cu 3abenexka
% % % % %
Jannau no ceprudmkar 0,17 | 0,87 0,018 0,055 0,012 OTroBaps Ha
KonTtponna npoba 0,17 | 0,92 0,02 0,05 0,016 CTannapra
Jdannu 3a crangaprt S235JR, 0,17 14 0,55
max CT-TH

B noseueTo ciyyan CTOMHOCTUTE Ha XMMHUUYHHUAT ChCTaB OTrOBapsT HA IIOCOYEHUTE B
cepTH(HKaTa CTOMHOCTH, HO UMa ClIy4al B KOMTO C€ M0Jy4aBa IOJIIMO pa3MHUHABaHE KAKTO €
npeacraseHo B Tabnuua 4.6. ToBa BoAM 10 pa3MHHAaBaHE B CTOWHOCTUTE HA MEXaHUYHHTE
MOKa3aTeIu B I10-BHCOKM TPAHULM, KOETO aKO HE € ChOoOpaseHo e uma mpobieM mpu
TE€XHOJIOTUYHHUS MTPOLIEC.

Tabnua 4.6 CpaBHeHHE HA XUMUYHU U MEXaHUYHU [TOKA3aTENH 110 CEpTUPUKAT U CIIE]] TECT

Bun Mapka Ne XHUMHAYEH CHCTAB Rm Re A%
TIaBKa C Mn Si Al | Mpa) | (Mpa)
Mammmmo | DDIL | 9159211 ¢ 024 |0,008| 0320 | 38 | 285 | 33
ceprudukar
Kontponna
npo6a 0,08 026 |0,012] 0,033 | 410 | 335 | 29

4.7. TexHOIOTHYHA TIOCTAHOBKA M ONMTHU pe3yiaTaTtd oOT TpaHchopMauus Ha
MeXaHM4YHUTe XapakrepucTuku ot ' BP kbm CBP

3a u3cnenBaHeTo € u3Moi3BaH eAHOkIeTKoB craH (Rolling Mill with one roll), karo
M3IOJI3BAHUAT METAJl € ¢ BXOJHA jaebenuHa 2 mm u mupuHa 550 mm, Terno Ha pysoHa 6 t,
npousBeneH B Pymbaus ot ArcelorMittal Galati S.A. 3xoanaTa nebenuHa cies BalllyBaHe €
1,13 mm, cnen 3 mbTH NpeMUHABAHE NPE3 PEBEPCUBHUTE POJIKH.

4.7.1. Tepmoobpabomka na memana

» Jluarpama Ha cbcTosiHHeTO Fe-C
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°C
6-8h

80°C

@ur. 4.13. Jluarpama Ha CbCTOSTHUETO Ha JKEJIS30-BbITIEPO/I.

» Merogonorusata or auarpamata Ha ¢ur. 4.13 e ommcaHa upe3 Impoleca Ha
TepMooOpaboTKa, KOMTO MPOTHYA Ha 5 eTara:

1) llponyska;

2) HarpsiBane Ha metana a0 350°C 3a nepuof ot 3 vaca;

3) [Mocnenpamio HarpsBane Ha MeTana oT 300°C mo ~650°C 3a nmepuon oT 6 yaca,

4) Bp3aymHo oxiaxaane, A0Kato MeTansbT gocturue a0 300°C;

5) Bogno oxmaxaane ot 300°C qo 80°C.

[To BpeMe Ha HMKBJIA HA OTIPABaHE MPOTHUYA 3aIIUTHA I'a3, KOATO € cMec OT 96% a3oT u
4% Bopopoa. [IspBusT eran (IpoayBKa) € U3KIIOUYNTETHO BaKEH MPOLIEC M HEM3MEHHA 4acT
OT LMKBJIA, 3al0TO LENTa Ha MPEMUHABAHETO Ha Ta3W 3alUTHA ra3 € Ja U3rOHU KHUCIOpOJa,
KOHTO ce HaMMpa B MPOCTPAHCTBOTO MEXIY PYJIOHUTE. B mpoTuBeH ciydail 1ie ce moyyuu
OKHCJICHUE Ha METaa.

4.7.2.  Onumnu pesyrmamu

Iloka3zaH e XMMHUYHHUSIT CHCTAB Ha M3cieaBaHara cromada B Taomnuia 4.7. MexaHu4HUTE
CBOICTBA MO BpeMe Ha pa3IUYHHUTE €Tanu Ha 00paboTka Ha MeTala ca Mmokazanu B Tabmuia
4.8.

Tabmuia 4.7 XvMUU€eH CbCTaB HA M3CJIEABAHATa CTOMAaHa

C Mn Si P S
% % % % %
0.06 0.19 0.01 0.008 0.007

Tabnuma 4.8 MexaHMYHU XapaKTEPUCTUKH MOBPEME Ha Pa3jIMYHU €Tany OT TEeXHOJIOTUYHUS

nporiec
Rm Re A
Mpa Mpa %
I'BP 390 305 32
CBP 695 695 2.5
Canen otrpsiBane 355 255 33
Crnen npecupane 365 330 25
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3a m3nuTBaHUTE 00pa3Iy € 3aaaaeHa ckopoct ot 20 mm/min.

4.7.3. Jluacpamu om mecmeare Ha AKOCM HA ONbH

A) b)

B) I)
@ur. 4.14 Jluarpamu OT TECTBaHE Ha SIKOCT Ha OITBH:

A) I'BP, b) CBP, B) cnen otrpsiBane, ') cnen npecupane

4.8. UHOBATUBHO NPOU3BOJACTBO HA BUCOKOSIKOCTHA CTOMAaHAa

OT HanpaBeHUAT aHAIN3 Ha XapaKTePUCTUKUTE Ha Mapka cromaHa S235JR (EN 1.0038
Steel), Cranmapt EN 10025-2 ce yctaHoBH, 4e Ts ce q00IMKaBa 10 u3nckBaHusTa Ha E320 u
E370.

Ha ©6a3a Ha OCBIIECTBEHH EKCIEPUMEHTAIIHU JaHHU W aHAIW3U € U3pabdO0TeH
TEXHOJIOTUYEH PEKUM 3a IPOU3BOACTBO Ha TpbOU ¢ Mapka E320 u E370, cranmapt EN 10305-
3 u EN 10305-5 B 3aBUCHMOCT OT BXOJHHUTE JAHHM Ha Marepuana, XUMUYHUAT ChCTaB U
MEXaHHUYHUTE MOKA3aTeH.
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Crangapta Ha Mapka cromaHa S235JR pernameHTMpa MakcuUMaiHa CTOMHOCT Ha
BBIJIEPOTHUSIT CKBUBAJICHT:

CEV = C+y otV MU < .35 (4.1)
6 5 15

3a npousBoacTBoTO Ha cranaapt E320 naii-nobpure croiinoctu Ha CEV ca 0,23+0,30

4.8.2. Texnonoeuuen pexcum u OnUMHY pe3yamamu

Crnen ananu3upane Ha BXOJHUTE napameTpu Ha ['B cypoBuHaTa, KOUTO OKa3BaT, ue
MaTepUaTbT € MOJIXO/IAI 3a MPOU3BOACTBOTO HAa cToMaHa E320, MeTansT ce pa3kposiBa Ha
HeoOxouMaTa mupuHa, 6aiflBa ce (IOBLPXHOCTHO TTOYUCTBAHE OT OKAJIMHA, KOPO3US U
MPBCOTHS) U C€ U3TOTBA 3aJlaHUE 32 BaJIyBaHE CIIOpe]l XKelaHaTa nedenrnna. B Hamust
city4ai skenanara neoenusa € 1,0 mm.

[Tpu BamryBanero ot 2,0 mm Ha 1,0 mm OposT Ha macoBeTe ca 3:

I- 2,0mm—1,55mm 22.5%
2-  1,55mm—1,25mm 19.4%
3- 1,25mm—1,0mm 20%

Cren pexxrMa Ha BaJlllyBaHe Ce OIPEIeIis peXXUMa Ha OTrpsiBaHe U %o nedopmanus mpu
npecupane (ckuH nac). [Ipoiieca Ha OTrpsiBaHE ce ChCTOM OT HSKOJIKO eTara:

1) IlponyBka- l1uac (c 1ena U3roHBaHEe Ha KMCIOPO/a, IOCPEICTBOM 3alllTHA ra3 oT a30T U
BBIJIEPO.)

2) 1-Ba3agpwxka- 350°C/34: Harpssane na metana 10 350°C B npoabnkeHne Ha 3 gaca

3) 2-pa 3ampmxka- 620°C/ 20 muH. Ha Bceku TOH (moiuronusanus): [loBuimaBane Ha
temreparypara 10 620°C, a BpeMeTO ce Oompesens CIopesl KOJIWYECTBOTO METal B
TOHOBE 3a BcekH yac. Hanmpumep npu cren ¢ ToHax 24 T, ce mojiyyaBar 8yaca.

4) Oxnaxnane ¢ Bp3ayx 110 300°C

5) Oxnaxnaane ¢ Boaa ot 300°C +100°C

6) Pa3zonakoBaHe Ha pYJIOHHTE U €CTECTBEHO oxJjaxkaaHe a0 40°C

3a MpaBMIIHOTO OTYHTAHE HA PE3YNITATHTE CIIE] OTIPsSBaHE € HEOOXOAUMO J1a C€ TIOCTaBST
TpH TIPOOW Ha PAa3TUYHU MECTa, CHMYJIMPAHKH B3€MaHETO Ha Mpobda OT HAa4aJoTo, cpeaara u
Kpas Ha pyJioHa. Pesynrarure ot 3-Te mpobu ce ocpeaHsBarT.

Crnen tepmooOpaboTKaTa, pyJIOHUTE MPEMHUHABAT MPE3 OIIE €UH eTar- JIpecupane/ CKUH
nac. Ype3 Hero mMerasia CTaBa Mo-IbCKaB U MOBBPXHOCTHO ySKY€H. B 3aBUCMMOCT OT TOBa KOs
Mapka CTOMaHa HCKaMe Jia TOCTHTHEeM, NpOIeHTa Ha AedopmMaius NpH IpecupaHe cien
oTrpsiBaHe e pasnuyueH. Taom. 4.11.

Tabnuma 4.11. [IponieHT Ha AedopMaIHs TPU PA3TUIHA MAPKH CTOMaHa

Mapka cromana % Hedopmariust Mapxka ctomaHa % Hedopmariust
E320 3 E275 10

E370 4,5 E355 15

E420 6
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4.9.3aTouBaHe HA HIAHIA

3a MMPaBHUJIHOTO TECTBAHC HAa MCXAaHWYHUTC I10Ka3aTCIIH, JIMHEHHUTE My pasmMepu
(mmpuHa 1 1e0ennHa) TpsAOBA 1a ce CICIAT U Talk HOXKOBETE Ha IIaHIaTa aa He u3xaosr. [lpu
n3xa0CeHHM HOXKOBE ce Ha0IroaBa 3arydba Ha paBHOMEPHOCT 110 Iisutarta twiond [ 144, 145].

4.9.1. Ananu3 na ceomempudnume XapaKxmepuckuKu ¢ MUKpoMemuvp u uiyoiep u upes
3D komnromuvpen momoepagh npeou 3amousane Ha WAHYa 3a OMcudane Ha
MemanHu oopasyu

[Ipu mpuBexgaHe Ha CpeJHOAPUTMETHYHATA CTOMHOCT HAa M3MEPEHUTE UIMPUHH U
ne0eIMHU Ha TECTOBOTO TSJIO CE IOJIy4aBaT CICIHUTE IapaMeTpH:
- CtoliHOCTHTE Ha MPOOUTE, U3MEPEHU C MUKPOMETHP U IIydIep
a= 0,96 mm; b= 20,01 mm
- CroitHOCTHTE Ha TTpOOUTE, M3MEpeHHU ¢ 3D KOMITIOThpHA TOMOTpadus
a= 0,99 mm; b = 20,07 mm
AKO HanpaBuUM CUMYJIallMsl HA U3NUTBAaHE Ha AKOCT Ha ollbH, Tabnuua 4.14 npu cuna F= 6,5

F
kN, Ts1 e 0b1e n3unciena mo gopmyina Rm% = EXIOO Y TUION] HA HAPEYHOTO CEYCHHE S=

a.b, e mMoyYnM ciaeTHUTE CTORHOCTH:

Tabnuua 4.14: Cumynanus Ha U34UCICHUE HA AKOCTTA HAa OIIbH

WN3mepenu c: S, mm Rm, Mpa
Mukpomersp u | 19.2096 338
nryonep

3DCT 19.8693 327

Pesynararure nokaspar, ye CTOMHOCTHTE Ha NpOOUTE, U3MEPEHH C MHUKPOMETBHD U
uryosep, ce pa3inyaBar OT Te3H, u3MepeHu ¢ 3D koMmoTbpHa TOMOrpadus.

Ha ¢urypu 4.16 u 4.17 ca npencraBenu nzo0paxenus ot 3D koMmoTspHUS TOMOrpad
OT CKaHWpaHUTE MPOOHU Tella Ha JeOeMHaTa U ITUPUHATA UM.

®ur. 4.16 Uzmepena nedenuna ¢ 3D Tomorpad ®ur.4.17 Usmepena mmpuna ¢ 3D
Tomorpad

[Tpu oTcyaneTo Ha MPOOHOTO TAJIO Ype3 IIAHIIOBaHE, MIPH 10 MPOABIHKUTEIHA padoTa
ce mojy4yaBa U3HOCBaHe Ha Hoxa. ToBa sBneHue ce HabmonaBa Ha ¢wur. 4.18. Bucounnara Ha
yCeHbKa, KOMTO ce mmoiy4daBa € u3MepeH mocpectBoM 3D Ttomorpad. Cnen anammsa ot
KOMIOTHPHUS TOMOTpad ce BIXKAA SICHO, Y€ B IBETE CTPAHU HA MPOOHOTO TsJI0, edennHaTa €

3HAYUTEITHO TO-MajKa OT PeajHaTa, KOETO € CIEICTBHE OT 3aXa0CHUS HOXK MY IAHIIOBAHETO
¢ur. 4.16.
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4.9.2. Cpasnumenen auanus Ha 2eoMempuyHume XapaKkmepucmuxu npeou u cieo
3amoueane Ha npecama 3a OMcUdane Ha npooHU 0Opasyu

Crnen HanpaBeHuAT 3D KOMITIOTHPEH aHAIK3 HA 0Opa3ela, MOArOTBeH IPEIN 3aTOYBAHE
Ha TUJIOTUHHUTE HOXOBE Ha Ipecara SICHO ce BU3Yyalu3upa ACPEeKT MO MOBBPXHOCTTA MY.
[Topanu n3xabsBaHETO HAa HOXKOBETE c€ HAOJI0aBa CMayKBaHEe Ha MeTaja U Ae(opMUpaHeTo
My. Pazmepa Ha agedekra e 0,12 mm e nmokaszan Ha ¢ur.4.19.

Ot HanpaBeHHUTE U3CIIEABAHUS Ha IBaTa BUAa 00pa3Iy CTaBa SCHO, Ye IPH U3CIICIBAHUS
oOpa3zerr, MPOU3BE/ICH MPEIH 3aTOYBAHE HA HOXKOBETE Ce BIKAA Aeopmarus. . B kpanimara Ha
oOpasera € u3MepeHa 3HaUYMTEITHO TO-Majka Je0enrHa OT peajqHaTa ae0enuHa B cpeaara u-
0,92 mm; 1,04 mm; 0,88 mm.

Ot aHanmu3a Ha oOpasena, W3rOTBEH CJIEJ 3aTOYBAaHE Ha Ipecara ce 3abers3Ba
paBHOMEpHa HMpuHa U nedenuna (pur. 4.26). Pasmepure Ha mupunara ca: 19,98 mm; 19,96
mm ; 19,96 mm, a Te3u Ha nedenmnara ca 1,01 mm; 1,03 mm ;1,01 mm.

®ur.4.18 CxaHnupaHo NPOOHO TSIIO C YCeHBK ciiea mannoBane dur. 4.19 Ycenbk Ha o0pasent
cJle]] IaHIIOBaHe

®ur.4.26. 3mepBane Ha neGenrHa Ha oOpaselr cie1 3aTOUBaHe

4.10. Cp3naBaHe HA HOB TUIIl MHOBATHBEH AbP:Kay 3a NPo0HHU Tesa 3a 3D KoMNIOTHPeH
Tomorpadg

4.10.2. 3D mooenuparne na onumnu oopasyu
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Mopenupanu ca 5 enpyBeTKH C pa3inuHa aedennna. Ha mo-kbCceH eram B METOIMKaTa,
Mojenupanute 3D enpyBeTKH MOTaT J1a ObIaT U3MOJI3BAHU 32 €TAJIOHH [TPU CPABHEHHETO UM C
U3MUTBAHUTE TECTOBU ENPYBETKHU.

Cnen monenupanute enpysBetku ¢ 3D CAD mnporpameH HpoAyKT € MOJENIUpaH U
¢bukcupan Ipp>kad 3a enpyBeTkuTe. Jbpkada mokazan Ha ¢ur. 4.28 e Mojenupan Taka, ue 1a
OCUTYpsIBa TIOCTAaBSIHE M 3aKpEelBaHE HA HSKOJIKO THIA ENpYBETKHU, B 3aBUCHUMOCT OT
nebenuHara um [146].

4.10.3. 3D npunmupan Ovporcau

Mopnenupanus abpskad, Our. 4.29 e npousBelleH ype3 aAuTUBHA TE€XHOJOrusd, Ha 3D
Fused Deposition Modeling (FDM) npuntep. Toii € u30paH, 3a110To KOHCYyMaTUBHUTE Ca MY I10-
€BTHHM M 3a MPOCKTUPAHETO Ha MPOTOTHUIIA HE € HEOOXOoaWMa TrojisiMa MPEIU3HOCT B
Ie4aTaHeTo.

4.10.4. 3D xomnromwvpra momozpaghus

[Tone3nust Mojen abpkad 3a MpoOHU Tena JAelcTBa MO cieqHus HauuH: M3cnenBanusar
00eKT (enmpyBeTKaTa) ce MOCTaBs B Ibpikaya, ce/l KOeTO ce 3aKperBa B HocelaTa maca Ha 3D
KOMITIOTHPHUSI ToMorpad, onucan B rasa 1. [IpoOHOTO Ts10 ce 3aTsra mocpeacTBOM CBETIUS
OTBOp ¢ pe3ba u ¢ BUHTA ¢ pe3da. Cre mocTaBsHETO HAa 00EKTa 3a M3CIeBaHe, Ce 3a/1aBar
napaMeTpuTe, HEeOOXOJMMH 3a YCICIIHO CKaHWpaHe Ha ernpyBeTkaTta. llpu HempaBMIIHO
3aJaieHd TMapaMeTpyd HMMa BapHaHT Ja He ObJar 3a0ens3aHu JeeKTH 1O BbTpelrHata
CTPYKTYypa Ha U3CJIeJIBaHUS OOCKT.

@ur. 4.28. Monenupas appxad @ur. 4.30. IToctaBeH 00eKT 3a U3cneaBaHe

4.11. H3caensaHe TBbPAOCTTA HA pAa0OTHH BaJI0OBe

4.11.4. Pe3ynmamu u Ouckycuu

[Tonyuenure pesynraTu ca cief npepaboTka Ha MeTana, MPUOIU3UTENTHO CIIe]] KaTo
mpe3 Tax ca oopadborenu 100 ToHa MeTan. AHaTU3BT € HAMPaBEH C MPEHOCUM TBHPAOMED Ha
mapkara INSIZE, momen ISH-PHA portable, koiiTo mMa BB3MOXKHOCTTa J1a H3MEpBa
tBhpaoctTa no 4 ckamu: HB (Bpunen), HRC (Pokyen), HV (Bukepc), MPa. KuBoTsT Ha
OTOPHUTE U pabOTHUTE BAJIOBE € JIOCTA IBJIBI CTUTA J]a Ce EKCILI0ATUpaT MO MpaBUIEH HAUUH.
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Crnen mppBOHaUaNHaTa paboTa C OMOPHUTE BAIOBE, BPEMETO CIIE/ KOETO TPsiOBa /1a CBAJIAT 3a
nepBO nuiaiidane e npudnausureaHo 3000 ToHa, Mopaau MOBUIIABAaHE HA T'PAITABOCTTA WU
opyOBaHe Ha BajoBeTe. (el 3arjaxjaaHe Ha MOBLPXHOCTTA TE€ OTHOBO CE€ BPBILAT B KJIETKaTa
3a pabora. [Ipu pabGoTHuTEe BajoBe METOABT Ha paboTa € CHIIUAT C pa3jiuKaTa, 4ye Te ce
nuaiidar cien BanyBane Ha 150 Tona MeTan. MUHUMATHUAT JHaMEThp HAa OTIOPHUTE BaJlOBE
e okosio ®520 MM, a Ha paOOTHHUTE BAJIOBE JI0 TOCTUTaHe Ha quaMeThp @185 Mm.

Hanpasenute ananusu ca ordyereHu no ckainara Ha Pokyen - HRC. Ot uscnenanusara
CTaBa sICHO, Y€ TBBHPIOCTTA Ha Bajla ce € MpoMeHusa efiea ¢ 1 eqununa. Mamepenure cToiHOCTH
ca orucanu ¢ tadmuna 4.23.

Tabmuma 4.23. TeeprocT Ha pabdoreH Baji, nmpousBoauTen Technocraft Interprises”, Mumust
cien padora.

Pa3zmepu Teeproct Pokyen
mm HRC
61
210x700x1927 | 61.8
62
Cpenno 61.6

4.12. M3ciaenBaHe rpanaBocTTa HA PAa0OTHH BAJIOBE U HUCKOBBIVIEPOJHA CTOMaHA

4.12.4. U3cneosane epanasocmma Ha pabomHu 8aioee

> W3non3Bana anaparypa:

e CrpyrsT, KOWTO ce M3MON3Ba 3a 00paboTKa Ha paOOTHUTE BAJIOBE € YHMBEpCAJIEH CTPYT
CI13MB.

e 3a HyXJIWTE Ha MPOU3BOJCTBOTO € M30paH yHHMBEpPCaJeH KpbI'bI HUIA(] OT Obarapcku
npousBoauTel. To3u nuiaii¢ e Ha mpUHLINIIA, TPU KOUTO 00paOOTBaHUAT JETANI Ce BHPTH,
KaMbKa CTOM HETIO/IBMXKEH, a C€ MECTH MacaTa, Ha KOSATO € 3aKpETleH.

> OnuTHM pe3ynraTiu

W3mepBaHusTa Ha rpamnaBocT ca u3BbpiIeHH ¢ npeHocuM rpamnasomep DIAVITE compact,
0+ 19.99 um u Tounoct 0,01 pm, a auameTsbpa ¢ enextpoH uyodnep INSIZE ¢ ooxsar 0 + 300
mm u TogrocT 0,03 mm [157].

Crnen mnaiigane Ha Basa rpamaBocTTa € HopMmanHa - 0,4 pm, a cien paborata My Ha
BaJlllyBaHe JaocTura cBpbx3arnaxnane - 0,042 um, (tabm. 4.21). Cnem oOpaboTkata Ha
paOoOTHUSAT Ball — HUIaidane, TMaMeTbpbT, KOUTO ce OTHEMa € B mopsiibka Ha 0,2 mm.

TABJINIIA 4.21 I'pamaBoct Ha paboTeH Ba
I'panasocr, [um]
[naiidan Ban 0,4

PaGoruin Ban- npepaborenu 50 t. meran | 0,15

PaboTun Ban- npepaborenu 250 t. metan | 0,042

4.12.5. U3mepsane Ha epanasocm HA HUCKOBBIIEPOOHA CMOMAHA Cled 8alyy8aHe Ha
pesepcugen eonoxiemxkos cmar 700

3a HN3BBPIIBAHEC Ha CKCIICPUMCEHTA € HAIlpaBC€H aHaJIW3 Ha TIpalnaBoCTTa Ha
HHUCKOBBITICPOACH METAJ B HAKOJIKO CBCTOAHUA Ha JOCTaBKa U 06pa60TKa Ha METajia: ropeuo
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BaniyBaH pyinoH (Tabm. 4.25), 3akynen cryneHo BaniyBad pynoH (Tabn. 4.26) u cryaeHo
BaJII[yBaH PYJIOH OT 3aKyII€H rOpeuio BaJlllyBaH PYJIOH, MpepadoTeH Ha peBepcuBeH crtaH 700
3a cryaeHo BaiyBane (Ta6mn. 4.27).

B tabnwuma 4.24 ca mpeacTaBeHH pe3yNTaTUTE OT U3MEPBAHE Ha TParaBoCT Ha CTYIACHO
BaJII[yBaH PYJIOH Ha PEBEPCHUBEH CTaH 3a CTyAEHO BaiiyBaHe rpu 5% u 50% nedopmanus c
HayajHa rpamnasocT 1,4 pm.

Ta6muma 4.25. I'panaBoct Ha ["opemo Bamirysan pysosn, pazmep 2,0x1105 mm.

Bbpoii u3mepBanus I'panaBot, pm
1 1,48
2 1,27
3 1,54
4 1,48
5 1,19
CpenHa cTOiHOCT 1,39

Tabnuna 4.26. I'panmaBocT Ha 3aKyIeH CTYIEHO BaJIlyBaH pyJoH ¢ pazmep 0,85x1010 mm.

bpout u3mepBanus I'pamaBor, pm
1 0,98

2 0,99

3 1,02

4 1,0

5 1,03

Cpenna croifHOCT 1,0

Tabnuua 4.27. I'panaBocT Ha CTYAECHO BajlllyBaH PyJIOH Ha PEBEPCUBEH CTaH 3a CTYJCHO
BaJI[yBaHE MIPU pa3IN4HU AeGopMaliy ¢ HayajiHa rpanasoct 1,4 um

bpoit u3mepBanus Hedopmarus I'pamasor, pm
1 0,99
2 1,0
3 o 1,02
4 3% 1,01
5 1,02
CpenHna cToifHOCT 1,01
1 0,31
2 0,30
3 0 0,32
1 0% 0.32
5 0,34
CpeaHa cToifHOCT 0,32

4.13. 3AKJIOYEHHUE

B HacrosmaTa paboTa e nmpeacTaBeH METOIbT 3a TEXHOJOTMYHA MOATOTOBKA HA €IHO
POOHO TS0 OT M300PHT Ha Mpeca, BUIBT HIAHIA IO pa3MepUTe, Ha KOUTO TpsiOBa 1a OTroBaps
o cranapt EN ISO 6892-1 eqno npoOHO Ts1510 3a TecTBaHe Ha IKOCT Ha omrbH. [Ipecara, koato
ce M3I10JI3Ba € XUAPABINYHA C EAMHNYHA IaHIIA 32 PSA3aHE C IPOCTO JIEHCTBUE ChC 3arOTOBKA.
Cren TecTBaHETO Ha pa3InYHU 1€0ETMHU U TBBPAOCTH Ha IPOOHOTO TSJIO CTaBa ACHO, Ue HAMa
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3aKOMEpPHOCT B Opos mpoOu, KOUTO 1Ie ce MOATOTBAT, CIe/ KOETOo Ie TpsOBa Ja ce 3aTovar
TMJIOTUHHUTE HOXOBE Ha IMaHuara. Ho cien HampaBeHO mHpoydyBaHe M HaOMIOJeHHE Ha
pabOTHHAT Tpolec, B3eMaWKH MPEIBUA W  HMHTEH3UBHOCTTa Ha paboTa ce MpeaBHKAA
HE0OXOIMMOCT OT 3aTOYBAHE CJIE ] OKOJIO 2 TOJIMHHU UJTH KOTaTo 3all04HAT J1a Ce MOSIBAT pbOUeTa
B yyacThKa Ha Cps3BaHE Ha 3arOTOBKATa.

N30pan e Hall-OAXOASIIUAT 32 HY)KAUTE HA IIPOU3BOACTBOTO pa3Mep Ha eNnpyBeTKara,
a UMeHHO bo- 20 mm, mpuHa Ha ymmpenuara 30 mm, Li- 180 mm u Le- 120 mm.

Cnen HampaBeH OOCTOEH aHalIM3 Ha HW3CIEABAHETO Ype3 CIEKTPaHU amapatu ce
YCTAHOBH, Y€ TO3M METOJ JaBa MH(POpMAlIMs OT CHUIECTBEHO 3HAUCHHE 3a OINO3HABaHE U
OCBHBBPILIEHCTBAHE HA IpolecuTe Ha paboTta. ToBa € HEOOXOAMMO, 3a J]a MOTaT Jia Ce MPaBsT
OBp3U U TOYHH KOJMUYECTBEHU aHAJIM3U Ha XMMUYHHAT ChCTAaB HA CYpPOBHHATA, 3aI[0TO OT TaM
ce ompeJens LeTUsIT pexuM Ha padoTa.

Cren ananu3upaHeTo Ha BUCOKOSIKOCTHUTE MapKy CTOMaHa CTaBa SICHO, Y€ 3aMsHaTa Ha
OOMKHOBEHUTE KOHCTPYKTHBHM MapKH CTOMaHa TIIO3BOJISIBA 3HAYMTEITHO Ja CE€ HaMalH
METaJI0OEMKOCTTa Ha M3pabO0TBAaHHUTE M3ZCIHUS Upe3 M3MOI3BAHETO HA MO-Mayika JeOennHa Ha
CTeHATa U MPHU aHAJOTHYHU WU MO-BUCOKH TOKa3aTelld Ha SKOCTTa Ha ombH. [1o To3u HaunH
OCBEH, Y€ C€ 3ama3Ba WU3IPBKIMBOCTTa Ha W3JCIMETO/KOHCTPYKLHUATA, HO C€ HaMaisd
3HAYUTEIIHO HErOBOTO TEIJIO, yBeIWYaBaT C€ JMHEHHWTE METPH Ha BajllyBaHATa JlaMapHHA,
KOETO BOJH /10 UKOHOMHUSI.

[To BpeMe Ha TecTBaHETO Ha SIKOCT Ha OIBH ce yepTae rpaduka, OT KOSITO IporpaMara
e WM3YMCIM TapaMeTpu, BaXHM 3a aHAJIM3UpPAHETO Ha Marepuaia. B 3aBUCHMOCT OT
TECTBAaHUAT MaTepuan rpadukara € pazauyHa. TecTBaHa € HUCKOBBIVIEPOJHA CTOMaHa B
pasnuuHu etanu Ha npepadotka. [Ipu I'BP u cryneno BaiyBan meran cien TepMoodpadboTka
rpadukara € ¢ SCHO M3pa3eHa I'paHUIla Ha MPOBJIAYBAHE W MeTaja € IUIACTUYEH U ¢ J100pu
MEXaHWYHHU ToKa3aTenu. [lpu cTyneHo BammyBaH MeTan 0e3 rmocienBaiia TepMooOpadoTka,
rpadukara e 6e3 rpaHHIla Ha TpOBJauBaHE M METanbT € Kpexbk. [Ipm npecupan metan
rpadukaTa € 0e3 SICHO M3pa3eHa TpaHHIla Ha TPOBJIAYBAHE, HO METAIBT € TUIACTUYCH U J0OpH
MEXaHWYHU MOKa3aTelu.

B crnencrBue Ha pa3BHMBalIMAT Ce CBAT M amaparypara 3a aHajli3 ce MOJEPHHU3HpA.
3aroBa € HallpaBeHO CPaBHEHUE HA U3MEPBAHETO HA JIMHEHHNUTE BEIMUMHU Upe3 CTaH/IapTHUTE
M3MEpBATEIHA CPEJCTBAa- HIyOJep W MHUKPOMETHP M MOJAEPHU3UPAHHUAT 3D KOMIIOTBpEH
ToMorpad, KOWTO AaBa Mo-IeTailiHa MHQOpPMAalLMs OTHOCHO KaKBM MHpoOJeMH MoraTr Ja
BB3HUKHAT TPU MOJATrOTOBKAaTa Ha MPOOHO TAJIO 3a TECTBAaHE HA SIKOCT HA OIbH. AHAJIHM3UTE
MOKa3BaT, Y€ BBIPEKH Pa3sMMHABAHETO MPU M3MEPBAHETO Upe3 JiBaTa METO0Ja, pa3MepuTe Ha
oOpaseria otroBapsT Ha cranpaptute 1o ISO 3a mupuHa 1 nebenrHa U He 1aBaT ChIeCTBEHA
rpelika B TOCTEABAI0 W3YUCIsSIBAHE HAa MEXaHMYHUTe mokazartenu. [lpu anammza ¢ 3D
KOMITIOTBPHHS TOMOTpad ce BIKIAT JEeTAIHH Te(EKTH CIIe[] OTCHYAaHETO Ha TPOOHOTO TSJIO
cien maHmoBaHe. JlebenrHara B BeTe cTpaHu Ha obOpasena ce cmayksat oT 1,02 mm cpeana
nedenmnna B cpenara my 10 0,90 mm. dpyrusT nedext, KOMTo ce BU3yan3upa € mosiBata Ha
YCEHBK CBIIIO BCJIEACTBUE HA M3HOCEHUAT HOX Ha LIaHIaTa.

OT HampaBeHHAT CPABHHUTEJICH aHAIN3 HA TEOMETPUYHHUTE XapaKTEPUCTHKH HA METATHO
NpoOHO TAJO 32 TECTBaHE Ha SKOCT HA ONBbH, NMOATOTBEHU MpeId M Clel] 3aTOYBaHE Ha
THJIOTHHHHUTE HOXKOBE Ha Ipeca ce YCTaHOBUXA 3HAYUTENHH paznuuus. OT W3MepBaHUsATA,
HanpaBeHu Ha 3D KOMITIOThpeH ToMorpad ce yCTaHOBH, Y€ KOraTo HOXKOBETE ca u3xaOeHH ce
MOJTy4YaBar rojieMu Ae(eKTH 1Mo MoBbpPXHOCTTA HA oOpasena. [Ipu geraitiHOTO M3MeEpBaHe Ha
mMprUHaTa ce Ha0NroJaBa CMaykBaHE Ha MeTaja OT rOpHaTa CTpaHa Ha Ja Ha HOXa,
PaBHOMEPHOCT B cpejiara u aedeKT B JoTHaTa 4yacT Ha oOpasera. A npebennHaTa B KpailHUTE
mmpunHy e ¢ 0,12 mm no-Masnka, 3a pasziauka oT IPOOHOTO TsUIO, MOATOTBEHO CJIE]] 3aTOYBaHe,
KBJETO JeOeIMHaTa U IIUPHUHATA Ca PABHOMEPHH.
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[Topanu pazHOOOpa3ueTo B TBHPAOCTTA U AcOeIMHATa Ha 3arOTOBKATa € TPYJIHO Jia ce
Ka)ke cliell KakbB MepuoJl OT padoTa ce m3xadsBaT TMIOTMHHHUTE HOXKOBE Ha maHuara. Ilo
HaOJIOACHNS 32 HYKIUTE U HATOBAPEHOCTTA Ha TEKYIIOTO MPOM3BOJICTBO CE Hajlara 3aTOYBaHe
npe3 cpeaHo 2 ronuHu. HaBpeMeHHOTO 3aTOYBaHe Ha TMIIOTUHHUTE HOKOBE Ha Ipecara MoraT
J1a TI0BEZE JI0 [T0-TOYHOTO M3MEPBaHE Ha SIKOCTTA Ha OIIBbH.

[IpenopbuBa ce MeXIUHHA MPOBEPKAa Ha MPOOHOTO TSIIO 3a MEPHOJ] OT 6 Mecela, B
3aBUCHMOCT OT HaTOBApBAaHETO Ha IpecaTa.

Cw3nazeH e apprkad 3a MpoOHO TsUT0, U3MOA3BaH MpH 31 KoMIIOTBpEeH ToMorpad 3a
aHaJIM3 Ha TEOMETPUYHUTE XapaKTEPUCTUKHU U CTPYKTypaTa Ha enpyBeTkara. Toil ocurypssa
o0e30maceHo U cTabUITHO 3aXBalllaHe, MPU KOeTo Ja ObaaT n30erHaTu NOBpeAr U HETOUHOCTH
IIPU M3CIEIBAHETO U aHAIM3a HAa MPOOHOTO TSIO, KOETO € OT M3KIIIOYUTEIHA BaXKHOCT MpPHU
KOHTpPOJ Ha kadecTBOTO. Ciiel HampaBeHa CHIIOCTABKa HAa pa3MEepUTEe Ha HOBUAT IbpKad 3a
pOoOHU TeJa ¥ CTaH/apTa, 10 KOUTO CE OMPELIIAT pa3MEpUTE CTaBa SICHO, Y€ BCUUKHU pa3Mepu
Ha IJIOCKM MPOOHH Tella ¢ MPaBOBI'BIHA (opMa ca ChIOCTABUMH C pa3Mepa Ha Jbpikada U
Morar s1a Obaar tectBanu. [IpemuMCcTBOTO Ha AbprKkava 3a MPOOHM Tejla € HaMaJIeHO BpeMe 3a
MOCTaBsIHE Ha MPOOHUTE Tela B MOJBUYKHATA TJIOYA, CUTYPHOTO 3aXBalllaHe U Bb3MOXKHOCT 32
MOCTaBsTHE Ha Pa3IMYHU BUJIOBE TPOOHHM TeJla M HE MOTajia B 30HATa 32 CKaHUPaHE.

OnTuuHug MeTOJ Ha wu3MepBaHe, TexHonorusra TIV mo3BoisiBa W3MepBaHEe Ha
TBBPJOCTTA HA pa3IMYHM MaTepuanu Oe3 IONBIHUTETHO KanuOpupane. OCBeH TOBa,
CTaTMYHOTO MPUIIATaHETO Ha TOBapa MO3BOJISBA U3MEpPBaHE HA TBHPIOCTTA HA THHKU U MAJIKH
00EKTH, KAKTO M Ha TIOKPUTHSI.

[ nasa 5

IIVTAH 3A KOMEPCHUAJIN3AIIUA HA HAYYHUTE
PE3YJITATH

W3non3Baiiku Hal-HOBU TEXHOJIOTMYHU OMNEpallid M 00OpyABaHE OT CBETOBHU
MPOU3BOJUTENN W MapKH, KOMIaHUsATAa € (oKycupaHa B pa3paboTkaTa Ha HMHOBATHBHU
perieHus: B MPOU3BOJICTBOTO HA TPHOU U IPOPUITH Upe3:

e bbp30 BHEnpsIBHE HA HOBU MPOQUIIH.

e [IpousBozacTBO Ha TPHOU U MPOPUIIN OT BUCOKOSIKOCTEH MaTepuai — 10 520 Mpa.

e [Ipou3BosacTBO Ha CIOXKHM MPO(UIM B KOMOMHAIMS C MaTepualn C BHCOKa SKOCT Ha
OITbH, ¢ur. 5.1.

®ur. 5.1. Cnoxau npoduiv B KOMOMHAIMS C MaTeprajl C BUCOKA SKOCT Ha OIIbH
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5.2.3akaoueHue:

Upe3 HampaBeHaTa CHMYJAlHUsS HAa KOMOWHAIUS OT CIOXHUA NPOQHIN U TO-Malka
nebenHa Ha TPHOUTE M POGOJIUTE U TECTBAHETO MM IPU HATOBAPBAHE MOKAa3Ba 3HAUYUTEITHO
HAMaJISIBAHE HA TErJIOTO HA TOTOBHUTE M3JEJIMS KATO TOBA HE HApyllaBa TAXHATa 3JpABUHA U
BBHIIHUSA BUJ.

SAKJUIOYEHMUWE

B paspaGorenusT aucepTaMOHEH TPyA Cca HampaBeHH o0030p, aHaau3 u
CHUCTEMaTH3allusl Ha METOAM U CPEJICTBA 32 TEXHOJOTMYHA JMArHOCTUKA HA aBTOMATHUYHU
MalIMHU U JIUHHUH.

[TpensioskeH € TEXHOJIOIMYEH PerjiaMeHT U MOJXO0/ 3a BHEJIpsIBaHE M eKCIIoaTalus Ha
TEXHOJIOTUYHOTO 000py/IBaHE 3a IPOU3BOJICTBO HAa ThHKOCTEHHH €JIEKTPO-3aBAPEHU 3aTBOPEHU
npo(uIM OT CTYJCHO BalllyBaHa CTOMAHa.

HpennomeHH ca MCTOAMWKH 3a CKCIICPHMMCHTAJIHA ITOATOTOBKA Ha HpO6HO TAJIO 4YpeE3
KOCTO CC TCCTBA JAKOCT Ha OITbH, CIICKTPAJICH aHAJIN3 U KOMIIFOTbpPpHA TOMOFpaCI)I/IH.

I/I3B"pr_HeHI/I Ca CKCIICPUMCHTH C YHUBCPCAJIHA TECT MalllMHa 3a SAKOCT Ha OII'bH, YPEC3
KOATO CC aHAJIU3UPAT MECXaHUYHUTEC I1OKa3aTC/JIM Ha MCTaJ1a.

‘—Ipe3 CIICKTPAJICH aHAJIM3 € U3CIICABAH XUMHWYHUAT CbCTAB Ha U3II0JI3BaHaTa CYpOBHHA
3a KOPCKTHO OIPCACIISIHE PCKUMUTC Ha pa60Ta.

Cp3aneH e MHOBATUBEH Abp)Kay 3a MPOOHU Tena, KONTO € 3alllUuTeH B MAaTEHTHO
BeoMCcTBO Ha Peny6nuka Bwarapus, per. Ne 3892 U1/ 23.09.2020 r. IbpxkaubT HaMupa
NpUJIIOKEHHE B pa3zpaboTeHUTe MeToAMKH 3a 3D ckaHMpaHe Ha BBTpELIHATa CTPYKTypa Ha
NPOOHOTO TsI0, LesAla Oe3pa3pyLUIMTeIeH aHalu3 Ha TE€OMETPUYHUTE MY XapaKTePUCTUKH.
Upe3 u3non3BaHaTa METOJUKA, AbpKaubT U 3D KOMOIOTBPHUAT TOMOrpad ca aHalu3MpaHH
TE€OMETPUYHUTE XapaKTePUCTUKU M BBTPEIIHATa CTPYKTypa Ha MPOOHOTO TsI0. AHAIM3UTE
nokasBat Jegopmanus BbB hopmara My, 00pa3yBajii c€ YCEeHBIH, CIE€ACTBUE OT U3HOCBaHE Ha
IIaHIaTa 3a npecoBaHe. HampaBeH e aHamu3 M IpenopbKka 3a MpoUIakTHKa Ha IIaHIATa,
cboOpa3eHa ¢ HaTOBApBAHETO U. Y CTAHOBEHO €, Y€ MpoQHIIakTUKaTa TpsiOBa J1a ce U3BbPIIBA B
paMKuTE Ha JIBE TOANHH.

3aI[’BJ'[60'~I€HI/I$IT AHAJIM3 Ha XUMHWYHUTEC W MCXAaHWYHHU I10Ka3aTCIi AONpPUHACA 3a
HaMaJIsIBaHEC Ha 6paI<a B IIporeca. YBennduaBa KaueCTBOTO Ha T'OTOBaTa MMpOaAYKI M, KAaKTO U
HU3I'BJIHCHUETO U B CPOK.

HaquO- NPUWIOKHH IIPUHOCH B THCEPTALNMOHHUA TPYA:

HpI/IHOCI/ITe B JUCEpTaluiaATa UMAaT OCHOBHO HAYYHO-IIPUIIOKEH XapPaAKTEP U Ca KaKTO
ciacaBa:

1. Cnen neraiisien 00630p € HaNIpaBeH KPUTHYECH aHAIM3 U CUCTEMATU3AIMS HA METOIU U
Cpe/CTBa 3a TEXHUYECKA AUArHOCTUYHU MPOLETYPH.

2. OOcbaeHHU ca ChIIECTBYBAILM IPOOJIIEMHU U PEUICHHs, Kacaelll CbBpeMEHHaTa
JUArHOoCTHUKAa Ha aBTOMAaTUYHU MAIllMHU U JIMHUU U € U3CJICABAHO BJIUAHUECTO HA HUKT
BBPXY METOAUTE 32 TEXHUYECKA AUATHOCTHKA.
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3. IlpenyoxeH ca MHOBATHBHM MOJXOAM 33 AUArHOCTHKA HA ABTOMATUYHH MAIIMHU U
JIVHUU.

4. Pa3paboTeHu ca METOJMKH 3a: TEXHUYECKA AUArHOCTUKA (M3MUTBAHE) Ype3 MPOOHO
TAJI0 Ha IUTaCTHYHA JleopMalus U SIKOCT Ha OITbH, IpaMKU Ha BBIJIEPOIHA CTOMaHa
IpU SKOCT Ha OI'BbH, TpaHC(OpMAIs OT rOpeIo BajilyBaHa B CTYJCHO BaJII[yBaHA
JaMapHHa, Ch3/laBaHe Ha BUCOKOSIKOCTHA CTYJ€HO BaJILyBaHA CTOMaHa 3a MPELU3HU
€JIEKTPO3aBaAPEHU TPHOU.

5. Pa3paboreHu ca METOIMKHU 3a: IPOEKTUPAHE HA HOB TUIl MHOBATHBEH Jbp>kKad Ha
npoOHO TS0, MHOBAaTUBHO M3MEPBaHE HA TCOMETPUYHHUTE XapaKTEPUCTUKH upe3 3 /]
KOMITIOTBPEH ToMOrpad, aHaIu3UpaHe XapaKTePUCTUKUTE Ha IPOOHO TsUI0 IPEIH U
CJIe]l 3aTOYBAHE Ha ILIAHIA.

6. Pa3pabGoTeHu ca METOAMKH 3a: CHEKTPAJIEH aHAJIU3 Ha METAJIHO MPOOHO TsIIO,
MeXaHU4Ha 00paboTKa 1 U3ciIeBaHe Ha TBbPAOCTTA U IPANlaBOCTTa HA pabOTHH
BaJIOBE, TECTBAHE HA I'PAllaBOCTTa HA HUCKOBBIJIEPOJHA CTOMAHA CJe]l CTYAEHO
BaJIllyBaHe

7. HanpaBeHu ca eKCIepMMEHTAJIHU pa3paOOTKU U CUMYJIAllMK Ha Pa3JIMYHU METOJIUKU B
MHAYCTpUaJIHA Cpeaa.

8. Pesyararute ca aHaaM3UpaHU U alpoOOUpPaHU.

BJATOJAPHOCTH

Nmax yectra na paboTs moa pbKOBOJACTBOTO Ha npod. A-p AuUMUTHD
KapacTostHOB, KOWTO M€ MOJKPETISIIEe U IoMaraiie npe3 roJUHUTE — ChPJICUYHO
Oyiaroyiapsi 3a MOMOIIITA U 32 HEYCTOMMOTO YyBCTBO 33 XyMOp.

Cpio Taka uckam na Omaromaps Ha npod. nmH [Mans AdrenoBa 3a
BB3MOXKHOCTTa Ja paboTs C YHHMKaJHa M MOJEpHa Hay4yHO-M3CIEeAOBaTesICKa
araparypa B paMKUTE Ha roJiiM EBpOIENCKH MPOEKT.

Pa3bupa ce, Oux uckana jna uzkaxa 0JarogapHoCTH U Ha 1011, 1-p Hukomnai
CTOMMEHOB 32 METOJUYECKUTE YKA3aHHS U HACOKUTE, KOUTO MU JaJIe.

brnarogapst cwio Ha nipod. n-p Tomop HemkoB u Ha mom. a-p Jlroben
KnoukoB ot karenpa Al kbm M® nHa TY-Codus 3a moakpenaTa mpe3 BCHUKH
T€3U TOJUHHU.

Cobpneuno bnaroaaps Ha Bcuuku !!!
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1964, Codus,
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