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INTRODUCTION

Departments of Mechanical engineering at Technical Faculty "Mihajlo Pupin™, Zrenjanin, organized
six international conferences:

. »PTEP 2011 - Process Technology and Environmental Protection»,

. «l1ZS 2012 - Industrial Engineering and Environmental Protection»,

. «11ZS 2013 - Industrial Engineering and Environmental Protection»,

. «l1ZS 2014 - Industrial Engineering and Environmental Protection»,

. «11ZS 2015 - Industrial Engineering and Environmental Protection»,

. «l1ZS 2016 - Industrial Engineering and Environmental Protection».

OO WN -

Industrial engineering is a field of technique, which includes the processes and procedures, plants,
machinery and equipment used in manufacturing final products in different industries. The task of
industrial engineers is that on the basis of theoretical and practical knowledge, solve specific problems
in engineering practice, and the development of technology in the field of industrial production
process.

The theme of scientific conference «l1ZS 2017», covers the fields of industrial engineering, which are
defined in the program of the conference, such as: Industrial Engineering, Environmental Protection
Engineering and Occupational Safety, Process Technique, Energetics, Designing and maintenance.

The main goals of the conference can be indentified here: innovation and expansion of knowledge
engineers in industry and environmental protection; support to researchers in presenting the actual
results of research projects, establishing new contacts with leading national and international
institutions and universities; popularization of the faculty and its leading role in our society and the
immediate environment, in order to attract quality young population for studying at our faculty,
cooperation with other organizations, public companies and industry; initiative for collecting ideas in
solving specific practical problems; interconnection and business contacts; introducing professional
and business organizations with results of scientific and technical research; presentation of scientific
knowledge and exchange of experiences in the field of industrial engineering.

We express gratitude to:

e The partners of the conference — ,,Aurel Vlaicu” University of Arad, Faculty of engineering,
Arad, Romania; University «St. Kliment Ohridski«, Technical faculty, Bitola, Macedonia;
University Politehnica Timisoara, Faculty of engineering, Hunedoara, Romania; University of
East Sarajevo, Faculty of mechanical engineering East Sarajevo, B&H, Republic of Srpska;
University of agriculture, Faculty of agricultural engineering, Krakow, Poland; Technical
university-Sofia, Plovdiv branch, Faculty of mechanical engineering, Plovdiv, Bulgaria;
University of Nis, Faculty of mechanical engineering, Nis, Serbia,

e The management of Technical Faculty «Mihajlo Pupin», University of Novi Sad,

for supporting the organization of the conference «I1ZS 2017». We are also grateful to all the authors
who have contributed with their works to the organization of the scientific meeting «I11ZS 2017».

We would like our Conference to become a traditional meeting of researchers, every year. We are
open and thankful for all useful suggestions which could contribute that the next, International
Conference - Industrial Engineering and Environmental Protection, become better in organizational
and program sense.

President of the Organizing Committee
Prof. Ph.D Dragisa Tolma¢
Zrenjanin, 12 - 13" October 2017.
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Abstract: Main activities of the technological preparation of production refer to the process planning and
optimization. Process plans as the most significant objects of optimization in production systems are
characterized by variant solutions in all stages, from the selection of raw material and manufacturing
technologies, types and sequences of processes and machining operations, types and characteristics of
manufacturing resources, machining parameters and strategies, with machining time, cost, accuracy and surface
quality as main objective functions of process planning optimization.

Main goal of this paper is to analyze the possibilities of improving technological preparation of production, or
precisely, to improve process planning and optimization of manufacturing process plans through the application
of feature technologies and the considered simulation technique. The application of feature technologies will be
analyzed from the aspect of possible integration of product design and process planning, while the application of
the simulation technique within the CAD/CAM system will test the influence of variants of machining
operations and machining strategies on the process planning optimization from the aspect of machining time.
Key words: process planning, optimization, feature technologies, simulation technique

INTRODUCTION

Two basic activities within the product development are product design and product manufacturing
which ought to be integrated and connected at the greatest possible extent. Technological preparation
of production represents the main integration component or “the bridge” between these two activities,
that should meet design requirements of product designers on one hand, and to adopt manufacturing
possibilities of production on the other hand [1]. Main activity of the technological preparation refers
to the manufacturing process planning and optimization. The imperative of modern global production
is to generate rational and optimal process plans, in accordance with the basic optimization criteria
such as productivity, cost-effectiveness, machining accuracy and surface quality [2].

Process planning represents the complex multi-dimensional problem that depends on the input data
and set requirements according to the observed product/s, as well as the techno-economic conditions
and subjective preferences of the product designer. The most important input data for process planning
are product drawings which possess information about materials, dimensions, machining accuracy,
surface quality, production volume and available manufacturing resources, such as raw materials,
machines, tools, fixtures, measuring instruments etc. Accordingly, various process plans can be
predicted for the same manufacturing conditions and which can be evaluated using various
optimization criteria [3].

In today’s manufacturing conditions, modern CAD programming systems based on feature
technologies, or the application of features in modeling, are mainly used for product design and for
defining technological documentation. However, the attention of product designers is focused on
realizing functional characteristics of products and parts, whereby they use features in modeling which
generally do not match the typical manufacturing features. By that, the process planning, as well as the
integration of CAD, CAPP and CAM systems is more difficult to achieve [4].

According to above mentioned, the first task of this paper is related to the analysis of possibilities of
modeling products by applying features that match with manufacturing features which are used in
machining processes. In this way, it is intended to facilitate the manufacturing process planning, as
well as the integration of activities of product design and process planning through direct application
of features from CAD systems to machining process within CAM systems.
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Defining machining time and cost represents the basis for the selection of optimal process plan within
production systems. Process planning optimization from the aspect of machining time represents a
direct impact on the increase in productivity, utilization of manufacturing resources and reduction in
manufacturing cost, as well as on meeting given deadlines and delivery dates [5].

Based on this information, the second task focuses on the analysis of the possibility of optimizing
process plans using the simulation technique within the appropriate CAPP system through variant
machining operations, machining parameters and machining strategies. Three test examples are
defined in order to verify the defined tasks.

APPLYING FEATURE TECHNOLOGIES AND THE SIMULATION TECHNIQUE IN
TECHNOLOGICAL PREPARATION OF PRODUCTION

Numerous methods and techniques are applied when developing systems of technological preparation
of production, that is, CAPP systems and its integration with other functions of a production system.
Based on the literature information [6, 7, 8], it is concluded that these systems are mostly based on the
application of feature-based technologies, CAx systems and simulation techniques, knowledge bases,
artificial neural networks, genetic algorithms, fuzzy logics, Internet technologies, agent-based
methods, STEP/STEP-NC standard, etc. This paper analyzes the application of the feature technology
and simulation technique as techniques for improving certain activities of technological preparation of
production, primarily process planning and optimization.

Features as elements of integration of process planning and production (CAD, CAM, CAPP)

A term “feature” can be found in many different terms in domestic literature, such as a characteristic,
property, form, shape, etc., while in the literature from the field of process planning and optimization
mostly used terms are “manufacturing feature”, or just “feature” [1, 8].
According to one definition, “feature” represents a semantic group or atom of modeling, determined
by a set of parameters that is used for describing an object which cannot be further decomposed from
the aspect of one or more activities related to product design and application [9]. Feature-based
methodologies were primarily the central part of the integration of CAD/CAM systems, when more
intensive development of CAPP systems made these methodologies the basis for the integration of
CAD/CAPP/CAM systems [3, 6].
Model of features should contain a sufficient amount of information for the requirements of
manufacturing process planning. Generally, there are two types of features that are used within the
process planning [8]:

o Geometric (design) features

¢ Manufacturing (machining) features

Features used in the product design significantly differ from the manufacturing features that are used
for manufacturing process planning. One of the consequences of this difference is the different
approach in product design and manufacturing process planning. Figure 1 represents the difference in
this approach, in which it can be noticed that the product designer uses ribs as typical features because
they are functional, while the process planner on the other side observes a raw material (a stock part)
that will be machined, so that both a slot and a step are equally significant as machining elements and
which are represented with appropriate manufacturing features.
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Figure 1. Different approach in product design and manufacturing process planning [10]

As a consequence of the aforementioned, mapping geometrical (functional) domain to manufacturing
domain is required and is called the feature recognition (or manufacturing recognition). Manufacturing
features, in contrast to features, apart from geometrical also contain manufacturing data. Process plans
are defined by machining of specific manufacturing features, or in other words, defined by specific
machining operations, cutting tools, machining strategy, cutting parameters etc. [11].
Manufacturing features can be grouped in many different ways, but the most common way is grouping
by feature representation:

o Surface feature for Boundary Representation (B-rep)

¢ Volumetric feature for Constructive Solid Geometry (CSG)

Figure 2 represents a product example planned by using features and defined by surface and
volumetric manufacturing features for its machining. Manufacturing features are commonly defined as
the elements of tool path profile during its machining.

hole slot pocket hole

Zlieh (slot
/

Rupa (hole)

O

slot pocket

3D model surface MF volumetric MF

Figure 2. Surface and volumetric manufacturing features for a given product [10]

There are many different classifications of manufacturing features in the literature, which are often of
an internal character. The most comprehensive classification is given within the STEP ISO 10303
standard and the appropriate application protocol AP224 [12]. Author in [13] grouped the following
features in STEP-NC program for machining operations and processes of milling: planar face, pocket,
slot and round hole. This is represented in the Figure 3. Figure 4 represents the examples of features
and specific machining operations that can be realized in the 2,5D module of SolidCAM software
system which is also used as a software tool for later verification of the given tasks of this paper.
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Figure 3. Classification of manufacturing features for Figure 4. Examples of features and
milling operations in STEP-NC [12, 13] machining operations in the 2,5D module
of SolidCAM

Model of manufacturing feature as a basic input data for process planning can be generated in many
different ways, based on design approach [8]:

o Design by feature - DBF,

o Automated feature recognition — AFR, and

e Interactive form feature definition

Applying the simulation technique in manufacturing process planning

In technics, a term ‘“simulation” is most often understood as a technique of development and
realization of a model of a real object or system, with the purpose of studying behavior of that system
without disturbing its environment. Simulation represents a process which is a copy or a parallel of a
real process. Simulation also includes a wide range of methods and applications that mimic the real
system’s behavior. They are mostly executed by computers or appropriate software systems and
simulation systems. Modern simulation can be represented as an experiment conducted on a computer.
Three basic elements of a simulation are: a real system, a model and a simulation itself [15].

Modern CAD/CAM software systems which enabled a simulation of machining processes are of a
special importance in process planning for realization in CNC manufacturing systems with familiar
technical-manufacturing performances, as well as when setting the concept of development of new
flexible manufacturing and machining systems [15]. By simulating machining processes, or precisely
tool paths, prevention of possible tool collisions with fixtures, machine-tool parts or workpieces is
prevented. Within the simulation of machining processes, by applying mathematical models of
optimization it is possible to determine optimal tool path, and optimal sequence and types of
machining operations on the basis of manufacturing time obtained from simulation [1, 8].

CASE STUDIES
Process planning using feature technologies

The basic input data are the product drawing—housing, production volume (160 parts/series) and the
selected material, AISi12. For the purpose of rational process planning, aluminum alloy casted block is
selected as a raw material with 60mm thickness according to JUS.C.C2.101 standard. The block is cut
to the required measure in the first process operation, and in the second it is roughly machined by
milling in order to achieve the dimensions 300x200x50 mm. According to the defined problem of this
chapter, when modeling, features are defined so that they match with manufacturing features, which
greatly simplifies manufacturing process planning, primarily the definition of sequences of machining
operation. Figure 5 represents the features of the given housing model. Table 1 defines these features
more precisely with the following names defined within the CAD software.
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Figure 5. 3D housing model with the defined manufacturing features

The following case study will consider the third process operation which mainly refers to the milling
and drilling operations which are performed on the 2,5D CNC machining center for milling.
Machining operations shown in the Table 2 are selected for performing these process operations for
manufacturing the given housing part. By the way, each feature is machined with the certain
machining operation or a group of machining operations. Table 2 also gives the list of tools for
specific machining operations with the defined designations of tool manufacturers.

Figure 6. shows the selected sequence of machining operations for the given process operations. After
all the machining operations are defined, simulation of machining of the given housing within the
CAM system is performed which shows the tool paths of all machining operations which clearly
express the absence of collision, Figure 7. After the satisfying simulation results, postprocessing of the
CL Data and generating of post processing information for the specific CNC machine is performed
and the corresponding times of machining operations and process operations are obtained.

Table 1. Machining operations for the specific features with cutting tools for the milling process

Feature Operation Name Opelr Sﬂon Tool ID Tool Name Catalogue designation
F02 Milling open pocket Z1 T1 Slot milling cutter @10 R216.24-10050EAK22P
FO03 Milling open pocket Z2 T3 Milling cutter @75,5 R216.24-06050CAK13P
F04 Spot drilling 4x@4 Z3 T4 Core drill @4 @4, JUS K.03.061

Drilling 4x@8 Z4 T5 Drill @8 R840-0800-30-A0A
Spot drilling 4x@4 Z3 T4 Core drill @4 @4, JUS K.03.061
F05 Drilling 4x @16.5 zZ4 T6 Drill @16,5 R840-1650-30-A0A
Milling thread 4xM18x1,5 Z5 T8 Tap M18x1,5 R217.15C160150AC30N
Spot drilling 3x@4 Z3 T4 Core drill @4 @4, JUS K.03.061
F06 Drilling 3x @7 Z4 T11 Drill @7 R840-0700-30-A0A
Milling slot 3x Z6 T2 Slot milling cutter @6 R216.24-06050CAK13P
Spot drilling @4 Z3 T4 Core drill @4 @4, JUS K.03.061
FO7 Drilling @7 Z4 T11 Drill @7 R840-0700-30-A0A
Milling pocket z7 T2 Slot milling cutter @6 R216.24-06050CAK13P
Spot drilling 2x@4 Z3 T4 Core drill @4 @4, JUS K.03.061
F08 Drilling 2x@7 Z4 T11 Drill @7 R840-0700-30-A0A
Milling slot 2x Z8 T2 Slot milling cutter @6 R216.24-06050CAK13P
F09 Boring hole 4x@15 Z9 T7 Countersink @15 CMT 317.150.11
F10 Milling t-slot Z10 T9 T-Slot milling cutter R331.35-040A16EM
F11 Milling chamfer 711 T10 Angle milling cutter R215.84-01000-AC25G
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Figure 6. Sequence of machining operations for Figure 7. Simulation of the machining process
the milling process

Optimizing manufacturing process plan by using the simulation technique within the SolidCAM
Within the given case study, the examples of optimizing manufacturing process planning from various
aspects of variant solutions will be considered, whereby the adopted objective function will be the
minimal machining time, or in other words, maximal productivity.

Influence of variants of machining operations and machining strategy

This example considers the influence variant solutions of machining operations and machining

strategy on the machining time for the part made of steel C45 (C.1530), and for the selected prismatic
part (raw material), Figure 8.

Figure 8. A raw material and a workpiece made of C45

Two machining variants with the following machining operations are set: machining of the pocket,
and machining of the outer profile. The first machining operation is the same for both variants, while
the other operations differ according to the machining strategies:
e Variant | — machining in more axial depth of cuts, whereby the tool descends to the certain
depth and machines the part at one level and then at the each subsequent level of depth.
o Variant Il - the milling cutter descends to the final depth and performs the complete machining
of the face surface.

The selected tool for the machining is CoroMill-universal milling cutter with 8mm in radius, with the
catalogue designation R216.34-08050EBC19P, according to the catalogue Sandvik Coromant.

The difference between these two variants is represented on the example of machining the pockets, i.e.
for the selected machining strategy. Profile depth of 10 mm is machined in the equal cuts for the first
variant, while the maximal cutting depth is set to 3 mm. In the second case, the cutting tool performs
the machining of the final depth. Figure 9 shows the simulation of tool path and machining time for
the variant I, while the same is shown for the variant 11 in Figure 10.
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Based on the obtained results it can be concluded that the variant of machining with the final depth has
the shorter machining time than the other, variant of machining in more cuts across depth. Thus, the
milling process using the variant Il is 54,3% faster than the process using the variant I.
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Figure 9. Simulation of the pocket milling operations and machining process time for the variant |
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Figure 10. Simulation of pocket milling operations and machining process time for the variant Il
Influence of variants of sequences of machining operations

The considered computer experiment refers to the optimization of selected optimal sequence of
machining operations for the represented mold part (Figure 11) within the milling process and by
using the simulation technique within the CAM system. Machining time is again used as an objective
function. Adopted raw material (Figure 11 left) is the alloy 16MnCr5 (1.7131) according to the DIN,
i.e. steel 4320 with the given hardness of 180HB. Within the planning of milling process for the given
mold, the following machining operations are defined:

A) Milling of the upper surface

B) Profile milling of the face surface

C) Rough machining of the pocket

D) Final machining of the pocket

E) Machining of the open slot

Figure 11. A raw material and a workpiece for the milling process
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The following Figure 12. shows the results from the simulation of these machining operations. For
performing these operations five different variants of sequences of machining operations are set and
shown in the Table 2 with the machining times obtained from the simulation.

-1 4 4

Operation B Operation C Operation D Operation E

Figure 12. Output from the simulation of milling operations for the housing part

Table 2. Set variants of operation sequences with given machining times obtained from simulation

Variant 1 Variant 2 Variant 3 Variant 4 Variant 5
A B B C C
B A A D D
C C E B E
D D C A A
E E D D B
Time: Time: Time: Time: Time:
49 min 50sec 49 min 58sec 49 min 58sec 50 min 29sec 50 min 41sec

The shortest machining time is achieved with the variant | of machining sequence which lasts for 49
min. and 50 seconds, while the longest machining time is achieved with the variant VV which lasts for
50 min. and 41 second. The time difference between the variant | and variant V is 51 second which
can be very significant in serial production and for machining more complex product parts.

CONCLUSION

In this paper, the possibility of improving process planning and optimization by using the modern
techniques based on feature technologies and simulations is considered. The first part of the paper
gives the theoretical basis for these two techniques with an emphasis on their application on the
defined tasks of technological preparation of production.

The first task of the research that was focused on the integration of product design and process
planning on the basis of features is verified on the example of milling process of a housing model. For
this purpose, during the process of modeling, features that match with manufacturing features suitable
for machining are used, which significantly facilitates manufacturing process planning, specifically the
part that refers to defining machining operations. In the manufacturing process planning, machining
operations or groups of machining operations are defined for each feature on the product part
including corresponding tools and cutting conditions, with the simulation of machining process and
generation of postprocessing information within the CAM system.

The second task of this research was referred to the analysis of possibilities of optimizing machining
time for manufacturing process plans using the simulation technique. This task was verified on the two
cases, whereby the first case represented the variants of machining strategies while the second one was
concerned with the sequence of machining operations with the application of the simulation technique
in the SolidCAM system. The other example takes into account precedence constraints between
machining operations which were not in the scope of this research.
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Abstract: Business management in modern business conditions implies the determination of business goals that
will link the company's business strategy, provide relevant information about the process's performance within
competitive strategies and point to the areas where improvements are needed. The business goals priority on
each BSC perspective is determined by rank and measure of belife that a business goal can be found in the first
place.
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INTRODUCTION

Business management in modern business conditions implies the determination of business goals that
will link the company's business strategy, provide relevant information about the process's
performance within competitive strategies and point to the areas where improvements are needed [1].
Increasing the effectiveness of business goals should lead to an increase in the efficiency of the
company's operations as a whole, which is one of the basic requirements of the ISO 9000: 2008
standard. The type and number of business goals are determined by management teams and experts-
most often according to the results of good practice and / or requirements of the stakeholders. The
uncertainty in the relative importance of each pair of business goals on each BSC perspective, and the
uncertainty in the strengths of the relationships that exist between business goals that are in two
consecutive BSC perspectives, is described by linguistic statements. These linguistic statements are
modeled with a triangular of fuzzy numbers. The theory of the fuzzy sets better than other
mathematical theories describes the linguistic statements and can simulate the human way of thinking
in the decision-making process, in the presence of inaccurate, approximative and unclear data [2]. The
relative importance of each pair of business goals, at each level, is determined by a computer program
that is based on the Delfi method. The priority of business goals, on each BSC perspective, is
determined by rank and measured belief value that a business goal can be found in the first place. The
determination of ranks and belief measures is based on the application of a method for comparing the
triangular of the fazzy numbers, developed in the literature. Defining business goals that is needed to
be improved by applying appropriate management methods is obtained by applying a genetic
algorithm, which is one of the most widely used heuristic methods in practice. It is believed that every
solution obtained in an exact manner is less burdened with the subjective attitudes of the decision-
makers and therefore can be considered to be more precise. The relative importance of business goals
on each BSC perspective is determined by the fazzy matrix of the relative relation of the importance of
business goals. The elements of this matrix are linguistic statements that are modeled by a triangular
of fazzy numbers. Developed software is based on the proposed phase of the Delphi method by which
the relative importance of business goals on the BSC is determined, for each perspective. The ranking
of business goals, based on some relative importance, is determined on each perspective of the
strategic map. The ranking of business objectives in each perspective corresponds to the rank of
triangular of the fuzzy numbers, obtained by applying one of the phase ranking methods [2,3]. Values
of business objectives are set intermittently.

DETERMINING THE BUSINESS GOALS EFFICIENCY
Estimation of the degree of realization of business goals in each perspective, as well as the assessment

of the effectiveness of the business objectives defined on each perspective was obtained using the BSC
(Balanced Scorecard) software [4,5,6], as is shown in Figure 1.

10
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LGS @ 58,4 %

LGS [=] 55,8 %

Figure 1. Evaluation of the degree of realization of business goals in each perspective, as well as the
assessment of the effectiveness of business goals that are defined in every perspective for industrial
enterprises

In the financial perspective, the goals: Increasing Company Liquidity (F1), Increasing Profits (F2) and
Reducing Costs (F3) show us that industrial enterprises should work to raise their own productivity
and product quality, according to defined criteria and standards. Changed conditions and the profile of
the world market require that modern companies should develop their market and competitive position
through stronger international orientation, rather than relying on classic forms of business and that its
possibilities are limited in new conditions [7]. Increasing Company Liquidity (F1), Increase in Profit
(F2) and Cost Reduction (F3) bring new challenges in developing an international business system and
engaging modern companies, depending on the direction and degree of their integration with the world
market in terms of improving quality, increased profitability and competitiveness.

Financial perspective is a consequent picture of all activities of other perspectives and a clear
definition of the links between activities, processes and perspectives achieves the organization's
sustainable success. Logically, as the cost reduction is directly proportional to the increase in profit,
and indirectly it affects the reduction of liabilities, i.e. the increase in liquidity. So, it is often
noteworthy that a better result of a business with a higher profit.

In the customer's perspective, Increasing consumer satisfaction (C5) and Reducing the number of
complaints (C2) is a prerequisite for the development of a company, because the production and sales
organization must be in line with the market situation. Over time, the sales activity itself, which can
grow or decline, can be expanded or narrowed, and the market itself can be completely changed.
Increasing consumer satisfaction (C5) and Reducing the number of complaints (C2) in production
organizations can be set up differently, which depends on the type and quantity of products sold, the
skills of employees, the adopted concept, the expectations and the customer's request, the definition
and definition need and so on. The most important task of the company in fulfilling these goals is the
timely and maximum favorable sale of manufactured goods. This task consists of a whole range of
other, specific tasks, which execution begins with the preparation of the sale. Among the sales jobs,
important tasks are related to bidding. The offer is one of the first concrete activities of the company,
and the contracting of interest contacts with the future customer is due, because precisely because of
that, the quality of products is increasingly becoming the decisive element for price formation. The
interest of consumers and producers for the quality of products and services is enhanced. It is also
imposed by intensified competition in the international market. Achieving the highest quality, with the
labor and materials savings, as well as the provision of quality services and services, increases the
competitiveness of the company. This perspective is the central polygon of the quality system. All
requests are turned to the customer and all targets are in the end user's service. Industrial enterprises
that meet customer needs become self-sustaining, and sustainable success is the goal of employee
satisfaction, and a successful strategy.

In the perspective of internal processes, the highest value is Technology development (12), ICT support
(11) and Quality assurance (13). This fact clearly emphasizes the importance of rapid response to
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signals from the market. Response time is a key indicator. The driver of the improvement is the
application of digital technologies, reducing the time of production, etc. It means that the norm of
time, through customer satisfaction, affects the financial perspective. Production control and
development are the main drivers of improvement. They point to the stability in the movement of
strategy realization. Obviously, how much quality triggers improvements and has the greatest
potential.

In the internal processes perspective, business goals are essentially related to changing market and
other business conditions of the company, as well as the computerization of the entire IT system. This
can lead to the strengthening new and advanced industrial products based on high technology and their
clear separation from the old, traditional branches primarily through the profitability rate. Bearing in
mind the previous perspective, it can be said that knowledge and experience transfer flows are integral
to the production function and that the increase in these transfers is increasingly taking their place in
practice. Also, it is important to emphasize here that these goals show that direct investment in the
modernization of old technologies and the application of new technologies is needed; reduction of
technical and commercial losses in order to reduce costs and preserve the reputation of the buyer and
the business morality of the company, etc. Enhancing the knowledge and competence of employees
(LG2), Improving the quality management system (LG1) and Efficient transfer of knowledge and
employee experience (LG3) in the perspective of learning and development points to a driving mission
of this perspective. The step with the scientific and technological development trend must be
maintained, and this is achieved by knowledge. This means that a level of qualification structure and
the possibility of continuous education is very important for a group of industrial enterprises. It is
necessary to conduct continuous assessment of employees' competencies taking into account visits to
seminars, participation in conferences and congresses, writing works, solving problems in production,
participation in development projects, etc. [8]. Intellectual work gives the greatest contribution to the
newly added value and therefore, the basic question is how to measure it and stimulate it as a driver of
improvement.

Tabel 1. ABC classification

The value of Relative Cumulative The value of Relative Cumulative
Goals the values of the | values of the the values of the | values of the
classification | classification | classification | Goals | classification | classification | classification
criterion criterion criterion criterion criterion criterion
F3 0,7297 0,0463 0,0463 13 0,6118 0,0388 0,5941
C5 0,7267 0,0461 0,0924 LG 0,6114 0,0387 0,6328
F 0,7106 0,0451 0,1375 LG3 0,6076 0,0385 0,6713
F2 0,7089 0,0449 0,1824 | 0,6018 0,0382 0,7095
LG2 0,6974 0,0442 0,2266 LG4 0,59 0,0374 0,7469
F1 0,6932 0,0439 0,2705 15 0,589 0,0373 0,7842
C2 0,675 0,0428 0,3133 LG5 0,584 0,0370 0,8212
C4 0,653 0,0414 0,3547 16 0,5788 0,0367 0,8579
C3 0,6447 0,0409 0,3956 14 0,576 0,0365 0,8944
12 0,6386 0,0405 0,4361 C6 0,563 0,0357 0,9301
Cc 0,6326 0,0401 0,4762 LG6 0,558 0,0354 0,9655
LG1 0,6316 0,0400 0,5162 C1 0,5333 0,0338 1
11 0,6164 0,0391 0,5553

ABC analyzes provide three classification groups, each with different management activities. The
advancement strategy consists of the management activities that need to be undertaken in order to
improve the level of achievement of objectives and their effectiveness. ABC classification results give
importance to management activities. In the case of industrial enterprises, Group C consists of 2 goals,
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which corresponds to about 5% of the cumulative value of the classification criterion. They are the
most important in implementing the promotion strategy. In this case, Group C consists of LG6 and CL1.
The next 15% of the cumulative value of the classification criterion corresponds to Group B
objectives. Group B goals are of medium importance in terms of implementing the promotion strategy.
In our case, Group B goals are: 16, 14 and C6. All other targets belong to Class A, consisting of 20
goals and they constitute about 80% of the cumulative value of the classification criterion. A Group A
goals are least important when an improvement strategy is implemented.

In addition, the most important activities of the management and their order of undertaking are briefly
given. The most important activities of management in small and medium-sized enterprises are: (1)
Increasing the motivation of employees (LG6): (a) Training and training opportunities (b) Special
recognition and higher autonomy in work (2) Increasing the quality of service provision to customers
(C1): (b) Reducing the number of complaints (3) Production control (I6): (a) Increase in research
activity in the field of innovation through studies and product projects ( b) Application of modern
computer and electronic systems (4) Product development (14): (a) the use of resources and
interactions with the market, competitors and other environmental factors; (b) the adoption of new
technical and technological solutions to the production process; service (C6): (a) create conditions for
ensuring the continuity of improvement (b) utilize the unused potential in the sphere of product quality
and service and improvement of services.

DETERMINING THE OPTIMAL PATH IN STRATEGICAL MAP OF THE COMPANY
The strengths of the relationships that exist between business objectives that lie in different
perspectives of the strategic map of the considered industrial enterprises are assessed based on the

knowledge and experience of the management team formed at the level of a whole group of industrial
enterprises considered.

Tabel 2. Management team Fuzzy estimates

LGl:Il:éZ LG2:I5=(~21 LG4:I3=£22 LG6:I2=§~22 |1:C6=£~24 |3:c4=£21 |5:c2=£26 I6:C6=§~25 C4:F2=§~26
LGl:I2=§~24 LG2:I6=£22 LG4:14= §~21 LG6:I3=£2]_ |2:c1=£~23 I3:C5=§~25 |5:c3=£~23 Cl:F1=§~26 C4:F3=§~27
LG1:13= 53 LG3:11= 525 LG4:15= E)l LG6:I4=E)6 12:C2= 524 I3:C6=§~24 I5:C4=£22 Cl:F2=§~25 C5:F1=§~27
LG12I4:£22 LGS:I2:£26 LG4:I6:£22 LGS:I5:§~16 |2:c3:§~25 I4:Cl:(~22 |5:05:£25 c1:F3:£25 CS:F2:£26
LG1L:15= §~21 LGS:|3:E24 LGS:Il:EZ3 LGS:I6:§~23 12:C4= §~23 |4:02:(~21 I5:06:£25 C2:Flz£26 CS:F3:§~24
LGl:I6:£23 LGS:I4:£23 LGS:I2:£25 |1:c1:£~24 |2:c5:£~25 I4:C3=£26 |6:Cl:£23 C2:F2:£27 CG:F1:§~25
LGZ:Il:fNZS LG3:I5:£26 LG5:I3:£26 |1:c2:§~26 I2:C6:f~22 |4:c4:£~)2 I6:C2:£27 CZ:FS:f~24 CG:FZZE)G
LGZ:I2:£24 LG3:I6:£24 LG5:14= él Il:C3:f~26 I3:C1:f~27 I4:C5:£~)3 I6:C3:£26 CS:F1:E24 CG:F3:£25
LG2:13= §~23 LG4:I1:£25 LG5:I5:§~)3 |1:c4:§~25 |3:c2:§~24 I4:C6:£25 I6:C4:£26 CS:FZ:éG

LG2:14= 536 LG4:I2=£23 LG6:11= 526 11:C5= §~21 13:C3= !36 I5:Cl=£25 I46:CS=§37 C4:Fl=£25

Further, the procedure for determining the overall strength of the relationship between the two

business objectives is shown.
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LG1

Figure 2. Relation between two business goals

w(LG1) = (0.52,0.681) w(l1) = (0.49,0.65,0.87) Q =(0,0,0.4) LG1I1Q, — 0.54

Using the GA method (Genetic Algorithm), the optimal path in the strategic map of the industrial

enterprise was determined using the Mathlab software shown in Figure 3.
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Figure 3. Optimal paths in an industrial enterprise strategic map

Based on the results obtained, it can be clearly seen that the optimal pathway includes the following
business goals: Employee Development and Advancement (LG5), Quality Assurance (I3), Increased
Quality of Service Provision (C1) and Profit Increase (F2).

On the basis of everything stated in the burning part of the text, it can be concluded that the optimal
path in the strategic map of the industrial enterprise is expected. This conclusion is imposed because
all business goals, that make an optimal path or high ranking (LG5 and 13), are one of the leading
goals (C1 and F2) in their perspective. Also, the management team needs to pay particular attention to
focusing on business goals on the optimal path of an industrial enterprise and to take measures to
increase the level of achievement of these goals. Business-related measures Increasing the quality of
service delivery to customers (C1) and Increasing profits (F2) and their realization are listed above.

In order increase the level of achievement of the business goal of Employee Development and
Advancement (LG5) the management team should take the following measures: (a) respecting business
ethics and orderly behavior of management and employees in the organization; (b) defining clear roles
and responsibilities; (v) secure awareness and freedom (g) support and provide resources necessary for
the work (d) feedback and motivation for employees (e) education and learning necessary skills ()
introduce a system of rewards and career advancement (f) provide ability to meet the financial needs
of workers and managers; and ) provide communication channel effectiveness.

The management team should take the following measures to increase the level of achievement of the
business goal - Quality Assurance (13): (a) the correct business policy and accuracy in the work; (b)
quality control of input materials (using laboratories for testing materials); (v) product control in
progress (g) final control; (d) documenting, implementing and maintaining a quality management
system as a means of ensuring compliance of products and services with established requirements
(where it is necessary to continuously monitor the process of production (so as to achieve dynamic
control and reduce the percentage of scrap on finished products); improve its efficiency in accordance
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with the requirements of 1SO 9001: 2008) and (j) top management should analyze and evaluate the
effectiveness of the process and, on the basis of the obtained results, implement improvements and
make preventive and corrective measures.

CONCLUSION

Small and medium-sized enterprises are the drivers of economic development and they represent the
main bearers of economic and social development. They represent the most vital and economically
most effective part of every economy. With this in mind, it is necessary to find an optimal
combination of small, medium and large enterprises that is able to best meet the economic and social
goals of a country. Small, medium and large enterprises stand in both competing and complementary
relationships and together give synergetic effects in the economy [9]. In this regard, the revitalization
and expansion of existing enterprises, while encouraging the creation and commercialization of
entrepreneurial initiatives, define the preconditions for future economic development.

Management measures (revenue increasing, property reduction, reduction of costs and their
combination, etc.) are mostly determined by the company's resources and the degree of business
distance of the business from the turntable. In a crisis situation, it is necessary to systematically and
objectively evaluate all the possibilities, bearing in mind the tax and balance consequences, as well as
the expected effect to the business of the company [10]. The choice depends on the current and future
company's strategy, as well as on the possibility of top management. If the initial management
measures motivate employees and short-term improvements in business are achieved, it is possible to
overcome the crisis situation with great certainty [11]. Also, an adequate value analysis is needed,
which is the process of identifying and eliminating unnecessary costs, in particular products or
services. Thus, when formulating the strategy, competition should be considered, competitive
advantages, market segmentation based on specific product features and pay attention to the stages in
the evolution of products and markets.
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Abstract: This paper describes a modeling ontology framework for personalized e-learning process in
engineering education. Propsed model is based on doamin MAU ontology. This ontology is the target created for
Moodle LMS system. The main goal of this paper is to enable dynamic mechanisms for dynamic personalization
process of student’s learning according to the adaptation criteria based on MAU ontology. Selected criteria for
adaptative systems is based on the Felder-Silverman learning style model (FSLSM). Also, this work describes
real time monitoring of students activities and their interactions in Moodle System. For this purpose everal
semantic modules (plug-ins) have been implemented for Moodle platform.

Key Words: Semantic Web, Ontologies, Moodle, personalzation, Learning style, semantic rules.

INTRODUCTION

On the Internet, there is currently a huge number of pages, or the vast majority of them are in a format
that is readable only by humans. As a result, the software agents can not understand and process this
information, and therefore a large part of the potential of the web has so far remained unused. The
term Semantic Web is an upgrade of the existing architecture of the World Wide Web, which
improves the quality of enriching the content of the formal semantics. This means that the content is
tailored for use by the computer (processing, sharing, reuse), as opposed to content that is intended
only for use by men. This will allow agents semantic reasoning based on the semantics of web content.
Semantic models data sources are the implicit meaning of data specifying the terms and relationships
within the data on the web [23].

The term Semantic Web was introduced in 2001 by the [4] with the aim to establish a website that will
not only interconnected documents, but will also discover the significance of the information in those
documents. In other words, the Web is being transformed from a series of interconnected but
semantically isolated sets of data into one huge database for storage, manipulation and retrieval of
data. On the other hand, have provoked a large number of complex challenges. The authors of many
studies in this area are currently actively working to respond to these challenges, putting the focus on
creating the basic architecture, the development of effective and expressive ontology language
construction technique for effective data mapping and learning ontology [10]. For the Semantic Web
development it is important to define a large number of standards and technologies that are primarily
engaged in International Organization for Standardization Web W3C (World Wide Web Consrtium).
Ontologies can be used in different domains with no restrictions on the modes and contexts of use.
Key advantages of the using ontology [11], [12], [21]: the possibility of identical interpretation of the
structure and meaning of information by human and software agents, the possibility of reuse of
domain knowledge, the ability to create explicit assumptions about the domain, the possibility of
separating domain
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knowledge from the operational knowledge, ability to analyze domain knowledge, better
understanding, knowledge creation, collaborative learning, problem problems, search or
recommendation developing ability peer review and reusability, as well as the knowledge sharing
knowledge of a particular domain which is achieved using common concepts and vocabulary among
the various educational systems.

MATERIAL AND METHODS

There are many different definitions of the Semantic Web, and some of them are as follows:

» The Semantic Web is defined as a web of data, ie. website that provides data storage, creating
dictionaries and rules for data management [26];

» The purpose of the Semantic Web is to assign formal structure and semantics (metadata and
knowledge) web content for more efficient management and access [16];

» Semantic Web to work together on web applications to both syntactic and semantic level [15].

The Semantic Web can be used as a suitable platform for implementing the system for electronic
education because it provides all the necessary tools for e-learning: the development of ontologies,
semantic annotation (tagging) of learning materials, the use of semantic technologies in the context of
electronic courses and delivery of learning materials in accordance with predefined semantic rules.
Application of Semantic Web in education is based on three essential possibilities [2]: opportunities
for efficient storage and retrieval of information, the possibilities of autonomous agents to improve the
learning process and finding adequate information, and opportunities for web support, expansion and
increase communication skills of people in a variety of formats without limitations in terms of space
and time. For now there is still a problem that a small number of semantic applications, systems and
web services, and that their development is time consuming and expensive.

Ontologies can be used in different domains, among them being the domain of education [25], KDDM
- knowledge discovery and data mining [18], finding content and information [19], [8], knowledge
management [27], [17], in [5], [14], [24] and other doamins of reseraching. The ontology using in the
field of electronic education was first mentioned in the work of the author [20], and eventually the
idea received more popularity and importance. Ontologies are used to support semantic search,
allowing you to search multiple repositories and reveal the correlation between learning objects that
are not directly understandable. They provide new opportunities for e-learning systems because they
provide intelligent access and manage Web and semantically rich information modeling applications
and their users. This enables support for more adequate and more accurate representation of students,
their learning goals, learning materials and the context of their use, and more efficient access and
navigation through learning resources. Using ontology as a knowledge model allows different types of
users to share their knowledge through semantics. The semantic modeling, an ontology is a
representation of the standard languages, such as RDF, RDFS and OWL [1]. In the the research
authors [9] shows the ontological taxonomy technologies used in electronic education. Different
technologies and languages are used to create ontologies and semantic web applications [25].

Model implementation
This section presents model implementation and creating semantic modules for the Moodle LMS

system named MAL (Moodle Adaptive Learning) Fig. 1. Learning objects displayed for e-commerce
course are shown in Fig. 2.
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Figure 1. MAL system Figure 2. E-commerce electronic course

Learning objects - LO are part of the teaching materials that are characterized by a significant amount
of information about their content and use. This additional information is defined as a set of metadata,
according definisinaoj IEEE LOM specification. Also, the above specification is used to describe the
relationship between existing learning objects. Learning objects whose relations are explicit graph
nodes are considered resources. Types of connections and metadata represent the semantics of
resource graph. Learning objects can still be called educational facilities, information facilities,
intelligent buildings, facilities, skills, knowledge unit reusable components for training and learning
units [3]. The purpose of the learning object that contains information that can increase the level of
knowledge. It follows that represent the basic unit as means of creation and dissemination of
educational content. They have been developed to meet the need for high-quality and multi-usable
educational fragments are the organized in an accessible way for each student. Facilities learning help
to solve the problem of expensive reproduction of teaching materials for e-learning courses [7].
Specifications of learning objects include the following features [22]: sustainability interoperability,
accessibility, reusability [6], granularity, adaptability and pedagogical aspects [13]. Learning objects
can have different form (text documents, images, tests, quizzes, graphics, video and audio recordings)
and can be used in different contexts (increase of the student's knowledge, the explanation of other
concepts or develop practical skills students).

There are three important phases during the student interaction with MAL platform Fig. 3. The first
one is related to detection of student learning style. Felder-Silverman questionnaire is used for
determining initial learning style and it is the only sub phase where student is required to spend time
answering the questions. Information from the semantic report is used for determining current learning
style of the student and this sub phase is being executed in the background of the learning process.
Another phase, which is also being executed in the background of the learning process, is related to
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defining relationships between learning objects and learning styles for both learning resources and
files. The third phase is related to the visualization and semantic enrichment of learning objects.

Felder Silverman
questionnairy
- & Total time spent on
1y Quiz in minutes
Determining the initial and Semantic report >
current learning style
n

Evaluated other
students workshops

/ 2 B Forum posts
4 i i Lesson answers
Defining relationships sDt;l‘e'l: :l:ngdlf:r:lg)gr Que attempts
between learning objects and & Lesson atiempts
\ : resources
learning styles Date

\

MAU block

Average grade on this
course

Average session in
minutes

Sent messages

Total time spent on

4

3,
‘ Visualization and semantic
| enrichment of learning
objects

v

11 October - 17 October

Recommended resources

stanje | perspelave

Figure 3. Phases during interaction with MAL platform

The first time student log into the MAL system, he/she will fill in the registration form and complete
Felder-Silverman questionnaire i.e. Index of Learning Styles (ILS). After registration, the student
visits certain learning objects and does some actions. During the learning process, his/her learning
style can be changed, so it will be necessary to update the student profile. Dynamic updating of
student's learning style is based on the concept of monitoring what students are doing during learning
process, i.e. the analysis of student's interactions with the educational system. Created semantic
modules are responsible for collecting these data which is essential for the process of adapting the
educational system.

Various indicators can be used for real-time monitoring of students' activities. Three types of
indicators have been used in this study. The first indicator is the student's overall grade at the course
level. The calculation of time spent on learning objects was implemented as the second indicator. The
number of each learning objects visited by the student, and the total number of learning objects visited
were counted for the calculations of the third indicator. These three types of indicators provide all
necessary data for determination of the patterns of students’ behavior.

Modeling MAU ontology

In this paper we created a ontology that defines the concepts related to learning objects, the model
student and learning styles. Ontology is named MAL - Moodle Adaptive Learning. Protégé tool and
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Stanford methodology is used for ontology modeling [21]. MAU ontology is exclusively designed for
the Moodle LMS. Domain MAU ontology is e-learning. According to hers characteristics, MAU
ontology is one of the larger ontology, is quite complex and robust. On the other hand, the advantages
are: generality, comprehensiveness, flexibility and applicability. In the following text, the process of
modeling MAU ontology will be explained and graphically presented (OntoGraf representation).
Classes contained in MAU ontology are of crucial importance for the adaptation process

of the system based on learning styles. The main classes of MAU ontology are Course,
LearningObject, LearningObjectStyle, FelderSilvermanQustionary, User, UserActivity, Grades,
Answers and AuxillaryClasses, as shown in Fig. 4.

LearningObject FelderSilverman

Questionary

- LearningObjectS
\

* r e owl Thmg ‘
UserActlvny

AuxmaryCIasse
Course

Figure 4. The main classes of MAU ontology

The first step in ontology modeling was to formally define the topics covered in Moodle courses. This
step is typically realized using independent domain ontology, but as we have explained before, all
concepts and relations required for the implementation of proposed model are defined within MAU
ontology. Course, LearningObject and LearningObjectStyle classes are intended for defining the
structure of learning material. Each course in MAL system contains several lessons with different
resources (learning objects) assigned to them. The class Course defines the basic structure of course.
This class is connected with classes User, Logs, CourseCategory and AuxillaryClasses. The class
LearningObjectStyle represents a class specified for modeling the relationship between the learning
objects and student learning style. This class defines which learning object belongs to which learning
style. The class LearningObijectStyle has the following subclasses: ActiveLO, GlobalLO, IntuitiveLO,
ReflexiveLO, SensitiveLO, SequentialLO, VerbalLO, VisualLO, as shown in Fig. 5.

GlobalLO
LearnlngObject
SequentialLO

owl:Thing
/ ReflexiveLO
LearnlngOb]ectS
tyle
IntuitiveLO
SensitiveLO
VerbalLO / \
ActiveLO
VisualLO

Figure 5. Modeling LearningObjectStyle

Relationships between classes are different colors. For example, the blue line indicates the relationship
subclass, purple line indicates the individual, yellow line indicates the relationship of other classes to
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the user, a dark blue line indicates the link to the user class, etc. Line type affect which class is
associated with another class and what is the type of connection between them. This is important for
the ontology development and interpretation because OntoGraph diagram can be easily
understandable, and thus changed or optimized.

RESULTS AND DISCUSSION

Protége has built-in reasoning mechanisms that check consistency and regularity in the ontology.
Pellet reasoning mechanism (OWL-DL) was used in the process of creating and testing of MAU
ontology. Individual classes that participate in the process of semantic reasoning should be clearly
defined at the beginning of creating semantic rules. SWRL language (Semantic Web Rule Language)
was used to create semantic rules. It is written in SWRL tab in Protégé. In the following text is shown
SWRL code where student of active learning style, remains in the active learning style according to
the set indicators and their limit values.

FelderSilvermanQuestionary(?fsq) ~ FelderSilvermanQuestionary(?res) ~ LessonTime(?ltt)
BorderValues(?bvg) ~ BorderValues(?bvl) ~ User(?u) ~ actRef(?fsg, "ac"™) ~ TotalGrades(?tg) "
gradeValue(?tg, ?gradeVal) ~ hasGradesType(?res, "rezonTemp") *~ ViewedUA(?quizV) A~
ViewedUA(?forumV) * ViewedUA(?lessonV) ” PostedUA(?pua) ~ viewsResource(?quizV, "quiz") »
viewsResource(?forumV, "forum™) ~ viewsResource(?lessonV, "lesson™) A numberOfViews(?lessonV,
?brojPregledal) " numberOfViews(?quizV, ?brojPregledaQ) ~ numberOfViews(?forumV,
?brojPregledaF) ~ numberOfPosts(?pua, ?noPua) ~ timeSpentL(?Itt, ?vreme) " upperBound(?Itt,
?upperLtt) ~ upperBound(?bvqg, ?upperBvqg) * upperBound(?bvl, ?upperBvl) * relatedToRes(?bvq,
"Quiz") ™ relatedToRes(?bvl, "Lesson™) » relatedToUser(?forumV, ?u) ~ relatedToUser(?quizV, ?u) »
relatedToUser(?lessonV, ?u) " relatedToUser(?pua, ?u) ~ relatedToUser(?fsq, ?u) ~ relatedToUser(?tg,
?2u) ™ swrlb:greaterThan(?gradeVal, 0.5) ~ swrlb:greaterThan(?brojPregledaF, 14) ~*
swrlb:greaterThan(?noPua, 4) A swrlb:greaterThan(?brojPregledaQ, ?upperBvQ) A
swrlb:greaterThan(?brojPregledal, ?upperBvl) ~ swrlb:greaterThan(?vreme, “?upperLtt) ->
actRef(?res, "ac™) ” relatedToUser(?res, ?u)

The result of execution of semantic rules is student's learning style according to the Felder-Silverman
model of learning style. After creating and testing semantic rules, they should be inplemented into the
semantic environment. In our work we used Jena as semantic environment and Pellet as inference
engine.

Working in Jena semantic environment includes the following: creating a semantic model that consists
of model obtained from D2RQ server instances and ontology model; creation of methods necessary for
the system adaptation using APIs; the execution of semantic rules; performing semantic queries;
applying semantic reasoning mechanisms and getting results of semantic reasoning; transfering
semantic results to Moodle; creating of reports in Moodle based on obtained semantic results; updating
Moodle MySQL database in real-time.

An important contribution of this paper is the development of electronic education model based on
semantic adaptation of learning objects. Implemented model is based on the Moodle platform and is
suitable for use in higher education institutions in Serbia has great practical value and represents a
significant scientific results. This work has resulted in a series of expert contributions, each of which
can be singled out: analysis of application ontology in an electronic education, review and analysis
software infrastructure necessary for their implementation, the implementation environment and
infrastructure for the implementation of the ontology in an electronic education and the adaptation
module by using the proposed model. The research results can be applied individually within the parts
of educational institutions and at the level of the educational institution as a whole. Descriptions of
lifecycle development of semantic models for personlizovanu adaptation system for e-learning,
semantic data mapping, the creation of ontologies, the implementation of the 3 models in the semantic
development environment as well as the integration of semantic and educational development
environment can serve as an example of good practice.
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CONCLUSIONS

Developed a semantic model for dynamic adaptation of the educational system can be successfully
applied in higher education institutions for the realization of personalized teaching activities. The
results and the solutions proposed in this paper open the possibility of further research in the field of
application of ontologies and semantic development of demanding concepts that provide different
functionality. Improvements model described primarily be considered in the direction of linking
semantic model with

social networks. In this option would be exercised semantic enrichment of student models in real time
and referred to his model as a whole and not just one criterion of adaptation.

As multiple monitors for adaptation, to get the exact results of the return preferences of the students.
In accordance with the modern development of information systems and technology and an innovative
semantic direction of application development and the Web, a growing number of universities and
institutes provides open access to their semantic bases. The reason is simple, optimized, faster access
to distributed, differently structured and the data described. It is this concept seeks to solve the
problem of interoperability, using the unified standard for the semantic description of the unique
concepts of the Semantic Web.
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Abstract: In education, women are identified as a specific target skills and competencies precondition for any
business enterprise, it is necessary arrangement of education of women, both in formal and informal education
system. Non-formal and continuing education directed yen population of adult women. Aggravating factors
affecting the low motivation of women to participate in adult learning and education are inadequate
emancipated, unfavorable educational structure, demanding family roles of wife-mother, the difficult situation
caused by belonging to rural areas and underdeveloped regions. Reduce the high unemployment rate of young
women in the world and in Serbia can be achieve only creating favorable conditions for the development of
entrepreneurship. This will be achieved primarily improving the microeconomic business environment and
ensuring the start-up capital. Primarily, it should create the conditions that would allow a safe and long-term
development of their own business.

Key Words: women's education, entrepreneurship, unemployment, the initial capital.

INTRODUCTION

Affirmation of women entrepreneurship as a relevant objective of development of modern society, is
supported by a number of international document [5], [6], [11]. The Beijing Declaration adopted in
1995 is the key document in which the integrated objectives and principles set out in the UN Charter,
the Universal Declaration of Human Rights, in particular the Convention on the Elimination of All
Forms of Discrimination against Women and, inter alia, the Declaration on the Right to Development.
Women's entrepreneurship is recognized as an important mechanism for achieving equality,
democratization and development of society, the preservation of peace and poverty reduction.

The phenomenon of female entrepreneurship includes all aspects, above all, that women want and
need to reconcile family and professional obligations, and that his engagement in entrepreneurship
highly personalized, transparent in him bringing his personality and values. Although more women in
the population, they are most present workforce at one of the lowest-paid sectors - services, very few
women in leadership and management positions, and the average earnings achieved by women in
relation to men were lower in almost all activities [3], [9], [13]. From these studies, in short, to learn,
and that women who have entered the private business well educated, that their professional
composition varies, most are married, with children, to areas where they founded the private affairs,
mainly belong to traditional female occupations that rarely have their own start-up capital, and to form
micro or small enterprises. The reasons for starting a new business are the most common means of
ensuring the existence of family and children and the desire to prove their own abilities. The biggest
obstacle they faced was called. Work on three fronts: the household, the children family and work and
gender discrimination [10].

In practice, women are often excluded from decision-making. Decides in small, informal, and as a
rule, men's groups, which excludes women from institutional policy or diminishes their political power
even when they are represented. Exclusion of women from institutional politics can slow down the
democratic process and in the countries of ex-Yugoslavia. A particular problem to be solved is
participation in public and political life of the multiple discrimination of women. The woman has more
than men in the world, or in the economy, according to official information and indicators, minorities
all over the world.
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MATERIAL AND METHODS

Women's entrepreneurship as a phenomenon of our time until recently they bought very little attention
[16]. The first important scientific papers on this subject appeared in 1976. In the journal 'Journal of
Contemporary Business' published work is' Entrepreneurship: A New Frontier Woman' ‘which drew
attention to the upward trend of this kind of entrepreneurship. For example, according to statistics
from 1972, about 4.6% of all US businesses are led by women. After investigations of the UN in 1995
two changes that have occurred in the last ten years have led to the establishment of a positive climate
for the development of women's entrepreneurship are:

= Establishing legal and legislative equality for women;

= Ensuring equal access to vocational education and training for women.

Male resistance to women is stronger in Europe than in America. Polls in Italy and the UK have
shown that nearly half of men and reject the idea that women can perform task managers. Statistical
analysis of the population of managers in the US and Western Europe has shown that women make up
only 3% of CEOs of major companies and occupy about 12% of middle and lower management
positions, even though they were in the labor force for more than 45%. In the literature, this
phenomenon is explained by the existence of strong or impenetrable barrier, which is the result of a
combination of all stereotypes. In the world there are three countries where women make up more than
half of the employees. This is Sweden (60% of employees are women), Canada and the US (52% of
employees are women). The other extreme are countries of the Middle East in which the proportion of
women in the labor force between 35% (Israel) and 4% (Iraq, Saudi Arabia). Unfortunately, one of the
still strong reasons meager representation of women in the management of their personal acceptance
of "female roles” and from it emerged not interested in leading or managerial career [2].

In most cultures there is a strong division between male and female roles [10]. According to such
cultural stereotypes that dominate, especially Arab countries, Latin America and the less developed
regions of the world, managers can be only men. Women are expected to be subservient and
dependent, not to stand out and to serve men. Even in developed democratic societies, where women
enjoy formal equality, these cultural stereotypes are not completely eradicated. Different legal
constraints that women are placed in a second-class status only recently removed from the legislation
of most developed countries, and in underdeveloped are still very much present (for example,
Switzerland's did not have the right to vote until 1971, France no regulation to protect women from
harassment at work, and in the US women for the same job often receive lower wages than men).

But already in the 21st century things started to change. Between one quarter and one third of all
businesses in the world today run by women with a growth rate up to two times, compared to the
national average in the USA. Women are owners of approximately 30% of all businesses in the world
which has been shown in Table 1. Entrepreneurs in developing countries now represent a vital driving
force in all sectors of the economy, whether measured by the number of new jobs, the number of
employees or the volume of realizing profits as shown in the following Table 1 [15].

Table 1: Women-owned businesses in the world (in %)

Country Year Women-owned (%) enterprises
Netherlands 1992 8
Mexico 1990 9
Japan 1991 13
Germany 1993 15
Canada 1995 17
Australia 1994 18
uUs 1996 20
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Female entrepreneurship in Serbia

On the labor market, statistics do not anticipate an unfavorable position of women in relation to men
from around 900,000 unemployed, 56 percent are women, but it is similar to their percentage share in
the 1.9 million employees. Author [17] gives in his work a review qualitative study of the perceived
enabling factors for the female entrepreneurship in Serbia.

On the other hand, in Serbia, women are owners or co-owners of 16 thousand companies. This is the
fifth of the total number of domestic companies. When these figures are compared with other
countries, it is possible to conclude that Serbia already has a European average because even in
Sweden, for example, no more than 22 percent of women entrepreneurs.

Unfortunately, a large number of companies in Serbia are only registered in the woman's name. More
precise information is obtained when seen in how the company is the wife of the owner and the
manager, because then the more likely that the companies are not only present name. By this criterion,
according to data from the Agency for Business Registers, the women manage to 6,700 small and
medium-sized and 16 large companies in Serbia.

"Women's entrepreneurship in Serbia was mentioned ten years ago, when international aid programs
were directed at women-refugees, as the most vulnerable category".

Research suggests that as many as two-thirds of women who have a job, consider the woman in Serbia
difficult to start a business because of the "Balkan syndrome”. In one group of courageous women
who have begun to engage in business, this percentage was reduced to a quarter. The principle is
proverbial - who wants to do something - finds a way, who does not want - he finds an excuse.

So whether women themselves may give rise to men's frivolous understand the business? Often, they
themselves are the victims of prejudice that could be "subject to" discrimination by males as best seen
in Figure 1. In addition, women often do not have enough confidence to say, there is no authority to
impose their views, and they fear that the reason for the loss of the value in the eyes of men.

The fact is that in Serbia there are still traces of patriarchy, but it is not only a male. Do women begin
to act more decisively, men will certainly not reject a good business proposition, just because he sent a
woman. And that is the future of women's entrepreneurship, the future we must create and carve
women. Any other approach would mean further loss of half of the intellectual capital, as a company
and a country.

However the Statistical Office of the Republic of Serbia in its annual report of 2012 stated that the
total number of employees (1.73 million), 1.34 million were employed in the companies, of which
626,000 were women. When it comes to farming, women have been registered 28% of all farms.
However, they make up only 23% of all individual farmers and 71% of unpaid family members in
agriculture. In 2012, he was an almost equal number of those who would and who would not have
started their own businesses, while men showed a greater willingness than women. It also has been
shown that women with higher education show the greatest interest in the opening of a private
business, where the youngest 47% of women do so if they have some features which confirms that
entrepreneurial orientation with the younger generation to grow.

Based on information available from multiple sources, it is clear that the economic potential of women
in Serbia is not used enough, either as a business owner or as a workforce. Comparative studies show
that in 2007, among women aged 18-64 years, there were only 7.9% entrepreneurs. Recent studies
from 2009 indicate that there were 14.9% of self-employed among women aged 15-64 years who are
registered as employees.

Profile of women entrepreneurs

Profile of women entrepreneurs from the existing private sector is analyzed in the framework of the
project "Improvement of economic and social rights of women in Serbia and Montenegro", conducted
by the United Nations Entity for Gender Equality and the Empowerment of Women [12].
Entrepreneurs are found in all regions of Serbia and in this regard, there are no major differences
between the regions of Belgrade, Vojvodina, Sumadija and Western Serbia. Entrepreneurs are a little
less present in the region of Eastern and Southern Serbia, where a lot of slow economic activity, only
one in five entrepreneurs from the region.
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It is noticeable that young entrepreneurs (19-30) in business concentrated mainly in four sectors:
industry, trade, knowledge economy and information and classic services. Entrepreneurs middle age
(31-49) is strongly concentrated in the trade sector, followed by other sectors lag far behind, while the
elderly (50+) are somewhere between the two previous groups.

According to the National Employment Service for 2011 of the total registered unemployed at the end
of 2010. At 52.69% are women. Of the total number of unemployed persons registered with the
National Employment Service, mostly women in the age group 25-29 years 14.5%. Data on
employment rates in Serbia by gender and age is shown in Table 2 (Publication Labour cost survey for
2010 - Source Statistical Office of the Republic of Serbia).

Table 2. Serbia's employment rate by age and sex

The employment Age Age Age Age
rate 15-19 20-24 25-30 30-65
Gender | Male 52,1 61,6 75,4 88,0
Female 35,4 51,6 70,8 84,7

Mechanisms to support female entrepreneurship

The developed countries of the world use different mechanisms to support women's entrepreneurship
through the informal and formal sectors. The informal sector is organized through non-governmental
organizations in urban and rural areas carried out various projects to bring together entrepreneurs,
establishment of associations and connections with institutions in order to achieve the targets that
contribute to fostering women entrepreneurship. Another important activity of the informal sector
networking at local, regional and international levels. Cooperation achieved and implemented
activities opens the possibility of joint implementation of projects approved by the dedicated funds
that encourage entrepreneurship, regional cooperation and/or gender equality. The activities of
women's organizations in urban areas are aimed at achieving gender equality, economic independence,
support women's entrepreneurship, socialization excluded groups, health care and assistance to the
elderly. Realizing their own or joint projects with other organizations realizes the activity or program,
a media promotion are trying to emerge from anonymity and become recognizable in the community
where they operate.

In rural areas there is evidence of slow emancipation of rural women since it is now a lot of talk and
expects the revitalization of domestic industries, and on that basis the draw of rural women and their
families out of poverty. For example, research on rural women's organizations in Vojvodina , show
that throughout history initiatives and support for the emancipation of women, as a rule, come from
other women. Rural women's organizations function as women and it was so socially acceptable as a
special, while the male company or organization perceived as a general, which gives rise to
differences in funding, to the detriment of women.

RESULTS AND DISCUSSION

Female entrepreneurship is a reality and one of the main factors contributing to economic development
in many countries. Political and economic changes in the past have created the possibility for women
to set up companies and manage them. One possibility that is increasingly used today in countries with
developed market economy, women control more than 25% of the total number of companies.
Women's entrepreneurship is rapidly expanding around the world. Women represent more than one
third of the total involved in entrepreneurial activity, while their participation in the informal sector of
the economy is much larger. Generations of women in the world diverse heritage and education
contribute to their environment and express very encouraging signs of entrepreneurial spirit.

In our environment, it is known that the main motive of entrepreneurial business of a financial nature.
There are still factors of motivation of female entrepreneurship [1], [4]:

= Dissatisfaction in large companies it occurs due to various conflicts in the family, then layoffs, job

responsibilities..
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= The balance family and work for this reason more women are opting for smaller companies,
because children cannot look after themselves can yourself.

= The desire for challenge 44% of women entrepreneurs shows that it began work, he realized that
all they can do for the employer can do for yourself.

= Motivational differences.

Many analysts believe that women do not do big companies in order to satisfy your ego. They support
each other. Researching has shown that men and women see success differently. While men see their
success as achieving the objectives of women experienced success as a work that fills them, as well as
control over their lives.

CONCLUSION

In all developed and traditional, patriarchal environments it is evident that women are at a
disadvantage, especially when it comes to property ownership. It is common practice that when the
inheritance of immovable property (land, houses, buildings) than women expected their share of an
inheritance gifts brother or a male family member. When entering into marriage, as a rule, the right of
ownership is transferred to the man, even in cases of joint construction or purchase of a house or
apartment. Time of women remains deprived of the right to dispose of his own property, or the right to
run their own business, if there is a need for it, since there is not enough material resources, and is not
able to raise mortgage loans as a favorable alternative provision of financial resources. If a woman is
financially dependent on each other or have their own sources of income, there is likely to be on the
margins of social events and without the possibility of active socialization.

The potential of women's entrepreneurship is manifested through a greater diversification between
different economic sectors, younger entrepreneurs, at the aggregate level, which means a greater
number of business activities focused on the knowledge economy and production, a lower
concentration in the store. When entering the most important potential of women entrepreneurship are:
determined not to give up easily, after the first attempt; The main disadvantages are a frequent entry
into entrepreneurship because of the mere pressure of economic necessity and without sufficiently
developed business ideas, while the obstacles are unfavorable resources to start, especially the lack of
financial capital.
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Abstract: This paper presents the effects of electromagnetic radiation on occupational safety and health of the
turners. It was discussed the size of electromagnetic radiation on turners parts of the body while lathes Potisje
Ada PA C 22 and Potisje Ada PA B 30 are in operating and idling mode.

There are determined influential factors on electromagnetic radiation and so that in lathes electromagnetic
radiation increases with the cuting speed, cuting depth, and cuting feed.

Key words: electromagnetic radiation, lathes, health and safety.

INTRODUCTION

Aim of the study is to experimentally determine the size of the electromagnetic radiation on turners
parts of the body, while lathes Potisje Ada PA C 22 and Potisje Ada PA B 30 are operating and idling.
In human body that is staying in variable EM field it is induced a current, whereby E field induce
currents significantly greater intensity than the magnetic. Under the influence of this field, there were
generated oscillations of free ions and rotation of dipole molecules in the frequency field. A strong
EM fields can perform rotation, deformation, destruction and merging cells and to disrupt the cell
membrane potential.

In the paper was examined the impact of EM fields on the incidence of malignant diseases in exposed
population. It was discovered increased mortality from all forms of leukemia and acute leukemia in
adults chronically exposed to EM field of over 0.3 uT. The higher occurrence of cancer (lung tumors
predominate, pharynx, digestive tract, respiratory and sinus, thyroid, nervous system tumors,
lymphomas and melanoma of the skin and eyes) was established among workers whose profession is
related to work with electricity.The International Committee of ionizing radiation has recommended
10 Kv/m and 0.5 uT for workspaces and 5 kV/m or 0.1 uT for public spaces [4].

MATERIAL AND METHODS
Electromagnetic radiation

Electromagnetic radiation represents electromagnetic wave motions that may arise and to transmit at
the speed of light, both in the material middle and in vacuum (air free). Electromagnetic radiation is
energy that electromagnetic waves or particle matters transmit through space.

An electromagnetic wave (electromagnetic radiation) is a combination of oscillating electric and
magnetic fields that travel together through space in the form of mutual orthographically waves.
Alternately, magnetic field causes a turbulent time variable electric field, and turbulent electric field
causes the variable magnetic field. The fields are characterized by the vectors of the strength on
electric and magnetic fields, which are mutually orthographical, and plain formed by these two vectors
is normally appointed to the direction of propagation - transverse waves. Fig.1 shows the
electromagnetic spectrum with wavelengths (m), names of the radiation, corresponding frequencies
and single photon energy (eV) [5].
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Figure 1. Electromagnetic spectrum

Directive of the European Parliament and of the Council 2004/40/EC defines the limit and action
values for exposure to EM fields to 300 kHz in the working environment [6].

Table 1. Limits and action values for exposure to EM fields up to 300 kHz in the working
environment

Frequency range Current density |Whole body |Localised SAR | Localised | Power
for head and average SAR| (head and SAR density S
trunk J (mA/m?2) (W/kg) trunk) (limbs) (W/m2)
(rms) (W/kg) (W/kg)
UptolHz 40 - - - -
1—4Hz 40/f - — — —

4 —1000Hz 10 — — — —
1000 Hz — 100 kHz /100 — — — —
100 kHz — 10 MHz /100 0,4 10 20 —

10 MHz — 10 GHz — 0,4 10 20 —

10 — 300 GHz - - — — 50

SAR — Specific energy absorption rate

Lathes

Machines in the processing of scraping — lathes are divided into categories for individual, serial and
mass production, depending on the volume of production. Lathes Potisje Ada PA C 22 and Potisje Ada
PA B 30 (Fig. 2) are universal lathes belonging to individual production, which can easily costumize
the transition from one configuration of the workpiece to another, and from one dimension to another.

Figue 2. Lathe Potisje Ada PA B 30

Technical characteristics of the lathes Potisje Ada PA C 22 and Potisje Ada PA 30 B are shown in
Table 2.
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Table 2. Technical characteristics of latheas Potisje Ada PA C 22 and Ada Potisje PA 30 B

Machines in the processing of scraping Universal lathe Universal lathe
Characteristic PA B 30 PA C22
Max. turning diameter Dpax (Mm) 800 650
Height spikes channel H (mm) 300 220
Distance spikes channel L (mm) 1500 1000
Typ - -
Electromotor Pm (KW) 7,5 7,5
Speed nm (0/min) 2400 2400
Nmin (0/MiN) 20 20
Cuttinig speed Nmax (0/min) 2400 2400
@n 1,25 1,25
Smin (MM/0) 0,040 (0,321) 0,040 (0,321)
Cutting feed Smax (MM/0) 1,142 (9,136) 1,142 (9,136)
0s 1,12 1,12

Experimental conditions

Machine tool: Lathe Potisje Ada PA C 22, Lathe Potisje Ada PA B 30.
Material and dimensions: Steel 17MnCr5 (SRPS EN 10027) $35 mm.
Measuring equipment: Magnetosmog TYP WKDA 02.705.

RESULTS AND DISCUSSION

In figure 3 is presented the electromagnetic induction in nT at the distance of 0.5 m from the lathe
Potisje Ada PA C 22 with the following working conditions: cuting speed- n (rpm), cuting feed- s
(mm/o) and cuting depth- t (mm).

250

200
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150

m head
m trunk

100 limbs

50

n=600 o/min; s=0,124 n=400 o/min; s=0,080 n=900 o/min; n=900 o/min;
mm/o; t=2 mm mm/o; t=1 mm $=0,080mm/o; t=1 mm s=0,160mm/o; t=1 mm

Figure 3. Electromagnetic induction in nT of the lathe Potisje Ada PA C 22
In figure 4 is presented the electromagnetic induction in nT at the distance of 0.5 m from the lathe

Potisje Ada PA B 30 with the following working conditions: cuting speed- n (rpm), cuting feed- s
(mm/o) and cuting depth- t (mm).
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Figure 4. Electromagnetic induction in nT of the lathe Potisje Ada PA B 30

CONCLUSION

Based on the above presented it can be concluded that electromagnetic radiation that occurs in the
process of scraping can cause adverse effect on the turner safety and health.

It can be concluded for the electromagnetic radiation that it exceeds the limit of normal levels (about
0.5 uT) in the area of the body for the lathe Potisje Ada PA B 30, while in other parts of the body the
electromagnetic radiation is within the acceptable limits.

In the case of the lathe Potisje Ada PA C 22 the electromagnetic radiation is well below the
permissible limits in all modes og cutting and all parts of the body.

In the end, it can be concluded that the electromagnetic radiation of the lathes increases with the
increases of the cuting speed, cuting depth, and cuting feed.
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Abstract: The economic consequences of disasters are increasingly affecting the normal functioning of
societies. Disasters are more and more destructive. The information that leads to the prediction of these
phenomena and the assessment of their consequences is very valuable. Information and communication
technologies in the management of disasters have a greater significance. This paper illustrates how these
technologies are applied in the disaster management life cycle.

Key words: information and communication technology (ICT), network, disaster management, resilience

INTRODUCTION

Due to the increasing frequency, scope and economic effects of emergencies, risk management in
emergencies is gaining importance. Emergency management requires timely and good decisions. They
should be based on appropriate indicators, the values of which will indicate how to prevent or respond
to different threats. Today, many research institutions are working on the development of indicators.
This has led to the use of advanced methods, techniques and tools in decision-making in emergency
management.

The emergency situation is defined as the state when the risks and threats or the consequences of
disasters, extraordinary events and other dangers per population, the environment and material assets
are of such scale and intensity that their existence or consequences cannot be prevented or eliminated
by regular operation of competent authorities or services, and therefore their mitigation and
elimination requires the use of special measures, strengths and resources with enhanced working
regime [1]. Many countries promote integrated protection and rescue system. The basic directions for
ensuring national security are defined in the national security strategy [2]. This is the most important
strategic document that sets out the basics of the security policy in the protection of the national
interests, challenges, risks and threats to national security, sets out the basic tasks, priorities and
directions of the functioning of the security system.

Good decision-making requires proper data. These data are numerous, diverse, spatially and
temporally diversified. Information and communication technologies are therefore very important in
disaster management. They are used to enable efficient resource management [3], applying the
principles of sustainability [4], preparedness and safety management [5], and evaluation of
consequences of adverse events - for example, contamination of the river flows that can cause
industrial accidents [6].

MATERIAL AND METHODS

In order to efficiently manage emergency situations and adverse events, it is necessary to activate
additional forces, organize protection and rescue people from the affected areas, and then proceed to
remedy the situation and return the society to its original condition right before the occurrence of an
adverse event. All this requires the realization of a social consensus, extremely precise coordination of
activities, as well as the exchange of information between all participants in the processes that take
place simultaneously. During the emergencies, the wrong decision in most situations is due to the lack
of accurate and complete information, that is, the absence of a complete picture of causes and
consequences of occurrence of adverse events. Such decisions can lead to additional human casualties
and material losses, an additional feeling of hopelessness and unprotectedness of persons living in the
affected area, especially considering that an emergency situation is usually connected to a very
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destructive event affecting a narrower area, which alone is not capable of responding to its
consequences, as it has no human or material capacity to do so.

A life cycle is a term that is mentioned in analyzes of different systems, objects, or events, to describe
a particular set of events that occur during their entire life, from initiation to the end of existence or
life. The life cycle is a series of interconnected steps that describe all stages during the life or existence
of a system, object, or event. In order to describe the activities related to unwanted events and
emergencies, the notion of the life cycle of disaster management has been introduced.

The life cycle of disaster management consists of interconnected phases that occur one after the other,
they are interconnected, so the exchange of information is necessary, the coordination of the
participants' activities in the processes, as well as the execution of certain preventive and corrective
actions in order to overcome the consequences of occurrence of adverse events and reduce damage to
the smallest possible level.

Numerous authors have attempted to describe the disaster management and the activities that take
place during this management. They identified certain basic phases in the life cycle. Some
representative models for disaster management are shown in Table 1.

Table 1. Representative disaster-management models and their classsification according to orientation

Orientation Model
Activities CRM [7], SHFM [9], DOM [9], DRRS [10], CM-DM [11]
(processes)
Phases CFEP [12], DMM [13], DMMC [14]
Actors IERF [15], ICDM [16], DNMM [17]

Models of activities or processes describe the main activities and processes in the disaster management
system. These activities relate to the details that are necessary to perform in order to enable adequate
disaster management. These models are often defined for specific types of catastrophes, as they
require specific activities in the process of preparing and responding to the occurrence of an adverse
event.

The actor models define key actors in the process of emergency management. These actors are
numerous and involve all members of the community, from individuals, through emergency services,
special operations in emergency situations, to military and police forces. Each of them has certain
obligations and rules of conduct in emergency situations, prescribed by legal procedures.

Phase models define the general phases, time observed in the period before, during and after the
occurrence of an unwanted event. These phases involve a number of operational activities that are
performed by different actors before, during and after the occurrence of an adverse event. They are
described generally, presented most often by flow diagrams or block diagrams, and provide a general
definition of emergency protection and rescue systems. This type of model is generally accepted when
defining the general framework of the emergency management system, while the models from the
previous groups are usually applied when it is necessary to specify a particular model, for a particular
type of emergency situation, and a limited domain of action. Therefore, in the following text, when
considering the application of information and communication technologies in the context of disaster
management, this type of model is used.

ICT TECHNOLOGIES IN DISASTER MANAGEMENT

Information and communication technologies have found their application in all the spheres of modern
society, from education to production. Due to the large amount of necessary information, the need to
coordinate different actors and the need for rapid response, information and communication
technologies have found application in the management of emergencies. Their application is growing,
and from the basic, faster processing of data, it is becoming more and more advisory. Different
information and communication technologies and their application depend primarily on the way
communication is obtained between different actors during the response to the disaster. Types of
communications and ICTs are shown in Table 2.
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Before an unwanted event occurs, the types of communication are adapted to preventive actions and to
familiarize people with possible consequences of unwanted events. VVarious web contents, static and
dynamic, can be used, as well as electronic instructions, electronically available courses, e-mails. In
addition, regular communication channels can be used to communicate with the company. Information
from sensor networks, wired or wireless, as well as risk maps, may also be available to the public, and
must be available to persons participating actively in the protection and rescue activities.

Table 2. Different types of communication before, during and after the occurrence of an adverse event

Time Communication types ICTs
frame
Before Advisory and preventive Wikis, blogs, websites, electronic manuals, e-
communication, training, public calls learning courses, regular communication
for preventive collection of resources channels (phone, voice-over-ip) with
in the form of reserves, monitoring stakeholders, TV messages, short message
systems communication, e-mails, wireless and wired
sensor networks for monitoring and prediction,
GIS for risk mapping, crowdfunding,
knowledge bases
During One-to-one and one-to-many Regular communication channels in
communication with affected area emergencies (phone, radio communication),
people, alarm activation short message communication, e-mails, social
media (social networks), crowdsourcing,
tagging, sound alarms activation software (by
phone, by sirens), wireless and wired networks
for monitoring
After One-to-many communication with Blogs, websites, wireless and wired sensor
people suffered loss, direct networks for monitoring consequences, GIS for
communication, alarm deactivation consequences mapping, crowdfunding,
crowdsourcing, tagging

Communication changes significantly before and during the occurrence of a disaster. Then the
occurrence of events is signaled. This can be done individually (by phone, electronic or short
message), or group (sirens and sound announcements). Protection and rescue services are activated by
standard communication channels (radio connections, phones) as long as these channels are available.
Also, monitoring of the condition with the monitoring system is continued without interruption.

After the occurrence of an unwanted event, the consequences and possible ways of helping the victims
are informed in all available ways. Web 2.0 technologies can be used (blogs, tagging locations with
casualties or high material losses, location with resources to help the injured, etc.). GIS technology is
used to map out the consequences and risks, and tag all of problematic locations. Further notification
can be done by using social networks.

CONCLUSION

This paper presents the application of ICTs in disaster management. Although initially ICTs were used
only for resource management, data processing and elementary inventory support, as well as an
analysis of the consequences, the tendency is to apply them for predicting disasters and their possible
consequences. This can be achieved by using machine learning and intelligent prediction methods.
Good results have been achieved in the process of forecasting major weather problems and tsunamis,
which significantly reduces the number of human casualties as the consequences of these natural
disasters.
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Rezime: The components, function and performance characteristics of the biological filter have been studied and
described iln this paper. The selection of project parameters values depends on the size of the object, the desired
purification effect, and the type of filter fill. The calculation for the high-loaded biological filter is described
through the example with the adopted values given in the table. Biological filter simulations were performed
using the CATIA software package.
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INTRODUCTION

One of today's great problem is the man's wrong attitude about water as an inexhaustible natural
resource. It is believed that for many tens of years mankind will face the problems of great water
shortages in general, or water that can qualitatively satisfy human needs. The number of inhabitants on
our planet is increasing rapidly, the need for water even faster, and its quantity does not change.
Research shows that water consumption has doubled since 1950. By 2025, 2/3 of the population will
experience a serious lack of water. For now, according to expert data, 2.5 billion people have lack the
basic hygiene conditions due to water scarcity, and even more than 5 million people die annually due
to water pollution. The most endangered parts of the world are the areas of Asia and Africa, in areas
where the evaporation is higher than the amount of annual precipitation.

Polluted waters are a special form of water with changed original shape and composition. Their special
sight is wastewater. Waste waters are the waters of the worst quality, they are very polluted and, in
order to be used for certain purposes, they must be refined beforehand. The problem of wastewater
treatment is very complex and it is one of the limiting factors for the further development of humanity.
Wastewater treatment is carried out using various physical, chemical and biological processes [1]

BIOLOGICAL FILTER LOAD AND DIMENSIONING
BIOLOGICAL FILTER

There is no unique wastewater treatment system because each of them has special characteristics,
especially for industrial wastewater.

The dropping filters imply natural treatment of wastewater that occurs when the waste water enters the
receiving stream and flows over solid rocks or rocky river surfaces. In a natural purification process,
bacteria in the walls and stones remove dissolved organic pollutants and purify water. For biological
filter calculation, the dimensions presented in Table 1 [2] are taken into account:

Table 1. Basic sizes for biofilter dimensioning [2]

Term Index Unit
Volumetric load biofilter filled
with organic matter Bv g BPKs/m?*-dan

Surface loading of organic

matter per unit area filled with Ba g BPKs/m?-dan
biofilter
Surface hydraulic load per unit
of horizontal surface of the JA (1+R) m3/m?-h
building
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The amount of recirculation
compared to QSV18 (eighteen-

hour mean flow during dry R -
weather)
Specific biofilter's surface fill Av m2/m3

The choice of project parameters values depends on the size of the object, the desired purification
effect, and the type of filter fill. The usual project parameters for the dimensioning of single-sided
biological filters of different sizes and types of filling, according to ATV (Germany), are given in
Table 2. According to this instruction, the minimum diameter of the biological filter is 30 m and the
maximum is 40 m.

Table 2. Single - stage biological filters dimensioning according to ATV [2]

Purification Without With
nitrification nitrification
Filling with the gravel
Volume's Facility for > 500 0,4 0,2
organic residents With a <0,6
purification uniform flow
Bv (kg in24 h
BPKs/m?3d) 50 — 500 residents <0,2 -
50 residents <0,15 -
Hydraulic surface load ga q+rym/h 0,5-1,0 04-0,8
Recirculation versus Qsy 13 R<1 R<1

FILLING WITH PLASTIC ELEMENTS
(does not apply if BODS is in water after primary deposition < 200 mg/I

Volume's Specific surface

organic pAR (m?/m®) ~ 100 04 0,2

purification ~ 150 0.6 0.3

~ 200 0,8 0,4

Bv
Hydraulic Specific surface ~ 100 08-1,0 06-1,0
surface load Ar (M?/m?) ~ 150 10-15 08-1,2
~ 200 12-18 1,0-15
Surface organic load 4 2

Tipical values for biofilters dimensioning are given in Table 3., according to USA literature.

Table 3. Typical values for biofilters dimensioning [2]

Biofilter's load

Low Middle High Very high
Hydraulic load
(m3/m?d) 1-4 4-10 10 - 40 40 — 200
Organic load
(kg BPKs/m?3d) 0,08 -0,32 0,24 -0,48 0,32-1,0 0,80-6,0
Depth (m) 15-3,0 1,25-25 1,0-2,0 45-12
Recirculation 0 0-1 1-3;2-1 1-4
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) Slag Slag _
Material Slag Gravel Plastic
Gravel )
Gravel Plastic

m’,‘ﬁg;‘;‘;"g 24 2-8 6-10 10— 20
Water flow Intermittent Intermittent Continuous Continuous
Dosage Lass than 5 15-60s Lessthan 15s Continuous
Intervals min
Efluent Nitrificated Partially Partially Partially

nitrificated nitrificated nitrificated

Blowing biofilters consist of a deep layer of carrier, filter fill, high permeability, and on the surface of
the carrier a thin layer of immobilized cells of microorganisms is formed - biofilm. The wastewater is
sprayed over the top of the filling and from there it is seated, drops (from here name) through the
filling, is collected at the bottom of the filter and taken to the secondary precipitate, where suspended
particles originate from the waste water and particles of the biofilm washed from the carrier in the
filter. Aeration is provided by a natural change.

Dropwise biofilters are divided into two basic categories (1) low-effective, and (2) high-effective, and
their basic characteristics are given in Table 4 [2].

Table 4. Dropwise filters basic characteristics [2]

. L. . High-effective
Characteristics Low-effective Stone fill Plastic fill
Depth (m) 18-3 1-25 4-10

Specific Surface
Av (m2/md) 40 — 65 40 — 65 80 - 100
Porosity 0,45 - 0,55 0,45 - 0,55 0,90 -0,97
Size of fill Depend of the
element (mm) 25-75 25-75 material
Hydraulic load
surface gqv 1-3 9-28 20-75
(m%/m?d)
Volume organic
load 01-04 04-18 do 15
By (kg BPK5/m3d)
Re-circulation
ratio (R) 0 1-4 1-4
quhlng the Periodically Continuous Continuous
microflora
Nitrification Yes On lower load Not _under
economical work
BPKs in en-fluent <95 >30 >30
(mg/l)
Suspended
particles in <25 >30 >30
effluent (mg/l)

Dropwise biofilters are often an alternative to the active sludge process, for less wastewater flows, due
to lower operating costs and simpler work, but they also have less pollution removal efficiency. They
are constructively executed as a deep-bed tower, filled with biofilters, high permeability, and a thin
layer of immobilized microorganisms, biofilm, is formed on their surface. By spraying water over the
top of the filling, and by placing it over the biofilm through filling, the wastewater is purified, thus
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achieving the desired degree of purification. At the bottom of the filling tower there is a collection
tank, from which the water is drawn to the secondary precipitator.

Dosage of waste water on the top of the filling is most often done by spraying from a set of nozzles or,
more often, through rotating single or multiple distributors, with nozzles at the bottom, from which the
water spills over the surface of the fill over the entire cross-section of the tower. Glyphosphere fillers
are typically (due to the weight of the fill) more shoal and with larger diameters, while the biofilters
with a plastic filling are a deeper but with smaller diameter [3].

BIOFILTER CALCULATION

The calculation of the high-pressure biological filter is described by example for 20,000 inhabitants
with the following values adopted [4]:
o Organic load per residual 0,077 kg BPKs/d;

e Primary treatment of water removes 25% of raw waste BPKs;
¢ Adopted diameter of biological filter is 25 m;
e Adopted filter's high is 2,5 m;
e Porosity of broken stone is £=0,36
e Specific water consumtion is gy= 210 l/inh. per day;
e Hydraulic load is HO= 1,4 m%/d/m?.
Volume (V), is calculated according to (expression 1):

dZ-m 1
-H=1227,18m° &)

V=B-H=

Broken stone volumen (V) is calculated according to expression 2:

Vi (2

V=
1—=¢

Vg=V- {(1—g)=1227,18-(1—0,36) = 785,39 m?,
So, the hight of fill is:

_ Vi 78539
'T A T 490,87

1,6m

Wastewater flow (Q) calculation using hydraulic load HO is (expession 3):

_Q (3)
HG_A

d?-m 252 .0 m?
Q=HO-A=HO- 2 =14- =53?,22?

Daily wastewater mass calculation, which comes to the biofilter BPKs is given in expression 4. Firstly
the calculation BPKS5 for urban wastewater load (BOD5-g has to be done:
Prvo treba izracunati BPKs opterecenja gradske otpadne vode (BPKs.g):

BPK;_. = 20.000-0,077 = 1.540 kg/d 4)

BPKs load of the water load at the biofilter input (BPK5-b) is 75% of the urban waste water load
(expression 5):
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1.540-75 (5)

BPKs, =~ o = 1155 ke/d

Biofilter's organic load can be calculated based on (expression 6):

BPK: kg (6)
00 = =094 — /m?
y - 09t g /m
3D BIOFILTER MODEL

According to the obtained values, in the CATIAVS software package, a biological filter model was
performed.

Figure 1. 3D Biofilter Model with filter's fill

Figure 1 shows a vertical cross section through a classic biological filter (dropWISE filter) modeled in
the CATIAVS software package. The water on the upper surface is filled with water sprayed from
splinker (Segner wheel) that rotates due to the reactive water jet force. The required pressure of water
in splinker is about 0.15 bar. For a two-speed sprayer, the speed should be up to one rotation in 10
minutes, which may vary depending on the hydraulic load. The height of the filter fill is about 3 m.
Below the filling there is a double bottom, where purified water is collected.

CONCLUSION

The task of biological purification is to remove as much as possible biodegradable organic matter.
Decomposition of organic matter is performed by various types of microorganisms. Biological
purification of colloidal and dissolved organic matter is translated into a form of more or less
stabilized sludge, which should be removed by precipitation prior to the discharge of wastewater into
the natural environment of the sea. Biological processes are also used to remove nitrogen (as a
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biogenic element) from wastewater, using processes of nitrification and denitrification. The organic
fraction of sludges, generated during the primary treatment of wastewater (primary sludge), can also
be removed from the biological route, and the excess of microflora biomass from the process of
wastewater biological treatment (secondary sludge), which is called (biological) stabilization of
sludges or digestions, can be degraded.

It is of essential importance not to left wastewater treatment plants to themselves, as it is difficult to
provide all the necessary logistics for the operation of these systems. Therefore, it is necessary to
establish an organization for managing these systems, controlling the system and maintaining them.
Without qualification, these systems can not be sustained continuously, as demonstrated by the
experiences of developed countries [5]. Wastewater treatment today is attracting more and more
attention, imposed demands are rapidly growing up, and legal penalties for non-compliance are
growing every day.
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Abstract: From several wells on the oilfield field, crude oil is transported by pipelines to collecting stations, the
number of which depends on the layout and the yield of the wells. Boreholes can be fountain gutters and pumps.
Purification of crude oil is carried out in collection stations. Gas is a regular companion of crude oil, and
therefore each collecting station has gas discharge devices. Purified crude oil is transported through several
pipelines to pipeline to the dispatch station, and from here by the main pipeline to the refinery or to the loading
station, if the transportation to the refinery is carried out by means of mobile means (wagon tanks, car tanks,
tankers). From the gas obtained, butane and propane, as well as carbon dioxide and sulfur are separated in the
collection stations, if present in the gas.

Key words: collection pipelines, oil pipelines, collection stations

INTRODUCTION

Crude oil is a multiphase-multicomponent mixture of various hydrocarbons, water, gas and
Solid particles. The properties of crude oil depend on the massive participation of certain phases and
components inMixture. The diameter of the main pipelines is usually over 500 mm, the length is over
50 km, and the pressure of the transported raw material at the beginning of the pipeline is 50-65 bar
and more. The collection pipelines in the oilfield fields have a much smaller diameter and its size
depends on the volume of the well. They are usually 100-150 mm, but they can be even larger. In
order to ensure the continuous receipt of crude oil from the collection stations from oilfield fields and
the optimum regime of the main oil pipeline, the dispatching pump station, often referred to as the
main pump station, has a large reservoir space. At the main pumping station, the first introduction of
the transported raw material into the pipeline is performed, as well as the control of physical
properties, if this has not been done previously. Figure 1 shows the technological scheme of the main
pipeline.

"
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Figure 1. Technological scheme of the main pipeline

From several wells (1) from oil fields, crude oil is transported by pipelines to collecting stations (2). In
collecting stations, purification of crude oil is carried out. The purified crude oil is transported from a
number of collecting stations by a main pipeline to a delivery station consisting of: main pumping
stations (3), filters (4), measuring devices (5) and auxiliary pumping station (6). Crude oil is further
transported by a main pipeline along which there are devices for introducing and extracting a pipeline
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cleaner (7), as well as auxiliary stations in which the pressure increase and heating of the oil are made,
consisting of: an auxiliary pump station (6), a filter (4), a pressure regulator (8) and a hydraulic shock
absorber (9). Crude oil comes to receiving stations with tanks (10), and then pipelines are transported
to the refinery (11).

OILFIELDS

Boreholes can be:
-fontanske,
-gas-lifts,
-pumpne.

Fontane boreholes are those in which the oil pressure in the well is sufficient to expel oil to the surface
of the earth and carry the oil transport to the reservoirs within the collection stations.
Gas-lift wells are those in which the oil pressure in the well is not sufficient to expel oil into
the surface of the earth. Due to this, at a certain depth, a gas under pressure, which flows, is injected
It vertically pushes up crude oil upward so that oil goes up to the surface of the earth.
Pump holes (Fig. 2) are those in which, in addition to insufficient pressure of the well, the oil is
discharged

.On the surface of the earth, the borehole also has a slight abundance. Then use the piston-piston
pumps with Weights. The fountain wells become gas-lifts and pumps over time, as time pressure
decreases Wellness of the well.

Figure 2. The appearance of the pump well

COLLECTING PIPES AND SABIRNE STATIONS

The collection pipelines have the task of transporting crude oil from the wells to the collection station.
The collection pipes are made of steel. The diameter of the collecting pipeline depends on the wellness
of the well and it ranges from 100 to 150 mm, although it can be even larger. In the collecting stations
(Figure 3), crude oil is purified. Gases are allocated, Water and solid particles.
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Figure 3. The appearance of the oil collecting station

The process of extracting crude oil from gas can also begin in the collection pipelines itself
Specific pressure and temperature of the mixture. In the collection stations, the units are separated
Gas is extracted from crude oil. Then the butane and propane, carbon dioxide are separated from the
gas obtainedAnd sulfur. After the extraction of the gas from crude oil in the tanks, water and solid
particles are removed. Water and Solid particles are heavier than crude oil and after a few hours of
resting water and solid particles fall to the bottom of the reservoir in the form of sludge. This sludge
selection process can be intensified Heating crude oil and adding calcium chloride. Purified oil is
pumped into pure Reservoirs, and then the water and solid particles are transported to the place where
it is carried out by the drainage channels Water treatment. Sulfur is extracted prior to transport to the
crude oil dispatch station.

OUTPUT PUMP STATIONS

The purpose of the delivery pump station is multiple. In the dispatch pump station (Figure 4) are:
- the reservoir space accepts crude oil from collecting stations;

- pressurizes crude oil;

- refining crude oil;

- regulates the pressure of crude oil in the main pipeline and,

- performs measurement of physical properties of crude crude oil.

Figure 4. Pump station

Due to the fall of the pressure during transport, they are installed along the pipeline of the auxiliary
pump station in which the increase in the pressure of crude oil compensates for lost energy in the
previous one shares and heats up if necessary. At that time, the auxiliary pumping stations were
supplied larger tank space and crude oil heating devices. Auxiliary pumping stations are usually built
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along the main pipeline route near the inhabited Places, electricity connections, water supply and
sewerage. Distance between the main pump the stations and the first auxiliary pumping stations are
100 to 150 km, and the distance between the auxiliary ones pumping stations from 50 to 80 km. If the
pipeline has to be laid far from the inhabited and if this would make it difficult to maintain pumping
stations and generally exploitation. Then these distances are increased to 200 km between the main
and the first auxiliary pump Stations, or up to 100 km between the following pumping stations.

MAGISTRAL OILS

Main pipelines are the pipelines through which they are transported (Figure 5):
-Refined oil from shipping stations in oil fields to refineries or loading boats Stations for loading
mobile means of transport; refined oil from unloading stations in river and seaports to refineries when
Crude oil is supplied to tankers and refer oil crude oil from refineries to large consumers or to loading
stations when their transport is predicted by mobile means of transportation. The diameter of the main
pipeline is above 500 mm, the length is over 50 km, and the pressure is transported Oil at the
beginning of the pipeline from 50 to 65 bar and more.

Figure 5. Appearance of the above-ground oil pipeline

As part of the refinery, when crude oil is transported through the pipeline, or in the circle of consumers
Centers, if the products of crude oil are transported through an oil pipeline, there are reception stations
with Sufficient tank space (Figure 6). When one pipeline predicts Supplying more refineries, or
supplying more consumers with crude oil products, then Such an oil pipeline is equipped with
drainage pipelines, devices for measuring delivered quantities and Remote control devices. The same
is true when a pipeline is being moved to a place Oil for the loading station for filling a wagon tank,
tank or tanker.

Figure 6. It looks like a tank space

Magistral oil pipelines are usually buried in the ground at a depth of 0.8 to 1.1 m measured from
Surface of the earth to the upper edge of the pipeline. Depth of digging depends on the category of oil
pipeline and the width of the protective belts of the populated areas, the facilities near the pipeline, etc.
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The depth of burial is Increases to 1 to 1.35 m when various obstacles have to be overcome when
laying pipelines: Waterways, roads, railways, etc. The depth is then measured from the bottom of the
water flow, respectively from the upper edge of the road, rail, etc. Sometimes the main pipelines are
laid above the ground on concrete Columns of height from 0.5 to 0.75 m. There are other ways of
laying off the main pipelines: Beneath the sea and lakes at various depths, above wetlands, etc.
Valves are installed every 10 to 15 km along the pipeline route in order to prevent major losses
Oil if, for any reason, pipeline breakdowns occur. Damaged place is blocked by valves
between which it is located. At the distance along the 15 to 20 km route, the house of the watchman is
being built Oil pipeline, which includes a handy workshop with the most important tool for removing
smaller ones Breakdowns on the pipeline. A pipeline cleaner (Fifure 7) is used to clean the pipeline.
The pipeline cleaner is through the cleaners Station enters the pipeline. Moving through the pipeline,
he removes the deposits from the pipe wall.

Figure 7. The appearance of the pipeline cleaner

Crude oils that are very viscous (heavy crude oil) must warm up before being introduced into
Pipeline. This is done in the main and auxiliary pump stations that are then equipped
Boiler rooms. Boilers are usually fueled by the transported oil itself, and as a heating fluid
Hot water or overheated steam is used. Qil pipelines as well as other pipelines through which energy
fluids must be transported must be equipped with fire extinguishers. Propulsion motors must be
protected against explosion and they are located in separate departments, especially when it comes to
petrol and diesel engines, or bath tubs for use, engines that consume gas are used as propellants.

CONCLUSION

Due to the fall of the pressure during transport, auxiliary pumping stations are installed along the
pipeline in which, by increasing the pressure of crude oil, the lost energy in the previous section is
compensated and it is doing the heating of crude oil if necessary. At that time, the auxiliary pumping
stations are equipped with a larger tank space and heating devices for crude oil. Auxiliary pumping
stations are usually built along the main pipeline route near settlements, electricity connections, water
supply and sewerage. The distance between the main pump station and the first auxiliary pump station
is 100-150 km, and the distance between the auxiliary pumping stations is 50-80 km. Crude oil that is
very viscous (heavy crude oil) must warm up before being introduced into the pipeline. This is done in
the main and auxiliary pumping stations that are then equipped with boiler rooms.
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Abstract: The properties of plasma spray coatings are directly related to the type and characteristics of the
powder, deposition parameters, type of material and the morphology of the substrate. Key properties of the
coating are toughness, strength, shear, hardness, inter surface toughness and adhesion of the coating. Adhesive
strength determines the quality of the coating, while the cohesive strength of layers determines the lifetime of the
coating in service. These properties are very important for biomedical inert and reactive ceramics which are
deposited on implants. Plasma spray coatings show inter surface complexity with the substrate due to the
influence of residual stress, porosity and micro cracks at the inter surface. Therefore, for each coating, adhesion
strength must be examined. There are several methods of measuring joint adhesion strength of thermal spray
coatings of which most commonly used is the method of tensile testing. Presented in this paper is the Vickers
method of inter surface diamond pyramid indentation testing at the interface substrate/coating, which is used to
determine coating adhesion strength.

Keywords: plasma spray coatings, indentation test, adhesion, cohesion.

INTRODUCTION

For evaluation of adhesion strength of plasma spray coatings or surface/coating bond strength, many
methods have been developed, of which the most commonly used are the tensile test method specified
by standard (ASTMCG633) and the scratch test according to standard (1ISO/WD27307), [1]. The
Standard that refers to the tensile test cannot be applied in the evaluation of the coating with adhesive
strength greater than the strength of the glue which is used to prepare samples for the tensile test, [2].
A universal method for measuring the adhesion of coatings does not exist due to various combinations
of substrate/coating systems. The best method of determining adhesion strength is the one that
simulates the practical state of stress in the coating layers, [3]. The residual stresses in the coating
layers, a result of mismatched thermal and mechanical properties of the substrate and the coating, are
of great importance for adhesion strength. Adhesion strength is not a constant in real circumstances,
but a complicated feature that depends on the load conditions applied to the designed coating
thickness, [4]. Therefore, it is important to determine the adhesion strength because, based on the test
values, the quality of the coating is assessed, understanding the degradation of the substrate/coating
bond at the interface in operating conditions is determined as well as the evaluation of life span of the
coatings on the coated working equipment. The obtained estimate results also allow, through testing of
a batch of samples, to homologate optimal powder deposition parameters which will enable coating
reproducibility of high and uniform quality. In addition to standard procedures of tensile testing of
adhesion strength, among the most common methods applied is the indentation test, which is
schematically shown in Fig.1. [5]. This method can easily evaluate the adhesion strength of the coating
by a plurality of diamond pyramid indentations on the substrate/coating interface using the Vickers
method, which has long been accepted and is commonly used in industry. When using thicker
coatings, the fracture toughness (Kc.) at the boundary surface of the substrate/coating is determined
using the Vickers method of measuring the total lengths of cracks (Cc) caused by ploughing with a
diamond pyramid along the interface. Several measurements are conducted for the testing. Shorter
cracks along the interface indicate that the coatings have higher adhesion strength and interface
toughness. Also, a higher critical indentation force (Fc) which causes cracking at the intersurface
confirms higher adhesion strength of coatings.
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This article describes the Vickers method which is applied for testing adhesive strength of coatings.
The paper shows measurement values of critical loads (Fc) and total lengths of cracks (Cc) at the
interface of the substrate and the NiCrAlY coating, and their values and causes of fracture are
discussed.
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Figure 1. a) A schematic view of an indentation test; b) the geometry of the indentation
MATERIALS AND EXPERIMENTAL DETAILS

For the production of the coating the powder marked AMDRY 9624 (Ni22Cr10AI1Y) was used with a
range of powder particles granulation of 11 to 37 um, [6]. Before the process of depositing the
substrate surface is roughened by Al.O; corundum particles with a size of 0.7 to 1.5 mm. The coating
was deposited with a thickness of 0.4 mm on a sample of stainless steel X15Cr13 (EN 1.4024). The
material was used in soft annealed condition, 40x10x5 mm in size. The sample for the adhesion testing
was prepared in the same way as for the hardness test, and the measuring was conducted on the cross
section of the sample which prior to measuring was polished to a mirror shine. Measuring points were
in the edge zone (A and C) with the highest content of residual stretching stresses and in the middle of
the sample, zone (B) with the smallest proportion of the residual compression stresses. Indentation
testing is based on the direct measuring of the length of radial cracks initiated by the Vickers indenter
at the interface substrate/coating, as shown in Figure 2. The geometry of the imprint was of irregular
shape with a crack initiated by the critical load at the substrate/coating boundary surface. The irregular
shape of the imprint is due to the soft annealed condition of the substrate, which had hardness lower
than the NiCrAlY coating.

P Substrate yn
Figure 2. (BM) the geometry of the indentation with the crack at the interface initiated by the critical
load

For obtaining reliable values six indentations in each zone of measurement were made, in order to
reliably determine the mean length of a crack (Cc) and the mean value of the critical force (Fc). With
the increase of the applied load (F) the depth of indentation and the length of the indentation half
diagonal (a) increases. By gradually increasing the load, the diagonal of the indentation (a) at one
point reaches a critical value initiating an intersurface crack. The crack is initiated from the corner of
the indentation and extends along the interface, as shown in Fig.2. The ratio between the crack length
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(c) and the applied load (F) is a straight line which represents the crack curve for a particular substrate
and coating thickness, [7]. The measured crack length at the interface is used to calculate adhesion and
interface toughness. The critical load of indentation (Fc) and the corresponding crack length (Ce)
define adhesion and interface fracture toughness of the interface (Kca) which is expressed by Equation

1, [7], [8].

E 1/2 FC
Kea :O'Ola(ﬁj. oo (Eq 1)

where (E/H)Yis the square root of the ratio of the modulus of elasticity and hardness at the interface.
This ratio is expressed by Equation 2, [7].

]
) )

In the equation (E)) is the Young's modulus, (H)) is hardness and the indices (s) and (c) represent the
substrate and the coating. The method of interfacial indentation of the diamond pyramid is reliable for
assessing the adhesion strength of the coatings as it is independent of the thickness of the coating.

(Eq2)

RESULTS AND DISCUSSION

In Table 1 shown are crack lengths (Cc) in the measuring zones, which hwere made at the interface by
indenting with the diamond pyramid using different critical loads (Fc) with respect to the measuring
location. Fracture cracks of a certain length that separate the coating from the substrate, extend
horizontally along the interface. Figure 2 shows an example of a crack at the substrate/NiCrAlY
coating interface in zone (B). The measured crack lengths were directly related to the stress state of the
deposited layers in the measuring zones. The largest lengths of the cracks were measured in the edge
zones (A) and (C) caused by the smallest load (Fc) as expected, since the edge zones are the sites with
the highest content of residual stresses at the interface.

Table 1. The measured crack lengths (Cc) and the mean value of the critical load (Fc) and (Cc)

Measuring The length of the crack Cc Fc Cc
zone [mm] [N] [um]
A 1460 | 1550 | 1390 | 1410 | 1290 | 1370 21 1411
B 1350 | 1410 | 1200 | 1280 | 1220 | 1310 49 1295
C 1530 | 1480 | 1520 | 1380 | 1510 | 1310 19 1455

According to the results shown in Table 1 we can see that the length of the crack (the binding of
coating to substrate) varies significantly with the location of indentation along the cross-section of the
sample. This variation of crack lengths is explained by the fact that the droplets of melted powder
progressively and unevenly transfer heat to the substrate during plasma spray deposition; due to axial
movement of the plasma gun from zone (A) to zone (C). Because of the edge effect in the process of
deposition the molten particles input more heat into the edge zone of the coating. As a result of
mismatch of thermal and mechanical properties of the substrate and the coating, in the buffer zone of
the substrate/NiCrAlY coating there are residual stresses unevenly distributed along the interface.
Shorter crack lengths formed with indenting with a higher indentation force (Fc) indicate that the
coating in the center of the sample (zone B) has greater adhesive strength and interface toughness
compared to the edge zones (A and C).
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CONCLUSION

In this paper conducted was measuring of crack lengths and the critical load on the substrate/NiCrAlY
coating interface using the Vickers method in order to evaluate adhesion and fracture toughness of the
interface. On the basis of the measurements it can be determined that the Vickers method is very
simple and reliable for assessing the quality of the bond between the substrate and the plasma spray
coating. Due to an uneven distribution of stress caused by the different amounts of heat input during
the deposition of powder and the difference in the coefficient of elasticity of the substrate and the
coating, the highest strain and the lowest fracture toughness with the longest cracks has the interface in
the edge zones of the sample. The obtained values of the study show good adhesion of the coating
because at the interface substrate/coating in deposited state there are no observed defects, such as
discontinuity of the deposited layers, voids, micro pores and contamination from the corundum.
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Abstract: Flux cored wire intensively is used in MIG, MAG, and TIG welding processes in the last decades.
Flux cored wire in a design concept is the opposite of coated electrode. The designing of technology for
production of flux-cored wires or similar selected types of fillers requires a high level of knowledge and applied
technological solutions in industrial practice that would be optimal for the production capacity.

The industrial equipment, production of modern devices and constructions, also servicing, requires large
consumption of different quality welding fillers, in Serbia. Serbia is a significant importer of welding fillers for
the needs of most industrial branches, especially in the field of energy (thermal and hydroelectric power
stations), mining (coal, non-ferrous metals, marble etc.), extractive and processing metallurgy (steel mills,
extraction and processing of copper and precious metals), shipbuilding (nine shipyards), machine building,
automotive and/or military industry.

At the Research and Development Centre, IHIS Techno-experts Ltd. Belgrade, designed was a production
technology for welding fillers, equipped was a semi-industrial laboratory, designed and constructed were new
semi-industrial technological lines and also purchased was part of the equipment for semi-industrial production
with the support of the Ministry of Science of Serbia. Using this production equipment mastered were test
products on the basis of a significant proportion of domestic raw materials of satisfying quality. Investigations
provided at Research and Development Center — IHIS are related to the implementation and improvement of the
technology of new metallurgical qualities of fillers and auxiliary materials.

Key words: flux-cored wire, arc welding, technology, flux cored wire

INTRODUCTION

Development of flux cored wire usually started with the examination of weldability, in this case it
resulted in forming of a testing laboratory for further development of fillers. The term weldability,
covers all requirements in terms of quality of welded joints, as well as the conditions under which it is
possible to realize the designed quality of welded joints and the whole structure. Weldability is
dependent almost equally on the base metal and filler material, but also on technological parameters
applied during welding.

Exanimating weldability is always complex, so is studying the use of flux cored wire. During
weldability assessment all processes which take place in the formation of welded joints (the melting
and crystallization of the molten weld metal followed by phase transformations in the weld metal and
heat affected zone), should be incorporated in obtaining good welded joints [1-5].

The development of welding fillers in the Research and Development Center IHIS was initiated during
weldability tests on steels from the production program of Iron Works Smederevo, including the
structural and micro-alloyed steels of a new generation. In order to substitute import and meet the
basic needs of the domestic market for welding fillers, for a long time research activities have been
directed towards the development of technology and mastering of experimental production of a large
number of different quality welding fillers based on a significant share of domestic raw materials. The
end result would be a new production facility in Serbia whose capacity should primarily meet
domestic needs.
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The first research activities designed to develop fillers were focused on the development of flux-cored
wires for MIG/MAG and SAW welding processes, due to possession of domestic narrow steel strips as
a basic raw material. Research in the field of developing fillers was continued through projects
supported by the Ministry of Science of the Republic of Serbia [1-7].

As a result of work on research and development in the Research and Development Center, IHIS
Techno-Experts Ltd. Belgrade, established and equipped was an Experimental laboratory that enables
the development and production of new quality fillers and auxiliary materials for welding in the form
of flux-cored wire and coated electrodes. The laboratory is also equipped, apart from welding
equipment, with special technological equipment that enables activities in research and development
of fillers and auxiliary materials for welding and their production as well.

The Experimental laboratory is equipped to a level that allows the realization of all the technological
operations for producing flux-cored wire, coated electrodes and auxiliary materials for welding. Due
to low capacity of the manufacturing equipment the laboratory can grow into a semi-industrial plant
for production of alloyed high yield electrodes. Also, in the design of a high capacity plant for
production of fillers the existing experimental equipment takes up the role of constant development of
new quality of fillers.

DEVELOPMENT OF PRODUCTION TECHNOLOGY FOR FILLERS FOR ARC WELDING

The main objective is the development of technological stages of processing and related production
equipment that will enable the successful production of a new quality of fillers such as flux-cored
electrode wires and coated electrodes.

Fillers in the form of flux-cored wire are produced in a very large range of different metallurgic
quality and according to the appearance of the cross section can be divided into classic and new
generation, and according to use for the corresponding welding processes MIG/MAG and submerged
arc welding process.

The designed technological process for the production of flux-cored wires of a new generation has
changed and improved compared to the manufacture of classic flux-cored wire. The main difference is
in the application of a steel strip twice as thick as that for classic flux-cored wire which requires
changing the calibration system of the narrow strip to the formation of the flux-cored wire as well as
the degree of deformation in the process of drawing to the final diameter [5]. The designed
technological processes for production of flux-cored wire from a narrow steel strip are shown in the
diagram, Figure 1.

Longitudinal cutting of narrow steel strip 10 mm wide Formulating the core of the cored wire
and 0.80 mm thick

Longitudinal profiling of strips on calibration rollers Weighing the powder components as
and filling with powders €= per formula and dry mixing in the mixer

v

Final closing of the cored wire @ 4.0 mm

v

Straightening and cutting the cored wire @ 2.0 and
3.25 mm into bars 300 mm long

v

Multiple drawing to @ 2.0; 3.25 mm

Figure 1. The technological schedule for production of flux-cored wires from narrow steel strip

During the development of the technology designed and made was a new continuous experimental line
for calibration of narrow steel strip, filling with powder mixture and forming flux-cored wires.
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The assembled production line is composed of three connected operational units of which the first
consists of a system of calibrated rollers, which continuously extrude a longitudinally calibrated
narrow steel strip 0.8-1.0 mm thick and 10 mm wide. The longitudinally calibrated strip has a grooved
shape which in the second technological step, with a dozer, is uniformly charged with a powder
mixture and continuously enters the final system of calibrated rollers for closing the strip ends and
forming a flux-cored wire with an outside diameter of 3.8-4.0 mm. The formed flux-cored wire with a
diameter of 3.8-4.0 mm is by plastic drawing processing reduced to the desired diameter, a minimum
of 1.0 mm [1-4].

For successful implementation of the designed technological process it is necessary in addition to the
production line for flux-cored wire to have the technological equipment for the preparation of powders
(mill, vibrating sieve, dryer), equipment for weighing and mixing the components of the powders
(scales, blender, grinder, W-mixer) and equipment for drying the components.

Flux-cored wires are manufactured in various diameters and are intended for welding and surfacing for
the next applications:

» flux-cored wires of final diameter of 3.2; 3.0; 2.8; 2.6 mm are intended for submerged arc welding
and surfacing (in a wide layer of 60 to 120 mm)

« flux-cored wires with a diameter of 1.2 to 1.6 mm are used for the MIG/MAG welding process.
Developed domestic technology and appropriate technological equipment are the result of a large
number of technical and patent research solutions by the staff that provide simple and cost-effective
solutions that are comparable to similar solutions that have emerged in developed industrial countries.
The experimental line, Figure 2a), for production of flux-cored wires allows from a narrow steel strip
to produce flux-cored wire with a diameter of 3.8 mm and from which, with plastic processing get
flux-cored wire with a minimum diameter of 1.2 mm [6-7].

T g | | | b)

vice for calibration of steel strip and production of flux-cored wire a) and coil with drawn
flux-cored wire b), (IHIS Techno-Experts Ltd. Belgrade)

Figure 2.

RESULTS AND DISCUSSION

The technology was developed and production mastered for several metallurgical qualities of new
flux-cored wires intended for SAW surfacing and MIG/MAG welding process.

For mastering technology and production of one of the qualities of flux-cored wire a steel strip
thickness of 0.8 mm was obtained from the manufacturer U.S. STEEL, Serbia, and cutting to the
required width of 10 mm was carried out in "Metalpromet™, Gornji Milanovac. Marking and chemical
composition of the steel strip are given in Table 1.

Table 1. Marking and chemical composition of the steel strip

Type of steel As per data Chemical composition, %
JUS DIN C Mn P S Al
Manufacturer
C0147 Qsr13 catalogue 0.10 0.45 0.03 0.03 0.02
Tested 0.199 0.397 0.032 0.025 0.036
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Analysis of the chemical composition of weld metal of the surfaced sample is given in Table 2.

Table 2. Chemical composition of weld metal made with produced flux-cored wire

Marking Chemical composition of weld metal, %
PPZ- C Mn Si Ni S P Mo Cr
NilMo 0.0908 | 1.214 0.381 0.9231 | 0.0091 | 0.010 0.402 0.1265

The obtained chemical composition results correspond, according to standard AWS A5.29. to the
quality of flux-cored wire marked: E81T1-Nil, E71T5-G designed for welding of steel for low
temperatures, Table 3.

Table 3. Overview of flux-cored wires for MAG welding process according to AWS A5.29 standard

. Chemical composition of weld metal, % Field of use
Marking S P
AWC AS.29 C Mn Si Ni (max) | (max.) All

. positions
E81T1-Nil 0.40-
Ar/CO, 0.03-0.07 | 1.20-1.60 0.70 0.70-1.00 | 0.025 0.025 Stelgwor
E71T5-G 0.30- temperatur
Ar/C0,80/20 | 0.05-0.09 | 1.00-1.40 0.60 0.70-1.00 | 0.015 0.020 es
gas )
CONCLUSION

The laboratory for development of fillers and welding in the Research and Development Center is by
the structure of the experimental equipment and the field of work unique in Serbia and represents an
important basis for the development and introduction of new fillers and auxiliary welding materials
into production.

The existing experimental laboratory, with the support of scientific and technical staff represents the
technical and scientific core capable of performing technical and practical training of students and
engineering staff in the field of plastic processing, technological manufacturing processes, fillers and
conventional welding procedures [6-7].

The experimental equipment by capacity can be determined only for production of high yield, special
high-alloyed fillers for welding and surfacing.

Also, in the case of designing a plant for industrial production of fillers, with the capacity design based
on the needs of the Serbian market, the scientific and professional team is ready to transfer their
technical knowledge and experience and offer know-how.
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Abstract: This work shows the initial results on the technology of obtaining the nanocrystalline titanium-tin-
oxide (TTO) based ceramics for the use in the nonohmic devices, like nonlinear resistors whose electrical
properties vary depending on the voltage, light, temperature, etc. The baselines of the solid-state synthesis of
pure and 1 mol.% Nb,Os doped TiosSno20, solid-solution ceramics were presented, as well as the obtained
ceramics structure and morphology characterization by the X-ray diffraction, scanning electron and electron
dispersive spectroscopy techniques.

Key words: oxide ceramics, semiconductors, solid-state processing

INTRODUCTION

The polycrystalline metal-oxide ceramics as a protection against the high voltage in the electrical
systems have been the subject of the scientific research for many years [1]. Zinc-oxide (ZnO) based
ceramics are the most used and commercialized materials for this application, and their composition is
usually very much complex: 98% is ZnO, and the rest are the additives such as Bi,Os, Sh,03, C0,0s3,
MnQO;, Cr;0s;, NiO and sometimes rare oxides like PrgO11 or Nd»Os;. There are two types of
shortcomings in these types of variable resistors (varistors): working mode breakdown and mechanical
breakage. An unfavorable breakdown regime arises because of the local currents that can cause the
heating, dissolution in the certain areas and an appearance of the holes in the varistor material. These
drawbacks are probably caused by the nonhomogeneity of the obtained materials microstructure,
which depends on its production technology, so it is of a crucial importance to optimize the synthesis
method to obtain the material with the best possible properties. The induced stress and overheating
processes lead to the cracking, mechanical breakage and in the end to the termination of the varistor
function. Except for this basic system, a lot of attention has been paid to the investigation of other
material systems as well, for example, ceramics based on tin-oxide (Sn0O,), that have shown already
the advantages and could successfully be applied instead of the ZnO based varistors if the existing
problem of the poor SnO- sinterability could be solved. The solution to this lies in the appropriate
mixing of SnO, with a number of different additives that would increase the SnO; sinterability.
Investigation of the semiconductor ceramics based on the mixed tin-oxide and titanium-oxide
SnO,L/TiO; system, i.e. (SnxTi1x)O2 solid-solution, is always an interesting and current topic of this
type of the scientific research. The previous studies have shown that this material is applicable in both
varistor [2] and sensor systems [3]. This system has promising properties that arise from the greater
possibilities of forming different microstructures with appropriate grain sizes and grain boundaries,
and with more chances for obtaining the highly dense and harder ceramic material [2]. The application
of the mixed oxide matrix solves the problem of the poor SnO; densification and it is well-known that
the sintered TiO; based ceramics reach the density of as much as 97% of the theoretical density. There
are reports on the synthesis of Nb.Os doped SnO,/TiO, ceramics with the characteristics of a low-
voltage varistor and a nonlinear coefficient of the current-voltage characteristics of about 9 [2].
Although the thermodynamic and kinetic properties of the SnO./TiO, solid solutions are generally
known, some of the basics in their synthesis process, e.g. cooling and heating cycles, pressure effects,
etc. are still not fully investigated. This mostly refers to the unknowns in the mass transfer

59


mailto:tamara.ivetic@df.uns.ac.rs

VII International Conference Industrial Engineering and Environmental Protection 2017 (IIZS 2017)
October 12-13', 2017, Zrenjanin, Serbia

mechanisms, the charge carrier, and the sintering mechanisms [2]. If it appears that the coefficient of
the nonlinearity of this type of metal-oxide varistor is equivalent to the ZnO based varistors, and if its
properties are the same or even better but achieved with the lower concentrations and number of
additives, and at the lower sintering temperature, this would mean a significant progress in this field.
The greater homogeneity of the obtained microstructure would bring a renewed and greater interest in
such a varistor system and its industrial applications. In this paper, we synthesized the titanium-tin-
oxide ceramics for varistor applications by a new solid-state method procedure, which is designed
with the intention of achieving the better cost-effectiveness, primarily by lowering the temperature of
sintering and by using a small number of the basic components. The preliminary electrical
characterization of the obtained TTI ceramics showed promising features.

MATERIAL AND METHODS

TTO ceramic samples were prepared via a traditional solid-state method starting from the commercial
powders of rutile SnO; (Sigma-Aldrich; ~325 mesh powder; purity 99.9% trace metals basis) and
anatase TiO; (Sigma-Aldrich; purity 99.7% trace metals basis). The Nb,Os (Alfa Aesar; purity 99.9%
metal basis) was the source of the dopant ions. The stoichiometrical amount of the starting precursors
were mixed to achieve TiosSno.0. composition and milled with zirconia media (Retsch GmbH
PM100) in ethanol for 6h, and then calcinated at 800 °C for 2h with a heating rate of 10 °C/min in an
alumina crucible. The treated powder mixture was then uniaxially pressed in 10 mm pallets under 500
MPa and sintered at 1280 °C for 2h with the same heating rate as employed during the pre-calcination
step. The samples were marked as TiosSno 20, and TigsSno202:Nb**, for the pure and Nb-doped TTO
ceramics, respectively. The X-ray diffraction (XRD) was carried out using the Philips PW 1050
instrument, with Cu K, radiation, and a step scan mode of 0.02°/s in angular range 26 = 10-90°,
which enabled good profile fitting using the PDXL software. The scanning electron microscope, SEM
(JEOL JSM-6460LV) equipped with an energy-dispersive spectrometer (EDS) was used to investigate
the morphology, microstructure and elemental concentration of the obtained ceramic samples.

RESULTS AND DISCUSSION
Phase composition

Fig. 1 shows the XRD patterns of the obtained ceramic samples. Rietveld refinement of the XRD
patterns indicated that the main diffraction peaks could be indexed as tetragonal titanium-tin-oxide
(1CSD#01-070-4404) solid-solution phase, TiosSno202. The occurrence of the two peaks that belong
to the rutile TiO, phase (marked with an asterisk in Fig. 1a) is probably an indication of the beginning
of the spinodal decomposition (phase separation) process in the TigsSno20, sample. The spinodal
decomposition occurs upon cooling a perfect SnO2-TiO; solid-solution from high temperatures and
results in the formation of a modulated spinodal SnO,-TiO- structure that consists of finely divided
lamellas (alternatively rich in Sn and Ti) within each of the polycrystalline grains [4]. It seems that this
phenomenon does not affect the TiosSNo202:Nb>* sample (Fig. 1b), most likely as a result of the
impact that Nb-cation excess have on the TiopsSno20, matrix. The XRD profile analysis using the
Halder-Wagner (H-W) and Williamson-Hall (W-H) methods [5] gave the crystallite size and lattice
microstrain. The obtained values are shown in Table 1 and confirmed the TTO ceramics nano-
crystallinity. The crystallite size and lattice microstrain values are higher for the Nb-doped sample
compared to the matrix sample. Small additions of Nb,Os to SnO,/TiO; lattice should lead to the
substitution of the matrix cations by Nb®*, which promotes the sinterability through defect increase
and should enhance the electron mobility [2]. In this process, probably more Nb>* replaces the Ti**
because Nb®* ion exhibits the larger solid-solubility in TiO, and has a bigger mismatch with Sn** [6].
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Figure 1. The XRD patterns of a) TiosSno202 and b) TiosSno.02:Nb>* ceramic samples. The insets
(upper-left corners) represent the obtained ceramic pallets photos.

Table 1. Structure parameters obtained by H-W and W-H methods from XRD data.

Composition H-W method W-H method
Crystallite size (nm) Strain (%) | Crystallite size (nm) | Strain (%)
Ti0.8SN0.202 99.1 0.08 169.5 0.09
Ti0.sSNo202:Nb>* 113.6 0.80 206.7 0.08

Microstructure and elemental composition

The SEM micrographs of the obtained ceramic samples and their elemental composition from the EDS

analysis are shown in Fig. 2 and Table 2, respectively.
o CE

1. aan q

Figure 2. The SEM images of the obtained a)-b) TiosSno.202, and ¢)-d) TiosSne20.:Nb>" ceramics.
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The microstructure of the Nb-doped sample (Fig. 2c and Fig. 2d) characterizes in the smaller matrix
grains. Table 2 shows the weight percentage of the elements present in the TTO ceramics. The
EDS measurements confirm the incorporation of Nb ions into the TiogSne20. lattice since the
characteristic peaks corresponding to Nb are identified (Fig. 3) in the TiosSno202:Nb>* sample.

Table 2. EDS elemental composition (weight %) for TTO ceramic samples.

Composition 0) Ti Sn Nb
TiosSno20; 35.67 34.38 29.96 00.00
TiosSno202:Nb°* 45.75 28.25 24.38 1.62
Ti
A
Sy
Sn
MNb
O
Ti
Ti
\ Nb Sn
e
........ I..-......I..-......I..-.,....I....,....I...-,-...I....I-...I....|....|.-|-Frﬁﬂ-l-r|-n-|-rrrf-rr|
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Figure 3. The EDS spectrum of the TiosSno202:Nb>* ceramic sample.
CONCLUSION

The metal-oxide varistors are produced today in the various shapes and sizes for the use of in different
electrical appliances. Today, the production efficiency is also important, so it is necessary to take into
account the cost-effectiveness of the whole synthesis technology by selecting a small number of the
basic components of the varistor system, achieving good properties of the material at the lower
temperatures of the synthesis, and similar. This paper reports the baselines in the technology of
obtaining the nanocrystalline single-phase rutile TiosSno20; solid-solution ceramics by a new solid-
state procedure with a success of lowering the temperature of sintering from the common 1450 °C
101280 °C.
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Abstract: A relative new method within the forming technologies that fulfill these aims is the processing of the
semisolid materials. The basic principle of processing in semisolid state is to produce parts within the solidification
range of the alloy. Within this range, a part of the material is already liquid, while other parts are totally solid. The
paper shows some particularities of the processing in semisolid state of the metallic materials, points out the
advantages of using this process for producing the parts and suggests a methodology for settling the technological
parameters of the process for which the mechanical characteristics of the produced parts have the desired values.
By using this methodology, control diagrams can be achieved in order to have a completely control on the process.
Based on the experiments, the mechanical characteristics of the die forging parts are to be determined depending
on the technological parameters that influence the process.

Key words: semisolid processing, qualitative characteristics, control

INTRODUCTION

The aim of the metallurgic and metallic materials processing industry consists in developing and
reaching of some new materials, with improved properties and performances, low costs and finding of
some new processing methods, mixed or non—conventional, to allowed producing of some parts having
high mechanical characteristics at a low price.

A relative new method within the forming technologies that fulfill these aims is the processing of the
semisolid materials. The basic principle of processing in semisolid state is to produce parts within the
solidification range of the alloy. Within this range, a part of the material is already liquid, while other
parts are totally solid. In order to have a thixotropic behavior, the solid phase has to be made of spherical
(globular) particles covered in liquid phase. This special microstructure can be reached by a certain
stirring (mechanic or electromagnetic) during casting of the raw material bars [1].

The semisolid state processing as know, generally, two—development route: Thixo—forming route and
Rheo—casting route [3, 4].

Thixo—forming is the general used term for described of the obtained process of the final parts from the
semisolid state materials, with a help of the metallic dies/forms and the top die. If the part is obtained in
a metallic closed form, the method is called thixo—casting, and if the part is obtained in an open die, is
called thixo—forging. The Rheo—casting is other route for development of the semisolid processing in
the semisolid state. It is used, still from beginning of the researches like as the technology for obtaining
of the material with non—dendrite microstructure for ulterior processing through thixo—forming. In 1996,
is developed a new rheo—casting (NRC) process, which was patented by UBE Industries Ltd. In
November 2000, the authors H. Kaufmann, M. Nakamura, H. Wabussey and P. J. Uggowitzer mention
this new method in the Diecasting World magazine [2].

Another variant of the rheo—casting process (NRC—new) is presented in [3]. This variant (NRC—new)
involves the following stages: elaboration of alloy, alimentation of the mould with alloy and the
mechanical agitation through vibrations and the forming in presence of the vibrations. Figure 1 presents
a scheme of this variant, where the processing stages are pointed out. With red arrows is symbolized the
mechanical agitation of the material and the die.

The processing of the metals and metallic alloys in semisolid state offers many advantages as comparing
to the conventional processing methods (casting in liquid state and forging, die—forging, stamping in
solid state), advantages that come out of the behavior and characteristics of the materials in semisolid
state. So, due to the heat content, lower than that of the liquid metal, high processing speeds can be
applied, the wear of the deformation tools being lower.
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a) b) c) d) €)
Figure 1. The scheme of the NRC—new method:
a) alloy elaboration, b) alimentation of the mould with alloy and the mechanical agitation through
vibrations; c) forming in presence of the vibrations; d) extraction and e) finite part

The presence of the solid during the filling of the die and the controllable viscosity, that is higher than
that of the liquid metals, makes possible to reach parts with low blister cavities, with low macro and
micro—segregation and with a fine micro—granulation structure. The gas captation is also low, and the
parts have an excellent surface quality. The materials in semisolid state have lower flow resistance than
the material in solid state, which is why parts having complicated configuration and thin walls can be
produced. The energetic consumption is lowered by approx. 35-40% as comparing to the conventional
processing methods because of the heating at temperatures within the liquidus range and of the low
deformation strains.

PROBLEM FORMULATION

Technologically, within the NRC—new process can be obtained parts having the desired mechanical
characteristics, by proper choosing the technological parameters that influence the process.

In order to achieve that, it is the aim to set a methodology for determines the values of the technological
parameters of the NRC—new process, for which the mechanical characteristics of the material used in order
to produce the die—forged parts have desired values.

Beginning from the experimental results, within a first stage, the mathematical models regarding the
dependence of the parameters that have to be optimized (mechanical characteristics of the material) on
the influence technological parameters of the process are to be determined, under the form of some
equations (1):

Rm=f(p, Td, f, ....)
HBS=f(p, Td, f, ....) 1)
A=f(p, Td, f, ...)

The second stage within the optimizing activity is to reach the optimal coordinates within the
multifactorial space. This means to determine the extreme values (maximal and minimal) of the
parameter that has to be optimized and of the factors, for which the parameter that has to be optimized
gets these values; because of this, the respective stage is called optimization.

Based on the experiments, the mechanical characteristics of the die forging parts are to be determined
depending on the technological parameters that influence the process.

As parameters that have to be optimized, the following can be chosen:
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tensile strength, Rm [N/mm?];
Brinell hardness, HBS;

= elongation, A [%].
Taking into consideration the technological parameters that influence the NRC—new process in semisolid
state [3], the factors that are taken into consideration can be the following:

= deforming pressure, p [bar];

= the temperature of the alloy under which the deforming pressure is applied, Td [°C] or the solid
fraction, fs [];
vibration frequency (the frequency of the perturbatory strain), f [s];
die temperature, Twm [°C];
= period of time that the part is still kept inside the die after solidification, tn [min].
In order to reduce the number of experiments and to simplify the optimizing calculation, we will chose the
most significant parameters out of those above mentioned, i.e.: deforming pressure (p), the temperature of
the alloy under which the deforming pressure is applied (Td) and the vibration frequency (f).
In papers [3], [4] and [5] are described the installation and the method of experimentation. Table 1
presents the variation levels of the technological parameters.

Table 1. The variation levels of the technological parameters

Parameter Level of variation
50
Deforming pressure (p) 100
150
. . 574
The temperature of the alloy under which the deforming 577
pressure is applied (Td) 588
500
Vibration frequency (f) 1500
2500

THE ALGORITHM FOR DETERMINATION THE MATHEMATICAL MODEL

We consider the mathematical model as being a non—linear dependence that can be describe by the
regression equation (2), where the variables X, y, z represent the technological parameters of influence
(independent variables), function u is the parameter that has to be optimized (dependent variable) and
Cu,..., Cyo are the regression coefficients.

u(xy,2)=C,-x*+C,-y*+C;-2" +C,-X-y+Cq -y -2+ )

+Cy-x-2+C, - x+C,-y+Cy-2+Cy,

We also set the variation limits of the variables (x, y, z) and also the variation limits of the parameter
that is to be optimized. The limits of the graphical representation (limXins, l[imXsup, liMYins, limysup, limzins,
limzsyp) and the average values of the variables and those of the analyzed characteristic (Xaver, Yaver, Zaver,
Uaver) are to be also settled.

The determination of the regression coefficients Ci,...,C1o is made by using a calculation program,
written in MathCAD [6]. By using this program, the values of the correlation coefficient (rf) and those
of the deviation from the regression surface (sf) can also be settled.

The optimal values of the independent variables (Xopt, Yopt, Zopt) for which the dependent variable u
corresponds to an optimal value are to be determined.

The equation (2) represents the equation of a hyper surface and cannot be represented within the 4D
space. That is why successively each independent variable (X, y or z) was replaced by its average value
(Xaver, Yaver OF Zaver), thus resulting some equations that can be graphical represented and that can be also
interpreted by the technologists.
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Thus, the regression surfaces described by the settled equations are graphically represented, and also the
level lines of the same dependences. They can be used as diagrams in order to control the processing
technology in semisolid state.

THE MATHEMATICAL MODEL FOR CONTROL OF THE Rm PARAMETER

The variation limits of the independent variables (p, Td, f) and those of the dependent value Rm,
according to the table 2 and the following limits for graphical representation are taken into consideration:
lim pi = 66,66

lim ps = 133,33

lim Tdi = 574,87

lim Tds = 586,12

lim fi = 700

lim fs = 2300.

The average values and the deviations of the independent variables are shown in table 3.

Table 2. The variation limits of the variables

min. max.

p [bar] 50 150
Td [°C] 573 588
f[s? 500 2500
Rm [N/mm?] 230.9 276.3

Table 3. The average values and the deviations of the independent values

Average value Deviation
p [bar] 100 40.825
Td [°C] 579.33 6.3421
f[s7] 1500 816.5
Rm [N/mm?] 254.2 10.265

Under these conditions, the equation of the regression hyperspace is described by the equation (3):

Rm =-0.00014-p?—0.19811-Td? + 1.3e-006-f2 + 0.010011-p-Td — 0.000502-Td-f
+0.00015733-f-p — 6.0427-p + 230.3066-Td + 0.27256-f — 66643.0994 (3

The equation of the hyperspace was reached with a coefficient of correlation of rf = 0.79 and the
deviation from the regression surface is sf = 6.30.

The optimal values of the independent values (popt, Tdopt, fopr), for which the dependent variable
corresponds to the maximal value Rm = 262.803 N/mm?, are: popt = 100.0306 bar, Tdop: = 581.7869 °C
and fop: = 1566.39 s,

For the average values of the independent variables (Paver, Tdaver, Taver) listed in table 4, the equations of the
regression surfaces are:

RMpre) = — 0.19811-Td? + 1.3e-006-f2 — 0.00050-Td-f
+231.3077-Td + 0.28829-f — 67248.77 4)

RMramee) = 1.3e-006-F — 0.00014-p? + 0.0001573-f-p
~0.018578-f — 0.243-p + 288.5769 (5)

RM(fmed) = — 0.00014-p? — 0.19811-Td? + 0.010011-p -Td
—5.8067-p+229.55-Td — 66231.34 (6)

Figures 2, 3 and 4 show the graphical representations of the regression surfaces described by the
equations (4), (5) and (6), and the representation of the level lines for the same dependences.
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CONCLUSIONS

The diagrams represented in Figures 5, 6 and 7 can be used of set the technological parameters of the
process for which the mechanical characteristics of the parts produced by NRC-new process have the
desired values.

These diagrams were designed for average values of the parameters (for example, the diagram in Figure
5 shows the dependence Rm = Rm(Td,f) for the average value of the deforming pressure p = pmed= 100
bar), but by representing the diagrams for values of the parameters within the variation limits (i.e.
deforming pressure p has values within the variation range: 50-150 bar), control diagrams can be
obtained to have a completely control on the process.

For example, in order to produce a part out of an aluminum alloy (AlSi7Mg0.38) by using the installation
described in [4], having the tensile strength of Rm = 260 N/mm?, we have to proceed as follows: we
choose the corresponding diagram, in this case we have chosen the diagram that presents the dependence
Rm = Rm(Td,f) for p = pmes =100 bar. Then, we have two possibilities: we set the value of the variation
frequency f within the variation range and then we set the by using the diagram, the corresponding value
of the temperature Td, or we choose a value for the Td temperature and we set, by using the diagram,
the vibration frequency f.

.
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1400 b heemdbemeibannnn
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oo - SR SN S . —— -

e S Ty o
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Figure 5. Example for choosing the technological parameters
in order to achieve some given resistance characteristics

In the situation given in Figure 8, we have set the temperature value at Td = 578 °C, and the frequency
resulted out of the diagram, corresponding to the line 260, is f = 1600 s*.
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Abstract: The aim of this paper is to demonstrate the impact of the FMEA method application to the product
quality improvement, in this case in the construction of a hydraulic hand pump. An inadequate product design
process results in an inadequate process of designing the technological process, which leads to errors in the
manufacturing process, increased number of changes, production and assembly delays, delays in delivery of
products, and increase in the cost of production. DFMEA analysis was used as one of commonly the most used
method for determining the occurrence of errors, the impact of these defects on the product and the corrective
measures taken to eliminate them.

Key words: DFMEA analysis, product quality, hydraulic hand pump, construction

INTRODUCTION

In the conditions of a large supply of products and services on the market, there are increasing
demands from customers to manufacturers and service providers. The goal of every company that
wants to survive on the market, to be competitive and successful, is the fulfillment of the requirements
of customers or users of products. The measure of customer's satisfaction is maintaining and
improving the quality and reliability of the product.

By increasing the demands of the users, the requirements for increasing the quality of the product are
also increasing. The questions raised here are: what potential mistakes can occur, what is the cause of
these errors, and what are their consequences. When defects are defined, it is necessary to determine
the corrective measures needed to bring the quality of the product to an acceptable level, because if
errors are not eliminated, the unsatisfactory quality and discontent among users is going to appear.

In order to achieve a certain level of product quality, it is necessary to manage these quality. The
challenge is to create quality and reliability in the early stages of product development. There are
various methods and tools that can be used to achieve better results. One of the methods for quality
management is the FMEA method - Analysis of potential errors and their effects on the product.

Errors can occur during product lifetime at any stage of product creation and use. Research has shown
that most of the quality problems on products occur due to mistakes made in the phase of product and
process development, and that only a small part of the problem occurs due to failures in the process of
production, the process of controlling and exploitation. Therefore, product and process designers have
the task to discover errors made at this stage of time and to remove or mitigate them using corrective
measures.

MATERIAL AND METHODS
FMEA analysis

Analysis of possible errors and their consequences is one of the preventive quality management
methods. It is well-known under the generally accepted abbreviated version FMEA, of the English
name Failure Mode and Effect Analysis.

It is a method based on a systematic approach to analyzing the parameters of a single process and
identifying weak spots - the risk of error occurrences is revealed. The potential error, the consequence
of the error and the cause of the error, as well as the probability of errors and their impact are
analyzed, even in the early stages of the development of the production process, which enables the
earlier improvement of the quality level.

FMEA analysis was developed in the US military industry after World War Il with aim to analyze the
system during the early stages of its development. During the 1960s, the FMEA method began to be
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used by the aeronautical and space industry, with emphasis on safety features. At the end of the 1970s,
its application in the automotive industry (Ford Motor Company) began. In the 1980s, FMEA analysis
became the tool for TQM (Total Quality Management), and the 90s Six Sigma (Six Sigma) tool. In
February 1993, the AIAG -Automotive Industry Action Group and the American Society for Quality
Control (ASQC) protected copyright for FMEA standards that were widely distributed in industry [3].
FMEA analysis includes the following activities [1]: identifying all potential product defects that may
arise as a result of an error in the product or process design; determining possible causes of any
potential error; the analysis of each pair a possible error - a possible cause, in order to determine the
probability of a potential error occurrence, the possible consequences of the error on the product, the
probability that the error can be detected in the production or control process; evaluation of the project
risk factors; the impact factors RPN failure calculation and verifying the effects of corrective
measures.

Three components are used for project risk factors calculation: error factor occurrence - O
(Occurrence) - this estimation is proportional to the error occurrence probability, severity factor - S
(Severity) - this estimation is proportional to the severity of the error, the factor probability of error
detection - D (Detection) - this estimation is inversely proportional to the probability of error
detection.

Risk factors are valued on a scale from1 to 10.

These three components multiplied give the RPN (Risk Priority Number) effect factor:

RPN =0-5 -D [1] oy

The calculated failure impact factor is compared with the predefined values of the failure critical
impact factor. If the impact factor is less than the predetermined RPN value, the design solution of the
product or process is considered satisfactory, and if the calculated failure factor is greater than the
predetermined failure factor, then with the appropriate preventive or corrective measures in the
product design solutions must be provided to put the cancellation impact factor into the prescribed
values.

Corrective measures can be implemented in the area of product design, project design or a solution in
the control and testing process. They must be clearly defined, as deadlines for implementation also.
After the implementation of the corrective measures, an assessment of their effect is carried out.
According to the subject of the analysis, FMEA is divided into: FMEA project - DFMEA and FMEA
process - PFMEA.

DFMEA is product-oriented. Its goal is to identify potential weak points in the product design
(construction) through the analytical product design review (which could be the cause of product non-
compliance, which will be manifested by users).

DFMEA analyzes the product design before its realization in production, always starts in the early
stages of design and its focus is on the product function and must be completed before the end of the
production process.

When a FMEA analysis team is formed, a further flow of analysis activities can be divided into the
following phases [4]: preparation for analysis, project analysis, the current situation assessment,
corrective measures, the effects of corrective measures assessment and documentation of the analysis.

Hydraulic hand pump series 40-506.900

Analyzed system - hydraulic hand pump series 40- 506.900 is pump for tilting the cab of the vehicle
from production program of PPT Hydraulics AD. Hydraulic pump for tilting the cab on vehicles series
40-506.900 is a hand pump a piston type, with high pressure and small dimensions. It guarantees
functional lifting and lowering the cabin. It is designed to work in the hydraulic system with one-way
or two-way cylinder. Clips in the pump are completely protected from the effects of dirt and weather
conditions. They have a built-in filter to protect sensitive throttle opening and valve from dirt. This
ensures high reliability in operation. Pump parts are made of high quality materials with appropriate
heat treatment and galvanic protection. They are manufactured in serial production with the
examination of all pumps after assembling. They are installed on trucks KAMAZ - Russia’s largest
manufacturer of commercial vehicles [5].

The principle of operation of this pump is as follows [7]: a) Rotating the distribution shaft by the lever,
is achieved communication for suppression the working fluid in line A or line B, b) Alternating axial
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movement is achieved using the movement of the lever of the piston, and provides the suction or the
suppression of the working fluid, c) Lifting the lever in the above part provides the piston raising,
thereby creating an empty space below the piston, due to which the pellet raises the intake valve and
the working fluid from the chamber of the tank via the suction sieve filled chamber below the piston
and d) Moving the lever to the down and the piston moves downward and pushes the working fluid
through the discharge valve into the chamber A. During this time the working fluid out of the chamber
B, through the distribution shaft and a damper non-return valve, is returned to the tank.

Figure 1. Hydraulic hand pump series 40-506.900

Hand pump for lifting and lowering the cabin should be installed in the vehicle at the access site. It
needs to handle and lever is easily accessible and to facilitate their installation in positions that allow
the raising and lowering of the vehicle cab. The mode of operation of the hand pump is shown in the
following figure.

PSR PRNCP RADA
TR MK OF CPURATOR

Figure 2. Section-mode of operation of the Figure 3. Hand pump body and sub-
hand pump [6] assembly

Constructional structure of the hand pumps 40-506.900-K1 consists of five sub-assemblies: plate 40-
506.902, body 40-506.905, meter 40-506.920, piston 40-506.924 and vent 40-510.530.The functions
of these subassemblies in the device are as follows [8]:

» plate 40-506.902— guarantees transmission of torque from the crank to the working piston,

» body 40-506.905 — accepts seal between the body and the reservoir within the function

without leaks

* meter 40-506.920 — to check the oil level in the tank for proper operation of the device

+  piston 40-506.924 — to convert mechanical force into hydraulic and

« vent 40-510.530 — allows air flow into and out of the tank.
In the subassembly, the body 40-506.905 enters the following positions and their function within the
device is as follows: the body of the pump 40-506.913 - allows the function of the device, spring plate
40-504.441 - allows the stable operation of the non-return valve and the M3x4 screw SRPS M.B1.103
6.8 FeZn5c.
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RESULTS AND DISCUSSION

DFMEA analysis, for all angles on the body of the pump, was carried out on the 40-506.900 hydraulic
manual pump and this analysis was done on the documentation forms of company PPT Hydraulics for
DFMEA, according to the rules and instructions for the development of the DFMEA analysis.

Since that each component of a product exists and functions within a sub-assembly, the assembly or
the device itself, potential errors on each component can lead to a failure of complete product function
or to performance degradation and, consequently, to customer dissatisfaction.

The body of hydraulic hand pump, series from 40-506.900, as the most complex element of the
manual hydraulic pump for tilting the cab on motor vehicles, has the most extensive DFMEA analysis.
This analysis covers all angles: those that do not have any influence on the pump function, those
whose change affects the operation of the pump so it maintains its function, but with a reduced level of
performance and those whose change influences in such a way that the pump loses its function.

The calculation of the impact factor of the failure, RPN, helps to determine the most critical angles.
Those are the angles in which RPN > 50 and in which case corrective measures are prescribed and
implemented, and then the evaluation of those corrective measures is made and all that is documented
in the analysis.

The complete DFMEA analysis takes 21 sides, and in this paper only a few characteristic examples of
angles with different effects on the pump function, are presented.

Angles that do not have any influence on the pump function are, for example, the letters A and B that
are imprinted on the body of the pump. Even greater deviations in the position of these angles would
not jeopardize the function.

The most important angles, that affect the operation of the pump, are:

e @20H8 on the length of 317 - on that part a cuff on a piston is moving on, which makes the oil
is sucked;

e gl16HS8 at a length of 62.5" %! - on that part, a displacement axle is moving, which movement
achieves communication for the suppression of the oil that creates and raises the vehicle's
cab;

e @25F7- position where a lever is placed, whose launch causes the piston movement is
achieved, and its movement allows the suction of the oil;

e g1 - through this aperture the oil returns to the reservoir;

e 2.5 (2x) at an intermittent distance of 20 * %! and a distance from the pump edge 27.5 * %%,
through these openings communication is achieved for oil suppression and it is important to
match them on the pump body and the distribution shaft;

e 330! - the length of the gutter through which the movement of the piston is achieved, the
movement of which allows the suction of the oil;

e 5.4%0053nd 16.8 *%% - the distances at which the guide is used as a limiter when the lever is
rotated, which movement leads distribution axle to the required position for achieving
communication for the suppression of the oil, that creates the lift and lowering of the vehicle
cabin.

Even small deviations of these angles from the given measures can lead to the loss of pump function
or occurence of reduced performance, so the leakage of oil, insufficient lifting of the cab or no lifting
of the vehicle cabin, can occur.

After the DFMEA analysis, we come to the conclusion that the following changes in the construction
must be carried out, in order to improve the product:

e 5.4*005and 16.8 *%% - the coordinate distances on which the chute is used, which serves as a
limiter when the handle is turned,;

e 625 *%! - the co-ordinated length at which the distribution axis is rotated, which movement
provides communication need for the suppression of oil;

e N8 - improved surface quality on the largest sides of the pump body;

e 2795/30 °and 1.8/15 ° - adjustable bevel at the position of the lever and the distribution shaft;

e @25F7, 918 *%4 M12x1.5, 0.5/45 ° and 0.5 - harmonized dimensions of the holes on the body
of the pump and levers, terminals and screws.
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CONCLUSION

In all projects there is a risk of various errors occurrence, from the design process to the exploitation
of the product. Therefore, FMEA analysis is used, as an engineering tool for detecting potential errors
that can lead to failure, even at an early stage of design. However, the FMEA analysis is very
demanding, requires a lot of work, time and people, so the question arises: How useful is this analysis
and is it cost-effective?

The main goal of every company is to create profits. The FMEA analysis is focused on delivering a
quality product to customers and the financial impact of various potential problems under this analysis
is not directly addressed, but it is known that production and assembly malfunctions due to errors lead
to increased production costs and delivery delays. If the mistake goes to the customer, the costs of
servicing are also increasing, and all these increased costs reduce profits.

Since there are four different pumps in the 40-506.900 series, in the end, a comparison of the
construction documentation of the hydraulic hand pump 40-506.900-K1 was made, which was
processed in this paper and one of the pumps for which the DFMEA analysis was not performed.

It is concluded that all the corners corrected in the DFMEA analysis at the early design stage, but
during the construction process, were only corrected in the production process in the previous case,
which caused a great number of changes to the design documentation, production halt, a certain
number of finishes, assembly delays, all of which led to an increase in production costs. All of these
errors, the consequences of these errors and unforeseen costs are avoided in the case of the hydraulic
hand pump 40-506.900-K1, for which FMEA analysis was performed. This confirmed the positive
impact of this analysis on the reduction of errors in design and process, if applied in the initial phases
of the project.

It concludes that the FMEA analysis influences the reduction of errors in design and process, and
consequently on cost reduction in the process of production and increasing the level of product quality,
which was the goal of this work.
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Abstract: We propose a new idea of structure to prevent the increase of deformations as a result of the increase
of the cutting process, and we believe that we do not need larger and stiffer structures, which would
automatically lead to increased weight, consumption and cost, but rather a flexible structure, with no vibrations,
which is not impossible to deform, and which deforms within the limits of its flexibility according to a
predictable deformation rule.

Key words: structure, deformation, lathes, adaptive controls.

INTRODUCTION

We intend to provide a solution for the latest-generation equipment, which is especially characterized
by increases installed power, and propose a new structure with a lower half-circle slide and an upper
flat closing slide. This structure is considered to be of superior quality due to its advantages, such as: it
takes up little space, chips are easily removed, it is quite simple to make, its main advantage being the
fact that it allows for an optimum usage of the structure. Last but not least, it is possible to determine
structure deformation using classical calculation methods. Although this may not appear to be a
significant advantage, since there are quite precise calculation methods which can be used in almost all
cases, such as the finite element method, the possibility to determine the deformations of the new
structure through relatively simple classical calculations is extremely important because it is the only
option where, by means of electronic calculation, after the deformation formula is established, we may
obtain, in real and useful time, the size of the deformation in the cutting equipment section, or, using
the derivation of the signal of a force transducer, we may even anticipate the evolution of the
deformation, this being a first step in what we will hereafter refer to as “active structure” [1,3].

In our attempt to prevent the increase of deformations as a result of the increase of the cutting process,
we believe that we do not need larger and stiffer structures, which would automatically lead to
increased weight, consumption and cost, but rather a flexible structure, with no vibrations, which is
not impossible to deform, and which deforms within the limits of its flexibility according to a
predictable deformation rule. Thus, we may anticipate deformation, using electronic computers, which
is extremely important, since anticipated deformation of numerical control equipment is relatively
simple to calculate and sending corrections to operating elements in time so that the part will be
machined with maximum precision [4].

For our proposed structure, we established calculation methods in order to obtain deformation values
fast, we studied the distribution of loads on the structure as well as the distribution of pressure. The
calculations were done using classical methods, and personal methods as well as demonstrations, and
verifications were done using the finite element method.

THE STRUCTURE

The basic idea in the design of the new structure was to define a supporting structure for lathes with
adaptive controls, which have, in addition to numerical controls, a copying system as well.

It is very important to be able to anticipate deformations for the new structure, and therefore the
structure must include relatively simple geometric elements, for which calculation formulae are
known, so that an expression of the deformation rule may be established for the entire structure [6].
This expression processed by an electronic computer may provide corrections to the shifting of the
operating elements so that processing precision may be increased (fig.1).
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Figure 1. Corrections of active structure

The longitudinal slide rest is guided on a lower semicircular slide and an upper flat rolling slide, which
ensures closing, meaning it prevents the feeder to rotate around its x axis. The two slides are
connected by two arms joined to the longitudinal slide rest [2].

Major stress is supported by the lower structure, the upper closing bar being subject only to a simple
bending.

The lower slide is supported by a longitudinal supporting structure joined to it, and which includes
simple figures with characteristics that can be determined through formulae.

RESULTS AND DISCUSSION

The entire resistance structure practically consists of a rectangular pipe with uneven walls, 