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Abstract:

Business Intelligence is set of techniques and tools for acquisition and transformation of raw data into meaningful and useful
informations. Multicriterial diagnostic is approach to obtain real status of machining proces just in time and produce a big group of raw
data. We want to prepare application business intelligence tools in multicriterial diagnostic process to obtain results of diagnostic process
and find "hiddenly" influence the result
Keywords: MULTICRITERIAL DIAGNOSTIC, BUSINESS INTELLIGENCE, DATA MINING

are complex in nature with a large number of interacting actors.
Results of mono-criteria diagnostics are useful only in analyzing an
isolated property of the production process, or in the case in monocriteria diagnostics of more complex property (e.g. vibrations) the
result have broader scope, but are susceptible to errors due to
misinterpretation of the results analyzed or the emergence of errors
in cases where the process is affected by new actor that did not
appeared previously and then "hiddenly" influence the result.

1. Introduction
Currently we are seeing a significant rise in the modernization
of processes and procedures across the whole spectrum of
manufacturing companies in the engineering industry. This is a
natural consequence of efforts to increase the efficiency of
production processes primarily due to a reduction in production
cost, reduction in energy consumption with emphasis on reducing
environmental impacts caused by production itself, but also other
dependent aspects, and also the efforts of manufacturing companies
to ensure optimization of the indirect costs associated with human
resources, that are an integral part of costs. Another very important
reason for modernizing production processes are continually
increasing demands of customers for increasing the quality of
production with demand for delivering in the required time and the
required quantity. Engineering production companies are due to
diversification of customers largely focused on the automotive
industry and thus is also the associated requirement of their
customer base to conform to standards as defined by ISO/TS 16949,
which entails very high expectations for the quality of production.
Because of this multi-criteria diagnostics is very beneficial, based
on analysis of the results obtained from manufacturers exact
information about weaknesses in the processes of production and
proposed solutions to existing or predictable problems can be made.
An indirect consequence of globalization trends, is evident from all
sectors of industry and economy, it is manifested by combining the
small and medium manufacturing enterprises to large structures that
are decentralized in geographical nature, but have shared leadership
and shared the same level of process control. This creates
multinational corporations influencing several countries and their
production is influencing the economy at international level. In such
enterprises original manufacturers are transformed from
autonomous production structures with complex production to
highly specialized manufacturing units.

Our aim is to as much as possible get a realistic and
comprehensive view of the manufacturing process and obtain
measurement results that their analysis produce results with high
diagnostic value with accurate description of the state of the
manufacturing process. Data obtained through multi-criteria
diagnosis have a very large content value. Depending on the way in
which we look at the data, in way of their further processing and,
depending on the interpretation of the results obtained by the
analysis of the collected data we can not only predict failures and
need of scheduled maintenance, and also predict other phenomenon
related to the production and manufacturing process. With correct
data analysis and correct interpretation of data we can create very
precise results for optimization of energy requirements and
environmental impacts of manufacturing processes, also we can
optimize usage of human resources, and material flow, and other
important factors. Because of wide application opportunities of the
proposed multi-criteria diagnostics, and analysis of the results
obtained by it we can apply the research results in a wide variety of
manufacturing companies at the international level.
Aim of our research is to ensure the development of analytical
tools that process the data obtained through multi-criteria
diagnostics to obtain the required answers to specific questions
defined by mechanical engineering companies in the topic of
increasing efficiency and optimizing production processes. The
resulting data set has a very large scope and the maximization of the
content value, is however dependent on a thorough knowledge of its
structure and in particular in accordance with the dependencies
observed in gathered data. Production process is a continuous
sequence of tasks and the various actions in the production process
are not an isolated factors affecting the final product, but are an
integral set of mutually interacting factors that have both a direct
impact on final product manufacturing, and also often lead to
mutual interaction between each parameter by means of a visible
but also hidden dependencies that need to be understood before of
the processing and interpretation of data obtained thru multi-criteria
diagnostics.

The reason for the creation of specialized units is to
ensure the maximum possible level of production quality and
optimization of logistic processes within the group. However, this
causes a new complication in the production process, the formation
of hierarchical dependence of the manufacturing process where
successive stages of production within the company are dependent
on the production of the previous stages in the life cycle of
production. For this reason, the occurrence of random and sudden
interruptions of production or unplanned production decline is
undesirable phenomenon with potentially serious repercussions for
the entire production group. Prediction of the problems determined
by the analysis of information obtained in production by obtaining
measurable data is very beneficial method of eliminating the
aforementioned problems of manufacturing. Production processes
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easy to implement into common production devices with no effect
to its original purpose and functionality. The measured data can be
easily analyzed directly in real time or in the context of activities
carried out by monitored devices with further increase of the
reliability and sensitivity to changes that may occur at various
different levels and type of loads on monitored device.

2. Multicriterial diagnostic
With multi-criteria diagnostics of the production process we are
collecting in a relatively short time an extensive set of data. We
need very powerful analytical methods and tools to obtain
applicable results in real time. Therefore, we will focus our research
on the implementation of advanced analytical methods for
processing the large data set on comodity computing devices. We
plan to achieve the desired performance when storing and
subsequently processing data collected from the production process
by implementing the tools on top of database systems and
subsequently ensure progressive implementation of data processing
methods presently known under the term Data Mining. These
methods and approaches are significantly contained in the tools
some times known under the name of Business Intelligence, the
application of the general principles under which they carry out
their tasks we already know, we will be able to deploy and modify
them in order to achieve our goals with high efficiency.

The engineering industry uses dimensional geometric accuracy
as one of the most important parts of quality of production.
Accuracy of products, not only machined parts, is directly linked to
precision of production device and therefore precision of
positioning and its analysis should not be neglected in field of
multicriterial diagnostics, even though it can be hardly implemented
directly into autonomous systems. The alternative to fully
automated system for monitoring is the implementation of
measurement of positioning precision at regular intervals or at
occurrence of event of change of monitored parameter or
parameters. This requires specification of certain limits for
monitored parameters that requires to repeat measurement of
positioning precision. The implementation of precision
measurement of production devices anticipates usage of laser
interferometer and device for analysis of precision of positioning
during circular interpolation. Described measurements gives
information about complex technical state of observed production
device as technical system and it’s subsystems that are involved in
positioning.

The essence of muticriterial diagnostics is simultaneous usage
of multiple methods of diagnostics in order to gain effects such as
simplification of measurement, reducing time and costs necessary to
perform measurements or to increase accuracy of measured data.
Therefore, one of our aims is selection of suitable diagnostic
methods in order to gain synergic effect as result of combination of
conventional methods of technical diagnostics utilized for certain
group of production machines, and monitoring of technological and
non-technological parameters related to production processes. Each
method of technical diagnostics and monitoring of production
process is characteristic not only by measured parameters but also
physical phenomenon used for its measurement and also by
characteristic and volume of measured data and signals that have to
be stored for evaluation. The purpose of integration of muticriterial
diagnostics is optimization of diagnostics of production processes
and setting of diagnostic processes in production in way that allows
maximal positive effect on stability of production processes thru
maintenance planning.

Precision of machinery is closely related to wear. The wear
usually is not uniform along all effective workspace of machine tool
and therefore it is possible to say that precision is function of
position. The wear is directly linked to usage rate, so maximal wear
is usually localized at most exposed places and vice-versa, the less
used parts of workspace should keep maximal precision longer. The
mentioned facts indicates that the monitoring of the working space
of production device can be used as base for prediction of future
wear of movement mechanisms based on usage rate of different
parts of workspace. Besides of position there are other factors that
have considerable impact to wear rate of machine such as forces
produced during normal operation of device and therefore it is
important to monitor other parameters such as spindle speed and
federate in individual axes. Next parameter suitable for long-term
monitoring which can easily reveal some aspects of machine state is
amount of electric energy consumed to perform specific. If amount
of electricity necessary to perform specific action rises it is usually
caused indicates that energy is consumed to overcome previously
absent resistance or obstacle. Data received by described
monitoring will be included into basis of analyzed data. Important
part of following analysis will be revealing of correlations between
parameters obtained by multicriterial analysis and optimization of
data harvesting processes accordingly.

Keeping availability of diagnostic tools in mind, we expect
usage of multiple available methods such as measurement of
vibration in various places of production device, in multiple axes
during its operation and taking sources of mechanical wave motion
and it’s spreading into consideration. Vibrodiagnostics as part of
multicriterial diagnostics offers significant amount of information
about state of monitored object such as changes of state, its
character and localization. Same time, vibrodiagnostics allows
certain amount of automatizability, what simplifies its
implementation to long-term and short-term monitoring and also
into multicriterial diagnostics. Particularly interesting results can be
gained by measurement and analysis characteristic vibrations of
spindle of machine tools. In terms of methods of signal processing
and volume of data gained during measurement, vibrodiagnostics is
similar to noise analysis, which differ mainly by used sensors,
where microphones are used instead of vibration sensors. The
recorded sound is processed through the various filters in order to
extract usable signal is which can be scanned for distinctive patterns
afterwards. Such patterns allows to determine corresponding
events. Vibrodiagnostics provides wide range of information about
condition of machinery, but it is unable to reflect the condition
completely. Vibrodiagnostics is specific by significant amount of
measured data what can complicate the processing.

Base methodology to deal with the second objective is the
implementation of method to preserve data obtained in the process
of multi-criteria diagnostics, implementation of relevant tools and
consequently processing and evaluating the obtained data thru
analytical tools. The results will be presented to final customer
through suitable informative views.
Given the scope and nature of the data obtained during the
implementation of multi-criteria diagnostics while respecting the
need for rapid storage and processing measured data we propose to
use database application approach. If deployed into the production
environment on the corresponding sufficient hardware, it give us
high-performance set of tools that will allow us to perform all the
required tasks associated with storage of the measured (raw) data
without restrictions due to different structuring of stored data and it
will allow us to back up all the required data, and pre-processing of
data on the data server, without sacrificing performance on
computers that will implement the analytical processes, enabling us
to flexibly create and modify the rights to stored data, and allow us
to be very responsive when providing a response to a query
processed by set of data analysis tools. An important part of the
database system to allow processing of high volume data is a tool

Another methods with high potencial in multicriterial
diagnostics, we determined, the thermography and measurement of
temperature of constriction nodes of monitored objects. The
increased thermal emissions and related increase of temperature of
the component is usually directly related to increased friction, load
or electrical resistivity as result of mechanical or electrical failure of
monitored device. The first analysis allows to identify the nodes
where change of temperature can occur as result of various events
and localize positions where temperature sensors can be placed in
order to perform long-term monitoring and diagnostics.
Measurement of temperature of individual nodes can be relatively
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for data optimization and data processing tools to maintain data
integrity.

3. Application of Business Intelligence
For this reason, we propose to use in obtaining the necessary
information tools designed to analyze large volumes of data, this
tools are sometimes known as Business Intelligence tools. They can
be defined as tools that arose from a set of concepts and
methodologies for improving decision-making process based on the
use of metrics and use of systems-based metrics. Business
Intelligence (BI) is an important factor affecting the quality of
business informatics processes in the competitiveness of enterprises.
The basic principles of BI include data transformation from
databases and production systems to the analytical data. BI
solutions are based on multidimensionality in stored and
manipulated data.

The complexity of multi-criteria diagnostics is proportionally
depending on the number of data collected in the production
process. They are the parameters describing the status of individual
elements that are part of every process of production (machinery,
tools, workpiece, etc.), but also elements indirectly affecting the
production process (alignment of machines, cutting tool abrasion,
state of coolants, etc.), and elements that externally influence the
process of manufacture (ambient temperature, ambient humidity,
the state of power network, etc.). As the number of monitored
elements is growing, proportionally increases the number of
endpoints and this causes proportional increase in data acquisition.
The data obtained during the multi-criteria diagnostics in the
manufacturing process are usually very large in volume. Likewise,
we can say that, when monitored data is properly defined data
obtained during the multi-criteria diagnostics give us very large
amount of usable informational. Our role is to provide an
understanding of the data obtained in contexts of the monitored
production process, detect cross-correlation between the parameters
of the production process and enable to the user of our system to
optimality access the presented information, by correctly defining
the set of interpretation rules. To achieve these objectives, we need
to have powerful analytical tools that allow us to process all
necessary steps with the available data obtained by the multi-criteria
diagnostics.

Fig. 1 Tools of Business Intelligence in Enterprise

The focus of our research in the transformation of data collected
from multi-criteria diagnostics to information presented to the end
user will be primarily done by using tools for paralles processing on
multidimensional data of BI tools. From OLAP tools we will focus
on defining data structures that are also known as OLAP cube, that
allow us to carry out necessary analysis on the data gathered my
multi-criteria diagnostics, for effective business planning.
Planned analytical process will be carried out through data
mining. Data mining will be realized thru statistical methods and
artificial intelligence, that will allow us to find correlations and
other hidden or unknown dependencies between data acquired by
multi-criteria diagnostics. Subsequently, the results of analysis will
be processed thru predictor models or segmentation models and
then presented in the form of the results to the end user.
On the basis of the described methodology to deal with defined
roles and selection of tools that we plan to apply in our research we
are confident to say that they are designed competently and with
emphasis on the ability to meet the declared objectives in full.
We hope that our approach is right to obtain our intended aims.

4. References
1. Provost F. Data Science for Business, O'Reilly Media Inc.,
2013, (Provost F., T. Fawcett)
2. Laberge R. Dátové sklady, Computer Press, 2012
3. Witten I. Data Mining, Morgan Kaufman Publishers, 2011,
(Witten I., F. Eibe, M. Hall)
4. Cheng. K. Machining Dynamics, Springer, 2009
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DESIGN OF A NEW BATHLIFT CONSTRUCTION
Flóra Hajdu, Dr. Péter Horváth
Department of Mechatronics and Machine Design – Széchenyi István University, Hungary
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Abstract: This paper presents the design process of a bathtub-entry-assist equipment, which can lift the person into the bath from
the place beside the bath. Compared to similar products, which are not capable to do similar way of lifting or do it in a very
complicated and expensive way, our device uses only a single drive and control system for this task. The device lifts the person into
the bath on circular trajectory, which is an unique solution. The device has an utility model protection, which represents its novelty.
The drive system of the device consists of a DC worm gear motor and an additional worm gear drive ensuring the necessary gear ratio for
high output torque and self-locking of the mechanism, which is essential for safety requirements. It is powered by a 12 V battery, which is
required for wet environments. The device has a stable and easily mounted supporting structure that ensures employability in bathrooms of
different shape. The flexible seat provides comfortable usage for both slim and fat persons. The paper introduces the problem to be solved,
then describes currently available products on the market and some patents related to the problem. The conceptual design process with a
system-wide approach is the next part of the paper, which is followed by the description of the realized prototype.
Keywords: BATHLIFT, CONCEPTUAL DESIGN, PROTOTYPE BUILDING

Similar simple constructions such as water pressure inflatable
balloons and harness stretched across the bath also do not provide
solution for getting in and out of the bathtub.

1. Introduction
The age structure of the population in the EU is becoming
older and is expected to continue in the coming decades. Old
people (aged 65 or over) made up 17.8 % (89757.2 thousand
people) and 4.9% of the population (24887.5 thousand people) was
80 years old or older. The median age of the EU-27 population
on 1 January 2012 was 41.5 years [2]. It is also a sign of an
ageing population. In [4] it is projected that the rate of people aged
65 years or over in the total population will increase to 30.0% and
the number will rise to 151.5 million in 2060. Similarly, the number
of people aged 80 years or over will almost triple from 21.8 million
in 2008 to 61.4 million in 2060. The change in the population
pyramids can be seen in Figure 1.

The wall or celling mounted constructions (Fig 2.) are
much more complicated, but they are capable lifting the person in
and out of the bathtub. The advantage of these constructions is that
they occupy no space from the floor or the bathtub, but they are
expensive, so only rich people and premium hospitals can afford
them.
Mobile patient lifts (Fig. 2.), which are even capable of
moving the person from the bed into the bathtub are also common.
They are often used in hospitals and retirement homes, where there
is enough room for maneuver.

Fig. 1. Population pyramids in 2008 (shaded) and in 2060 (striped) [4] in
the EU

In 2011, 44 million people in the EU had basic activity
difficulties and in 2012, 42 million people were disabled [3].
For old and disabled people getting in and out of bath can be
difficult and also dangerous. To solve this problem a new bath lift
construction with an easy operating principle was developed to
make bathing comfortable and safety.

Fig 2. Available solutions [6], [8], [11]

This paper introduces the problem to be solved, then describes
currently available products on the market and some patents related
to the problem. The conceptual design process with a system-wide
approach is the next part of the paper, which is followed by the
description of the realized prototype.

2.1. Some patents related to the problem
In this section some related patents are described.
The invention described in US5903934 is a mobile armed
lift and the bathtub was modified for easier accessibility [10]. The
disadvantage of this solution is that a special bathtub, enough space
and external aid is necessary.

2. Available solutions
One of the most common solution is the motorized
retractable chair placed in the bathtub (Fig. 2). It’s advantage is the
simple construction, but it doesn’t solve getting in and out of the
bathtub, which can be dangerous because of slipping. For disabled
people stepping over the edge of the bathtub is nearly impossible.

US2011131720 patent notification describes a wall
mounted bath lift with foldable and rotatable seat [1]. Advantage of
this construction is that no space is occupied from the bathtub when
it is not used. Disadvantage is that only the lifting is motor-driven,
rotating into the bathtub requires manual force or external aid.
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The invention described in US5263207 is a hydraulic,
rotating, floor mounted column lift [5]. Disadvantage of this device
is that high torques can occur and it occupies a lot of space from the
bathroom.

P'

P"

The above described solutions either do not support getting in
and out of the bath or are too complicated and expensive. Other
disadvantage is that in most cases external help is necessary.

P1

Our aim is to develop a construction, which can be built in
an average bathroom retrofitted, ensures a safe getting in and out of
the bathtub without external aid and has affordable price.

P2

3. Systematic design process
3.1. System-based analysis
Fig. 4. Movement with columned lift

During development of such a device several viewpoints should
be reconsidered. The device is a mechatronic system. It consists of
the mechanical systems such as drive chain, motion system and
supporting structure and also the electrical systems such as energy
supply, control system and safety system. The task is complicated
by several requirements, for example safety, easy mounting,
simplicity, protection against moisture and condensation,
economical considerations, etc. The requirements are described
detailed in [7].

The seat can be moved along a planar curve P1P’P”P2 with
synchronized coordinates, too. The movement of the seat can occur
on linear or staged path (Fig 5.) This solution needs two driving
system in both cases. The guide can be mounted to the wall if there
is enough space and load-bearing wall. Otherwise the stable mount
of the device can be a serious challenge.
P'

P"

To simplify the design, the main function of the device
was divided into subtasks [9]. Each subtask can be assigned to a
subsystem of the device. The relationship between the subsystems is
shown in Figure 3.

akadály

P 1(x1, y1)

P 2(x2, y2)

Fig. 5. Movement in plane

Moving the seat in circular trajectory is easily feasible with only
one drive system, which is the greatest advantage of this solution
(Fig. 6). The compact structure takes up relatively little space from
the environment. Disadvantage of this concept is the relative
difficulty of the stable mount and the limited lifting height.
Fig. 3. Subsystems of the bath lift

3.2. Design of the motion system

P1

The task of the motion system is to get the person sitting in a
comfortable position from the place beside the bathtub into the
bathtub without external aid. To solve the task different conceptual
versions of the motion system were traced and the most appropriate
one was chosen.

O

P2

An obvious solution is a column lift (Fig. 4). The seat is moved
along a cylindrical guide. The supporting column is mounted to the
floor and the celling. For the movement two drive systems are
necessary, one for lifting and the other one for rotating. There are
several disadvantages of this solution: it occupies a lot of space in
the bathroom, the person sits backwards at the beginning of the
lifting and the rotation at the top of the path can cause insecurity
feeling and dizziness.

S'

S

Fig. 6. Movement on circular trajectory

In theory bar mechanisms with fix or variable length arms can
be taken into consideration, but the latter one is too much complex.
Analysing the concepts in terms of price, complexity, reliability
and room, moving the seat on circular trajectory was chosen.
First step of the geometrical design was determination of the
location of the center of rotation, which specified the main
geometrical size of the device, for example the length of the arm.
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baseboard. The bearings are axially fixed with an easily
manufactured bearing cap.

3.3. Design of the drive system
For the drive system there were also several options to be
chosen from. The drive system consists of a 12 V DC motor, which
is prescribed in wet environment and a gear unit. From the length of
the arm and the weight of the moved person the necessary torque
was determined. The velocity was specified to 1 rpm. A 12 voltage,
affordable priced DC worm-gear motor had a 30 rpm output
velocity. From the rate of the velocities at least a thirty-fold
reduction gearing ratio was necessary.

3.4. Design of the supporting structure
The design of the supporting structure was one of the greatest
challenge. The supporting structure has to ensure the adequate
stability and prevent the lateral and forward tilt of the structure
under load. It has to be easily mounted to the wall or to the tub. The
gearbox is fixed to it. Some support concepts can be seen in Figure
9. One of the very first support concepts (upper left) consisted of a
tube bolted to the wall, a mounting plate and a supporting leg made
from steel section. Although this concept is stable it is complicated
and occupies a lot of space. For the next concepts the location of the
motor was changed. As the motor got a lower position the gearbox
had to be raised. The support first was made from welded steel
sections (upper left). The gearbox was bolted to it. To reduce
weight the support was simplified. It was made from tubes which
were welded to a support plate (bottom left). In this concept a
supporting leg was also used for the adequate stability. Using a
supporting leg has some advantage, but it occupies space from the
bathroom and can be dangerous if someone trips over it, so it was
rejected. The last concept can be seen in Figure 9 bottom right. It is
the least complicated and the best looking concept so far. It consists
of welded steel sections instead of tubes.

As first thought using a second worm-worm gear pair seemed
obvious (Fig.7), but taken cost and efficiency into consideration
other solutions were examined as well.
The arm could be moved with screw or electric cylinder, but
this solution is suitable only for less than a half turn and at the end
positions the power need is unrealistically high.
Similar solution would be a spindle-nut pair with a chain
attached to the nut which drives a sprocket connected to the arm
(Fig.7.). The advantage of this solution is that it extends barely
beyond the side of the tub, but it was rejected because of
complexity.

Fig.7. Drive system concepts (above: spindle-nut gear with chain, below:
worm-gear)

Finally, a self-locking worm-gear reduction was used, which
resulted in the most compact structure, but at the same time the
lower efficiency and higher costs. The worm and the gear were
custom designed and manufactured (Fig.8).

Fig 9. Bathlift supporting structure concepts

3.5. Design of the seat
There are two possibilities for the seat: harness or chair (Fig.
10). The main advantage of the harness is that it occupies less space
from the bathtub and can be let down to the bottom of the bathtub.
Since it takes the shape of a person sitting inside, it is comfortable.
Other opportunity is a rigid chair. For using a seat a steel frame is
necessary. It is more stable than the harness, installing the limit
switches is much easier and it looks better. Disadvantage of it is that
it occupies much more space because of the frame. To avoid
collision with the edge of the bathtub the size of the seat is limited
to 35 cm, so it is much more uncomfortable. As a result the harness
was chosen in terms of comfort, design and safety.

Fig.8. Manufactured worm gear

After designing the drive system other parts like shaft and
bearings were scaled. The geometrical measures were determined in
CAD environment as dependent models.
Our manufacturing possibilities were limited as device was
created in a small workshop, so the parts should be manufactured as
easily as possible.
The gearbox was made of aluminum to reduce weight and
consisted of a baseboard and simple plates with a bore welded to the
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5. Conclusions
The aim of the project was to design a bathtub-entry-assist
equipment. After a system based analysis a simple mechanism was
chosen that moves the person on a circular trajectory in and out of
the bathtub. For this concept only a simple drive and control system
was created. As a drive system a worm gear was chosen. For a seat
a comfortable harness was applied against chair.
Our bath lift proved to be an unique solution, which gained
utility model protection in Hungary.
Fig. 10. Possibilities for the seat (left: chair, right: harness)

Two prototypes were realized so far: a 1:2 scaled demonstration
prototype, which was only capable for showing the principle of
operation and a 1:1 prototype with real loading capacity.

4. Realized prototypes

In the future there will be many tasks to be solved, like to make
the device cheaper and lighter weight. Next step is to test the
prototype with real load in real environment. For this a stable
supporting structure made from welded steel sections and
installation of the limit switches are necessary. Our final goal is to
create an affordable price product, which can facilitate the life of
elderly and disabled people.

First a 1:2 scale model was created during the Széchenyi Duo
grant for prototype building (Fig. 11). It gained positive reviews on
some innovation exhibitions, which proved that there were a
demand for such a device. This model only served demonstration
purposes.
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DEVELOPMENT, MANUFACTURING AND INTRODUCTION OF NEW
CONSTRUCTIVE SOLUTION OF TRANSMISSION MECHANISM
РАЗРАБОТКА, ИЗГОТОВЛЕНИЕ И ВНЕДРЕНИЕ НОВОГО КОНСТРУКТИВНОГО РЕШЕНИЯ
ПЕРЕДАТОЧНОГО МЕХАНИЗМА.
Conf. dr. eng., Prof. Abdullayev A.1, Conf. dr. eng., Prof. Najafov A.1, dr.eng, Ahmedov B.1,
dr.eng Gasimov R.1, dr.eng. Mirzoyev H.1
1
Department of Machine Parts – Azerbaijan Technical University, Baku, Azerbaijan, email: ali.najafov@rohe.az
Abstract: It was developed, studied, manufactured and tested new designs of multistage gearboxes on the two shafts with cylindrical gears,
providing virtually unlimited value ratios. This reduces metal consumption, improved reliability and efficiency by the eliminating in the
mechanical system of the intermediate shafts and their support units, to provide a set of agreed most effective technical solutions and create
new machines and units at the level of the best world samples
KEYWORDS: TRANSMISSION MECHANISM, PACKET GEAR, SCHAFT SPEED

Due to the specific useful direction of the friction force of
lubricating fluids on the cylindrical and side surfaces of the
structural pars of “packet” gear its efficiency is increased up to 8%,
and thus achieved a reduction of electricity consumption.
The proposed transmission gears in the future called
"packet reducers" that has been recognized in several international
conferences [8, 9].
Further, according to initial data of the drive rod pumps
and based on normative requirements for water wells depth of 40 m
and an oil well to a depth of 1,500 m (for sucker-rod pump SKD31,5-710) have been designed, manufactured and successfully
industrially tested two double-flow three-stage cylindrical gear
reducers on two shafts, with the transmission ratio UΣ=64 (Fig. 2,
3).

1. Introduction.
Gear reducers are widely used in machines and units in
almost all branches of modern engineering.
The use of low-power and high speed electric motor
drives, allowing to reduce energy consumption as a whole, and by
the extreme operating conditions of machines and units depends on
the number of stages and gear ratio value of gear reducers.
Therefore it is very important to finding the most efficient
kinematic scheme of multi-gear reducers, taking into account not
only the external (consumer) characteristics, but also its cost [1-3].
The department "Machine parts" of Azerbaijan Technical
University developed, studied, manufactured and tested new
designs of multistage gearboxes on the two shafts with cylindrical
gears, providing virtually unlimited value ratios, which originality
was confirmed by the Eurasian patent. This reduces metal
consumption, improved reliability and efficiency by the eliminating
in the mechanical system of the intermediate shafts and their
support units, to provide a set of agreed most effective technical
solutions and create new machines and units at the level of the best
world samples [4-7]
To confirm the theoretical assumptions were made
laboratory working model of a new constructive solution to singlethreaded five-step gearbox with a total transmission ratio UΣ=243
(Fig. 1)

Fig. 2. Mechanical drive rod pumps for water wells depth of 40
meters with a new constructive solution double-flow three-stage
cylindrical gear reducer with a gear ratio UΣ=64.

Fig. 1. Laboratory sample of the new constructive solutions of
three-stage cylindrical gear reducer with a gear ratio UΣ=243
A distinctive feature of the proposed gear is that all the
intermediate shafts are eliminated in this mechanical system, in all
stages drive and driven gears are the same size, that it provides
increased reliability and manufacturability. The structure of the gear
working as a coaxial transmission mechanisms includes, freely
rotated on the driving and driven shafts, one three and two double
corona gears, mounted in the form of a "packet". The rotation
direction of three and double corona gears wherein respectively
coincide with the rotation direction of the driving and driven shafts.

Fig.3. Mechanical drive rod pumps for oil well depth of 720 meters
in relation to the SKD 3-1,5-710 with the new double-flow
constructive three-stage cylindrical gear reducer UΣ=64.
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For the using in mechanical drives of machines and units
of relatively high-speed and low power consumption electric motors
significant practical importance has the evaluation of critical
rotational speed of the drive shaft of the new constructive solutions
of three-stage double-flow “packet gear”.
We consider the drive shaft gear batch on two bearings
with a rotating speed n1”. The drive shaft is represented as a stage
rotor with a fixed gear and symmetrically arranged double corona
gears rotating around its geometric axis and downloaded randomly
distributed masses and moments of inertia [10].
Approaching of the shaft rotation frequency to the critical
can be dangerous, so the rotation frequency from 0,7nkr to 1,3nkr not
recommended for the operating modes of packet gear. In this
connection, in all cases it is desirable to provide an operation of
packet gear with a rigid drive shaft and n<0,7nkr.
To check the reliability of the basic scientific statements
made numerical experiment – calculation of the drive shaft of twostage double-flow packet gear for the sucker-rod pumps SKR3 and
SKDR with the following input data:
- Nominal torque at the output shaft T*=7100Nm;
- Actual gear ratio of the reducer uΣ=64, the gear ratio of one stage
of package reducer in=4;
- Output shaft diameter d’=90 mm;
- Based on design reasons the diameter of input shaft on its mid
taken d1=0,5d’=45 mm; thereafter d2=40 mm; d3=40 mm; d4=35
mm;
- Diameter of the initial circle of gear dw1= 117 mm;
-Coefficient characterizing the ratio of the width of the respective
stages of the output shaft ν=0,5;
- Torsion stress of the output shaft [τ]k=40 Mpa.
The first approximation for the critical speed of the drive
shaft is determined according to the formula
1
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Recommended rotation frequency of the drive shaft of
packet reducer
n<0,7nkr=3488,23 rpm
Where
Lx

y (0) = −

Lx

x 1 M ( x2 )
1 1 M ( x2 )
dx
dx
dx2 dx1
−
2
1
L ∫0 ∫0 EJ ( x2 )
L ∫0 ∫0 EJ ( x2 )

Lx
x 1 Ay ( x 2 )
dx 2 dx1
∫
L 0 ∫0 EJ ( x 2 )
2)
0 0
М(х)- discrete mass, EJ(x)- stiffness of the shaft section in bending.
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3. Conclusion and results
1. Compared with the existing multi-stage cylindrical
gears classical performance in the proposed new designs of multistage packet gearboxes operational and technological parameters
(reliability level increased up to 8%, efficiency - up to 9%, metal
content reduced up to 30%) are improved.
2. A new analytical expression to determine of critical
rotational speed of the drive shaft of the new constructive solutions
of three-stage double-flow “packet gear” have been improved,
which has undoubted practical value by the using of low-power
motor with high rotational speed of the drive shaft n=3000 rpm.
3. Kinematic and design features of packet gear boxes
allow to obtain the minimum value of the output shaft speed (n=1
rev/day), which enabled their widespread use in the mechanical
drives of monitoring systems and radars.
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DEVELOPMENT OF GEOMETRY OF CARVIDE MULTIFACE PLATES FOR
SUPERFINISH PROCESSING
РАЗРАБОТКА ГЕОМЕТРИИ МНОГОГРАННЫХ ТВЕРДОСПЛАВНЫХ ДЛЯ
СУПЕРФИНИШНОЙ ОБРАБОТКИ
Rechenko D., Popov A., Titov Yu., Gritsenko B.
Omsk State Technical University - Omsk, Russia
Protective coatings are widely used for carbide tools
stabilization and functionality. Surface hardening of carbide tools
by coatings which are based on titanium nitride is allowed to
stabilize them for 3-5 times. But they are not available in cases of
affinity of chemical elements with composition of worked stock.
Multilayered coating provides sufficient toughness of the coating
and high durability by the front coating allows to process different
constructional materials efficiently [1].
Superfinish and finish edge cutting machining can be only
with usage of high-quality tools but with an ideal wedge which has
edge less than 1 µm affects to have optimum shapes during the
work. At start time of shake-down period this edge assumes the
rounding and its dimensions are depended on cut depth, approach,
tooling and worked material which assign intensity of production
process.
Generally accepted finish machining is characterized by
the production mode: approach S = 0,1…0,3 mm/turn and cut depth
is aр = 0,5…2,0 mm. Superfinish - S = 0,05…0,15 mm/turn and ac =
0,25…2,0 mm. Even with the lowest process rates, edge
(conditional inscribed radius of rounding edge) of standard metalcutting tool (ρ = 15…25 µm) is enough for stable operation. With
process rates: approach S < 0,05 mm/turn and cut depth is aр < 0,1
mm, for example, S = 0,01 mm/turn and ac = 0,010 mm, the edge of
modern tool does not provide the stable operation (Fig. 1)
Cutting process will be accompanied with deformation
and hardening of surface layer of the work piece. It is necessary to
provide the correspondent edge and the application of a harden
negative chamfer is allowed to stabilize the tool for the normal
operation of the cutting tool. In Figure 2 there is a dependence of
kinematic chip thickness on lead angle φ and approach S. It is seen
from the dependence that with the decreasing of lead angle φ and
approach S kinematic chip thickness hm decreases.
The creation of edge (with short conventional inscribed
radius) strictly defined form of the cutting edge of the tool increases
the quality of finish, but the carbides do not bear the load increasing
and fail rather quickly and in the result the quality of processing
coating decreases and tools can be failed. Solving of this issue is to
apply a hardening coating but nowadays a lot of traditional coatings
are developed but not all of them are suitable. With the covering of
the coat the circle radius and as consequence the processing
accuracy and quality decreases. Moreover they are quite fragile.
With the cutting edge of 1 µm the coating thickness must have
commensurable dimensions (traditional coatings have optimal
thickness 5 µm).
Consequently, the coatings which can bear a high load
and provide a long-term usage of tools at shallow thicknesses are
necessary. At inserted carbide cutting with the coatings should not
be seizure with the work materials. The last one is essential at hardto-cut materials processing on basis of titanium, nickel, aluminium
and etc. Coatings must possess a small friction ratio combined with
the work material, possess damping properties and not be subjected
to brittle failure.
For the purpose of finding out of influence of the light
coatings on the tool cutting characteristics the study of tool with
coating operation Al-Si-N and into the part of coatings are
additionally implemented ions Mo has been made.

а)
б)
Figure 1 – Edge of modern metal-cutting tool: а) cutting pattern; b)
picture of the edge in cross-section
From the tests of cutting edge tool made by the authors it
is stated that negative chamfer must have an angle γ = -5°…-15°
and width chamfer is fixed by the forming width of cutting which
depends on depth of cut and approach. The realization of
superfinish processing with the light feed and depth of cutting is
possible only with high edge of the tool. From the tests it is stated
that the stable cutting is observed in the ratio of layer cut thickness
and the edge.
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Figure 2 – Graph of kinematic chip thickness from lead angle φ and
approach S
b)
Double
negative chamfer
f = (0,3…0,5) · hm
f2= 0,5 · f
γ = -5°…-15°
γ1 = -10°…-20°

In operation research of the edge’s keenness influence on
the cutting process in processing heat-resistant alloy was carried
out. The high-quality edge was obtained through the high-speed
sharpening (grinding speed is 350...400 m/s).
On the basis of research results of the stable cutting were
obtained. Figure 3 shows recommended ratio of layer cut thickness
and the edge’s keenness.
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c)
Rounding
negative chamfer
f = (0,3…0,5) · hm
R = (2…3) · hm

50

Figure 3 – Graph of recommended edge ρ from kinematic chip
thickness hm in the area of the stable cutting
The graph makes possible to identify required edge’s
keenness of carbide tool in the ratio 5 < Rc.a. ≤ 10, where Rc.a. is the
ratio of the cutting ability, which has a dependence, defined as Rc.a.=
hm / ρ. That is the ratio of the cutting ability depends on kinematic
chip thickness hm and edge’s keenness ρ. From the above ratio of the
cutting ability it’s possibly to define the area of stable cutting.
Analysis of industrial experience and literary data allowed
to define that the usage of negative chamfer increases durability and
can have different dimensions and shape. Negative chamfer serves
as strengthening edge’s element.
For comparison of the cutting process the analysis of
existing microgeometry carbide tools was conducted. The analysis
showed that sharpening of high-quality carbide tool with the
formation of negative chamfer and additional chamfers (Fig. 4,a –
4,d) changes the mechanism of their wear and increases the life.
There are several types of chamfers [2]. The size of the
negative chamfer along the contour and on front surface depending
on specifications should be 30…50% of the kinematic chip
thickness hm.
For approvement of the influence of the chamfer on the
cutting process of hardmachining materials geometry with negative
chamfer f = 3…5 µm and an angle γ = -10° (Fig. 4, a) and geometry
of edge tool free from edge’s defects with the sharpness ρ = 1…2
µm, while all plates were covered by Al-Si-N.

d)
Negative
chamfer
with
rounding
f = (0,3…0,5) · hm
γ = -5°…-15°
R = (1…2) · hm
Figure 4 – Types of negative chamfers
Tests of different bars were conducted for comparison of
influence of abrasive material on production of the chamfer.
Meanwhile chamfer on the edge was produced experimentally with
the use of different abrasive materials (Fig. 5).
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Selected the best in terms of cutting geometries of the tool
were covered with Al-Si-N. Except various geometries coating AlSi-N was used in the work, the thickness of which amounted to 2,3
µm on the front side. The coating was formed with much worse
adhesion with a thickness 0,26 µm at the back side because of the
spraying (Fig. 6).

Grinding bar 47 F2500 (main
fraction 8,4 µm) Norton (Brazil)
а)

Grinding bar on volcanite
bundle Э5 32ГТ (corresponds to
the mark of abrasive material
14А) (main fraction 348 µm)
Luga (Russia)
c)

Grinding bar АСМ 28\20 В2-01
(main fraction 23 µm) (Russia)
b)

Figure 6 – The scheme of coating
Small thickness and actually one-sided covering of
coatings preserve edge’s keenness. Because of the significant
difference in coating hardness and base the back side will wear
more quickly, which would lead to the realization of the selfsharpening condition and longer tool operation.
Coatings, that is ~2...2,5 µm thick, were settled on the
vacuum unit УВН-05МД «КВАНТ» in argon-nitrogen gas mixture
at a total pressure 0,3 Pa and the ratio of partial pressures Ar: N = 3
: 1 by the method of the bipolar impulsive magnetron sputtering of
mosaic target based on aluminum with silicon inserts. The discharge
power of the magnetron was 1,2 kW; frequency of current impulse
was 50 kHz. Heating sublayers and maintaining their constant
temperature in the settling process of coatings were carried out by
molybdenum resistive heater power of 10 kW. The chemical
composition of coatings Al-Si-N included: Al – 34 at.%, Si – 13
at.%, N – 53 at.%. Figure 7 shows a sketch of carbide plates which
used in the work. Also in the same way plates implanted with
molybdenum Mo in the coating Al-Si-N were tested.
Figure 8 presents edges of carbide sharp plates with the
chamfer which covered with hardening coating Al-Si-N and coating
implanted with molybdenum Mo.

Grinding bar АСН 7/5 4 В2-01
(main fraction 5,5 µm) Inrost
(Инрост) (Russia)
d)

Coat
Base
Figure 7 – Sketch of carbide plates with the coat
Durability tests of carbide plates were carried out in
turning steel ХН77ТЮР on a lathe machine Okuma ES-L8II.
Cutting fluid BlasoCut 2000 was used. Processing condition in
turning: cutting speed V = 40 m/min, longitudinal feed S = 0,05
mm/Rev and depth of cutting on the diameter td = 15 µm.

Grinding bar with suspension of submicropowder
Masaper prep polishing suspension 0,05 µm (USA)
e)
Figure 5 – Edge of carbide tool, produced after blunting by
different abrasive materials
Analysis of the results showed that the best result was
obtained using the grinding bar АСН 7/5 4 В2-01 (main fraction 5,
5 µm) Inrost (Инрост) (Russia) (Fig. 5,d), chamfer in the range
3...5 µm. Usage other abrasive materials doesn’t allow to get a
stable result. Grinding bar 47 F2500 (main fraction 8, 4 µm) Norton
(Brazil) (Fig. 5,а) makes defects on the edge in form of microchips.
Grinding bars АСМ 28/20 В2-01 (main fraction 23 µm) (Russia)
(Fig. 5,b) and on volcanite bundle Э5 32ГТ (corresponds to the
mark of abrasive material 14А) (main fraction 348 µm) Luga
(Russia) (Fig. 5,c) make obstructions on the edge, and grinding bar
with suspension of submicropowder Masaper prep polishing
suspension 0,05 µm (USA) (Fig. 5,e) allows to make a chamfer and
to produce any processing at all. In the last case the result can be
supposedly explained by the fact that abrasive material has a low
hardness and it can’t make processing.

Sharp edge, coat Al-SiN

Sharp edge, coat Al-Si-N
+ Mo

With the chamfer, coat
With the chamfer, coat
Al-Si-N
Al-Si-N + Mo
Figure 8 – Edges of carbide sharp plates and with the chamfer
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The results of tests showed that plates had different wear
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Sharp edge, coat Al-Si-N
а)

Sharp edge, coat Al-Si-N +
Mo
b)

With a chamfer, coat Al-Si-N
c)

With a chamfer, coat Al-Si-N
+ Mo
d)

Figure 9 – Edges of carbide sharp plates and with the chamfer
Sharp edge plate (Fig. 9,а) has strongly pronounced blaze
and classic wear on the back surface. Sharp edge plate with the coat
and implanted molybdenum Mo (Fig. 9,b) has classic wear on the
back surface. Plate with the chamfer and coat Al-Si-N (Рис. 9,c) has
residual trace of excrescence (stagnant zone), while preserved coat,
and the plate with the chamfer and implanted molybdenum Mo
(Рис. 9,d) has strongly pronounced wear on the front surface with
flaking coat and residual trace of excrescence. At the same time this
plate has chipping on the edge. The best result for durability and
quality of processing was showed by the plate with negative
chamfer and coat.
Tool durability was assessed by quality parameters of
details’ processing. Change of roughness was assessed visually, and
was measured by profilometer MarSurf PS1. Results for durability
compared to the original plate are shown in Table 1.
Table 1 – Durability carbide sharp plates and with a chamfer
Passed
Treated
Durability
Plate
way L,
area S,
Т, min
m
cm2
Sharp edge,
42,4
1696
847,8
coat Al-Si-N
Sharp edge,
59,5
2379
1189,7
coat Al-Si-N + Mo
With a chamfer,
169,6
6782
3391,2
coat Al-Si-N
With a chamfer,
43,5
1741
870,4
coat Al-Si-N + Mo
Original
31,3
1252
626,1
Conclusion: In processing of heat-resistant alloy
ХН77ТЮР the best result for durability and quality of processing
was given by carbide plate, which has the edge ρ = 1…2 µm free
from edge’s defects, original geometry with negative chamfer f =
3…5 µm, and an angle γ = -10°, with coat Al-Si-N.
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Abstract: This paper, concentrates on a three-dimensional (3D) computational fluid-dynamics (CFD) model for coal combustion and
electrode radiation inside an electric-arc furnace (EAF). Simulation of the complete EAF model includes combustion reactions of coal
particles and radiation from electrodes. Particle surface and gas phase reactions were used to predict injected coal particle combustion. The
CFD model provided detail information for the coal particles combustion and radiation interactions phoneme inside the electric-arc furnace.
Results showed that CFD simulation could efficiently be used to develop and investigate EAF in design phase.

Keywords: ELECTRIC ARC FURNACE, CFD, COMBUSTION, RADIATION, HEAT TRANSFER

1. Introduction

2. Computational Simulation

Generally electric arc furnaces consume high levels of energy to
run the steelmaking processes that uses the coal and the electricity
as the main resources of the energy. In order to increase the
efficiency of these types of huge processes expensive experimental
investigations using trial-error methods are required. Recently
developed computational resources can solve interpenetrating
physical phenomenon such as the solid particles combustion and the
evaporation as well as the turbulence and the radiation together.
CFD is an advanced simulation tool with a capability to
comprehensive model for the industrial applications such as EAF.
In this study commercial CFD software ANSYS FLUENT 14.0 [1]
is used to develop a simulation methodology on EAF. One of the
important targets to create an extensive CFD model of EAF is to
investigate the combustion phoneme of injected coal particles,
electric arc radiation and slag surface temperature distribution in
order to analyze and verify the accuracy of simulations. In addition,
the CFD model provided detailed information on the spatial
distribution of the jet velocity, combustion species distributions and
heat output from the EAF walls.

In this study, an EAF produced by CVS Tecnologies for scrap
melting process has been modeled. The EAF parameters are internal
height 3505.25 mm, internal furnace radius 3600 mm, internal slag
surface radius 3080 mm electrode radius 305 mm used to create the
3-D model for the computational domain. Boundary conditions
which include inner surfaces of the furnace walls, upper and
sidewalls of the chimney were given particularly in Figure1. All
injectors located 1.07 m above from the slag surface and aiming 45o
downwards. In order to simplify the model, bottom surface of the
computational domain was accepted as a slag surface instead of
modeling the overall melt volume. Combustion products and the
other unburned gasses leave the computational domain from the
exhaust surface of the EAF. Bottom surfaces of three electrodes
generate electric arc and the radiate energy with the constant heat
flux.

A number of reference studies have been carried out on
combustion for the EAF. CFD model on post combustion reactions
in the EAF has been studied [2] by simulating the radiation heat
transfer, post combustion reactions, and de-post combustion
reaction which is reacted between CO2 and carbon in the liquid
metal or the electrodes. Also radiation heat transfer from the
electric-arc has significant effect to melt the metal mixture in the
EAF. Guo and Irons [3,4] simulated the EAF radiation using CFD
in order to introduce the energy distribution of the radiation heat
transfer. They studied the radiation energy distribution for the
sidewall refractory, water-cooled side panels and the furnace roof.
Based on Guo’s study some assumptions on heat transfer
coefficients, radiation emissivity of the walls and the electric-arc
surfaces were applied in the current model.
EAF are widely used to melt scrap metal in the steelmaking
industry. Taking this into account, the studies on energy efficiency
are of a great significance. Therefore, this study aims to develop a
comprehensive three dimensional CFD model for the coal
combustion and the radiation heat transfer process. In this model,
the location or quantity of the injectors, the injection angle, chamber
dimensions of the EAF, the oxygen or the coal contents and
radiation rates of the electrodes etc. can vary to reach the targeted
temperature on the melt surface. On that sense the model provides
flexibility on design parameters. Such a flexible CFD model can
provide optimization the combustion and the electrode radiation to
decrease the energy consumption in an EAF.

Fig. 1 3-D CAD model of the EAF

The skewness is an important parameter to understand the grid
structure quality therefore great attention has been given to the
skewness. Triangle prism mesh structures were used to create small
computational domains in the model. The boundary layer mesh and
weight factors are also used to create some critical zones for the
computational accuracy. The sufficient grid refinement at the slag
surface, arc generated surfaces of the electrodes and the injectors
are necessary to capture the surface interactions and provide
computational stability. The mesh structure of the EAF model,
mesh inflation at the slag surface and dense grids at the injectors
can be seen in Figure 2.
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is obtained from a straight line (demonstrated in the figure 3(a) with
a dash line) from the slag surface to the injector. Values range from
a maximum from 349 m/s to zero for the O2 stream and outer flow.
The speed of the jet decreases as it expands and mixes with the coal
particles and gases. Swirls and high temperature combustion effects
expand the velocity gradients to the larger volumes. Jet reaches the
melt surface about 75 m/s.

Fig. 2 EAF mesh structure

The model of EAF includes turbulent flows, combustion
reactions, radiation, conduction and convection heat transfer. The
realizable k-ε model was applied in the model to solve the
turbulence which shows a good agreement with experimental
observations of the gas flows with the coal particles combustion
according to literature [5]. Previous studies on the liquid fuels and
the coal combustion modeling [6,7,8] were showed that discrete
phase model which has applied in current study, is a useful method
to simulate the particle trajectory. The particle diameter distribution
of the coal was modeled using Rosin-Rammer method with spread
parameter of 4.52 and 10 groups. The minimum, the maximum and
the mean particle diameters were chosen as respectively 70e-06 m,
200e-06 m and 134e-06 m. Discrete random walk model was
enabled for stochastic tracking of coal particles. P1 radiation model
has been chosen in order to solve the radiation originated from the
electrodes and combustion reactions in the current model.

Fig. 3 Velocity (m/s) magnitude for a plane intersecting the injector 1; (a)
Velocity distribution profile and (b) Velocity data graph.

The temperature profiles inside the EAF are presented for a
plane intersecting from the center of the injectors. The combustion
temperature profiles of injector 1, 2 and 3 are shown in Figure 4.
The temperature at the jet flow after injector 1 and 3 is distributed
between 2270 and 3200 K. Injector 2 which is located between two
injectors, the maximum combustion temperature at the jet flow is
investigated as 3000 K. The minimum temperature values are
obtained at the near furnace walls as 692 K because of the heat
transfer effects from the cooled furnace walls. The maximum
combustion temperatures at the injector exits are continuously
decreased to around 2200 K on the slag surface.

In the CFD code, the coal is simply classified as a single
species due to the quantities of the fixed carbon and volatile matter
[1]. Several classifications for the coal can be found in the FLUENT
depending on property of the coal density, the specific heat and
component fractions etc. In this study the volatile matter (VM)
break up was assumed as a single hypothetic hydrocarbon
component consist of Carbon (C), Hydrogen (H), and Oxygen (O).
After injecting the coal particles into the computational volume,
volatile matters in the coal particles are initially converted to a
pseudo gas phase species with using the constant rate devolatilization model [9].

Inj. 1

Three-step volumetric reactions with six species including the
volatiles matter combustion were applied to the model. These gas
phase reactions deals with the local chemical equilibrium are
calculated by Arrhenius type chemical kinetics. Three-step gas
phase and surface reactions were listed in table 1 including
Arrhenius Reaction Rate and Activation Energy.

Inj. 2

Inj. 3

Table 1: Gas phase and heterogeneous particle surface reactions.

Gas Phase reactions
No
1

Reaction

A

mvvol + 1.706O2 → CO2 + 1.543H 2O

2

H 2 + 0,5O2 → H 2O

3

CO + 0,5O2 → CO2

2.119e+11
1e+15

Ea (j/kgmol)

2.027e+08
1e+08

C < s > +CO2 → 2CO

Fig. 4 Temperature (K) profile for a plane intersecting the injector 1,2
and 3

The radiation temperature distribution which is identified on the
bottom surface of the electrode can be seen in Figure 5. The
radiation temperature is between 2050 K and 1860 K inside the
furnace chamber.

5e-12

C < s > + H 2O → H 2 + CO

7.9e+07

5
6

No

0.002

4

Heterogeneous Particle surface reactions
Diffusion
Ea
Reaction
A
rate
(j/kgmol)
constant
C < s > +0,5O2 → CO

3. Results and discussion
Figure 3 (a) shows the velocity profiles on a plane intersecting
the center of the injector 1. Velocity data plotted in the figure 3 (b)
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The developed model can help us to increase the EAF
efficiency by testing at the design level of the EAF. It was
determined that the model is fast, reliable, low cost and able to give
detailed results. This model gives us an alternative method for high
cost experimental methods and the methods of zero dimensional
calculations which have less consistency.
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4. Conclusion
In this study thermal effects of carbon combustion and electrode
based radiation are modeled for a commercial EAF using state of art
simulation technique of CFD. Core temperature occurred with
combustion in jet area and the temperature distribution on the slag
surface is analyzed in detail with the model. The variation of the
CO and CO2 which are occurred by the carbon combustion
reactions are given visually. The effect of the radiation temperature
inside the EAF and on the slag surface is visually examined. The
total and average temperature distribution on the slag surface is in
satisfactory agreement with the real conditions.
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ON EXPERIENCE OF MODELING OF HYDRODYNAMIC PROBLEM
USING COMBINED NEURAL NETWORK AND
DYNAMIC MODEL
C.Sc. Doc. Yasinskiy I.
Ivanovo State Power University – Ivanovo, Russia
e-mail: igor2266@yandex.ru

Abstract: Solution of gas-dynamics problems containing different fine structures (shock waves, boundary layers, traces, jets, etc.) as well
as areas within which the flows are described by different models of turbulence by traditional grid methods is quiet difficult. These tasks are
encouraged to address, using neural network technology in the analysis and grid-analytical form by stochastic optimization. The proposed
method is demonstrated on the problems of mixing jets. Numerical experiments have shown several advantages of this approach: reducing
the cost of computer time, good accuracy, the connection of patchy pattern of flow in a single unit.
Keywords: turbulence model, random search, neural network interpolation, combining simulation and dynamic models, non-grid
methods for field tasks.

1. Introduction
The use of neural network technology can provide substantial
assistance in solving the problems of continuum mechanics,
containing different fine structures: boundary layers, shock
waves, traces, separation points, the coverage of different
turbulence models [1].
The essence of the proposed computing technology is
convenient to demonstrate on the problems of mixing of
supersonic streams. Such problems arise, for example, in
developing high-power gas lasers stirring [2]. On fig.1, 2 the
schemes are shown with the longitudinal and cross-reactive
blowing environments and their respective designs. Obviously,
the flow patterns are very complex. They include various fine
structures of shock waves, boundary layers and their interaction
fields. In addition, you can specify the subfields in which various
semi-empirical turbulence models are preferred.

Fig. 2. Longitudinal blowing of the reacting environments: а –
scheme; b – constructive solution
Х1, Х2 – turbulent boundary layers; Х3,Х4 – flows, entering the mixing
chamber; Х5 – boundary layer between the flows; Х6, Х8 – shock waves;
Х7, Х9 – fields of the shock-wave interaction with turbulent boundary
layers; Х10 – field of the К-Е turbulence model; Х11 – field of А.N.
Sekundov’s model.

2. Hydrodynamic problem
As is well known, solution of the specified problems by
means of purely grid methods is difficult. Indeed, the turbulent
viscosity near the solid walls conveniently calculated using
formulas of Prandtl and Spalding (1). Hereinafter A. Einstein’s
record of the field differential equations generally accepted:
1)
index after the decimal point indicates the derivative on
the corresponding coordinate.
2)
the summation is performed according to the twice
repeated index, although the sign of the sum is not specified.

Fig.1. Cross blowing of the reacting environments: а – scheme; b –
constructive solution
1 – main jump; 2 – skew jump; 3 – closer jump; 4 – jump in place of
abrupt break; 5, 6 – barrel jump (inside flow); 7 – central jump (Mah’s
disk); 8 – jump, formed by the flow, gone around jet, inleaking on the
wall; l – length of the separation zone; ℎ7 – distance to the Mah’s disk
center; 𝑑𝑚 – diameter of the barrel jump; 𝑑𝑎 – diameter of the injection
hole.

(1)
𝜈𝑡 = 𝑙 2 �(𝑢1,2 )2 + (𝑢2,1 )2 ,
where l – the length of the mixing path

𝑙 = 𝑘 ∙ 𝐿𝑚𝑖𝑛 ,

k=0,41 – Karman constant, Lmin – the shortest distance to the
nearest hard surface.
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It is also not difficult to find νt in the initial sections of flows.
But in the area of the mixing flows we have to use either the
K-E model (2):
𝜕𝐾

(2)

𝜕𝑡

𝜕𝐸
𝜕𝑡

+ 𝑢𝑖 𝐾,𝑗 = �

+ 𝑢𝑖 𝐸,𝑗 = �

𝜈

𝜎𝐾

𝜈

𝜎𝐸

transitions. This is achieved by using the properties of neural
functions 𝑔𝑆 . Let the equations of gas dynamics system be
presented (7):
(7)

𝐾,𝑗 � + 𝑆𝐾 ,
,𝑗

F – some linear operators, 𝑈(𝑥⃗) - the required fields, 𝑥⃗ - point of
the real space field Ω, where the process is considered.
Equations (7) are joined by the boundary conditions (8):

𝐸,𝑗 � + 𝑆𝐸 ,
,𝑗

𝑆𝐾 = 𝜈𝑚 𝐷 − 𝐸, 𝑆𝐸 = (𝐶1 𝐷 − 𝐶2 𝐸) ∙ 𝐸/𝐾,
𝐷 = (𝑢𝑖,𝑗 (𝑢𝑖,𝑗 + 𝑢𝑗,𝑖 ))1/2 ,
𝜈 = 𝜈𝑡 + 𝜈𝑚 ,
𝜈𝑡 = С𝜇 𝐾 2 /𝐸 ,
here 𝜈𝑚 , 𝜈𝑡 , 𝜈 - molecular, turbulent and full kinematic viscosity,
K, E – kinetic energy of fluctuations and their dissipation rate,
𝜎𝐾 , 𝜎𝐸 , 𝐶1 , 𝐶2 , С𝜇 - semi-empirical constants,

(8)
𝑓(𝑈)|Г = 𝑓Г (𝑥 / ) ,
/
Г – boundary of Ω, 𝑥 ∈ Г, f – boundary operators.
We seek a solution in the form of constructions (9):
(9)

𝑓(𝑧) = 0,2

𝑧 2 +1,47𝑧+0,2
𝑧 2 −1,47𝑧+1

,

𝜘, 𝛾, 𝛽 - empirical constants.
The most difficult area is the interaction of shock waves with
turbulent boundary layers. It is proposed to present such a motley
picture of flows in one piece with the following neural network
technology.

3. Neural network synthesis
Let us select the areas Xs; S = 1,2,…,N, each of which is
characterized by its apparent specificity (shock wave, turbulence
of a certain type, flow boundary layer, shock wave and boundary
layer interaction zone and so on). Each of the mentioned fields
������⃗
𝑋𝑠𝑟 ; 𝑟 =
Xs is fixed by the plurality of signal points
1,2, … , 𝑁𝑠 ; 𝑁𝑠 - the number of signal points in the field Xs. For
each field Xs the potential of Braverman is introduced (4):
(4)

⃗ − 𝑋⃗𝑠𝑟 �
𝜑𝑆 (𝑥⃗) = ∑𝑁𝑠
𝑟=1�𝑥

−𝑚𝑠

(10)

𝑔𝑆 (𝑥⃗) =

1−exp(−𝛼𝑠 𝜑𝑠 (𝑥⃗))

1+exp(−𝛼𝑠 𝜑𝑠 (𝑥⃗))

,

),

𝐹𝑖 �𝑥⃗𝑗 , 𝐴 � = 𝐹 �𝑥⃗𝑗 , Ф(𝑥⃗𝑗 , А) �, 𝑖 = 1,2, … , 𝑁.

� – the number of discrepancies; 𝛾𝑖 – their
where 𝑝𝑖 > 0; 𝑁
weights; М – the number of control nodes, their number is
considerably smaller than the number of nodes in the grid
method.
Do other designs are possible to measure proximity. For
optimal values A such values of А* are taken, which deliver a
minimum of the objective function Q(A). As a tool of
minimization the random search is used in the form, presented in
[3]. An important advantage of random search in the ability to get
out of local minimum and its insensitivity to non-smooth surface
Q(A).
Comment.
To determine the position of the shock waves and the zones
of their interaction with turbulent boundary layers is convenient
to take the continuity equation in the following form (12):

,

which refers to the number closest to the one in the field Xs and
tends to zero outside it.
The transition rapidity of 𝑔𝑆 (𝑥⃗) from one to zero is regulated
by constants 𝑚𝑠 , 𝛼𝑠 .
Now turbulent viscosity can be calculated throughout the
study area as (6):
(6)

/ 𝑔 (𝑥
⃗, 𝛽
𝑠 ⃗, 𝛼𝑠 , 𝑚𝑠 )𝑈𝑠 (𝑥

Of these the proximity measure Q(A) of the approximate
solution to the exact is constructed. For example, in such
form(11):
𝑝𝑖
�
∑𝑀
𝛾𝑖 �𝐹(𝑥⃗𝑗 , А)� ,
(11)
𝑄(𝐴 ) = ∑𝑁
𝑖=1
𝑗=1

𝑚𝑠 – positive value. 𝑚𝑠 > 1
If a random point 𝑥⃗ falls in the field Xs or approaches it, then
the potential 𝜑𝑆 increases or takes the greatest value. We need to
introduce some small constant protection from zero in the
denominator in (4). Its neural function is introduced for each area
Xs, for example, such (5):
(5)

𝑈(𝑥⃗) = Ф(𝑥⃗, 𝐴 ) = ∑𝑠∈Ω

here 𝑈𝑠 - special solutions for different subdomains 𝑋𝑠 , 𝐴 ≡
(𝛼𝑠 , 𝑚𝑠 , 𝛽) - free constant, from the selection of which depends
the approximation quality. 𝑈𝑠 can be both analytical and grid
approximations. Желательно при конструировании Ф(𝑥⃗, 𝐴 )
удовлетворить граничные условия. It is desirable to satisfy the
boundary conditions in the design of Ф(𝑥⃗, 𝐴 ). This can be done
by means of already mentioned neural functions 𝑔𝑠 . In the region
Ω the system of control nodes is selected. Each node represents a
basic point, surrounded by a system of additional. It is possible to
calculate the values of the fields 𝑈𝑠 in each node at random, but
specific parameters A and find all the partial derivatives by
means of the difference method.
It should be noted that one should not equate such a
calculation of derivatives with the traditional grid method. The
control nodes may be spaced apart by a substantial distance, and
auxiliary points are concentrated near the main central, that
provides high accuracy and does not affect the stability of the
calculations. The discrepancies F for equations are calculated in
control nodes for any A (10):

either model of G.N. Abramovich and A.N. Sekundov is applied
(3):
𝜈𝑡
𝜕𝜈𝑡
+ 𝑢𝑗 𝜈𝑡 ,𝑗 = �(𝜈𝑚 + 𝜘𝜈𝑡 )𝜈𝑡,𝑗 � + 𝜈𝑡 ∙ 𝑓 �
�∙𝐷−
,𝑗
𝜕𝑡
8𝜈𝑚
−2
- 𝛾 ∙ 𝐿𝑚𝑖𝑛 (𝜈𝑚 + 𝛽𝜈𝑡 ) ∙ 𝜈𝑡

(3)

𝐹�𝑥⃗, 𝑈(𝑥⃗)� = 0 ,

𝜈𝑡 = ∑𝑁
𝑆=1 𝑔𝑆 ∙ 𝜈𝑡𝑆 .

(12)

Neural interpolation will fill 𝜈𝑡 value for those areas for
which there is currently no corresponding semi-empirical model.
A similar technique can easily be extended to determine the
position of the shock waves, satisfying the boundary conditions,
etc.
Since the solutions are presented in an analytical form, then
there is no need to split the grid steps in the field of sharp

𝜌̇ + (𝜌𝑢𝑖 ),𝑖 = 𝜎 ∙ 𝜌,𝑖𝑖 ,

here 𝜎 - constant, allowing to change the shock wave, increasing
its thickness. The resulting field ρ is then approximated by the
surface Y(x) with the appropriate neuro constructions. During the
iterations parameter σ decreases, and the shock wave sharpens.
With such an arrangement is possible to model the zone of the
shock wave interaction with a turbulent boundary layer. With
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neuro approximation the boundary conditions are satisfied
automatically. If this fails, then the measure of closeness Q is
added by the penalty function.
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4. Conclusion
The proposed method of solution of gas- and hydrodynamic
problems, the foundation of which was laid in the works of
Academician G.I. Petrov and his school, can be extended to a
wide range of applications, where traditional grid approaches
face major difficulties. Development of the system, consisting of
neural network and dynamic model looks promising.
Combination of dynamic model and neural network will allow to
study physical processes more fully and quickly, to determine the
unknown hidden parameters and initial conditions. These
capabilities allow to apply the proposed method in many
application areas.
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1.

Введение

Бестраншейные способы прокладки подземных коммуникаций являются важной составляющей частью процесса строительства практически любых объектов в современных городах.
Одним из основных процессов в строительстве подземных
коммуникаций является сооружение горизонтальных или
наклонных скважин в грунтовом массиве. Высокая плотность
застройки городских территорий, насыщенность подземного
пространства различными коммуникациями приводят к тому,
что все более востребованными становятся технологии сооружения подземных выработок с минимальным нарушением
структуры геосреды. При этом все более возрастают требования к обеспечению безопасности ведение работ за счет снижения рисков обрушения породного массива, повреждения находящихся рядом объектов.
Основу многообразия бестраншейных технологий составляют три метода прокладки скважин - прокол, продавливание и
бурение. Эти методы отличаются, главным образом, реализованными в них способами образования скважины. Поскольку
грунт является веществом уплотняемым, то скважина в нем
может быть образована не только извлечением грунта из массива (продавливание и бурение), но и его уплотнением в радиальном направлении (прокол).
В практике подземного строительства при прокладке
коммуникаций небольшого диаметра (до 220 – 250 мм) доминирующим способом стал прокол. Его основное достоинство
заключается в том, что в процессе уплотнения грунта достигается высокая прочность стенок скважин. Пройденные таким
способом скважины способны выдерживать механическое воздействие при последующих технологических операциях, связанных с размещением в скважине различных коммуникаций.
Именно в указанном диапазоне малых диаметров скважин достоинства способа проявляются в полной мере, а энергоемкость процесса находится в пределах возможностей существующих в настоящее время технических средств, используемых
для его реализации.

Рис. 1 – Проходка скважины пневмопробойником

Рис. 2 – Установка для статического прокола грунта УГНБ – 3М4

2. Предпосылки и пути решения проблемы
В настоящее время в устойчивых грунтах прокол чаще
всего осуществляется автономно передвигающимися в грунте
ударными машинами – пневмопробойниками [1] (рис. 1), или
установками статического действия (рис. 2). В неустойчивых
грунтах применяют одновременную обсадку скважины, прокалывая грунт статическим или виброударным способом стальной трубой с заглушенным передним торцем (рис. 3).

Рис. 3 – Виброударный прокол грунта стальной трубой
Иным образом обстоит дело с прокладкой скважин диаметром более 300 мм. Единственным способом снижения энергоемкости процесса до приемлемых значений является разрушение грунта и удаление его из скважины. При этом, необхо-
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димо обеспечить устойчивость слоя грунта на стенках скважины. В противном случае, вероятно её разрушение.
Для гарантированного предотвращения осыпания стенок
обсадку или иное укрепление скважины необходимо производить с опережением или одновременно с продвижением забоя.
Продавливание в грунт стального кожуха представляет собой
пример опережающей обсадки скважины и гарантированно
решает проблему устойчивости стенок скважины. Одновременную обсадку скважин применяют чаще всего при бурении.
Основные технические сложности при опережающей обсадке продавливанием вытекают из необходимости преодоления значительных сил трения трубы о грунт, действующих как
по внешней, так и по внутренней её поверхности. Это является
основной причиной ограничения возможной длины скважин.
Для уменьшения сил трения внутреннюю полость трубы периодически очищают от грунта.
Проблема устойчивости стенок скважины в процессе бурения дополнительно обостряется интенсивным механическим
воздействием породоразрушающего инструмента на забой. Это
обусловлено необходимостью измельчения грунта до размеров
частиц, позволяющих осуществить их транспортирование за
пределы скважины. При этом неизбежно нарушается целостность структуры прилегающего грунтового слоя на поверхности скважины.
В последнее время развитие бестраншейных технологий в
наибольшей мере связано с горизонтальным бурением [2]. Бурение также предполагает полное удаление разрушенной породной массы из скважины. Наиболее важными и сложными
проблемами бурового процесса являются та же необходимость
обеспечения устойчивости скважины и удаления продукта бурения. Широкое применение во всем мире находят буровые
установки, в которых разрушение грунта и его удаление из
скважины осуществляется посредством бурового раствора.
Раствор подается в скважину под давлением, чтобы за счет
кинетической энергии струи разрушить грунт, а затем в потоке
того же раствора удалить его из скважины. При этом компоненты раствора оседают на стенках скважины, повышая их
прочность и устойчивость к обрушению. По сути, происходит
некоторое избыточное разрушение грунта, которое затем в той
или иной мере компенсируется за счет компонентов раствора,
оседающих на стенки скважины [3].
Серьезным недостатком такой технологии является сложность контроля именно этих двух процессов: разрушения грунта и последующего нанесения укрепляющего слоя. Следствием
этого часто является нарушение геометрии скважины, выражающееся в том, что площадь её сечения по всей длине неодинакова. На различных участках длины образуются чрезмерные
расширения в виде каверн разнообразных форм, или недопустимые местные сужения, затрудняющие выход бурового раствора с разрушенным грунтом. Скважина с правильной геометрией может быть сооружена при условии, что для определенного типа грунта будет выдержана подходящая комбинация
давления буровой жидкости, размера дюз на буровой головке,
вязкости бентонита, скорости подачи инструмента на забой. В
городских условиях грунтовые массивы с ненарушенной природной структурой встречаются редко, что сразу повышает
вероятность нарушения геометрии скважин.
В связи с отмеченными особенностями технологии гидравлического бурения в буровой практике диаметр скважины
обычно делают на 20 – 30 % больше диаметра трубопровода,
который будет в ней размещаться. После затягивания в такую
скважину трубопровода в грунтовом массиве остаются пустоты
значительных размеров, что может приводить к просадкам
дневной поверхности, которые являются абсолютно недопустимыми при прокладке коммуникаций под дорогами, магистралями или другими сооружениями.
Таким образом, формирование скважины с использованием буровых растворов применимо для определенных климатических, технологических и грунтовых условий. Особенности

способа, связанные с воздействием струй жидкости на стенки
скважин, неизбежно предполагают высокий риск образования
каверн и полостей в грунте, вздутия дневной поверхности. В
связи с этим совершенствование процессов разрушения грунта, укрепления стенок скважины и транспортирования разрушенной породной массы имеет огромное значение в разработке новых технологических процессов бурения горизонтальных протяженных скважин в грунте.
В ИГД СО РАН предложена технология, основанная на
комбинированном способе формирования скважинного пространства [4]. Его суть заключается в том, что некоторая, как
правило, большая часть грунта извлекается из скважины, а
оставшаяся – вдавливается в стенки образуемой скважины.
Такая технология является, по сути, сочетанием методов прокола и бурения и позволяет сформировать геометрически правильную скважину, имеющую неизменную форму и размеры
на всей длине. Другим важным достоинством технологии является потенциальная возможность обеспечения необходимой
временной устойчивости скважины за счет использования
свойств самого грунта без применения буровых растворов или
других укрепляющих материалов.
Важной характеристикой процесса образования скважин
комбинированным способом является соотношение объемов
уплотняемой и извлекаемой частей грунта. От выбранного соотношения зависят устойчивость стенок скважины, энергоемкость процесса, и ряд других параметров. Требуется определить минимально достаточный объем грунта, который необходимо вдавить в стенки скважины, чтобы получить достаточную
плотность. Существует определенная граница степени уплотнения грунта, после которой нецелесообразно продолжать
энергетическое воздействие, поскольку дальнейшее деформирование сопровождается не столько повышением плотности,
сколько увеличением зоны, в которой разрушаются цементационные связи грунтовых частиц и происходит так называемое
реотропное разупрочнение слоя грунта в этой зоне [5].
Показатель величины уплотнения грунта на стенках скважины зависит главным образом от объема грунта, смещаемого
в единицу площади боковой поверхности скважины [6]. Той же
самой, по сути, характеристикой, связывающей уплотнение с
геометрическими параметрами инструмента (рис. 4) для формирования скважины комбинированным способом, является
отношение площади поперечного сечения кольца к длине его
наружной окружности (S/L).

Рис. 4 Штамп кольцевой формы для формирования
скважины с частичным уплотнением грунта в ее стенки
Характер взаимосвязи указанных конструктивных параметров кольцевого инструмента и величины уплотнения грунта
был установлен на основе известных результатов экспериментальных исследований процесса проходки скважин машинами
ударного действия, уплотняющими грунт в процессе движения
в нем (пневмопробойниками) [1]. После обработки этих результатов получена зависимость относительной плотности
грунта непосредственно на стенках скважины при различных
соотношениях S/L для двух типов грунтов, отличающихся исходной плотностью (рис. 5). За единицу относительной плотности принята исходная плотность грунта.
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В соответствии с представлениями механики грунтов, на
участке значений S/L от 20 до 24 (рис. 5) происходит переход
процесса деформации грунта в иное качество с заметным снижением интенсивности роста относительной плотности, сопровождающимся разрушением и последующей реструктуризацией грунтовых слоев. Следовательно, значения соотношения S/L
в интервале от 10 до 20 можно рекомендовать как область параметров, при которых обеспечивается уплотнение стенок,
достаточное для их упрочнения и близкое по значению к аналогичному показателю для скважин, образованных пневмопробойниками.

а

б

в
Рис. 6 - Производственные испытания буровой установки
а – проходка пионерной скважины; б – расширение пионерной
скважины; в – затягивание коммуникационных трубопроводов.
Испытания показали преимущество новой установки,
реализующей сухую технологию бурения скважин в грунте,
которое заключается в эффективном поддержании устойчивости скважины за счет уплотнения её стенок, в отсутствии загрязнения рабочей зоны буровыми растворами или другими
вспомогательными веществами и материалами, используемыми
в технологическом процессе гидромеханического бурения. Это
особенно важно для снижения негативного воздействия на
окружающую среду и для упрощения последующих, особенно,
электромонтажных работ.
В ходе испытаний доказана работоспособность бурового
комплекса и его конкурентоспособность по производительности

Рис. 5 Зависимость относительной плотности грунта
от соотношения (S/L).
С целью реализации «сухой» технологии бурения, в которой скважина формируется комбинированным способом, нами
разработан экспериментальный образец бурового комплекса
для проходки протяженных скважин в грунтах с транспортированием разрушенного грунта сжатым воздухом по горизонтальному трубопроводу постоянного круглого сечения и возможностью корректировки траектории скважины. Проведены
его испытания в полевых условиях, подтвердившие правильность заложенных в конструкцию технических решений, обеспечившие преимущества перед аналогами.
Этапы технологического процесса показаны на рис. 6.
При сооружении подземных каналов вначале осуществлялась
проходка пионерной скважины диаметром 130 мм. Скважина
формировалась методом радиального уплотнения грунта при
помощи пневмопробойника, установленного на буровой колонне. Затем эта скважина расширялась до диаметра 530 мм
вращением бурового инструмента при обратном движении
буровой колонны с расширителем. Удаление разрушенного
грунта осуществлялось в сторону приемного котлована по
шламопроводу, размещенному в расширенной скважине.
После расширения скважины буровая колонна вновь проталкивалась в приемный котлован, где к ней присоединялись
одновременно четыре пластмассовые трубы диаметром 160 мм,
используемые в дальнейшем в качестве коммуникационных
каналов, и производилась их затягивание в скважину. Скважины, расширенные методом частичного уплотнения грунта на
стенках, сохраняли устойчивость в течение всего времени прокладки трубопроводов. Нагрузки, возникающие при затягивании трубопроводов не вызывали обрушения стенок скважины.

в сравнении с аналогами. Установлено, что сухая технология
бурения может использоваться круглогодично, включая периоды отрицательных температур. Скважина с уплотненными
стенками сохраняет устойчивость в течение всего времени
прокладки трубопровода.
Расширение пионерной скважины до проектного диаметра осуществляется за один проход. Это выгодно отличает созданный комплекс от существующих установок горизонтального бурения, в которых возможно только последовательное расширение скважин за несколько проходов. Данное преимущество позволит на 30% уменьшить затраты времени на сооружение скважин.
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Abstract: For the purposes of testing tribological characteristics of the stainless steel X20Cr13 designed for the parts of process industry
plants for the production of sunflower oil, test samples were made and heat treatment by improving on different hardnesses was performed.
Final machine processing of the samples was performed out by grinding and polishing. This way, the different characteristics of the surface
layer and the different surface topography were achieved. The paper presents the results of the impact of the hardness on characteristics of
the stainless steel X20Cr13. By examining the resistance to the adhesion wear it was concluded that the higher wear was on the test samples
which have been in the raw condition and who were also loaded by higher forces. Therefore, the quality of the surface wear greatly affects
the surface roughness and the coefficient of friction.
Keywords: STEEL X20Cr13, TRIBOLOGY, ADHESION WEAR, TOPOGRAPHY, COEFFICIENT OF FRICTION

The drive system consists of an electrical motor with pulleys,
belts and variator that allows varying of the speed from 100 to
1200 r/min. There is a rotational disc on the main shaft. The
system of loads by weight or steam allows load from 0 to 500 N.

1. Introduction
Tribology is not a science „for the sake of science“.
Tribology is scientific approach by extending and solving
problems of parts which are exposed to wear. The aim is to
reduce costs and losses of tribological nature [1]. The paper
presents the results of the impact of topography surface and
coefficient of friction on the characteristics of the stainless steel
X20Cr13. Steel X20Cr13 is the martensitic stainless steel
resistant to water and water vapor and the organic acids. It is
widely used in making surgical instruments and household
accessories, to the creation of machine parts such as eg. shafts,
turbine blades, etc. [2]. The equipment for testing tribological
characteristics were examined for resistance to adhesion wear of
the test samples. For the purposes of the testing „block on the
disc“ method was used. When examining the lower sample (disc)
is rotated and the sample has on the top (block), which is loaded
by a certain force. Mutual contact of the test samples is
performed by the peripheral surface of the lower sample (disc)
and the lower surface of the upper sample (block) [3]. The aim is
to analyze the change of surface roughness, the coefficient of
friction and quality in terms of wear surface of the test samples.

Fig. 2 Tribometer TR-95 [4].

The system for managing is realized by means of linear
rolling bearings, in which stress is eliminated backlash.
Lubrication system consists of a variety of containers for
lubricant or the system for the supply of lubricating oil in the
contact zone. The system of self-adjusting block and drive has a
duty to at all times ensure the transfer of the normal load in the
direction of the axis of the disc and contact throughout the length
of the block on the disc. This system realized the construction of
a special rotating carrier of the block, Figure 3.

2. Equipment for investigation of the tribological
characteristics
Tests of the tribological characteristics of the stainless steel
X20Cr13 were conducted on improved and computer supported
tribometer TR-95 in contact „block on the disc“ (Figure 1) at the
Faculty of Engineering, University of Kragujevac.

Fig. 3 Carrier of the block [4].

3. Experimental investigations
Tests samples in the form of discs dimensions ϕ 35x6,3 mm
and blocks dimensions 6,3x15x10 mm, made of stainless steel
X20Cr13 (according to AISI 420). Declared and tested the
chemical composition of steel is shown in Table 1.

Fig. 1 Input and output data of tribometer TR-95 [4].

Tribometer TR-95 allows varying conditions of contact in
terms of shape, dimensions and materials of contact elements, the
normal contact load and speed skating. Tests can be performed in
conditions with lubrication and without lubrication. The basic
configuration of the tribometer consists of: a drive system,
system load, the system for managing, lubrication system, the
system of self-adjusting blocks and measuring system, Figure 2.

Table 1: Chemical composition of the steel X20Cr13 [5].
Chemical composition, %
C
Cr
Mn
P
S
max. max. max.
Declared
0,16 ÷ 0,25 12 ÷ 14
1,5 0,040 0,015
Tested
0,21
12,8
0,6 0,031 0,013

26

Si
max.
1,0
0,67

After test samples were made heat treatment by improving on
the different hardnesses was performed. Hardened test samples
are arranged in pairs so that a disc and a block in mutual contact
consisted a tribometrical pair, Figure 4.

Test samples for testing resistance to the adhesion wear are
loaded by forces from 50 to 300 N. It is important to highlight the
fact that in two tests, test samples during wear did not withstand
the power load of 100 N so the referred tests were performed
with a load force of 50 N, tests T3 and T9 in Table 2.
Table 3 shows that the higher wear of the block came with
the load forces from 200 to 300 N, while less affected were
blocks which were loaded by forces from 50 to 100 N. Also in
these blocks is not observed a large difference in the widths of
traces of wear, in contrast to the blocks that have been loaded by
greater forces. Traces of wear on the blocks was recorded on a
light microscope „Leica DM 2500 M“ with different increases,
Figure 6.

Fig. 4 Representation of the tribometricals pairs.

A total of nine tests for resistance to adhesive wear and
investigation plan is presented in Table 2.
Table 2: The investigation plan of the samples on the tribometer TR-95.
Force,
Speed,
Duration,
Investigation
Disc
Block
N
m/s
h
T1
1S
5K
100
1
1
T2
2S
3S
100
1
1
T3
3S
11K
50
1
1
T4
4S
8K
100
1
1
T5
5K
0K
300
1
1
T6
7K
1S
300
1
1
T7
12K
7K
200
1
1
T8
13K
10K
200
1
1
T9
14K
12K
50
1
1
* K – tempered condition, S – raw delivery condition.

Fig. 6 Microscope „Leica DM 2500 M“.

Traces of wear of the block 8 are shown in Figure 7, while
traces of wear of the block 0 are shown in Figure 8.

3.1. Investigation of resistance to the adhesion wear
Test of resistance to the adhesion wear of the samples was
performed on tribometer TR-95 in contact „block on the disc“,
Figure 5.

a)
b)
Fig. 7 The characteristic traces of wear of the block 8.
a) magn. 100x; b) magn. 200x.

Fig. 5 Sketch of the method „block on the disc“ [4].

Each individual test lasted one hour. The investigation was
conducted with lubricated sunflower oil where the samples of
discs were partially submerged. Blocks are placed on the discs
and their mutual contact came to the appearance of the adhesive
wear. Speed of disc was 1 m/s, or 554 r/min. After testing the
blocks, traces of wear were analyzed, Table 3.

a)
b)
Fig. 8 The characteristic traces of wear of the block 0.
a) magn. 100x; b) magn. 200x.

Figures are showing bigger wear of the block 0 compared to
the block 8. The reason for this lies in the fact that the block 0
was wasted by disc 5 which has been hardened in a condition
with extremely higher hardness compared to the disc 4, which
was in the raw delivered condition, from which block 8 was
wasted. Also during the wear block 0 was loaded with force of
300 N, unlike the block 8 where the loading force was 100 N.

Table 3: Value width of the traces of wear blocks and coefficient of
friction.
Width of the
Coefficient
Block
traces of
of friction
wear, mm
5
1,775
0,024
3
11
8
0

1,088
0,678
1,868
7,478

3.2. Investigation of topography

0,008
0,012
0,023
0,13

1

6,015

0,08

7
10
12

4,256
4,461
0,669

0,068
0,068
0,014

After the test for resistance to the adhesion wear was
performed, the surface topography of test samples was
conducted. Heat and final machining obtained different
characteristics of the surface layer and the different surface
topography of the test samples. Figures 9 and 10 are showing the
different topography surface of the disc 4 in the new condition
and disc 7 in the condition of the wear. Worn part of the disc and
the topography of used parts can be seen.
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Fig. 9 Representation of topography of the disc 4 in the new condition.

Fig. 14 Value of the coefficient of friction for the investigation T7.

It can be noted initial running period which is lasting up to 15
minutes, and then an approximately constant value of the
coefficient of friction. Table 3 shows the mean value of the
coefficient of friction after running. It can be concluded that with
increased load the coefficient of friction is significantly
increased. This because sunflower oil has a poor lubricating
charasteristics.

Fig. 10 Representation of topography of the disc 7 in the worn condition.

3.4. Investigation of hardness

Figures 11 and 12 are presenting different surface topography
in a new block 0 and block 6 in the wasted condition. In place of
wear of the blocks width, depth and area of the worn part can be
measured.

Hardness tests are performed using the method Rockwell
(HRC) with a load of 1500 N. Results of measuring the hardness
of discs and blocks are shown in Table 4. Hardness of discs that
were in the raw or delivered condition is around 25 HRC, while
the hardness of hardened discs is around 52 HRC. Hardness of
blocks that were in the raw or delivered condition is around 19
HRC, while the hardness of hardened blocks is around 48 HRC.
Table 4: Results of measuring the hardness of discs and blocks.
Hardness
Hardness
Disc label
Block label
HRC
HRC
Disc 1
25
Block 0
49
Disc 2
25
Block 1
19
Disc 3
27
Block 3
19
Disc 4
26
Block 5
47
Disc 5
53
Block 7
49
Disc 7
53
Block 8
48
Disc 12
50
Block 10
44
Disc 13
52
Block 11
50
Disc 14
52
Block 12
50

Fig. 11 Representation of topography of the block 0 in the new condition.

4. Analysis of the results and conclusion
The aim of this paper was to analyze the change of surface
roughness, the coefficient of friction and quality in terms of wear
surface of the test samples. By examining the resistance to the
adhesion wear it was concluded that the higher wear was on the
test samples which have been in the raw condition and who were
also loaded by higher forces. The measured coefficients of
friction indicate that increasing the load comes to a significant
growth of the coefficient of friction. Therefore, the quality of the
surface wear greatly affects the surface roughness and the
coefficient of friction.

Fig. 12 Representation of topography of the block 6 in the worn
condition.

3.3. Investigation the coefficient of friction
In Figures 13 and 14 are shown signals changes in the
coefficient of friction during the test period for test T4 and T7.
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Fig. 13 Value of the coefficient of friction for the investigation T4.
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Abstract: The aim of the present paper is to investigate the mechanical properties (hardness and tensile strength) of dental Co-Cr alloys
fabricated via casting and selective laser melting (SLM). Two groups of metallic specimens (four-part dental bridges and standard tensile
test specimens) made of Co–Cr dental alloys were produced by lost-wax casting and SLM processes. Vickers hardness distribution along the
depth of the dental bridges as well as the Rockwell hardness and tensile strength of the samples were studied out. The hardness of Co–Cr
dental alloys are dependent on the manufacturing technique employed. It was established that the average Vickers hardness of the samples,
produced by SLM, was higher than that of the cast samples 382 HV and 335 HV respectively. The nearly even hardness distribution in the
bridges, produced by SLM, and fluctuations of the hardness values along the depth of the cast bridges were observed. The Rockwell
measurements confirmed the higher hardness of the SLM samples – 39 HRC in comparison with that of the cast ones – 33 HRC. The tensile
strength is in good agreement with the hardness values. Due to the unique microstructure, the yield strength and tensile strength for the SLM
samples were higher than those of the as-cast alloy.
Keywords: DENTAL Co-Cr ALLOYS, CASTING, SELECTIVE LASER MELTING, HARDNESS, TENSILE STRENGTH

than the values obtained by the other fabrication process. Barucca et
al. [15] investigated Co-Cr-Mo parts, produced by direct metal laser
sintering. They established that microstructure consists of γ and ε
phases. The ε phase is distributed as network of thin lamellae inside
the γ-phase. The higher hardness is attributed to the presence of the
ε-lamellae grown on the {111}γ planes that restricts the dislocations
movement in the γ-phase. Yanjin Lu et al. [16] investigated the
microstructure, hardness, mechanical properties, electrochemical
behaviour and metal release of Co-Cr-W alloy fabricated by SLM in
two different scanning strategies – line and island. They established
the coexistence of the γ- and ε-phases in the microstructure and
nearly the same hardness – 570 HV for line-formed alloy and
564 HV for island-formed. Their research show that the results of
tensile, hardness, density, electrochemical and metal release tests
are independent of the scanning strategy and the yield strength of
both samples meet the ISO 22764:2006 standard for dental
restorations. Wen Shifeng et al. [17] investigated the influence of
the samples orientation during SLM manufacturing process on the
tensile strength. They established that the SLM specimens made
along the vertical direction have higher tensile strength and
elongation than those made along the horizontal direction,
indicating significant anisotropic feature of SLM parts. According
to them the molten pool boundaries have a significant impact and
are the main reason for anisotropy and low ductility of SLM parts.

1. Introduction
Cobalt–chromium based alloys have been widely used in
various orthopedic implants as well as for manufacturing of metal
framework of fixed dental prosthesis because of their excellent
mechanical properties, high corrosion and wear resistance, and good
biocompatibility. The chemical composition of dental Co-Cr alloys
consists of 53–67% Co, 25–32% Cr, 2–6% Mo and small quantities
of W, Si, Al and others [1]. Chromium, molybdenum and tungsten
are added for strengthening of the solid solution. Due to the
relatively large amount of Cr, dense passive layer of Cr2O3with 1–4
nm thickness is formed on the surface of the details, determining the
high corrosion resistance [2,3].
In proper alloying the microstructure of the dental alloys is
composed mainly of γ-phase and carbides of the M23C6 type [3].
The high temperature γ-phase possess face centered cubic (FCC)
lattice, while the room temperature ε-phase has hexagonal close
packed (HCP) lattice [2-5]. The γ-phase determines ductility, while
the-ε phase enhances the corrosion and wear resistance [7]. So, the
properties of the Co-Cr dental alloys depend on the γ-ε ratio and the
type, quantity and distribution of the carbide phase in the
microstructure.
Most of the dental constructions are manufactured by lost-wax
casting process which consists of many manual operations, leading
to low accuracy and satisfactory quality. The new process of
Selective Laser Melting (SLM) offers opportunity for overcoming
the disadvantages of the casting process. In this technology layers
of metal powder are fused into a 3D model by adopting a computerdirected laser [7-12]. The advantages of SLM over the traditional
methods include production of personalized complex objects;
manufacturing of parts with dense structure and predetermined
surface roughness; controllable, easy and relatively quick process
[7,13].

SLM is comparatively new process and the data about the
microstructure and mechanical properties of the constructions,
manufactured using t, are relatively scarce. The purpose of this
study was to fabricate a Co–Cr alloy using the SLM process and
casting process, as well as to investigate the microstructure, and
mechanical properties.

2. Materials and methods
Materials and samples preparation
In order to understand the relationship between the process,
microstructure, surface hardness and mechanical properties, tensile
tests with specimens made of Co-Cr alloy were carried out. Two
groups of samples – four-part dental bridges (Fig. 1) and tensile test
specimens were prepared by lost-wax casting and SLM using Co–
Cr dental alloys.

The SLM process characterizes with high heating and cooling
rates of the melted layer as well as heating and solid state phase
transformations in the underneath layers, which determine
microstructure and properties quite different than that of the cast
details.
Meacock et al. [14] reported that the microstructure of
biomedical Co-Cr-Mo alloy, produced by laser powder
microdeposition, is homogeneous comprised of fine cellular
dendrites. The average hardness was 460 HV0.2, which is higher

In order to obtain samples with sufficiently good repeatability at
first a base model of 4-part dental bridge was made. It was used for
manufacturing of silicone mold for production of wax models
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the SLM ones: 335 HV0.1 and 382 HV0.1 respectively (Fig.7-a).
The average Vickers hardness values of dental bridges are in very
good agreement with the average Rockwell hardness, measured on
the tensile test specimens. The Rockwell hardness (Fig. 7-b) of the
cast sample is 33 HRC (331 HV), which is lower than that of the
SLM samples – 39 HRC (382 HV). The Rockwell hardness
measurements confirm the lower hardness deviation of the SLM
samples.
Fig. 1. SLM of dental bridges
Laser path

and for generating of virtual 3D model. A silicone mold for
manufacturing of wax models for the cast tensile test specimens was
also fabricated, while the 3D model was created with SolidWorks
software. The cast samples – bridges and tensile test specimens
were produced by centrifugal casting of Co-Cr alloy “Biosil” with
chemical composition, given by the producer (Table 1).
Table 1.
Chemical composition of the alloys used.
Alloy
Chemical composition, mass %
Co
Cr
Mo
Si Mn C
Fe
Ni
ASTM F75 Bal. 27-30 5-7
<1 <1 <0.35 <0.75 <0.5
Biosil,
64.8 28.5 5.3 0.5 0.5 0.4
Degudent
SLM
65.2 28.3 5.48 0.754
0.164
Co212-f
ASTM F75

Fig. 2. Scheme of tensile test specimens’ production
by SLM

The SLM samples (Fig. 1) were fabricated directly from the
virtual 3D models using SLM125 machine of the “SLM Solutions”,
Germany. The machine is equipped with continuous Nd:YAG laser
which worked with power 100 W and laser spot diameter 0.2 mm.
The metal powder of Co-Cr alloy Co212-f ASTM F75 (Table 1)
was melted in layers with 0.03 mm thickness unless the desired
construction was obtained. During manufacturing process the laser
at first scanned the outer contour of the layer of the first specimen’s
part, next it hatched the area within the boundaries at an angle of
45° with a pitch of 0.13 mm. After that it passed to the same layer
of the next specimen’s part, thus fabricating the whole layer. The
laser path in manufacturing of tensile test specimen is shown on
Fig.2. The SLM technological regime, recommended from the
company producer was used. The tensile test specimens have a
thickness of 2.2 mm for cast alloy and 2.07 mm for SLM one, as
well as width of 6 mm.

Fig. 3. Cast tensile test specimen with strain gauge.

Mechanical properties characterization
The Vickers hardness (HV) was measured on preliminary
prepared cross-sections of the bridges along depth of all their
elements with 100 gf loading. The Rockwell hardness was
measured in different areas of the polished tensile test specimens
and the average value is taken. The microstructure of the cast and
SLM bridges was investigated by optical microscopy.

Fig. 4. SLM tensile test specimen with strain gauge.

Table 2.
Mean of mechanical properties of cast and SLM alloys.
Variable
Biosil F
SLM
Yield strength (MPa)
410
720
Elastic modulus (GPa)
209
213
Hardness HRC
33
39
Hardness HV 10
335
382

Uniaxial tensile tests were performed using an FM-1000 testing
machine at room temperature. The strain was measured using a
strain gauge. Typical samples used throughout the study are shown
in Fig. 3 and Fig. 4. The 0.2% offset yield strength (0.2%YS) and
elastic modulus were obtained from the stress–strain curve. The
fracture surfaces were evaluated after tensile tests using optical
microscope.

Tensile test
Figure 8 shows the typical nominal stress–strain curves of the
SLM specimen and as-cast alloy. On the basis of such curves, the
mechanical behavior can be recorded, including elastic deformation,
and plastic deformation with the yielding process. Table 2 is a
summary of their mechanical properties. The SLM specimens
showed higher 0.2% yield strength compared to the as-cast alloy –
720 MPa and 410 MPa respectively. The yield strength of SLM
specimens meets the standard ISO 22674:2006 for dental
restorations (> 500 MPa).

3. Results obtained
Hardness
The Vickers hardness distribution along depth of the cast bridge
is given on Fig. 5. It is uneven with high fluctuations of the values
within the range of 222 HV0.1. The hardness distribution along
depth of the SLM sample is much more even, as it is shown on Fig.
6 with lower average deviation of the values – 184 HV0.1. The
average Vickers hardness of the cast samples is lower than that of
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50 µm

Fig. 5. Hardness distribution along depth of the cast
sample.

SLM manufacturing
direction

200 µm

50 µm

Fig. 6. Hardness distribution along depth of the SLM
sample.

200 µm
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a)

b)

Fig. 7. Vickers hardness: a) and Rockwell hardness; b) of samples produced by casting and SLM.
800

4. Discussion
The properties of the Co-Cr-Mo alloys depend on the
microstructure, its morphology and composition, γ-ε ratio, presence
of carbides and intermetallic precipitations. Mechanical properties
are affected by many factors, such as phase, grain orientation, grain
boundary conditions, defects, etc.

stress (MPa)

600

The microstructure of the cast sample (Fig. 5) characterizes
with dendrite morphology and carbides with round shape and small
sizes, situated inside the grains. Our previous investigations [18]
showed that the dendrites are composed of γ phase with lower
strength, while the interdendritic regions consist of γphase/intermetallic eutectic with carbides, defining the higher
hardness. The prevailing volume fraction of the lower strength γ
phase is the main reason for the lower hardness of the cast samples,
while the microstructural inhomogeneity is responsible for the
higher fluctuations of the hardness values (Fig. 5).

400

200

0

cast Co-Cr alloy Biosil F
SLM Co-Cr alloy

0

0.15

0.3

0.45

0.6

strain (%)
Fig. 8. Typical stress – strain curves for both specimen
groups.

The SLM process characterizes with high heating and cooling
rates, leading to fine grained microstructure of the solidified layer.
As the heat is lead away through the solid body, phase
transformations run in the underneath layers heated above the
transition temperatures, resulting in more homogeneous
microstructure. Increasing the samples volume during the
manufacturing process reduces the cooling rates which lead to
slightly hardness decrease (Fig. 6).

Certain differences in the mechanical characteristics of the
casting and SLM alloys can be related to its composition and the
specifics of the manufacture processes. Though the composition of
the alloys used for SLM and casting generally match however they
differ by a small percentage of basic ingredients (Table 1). It has
been shown that modification in the composition of an alloy can
influence the mechanical properties by a large degree. SLM as a
complex thermo-physical process can vary the final product
depending on several factors, e.g., laser, scan and parameters of the
environment. Changeable variables include laser power, layer
thickness, scan speed and hatch spacing. These variables can be
adjusted accordingly, optimizing some aspects that can have a
negative effect on the mechanical properties of the material.

The microstructure of the SLM sample (Fig. 6) possesses high
corrosion resistance and could not be etched by immersion in any
reagent, given in the references. Pores with different sizes,
elongated along the direction of the layers melting, as well as
unmelted powder can be observed in the whole volume. Our
previous investigations [18] showed even distribution of the
chemical elements in the dense areas of the SLM sample, proving
the more homogeneous microstructure. In samples, produced by
SLM, the higher hardness is attributed to the homogeneous
microstructure with fine morphology [14] and the higher volume
fraction of ε phase due to the incomplete γ-ε transformation [15],
which is defined by the process peculiarities.

5. Conclusion
This study is focused on the microstructural and mechanical
characterization of Co–Cr alloys fabricated using casting and
selective laser melting. Within the limitations of this study, the
following conclusions can be derived:

Mechanical properties of the SLM specimens and casting ones
were investigated and compared. The SLM alloy possessed
improved mechanical properties in comparison with that of the cast
alloy. Yield strength and tensile strength of the SLM specimen was
improved due to the unique microstructure. The higher tensile
strength of the SLM specimens may be due to the finer grain size,
cellular dendrite, and elongated precipitates. Also residual stress in
the SLM specimen generates the residual strain [12] and affects on
the tensile strength. Additionally, the presence of residual stresses
during sintering is possible reason for the increased hardness in
the SLM.

• Co–Cr dental alloys fabricated via casting or SLM techniques
show significant differences in strength and hardness.
• The average Vickers hardness of the samples, produced by
SLM, was higher than that of the cast samples – 382 HV and
335 HV respectively. The Rockwell measurements confirmed the
higher hardness of the SLM samples – 39 HRC in comparison with
that of the cast ones – 33 HRC.
• The SLM specimens showed higher yield strength compared
to the as-cast alloy – 720 MPa and 410 MPa respectively.
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Compared with the currently used cast alloy, the SLM alloy
possessed improved mechanical properties. Co-Cr dental alloy
fabricated with SLM is a promising alternative to conventional cast
alloy for metal ceramic restorations.
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WITH INNOVATIVE COOLING SYSTEMS
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Abstract: The small and efficient Stirling electrical coolers, which recently appeared on the market, are opening the wide perspectives for
the development of precise spectrometric equipment based on semiconductor detectors for nuclear radiations cooled by innovative cooling
systems. The development of such equipment is impossible without efficient computer software packages, intended for the equipment design,
simulation of different solutions and preparation of design drawings and/or technological documentation. The greatest problem at the
development of cooling systems based on Stirling electrical coolers is their acoustic vibrations, which impact the spectrometric performance
of semiconductor detectors. Recent results of computer design of precise spectrometric equipment with Stirling electrical coolers for
laboratory, field and space applications are presented.
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CNC machines which provide the surface purity of Ra1.6.
The further technological processes are the clean welding,
vacuum annealing and vacuum pumping. The designertechnologist makes the calculations for strength and gasdynamic in the documentation development as well as
analysis of design processability.
- system for passive detector shielding and collimation comprises the development of effective radiation shielding
and collimators set. Only radiation pure certified materials
such as lead, tungsten, copper are applied in the production
process. The weight of the shield elements and collimators
could be varied within several to hundreds of kilo. The
machining process is made with turn/mill equipment. The
designer-technologist makes the strength calculations,
analysis of design processability, optical calculations for
optimal radiation shielding and effective collimators set.
- electronics for detector signals processing - comprises the
design of the printed circuit boards topology, design of
radioelectronic units and assembly of
radioelectronic
equipment (REE). The designer-technologist creates the
model with volumetric assembly and apply it for the further
heat calculations, as well as solves the tasks of the optimal
cooling for REE. The same way electromagnetic calculations
are made.
- various accessories – in dependence of the type of the
developing device.
The manufacture technologies of semiconductor detectors,
circuit engineering solutions of low noise electronics and
analytical software for the calculation and results display are
rather specific products of not design features and are not
discussed in the present paper.

1. Introduction
High Purity Germanium (HPGe) detectors for nuclear radiations
require cooling till liquid nitrogen temperature to provide the best
performance [1]. The small and efficient Stirling electrical coolers,
which recently appeared on the market, are opening the wide
perspectives for the development of precise spectrometric
equipment based on semiconductor detectors for nuclear radiations
cooled by innovative cooling systems [2]. Such systems can be
build based on Stirling electrical coolers with different cooling
power and allow to create precise spectrometric equipment for
different applications without liquid nitrogen.
The development of the precise spectrometric equipment at the
present is not possible without application of the modern ComputerAided Design (CAD). Modern application software packages
provides not only the reduction of the development terms for the
design and technological documents, but also lower the expenses
for the prototypes manufacture up to their complete exclusion in the
development process.
The objectives of the present work was to design a modern
spectrometric equipment based on innovative cooling systems for
HPGe detectors using modern computer software package for
design and simulations.

2. Equipment Functional Structure Features
The precise spectrometric equipment [3,4] generally
comprises the HPGe detector of X- or gamma-radiation,
vacuum cryogenic system for the detector cooling based on
liquid nitrogen, passive shielding and collimation system,
electronics for the detector signals processing, computer with
analytical software for the calculations and results display.
All these systems have own design-technological
peculiarities, which should be taken into account during
computer simulation and design:
- vacuum-cryogenic system for detector cooling – it requires
the development of the cryostat which could provide the
effective cooling for the detector up to liquid nitrogen
temperature, low inleakage of the residual gases in vacuum
volume over the operation process. The development
requires simulation of the gas inleakage processes from the
cryostat materials and detector holder as well as heat transfer
due to heat conductivity of materials, gas convection and
infrared radiation. Applied materials are stainless steel,
aluminium, copper. The weight of the details could be varied
within several to hundreds grams. The details are made on

3. Choice of Design Software Package
It’s impossible to develop innovative product without
innovative computer-aided design. Each of the listed system
is a functionally completed one with its design-technological
features and, usually, is developed in the projects by a
various designers, specialized particularly in such
developments. Alongside, the designed documents of the
device should present the unified documentation set made in
the accordance to the international standards as the result of
the development and ready for the production. That is why
it’s very important to choose the soft package optimally
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feasible for the design of all systems of the developed
spectrometric equipment.
Market analyses shows that among the design software
packages the most popular today are Solidworks, Autodesk
Inventor, КOMPAS-3D, ADEM CAD/CAPP/CAMM, Solid
Edge [5]. And the first two are the absolute market leaders.
Both software Solidworks and Autodesk Inventor maintain
Unified Standard for Design Documents and comprise the
base of the most widely spread world standards: ANSI, ISO,
DIN, JIS, BSI, ГОСТ, GB. Both software packages are
widely used in the design and their advantages and
drawbacks are well known [6]. Nevertheless we have carried
out rather large volume of the practical test for various
applications of both software packages in the different
systems and assemblies of the analytical equipment. As the
result of the analysis of all advantages and drawbacks of all
studied packages as well as their separate units on the
specific systems and assemblies of our equipment, the choice
was made for Solidworks [7]. The main reason in that choice
was the presence of analytical modules in Solidworks, which
allow to simulate different technological processes and to
design virtually different variants of device designs without
prototyping. The present advantage is highly imperative
when scientifically advanced analytical equipment which
requires various physical technological processes is under
development.

4. Computer Design of Equipment
Stirling Electrical Coolers

detector cooling system based on Stirling electric cooler
LSF9340-02 (Thales, France) with cooling power 9W at the
temperature 80K. The system of the passive shielding
(weight ≈ 600 kg) was made from lead with radiation purity
less than 50 Bq/kg with copper cylindrical inserts, coated
with galvanic nickel. In modern spectrometer detection limit
for radionuclide Cs-137 is less than 0.5 Bq/kg at the
acquisition time 1 hour. The energy resolution of the
spectrometer at present is approximately 10% worse than
with liquid nitrogen cooling due to Stirling electrical cooler
vibration.

1

Fig.2. Portable hand-held gamma-spectrometer HandSPEC
with electrical cooling: 1 – computer 3D assembly model in
Solidworks; 2 – spectrometer photo.

Fig.2. presents portable HPGe gamma-spectrometer for field
applications - analysis of the radionuclide pollutions on the
nuclear enterprises, at the environment monitoring and
inspections on the border. The spectrometer has a
complicated cooling system for HPGe detector based on
Stirling electric cooler SL-400 (AiM, Germany) with cooling
power 4W at the temperature 80K [8]. Weight and overall
parameters of the spectrometer has important value for
portable device and its inner assembly has been modeled
several times to get the optimization. The optimization has
been carried by Solidworks Professional + attachment
Solidworks Simulation (machine dynamics for strength,
stability, deformation systems dynamics, thermo elasticity).
The weight of spectrometer is 12 kg. Energy resolution of
spectrometer is less than 1.0 and 2.0 keV on energies 122
and 1332 keV correspondingly. Worsening of energy
resolution of spectrometer, compare to equipment with liquid
nitrogen cooling, generated by acustic vibration of Stirling
electric cooler.

with

Stirling electrical coolers of different cooling power allow to
design modern precise spectrometric equipment with
innovative cooling systems without liquid nitrogen. At the
beginning in development we design Solidworks computer
general model and then make a full detailing.

1

2

2

Fig.1. Laboratory HPGe gamma-spectrometer with shield: 1with liquid nitrogen cooling and 2 - with cooling system based on
Stirling electrical cooler LSF9340-02 (Thales, France).

Fig.1. shows laboratory HPGe gamma-spectrometer with
shield for analysis of radionuclide pollutions in liquids,
powders, gas and solid samples, the most widely used in
environment monitoring practice. Fig.1.1. shows the
spectrometer with HPGe, cooled by liquid nitrogen,
produced by our company more that 20 years already.
Designed spectrometer (Fig.1.2.) has innovative HPGe

Fig.3. Miniature HPGe gamma-spectrometer for space
applications
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Miniature gamma-spectrometer for space applications is presented
on Fig.3. Spectrometer is designed based on N-type HPGe detector
with 30% efficiency registration, cooled by miniature Stirling
electric cooler K508 (Ricor, Israel). Miniature electric cooler has
cooling power 0.5W at the temperature 80K. The spectrometer
weight is 2.9 kg, consumable power is less than 10W. We obtained
energy resolution ~ 4 keV on energy 1,33 MeV, when Stirling
electric cooler was switched off and ~ 5,9 keV when it was
switched on. Energy resolution on energy 122 keV was found to be
~2,0 keV when electric cooler was switched off and ~ 4.0 keV
when it was switched on. Testing results demonstrated significant
influence of electric cooler Ricor K508 vibrations on developed
spectrometer performance.
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Abstract: The location of the Merawa dam is situated on the Cham I Daraban River, tributary of Qala Chuwalan River, which in its turn
is tributary of the Lesser Zab River. From the administrative point of view, the dam site is located in Suleimaniyah Governorate, Sharbazer
District, Iraq. The proposed works consist of a 38.50 meters high Dam and HPP which aims to provide a sturdy reserve of water for
hydropower, irrigation and water supply for the residential areas in the downstream. Electric power is very important for the development of
the area, as this war troubled zone laks entierely electricity, moreover it is considered to be a strategic area as the Iran-Iraq border is
nearby. The Dam and micro-HPP will be able to provide the area with base energy, with a sturdiness granted by the volume of the reservoir,
as now the only power sources are isolated fossil-fueled generators. The energy produced by the 150 kW turbines might seem small, but the
community will be able to rely on this source as it’s primary supplier.
Keywords: DAM, RIVER, PRODUCE ENERGY, IRRIGATION, WATER SUPPLY

1. Introduction
Water resources management in Kurdistan aims primarely to
satisfy water demands , thus the best locations for hydrotechnical
structures that are able to collect excess rainfall and flood water
have been analyzed, as the regions are, now, mostly dependent on
underground water, with little or no storage capacity. A great
importance is given by the Government of Kurdistan Region (KRG)
for developing the Dam projects in order to transform the dry lands
into perennial green fields, that subsequenlty also produce
electricity for the local community and national power grid. Such a
project is Merawa Dam.

•

The spillway with side admission, placed on the right
bank;

•

The bottom outlet, situated within the dam body, in the
gallery that is initially used as water diversion during the
execution of the works.

The cross section of the dam body is trapezoidal shaped with
the crest width of 6.00 m, upstream slope of 1:1.75, downstream
slope 1:1.75 with 2 berms of 3.00 m width, maximum height from
foundation is 38.50 m thus ensuring all the characteristics needed to
consider Merawa dam is in the Large dam cathegory. Merawa dam
is designed as a Concrete Face Rockfill Dam. The inclination of the
slopes is a result of the stability calculation taking into
consideration the earthquake action. The first two layers represent
the support layer for the reinforced concrete facing of dam. In the
dam body it was provided a material zoning, as follow (fig. 4):

2. Location
The location of the Merawa dam is situated on the Cham I
Daraban River, tributary of Qala Chuwalan River, which in its turn
is tributary of the Lesser Zab River.
From the administrative point of view, the dam site is located in
Suleimaniyah Governorate, Sharbazer District. The proposed works
consist in a dam on the river course which aims to provide water for
electricity producion, irrigation and to supply with water the
residential areas, in a harsh climatic area.

•

Zone 1 – maximum 96 mm rockfill layer

•

Zone 2 – maximum 250 mm rockfill layer

•

Zone 3 - maximum 500 mm rockfill layer

The bottom outlet assembly works are placed in the central
part of the dam body and has the following components:

3. Description of works
The hydrographical basin surface of the Cham I Daraban River
in the Merawa storage reservoir section is of 48.03 km2.

•

The intake tower

•

The gallery

According to the survey made in the "Kurdistan Region Water
Infrastructure Sector Master Plan" study prepared by SETEC
Company in 2011, the Merawa River basin receives an influx
specific flow to 8.3 l/sec/km2.
The dam site is located approximately at 1230 m downstream
of the existing bridge that is the main and only acces point in
Merawa village.
The dam crest was calculated in such matter that the tail
reservoir water will not engage the bridge on the pressure even for
maximum flood of 1:10 000 return period.
Minding the conditions mentioned above, the water storage
volume at Normal Water Level (NWL) is 1.853.676 m3 from which
the life storage 1.454.124 m3.

Fig. 2 Render view of the Merawa Dam (after Aquaproiect Company (2014)
Feasibility study and design for Merawa dam in Sulaimaniya Governate /
Mawat district.)

The main components of the hydrotechnical works are:
•

The dam of 38.50 m elevation, crest length of 250 m,
rockfill dam type;

•

The normal water level is 1201 m.a.s.l,;

•

The level of crown is 1205 m.a.s.l.;

The foundation sealing will be accomplished using a grout
curtain by injecting pressurized cement grout, through two rows of
injections, from vertically borehole-drillings posed at an inter-axial
distance of 1.50 m between them and with a length of 25,00 m,
measured in a horizontal plane on the plinth.
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Fig. 5 Cross section of the spillway. Cross section through side admision
(after Aquaproiect Company (2014) Feasibility study and design for
Merawa dam in Sulaimaniya Governate / Mawat district.)

Power is very important for the development, it is an important
infrastructure parameter which aids the economic growth of any
country.
There has been recently an ever increasing demand for greatest
power generation in almost all countries of the world and especially
in Iraq. Hydroelectric power generation is considered one of the
most practical, clean (Environment Friendly) and economical nearly
30 % of the total power generation in the world is supplied by
hydropower stations, and in some cases rising up close to 100%.

Fig. 3 General layout of Merawa Dam (after Aquaproiect Company (2014)
Feasibility study and design for Merawa dam in Sulaimaniya Governate /
Mawat district.)

The intake tower is a reinforced concrete structure with
horizontal section of 5.00 x 5.00 m and 21.85 m height.

The hydrologic study of Merawa Dam project proved the
possibility of power generation by releasing the water to Cham-I
Daraban River through a Mini Hydro Station. The power plant is
proposed separated from the dam body and will be constructed as a
rectangular shape-top view- structure.

The gallery that is initially used as water diversion during the
construction of the works is a reinforced concrete box shaped
structure, having the following characteristics:
•

B x h: 5.15 x 5.15 m

•

Wall thickness: 0.70 m

•

Total length: 124.60 m

The access to the power plant will be provided with an access
road along the downstream bottom outlet which will be achieved in
the downstream regulated area. The power house is located about
100 m downstream from Dam longitudinal axis where the ground
elevation ranges from 1167.5-1168.50 m. a. s. l. Merawa dam is
proposed to be built in order to develop the adjacent area. Merawa
village is made of 30 households and the village adjacent
neighboring valley has a total of 20 households.

The bottom outlet is a steel pipe of 1000 mm diameter,
consisting of an upstream penstock and downstream, in the valve
chamber, with 2 gate valves. The bottom outlet allows emptying of
the reservoir in 78 hours.

The population that lives here is approx. 200 inhabitants.
Villages do not have electricity in the area, with projects of
National or Local Grid extension in the area at a halt, with small
chances of accomplishment. For daily food preparation or heating,
residents are using wood and fossil fuels. During the night they are
not running lights, only lanterns and candles. Also due to lack of
electricity they are completely isolated from the rest of territory
information since they can`t use the radio or TV.
Fig. 4 Characteristic cross section (after Aquaproiect Company (2014)
Feasibility study and design for Merawa dam in Sulaimaniya Governate /
Mawat district.)

The operation rules for Merawa reservoir are to be fixed on the
bases of the following factors:
•
•
•
•
•

The spillway is placed on the right bank and has the following
components:
•

The side admission overflow

•

The rapid chanel

•

The constructions for energy dissipation

Power generation;
Supply irrigation water;
Supply water for population consumption;
Facilitate the maintenance of recreational water areas;
Regulate the flow downstream of the Merawa Dam.

Reservoir operation is necessary to be made in such a manner
that it functions according to the respective purposes of its design.

The side admission overflow high water diversion is located on
the right bank and is a reinforced concrete structure, consisting of
an ogee weir and a collecting channel with variable width (10.00 to
35.00 m) with a 1% longitudinal slope.

Merawa Reservoir will use approx 1.5 Million Cubic Meters of
the total storage capacity, between normal operation water level of
1201.00 m.a.s.l. and minimum operation water level of 1187.00
m.a.s.l, for power generation, and water supply.

The construction continues with a rapid channel with increased
roughness to limit the velocity at 7 m/s.

The operation rules for Merawa Reservoir are to be fixed on the
bases of the following factors:

The total length of the channel is 124.50 m. The channel section
is trapezoidal shape, base width is 35m.The structures for energy
dissipation consist of: energy dissipater, rear apron of concrete
blocks, and protection stone below dam. The energy dissipater is a
reinforced concrete structure, with a total length of 25.0 m, this
have a rectangular cross section, with the width of the base of 35
m..

•
•
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Irrigation and power generation are carried out within
the range of the live storage capacity of 1.5 MCM.
The power plant will use water from bottom outlet,
from the steel pipe with ND 600 mm, designed for
maximum discharge of 0.5m3/s.

•

Operation is done in a manner that waste spillage
from the reservoir is minimum.
High-water-level operation is performed as a rule to
ensure stable output over a long period. In addition,
this will maximize the energy production.
Operation for power generation is performed in such a
manner that the necessary irrigation water is secured
even in fairly dry years.

•
•

In order to determine the amount of hydroelectric power that
can be generated efficiently, it is necessary to estimate the quantity
of water and head available at the site of turbines. The total
available water is estimated below.

Fig. 7 Energy requirements

So considering there are 50 households, and the SHPP produces
150 kW and maximum consumption is 3 kW per household, we
deduct that it can ensure the necessary electricity for the households
neighboring Merawa dam. Irrigation corresponding Merawa dam,
will take place both upstream and downstream of it.

Table 1. Estimate the quantity of water

Months

(PNet
Inflow Area
E
P E)*A/ Demand
inflow
(m3)
(m2) (mm) (mm) 1000
(m3)
(m3)
(m3)

Storage
(m3)

April

240084 153100 132.4 89.2 -6614

May

747628 153100 203.9 34.8 -25889 111082 610657 1853676

4000

229470 1853676

June

0

153100 325.6 0.4 -49788 230013 -279801 1573875

July

0

137111 343.9 0.0 -47152 297988 -345140 1228735

Aug

0

117641 311.9 0.3 -36657 316101 -352758 875977

Sept

0

95661 228.2 1.9 -21648 267494 -289142 586835

0

76801 153.7 33.1 -9262 243132 -252394 334441

Oct
Nov

165975 56224 94.3

56.2 -2142 36651

127182

Dec

2330312 67282 50.2

99.2 3297

4000

2329609 1853676

Jan

2832539 153100 45.7 118.7 11176

4000

2839715 1853676

Feb
Mar

3058142 153100 56.3 123.8 10334

4000
4000

3064476 1853676
2939598 1853676

2946078 153100 106.5 90.3 -2480

461623

Fig. 8 Cross section through Power Plant (after Aquaproiect Company
(2014) Feasibility study and design for Merawa dam in Sulaimaniya
Governate / Mawat district.)

The irrigation network was designed to ensure 20 ha upstream
of the storage reservoir (Plot1).
Plot 1, a surface of 20 ha, will be supplied by pumping via a CP
main pipe made of PEID 100, NP 10, with diameter 315 mm
starting from the pumping station. The design capacity is 55,28 l/s.
For pumping the water for irrigation a group made of 2
centrifugal electro-pumps with following particularities and pump
flow of 100 m3/h was designed. Plot 2, surface 8 ha, will be located
downstream of the dam, on the right river bank (fig. 9).
This surface is located between the channel and the right river
shore, where the flank is smaller in comparison to flanks of
surrounding slopes. The water will flow gravitationally ensured via
a main pipe with a length of 50 m and diameter or 315 mm,
connected upstream to the vanes chamber (split T). From the
irrigation channel the necessary volumes of water for irrigating the
agricultural crops will be provided. At the channel slope of 0.5 ‰,
the channel transport capacity will be of maximum 31 l/s and the
velocity v = 0.34 m/s.
Fig. 6 2015 photo Merawa village (after Aquaproiect Company (2014)
Feasibility study and design for Merawa dam in Sulaimaniya Governate /
Mawat district.)

Irrigation will usually be in June - October months, but if
necessary can also be used and controlled in the other months
depending on other necessities and on the water level in the
reservoir.

The power of the power plan is:
Pmax = 0.7x9.81 x 0.5 x 33.50= 115.02 kW = 0.15 mW
The minimum power of the power plan is:
Pmin = 0.7 x 9.81 x 0.5 x 18.50 = 63.51 kW = 0.06 mW
Generator power range – from 60 -150 kW.
•
•
•
•

Runner Diameter:
Net Head at Rated Discharge:
Unit Speed:
Peak Efficiency:

392 mm
33.42 meters
750.0 rpm
91.8 %

Fig. 9 Irigation area
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4. Conclusion
Merawa dam is proposed to be built in order to develop the
adjacent area.
The water reservoir volumes studied for this dam were limited
and conditioned so that the artificial lakes will not affect the
villages or other property and equipment located in the perimeter of
the inhabited areas.The proposed works consist in a dam on river
course which aims to provide water for electricity producion,
irrigation and water supply of the residential areas.
The Dam and micro-HPP will be able to provide the area with
base energy, with a sturdiness granted by the volume of the
reservoir, as now the only power sources are isolated fossil-fueled
generators. The energy produced by the 60 - 150 kW turbines might
seem small, but the community will be able to rely on this source as
its primary supplier. All 50 households will have electrical energy.
This is a classical example of a Greenfield development that
proves to be ecologically and economically viable in the given
conditions.The purpose of the works, however costly they might be,
is the only way to provide the village with necessary means of
adequate living conditions for the inhabitants. The Power plant can
be used 9 month per year (December, January, February, March,
April, May, June, July, August) but it will provide most of the now
almost non-existing power supply.
Irrigation surface is 28 ha, downstream and upstream of the
dam, further suppling the community with the neccesarry means of
self sustainment.
In such remote places, with the high envolvment of the local
government, this example of design and works are a strong
statement that hydrotechnical works are the stepping stone for both
civilisation thriving and ecological durable development.
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UNIT ENGINEERING OF SOLID MATERIALS COMPLEX POWDER PRODUCTION
BY HIGH-SPEED PROCESS.
РАЗРАБОТКА УСТАНОВКИ ДЛЯ ПОЛУЧЕНИЯ МНОГОКОМПОНЕНТНОГО ПОРОШКА ТВЕРДЫХ
МАТЕРИАЛОВ, ВЫСОКОСКОРОСТНЫМ СПОСОБОМ.
Titov Y.,,Rechenko D., Tsarenko I.,Petrov I.
Omsk State Technical University - Omsk, Russia
At the present time, one of the main directions of
mechanical engineering technology comes updating of existing
and engineering of new non-waste, material-saving production
processes, i.e. such processes that provide preforming with
minimum allowance or without them for the next machining with
reducing of expenses on scarce materials. Powder metallurgy has
certain role in this problem solvation.
At present, powder metallurgy in general and producing
of powder of small dispersitivity in particular find big application
in many different areas. Specific interest to nano- and ultradisperse powders is connected to their application as a feedstock
for production of ceramic, magnetic and composite materials,
superconductors, solar batteries, filters, and additives to
lubricating stuff, high-impact solder alloy components, feedstock
for 3D printers and any others.
Methods of nano- and ultra-disperse materials process
are divided into physical, chemical, biological and mechanical, i.e.
nature of receipt of materials process is in base of this
classification. [1]

Fig.1.3D-model of machine for producing powder by
high-speed process (1 – frame; 2 – gathering case ; 3 – grinding
blade; 4 – feeding device; 5 – raw stock).

Main and most common type of mechanical powder
production is grinding with the use of mill. There are many
grinding mills in different modifications. Their construction
depends on production type and customer’s demand, but all of
them work under the same principles. Relatively big material
elements travel around revolvable cylindrical vessel all the time,
they communicate with grinding balls, and as a result these
elements are grinded up to finely-divided range. [2,3].
Benefits of mechanical grinding approaches are:

This machine represents comparatively new mechanical
approach of powder process from solid materials, where material
grinding, in the form of cylindrical work, is completed with the
help of grinding blade with an abradant (gridning) wheel [6,7].
The machine is modernized for high-speed method of
ultra-disperse powder producing. Modernization involved
installation of CNC system and new head for high-speed
processing. Domestic CNC system “Mayak-600” was installed on
this machine. Application of this system lets work the stock in
automatic mode, setting the process once a shift, and then just
setting new material. Also, the standard grinding head was
changed to the head meant for high-speed processing. Special
antifriction bearing and seamless band were applied. After
modernization, the machine provides spindle rpm up to 30000
rpm.

1)
Comparative easiness of installation and
technologies;
2)
Ability of grinding of different materials;
3)
Ability of producing powders from alloys;
4)
Ability of producing materials in great
numbers.
Disadvantages of mechanical method:
1)
Probability of grinding powder polluting by
cutting agent;
2)
Difficulties of producing powders with narrow
particle size distribution;
3)
Product contents regulation difficulties during
grinding process;
4)
Mill flow differs in energy intensity and cost
[4].

Mean particle size of produced powder ranges from 100
nm to 800 nm. (fig.2).

Analyzed benefits and drawbacks of this approach, there
is suggested high-speed approach of producing of ultra-disperse
powder. Patented machine is engineered on the base of special
tool and cutter grinding machine, semiautomatic VZ-326F4 with
computer numerical control (CNC) [5].
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6. Pat. 55665 Russian Federation, IPC B24D 17/00. Grinding
wheel for diamond-abrasive processing / D. Rechenko, Yu.
Nurtdinov, A. Popov; applicant and patent holder Omsk State
Technical University – № 2006111080/22;pend. 05.04.06;
published. 27.08.06. Bulletin. № 24. – 2 p.: fig.
7. GOST 2447-82 Grinding heads. Technical regulations.
Moscow; Standard, 1980. – 12 p.
8. Kisel A., Rechenko D., Popov A.Y, Titov V. Producing of
ultra-disperse powder with mechanic method using liquid
nitrogen/NANOTECHNICS. - №1 (37). – 2014. - P. 73-74.

Fig.2. Powder of multicomponent neodymium magnet produced
by high-speed method.
Represented method provides ultra-disperse powder producing
from any solid material, including multicomponent. There is,
also, reducing of producing particles’ dimensional variation and
making it possible to produce particles of less than 800 nm.
Adding of liquid nitrogen reduces probability of high
temperatures that appears while grinding on high-speeds;
consequently, there is no possibility of fire risk in this process.
Besides, nano-powders produce in liquid nitrogen environment
are covered with thin surface oxynitride film, thereby they keep
increased resistance to sintering and save particles size while
heating up to 900-9500С. [8]
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Abstract: In this paper, we study on chaos, one of the most important phenomenons based on complex nonlinear dynamics. We will focus
on T-system chaos and in continue, using three synchronization methods, Brain Emotional Learning Based Intelligent Controller (BELBIC),
Generalized Backstepping Method (GBM) and adaptive method, the chaotic system will be synchronized. To prove usability of the
controllers, the results will be compared with the results obtained by Active Control and Backstepping Controllers. According to the results,
proposed controllers synchronize chaotic systems with higher speed, lower setting time, lower overshoot and smaller control signal versus
active control and backstepping controllers.
Keywords: CHAOS, BELBIC, GENERALIZWD BACKSTEPPIG METHOD, ACTIVE CONTROL

3. Genetic Algorithm

1. Introduction

The genetic algorithms are used to search the optimal parameter

Chaos is an important phenomenon, happens vastly in both
natural and man-made systems. Lorenz [1] faced to the first chaotic
attractor in 1963. In continue, a lot of researches were achieved on
chaotic systems [2-11]. A new 3D chaotic system (T-system) from
the Lorenz system was derived in [12,13]. Over the last two
decades, chaos control and synchronization have been absorbed
increasingly attentions due to their wide applications in many fields
[14–25]. Active control [28], backstepping [28] and adaptive
control [28] are three different methods for synchronization of T
system. Active control [28] and backstepping [28] methods are
selected when system parameters are known, and adaptive control
[28] method is applied when system parameters are unknown. GBM
[26,27], a new method to optimize backstepping method, controls
chaos in nonlinear systems better than backstepping design.
A kind of BELBIC model was introduced to control nonlinear
systems [29] and aerospace launch vehicle control [30]. Another
model of BELBIC was proposed for control and tracking of
vehicles [31] and Intelligent autopilot control design [32]. This
paper proposes new controllers to control and Synchronize T
chaotic system according to three models, BELBIC [29,30], GBM
[26,27] and adaptive method, and Simulation results shows that
mentioned controllers synchronize this chaotic system more better
and faster than active control and backstepping controllers.

k ( k j ; j = 1,2 is positive constant) in order to guarantee the stability
of systems by ensuring negativity of the Lyapunov function and
having a suitable time response [33-34]. The fitness function used is

f =

Table 1: Genetic Algorithm Parameters
Parameters

Maximum of generation

300

Prob.crossover

75

Prob.mutation

0.001
[0.1 10]

x& = a ( y − x )
y& = (c − a ) x − axz
z& = −bz + xy

(7)

Where a = 2.1, b = 0.6, c = 30 are system constants. Fig.1 displays
state trajectory of (7) and its xyz phase portrait diagram is displayed
in Fig.2 in t = 250 Sec with initial conditions (0.1,−0.3,0.2 ) .

5. Synchronization T-System using GBM
For synchronization, we consider master system as (8):
x&1 = a ( y1 − x1 )
y& 1 = (c − a ) x1 − ax1 z1

Theorem. Suppose (2) is available, then ϕ i ( X ) for the ith state

(8)

z&1 = − bz 1 + x1 y1

i a manner which by inserting the ith term for

And slave system by adding control inputs u1 ,u2 as (9).

η , V ( X ) would be a positive definite (3) with negative definite

x& 2 = a ( y 2 − x 2 )
y& 2 = (c − a ) x 2 − ax 2 z 2 + u1
z& 2 = − bz 2 + x 2 y 2 + u 2
We define error between (8) and (9) as
e x = x 2 − x1

derivative.
n

1
(3)
∑ xi2
2 i =1
Therefore, the control signal and also the general control
Lyapunov function of this system can be obtained by (4) and (5).
n
 n n ∂ϕi
1
[ fi ( X ) + gi ( X )η ] − ∑ xi gi ( X )
∑∑
g 0 ( X ,η )  i =1 j =1 ∂x j
i =1

100

State space of T system is expressed as

In which η ∈ ℜ and X = [x1 , x2 ,K, xn ]∈ ℜ n . In order to obtain an
approach to control these systems, we may need to explain a new
theorem as follow.

u=

Values

4. T-Chaotic System

GBM [26-27] will be applied to a certain class of autonomous
nonlinear systems which are expressed as
X& = F ( X ) + G ( X )η
(2)
η& = f 0 ( X ,η ) + g 0 ( X ,η )u

V (X ) =

(6)

Size population

k j search interval de

2. Generalized Backstepping Method (GBM)

could be determined

1 n 2
∑ ei
n i =1

e y = y 2 − y1

(9)

(10)

e z = z 2 − z1

(4)

n

− ∑ ki [η − ϕi ( X )] − f 0 ( X ,η ) ; ki > 0 ; i = 0,1, 2,K, n
i =1

2
1 n 2 1 n
(5)
Vt ( X ,η ) = ∑ xi + ∑ [η − ϕi ( X )]
2 i =1
2 i =1

Now, by putting (10) in (8) and (9)

e& x = a (e y − e x )

e& y = (c − a )e x − a ( x 2 z 2 − x1 z1 ) + u1

e& z = −be z + x 2 y 2 − x1 y1 + u 2
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(11)

In order to find the best values for this controller, genetic
algorithm was utilized. Genetic algorithm minimizes fitness
function. Also this function is considered based on Total Square
Error. Comparing GBM controller with Active control [28] and
backstepping [28] controller, we could prove its better usefulness
and effectiveness.
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Fig. 1 State trajectory of (7)
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xyz phase-page diagram of (7) in t = 250 Sec
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Now, based on GBM method, we consider virtual control
signals as
(12)
ϕ 11 = ϕ 12 = ϕ 21 = ϕ 22 = 0

-6

-8

Finally, according to (3), control signals for synchronization
between these systems are obtained by

0

1

2

Fig. 4 Trajectory of error

u1 = −[ce x + k11 e y + k12 e z − a ( x 2 z 2 − x1 z1 )]

u 2 = −[ k 21e y + ( k 22 − b)e z + x 2 y 2 − x1 y1 ]

3
Time (sec)

4

5

6

ey

16

(13)

Active Control
Backstepping
GBM

14
12

According to (4), Lyapunov function is expressed as

10

1
V = [e x2 + e 2y + e z2 + (e y − ϕ 11 ) 2 + (e y − ϕ12 ) 2 (14)
2
+ (e z − ϕ 21 ) 2 + (e z − ϕ 22 ) 2 ]

ez

8
6
4
2

Now, using genetic algorithm and according to fitness function
in (6), optimize GBM controller in (13). For this purpose, we
consider gains k 11 , k 12 , k 21 , k 22 as genetic algorithm inputs. After
optimization, the best values for these gains are obtained as
k 11 = 8.7165 , k 12 = 1.9697 , k 21 = 2.127 , k 22 = 7.0108 (15)
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Fig. 5 Trajectory of error e z

For master and slave systems, assume initial condition

(x1 (0), y1 (0), z1 (0)) = (0.1,−0.3,0.2)
(x2 (0), y2 (0), z2 (0)) = (2.4,−3.3,14.5)

0

15
Backstepping
GBM

(16)
10

Control Signal u1

After applying GBM controller, we compare obtained results
with the results of active control and backstepping controllers [28].
The states ex , e y , ez are depicted in Fig.3-5 respectively. Control
signals for synchronization of these chaotic systems using GBM
and Backstepping controllers has been dispalyed in Fig.6-7 and
three control signals using Active control [28] are shown in Fig.8.

5

0

-5

According to GBM method, a controller was designed for
synchronization. Designed controller has gains with positive values.
GBM controller possesses different behaviors for each value of
these gains which probably conducts system to inconstancy.
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Fig. 6 Control signal u1 for synchronization using GBM and BM [28]
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Where si is i th sensor input. v, w are two states depended to sensor
input and calculated as follow

0
Backstepping
GBM

-2

∆ vi = α si max (0, rew − ∑ Ai )

Control Signal u2

-4

(22)

∆ wi = β si − (rew − ∑ Ai − ∑ Oi ) − max ( si )
Where α , β are learning parameters. rew is reward signal selected

-6
-8

as a linear function of system error. Control signal u is obtained as
(23)
u=
Ai − Oi

∑

-10

∑

-12

8. Synchronization T-System using BELBIC

-14
-16

0

1

2

3

4

To synchronize, we consider master system as (24) and slave
system by adding three control inputs as (25).

5

Time (sec)

 x&1 = a ( y1 − x1 )

 y&1 = (c − a )x1 − ax1 z1
 z& = −bz + x y
1
1 1
 1

Fig. 7 Control signal u1 for synchronization using GBM and BM [28]
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 x& 2 = a ( y2 − x2 ) + u1

 y& 2 = (c − a )x2 − ax 2 z 2 + u 2
 z& = −bz + x y + u
2
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Fig. 8 Control signals for synchronization using active control

6. Synchronization T-System using Adaptive GBM

1

z
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The parameters a, b, c in (11) are unknown and a1 , b1 , c1 are
respectively estimated values of them which are updated by

a& 1 = − e x2 − e y ( x 2 z 2 − x1 z1 )
b& = − e 2
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Fig. 9 Trajectory of state x

(17)

c&1 = e1 e 2

30
y
25

Now by using GBM , we consider virtual control signals as
(18)

Finally, according to (3), control signals are

u1 = −[c1e x + k11 e y + k12 e z − a1 ( x 2 z 2 − x1 z1 )]

u 2 = −[k 21e y + (k 22 − b1 )e z + x 2 y 2 − x1 y1 ]

y

1
2

20
Y state trajectory variation

ϕ 11 = ϕ 12 = ϕ 21 = ϕ 22 = 0

5

Time (sec)

(19)

15
10
5
0
-5
-10

Now, using genetic algorithm and according to fitness function
in (6), we optimize adaptive GBM controller in (19). For this
purpose, we consider gains k 11 , k 12 , k 21 , k 22 as genetic algorithm
inputs. After optimization, the best values for these gains are
obtained as:
k11 = 9 .8584 , k 12 = 1 .6731, k 21 = 7 .9422 , k 22 = 8.8094 (20)
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Fig. 10 Trajectory of state y
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We assume initial conditions as (16).

z1
z2

25

Z state trajectory variation

7. Brain Emotional Learning Based Intelligent
Controller (BELBIC)
According to this method, learning is based on emotional
factors such as excitement and anxiety [31-32]. In this paper, the
factors that designer has sensitivity on them, are considered as
stimuluses which make system disturbed and control system should
decrease system anxiety versus them. BELBIC possesses some
sensor inputs selected by designer. BELBIC has two states for each
sensor input; amygdala and orbitofrontal output as

Ai = si vi
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Fig. 11 Trajectory of state z

Oi = si wi
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We define error between (24) and (25) as

ex = x2 − x1

e y = y2 − y1

ez = z2 − z1

0

(26)
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Now, Sensor input for BELBIC and reward signal for each
control signals u1 , u 2 , u 3 are selected as (27-28) and parameters
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Fig. 15 Error changes using BM [28]

α , β are equal to 1 and 3 respectively and initial conditions as (16).
(27)
si = [e1 ; e2 ; e3 ]

rewi = [4e1 + 4;4e2 + 4;2e3 + 7 ]

0

16
e

x

14

(28)

e

y

12

After using BELBIC, we compare the results with the results
obtained by Active control and Backstepping [28] controllers.
Fig.14-16 display error changes between master and slave systems
using BELBIC, backstepping [28] and active control [28]. Control
signals of BELBIC, backstepping [28] and active control [28] for
synchronization are indicated in Fig.17-19 respectively.
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9. Conclusions

-2

In this paper, T-chaotic system was studied. Then we addressed
the synchronization problem and proposed three methods for it;
BELBIC, GBM and adaptive method. By comparing these methods
versus active control and BM, we could prove their better
usefulness. The results obtained from simulations demonstrated that
BELBIC, GBM and adaptive methods synchronize system with
higher speed, lower settelling time, lower overshoot and lower
control cost against active control and BM.
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OPTIMAL BACKSTEPPING CONTROL FOR DUFFING CHAOTIC SYSTEM
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Abstract: This paper has presented chaos synchronization in the Duffing system using the backstepping approach. Backstepping
approach consists of parameters which accept positive values. The parameters are usually chosen optional. The system responses are
differently for each value. It is necessary to select proper parameters to obtain a good response because the improper selection of the
parameters lead to inappropriate responses. Genetic algorithm can select appropriate and optimal values for the parameters. GA by
minimizing the fitness function can find the optimal values for the parameters. This selected fitness function is for minimizing the least square
error. Fitness function forces the system error to decay to zero rapidly that it causes the system to have a short and optimal setting time.
Fitness function also makes an optimal controller and causes overshoot to reach to its minimum value. This hybrid makes an optimal
backstepping controller.
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chaos" is called period-doubling. In practice one would like to
understand the route to chaos in systems described by partial
differential equations, such as flow in a randomly stirred fluid. This
is, however, very complicated and difficult to treat either
analytically or numerically. Here we consider an intermediate
situation where the dynamics is described by a single ordinary
differential equation, called the Duffing equation. The dynamics of
Duffing’s equation is described as [8].
(1)
&x& = − p x& − p1 x − p 2 x 3 + q cos( wt ) + u = f + u
3
where t , ω , f = − p x& − p 1 x − p 2 x + q cos( wt ) , u , p, p1 , p2 and

1. Introduction
Control for Duffing chaotic system is one of the main
approaches in control engineering that deal with uncertain systems.
Over the last few years, control for Duffing chaotic of nonlinear
systems has emerged as an exciting research area, which has
witnessed rapid and impressive developments leading to global
stability and tracking results for a large class of nonlinear systems;
strictly feedback. Genetic algorithms have been extensively applied
to the off-line design of controllers [1].

q are time variable, frequency, system dynamic function, control

In this paper, is showed a simple and efficient approach for the
revealing of all the unknown parameters and the estimation of the
velocity state for the Duffing system by using a genetic algorithm
(GA). Loosely speaking, the role of a GA in any application is to
evolve a chromosome population that codifies several possible
solutions of the problem using genetic operators like selection,
crossover and mutation. The goal of GA is the optimization of a
fitness or cost function that depends on the problem to resolve. In
our case, we must minimize the norm of a quadratic function that
depends on the unknown parameters and successive integrations of
a suitable output.

effort and real constants, respectively. We choose initial condition
as (0.2,0.2) and p = 0.4, p1 = −1.1, p2 = 1, ω = 1.8, q = 7 .
x1 = x
 x& 1 = x 2
(2)
⇒ 
3
x 2 = x&
 x& 2 = − px 2 − p 1 x 1 − p 2 x 1 + q cos( wt ) + u
Before controlling u = 0 the nonlinear Duffing given by (2)
exhibits varieties of dynamical behaviour including chaotic motion
is shown in Fig.1.

3. Backstepping for Strictly Feedback System

Several possible methods, depending on the desired behavior of
the system, have been developed (see, for example, the review in
[2]), but a complete analysis of the resulting closed-loop system has
been given only in a few cases. In particular, satisfactory state
feedback control results for the controlled forced Duffing equation
are given, for instance [3-5]. Since the periodically forced Duffing
equation exhibits chaotic motion for suitable parameter settings, this
system forms an important illustration for controlling a chaotic
system. Chronologically, a tracking state feedback controller was
established in [3] and extended to an output feedback tracking
controller in [5], which also deals with the case of parameter
uncertainties. See also [4], where a “speed gradient”adaptive
controller was proposed. [6] showed that a number of long term
stable and chaotic motions exist for systems governed by the
Duffing equation. In [7] the solution was extended to Duffing
equation for forcing amplitudes between 20 and 80. They found
new regions with deterministic chaos consistent with the results of
our research [7].

Consider the strict-feedback nonlinear system as

x&i = f i ( x1 ,..., xi ) + gi (x1 ,..., xi )xi +1 ; 1 ≤ i ≤ n − 1
x&n = f n ( x) + g n ( x)u

(3)

Where x = [x1 ,K, xn ]T , f i (0) and g i (0) are smooth functions with
f i (0) = 0 and g i (0) ≠ 0 .

Step 1.
Considering the first subsystem of (3), we take x2 as a virtual
control input and choose
1
(4)
[u1 − f1 (x1 )]
x2 =
g1 ( x1 )
The first subsystem is changed to be x&1 = u1 . Choosing u1 = − k1 x1
with k1 > 0 , the origin of the first subsystem x1 = 0 is asymptotically
stable, and the corresponding Lyapunov function is V1 ( x1 ) = x12 2 ,
(4) is changed to
1
(5)
x 2 = Φ 1 (x1 ) =
[− k1 x1 − f1 (x1 )]
g 1 (x1 )
Step 2.
Considering ( x1 , x2 ) , x3 is a virtual control input.

2. Duffing Chaotic System
Chaotic dynamic systems have been studied and known to
exhibit complex dynamical behavior. The interest in chaotic
dynamic systems lies mostly upon their complex, unpredictable
behavior, and extreme sensitivity to initial conditions as well as
parameter variations. Consider a second-order chaotic dynamic
system, the Duffing equation, which describes a special nonlinear
circuit or a pendulum moving in a viscous medium under
control.We have already seen that chaotic behavior can emerge in a
system as simple as the logistic map. In that case the "route to

x3 =

1
[u 2 − f 2 (x1 , x 2 )]
g 2 (x1 , x 2 )

The ( x1 , x2 ) subsystem is changed to:
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(6)

x&1 = f1 (x1 ) + g1 ( x1 )x2
x& 2 = u2

Step 1.
Considering the first subsystem of (2)
x&1 = x 2

(7)

Which is in the form of integrator backstepping, so the control law
u 2 is as follow

Construct the joint Lyapunov function.
1
V0 ( x1 ) = x12
2

∂V
∂Φ1
u2 = − 1 g1 (x1 ) − k2 [x2 − Φ1 ( x1 )] +
[ f1 (x1 ) + g1 (x1 )x2 ] (8)
∂x1
∂x1
Where k 2 > 0 . This control law asymptotically stabilizes
(x1 , x2 ) = (0,0 ) and Lyapunov function is as
1
2
(9)
V2 (x1 , x2 ) = V1 ( x1 ) + [x2 − Φ1 ( x1 )]
2

(11)
(12)

Take x2 as a virtual control input and choose.
(13)

x 2 = Φ 0 ( x1 ) = − x1

Step 2.
Considering all system
x&1 = x 2

Substituting (8) into (6) gives

∂Φ1
1  ∂V1
( f 1 + g1 x 2 ) − f 2 
x3 = Φ 2 ( x1 , x 2 ) =
g1 − k 2 ( x2 − Φ 1 ) +
−
∂x1
g 2  ∂x1

(10)
The remaining step can be deduced by analogy. Until step n ,
we shall determine the actual control law u = Φ n (x) , which can

x& 2 = − px 2 − p1 x1 − p 2 x13 + q cos( wt ) + u

(14)

Take u as an actual control input and choose:
u = Φ1(x1, x2 ) = −(x1 + x2 )(1+ k) + px2 + p1x1 + p2 x13 − q cos(wt)

(15)

And take the Lyapunov function as
1
2
V1 (x1 , x2 ) = V0 + (x2 − Φ 0 )
2

asymptotically stabilize (3).

4. Design Controller with Backstepping

(16)

Before using the GA the result estimated are shown in Fig.2.

During the last few years, backstepping-based designs have
emerged as powerful tools for stabilizing nonlinear systems both for
tracking and regulation purposes. The main advantage of these
designs is the systematic construction of a Lyapunov function for
the closed loop, allowing the analysis of its stability properties.

5. Genetic Algorithm
The most of optimization algorithms are based on the gradient
of the cost function, so for the ill choice of the initial point or the
interval search. these algorithms can be misled on the locally
optimum and can’t achieve the globally optimum. For this problem,
a class of optimization algorithms, like genetic algorithms, is
developed to avoid this constraint.

The backstepping is used to bring the states x1 , x2 to the desired
references via the torque u calculated with four steps.

Fig. 1 (a) Phase portrait, (b-c) State trajectory variation for duffing system

Fig. 2 Response of system with controller and without GA; (a) phase
portrait; (b-c) state trajectory
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behavior when compared with previous methods. This approach is
used for chaos synchronization in the Duffing by using
backstepping method for controlling of Duffing chaos. The
designed controller consists of parameters which acceptpositive
values. The controlled system presents different behavior for
different values. Improper selection of the parameters causes an
improper behavior which may cause serious problems such as
instability of system.

In its most general usage, genetic algorithms refer to a family of
computational models inspired by evolution. These algorithms start
with many initial points in order to cover all search interval and
encode a potential solution to a specific problem on a simple
chromosome like data structure and apply recombination operators
to these structures so as to preserve critical information. An
implantation of genetic algorithms begins with a population of
chromosomes randomly bred. We evaluate each chromosome by
using the objective function called Fitness function. In order to
apply the genetic reproductive operations called crossover and
mutation, we select, randomly, two individuals called parents and
we apply the crossover operation, if its probability reaches, between
parents by exchanging some of their bits to produce two children .
A mutation is the second operator applied on the single children by
inverting its bit if the probability reaches. After this stage we obtain
two population : a parent population and a children population, the
individual who has a goodness solution is preserved [9].

Table 1: Genetic Algorithm Parameters
Parameters

100

Maximum of generation

300

Prob.crossover

75

Prob.mutation

0.001

k j search interval de

The genetic algorithms are used to search the optimal
parameters k j in order to guarantee the stability of systems by

Values

Size population

[0.1 10]

ensuring negativity of the Lyapunov function and having a suitable
time response. The fitness function used is
n
(17)
1
2
f =

n

∑ (x

i

− x di )

i =1

xi is system state and xdi is favorit mood for xi . Based the
system purpose for placing the states at zero value; xdi = 0 . By the
training, can be obtained optimal parameters as k = 9.878 .
The fitness function before and after using GA is shown in
Fig.3. Fig.4a shows the phase portrait of duffing system. Fig.4b–c
show the state trajectory variation for duffing system.

Fig. 3 Fitness function before and after optimization

6. Step Response Tracking
Suppose, the x1 state would be output of the system and it would
track the input response. In this case by using the change of variable
y = 1 − x1 , (2) would be converted to (18).
y& = − x 2
x& 2 = − px 2 − p1 (1 − y ) − p 2 (1 − y ) 3 + q cos( wt ) + u

(18)

Step 1.
Considering the first subsystem of (18)

y& = − x2

(19)

Construct the joint Lyapunov function.

V0 ( y ) =

1 2
y
2

(20)

Take x2 as a virtual control input and choose.

x2 = Φ 0 ( y ) = y

(21)

Step 2.
Considering all system
y& = − x 2
x& 2 = − px 2 − p1 (1 − y ) − p 2 (1 − y ) 3 + q cos( wt ) + u

(22)

Take u as an actual control input and choose:
u = Φ1( y, x2 ) = −(x2 − y)(1+ k) + px2 + p1(1− y) + p2 (1− y)3 − qcos(wt) (23)
And take the Lyapunov function as
V1 ( y, x2 ) = V0 +

1
(x2 − Φ 0 )2
2

(24)

The system response for step tracking is shown in Fig.5.

7. Conclusion
This paper has presented a new hybrid backstepping approach
with genetic algorithm that is demonstrated to have more optimal

Fig. 4 Response of system with controller and GA; (a) phase portrait,
(b-c) state trajectory variation
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Fig. 5 Step input tracking by Duffing system

Genetic algorithm optimize the controller to gain optimal and
proper values for the parameters. For this reason GA minimize the
fitness function to find minimum current value for it. On the other
hand fitness function finds minimum value to minimize least square
errors.
By this approach the setting time and overshoot reach to their
minimum values thet is demonstrated to have more optimal values
when compared with previous methods. Also by selecting different
fitness function can have other appropriate results.
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Abstract: In this paper, we want to show ideas on how building a Tech-Hub for boosting and strengthening the manufacturing sector in
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processes by start-ups or enterprises of developing countries.
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extended ecosystem going beyond the specific national, regional or
industrial sector. The process of collaboration between actors
belonging to different systems are based on diversity playing
different roles, where individuals are not the specific elements of
systems, but communications is (2001, p.4). Thus, as he remarks,
“in the particular case of industry-science interaction this might,
among other things, result in product innovation”.

1. Introduction
The scientific community has highlighted the importance of
clusters and the role played by the central hub in their governance
and dynamics inside and outside them, usually with large-sized
companies to expand its influence beyond its borders for the
creation, distribution, dissemination and skills development to
strengthen its value chain. However, there are not enough studies
that explain the limited creation and maintenance of clusters in the
manufacturing sector, where the productive structure of a country is
based mainly on the extraction and export of raw materials or
products with low added value. As we see in Fig. 1, it is the case of
almost all the Latin American countries; with some exception like
Mexico, Brazil and Argentine.

The scholars use the term innovation when they are referring to
new products, services, process, materials or organizations forms
that arrives to the market, or create new markets, regardless of their
successfulness’; because the newness become attractive more
widely, usually, after a process of broader use. In an industrial
context, most innovations are based on some kind of problem
solving, when firms facing a particular problem turns to a supplier,
or some other related actor, to get help in specifying the problem
and defining procedures for its solution.
However, it is not a straight line; it is necessary a firm’s
‘absorptive capacity’, term coined by Cohen & Levinthal (1990
p.128), which is “the ability to exploit external knowledge as a
critical component of innovative capabilities” that are “largely a
function of the level of prior related Knowledge”. That includes
“basic skills or even a shared language… of the most recent
scientific or technological developments in a given field”.
In addition, the manufacturing sector presents a complex
interaction environment, with multiple layers, and fuzzy
boundaries; thereby, the processes of technology transfer and
innovation should be incubated and developed taking account of
these dynamics. Because the combined forces of globalization of
markets and deepening divisions of labor, make knowledge creation
and innovation increasingly important. As Bengt‐Åke Lundvall
(2007) state “the most important resource in the current economy
was knowledge and the most important process was learning”
(p.99).

Fig. 1 OECD, CAF, & ECLAC. (2013). Perspectivas
económicas de América Latina 2014. Logística y
competitividad para el desarrollo (p.38); elaborado con
datos de CAF (2013).

Some economic studies have been suggesting policies to
promote innovation systems at national and regional levels in
developing countries; but despite government efforts, it had not
been boost the sector neither improve their poor competitiveness,
productive
diversification
and
sophistication
indicators.
Manufacturing is an industry strongly based on experience and tacit
knowledge, which certainly requires promotion policies and public
funds for technology transfer and innovation, but also an important
proximity between local stakeholders and a specialized international
network. Therefore, in this article we advocate on the relevance and
feasibility of a Tech-Hub Peru, working on design issues and
modeling its structure.

In the arena of clusters, Malmberg & Power (2006) emphasizes
that “knowledge in clusters is created through various forms of
local inter-organizational collaborative interaction; increased
compete-tion and intensified rivalry; spillover following from the
local mobility and sociability of individuals” (p.411).
Also Bengt‐Åke Lundvall (2007) discuss the limits of national,
regional, sectoral and technological innovation systems highlighting
that “the innovation process may be seen as an intricate interplay
between micro and macro phenomena where macros-structures
condition micro-dynamics and vice versa new macros-structures
are shaped by micro-process” (p.101)

2. Literature Review
The scale of analysis applied in Latin America, was mostly
related to the national and regional innovation systems and firms
cluster inward and outward delimitations. However scholars like
Kaumann (2001, p.4) suggest that there are at least three different
social systems that interacts in the process of product (goods and
services) innovation – ‘business’, ‘science’ and ‘policy’- interacting
with a different modes of interpretation, decisions rules, objectives,
and specific communicative standards. This clearly suggests an

In a more social system view, Bengt‐Åke Lundvall (2007)
summarizes that a series of empirical studies demonstrates that “a
key to transform technical innovation into economic results is
training and organizational change”. However, he claims that “the
impact of innovation on economic performance will typical depend
upon change in ‘people’, ’orgware’ and ‘socware’” (p.101), the last
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two words referring to how people interacts each other inside and
outside their organizations.

Competitiveness Index and Products Sophistication
In 2013, according to the Observatory of Economic Complexity
(OEC), created and supported by the "MIT Media Lab Macro
Connections group" (AJG Simoes, CA Hidalgo, 2011) Peru had an
index of -0553 (ECI) being ranked in 85 of 124 countries. This atlas
describes an economic complexity index (ECI) according to the
level of complexity of the products each country is able to do and
export, analyzing a multiplicity of knowledge, know how, networks
people and organizations that are embedded in the manufacture of
this products.

There were Malmberg & Power (2006) that pointed out that
industrial systems should be assumed to have a distinctly localized
component, where the interactive processes of innovation and
knowledge creation, goes necessary in a spatial proximity for
intensified face-to-face interaction, shortened cognitive distance,
use common language, consolidated trustful relations between the
actors, promote easy observation and immediate comparison. Thus
for them “there are reasons to believe that the knowledgeenhancing structures of a given geographical territory are more
important than other characteristics (such as general factor supply,
production costs, etc.) when it comes to determining where we
should expect economic growth and prosperity in today’s world
economy”.

The main products exported in 2013 were gold ($ 8.29B),
copper ore ( $ 7.79B), petroleum refining ($ 3.17B), refined copper
($ 2.12b) and gas oil ($ 1.65B); and the main imported products
were petroleum refining ($ 3.2B), crude oil ($ 3.08 B), automobiles
($ 1.8B), truck load ($ 1.57B) and informatics ($ 959M). Equally
that weak productive sophistication we can see in a non-traditional
exports reported by the Central Bank in 2012, that reached 21%, the
composition was Agricultural (28%), Textiles (20%), chemical
(15%), Sidero-metallurgical (11%), Fishery (9%), Non-metallic
Mineral (6%), Metal-Mechanics (5%) and others (2%).

3. The Peruvian Context
In this chapter, we propose to understand the contextual factors
that firms encounter in their innovative activities, as Bengt‐Åke
Lundvall (2007) suggest, those have an important impact in their
style and mode of innovation and learning, and in turn, affects the
country's competitiveness. Becoming a kind of feedback loop,
ranging from micro (firms) to macro (nationwide), and back again
to micro.

Likewise, the last ranking of the World Economic Forum 20162015 ranks the Peruvian economy 69 of 140 countries giving an
overall value of 4.2 (scale 1- 7). Based on twelve pillars of global
competitiveness and its interrelations with 113 indicators, we can
see in the Table 1 that despite the middle position, the pillar are
mostly in the lower third worst countries. Especially on indicators
relevant for this study, as those of innovation, business
sophistication, technological readiness, higher education and
training.

Productive Structure and Product Markets
The Peruvian productive structure is mainly the same since
1950 (see fig.2), it is based on services that counts for over 60%,
followed by agriculture and mining within an average of 15%,
manufacturing 14% and other (construction; electricity and water)
that change mostly from 4% to 9% basically for the boom in
building constructions.

Table 1: Peruvian pillars of global competitiveness 2016-2015 vs. 20152014. Source: Translated and prepared with data from the Global
Competitiveness Reports - World Economic Forum (WEF)

Fig. 2: Peruvian productive structure 1950 vs. 2010. Data
from BCRP (Central Reserve Bank of Peru)

If we go inside the manufacturing category, we found is almost
the same through the last years; being the food industry the first
contributor, followed by chemical, textile and leather, fabricated
metal products, manufacturing non-metallic products and paper
industry the most relevant as we can see in the Fig.3.

Going a Little further on innovation pillar, the fig. 4 shows the
poor performance in all the indicators, being the worst ones
applications for PCT patents, company spending on R&D, Gov't
procurement of advanced tech products and quality of scientific
research institutions.

Fig. 3: Gross Value Added - Manufacturing Sector, 2008 to
2012. Source: CEPLAN (2013) - Report of the productive
structure of Peru, for 2021 and 2050

Fig. 4: Innovation Competitiveness Index (pillar 12). Source:
Translated and prepared with data from the Global
Competitiveness Report 2016-2015 - World Economic Forum
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equipment. Most technical careers offer consists of accounting,
secretarial, computing, administration and nursing; however, the
labor market for these specialties are saturated, without the rivalry
that are made with the same graduates specialties at local
universities.

Labor Markets
According to the National Institute of Statistics and Information
(INEI 2011) of a total of 15.3 million workers, 74% belongs to a
Micro and Small Enterprises (MSEs), they are mainly located in the
region of Lima (98%). As could see in the distribution of
employment by economic sector for 2010 (Fig. 5) the 33% are on
primary activities, followed by 28% in services and only 6% and
4% in low and high tech industries respectivily. On the other hand,
labor productivity is weak and vulnerable, with high levels of
informality, underemployment and self-employment; in 2011 the
INEI reported an increased rate of suitable job (46.7%) having been
only 23.5% in 2010. The index of informality since 2002 is over
65%.

The average annual expenditure on state universities in Peru is
less than US$1600 per student. Additionally to deficiencies in
quality, there are a low demand-oriented in engineering and science
careers. Thereby, the distribution of professionals by main
occupation has not changed in decades, and remains concentrated in
the professions of law, social sciences and humanities, which
despite being saturated remain the most demanded and supplied.
Intellectual Property Rights
The ninth edition of the International Property Rights index
(IPRI) which ranks countries on three main components: Legal and
Political Environment (LP), Physical Property Rights (PPR), and
Intellectual Property Rights (IPR), ranked Peru in 79 of 129
countries in 2015. Table 2 shows the position within a global and
regional scale (Latin America and Caribbean).
Table 1: Peruvian rank in International Property Rights Index. Source:
website of the 2015 International Property Rights Index

Fig. 5: Distribution of employment by economic sector - 2010
Source: CEPLAN (2010)

Financial Markets

Globally

Regionally

Peru overall IPRI

4.6

79 of 129

12 of 22

Overall Intellectual Property Rights

4.5

77 of 129

12 of 22

3

110 of 129

18 of 21

6.9
3.5

52 of 107
62 of 105

7 of 18
7 of 22

Protection of IPR

By 2013, Peru was already very attractive for international
investors, and is usually grouped with Mexico, Panama, Colombia
and Chile as one of Latin America’s high-growth economies.
Nevertheless, in words of Miguel Castilla, Peru’s finance minister
for almost a decade, the financial market, is failing to meet demands
from both issuers and investors. “this is partly due to “excessive
regulation” and partly because of a shortage of investable assets,
so the reform will encourage the offer of hybrid instruments”.

Patent Protection
Copyright Protection

Welfare Regimes
For Wellbeing in Developing Countries (WeD), the research
group funded by ESRC and published by the Centre for
Development Studies at University of Bath, “the distribution of
income and wealth in Peru is one of the most unequal in the world”.
Because of the perpetuated inequality, affecting different measures
of wellbeing. Or as Wood and Copestake (2007, p.8) says “Peru is
an 'unsettled' society in welfare/wellbeing regime terms”.

Currently, most of the local investment is from pension funds,
Peruvian companies get 70% of their finance from the banking
system and just 30% from capital markets. However, about 90% of
that took the form of foreign currency bond issued overseas, which
are only available to the biggest corporate names. Between 2009
and mid-2013 Peru has experienced significant inflows from foreign
investors into local currency government bonds (BTP). Regarding
the Global Financial Development Report 2011-2013, Peru
financial system is characterized in the Table 2. The overall
economy value was below the 25th percentile.

Peru is considered by the World Bank as a mega-diverse
country with a geography that in their three regions (coast,
highlands and jungle) has a great diversity of climates and
microclimates that favor biodiversity. This diversity is also social,
with races, languages (Spanish, Quechua, Aymara) and lifestyles
adapted to each region. However, this geographical diversity and
remoteness is not the fundamental source of Peru’s social
stratification, in fact, since the colonial times there is a cultural
dualism, with highly unequal ethnically diversified society with
culturally structured forms of social exclusion, which is translated
into political exclusion, economic inequality and a fundamental
problem of institutional legitimacy. Thus, the preconditions for a
political settlement capable of delivering universal improvements in
wellbeing are weak. Rather, it is a society dominated by strong
ethnic and cultural identity, social closure and mutual exclusion.

Table 2: Peru and Their Financial System Characteristics (av. 2011-2013).
Source: The World Banck
Financial institutions

Score

Financial markets

Stock market
capitalization Market
+ outstanding capitalization
Private
Account at a Bank
domestic
excluding top 10 Stock
credit by
formal
lendingprivate debt companies to
deposit
finantial
deposit
market Stock
securities to total market
money banks institution spread Bank Zturnover price
GDP (%)
capitalization (%) ratio (%) volatility
to GDP (%) (%, age 15+) (%)
score
26.2
20.5
15.8
16.6
61.7
36.2
5.2
23.1

4. On Tech-Hub Peru design

National Educational System

Our Tech-hub concept

Education in Peru is divided into three levels of mandatory
basic education: preschool (3 to 5 years), primary (3 to 5 years) and
secondary school (3-5 years). It has improved its coverage levels,
especially in primary education; however, there are serious
problems regarding the quality of education, as most primary school
students does not achieve the expected learning, in 2009, only
23.1% of students in second grade achieved the expected learning in
reading comprehension and only 13.5% in math. The completion
rate in secondary education also had an increase in the range 17-19
years (60.7%) and 20-24 years (73.9%).

Tech-Hub Peru will be a physical place where we:
•

•

Many of technological colleges (IST) do not have trained
teachers in pedagogical neither with updated specialties; their
students develop their practices with obsolete and shabby
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Evangelize and build firm’s absorptive capacity: by
developing international high-level postgraduate courses in
engineering, technology and innovation. The courses must
be hands on, market and industry oriented, with an
international value from academic and practitioner point of
view.
Develop an ecosystem: as a cluster facilitator, building an
international network that includes micro, small and
medium-sized enterprises, universities or other research and

•

technological center; initially between Europe and Latin
America.
Do research and development: as a business support and
facilitator for knowledge creation, technology transfer and
innovation in manufacturing sector

The Oversight Board will have an important role in supervision
and opening national and international network of companies and
contacts at the highest level to position the hub. The center directors
are executives responsible for driving the hub, one at local place in
the role of general manager and another one with the role of
international manager. They will have two areas of counseling, one
related to the expertise in industry and technology and the other
with internal and external communication, both been key elements
in the conception of this center. The layout of organization is
presented in Fig. 9, the key roles here below:

The hub extends
Using a rich picture technique, we propose the following design
for the Tech-hub ecosystem, there are represented in the upper
middle-left corner the Degli Studi of Salerno University within the
networks of business and industries that could be already interested
in this enterprise, as well as other international universities;
symbolizing the scope of these relations the globes within the
continents. In the opposite side, represented by Peruvian flag, are
the local universities, businesses within their extended value chain,
the professional, labor and trade associations, the government
institutions related with manufacturing and science and technology
promotion. In the middle, the ‘hub’ leader within a committee that
is tied initially with Salerno University (see Fig. 8).

Fig. 9: Organization chart of Tech-Hub Peru

The key roles and decision makers:
Board of Directors
• Local Chair
• International Chair
Chief Executive Officer
The operational and support roles:
Marketing and sales
Deputy Directors:
• for education programs
• for research, technology transfer and innovation
• for administrative stuffs
In order to manage and funnel these flow of information and
knowledge from the international partners and expectations,
inquires and needs of information, knowledge and technology from
local businesses, institutions or government, we will have a
stablished permanent committee which have a regular weekly
meetings in order to prioritize projects and activities. To provide the
services, the hub will have three executive branches, a central
research, technology transfer and innovation, one for training and
one for training and administrative support. The head quarter will
be located in Lima.

Fig. 8: Rich picture of Tech-Hub Peru ecosystem

Describing the ecosystem
As we could see, we already use the term ecosystem, as a
system of systems, trying to symbolize the Kaumann (2001) social
systems that interacts in the process of product innovation –
‘business’, ‘science’ and ‘policy’-. Going beyond national
innovation systems, we are incorporating from the very beginning a
more experience and industrialized country, that has knowledge
explicit and tacit, different kinds of technologies for manufacturing
sectors and the experience in business-university innovative
projects, and last but not least funding experience from government
and European community.

Building a common understanding
Following Kaumann (2001), we will put communications as a
central and specific elements of our ecosystem; what these mean is
we will use specific communication methods and channels in order
to spread our vision, mission and values inside and outside the
cluster, to motivate individuals, institutions, and public audiences
about important competitiveness in manufacturing industry through
technology transfer and innovation.

From Peruvian ecosystem, we will begin to search stakeholders
from public and private sectors looking to get interested in being
part of this project from the very beginning, as sponsors or
allocating funding resources. Particularly those institutions related
with the promotion of science, technology and innovation like
CONCYTEC or sectorial and professional associations as SNI
(Industrial National Society) and Engineering College in Lima
(CIL). Then, we will continue with the evangelization on
technology
transfer
and
technological
innovation
for
competitiveness through talks, conferences, seminars in
collaboration and with the support of our first members and
stakeholders. Subsequently, we will design special middle and high
level international training courses for the preparation of technicians
and professionals in areas of industrial, mechanical and electronics
engineering; based on hands on with an international travel and
work experience. In parallel, we will organize in-house meetings to
collect needs and expectations of executives, entrepreneurs and
associations in the manufacturing sector.

•

•

•

Governance and Organization
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Mission: Provide an international cluster environment in
which old, new and emerging companies can develop and
grow, building the best combination of cutting-edge
knowledge, dynamism, technology infrastructure, funding
opportunities and innovative approaches, relevant to their
business and profitable for manufacturing industry
Vision: Stimulate and manage the flow of knowledge and
technology amongst universities, R&D institutions,
companies and markets; being a trusted key stone in
international cluster building for manufacturing industry in
developing countries.
Values: Cutting-edge knowledge and technology, passion,
engagement, innovation, leadership, trustfulness, reliability,
valuable networks.

others via words and symbols, thus, there is a need of face-to-face
and hands-on learning experience.

Goals
Capacity-building and international contacts will be the core of
our proposal; we propose five goals to respond to the need of
technology transfer and innovation in Peru:
•
•
•
•
•

Following the literature review, we propose an ecosystem for
Tech-Hub Peru, in order to include the dynamics of broad social
environment where we will introduce new ways of production,
anchored in a more productive and competitive manufacturing
through technology transfer and innovation. In addition, our
strategy takes care of firm’s absorptive capacity through proximity
to capture tacit knowledge from most developed and experienced
economies. However, it is not without significant risks.

Development of applied research; oriented to the solutions
of practical problems, both of industry and society
Training and high level education; based on projects in
abroad industrial locations
Technological development and innovation in industry;
Introduction of new technologies in the country; and
Creation of knowledge-based industries (spin-offs)

The first steps until the consolidation heavily depends on the
capacities of the cluster facilitators in a local front, engaging
stakeholders, getting government support, building trust relationship
and maintaining a long, solid and profitable relationship with
Salerno University. Deploy a platforms like this requires
interdisciplinary perspective and different fields of knowledge, thus,
it could be costly and hard to engage all professionals and
stakeholders needed. Another risks is the no consecution of
financial funds to lunch the high-level educational programs, to start
building testing and reverse engineering labs for research and
technologies adaptations, as well as for operational and initial
projects.

Sectors of intervention
Tech-Hub will start by launching high levels of learning
programs in engineering, technology and innovation, in partnership
with Salerno University and their Italian cluster. The courses will be
hands on, market and industry oriented, with an international value.
Those will be useful also as an evangelization stuffs and Firm’s
absorptive capacity development, thus immediately after we could
start working on science, technology transfer and innovation
projects in three areas, those are:
•

•

•

On design, construction and / or adaptation of machines for
agribusiness, metalworking, public transport. To have a
positive and significant impact on improving the
competitiveness of the Peruvian productive sector, we will
choose the right scope (national, regional or sectoral).
On aeronautics related services, not in the design or
construction of ships, rather in the maintenance and logistics
around the air transport; as well as in training and EASA /
FAA certification.
On design and construction of boats and yachts to enjoy all
Peruvian sea and large coast as a tourism potential. Until
now, the population lived on backwards to these rich
possessions; thus, sailing could be an important sector for
the economy of Peru and will have certainly a future.

6. Conclusions and Recommendations
The design of Tech-Hub Peru proposed here, defines its scope,
vision, missions, goals, network cooperation and governance,
organizational structure, physical (geographical location of local
office), services offers and initial sectors of intervention. Being
proposed as a private initiative, it will be necessary to get
government support to finance the initial activities, and to contact
all Peruvians stakeholders who may be interested in joining this
initiative, both in public and in private, directly or indirectly.
As Tech-Hub Peru is a private initiative, it will be convenient to
be managed as an adaptive ecosystem. Thus, we could capitalize on
field studies in order to build a model. We also encourage to have
more studies and suggest to build consistent data of clusters life
cycles, especially on birth and development phases.

Financing
We will do initial orientation seminars to familiarize potential
sponsors with the concept of Tech-Hub Peru, giving information
objectively on characteristics and objectives, its problems and
potentials, and the responsibilities and obligations of the key player.
Being a private initiative, we will need to look actively for funds to
cover operational and developing expenses:
• By selling international high-level postgraduate courses in
engineering, technology and innovation, paid either by
people taking those or by their enterprises. We will try to
have the sponsor of government, professional associations
or international organizations
• By submitting research, technological and innovative
projects to national or international grant funds aimed to
promote innovation in developing countries. Also,
partnering projects looking for government programs that
usually demand co-financing through the allocation of
facilities, man-hours, equipment and experts of the
participating entities, through a win-win business models
• By selling services of consultancies in research, technology
transfer an innovation for manufacturing; or helping to
formulates and manages projects.
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5. Discussion
A wide range of studies suggest the importance of innovation as
a competitive trigger especially in a knowledge economy, but, in a
developing countries there is also a high need of evangelization and
building of firm’s absorptive capacity. This is almost a fact in
manufacturing of high tech with innovation in all channel value;
also, it is an industry highly linked to experience and tacit
knowledge, which refers to a knowledge difficult to communicate to
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possible to present the engineer's new roles in the creativity-based economy emerging in the first decade of the 21st century. These roles
require changes in the widely understood engineering education process. We believe that one of the fundamental tools in this education
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evolution of the engineer's role is the natural consequence of changes taking place in the economy. More and more significance in various
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KEY WORDS ENGINEER, EDUCATING, MARKET ECONOMY, ENTREPRENEURSHIP, CREATIVITY

substantial impact on the level of
competitiveness of the Polish economy.

Introduction
The dynamic changes in the global economy result in the
need for a new outlook on the engineer's role and tasks in a
company. Research conducted between 1986 and 1993 in the group
of 15,000 managers from various countries shows that engineers in
the USA and in Great Britain were not a group actively
participating in the management of companies and their impact on
the workplace culture - as compared to lawyers and economists was significantly lower than it could be expected. In turn, engineers
in Germany, the Netherlands, Sweden and Japan – due to historical
and economic conditions, were the dominant group and had a
substantial impact on the workplace culture and environment 1. It
turns out that the future engineers in these countries received
managerial knowledge in the process of education – apart from
technical knowledge. The education of engineers-specialists
focused only on production processes and hard skills was
recognized as a unique relic. Therefore, the problem of the
managerial preparation for engineers is still valid, also with regard
to Central and Eastern European countries, especially those that
went through political and economic transformations in the 1990s.
Poland belongs to this group of countries that began the process of
creating foundations for the creativity-based economy. The
determinants of this new concept of economy emerging from the
knowledge-based economy include: the creative class, smart
technologies and the tolerance towards diverse attitudes and
behavior 2.
The purpose of the paper is to identify the engineer's role
in the evolution of the market economy. This identification made it
possible to present the engineer's new roles in the creativity-based
economy emerging in the first decade of the 21st century. These
roles require changes in the widely understood engineering
education process. We believe that a creative workshop should be
one of the fundamental tools in this education, being the space for
shaping innovative, enterprising and social competences, attitudes
and behavior. The evolution of the engineer's role is the natural
consequence of changes taking place in the economy. More and
more significance in various domains of the economy is played by
information techniques, the transfer of technology, integrated
management systems, the need to increase quality and productivity
as well as the workplace culture. This evolution forces the need for
a comprehensive education for engineers who will have a

innovativeness

and

From mass production to mass creativity
Requirements set for engineers by contemporary
companies are completely different than those formulated by
industrial companies in the 20th century (see Table No 1). They are
manifested on the background of new phenomena in the economy,
such as: the growing importance of ethics and responsibility,
working with people in decentralized management systems
(network structures), shorter and shorter as well as faster and faster
life cycles of products, production diversified to the maximum etc.
In this situation, it seems justified to pose a question about the
engineer's education model which needs to meet new requirements
in the creativity-based economy, also market requirements. In
practice, this means extending the technical education (age of mass
production) and the economic education (age of mass marketing)
with creative, enterprising and innovative content (age of mass
creativity).

1

Ch. Hampden-Turner, A. Trompenaars, The seven cultures of
capitalism, Value system for creating Wealth in the United States,
Japan, Germany, France, Britain, Sweden and Netherlands, Charles
Hampden-Turner, 1993.
2
These determinants were specified in the works by R. Florida.
(See R. Florida, The Rise of the Creative Class, New York Basic
Books 2004; R. Florida, The Flight of the Creative Class, New
York Harper Business 2005).
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Table No 1. Features of development phases in the market economy
PHASE OF
DEVELOPMENT

NATURE OF THE MARKET

NATURE OF COMPETITION

DOMINATING
ROLES OF
ENGINEERS

Exceptionally receptive, but with
Age of entrepreneurship poorly stimulated needs. Stimulated
until 1900
needs on the basis of inventions from
the 19th century.
Age of mass production Receptive and hardly discriminating
1900-1930
market with regard to the diversity in
the utility parameters of products and
services. Pursuit of the satisfaction of
basic needs

"Predatory" competition, aiming more Engineer inventor
at domination or stealing the competitor
rather than at direct meeting on the
market.
Boundaries of industrial activities are Engineer specialist,
clearly identified. The winner is the one inventor
who offers the product for a lower price
(production line). Pursuit of achieving
the benefits of a large production scale
(Economics of Scale).
Age of mass marketing Demand close to saturation.
The emergence of sales focus. Growth Engineer designer1930-1960
Customers demand the satisfaction of in the importance of distribution,
salesman, specialist,
more sophisticated needs. Market
market research, promotion and
inventor
segmentation appears.
advertising.
Age of mass
The emergence of wealth on the
Cost competition loses significance for Engineer manager,
customization
market. Customers demand diverse the benefit of capacity and the speed of specialist,
1960-2000
products, even within specific market adjustment to changes on the market
salesman
segments.
(operational flexibility). Focus on the innovator,
economics of a group of goods
stylist
(Economics of Scope).
Growth in the importance of symbols,
brands, signs.
Age of mass creativity Development of economy on
Turbulent changes in the environment. Engineer manager,
from 2000
knowledge and creativity.
The competition moves to the area of specialist,
Development of smarts products.
innovations and skills, creating new
salesman,
Socially responsible company.
market niches and their deep
innovator, stylist,
Protection of intellectual property.
penetration.
entrepreneur,
Competition - winner takes all.
creator
Global, glocal and local strategies.
Source: prepared by the author (columns 1-3 were prepared on the basis of Ansoff H. I., Strategic Management, Macmillan, London 1984).
In contemporary circumstances, it is necessary to educate
not only engineers-technical specialists, designers and salesmen, but
also engineers-creators and engineers-entrepreneurs. Such education
requires the search for new forms of education at technical
universities. According to the authors of this paper, one such form is
"the creative workshop" which creates the space for confronting
theoretical and practical content, confronting individual and team
work, as well as is a place for creating social responsibility and the
formation of new, creative concepts and values converted into new
products, technologies and start-ups.

satisfactory, due to the achieved results and benefits. (i.e. regional
project "Shaping creative market attitudes in engineer education in
the years 2010-2011"). Entrepreneurship knowledge is demanded
among students. We believe that an effective solution to this
problem is launching, for all WUT students, a creative workshop for
shaping innovative, entrepreneurial and social competences,
attitudes and behaviours.
Therefore, we offer introducing creative workshops to the
engineers' education system. We treat them as a space for shaping
innovative, entrepreneurial and social competences, attitudes and
behaviours of technical students. Validity and usefulness of
organizing such workshops were evaluated in a survey. The survey
was to identify the degree of demand and preferences for such
education among students and employers. The first – pilot study
covered a group of 30 WUT students, and a group of 24 Lower
Silesian employers. Survey interviews were conducted in June 2015
using CAPI methodology (Computer Assisted Personal
Interviewing), - a variety of classic questionnaire survey (PAPI) in
which a paper questionnaire is replaced with a laptop.
Validity was assessed according to needs' measurement
principles, with three degrees of observing the examined
phenomenon:
- level of needs of a statistical individual (in our case - a student)
- level of needs of a population (all students)
- level of needs of the population's environment (employer’s
expectations for a student as a future candidate)
An adequately designed questionnaire helped obtain
information as to:

Creative workshop as an instrument for engineers'
education at the Wroclaw University of Technology
The problem of engineers' education in the field of
entrepreneurship is truly complex, requiring introduction of
practical elements linked with theoretical issues.
Experience-based teaching methods are crucial for
developing entrepreneurial skills and capabilities. Traditional
teaching methods (e.g. lectures) do not match entrepreneurial
thinking development. Approaches involving more interactive
teaching (workshops, laboratories projects, interactive games), with
the teacher being a moderator rather than a traditional lecturer, are
demanded. Entrepreneurial skills rely mainly on crossing
boundaries between disciplines, multi-disciplinary cooperation and
collaboration with entrepreneurs.
The first attempts of the WUT in this respect are highly
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- technical university graduate's profile,
- graduate's skills expected by employers,
- methods of recruiting graduates,
- evaluation of current WUT educational programs,
- proposed modification and changes in the WTU curricula.
The survey results expressly indicate consistency of
assessments of individual needs and environment's needs. The
analysis indicates the need for radical changes in the university’s
education system, especially as to the issues of curriculum changes.
The most relevant and effective teaching tools/methods
for programmes and subjects related to entrepreneurship, in
particular for non-economic major students, are those based on
"group and team techniques of generating new business ideas" and
on "case studies". Considering the results of the surveys conducted
among entrepreneurs, apart from the above tools, also "workshops
on business plan preparation" (partially consistent with the first
proposed category, confirming selection of group techniques and
brainstorm, as well as new ideas’ creation) "inviting guest speakers"
(entrepreneurs) and "business simulations" prove effective.
The workshops prepared by us rely on the above methods,
and we also highlight effectiveness of methods based on
undertaking certain practical business activities, as well as creative
exercises for development of ideas. In our opinion, traditional
teaching methods are not synchronized with development of
entrepreneurial features and attributes. On the other hand, multidisciplinary cooperation is vital in building entrepreneurial
capabilities. These unconventional or untraditional methods of
education of students of WUT are treated by us as a tool for shaping

active entrepreneurial attitudes and behaviours. Such attitudes and
behaviours meet expectations and needs of the labour market, not
only in Lower Silesia.

Conclusion
Analysing the data from the survey, we recommend our
workshops for crossing the boundaries between disciplines, and as a
form of a team work. We intend to teach entrepreneurship by
connecting students of economic and non-economic majors.
Considering the employers' opinions obtained in the study, we
would like to direct workshops participants to work on real business
ideas. Our point is creation of a new learning platform through
practical learning of management skills in cooperation with leading
innovative companies and entrepreneurs in Lower Silesia.
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Abstract: It is customary for the preparation of technical documentation to use CAD (computer aided design) systems. Depending on the
design and functionality they are divided into low, medium and high class. In certain cases, there are developed alternative software
applications or such added to other basic systems with broad opportunities for development. At the present time open source programs are
more widely used. This reinforces the interest of designers, engineers and architects to find possible application of such programs in the
workflow. Contemporary and very good solution gives Blender free software with specialized application "MeasureIt".
Keywords: BLENDER, TECHNICAL, DRAWING, SKETCH, MEASUREIT

1. Introduction
It happens so that sometimes the high cost of specialized CAD
systems and specialized programs for preparation of technical
documentation become an obstacle to consumers, causing many
professionals to seek other options for carrying out their work.
Open source software programs offer somewhat solution to this
issue, with some remarks about the functional capabilities and
competitiveness of proven paid programs. At this stage a free
license, accessible and popular programs are FreeCAD, LibreCAD,
NanoCAD, TigerCAD, and others [1, 2]. Of course each of these
programs is specific in nature and has positive aspects. Tipically,
the free license leads to a lack of the necessary renewal of activity
in functionality and as a rule this type of programming to some
extent lag functionally behind the leading paid CAD systems [3, 4].
An exception is GNU 3D software Blender [5 - 8]. Originally
developed as a 3D graphics system later on there were created a
number of additional features including the ability to draw up
technical documentation. This can be considered a breakthrough in
3D graphics systems because of their main purpose. A very good
application is the free application MeasureIt Addon specially
developed for Blender software.

Fig. 1 Integration of MeasureIt Addon in Blender
General view of MeasureIt Addon is shown in Fig.2

2. Prerequisites and ways to solve the problem

Fig. 2 General view of MeasureIt Addon

Opportunities provided by MeasureIt are of great importance in
the development of technical documentation, as well as ordinary
dimensioning and annotation. MeasureIt has the following
functionality:
- create annotations;
- display orthogonal segments;
- мesh vertex to vertex measure (length between vertices in the
same mesh);
- мesh vertex labeling (add a label to any mesh vertex; identify
different areas or objects in the scene);
- оbject to оbject (distance between object origins, vertex to
origin or vertex to vertex);
- оbject to origin (distance between object origin to scene origin
or vertex to scene origin);
- arrows (line, triangle, TShape);
- vertex to origin in one axis measure;
- work with different scales;
- calculate areas (edit and object mode);
- sum automatically several segments;
- measures rendering (opengl and final render).
For integration of the application MeasureIt Addon in Blender
software it is required to be taken off and added to Blender User
Preferences Addon. Fig.1 shows the scheme of integration of
MeasureIt Addon in Blender.

3. Solution of the researched problem
The aim of this study is specifying the functionality of
MeasureIt Addon. For a detailed study of capabilities of MeasureIt
Addon is necessary an exemplary model to be developed. Fig. 3
illustrates an exemplary model of Hot-Rolled Steel - ot-Finished
Structural Hollow Section - Rectangular Tube with size
250h150h10x10mm (Standard ISO 657-14) [9-16], which will serve
as a research model on which will be applied capabilities of
MeasureIt Addon for preparation of technical documentation in
Blender software.

Fig. 3 Hot-Rolled Steel – Hot-Finished Structural Hollow
Section – Rectangular Tube with size 250х150х10x10mm (Standard
ISO 657 – 14)
Before starting the sizing it is necessary to make the required
settings and definitions on the scene, the camera and render
(Camera Ortho View; Blender scene render freestyle; World:
horizon color: white, zenit color: black, ambient color: white;
Render layers: freestyle lineset, linestyle color: black; Camera
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documents according to standards. Despite the inconveniences the
positive aspects of MeasureIt Addon are undeniable in terms of:
very convenient management, well-structured functional panels,
innovative approaches, very good quality of the final image and
mostly successful adaptation of automatic and drafting tools, which
is a breakthrough in systems of this type. Because of its specificity
of a no CAD system, application MeasureIt Addon in Blender lays
the foundation for a progressive beginning, which in favorable
conditions can turn into a fully functional application.

location: X:0, Y:0, Z:0.5; camera rotation: X:0, Y:0, Z:0; camera
Orthographic scale: 0.6). Fig. 4 shows the correct configuration of
the scene.

5. Conclusion
Blender software is one of the fastest developing systems.
Originally created in the field of 3D graphics Blender gradually
began to develop in many other functional areas. With its free
license, easy, affordable and innovative interface, Blender boosts
multiple users and developers to contribute to the positive progress
of the program. The application MeasureIt Addon, specialized in
the preparation of technical documentation opens new and
important opportunities for designers, engineers and architects.
MeasureIt Addon fills a very important segment in the system
Blender, which makes the program suitable and successful choice in
the realization of technical documentation.

Fig. 4 Configuration camera view (Ortho)
Fig. 5 shows a general view of dimensional settings (in standby
Edit Mode) at stage before starting the final render.
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Fig. 5 General view of dimensional settings in Edit Mode

4. Results and discussion
Results of sizing of the model Hot-Rolled Steel – Hot-Finished
Structural Hollow Section – Rectangular Tube (Camera Ortho
View; size 250х150х10x10mm; Standard ISO 657 – 14) in
Blender is shown on Fig.6.

.

Fig. 6 Technical drawing - scheme result
In developing the technical documentation of exemplary model
impresses the great importance of how the network nodes of the
model are located. This is especially important when defining
geometrical relationships in automatic dimensioning. This is
certainly a factor that influenced the creation of any drawing
(technical or architectural) of a set model. As of today (December
2015) the current version MeasureIt Addon 1.6.3 is actual, where
these errors are removed in: quadview, object to vertex link, alpha
for lines. Along with this there are limitations that should be noted
in the set of tools necessary for designing vocational technical
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AUTOMATIC DESIGN OF GEARS AND THEIR MECHANICAL DRIVE IN
BLENDER
Phd Tihomir Dovramadjiev
Mechanical Engineering Faculty, Industrial Design Department - Technical University of Varna, Bulgaria.
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Abstract: Creation of different types of simulations of moving mechanisms with involved elements as gears is widespread. Depending on
the specific needs different techniques which enable the accomplishment of the assignment are applied. Of particular importance is the
selection of suitable software system that contains the necessary tools, functional qualities, set of features for automating the drive
mechanisms, simulations and animations. Furthermore, it is important to determine the accessibility to such resource. Under these
conditions a very good solution is the system with open source Blender.
Keywords: BLENDER, GEARS 2.0, SIMULATIONS, ANIMATION

1. Introduction
In the design of gears and other machine elements it is
accepted to use CAD systems [1 - 3]. According to the
functionality the CAD systems are divided into three classes: low,
medium, and high [4]. Respectively each of these systems is
specific in many indicators. Often developers of software products
allow programs to be supplemented with additional capabilities
such as: database, specifications of standards, used materials,
graphic symbols and characters, as well as ready set of elements,
components, and mechanisms. With the rapid expansion of the 3D
system Blender, mainly due to the rich set of functionality and free
GNU license [5 - 8] there are opportunities wanted for quick design
of machine elements, mechanisms, and simulation of various types
of mechanical systems and animating processes [9]. This study aims
to clarify possible ways of quick design of gears and their drive
with subsequent animation.

Fig. 2 Default 3D generated mesh gear model
Possible parameters for the automated design of gear models are
shown in Fig. 3. Panel settings are located in Modyfiers.

2. Prerequisites and ways to solve the problem
Blender 3D system itself allows a high-quality design in mesh
mode (main difference with Solid CAD systems). When an
individual design is applied to gear design it is necessary to
consider many basic requirements and mechanical laws typical for
machine elements. This design process can be facilitated as to the
basic software Blender a specialized Addon - Gears 2.0 is
integrated. Typical for Addons in Blender is that they are designed
for the relevant version of the program. At this point the actual
version is Blender 2.76 (2015). Gears 2.0 is developed in 2014 and
is made completely free for use by the developer [8]. Fig.1 shows
the path of generating gear models in Blender in sequence of
integrating Gears 2.0 Addon to the activation of the application in
add/mesh.

Fig. 3 Possible parameters for the automated design of gears
Gears 2.0 Addon allows a precise automated design of
Toothing, [10] trough defining the parameters of Pressure angle and
Backlash (Fig. 4).

Fig. 1 Integration of Gears 2.0 Addon in Blender
When generated the initial mesh 3D gear model comes with
advance (default) set parameters. Thus facilitates the further
definition of the automatic gears model. Fig. 2 shows default 3D
generated mesh gear model.

Fig.4 Toothing (a) tooth (b) tooth space (c) tip surface (d) root
surface (e) tooth flank (f) fillet surface
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Fig.5 shows versions of cylindrical, bevel, and helical gears
automatically generated in Gears 2.0.

Fig. 7 Simulation of 3D model cylindrical gearing

4. Results and discussion
(a)

The resulting simulation of drive of cylindrical gears is made in
a relatively short time. The possibilities of computer aided design
through additional tools help constructing 3D models of gears in a
more effective way. According to the assignment the cylindrical
gearing system is textured and animated, using the powerful
resources of Blender software.

5. Conclusion
In the present study a simulation of driving cylindrical gears is
generated, using the specialized module for automatic support in the
design of gears "Gears 2.0" Addon. The generated simulation is
subsequently animated by rigging of 3D models. The final version
of the resulting model is used to support engineering design,
through quality visual presentation of powered mechanical gears
elements.

(b)
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(c)
Fig.5 3D Gears: (a) cylindrical (b) bevel (c) helical

3. Solution of the research problem
This study’s goal is to explore the possibilities of designing gear
elements in an environment of Blender software, as the process of
creating design of 3D models of gears, simulation and animation is
supported automatically. Fig. 6 shows the defined configuration of
the simulation of driving the cylindrical gears.

Fig. 6 Configuration of mechanical cylindrical gearing
simulation
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TECHNOLOGY LASER MODIFICATION IN MATERIAL SCIENCE
NANOCOMPOSITES FOR METAL-POLYMERIC SYSTEMS
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Sarokin V.1, Doc. cand. eng. Auchynnikau Y.2, Doc. cand. eng. Avdeychik S.3, Prof. dr. eng. Struk V.4,
Faculty of Innovative Technologies Engineering 1,2,4 – University Grodno, Belarus, E-mail: sorvg@grsu.by
Ltd. "Molder" 3 - Grodno, Belarus, E-mail: info@molder.by

Abstract: Are investigated mechanisms and kinetics of structural transformations polymeric substrates and of disperse particles fillers and
modifiers exposed defocused laser radiation with energy in the range of 1.5 to 6 J. Installed effect of hardening the thermoplastic matrices
(polyolefins, polyamides, of polyesters) when exposed to short laser pulses on a film sample thicknesses of 50-200 microns. The methods of
structural analysis (IR spectroscopy, X-ray diffraction, DTA) showed, that the predominant mechanism of manifestation hardening effect is
the formation of nano-sized structures in the film sample volume due to leakage of recrystallization processes. When exposed to laser
radiation to disperse and fibrous particles of silicates, graphite, schungite, carbon fibers is implementing a complex effect of increasing the
dispersion and the formation of advanced morphology of the surface layer with an increase in the proportion of nano-sized fragments
whisker and lamellar habitus. When laser irradiation of fibers fragments formed developed morphology of the surface layer, due to the
occurrence of thermal degradation processes that lead to the appearance of cracks and of globular indentations. Spectroscopy method of
thermally stimulated currents (TSC - spectroscopy) established the effect of changing the energy state of the surface layers of substrates and
particulate modifiers, which are characterized by extreme values of magnitude TSC - currents in the temperature range 193-523 K. The
combined effect of energy and morphological factors provides the effect of increasing the activity of modifying components subjected to the
laser processing. Changing the energy state of the surface layer of the polymer substrate has a beneficial bactericidal effect, increases the
effectiveness of antiseptic treatment of medical devices used in medical practice. Are presented examples of the practical use of the
established laws when creating polymer composites for metal-polymer systems for various applications.
KEYWORDS: MODIFICATION, LASER INFLUENCE, MORPHOLOGY, SURFACE LAYER, ENERGY STATE, STRUCTURING
MATRICES

1. Introduction

2. Results and discussion

The development of effective compositions of composite
materials with desired performance parameters is one of perspective
directions of creation of static (adhesive) and dynamic (tribological)
Metal-Polymer Systems [1, 2].
Clearly a statement that the determining criteria for the
selection of the functional material components are the degree of
their influence on the mechanisms and kinetics of interfacial
physico-chemical and tribological processes at the interface of
"matrix-filler" and "composite-substrate", which is determined by
the activity, assessed by parameters energy characteristics [2].
Among the most promising parameter control technologies and
energy morphological characteristics of the metal components and
metal-polymer systems include laser radiation with a certain energy
and time parameters. Laser irradiation allows not only to carry out
the dispersion of semi-finished products as a result of ablation and
destruction, but to change the parameters of the structure and
energy characteristics of the dispersed particles and substrates
directionally adjusting mechanisms of contact interactions [3, 4].
The aim of this work was to study the morphology and energy
characteristics of the components Metal-Polymer systems exposed
to laser radiation.

System analysis of studies on various aspects of the technology
of laser exposure on the components of Metal-Polymer Systems of
different types [3, 4], indicate multifactorial influence of
concentrated streams on the structure and energy parameters of the
resulting products. At the same time, irrespective of the flow rate
and the method of delivery (concentrated or defocused beams
continuous or discrete action), there are structural changes at
different levels of organization and energy parameters of the surface
layer, which is caused by the occurrence of recrystallization
processes, the formation of defects, energy absorption, degradation,
ablation in the surface layers of the modified object. Model studies
of the morphology of the surface layer films of thermoplastic
polymers show a significant relief change with the formation of
nano-sized components (Figure 1).

a

b

c

d

e

f

1. Materials and methods of research
For the research were chosen components, which widespread
in the technology of functional materials based on polymeric
matrices - polyolefins (HDPE, LDPE), polyester (PET, PBT),
polyamides (PA6, PA6.6), fluoropolymers (PTFE). As used
modifiers disperse silicon particles (clay), carbon containing
(UFDG, graphite) and combined (shungite) compounds. Modifying
components was performed in air or in a liquid medium (aqueous
solutions) using a short-pulse laser radiation with energy (0,5 ÷
0,75) J. and wave length λо = 0.532 microns. Modified components
used to form the adhesive system and coating producing composite
materials.

Area scan 24869,1x24869,1 nm
Fig. 1 The surface morphology of film samples LDPE (a, d), PP
(b, e), PET (c, f) the source (a, b, c), treated with pulsed laser light
with a 2.0 W/cm2 power density (d, e, f)
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Formation of nanoscale components in the surface layer
characteristic of all types of thermoplastic samples subjected to
treatment with pulsed power density (2.0-4.5) W / cm2.
If the laser beam is not only changing the morphology of the
surface layer, but its energy state (Figure 2), as measured by the
magnitude of thermally stimulated currents. The probable
mechanism of manifestation of the electret state is the formation of
radical products of thermal degradation of macromolecules under
the action of radiation, the amount of which depends on the amount
of energy absorbed by the sample.

Have developed the morphology of the surface layer in the
ablation of particles ensures the implementation nanostate, which
has a significant impact on the mechanisms and kinetics of
interfacial interactions in composite materials and metal-polymer
systems.
For example, the products of ablation of PTFE and graphite
electrode introduced into the electrolyte for the production of
coatings based on chromium, can not only change the rate of
formation of the coating composition, but also improve its
parameters tribological and corrosion resistance.
The characteristic relief of nanocomposite coatings based on
modified products ablation chromium (Figure 4) contributes to the
formation of sustainable boundary lubrication in heavily loaded
friction units. The presence in the structure of the coating of
nanoparticles of graphite and PTFE significantly reduces the
coefficient of friction during its operation without external supply
of lubricant.

a
b
c
d
a - the initial coating, b - concentration solution FCO in the
electrolyte 3% wt%, c - FCO concentration in the electrolyte
solution
7
wt%,
d
concentration
particles
of
polytetrafluoroethylene obtained by dispersing the laser, 0.1% wt%

1 - reflective, 2 - light-absorbing substrate, 3 - initial sample
Fig. 2 Dependence of thermally stimulated currents I on the
temperature T in the sample LDPE subjected to a single treatment
with laser radiation with an energy E = 0.6 J

Fig. 4 The morphology of electrolytic chromium coatings modified
with fluorine-containing compounds. These SEM

Of particular interest are the processes of functional modifying
component materials in liquids of different composition. With such
a technology to implement exposure manages modifying surfaces
juvenile products laser dispersing functional components introduced
into the liquid-phase medium, as electrolytes which can serve for
the galvanic coating, solutions of surfactants, solutions of salts of
polyvalent metals and etc.
Exposure to the laser pulse on a substrate of different
composition causes the destruction of the surface layer by the
mechanism of thermal degradation and ablation (Figure 3).

а

Of particular interest as a modifier are fluorine-containing
oligomers (FCO), which form the structure of the surface layer
which is resistant to corrosion and mechanical wear.

3. Conclusions
Systemic investigations of the mechanisms of formation and
morphology of the energy state of the components of different
composition and structure when exposed to laser light indicate the
presence of the general laws, leading to the formation of
nanocomponents, which ensure the implementation of the
phenomenon nanostate.
The components activated by laser radiation of different
energies are effective for modifying polymer and metal matrix
composite materials to create a set of performance parameters. A
promising area is the use of laser modification optically transparent
liquid-phase fluids containing functional modifiers are capable of
adsorbing on the surfaces of juvenile dispersion and ablation
products.

b
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INCREASING THE RESISTANCE OF PRECISION INSTRUMENT-MAKING
ELEMENTS FROM OPTICAL GLASS TO EXTERNAL THERMO-INFLUENCES BY
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Abstract: The results of experimental studies to improve the properties of the surface layers of the elements of optical glass (K8, K108,
K208, BK10, TF110) after their processing by mobile electron beam with density of heat exposure Fn = 7·106…8·108 W/m2 and
displacement speed V = 5·10-3…5·10-2 m / s (a reduction of residual microroughness height at the surface from 4 ... 6 nm (unprocessed
elements) to 0.5 ... 1 nm (processed elements), the occurrence of melted layers of thickness up to 250 ... 300 microns with a modified
structure, which is close to the quartz glass) are presented. It was found that the improvement of these properties increases the resistance of
elements to external-heat: an increase in 1.3 ... 1.7 times of the critical value of external heat fluxes and the time of their exposure, the excess
of which leads to the destruction of elements and damage to the test instrument turndown external pressure 105…107 Pa; increasing the
maximum permissible values of thermal stress in the elements from 20 ... 40 MPa to 90...100 MPa heating temperatures 300 ... 1200 K;an
increase of the probability of failure-free operation in the 2 ... 2.5 times by increasing the speed of the external heating from 100 K / s to 400
K / s.
KEY WORDS: optical glass, electron beam, elements of precision instrument-making

1. Introduction

2.

Modern devices with elements of optical glass (K8, K108, BК
10 and so on) for measuring and thermal control of different
physical nature objects (flat plates and discs as optical integrated
circuit substrates, aerophoto lenses and plates of double curvature
for space mirrors and aerospace applications, the input protective
windows and lenses in sight for observation in the visible and
infrared regions of the spectrum, optical fibers on optical
monofilaments in laser medical devices for the diagnosis and
treatment and so on) in operating conditions are exposed to intense
external-heat (higher heating temperature and external pressure,
shock thermal and mechanical stress in a shot and the flight, etc.) [1
- 3]. Under these conditions, a change in the properties of the
surface layers of the optical elements up to their destruction
(cracking and chipping, deep surface melting to form a sagging,
undulating surfaces, changing the geometrical shape and others
defects) takes place and leads to significant deterioration of the
technical-operational characteristics of devices and their failure.
Therefore, the prevention of forced destruction of the optical
elements of the instrument gets a significant importance in terms of
their operation, taking into account the impact of external-heat.
As shown by experimental studies of various authors [4 - 8],
in order to prevent the destruction of optical elements the electronbeam methods of finishing processing their work surfaces have the
practical value at the manufacturing stage, and allow to improve the
properties of the surface layers of elements and thus make them
more resistant to external-heat, improving basic technical and
operational characteristics of devices (reliability, service life and so
on). However, studies of thermal exposure of the electron beam to
change the properties of the surface layers of optical glass elements
are currently insufficiently investigated. Therefore, the aim of this
work is to prevent the destruction of optical glass elements of
instruments for measuring and thermal control objects of different
physical nature by improving the properties of the surface layers of
the elements and increasing their resistance to external-heat by
electron-beam processing.

Results and discussion

As a result of experimental studies they established the
following optimal ranges of electron beam parameters: Fn =
7∙106…8∙108 W / m2, and V = 5∙10-3…5∙10-2 m / s, within which
there is the most significant improvement of the properties of the
surface layers of the optical elements (more than in a few times).
The results of electron microscopic examination of the surface
of the optical glass elements made it possible to establish that on
their surfaces after machining there are such heterogeneity as
scratches, cracks and unevenness, the number of which is markedly
reduced after electronic processing. In addition, the surface of
elements has unevenness and defects which are a result after
mechanical polishing, and which are virtually absent after electron
beam processing. On the unprocessed by electron beam surface
portion of elements there are characteristic etch pits defect layer,
while on the processed part of the surface there are much less or
practically absent.
In the study of fracture surfaces (fracturegramm) of optical
glass elements before and after electronic processing they revealed
that the nature of the fracture is different. It is found that a finegrained fracture occurs in the processed layer. In he elements that
are exposed to the electron beam, there is a fine-grained fracture.
The individual small crystals are found on the surface of the parent
element. Furthermore, the nature of electron diffraction on the
microdiffracturegraphs indicates crystal hexagonal structure of
inclusions.
The analysis of transverse sections, chips, fractures of optical
glass elements after mechanical polishing and electronic processing
shows that: a clear boundary between the processed surface by
electron beam and the very foundation of the element material is not
observed; there is a significant difference between sides of the
element - processed and unprocessed; there is a modification of the
surface structure to the depth of 200 ... 220 microns with its most
significant change in the sintered layer with the elements of
"viscous" destruction.
The results of studies of optical glass elements surfaces by
electron microscopy scanning showed that on the surface after

66

machining, the most characteristic there is a presence of various
microroughnesses - small cracks of the depth up to 0.1 ... 0.7
microns, thin scratches up to 2 ... 5 microns, as well as "tubercles"
bubbles etc., a size of which 10-3...10-2 microns. After electronbeam processing bubble sizes (diameters) on the elements surface
are reduced in 2 ... 4 times, therefore " tubercles " and other
unevenness of less than 1 ... 2 microns are not observed, that is in
result of processing by electron beam the elements surface, as it
were "cleaned", small defects are eliminated.
The analysis of electron-microscopic images of the surfaces
of optical glass elements, the study of surfaces of the polished
sections of chipped elements before and after electron beam
processing indicates that in the first case the microroughness height
is 30 ... 40 nm, and in the second one it is reduced to the level of 0,5
... 6 nm.
The study of fracturegramms of optical glass elements surface
layers before and after electronic processing showed that the depth
of main-heat zone or the thickness of the deposited layer can be up
to 250 ... 300 microns, and essentially depends on the magnitude Fn
and the moving speed V of the electron flow (Fig. 1, 2). Thus, an
increase of Fn from 7∙106 W/m2 to 8∙108 W/m2, when used in
practice the electron flow moving speed V = 5∙10-3 m/s leads to
increasing depth of fusion from 50 microns to 230 microns for
elements from optical glass K8; from 30 microns to 150 microns for
elements from optical glass K108; from 25 microns to 140 microns
for elements from optical glass K208; from 30 microns to 180
microns for elements from optical glass BK10; from 40 microns to
170 microns for elements from optical glass TF110. And an
increase in the electron beam moving speed from 10-3m/s to 10-2
m/s, when used in practice of Fn values already leads to a reduction
of the melting depth: from 200 microns to 70 microns for elements
from optical glass K8; from 160 microns to 40 microns for elements
from optical glass K108; from 130 microns to 30 microns for
elements from optical glass K208; from 170 microns to 80 microns
for elements from optical glass BK10 and from 160 microns to 40
microns for elements from optical glass TF110.
A detailed study of scans of sections of the surface of optical
glass elements after electronic processing indicates a local
smoothing of irregularities, a significant dependence of the surface
shape of the processing modes. So, with a deep reflow (200 ... 250
microns) it is observed a well-defined wavy surfaces. This modified
melted layer has clearly oriented structure on melting depth.
The layers, formed by electron beam on the optical elements
surface are modified to different degrees in chemical composition.
Thus, the analysis of change in the elemental composition of the
surface of elements of optical glass K8, K108, K208, conducted
with the help of the wave dispersion spectrometer, showed a
decrease of Na and O concentration, an increase of Si concentration
and the constant K concentration. At the same time, by X-ray
analysis on the example of untreated and treated by electron beam
elements of the optical glasses BK10, TF110 it is shown that
significant quantitative changes in the chemical composition of its
surface are not observed, however, it is possible to make a
conclusion as for the improvement of the homogeneity of the
distribution of elements in micro-surface layer after electronic
processing .
In the result of conducted researches, it was found that after
electron beam pre-treatment of the optical elements an increase
comes in the critical values of the external heat flows q*п and their
impact time t* in 1,5…2 times (Fig. 3).При этом увеличение
внешнего давления до 107 Па приводит к увеличению значений
q*п и t* только в 1,4…1,5 раза. The increase in external pressure

Fig. 1. The dependence of the thickness of melted layers in the
elements of optical glass K8 (1), K108 (2) and K208 (3) on the
density of the thermal effects of the electron beam (V = 5∙10-3 m /
s): Δ, ○, □ - experimental data.

Fig. 2. The dependence of the thickness of melted layers in the
elements of the optical glasses BK10 (1) and TF110 (2) on the
moving speed of the electron beam: ––––– – Fn = 5∙108 W / m2;
– – – – – Fn = 7∙106 W / m2; Δ, ○, □, ▲ - experimental data.
The tests of the optical elements under conditions of
alternating external heating, which simulates actual operating
conditions of the optical devices with the influence of external-heat
showed that in the case of an electron beam-treated elements it is
observed in 2 ... 2,5 times less of their destruction and failure of
devices on their basis than for untreated elements (Table. 1).
The safety factor as a measure of efficiency of the optical
device at a predetermined heating rate Vн (or time t, which is given
to the test at a controlled heating temperature) is determined by the
following formula [8]:
(1)
W(Vн) = 1-N(Vн) / N0,
where W(Vн) - probability of preservation of working capacity of
the device of sighting system under external thermal effects; N(Vн))
- the number of devices that fail at a heating rate Vн (the destruction
of the optical element is taken as the failure of the device as a
whole); N0 - the total number of devices that are tested.

up to 107 Pa leads to reduction in the values q*п and t* only in 1.4 ...
1.5 times.
In addition, it was also shown that the limit values of
thermoelastic stresses σ*(T) at different temperatures for heating the
optical elements treated by electron beam in 1.7 ... 2.3 times higher
than for untreated elements (Fig. 4).

а)
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Table 1
The influence of electron beam processing of working surfaces of
the elements in the form of plates of optical glass K8 on the
dependence of the relative amount of their damages (k) from the
heating rate *)
Input protective
window
External
heating rate, К/s
100…150
150…200
200…300
б)
Fig. 3. The dependence of the critical values of the external heat
flows q*n from the time of their exposure t* on the elements of
optical glass K8 (1), TF110 (2) and BK10 (3) for a variety of
external pressures (the thickness of the element Н = 10-2 m): a) – Р
= 105 Pa; b) – Р = 107Pa; ––––––– – elements which are not
processed by electron beam; – – – – processed items; ●, ○, Δ, ▲,
□, ■ - experimental data.

k, %
unprocessed by
processed by
electron beam
electron beam
40…50
50…60
60…70

20…30
30…40
40…50

*) Note. k = kр/k0, where k0, kр - a total number of test elements and
the number of exposed to fracture respectively.
It is shown that the use of the results in the design and
manufacture of new instruments, as well as the modernization of
serial devices to considered optical elements for measuring and
thermal control of the objects of different physical nature (optical
integrated circuits substrates, aerophoto lenses, laser sights for
observation in the visible and infrared regions of the spectrum ,
laser medical devices etc.) allows to improve basic technical
characteristics (the reliability, service life and durability) when used
in accordance with the influence of external-heat, for example
during storage or transport under the conditions of occurrence of
high-temperature fire sites, as well as the design of products with
infrared devices in a shot and the flight (external thermal shock
effects and others).

3. Conclusions
1. It was found that after the pre-treatment of the working surfaces
of the elements of optical glass (K8, K108, K208, BK10, TF110)
by mobile electron beam for change ranges of its settings (density
of the heat effect Fn = 7∙106…8∙108 W/m2 speed of its movement
V = 5∙10-3…5∙10-2m/s) the basic properties of the surface layers are
improved:

Fig. 4. The dependence of the value of the maximum allowable
thermal stresses in the elements of the optical glass K8 (1), TF110
(2) and BK10 (3) on the heating temperature (Р = 105 Pa, element
thickness Н = 10-2 m, Fn = 1,5∙107 W/m2, V = 5∙10-3 m/s): ––––––
– elements that are not treated by electron beam; – – – – processed
items; Δ, ○, □, ▲, ■, ● - experimental data.

– after electron beam processing the surface of elements are
completely cleared of defects, which were obtained by the
mechanical polishing (fine cracks sized 0.1 ... 0.7 microns, long thin
scratches 2 ...5 microns and other defects in size 10-3...10-2
microns); thus there is a smoothing of irregularities, substantial
dependence of the surface shape from the processing modes (with
deep reflow (up to 200 ... 250 microns) a well-defined wave-like
surface is observed, and the modified melted layer has clearly
oriented structure for melting depth);
– the electron-beam processing of the elements of optical glass by
melting leads not only to homogenization of the surface, but also to
oriented restructure near the surface of the silicon-oxygen grid,
which is becoming close to the quartz glass structure, which
considerably increases the resistance of the elements to externalheat;
– the depth of the main-heat zone or the thickness of the melted
layer can reach 250 ... 300 microns and essentially depends on the
density of heat exposure of the beam Fn and its moving speed V:
for example, increasing Fn from 7∙106 W/m2 to 5∙108 W/m2 and
decreasing V from 5∙10-3 м/с до
5∙10-2s leads to an increase
in depth of melting from 20…60 microns to 130…220 microns.
2. It was found that improvement of the properties of the surface
layers of the optical elements after electron beam processing leads
to increase their resistance to external-heat:
– increase in 1.5 ... 2 times the critical values of the external heat
flows and times of their effects that lead to destruction of elements;
thus increasing the external pressure from 105 Pa to 107 Pa reduces
the critical values of these parameters in 1,3 ... 1,4 times;
– increase in 1.7 ... 2.3 times the value of the maximum
permissible thermal stress in the optical elements processed by

From the formula (1) it follows that with increasing heating
rate of the devices of the suggested devices (e.g., from 100 K/s to
400 K/s) leads to decrease in the probability of trouble-free
operation under external-heat terms in 4.9 times; while in the case
of input windows which are pre-treated by electron beam, the
probability of trouble-free operation of devices increases in 2,3
times (Fig. 5).

Fig. 5. The dependence of the probability of trouble-free operation
of sighting devices complexes under conditions of external-heat
from an external heat rate of their input protective windows: ––––––
– – the input windows that are not processed by electron beam; – –
– – the input windows, the outer sides of which are processed by
electron beam (beam parameters Fn = 5∙108 W/m2, V = 5∙10-3m/s).
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electron beam, to change the heating temperature range 300 ...
1200 K.
3. It was found that electron beam pre-treatment of plates of
optical glass used in the devices for measuring and thermal control
of objects of different physical nature, reduces the amount of
damage in the 2 ... 2.5 times and increases the probability of
failure-free operation in 1.9 ... 2.3 times under variable external
heating conditions.
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ПРИНЦИПЫ КОНВЕРГЕНЦИИ И СИНЕРГИИ В ИНТЕЛЛЕКТУАЛЬНОМ
ОБЕСПЕЧЕНИИ ИННОВАЦИОННОЙ ДЕЯТЕЛЬНОСТИ
Авдейчик О.В., Л.Н. Нехорошева
Abstract: In the introduction of the features of the functioning of the system of intellectual support of innovative activity of
industrial enterprises in the post-industrial economy. The specified role NBIC- technologies to overcome the economic crisis. The directions
of development of innovative infrastructure for local industry. Methods of research was to use the system analysis of the factors determining
the development of innovative business entities of various departmental subordination. The main part of the post-industrial era trends
disclosed, the crisis of consumption patterns in the industrialized countries. The role of scientific and technological progress in achieving
global benefits and negative side of the processes affecting the global economy. The efficiency of the integration model of formation of
innovation clusters, implementing the principles of synergy and convergence due to percolation of intellectual resources of industrial,
scientific and educational components. Reinforcement of synergy and convergence processes adequate predictive maintenance technologies.
Disclosure of the percolation effect for base NBJC-technologies. Disclosure of the percolation processes integrated intellectual resources in
the infrastructure of the innovation cluster. The role of specialized units in adapting intellectual resources to the industrial needs of the
enterprise. Methodology of intellectual support of innovative activity of industrial enterprises. The practical implementation of an integrated
approach to the innovation of industrial enterprises. Recommendations for changing the educational paradigm to prepare the "creators" of
experts, rather than "consumers with regard to the principles of formation of the system of intellectual support of innovative activity of
industrial enterprises. In conclusion we consider the mechanisms of convergence and synergy in the practice of the core technologies that
determine the innovative development within the framework of the sixth technological order.
KEYWORDS: TECHNOLOGICAL ORDERS, POST-INDUSTRIAL ECONOMY, THE BASIC (NBIC) TECHNOLOGY
CONVERGENCE. SYNERGY, INTELLIGENT SOFTWARE, INTEGRATION MODEL, INNOVATIVE CLUSTERS.
Введение. В соответствии с теорией многоукладного
экономического развития [1,2] стратегия хозяйственной
деятельности социально-политических систем, определяющих
тенденции функционирования глобальных производственных
комплексов в постиндустриальной экономике [1,3-6],
базируется на инновационных технологиях во всех сферах
деятельности при выраженном их адаптировании базовым
принципам Концепции устойчивого развития [7-9].
Считают, что в результате практического воплощения
пятого технологического уклада (1970-2010 гг.) «…произошел
переход от разрозненных фирм к единой сети крупных и
мелких компаний, объединенных электронной сетью на основе
Интернета, осуществляющих тесное взаимодействие в области
технологий, контроля качества продукции, планирования
инноваций. Полностью сложилась система транснациональных
корпораций. Инновационная деятельность стала основным
способом
достижения
конкурентных
преимуществ»
(выделено нами — А.О.) [2, С. 29].
Современные исследователи характеризуют систему
хозяйствования в рамках пятого и шестого технологических
укладов
базовыми
принципами
«концепта
пост
индустриализации» [2-6], трактуемого в «…качестве высшей
стадии эволюции современной западной цивилизации…» [3, С.
20]. Реализация этой концепции на всех уровнях
функционирования социумов предполагает «...переход от
рыночных принципов к пост экономическим ценностям и
активному социальному изменению прежних методов и форм
труда, к максимальному использованию творческого
потенциала работников, формированию нового типа семьи и
новых форм социального партнерства, повышению роли
научного знания и изменению системы образования…»
(выделено нами — А.О.) [3, С. 20].
Считают, что в эпоху постиндустриального развития
«…задается принципиально новый формат технологической
реструктуризации мировой экономики» (выделено нами —
А.О.) [5, С. 3]. По убеждению исследователей ведущих
индустриально развитых держав, формирующих основы
тенденций мирового экономического развития [5-6], будет
осуществляться в рамках основополагающих (базовых,
глобальных) технологий – «…системы конвертированных
NBIC- технологий, определяющих основные направления
прогресса науки и технологий на современном этапе
общественного развития» (выделено нами — А.О.) [5, С. 6].
Система NBIC- технологий сформирована нано технологиями
(Nanotechnology),
биотехнологиями
(Biotechnlogy),
информационными технологиями (Information technology) и

когнитивными технологиями (Cognitive technology), которые
составляют основу пятого и шестого технологического укладов
[5, 6].
Не рассматривая обоснованность такого выбора
базовых технологий инновационного развития, реализация
которых осуществляется в индустриально развитых странах [5,
10, 11], отметим их характерную особенность, которая состоит
в том, что «…концепция построения инновационной
экономики
требует
сформировать
соответствующего
«инновационного человека» и «инновационный социум» в целом
(выделено нами — А.О.) [5, С. 19].
Проявление характерных тенденций нарастания
глобального экологического кризиса обусловило разработку
безальтернативной Концепции устойчивого развития, которая
требует не только использования в инновационном
функционировании совершенных, в т. ч. NBIC-технологий, но
и
формирования
«…новой
социально-экономической
парадигмы, в основу которой должны быть положены именно
нравственные принципы».
В связи с этим, развитие и совершенствование
инфраструктуры и принципов реализации многофакторного
процесса, названного нами как процесс «интеллектуального
обеспечения инновационной деятельности» [12], представляет
актуальную проблему для устойчивого функционирования
экономической и социально-политической систем Беларуси в
соответствии с принятыми стратегиями.
В индустриально развитых странах «…важнейшим
элементом политики в последние годы становится
совершенствование всей системы институтов, связанных с
инновационной сферой» (выделено нами — А.О., [5, С. 19].
Экономическая деятельность Республики Беларусь
регламентируется
рядом
законодательных
актов,
определяющих стратегические цели и задачи развития в
ближайшей и отдаленной перспективе и принципы
функционирования инновационных хозяйственных комплексов
в соответствии со стратегией устойчивого социальноэкономического развития.
Вместе
с
тем,
практическое
воплощение
основополагающих
принципов
законодательных
актов
свидетельствует
о
необходимости
совершенствования
методологических
подходов
к
интеллектуальному
обеспечению функционирования производственных структур с
выраженным инновационным компонентом.
Методика
исследований.
Для
проведения
исследований использовали системный анализ факторов,
определяющих инновационное функционирование субъектов
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хозяйствования на базе Стратегии устойчивого развития. В
качестве объектов исследования были выбраны промышленные
предприятия Гродненского региона, имеющие различное
ведомственное подчинение и сферу производственной
деятельности — ОАО «Белкард», ПУП «Цветлит» и ОАО
«Белвторполимер», ООО «Молдер».
Основная часть. Реальное воплощение концепта
постиндустриализма и его модификаций – «экономики
знаний»,
«инновационной
экономики»,
«сверхиндустриализма», «постфордизма», «новой экономики»,
«информационной революции», «информационного общества»
и др. – не привело к достижению заявленных результатов,
прежде всего, в социальной сфере, эффективность
функционирования которой традиционно оценивают по
реальным благам, представляемым индивидууму, при
безусловно всестороннем действии нормативных правовых
норм на региональном, государственном и надгосударственном
уровнях, регламентирующих его взаимоотношения со всеми
аспектами социумов.
Проведенный анализ литературных источников,
посвященных проблемам реализации Концепции устойчивого
развития при выраженной инновационной стратегии
функционирования экономических и социальных систем
различного уровня [2-11], свидетельствует о возрастающей
роли интеллектуального обеспечения [12] процесса развития
техносферы и социосферы в формировании гармоничного
взаимодействия с окружающей средой (экосферой), глобальной
задачей которого является творческое (креативное) поведение
индивидумов на всех этапах жизненного цикла.
Справедливы утверждения о том, что «…преодоление
кризиса…предполагает поиски новой социально-экономической
парадигмы, в основу которой должны быть положены именно
нравственные принципы» и «…нельзя воспринимать
экономический рост и производство как самоцель развития
общества. Приоритетами могут быть личностный рост…,
человеческое общение, потребление культурных продуктов».
В
связи
с
этим
разработка
методологии
интеллектуального обеспечения инновационных производств
должна включать не только развитие базовых знаний и
компетенций
специалистов,
обеспечивающих
функционирование
субъекта
хозяйствования,
но
и
перманентное личностное совершенствование с учетом
концепций ноосферного развития при доминировании
«экологического императива» в различных проявлениях
профессиональной деятельности и социального поведения.
Перспективу устойчивого развития социальноэкономического
комплекса
Беларуси
связывают
с
формированием производственно-технологических комплексов
кластерного типа, концентрация создания которых оговорена
принятым Постановлением СМ.
При практической реализации этой Концепции
необходимо учитывать не только реалии сложившегося в
Республике научного, технологического, ресурсного, кадрового
и организационного потенциала, но и современные тенденции
инновационного развития на основе ноосферных подходов
гармонизации взаимодействия техносферы, экосферы и
социосферы [7, 8].
В исследованиях, посвященных кластерному развитию
отечественной экономики, рассмотрены преимущественно
традиционные подходы формирования производственнотехнологических комплексов с применением линейных
моделей
суммирования
потенциала
научноисследовательского,
производственного,
управленческого
компонентов, объединенных в кластерную структуру.

При несомненной эффективности такого подхода,
базирующегося на теории кластеров, разработанной М.
Портером, и ее модификаций, необходимо признать неполное
ее соответствие современным принципам конвергенции и
синергии базовых (основополагающих) технологий (NBICтехнологий), которые как отмечено выше, определяют
принципиальную
возможность
и
перспективу
функционирования экономических и социально- политических
систем в ближайшей и отдаленной перспективе. При этом
предполагают,
что
«…возможности
технологической
конвергенции… дадут возможность изменить не только
физиологическую, но и духовную сущность человека, его
мышление и разум, ...изменить саму природу человека»
(выделено нами – А.О., [5, С. 18]).
Принципы конвергенции и синергии в базовых
(глобальных)
технологиях
инновационного
развития
экономических систем должны, на наш взгляд, обеспечиваться
адекватными технологиями интеллектуального обеспечения,
которые
являются
не
только
взаимопроникающими
(конвергирующими) на уровне их отдельных составляющих
(научно-исследовательской, образовательной, менеджерской,
производственной, административной), но и обеспечивать
неаддитивный эффект от их синергического взаимодействия.
Интеллектуальный ресурс кластера должен обладать
необходимым потенциалом не только для усвоения
компонентов информационного поля в различных формах
проявления (базы данных, технологии обработки, хранения,
обмена и реализации информации), но и для развития путем
генерирования знаний нового уровня для создания новаций и
их практического воплощения. Конвергенция компонентов
инновационного кластера способствует формированию
интегрированного
интеллектуального
обеспечения
инновационной деятельности.
Наши
исследования
в области
методологии
интеллектуального обеспечения инновационной деятельности
промышленных субъектов хозяйствования, обобщенные в [12],
позволили предложить интеграционную модель формирования
интеллектуального обеспечения кластерной структуры,
включающей научный, учебный и производственный
компоненты, на всех стадиях жизненного цикла продукции
[12]. Такой подход, на наш взгляд в наибольшей мере
способствует практической реализации инновационной
деятельности в соответствии с Государственной стратегией
устойчивого развития при воплощении кластерных принципов
инфраструктурного функционирования.
В
интеграционной
модели
интеллектуального
обеспечения
(рисунок)
наблюдается
формальная
и
неформальная конвергенция базовых компонентов научноучебно-производственного кластера – Академии наук (АН),
Высшего учебного заведения (ВУЗ) и инновационного
предприятия (ПП) с образованием совместных инновационных
подразделений
–
научно-учебных
(НУК),
научнопроизводственных
(НПК)
и
учебно-производственных
комплексов (УПК), в которых обобщен совокупный
интеллектуальный потенциал и материально-технические,
технологические,
инструментальные,
исследовательские
ресурсы АН, ПП, ВУЗа.
Конвергентной кластерной структурой высшего
уровня является научно-учебно-производственный комплекс
(НУПК), который способен к реализации синергического
эффекта благодаря не только обобщению материальных и
интеллектуальных ресурсов, но и их перколяции в объеме
инновационного кластера.
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Рисунок 1 - Интеграционная модель интеллектуального обеспечения инновационной деятельности инновационного
научно-учебно-производственного кластера (НУПК): 1-ресурсы производственного компонента (ПП); 2-ресурсы научного
компонента (АН); 3-ресурсы учебного компонента (ВУЗ)
Практическая реализация принципа перколяции
интеллектуальных
ресурсов
в
структуре
кластера
интеграционного типа может быть обеспечена как
совершенствованием его инфраструктуры, так и разработкой
нормативной правовой документации, регламентирующей
деятельность всех участников инновационной структуры в
соответствии с современными достижениями индустриально
развитых
государств
в
применении
энергои
ресурсосберегающих технологий, и глобальных NBJСтехнологий в рамках Концепции устойчивого развития.
Характерными
примерами
реализации
интеграционного подхода в деятельности инновационных
предприятий Гродненского региона является создание научноучебно-производственных кластеров на базе ОАО «Белкард»,
ПУП «Цветлит», ОАО «Белвторполимер», путем объединения
интеллектуальных
ресурсов
с
УО
«Гродненский
государственный университет им. Янки Купалы», особенности
функционирования которых подробно рассмотрены в
цитируемых источниках [12, 29].
Заключение.
Эффективным
направлением
практической реализации Концепции кластерной организации
деятельности республиканских промышленных комплексов
инновационного типа в соответствии со Государственной
стратегией устойчивого социально-экономического развития
является создание интеграционных структур с научноисследовательскими, образовательными и производственными
компонентами.
Перколяционное
взаимодействие
компонентов
интеграционного кластера, проявляющееся в совместном
использовании и активировании интеллектуальных ресурсов,
принадлежащих
каждому
компоненту,
обеспечивает
синергический эффект, в решении совокупной проблемы
достижения оптимальных экономических выгод при
адекватном развитии корпоративной культуры, креативного
мышления и инновационной восприимчивости всех членов
структуры путем реализации процесса перманентного
когнитивного обучения с использованием передовых
достижений в устойчивом развитии постиндустриальной
экономики на субъектном, региональном и глобальном уровнях
с учетом синергии и конвергенции приоритетных (глобальных)
NBIC-технологий.
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ЭКОЛОГИЧЕСКИЙ ФАКТОР РЕАЛИЗАЦИИ КОНЦЕПЦИЙ
ПОСТИНДУСТРИАЛИЗМА И КОНСЕРВАТИЗМА
А.В. Струк, О.В. Авдейчик
Резщме:Рассмотрены особенности функционирования техносферы и социальной сферы в различных технологических
укладах. Показано превалирующее развитие экономического фактора, характеризуемого стремлением субъектов хозяйствования
к достижению доходов путем расширения номенклатуры и объемов товарной продукции без учета особенностей развития сферы
потребления и базовых принципов взаимодействия с компонентами экосферы.
Предложены направления реализации концепции экологизации законодательства с целью формирования гармоничного
взаимодействия техносферы и экосферы, обеспечивающего условия развития социально-политических систем на базе инноваций
различного назначения.
КЛЮЧЕВЫЕ СЛОВА: ТЕХНОЛОГИЧЕСКИЙ УКЛАД, ПОСТИНДУСТРИАЛЬНОЕ РАЗВИТИЕ, КОНСЕРВАТИЗМ,
УСТОЙЧИВОЕ РАЗВИТИЕ, ЭКОЛОГИЧЕСКИЙ ИМПЕРАТИВ.
Введение.
Особенности
функционирования
социально-политических систем характеризуются шестью
технологическими укладами, каждый из которых содержит
ключевые признаки организации промышленного производства
для выпуска товарной продукции различного функционального
назначения для потребностей социумов [1].
Считают, что при практическом воплощении пятого
технологического уклада (1970-2010 г.г.) «… произошел
переход от разрозненных фирм к единой сетке крупных и
мелких компаний, объединенных электронной сетью на основе
Интернета, осуществляющих тесное взаимодействие в области
технологий, контроля качества продукции, планирования
инноваций. Полностью сложилась система транснациональных
корпораций. Инновационная деятельность стала основным
способом
достижения
конкурентных
преимуществ»
(выделено нами – А.С.) [2, стр. 29].
Полагают, что в иерархии технологических укладов
шестой уклад (2010-2050 г.г.) будет характеризоваться
развитием робототехники, технологий, основанных на
достижениях молекулярной биологии и генной инженерии,
нанотехнологии,
систем
искусственного
интеллекта,
глобальных
информационных
сетей,
интегрированных
высокоскоростных транспортных систем.
Сформируется
новое
природопользование
(высокие экотехнологии) (выделено нами – А.С.) [2, стр. 30].
Реализацию
базовых
принципов
шести
технологических укладов исследователи рассматривают с
учетом
современных
тенденций
функционирования
хозяйственных
комплексов
в
социально-политических
системах различного уровня – региональных, государственных,
надгосударственных при сочетании стратегий инновационного
и устойчивого развития.
Практическое воплощение современной методологии
функционирования хозяйственных комплексов базируется на
системном
подходе,
включающем
технологические,
материаловедческие,
организационные,
экономические,
образовательные и нормативные правовые факторы,
совокупность которых отражает все сферы деятельности
субъектов хозяйствования, региональных, государственных и
надгосударственных социально-политических систем [4].
Анализ литературных источников, посвященных
различным аспектам реализации пятого и шестого
технологических
укладов
[1-4],
свидетельствует
о
существовании принципиально отличающихся подходов к
выбору
стратегии
инновационного
функционирования
хозяйственных комплексов различного уровня на основе
базовых принципов концепции устойчивого развития [1-4]. В
связи с этим целесообразно рассмотрение роли экологического
фактора
в
реализации
современных
стратегий
функционирования
сферы товарного
обращения для
разработки принципов совершенствования нормативной
правовой базы, регламентирующей процессы производства и
потребления промышленной продукции в рамках базовых
принципов стратегии устойчивого развития.

Методика
исследований.
При
проведении
исследований использовали системный подход, учитывающий
влияние
различных
факторов
на
функционирование
хозяйственных комплексов.
В качестве объекта исследований были выбраны
промышленные
предприятия
Гродненского
региона,
осуществляющие
производство
товарной
продукции
различного
функционального
назначения,
в
т.ч.
специализирующиеся в области рециклинга.
Результаты
и
обсуждение.
Современные
исследователи характеризуют систему хозяйствования в
рамках пятого и шестого технологических укладов базовыми
принципами «концепта постиндустриализации», трактуемого в
«… качестве высшей стадии эволюции современной западной
цивилизации …». Реализация этой концепции на всех уровнях
функционирования социумов предполагала «… переход от
рыночных принципов к постэкономическим ценностям и
активному социальному изменению прежних методов и
форм труда, к максимальному использованию творческого
потенциала работников, формированию нового типа семьи
и новых форм социального партнерства, повышении роли
научного знания и изменению системы образования …»
(выделено нами – А.С., О.А.).
Реальное воплощение концепта постиндустриализма
и его модификаций – «экономики знаний», «инновационной
экономики», «сверхиндустриализма», «постфордизма», «новой
экономики»,
«информационной
революции»,
«информационного общества» и др. – не привело к
достижению заявленных результатов, прежде всего, в
социальной сфере, эффективность функционирования которой
оценивается
по
реальным
благам,
представляемым
индивидууму, при безусловно всестороннем действии
нормативных
правовых
норм
на
региональном,
государственном
и
надгосударственном
уровнях,
регламентирующих его взаимоотношения со всеми аспектами
социумов.
Как справедливо отмечено, «… нынешний
постиндустриализм отнюдь не выступает в качестве
гуманистической альтернативы индустриально-рыночной
цивилизации, а ведет к новым еще более жестким вызовам
природе и культуре …» (выделено нами – А.С., О.А.).
Характерными признаками функционирования и
развития техносферы – базового компонента всех
технологических укладов – является интенсивное воздействие
на окружающую среду не только при добыче сырьевых
материалов и их переработке в товарную продукцию, но и при
потреблении этой продукции в социально-политических
системах с разными экономическим, технологическим,
научным развитием. В этом аспекте необходимо отметить
трансформирование взглядов на роль человека в формировании
взаимоотношений с окружающей средой – миром природы.
Навязываемая мировому сообществу идеология,
состоящая в утверждении о том, что «… смысл жизни –
получить максимум удовольствий, понимаемых предельно
прагматично … Отсюда и главная практическая ценность
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любой идеи – ее полезность. Отсюда … и модель «общества
потребления» (выделено нами – А.С., О.А.), обусловила
трансформирование прогрессивной стратегии инновационного
развития в стратегию расширенного производства новшеств с
сокращенным
жизненным
циклом
для
достижения
максимальных экономических выгод. Решение проблемы
кризиса перепроизводства товарной продукции «… пошло во
всем мире по пути создания систем сверхпотребления.
Вследствие этого трансформирования не только существенно
увеличивается количество промышленных отходов, но и
объемы товарной продукции с неполной амортизацией и
нереализованной продукции вследствие появления новых
(«инновационных») аналогов, навязываемых потребителю.
Подобное инновационное развитие привело к тому, что «…
одним из ключевых противоречий в основе кризиса является
отношение между современной финансовой парадигмой и
реальной
экономикой
производства
необходимых
человечеству благ» (выделено нами – А.С., О.А.). В
значительной мере тенденция нарастания негативного
техногенного воздействия на окружающую среду обусловлена
превалированием экономических критериев в оценке
социально-политического и экономического развития как
отдельных субъектов хозяйствования, так и регионов,
государств
и
надгосударственных
образований
над
нравственными.
Развиваемые в настоящее время различные взгляды на
тенденции
развития
концепта
постиндустриализма
подвергаются критическому анализу ведущих отечественных и
зарубежных исследователей [4].
Характерной
особенностью
социальноэкономического
развития
большинства
государств
постсоюзного
пространства
является
необходимость
определения
стратегий,
учитывающих
сложившуюся
инфраструктуру материально-технического, технологического,
кадрового, научного и организационного обеспечения, при
сохранении базовых национальных, культурных, религиозных
и иных традиций функционирования социально-политических
систем.
Особенностью социально-политического развития РФ
в последнее десятилетие является разработка базовых
принципов стратегии прогрессивного развития с учетом
национальных интересов, особенностей инфраструктуры
промышленного производства, материально-технического,
кадрового,
научного
обеспечения,
геополитического
положения и тенденций функционирования глобальной
экономической
системы.
Разрабатываемые
подходы
позиционируют как
«стратегию консерватизма» или
«разумного консерватизма» («Smart-консерватизма»).
Особое внимание в стратегии консерватизма (smartконсерватизма)
принадлежит
экологическому
фактору
инновационного
функционирования
производственнотехнологических комплексов на основе базовых принципов
стратегии устойчивого развития. Учитывая, что «…
глобальные проблемы техногенной цивилизации являются
не результатом отдельных ошибок, а следствием
конкретного бытия человека …» (выделено нами – А.С.,
О.А.), необходимо признать, что «… речь идет об утверждении
эпохи постэкономизма, которая будет означать смену
приоритетов земной цивилизации в целом, переориентировку
усилий человека с инструментальной деятельности,
направленной на удовлетворение растущих потребительских
вожделений, на деятельность, связанную с поддержкой
экономического равновесия мира … Эта экономика будет
характеризоваться
переходом
от
технически
деструктивных
к
биологически
конструктивным
технологиям» (выделено нами – А.С., О.А.).
Сопоставление ключевых принципов концепций
постиндустриализма и консерватизма («smart-консерватизма»)
свидетельствует о безальтернативности развития социальнополитических систем различного уровня на основе базовых

компонентов ноосферной экономики в рамках экологического
императива.
Смена парадигмы функционирования социальнополитических систем различного уровня возможна на базе
системного
подхода,
объединяемого
концепцией
«экологизации законодательства» для производственнотехнологического, кадрового, организационного, научного,
экономического, административного и др. компонентов,
определяющих жизнедеятельность социумов.
Особое значение в реализации системного подхода
имеют нравственные критерии развития индивидов и
социумов, позволяющие создать «общество созидания» как
альтернативу «обществу потребления».
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ENERGY TECHNOLOGY ACTIVATION COMPONENTS FUNCTIONAL
MATERIALS BASED ON POLYMERIC MATRIX
ЭНЕРГЕТИЧЕСКИЕ ТЕХНОЛОГИИ АКТИВИЗАЦИИ КОМПОНЕНТОВ ФУНКЦИОНАЛЬНЫХ
МАТЕРИАЛОВ НА ОСНОВЕ ПОЛИМЕРНЫХ МАТРИЦ
Sarokin V.1, Doc. cand. eng. Auchynnikau Y.2, Doc. cand. eng. Avdeychik S.3, Prof. dr. eng. Struk V.4,
Faculty of Innovative Technologies Engineering 1,2,4 – University Grodno, Belarus, E-mail: sorvg@grsu.by
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Abstract: Investigated the mechanisms of interfacial interactions in composite materials based on thermoplastic matrices modified with
dispersed particles of silicon and carbon-containing compounds with high energy activity. It was found that the laser treatment of
particulate and fibrous particles occurs comprehensive modification of the surface layer, which consists in shaping the development of the
morphology of the surface layer and increase its energy. For the modification of thermoplastic matrix including high-viscosity (polyamides,
PTFE) prospectively the use of dispersed fragments of carbon fiber (CF) fraction 50-150 microns, subjected to the effects of a short pulse
laser, having developed the morphology of the surface layer and the presence of defects through thermal degradation. When using this
modifier in an amount of 5-30 wt.% for filling PA6, PA66, PTFE provides increased of parameters deformation and strength characteristics
due to the increased mechanical component adhesive interaction at the interface of "matrix-filler". An additional effect is realized in the
processing of the surface layer of CF fluoride compounds oligomeric or polymer-oligomeric structure. The modified fluorinated
hydrocarbon components fragments CF when laser pulse processing are exposed to the active low molecular weight products ablation, so
that the surface layers are formed with a high affinity to the matrix polytetrafluoroethylene. The complex method of modifying CF is effective
for highly filled fluoro composites containing 25-35 wt.% of carbon fillers due to the decrease in the probability of formation of cluster
structures of the filler particles. Dispersed particles silicate (clay, tripoli, talc) and carbon (graphite, carbon black, shungite) when exposed
to laser radiation susceptible to degradation with the formation of nanoscale fragments in a moving layer, thus increasing their activity in
the processes of the interfacial interaction in the formation of composites based on oligomeric and polymeric matrices.
KEYWORDS: COMPOSITES, MODIFIERS , INTERPHASE INTERACTION, MORPHOLOGY, ENERGY STATES

(PA6), polytetrafluoroethylene (PTFE), ultra thermodynamic
synthesis products (UPTFE).
Activation particles modifier carried the energy, thermal, laser,
mechanochemical effect. The assessment was carried out activities
in the parameter values of the thermally stimulated current (TSC) in
the temperature range (293-523) K.

1. Introduction
Among the promising areas of materials science is the creation
of composites based on thermoplastic matrices modified with nanosized components of different composition, structure and habit [14]. The mechanism of action of modifying nanoparticles is to
implement a multi-level approach, which is possible to control the
processes of structural organization at the molecular,
intermolecular, supramolecular and interfacial levels. Nano sized
modifier, depending on their size and energy state (nano particles,
nano cluster, micro particle nano dimensional topography) may
form intramolecular or intermolecular physical bonds in place of the
functional groups, to promote the orientation of macromolecules or
their segments to form a quasi-crystalline structures, be the centers
of formation of crystalline structures spherulitic type, form
interfacial boundary layers increased strength.
To realize the nano particle dispersion state of the effect
modifier should be in the nano size range or have developed relief
of the surface layer containing nano components of different habit whisker, plate, spherical [1-4].
An analysis of the literature and our model representations [1,
2] show preference plate nano habit modifiers or fragments thereof
on micro particles, as in this case it achieved a significant effect of
improving the parameters of strength and tribological characteristics
when doping content modifier is (0.1-1.0) wt.%. At the same time,
there are different mechanisms of formation of this habit of the
particles.
The purpose of this study was to use the features of the
morphology of the dispersed particles subjected to different types of
energy impact.

3. Results and discussion
The activity of the dispersed particles of fillers and modifiers
in the process of interaction of the matrix determines the
mechanisms and kinetics of formation of the structure of the
boundary layer, which is correlated with the parameters of strength,
tribological, thermal, adhesive and other service characteristics of
composite materials based on high molecular weight matrix
(Figure 1).

2. Research methods
For the research were chosen components used for the
production of composite materials based on polymeric and
oligomeric matrix − particles carbon containing (graphite, carbon,
UFD UFDG, carbon fiber), silicon-containing (clay, talc, mica,
flint) and combined (shungite) products. In separate experiments the
particles dispersed lamellar thermo polymers - a polyamide 6

Fig. 1 The energy factor of materials science and technology of
composite materials and Metal-Polymer Systems
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The literature and our research suggests that the optimal
modifying action the particles, which realized the effect of nano
state, due to the size range or the particle itself or the individual
components of its surface layer [1]. Established the basic factors
determining the state of nano dispersed particles of condensed
matter that allow the selection of the method of its implementation
for the particular combination of the components and functionality
of the composite (Figure 2).

a

b

c

d

e

f

Fig. 3 A typical morphology of the dispersed particles of the charge
detonation synthesis UFDG (a, b, c) and colloidal graphite C-1 (d,
e, f) of the original (a, d), thermally treated(b, e) and treated with
laser light (c, f). These SEM

4. Conclusions
Analysis of the energy state of the dispersed particles after
different types of activation indicates an increase in the intensity of
thermally stimulated currents temperature range (303-523) K.
Comparison of the calculated parameter data Lo and results TST −
analysis suggests the manifestation of the dispersed particles in the
micron range, subjected to various types of activation, the
characteristic features nanostate. With the introduction of such
particles into the polymer matrix − polyolefins (HDPE, PP),
polyamides (PA6, PA6.6), polytetrafluoroethylene (PTFE) in an
amount of (0.01 ÷ 1.0) wt.% is observed the effect of increasing
strength and wear parameters, indicating that manifestation
technically significant effect modification as a result of increased
activity.

Fig. 2 Factors nanostate components material systems
To make informed choices activation technology modifiers
dispersed particles of different composition, crystal-chemical
structure and nature should be used Lo parameter which determines
the maximum size at which manifest the characteristics of
nanostate. Parameter Lo is determined from the analytical
expression L0 = 230 ⋅ θ D− 2 , where θD − temperature Debye.
The experimental results indicate that the provision of highactivity modifying particles may be in the micron size range with
advanced morphology of the surface layer formed nanoscale
components whisker, plate and spherical habit. To form such
morphology a surface layer of the most promising effect on the
dispersed particles of energy flows that cause the process of thermal
degradation, pyrolysis, degidroksilatsii, dispersing with formation
nanocomponents.
Analysis of the morphology of the surface layer of particles of
different composition and structure subjected to thermal, laser and
mechanochemical action, indicates the presence of the general laws
of manifestation nanostate (Figure 3).
For the carbonaceous particles detonation synthesis products
UFDG and colloidal graphite, obtained by flotation, increased
sophistication of the surface layer is observed with the formation of
nanoscale components. The effect is most pronounced when the
modification of the particulate laser semifinished (Figure 3, c, f).
Similar processes of dispersion of the surface layer is characterized
for particle silicates (mica, clay, talc), and shungite. The particular
morphology characteristic of hydrocarbon fragments, in which
along with the development surface, observed through the
formation of defects (cracks) by laser radiation. The close nature of
the morphology of the surface layer characteristic of dispersed
particles subjected to mechanical stress during acceleration
(2÷20) g.
1
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THIN FILM COATINGS FOR LOW WEAR METAL-POLYMER SYSTEMS
ТОНКОПЛЁНОЧНЫЕ ПОКРЫТИЯ ДЛЯ МАЛОИЗНАШИВАЮЩИХСЯ
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Abstract: Investigated the features of the structure of the thin-film coatings based on polymeric and oligomeric matrix formed by dipping,
spraying or rubbing. It was found a significant effect of energy substrate parameters and components of the coating on the mechanisms of
interfacial interactions that determine the parameters of strength, tribological and protective coatings. The active layer morphology of the
surface of the substrate formed by mechanical, laser or chemical influence, characterized by the presence of low-dimensional components of
different habitus, which affect the energy and mechanical component adhesive strength. By managing service parameters of composite
material components on the basis of polymeric and oligomeric matrix manages to change the mechanisms of formation of coatings on metal
substrates of carbon steels and non-ferrous metals. Coatings based on the thermal ablation of PTFE products are effective in the process of
running heavy-duty friction units and their operation at reversing the motion. Installed effect Nanophase formation regions in the volume of
the coating, which help to increase their durability in friction without external supply of lubricant.
KEYWORDS: THIN FILM, MORPHOLOGY, FLUORINE-CONTAINING OLIGOMERS, WEAR MECHANISM, NANOSCALE
STRUCTURES AND MODIFIERS

1. Introduction
One of the most important conditions for sustainable
functioning tribosystems different structures is the presence of a
frictional contact zone so called "the third body", which is formed
as a result of physical and chemical processes of interaction of the
surface layers of the details included in the friction unit design,
elements of technological couples "tool−blank" and technological
protection− of air, lubricating or cooling lubricants [1].
It is obvious that the main task of any constructivetechnological, or material science solutions tribological device
(assembly friction and the technological scheme) is to create a
separation layer with the parameters in the optimal degree of
ensuring its equilibrium.
Thin film inhibitors wear tribosystems formed from the active
gas phase and the solutions rotaprinting and plasma chemical
methods, commonly used in tribotechnology including precision
[1−4]. Despite the difference in technology of forming the fluorinecontaining coating (FCC), differing in composition, structure and
geometric parameters, there are general patterns of manifestation of
their anti-friction and anti-wear mechanism of action due to the
specificity of the molecular and supramolecular structure.
Therefore, the aim of this study was to investigate the general
laws of the formation of separation layers on the basis of fluorinecontaining components of different composition and structure.

Fig. 1 Classification of fluorine containing tribological coatings

Without pretending to be exhaustive of the proposed
classification, consider the typical structural features of composite
coatings of various compositions and imaging technologies.
Preferential attention will coatings which are formed by the
interaction of the friction modifier the fluoropolymer component on
mainly the under layer, which is applied to the metal substrate. The
most widely used coatings were prepared based on titanium
compounds (nitrides, carbides, altins), which is formed using
vacuum technology. Widely used methods chemical treatment (for
example phosphating) to form a surface layer of desired
morphology.
When applying nitride titanium sub layer of the steel substrate,
depending on the technological conditions, is formed the film with a
different morphology. Analyzed influence sub layer of TiN,
wherein there was no so-called "drip phase" when varying thickness
(denoted "nitride titanium -1" and "nitride titanium-3") and a sub
layer with a dropping phase (the designation "nitride titanium -4").
There are two basic methodological approaches to the
formation of separation layers in the friction pair. The first is based
on the management of kinetics migration of fragments Tribo
destruction polymer component in the mating surface and fixing
them under the influence of physical and chemical processes in the

2. Research methods
For the conducting research were chosen of fluorine
compounds of various compositions and molecular weight – fluoro
chemical oligomers with a molecular weight of up to 1000 units,
produced under the trademark "Foleoks" and polymer composites
based on polytetrafluoroethylene (PTFE) with a different toppings
and modifiers. Coatings on metal substrates formed of fluorinecontaining components in the solution by dipping or rotaprinting
method. The surface layer of the substrate was exposed to various
energy flows - laser, ionizing or deposition of thin film layers in the
active phase of the vacuum.

3. Results and discussion
An analysis of the literature and own studies of features
structure of the fluorine-containing coating formed by different
technologies [1-4] have allowed to carry out their classification
according to the criterion by the molecular weight used of the
matrix (Fig. 1).
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friction zone. Management of the parameters of this process can be
accomplished by adjusting the roughness parameters of the
opposing member surfaces.
Another more effective by forming the separation layer is
tribosystem prior application of thin films, including polymeric and
oligomeric components on the surface of the friction pair [3, 4].
This area is currently developing intensively in the production of
high-precision systems, tools, parts tribosystems increased resource.
We believe that the combination of these two approaches
would achieve a synergetic effect in the creation of low wear
systems.
It is found that regardless of the technology of preparation of
the surface layer of steel metallic counterface of steel 45
(underlayer of TiN without dropping phase and a droplet
phase,treated witha jet ofsandunderlayer or phosphated for 5−30
min) and the type of oligomer used (F-1, F-14) observed
intensification of the migration process and the formation of the
separation layer (Fig. 2-4).
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Fig. 4 The morphology of the surface layer of a sample of 45 steel with a
sub layer of TiN without dropping phase, modified by oligomer F-1, after
the frictional interaction with composites based on PTFE: a – the original;
b – after 10 cycles; c – after 20 cycles; g – after 30 cycles; d – after 40
cycles; e – after 50 cycles. ×300

а

b

The choice of specific technology of preparation of the
morphology of contact surface of the hydraulic elements,
oligomeric composition thin film coatings and components forming
the separating layers of a given structure, due to technical
requirements, defining the resource, the quality of the product and
implementation costs [5].

c

4. Conclusions
g

d

The effectiveness of the fluorine-containing wear inhibitors
approbation was realized for the manufacture of production tools
(molds) and tools for cold deformation of sheet semis. Tests are
indicating increaseof wear resistance for the movable joints of
molds and tools for the production of tubular billets by at least 1.52.0 times after a single application to an active sub-layer of
fluorinated oligomers "Foleoks" or "Epilam".

е

Fig. 2 The morphology of the surface layer of a sample of steel 45 with a
under layer of TiN without dropping phase, modified oligomer F-14, after
frictional engagement with a graphite sample: a - the original; b - after 10
cycles; c - after 20 cycles; g - after 30 cycles; d - after 40 cycles; e - after 50
cycles. ×300

Applying to the surface a under layer of TiN with a smooth
morphology of a thin film of a fluorine-containing oligomer grades
of F-1 contributes to the fact that after 10 cycles of contacting loops
formed separating layers with a sufficiently homogeneous structure
and a high resistance due to the lateral movement without
exfoliation, aided oligomeric component ( Fig. 3).
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Fig. 3 The kinetics of mass transfer during friction carbon sample for
counter body with various pre-treatment: 1 – TiN + F-1; 2 - phosphate.
layer 5 m + F-14; 3 - phosphate. layer 15 m + F-1; 4 - TiN + F-14; 5 - TiN
("drip." phase) + F-1; 6 - phosphate. layer 15 m + F-14; 7 - steel 45 sand
jet + F-1. 8 - steel 45 sand jet + F-14;. 9 - TiN ("drip." Phase) + F-14; 10 30 m + fosfat. layer F-14; 11 - fosfat. layer 30 m + F-1; 12 - steel 45 + F14; 13 - steel 45 + F-1; 14 – phosphate layer 5 m + F-1 + F-14 +; 15 fosfat. layer 5m + F-1; 16 - TiN + F1 + F-14
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Abstract: This research paper demonstrates the use of experimental problem based learning tasks which students of computer science
and information technology study programs realized through a semester in physics study course. In this course students had to master how to
use several sensors and how to connect them to Arduino and acquire proper measurements and save them in a memory card. Students admit
that in most of the experiments using Arduino as a data logger gives advantages to more easily deal with experimentation. Students
appreciate that this kind of mastering physics is more related to their specialty and future work. It becomes more significant to use
measuring devices not only in laboratories but also in different environments where specific data acquisition systems are necessary.
Therefore with this teaching method students realize the real life needs and conditions.
Keywords: PROBLEM BASED LEARNING, SENSORS, ARDUINO, DATA LOGGING, LABORATORY WORKS, PHYSICS

was chosen over others offers. The Arduino is open source, which
means hardware is reasonably priced and development software is
free. The Arduino platform consists of a set of microcontrollers, a
programming language and an integrated development
environment. The language is based on the Wiring and Processing
languages, which were created to teach core programming and
computing concepts through electronics and visual arts respectively
to nonprogrammers. With the Arduino board, you can write
programs and create interface circuits to read switches and other
sensors and to control motors and lights. The Arduino language is
syntactically similar to C and its platform has wide-spread open
source community support, numerous projects, and is easy to use.
The challenge from a teaching perspective is to bring all this
hardware and software into a cohesive platform for computer
science pedagogy An important feature of the Arduino is that user
can create a control program no the computer, download it to the
Arduino and it will run automatically. For stand-alone operation,
the board can be powered by a 9 volt battery for example [8].
There are countless examples of Arduino being used to log
weather conditions, atmospheric conditions from weather balloons,
building entry data, electrical loads in buildings, and much more.
Because of the small size, low power consumption, and ease of
interfacing with a lot of sensors, Arduino is a considerable choice
for building data logger, which is a device that records and stores
information over a period of time. Data logging systems are very
simple. They generally consist of some kind of acquisition system,
such as analog sensors, to obtain data. They also contain some kind
of memory for storing data over a long period of time [10].
A large number of sensors are available to monitor and measure
many types of environmental parameters or physical processes. The
rapid advances and usage of programmable microcontrollers have
brought an increase in the availability and ease of use of sensing
physical phenomena. The sensors operate on low voltage [11].

1. Introduction
To engineering students physics has to be taught differently
than with classic methods of teaching. Physics in fact is basis of
every further research and study so it must be taught properly and
adapted to specific study programs. Based on research and
observations technology instructions in physics should make
scientific views more accessible and meaningful. The main goal is
that technology should be used in teaching and learning of science
as one of learning possibilities and not to have less effective results
than other learning styles [12].
Problem based learning (PBL) is known as highly effective type
of learning and is by far considered as one of the best methods in
education. Especially combined with specified technologies that can
be used with commonly known sensors and measuring methods.
Most commonly known appropriate reasons when studies are
provided by technology are: a) to use computer interfacing
equipment to collect and process data of a measurement or
experiment; b) to perform experimental or theoretical modelling and
to use computer simulations; c) to use research and presentation
programs for gathering and displaying information [4].
Common interfacing devices, which are used in the study
process, are probes that are plugged into graphing calculators or
measuring interfaces that are usually connected to computers. With
aid of these devices students are capable of collecting and analyzing
data of several measurements [9].
Usually all measurements in physics in Liepaja University are
realized with aid of measuring interface Cobra3 – basic unit,
provided by PHYWE. A lot of measurements can be taken with this
interface, but there exist certain problems, that prevent students
from using it. To use the interface in specific experiments a special
measuring module has to be used which has to be purchased and
does not come in the original packaging. Another considerable fact
is that using the original packaging experimentation cannot be done
in places where there is no electricity.
In year 2015 from September to December computer science
and information technology students studied physics course using
experimental PBL and microcontroller Arduino to solve complex
problems. These students had previous knowledge about electrical
components and Arduino programming basics.

Fig. 1 BTA male and female connectors (from left side). First pin of the
male BTA connector is marked with black arrow.

Most of the sensors that students had to use were provided by
Texas instruments that were used before with interface Coach Lab
II. All of these sensors have British telecom analog/digital
connectors (BTA/D) according to sensor. Connectors have six pins
and their usage depends on the sensor that is used (Fig. 1). Vernier
provides protoboard adapters which can be used when connecting
sensors and other necessary equipment for measurements to
breadboard. Breadboard connections for students were taught before

Adapting classic physics course in the interest of computer
science and information technology students is definitely a
challenge to deal with.

2. Materials and connections
A wide range of microcontrollers are available in the market.
Because of the price and other available parts and sensors Arduino
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in other courses. Students used simple BTA/D connectors with
necessary resistors for each sensor (Fig. 1).

commonly known and often used format. In fact using memory card
it is easier to process and visualize the acquired data afterwards.

For connection of Arduino and Vernier sensors students used
universal connection principles (Table 1) which can be fitted for
specific sensor because not all of them use all six pins (for example
Fig. 2). For all occasions connector can be connected to the Arduino
in such a manner. But in most cases Vernier sensors especially
analog sensors use only three pins and they don’t need the others to
operate properly.

Before using SD card it has to be prepared. Most SD cards are
already properly formatted and are ready to use with an Arduino.
Formatting SD card doesn’t require any specific skills. SD cards
can be connected to Arduino via official shield or other simple
memory card modules (Fig. 4) [13].

Table 1: Sensor and Arduino connections.
Number of connectors Pin
BTA to Arduino
1
Pin A1
2
Pin GND
3
Pin A4
4
Pin A5
5
Pin 5V
6
Pin A0

BTD to Arduino
Pin 2
Pin 3
Pin 4
Pin 5V
Pin GND
Pin 5

Fig. 4 Memory card module.

Fritzing is a software application that is used to create
schematic representations of hardware connections (see examples
Fig. 2 and Fig. 3). Fritzing can also be used as a tool in teaching
electronics to people without an engineering knowledge. Therefore
students make their own representation of laboratory works [7].

One of the most important things in physics is capability to
measure voltage because in most of experiments which includes
electricity this kind of measurement is important. Arduino analog
inputs can be used to measure direct current voltage up to 5 volts
therefore for higher voltage measurements a simple voltage divider
is necessary. The analog sensor on the Arduino board senses the
voltage on the analog pin and converts it into digital format that can
be processed by the microcontroller. For voltage measurements
students used simple sensor from Texas instruments. Experimental
setup is shown (Fig. 2).

3. Laboratory procedures
In the semester students completed six laboratory works
(uniformly accelerated motion, use of Newton’s laws, circular
motion and centrifugal force, specific heat of solutions, floating
materials and conditions) that included using different sensors and
Arduino as a data logger. Sixth laboratory work is described more
in further section to introduce how these works are being done and
what are the procedures and problems that students have to deal
with during these work sessions.
Students were introduced to a certain problem with batteries.
They had to investigate DC source which is made of aluminum
plate and steel rod and as an electrolyte salt water is used (Fig. 5).
And to get higher voltage and power a pipe cleaning fluid (NaOH)
is used. As the dosage of cleaning fluid is increased the more
hydrogen produces.
Students decided themselves what are they going to examine.
Several students chose to explore how the produced voltage of this
battery is dependent of the size of aluminum and steel materials.
Others tried to examine the voltage dependency of pipe cleaning
fluid used in the water. A few students saw that temperature also
increases when voltage increases because of the increased amount
of pipe cleaning fluid. Other students tried to explore this
construction more as a battery. So they measured voltage, calculated
internal resistance, connected this battery to a load (resistor) and
measured current, calculated power and measured lifetime of this
battery.

Fig. 2 Voltage sensor connection to Arduino.

Each sensor has to be connected to the Arduino in a proper way
to avoid failures and acquire reliable results. Therefore with each
sensor connection a schematic description is given (Fig. 2 and Fig.
3). In most experiments only the basic electronic components are
used. Even students with lower level of knowledge have almost no
problems in dealing with schematic representations.

Fig. 3 Temperature sensor connection to Arduino.

Fig. 5 Experimental setup of DC battery.

Arduino has limited storage therefore memory cards must be
used to store all the measured data. Data can be retrieved offline
when data taking is over. Data can be stored in text files. That kind
of information is very easy to process and deal with because it is

These experiments were quite interesting to students’ especially
when they had a chance to explore the same laboratory work with
different methods of measuring. In the beginning they measured all
physical quantities with a multimeter, chronometer and ethanol
thermometer. After they measured necessary quantities Arduino and
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observed a revolution in mechanics and measuring methods and
technologies.

sensors were given. As it was mentioned these students know at
least programming basics. Sample programs of each sensors, SD
card and timer were given but the working program they had to
create by themselves.

It becomes more significant to use measuring devices not only
in laboratories but also in different environments where specific
data acquisition systems are necessary. The Arduino platform is
suitable for data logging and is considered very easy to use in
physics and programming. Arduino can be used for many different
purposes. This kind of studies demonstrate usefulness of automated
measurements, and offer guidance for other researchers in
developing inexpensive sensing and monitoring systems to do other
researches [11].

Working at the second part of work students realized the
necessity of data loggers. They could leave the data logger alone
when the measuring process took a longer time. The measured data
was easily processed afterwards through graphs and tables.

4. Results and discussion
Advantage of using experimental PBL is that students feel
responsible for providing answers to the problems provided in the
laboratory instructions, and those they encounter themselves. They
develop skills to solve these problems, and therefore become more
competent. Also laboratory time is used efficiently, with all
participants fully engaged in the learning process. Students leave
the lab more mature and confident about their skills. They know
they can solve other problems when they encounter them in other
classes or later in industry. Students develop understanding of how
data acquisition system works and develop their own skills to solve
hardware and software problems [2]. They also learn data
acquisition techniques and software applications to solve real world
problems.
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Disadvantage is that students may initially struggle with PBL
when this approach is new to them. They may not be prepared to
answer questions posed by the instructor, they may want the
instructor to solve all problems for them. Students may struggle
with software and hardware for data acquisition. Learning how to
use new software in one lecture can be a challenge also laboratory
assignment may not be completed during the given time.
Data acquisition systems are used for laboratory research and
are necessary more frequently in scientific research fields that are
developing in Liepaja University. Data acquisition systems are
interfaces between the real world of physical parameters, which are
analog, and the artificial world of digital computation and control
[3].
Many data acquisition systems are used in scientific application
to acquire data and transfer it directly to computer memory. Data
acquisition boards are general-purpose instruments that are well
suited for measuring voltage or current signals or resistance that can
include some form of signal conditioning [4].
Data acquisition and control system consist of sensors which
measure physical variables such as temperature, pressure force,
motion, voltage and current, signal conditioning, to convert the
sensor outputs into signals readable in the PC. Analog input board,
to convert these signals into digital format usable by the PC [6].
Capabilities and the accuracy of data acquisition systems can be
founded from analog input specifications. Basic specifications are
number of channels, sampling rate, resolution, and input range.
Usually there is necessary a computer with appropriate application
software to process, analyze and display data [5].
Student results were higher than previous years. Through these
laboratory works they got deeper understanding about physical
processes and how computer science is based on physical
principles.

5. Conclusions
Different teaching strategies can be used to provide suitable
education support to enhance the effectiveness of learning.
Technologies are often used by teachers to improve teaching and
learning process.
Data acquisition systems have always been used in education to
measure physical phenomena [1]. Therefore the right chose of data
acquisition system is critical. Due to the development of
informatics, microelectronics and mechatronics there can be
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a result, a comparison of an active suspension fuzzy control and a spring/damper passive suspension is shown using MATLAB simulations.
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logic is used to control the active suspension of a one-half-car
model that uses linear electrical motor as an actuator. There are
taken velocity and acceleration of the front and rear wheels and
undercarriage velocity and vertical acceleration above these wheels
as input data of the fuzzy logic controller, and active forces f1 and f2
as its output data. The objective of fuzzy control is to minimize
chassis and deflections to reach passenger comfort and wheels (not
to damage the road surface, respectively) when road disturbances
are acting upon the running car.
Passenger comfort can be interpreted as an attenuation of
sprung mass acceleration or as peak minimization of sprung mass
vertical displacement, while good handling can be characterized as
an attenuation of unsprung mass acceleration. This effort devoted to
passive suspension design is ineffective because improvements to
ride comfort are achieved at the expense of handling and vice versa.
Instead, the best result can be achieved by active suspension, i.e.
when an additional force can act on the system and simultaneously
improve both of these conflicting requirements. Another important
goal of the control design is to maintain robustness of the closed
loop system.

1. Introduction
At the FEE, Czech Technical University in Prague various
alternative strategies and innovations to classical passive suspension
systems improving ride comfort of the passengers, providing
steering stability, maximizing safety and improving handling
properties of vehicles has been researched. In order to improve
handling and comfort performance instead of a conventional static
spring and damper system, an alternative active suspension system
has been developed. Certainly, there are numerous variations and
different configurations of vibration suspension. In known
experimental active systems the force input is usually provided by
hydraulic or pneumatic actuators. As an alternative approach to
active suspension system design, electromechanical actuators have
been studied by the research group. Such actuators provide a direct
interface between electronic control and the suspension system.
Connection of a passive spring-damper suspension to an active
system has a potential of improving safety and comfort
under nominal conditions. Perhaps more important is that such
a combination allows continuous adaptation to different road
surface quality and driving situations.
A number of studies on structural vibration control have been
done recently and practical applications have been realized [1]. It is
used both, a passive solutions for vibration isolation, and active
systems, usually based on PID controllers. In addition, semi-active
vibration isolation methods are often proposed and used. Yoshida
and Fujio (1999) applied such a method to a base in which the
viscous damping coefficient is changed for vibration control.
Fukushima et al. (1996) developed a semi-active composite-tuned
mass damper to reduce the wind and the earthquake induced
vibrations on tall structures. Different active control methods of
various structures were offered by Nishimura et al. (1996). Yagiz
(2001) applied sliding mode control for a multi degree of freedom
analytical structural system. In the area of semi-active structural
control, Zhou and Chang (2000) and Zhou et al. (2002) developed a
fuzzy controller and an adaptation law for a structure MR damper
system. Shurter and Roschke (2001) used a neuro-fuzzy technique
to control building models [2]. Liu et al. (2001) designed a slightly
more intricate fuzzy controller for a MR damper and were able to
reduce vibrations of a SDOF bridge model subjected to random
inputs.. Simulation of active vibration isolation of a one-quarter-car
model with fuzzy logic device has been designed by Nastac in [5]

3.Active Suspension System
All suspension systems are designed to meet various specific
requirements. In suspension systems, mainly two most important
points are supposed to be improved – vibrations absorbing
(videlicet passenger comfort) and attenuation of the disturbance
transfer to the road (videlicet car handling). The first requirement
could be understood as an attenuation of the sprung mass
acceleration or as a peak minimization of the sprung mass vertical
displacement. The second one is characterized as an attenuation of
the force acting on the road or – in simple car models – as an
attenuation of the unsprung mass acceleration. The goal is to satisfy
both these contradictory requirements.
Satisfactory results can be achieved when an active suspension
system generating variable mechanical force acting between the
sprung and unsprung masses is used.
Such an actuator can be a linear electric motor [3]. In
comparison with traditional actuators that use revolving
electromotors and a lead screw or toothed belt, the direct drive
linear motor enables contactless transfer of electrical power
according to the laws of magnetic induction. The gained
electromagnetic force is applied directly without the intervention of
mechanical transmission then. Linear electric motors are easily
controllable and for features like low friction, high accuracy, high
acceleration and velocity, high values of generated forces, high
reliability and long lifetime, their usage as shock absorbers seems
to be ideal.
Fig.1 shows the basic principle and structure of the linear
electric motor used as an actuator in the designed unique active
suspension system. The appreciable feature of linear motors is that

2. Problem Formulation
For the design of active suspension we know how to create a
suspension model and how to define objectives of control in order
to reach a compromise between contradictory requirements like ride
comfort and road holding by changing the force between a wheel
and chassis masses. In the past, it has been reported on this problem
successively, about the base of optimization techniques, adaptive
control and even, H-infinity robust methods [6]. In this paper, fuzzy
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they directly translate electrical energy into usable mechanical force
and motion and back. They are linear shaped.
Linear motor translator movements reach high velocities (up
to approximately 4 m/s), accelerations ( up to g multiples) and
forces (up to 10 kN). The electromagnetic force can be applied
directly to the payload without an intervention of mechanical
transmission.

Fig.4 and Fig.5 represent simulated and real time responses,
respectively (rightangular force signal: 0→200 [N], power supply
of 150 [V], velocity: 0 [m/s]).

Fig. 3 Linear motor input/output model for dynamics verification.

Fig. 1 Linear motor basic design (manufacturer spread sheet).

4.Linear Motor Model
In order to verify control algorithms we created a linear
motor model including a power amplifier in Matlab/SimulinkTM.
The model enables to demonstrate the conversion of electrical
energy to mechanical energy.
In the model, it is assumed that the magnetic field of the
secondary part with permanent magnets is sinusoidal, the phases of
the primary part coils are star-connected, and a vector control
method is used to control the phase current [6]. Here, PWM voltage
signal is substituted by its mean value to shorten (about 10 times)
the simulation period (inaccuracies caused by such a substitution
can be neglected).
The principal inner representation of the model is shown in
Fig.2. The model input vector is given by the instantaneous position
[m] necessary to compute the commutation current of the coils,
instantaneous velocity [m/s] (the induced voltage of the coils
depends on the position and velocity) and desired force [N].
The designed model function we verified comparing
dynamics of the model (see Fig.3) and the real motor. The
simulation parameters correspond to catalogue parameters of
TBX3810 linear motor fy Thrust-tube.
For example, time responses caused by changes of the desired
force have been compared.

Fig.2. Principal inner model representation

Fig.4 Simulated time response.

Fig.5 Real time response.

Comparing the time responses in Fig.4 and Fig.5 it can be
seen very good matching level of the model and real motor
behavior.
On the base of the experiments that we completed on the
model, we gained values of electric power necessary to be supplied
or consumed when velocity and force of the motor are constant. In
Fig. 6 an input/output model of the linear motor (with concrete
simulation values) is represented.
It results from many experiments we made [6] with TBX3810
linear motor that the designed model describes the real linear motor
equipped with necessary auxiliary circuits very authentically and
enables to verify control algorithms developed to control the linear
motor as an actuator of the active suspension system.

.

The linear motor input-output model is shown in Fig. 3

Fig.6 Linear motor input-output model
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.

(9)

[

x = x1 , x2 , x3,x4 , x5 , x6,x7 , x8

]T

Where:
x1 = zb1 − z w1
x2 = z w1 − zr1

x5 = z w2 − z r2
x6 = z w2

x3 = z w1

x7 = vT

x8 = ω

x4 = zb2 − z w2

(10) u = [ f1 , f 2 ]

T

(11) v = [zr1 , zr2 ]T
Then the motion equations of the one-half-car model for the
active suspension can be written in the state space form as follows:
x = Ax + Bu + Fv

(12)

where for the given data A, B and F are stated in [3][5].
Thanks to the negative real parts of all eigen values of matrix A,
the model is stable.
Fig. 7 One-half-car model.

7. Fuzzy Logic Controller

5.One-half- car Suspension Model

The fuzzy control system consists of three stages: fuzzification,
fuzzy inference and defuzzification [3], [4].
The fuzzification stage converts real-number (crisp) input
values into fuzzy values whereas the fuzzy inference machine
processes the input data and computes the controller outputs in cope
with the rule base and data base. These outputs, which are fuzzy
values, are converted into real-numbers by the defuzzification stage.
The fuzzy logic controller used for the active suspension has
nine inputs:

In this paper, we are considering a one-half-car model in Fig.7
which includes two one-quarter-car models connected to a
homogenous undercarriage [6]. The undercarriage is determined by
its mass - m [kg] (taken as one half of the total body mass - 500 kg),
length L [m] (L = L1 + L2 = 1,5m + 2,5m = 4m) , center of gravity
position - T[m] (given by L1 and L2) and moment of inertia
JP=2700 kgm2.

(2)

,,
,
,
m w2 Z w2
= − f 2 + k b2 (Z b2 − Z w2 ) − k w2 (Z w2 − Z r2 ) + bb2 (z b2
− z w2
)

(3)

,,
,
,
= f 1 − kb1 (Z b1 − Z w1 ) − bb1 (zb1
− z w1
m Z b1
) = F1

(4)

m

,,
Z b2

=

,
f 2 − kb2 (Z b2 − Z w2 ) − bb2 (zb2

,
− z w2

[vb1 ,vb1 ,vb2 ,vb2 ,vw1 ,vw2 ,vT ,vT ,ω]T

(13)

The motion equations of the car body and the wheels are as
follows:
,
,
,,
(1)
mw1 Z w1
= − f 1 + k b1 (Z b1 − Z w1 ) − k w1 (Z w1 − Z r1 ) + bb1 (zb1
− z w1
)

and two outputs: f1 and f2. All membership functions are of
triangular form. Variables ranges are stated experimentally [2] and
are given in Tab.1a andTab.1b bellow.
Table 1a: Variables ranges
zr
׀f1׀max
׀f2׀max
[cm]
[N]
[N]

) = F2

5
10

where the position variables respect the static equilibrium
position: mw1, mw2 - wheel masses (35 kg each), kb1, kb2 - passive
suspension spring stiffness (16 kN/m each), kw1, kw2 - .tire stiffness
(160 000 N/m each), bb1, bb2 - passive suspension damping
coefficients (980 Ns/m each), f1,f2. - active forces between the
front/rear sprung and unsprung masses[N], zr1, zr2 ..- road
displacements [m], zb1, zb2 - body (chassis) displacements [m], zw1,
zw2 .- .wheel displacements [m].
To model the road input we assume that the vehicle is
moving at a constant forward speed. Then the vertical velocity is a
white noise process which is approximately true for most of real
roadways.
The pitching equation is given as :
(5)
F1 L1 − F2 L2 + J p ω = 0

2876,4
5752,8

׀vT׀max
[m.s-1]

2949,4
6062,5

Table 2b: Variables ranges
׀vb1׀max  ׀v
 b1 ׀max ׀vw1׀max
[m.s-1]
[m.s-1]
[m.s-2]
0,3
6,8
2,4
0,5
13,5
4,8

׀v
 T ׀max

0,3
0,5
׀vb2׀max
[m.s-1]
0,3
0,5

 ׀vb2 ׀max
[m.s-2]
6,8
13.5

-2

[m.s ]
6,6
13.5

ω
[rad.s-1]
0,1
0,2

׀vw2׀max
[m.s-1]
2,2
4,9

The rule base used in the active suspension system for onehalf-car model is represented by 160 rules [3], [5] with fuzzy terms
derived by modeling the designer’s knowledge and experience.
There are two types of rules for the one-half-car model. The
rules for unsprung masses are corresponding to the rules of the
one-quarter-car model [3], [9], [11] and considering:
[vb1 , vb1 , vb2 , vb2 , v w1 , v w2 ] as fuzzy controller inputs, and f1 and f2 as
controller outputs.
The output of the fuzzy controller is a fuzzy set of control
forces. As processes usually require non-fuzzy values of control, a
method of defuzzification called “center of gravity method” is used
here [3], [4], [6].

and motion of the gravity center as:
(6)
F1 + F2 − m p vr = 0
Note, that:
(7)
vb1 = vT + ωL1
and
(8)
vb2 = vT − ωL2
where the meaning of constants and variables is as follows:
vT [ms-1] - velocity of the center of gravity, ω [rad s-1] - angular
velocity, vb1 [ms-1] - undercarriage velocity above the front wheel,
vb2 [ms-1] - undercarriage velocity above the rear wheel.

8. Simulation Results
In this section, the controller was tested in order to compare the
results of the designed fuzzy logic control with a traditional passive
suspension system. As an example, step responses of the unsprung
and front/rear sprung masses are shown in Fig8- Fig.11

6. State-space Model
To transform the motion equations of the one-half-car model to
a state space model, the following state variables vector x (9), input
variables vector u (10), and the vector of disturbances v (11), are
considered:

.
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machine. Assuming a large complexity of active isolation in
comparison with the passive suspension, it seems to be inadequate
to use a fuzzy machine for active suspension control.
From Fig.9 and Fig.10, it is evident that fuzzy controlled
active suspension efficiently suppresses sprung mass oscillations
that occur when only passive suspension was used.
Diagram in Fig. 13 represent active forces acting on front and
rear wheels in order to optimize ride comfort and good handling of
the vehicle.

Fig.8 Sprung mass deflection above front wheel

Fig.12 Active forces acting on front/rear wheel.

9. Conclusion
In the paper, we briefly described a basic way of fuzzy
controlled active suspension system designed for a vehicle
one- half-car model.
The entire analysis was developed in MatlabTM - Simulink,
with Fuzzy Logic Toolbox. The fuzzy inference machine is also on
custody of a special module of Simulink. Practically, the entire
process of fuzzification - inference – defuzzification is automaton
made by the Fuzzy Logic Controller of SimulinkTM. The inference
machine operation is based on the set of rules which link the input
variables by the outputs. The set of input variables, output variables
and inference rules base derived by modeling the designers
knowledge and experience on vibroisolation devices.

Fig.9 Sprung mass deflection above rear wheel
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Fig10 Front unsprung mass (front wheel) deflection

Fig.11 Rear unsprung mass (front wheel) deflection

Analyzing the diagram in Fig.12, it is evident that the classical
(passive) suspension device provides almost the same performance
as the active suspension system based on the designed fuzzy
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Abstract: There were considered physical preconditions of appearance of dispersed particles activity in the process of the high molecular
matrix modifying. The existence of a non-linear function S (r ) = f (r ) defining the dependence of the parameters of the characteristic
physical properties of the particle of its geometrical parameters was shown. The expediency of use as modifiers dispersed particles with
developed morphology of the surface layer, which provides a special energy state, was shown. Methodological approaches the optimum
choice of effective modifiers while creating functional composites were developed. Practical applications of the developed approaches were
exemplified.
KEYWORDS: DISPERSED PARTICLES, MODIFYING ACTION, MATRIX, ENERGY STATE, NANOSIZED CRITERION.
use of modifiers that are in the nanometer range, so-called nanosized particles of different composition, structure and technology. In
the presence of a large number of studies on the mechanisms of
modifying action of nanoparticles in the polymeric, oligomeric and
combined matrices, it is necessary to underline the ambiguity of the
results and the lack of common concepts that define the dimension
and concentration ranges of the optimal effective operation of the
dispersed particles in the matrix binders, differing in molecular
weight, chemical structure of macromolecules, peculiarities of
structural organization under the influence of technological factors temperature, pressure, exposure time, etc. The most effective multipurpose modifiers are natural silicon compounds - clays and
zeolites, fine products of detonation, thermo gas dynamic and
plasma chemical synthesis – nanoceramics, sialons, nano-diamonds,
diamond-containing burden, fullerenes, nanotubes, thermally split
graphite, mica, clays, and nanosized particles of metals and oxides
obtained by thermolysis of metal-containing precursors in molten
thermoplastics. Meanwhile set features a number of modifying
effect of nanoparticles of different composition, structure and
obtaining technologies that determine the efficiency of use. These
features can be systematized by the characteristic features [1-4]:
1) increasing the dispersion degree nonlinearly effects on the energy
state of the particles and the effectiveness of their modifiing action;
2) when increasing the degree dispersion of the particles increases
the tendency to the formation of cluster structures of different
structure;
3) modifying effect activity nonlinearly depends not only on the
composition, structure and technology of disperstd particles, but
also external, including process, factors acting on the components in
the process of receiving, storing, processing and manufacture of
composite materials;
4) increasing the dispersion degree of the particles causes
nonlinearity of economic costs of their production, storage and
practical use;
5) fine-grained particles of the modifiers of high-molecular matrix
are generally necessitated the development of special technologies
and equipment for their practical application;
6) superfine (including nano-sized) particles have a negative impact
on the environment and require special measures to comply with
safe conditions of their production and use;
7) long-term (long-acting) effects of the action of fine-grained
(including nanosized) particles on the mechanisms and kinetics of
physical and chemical (including biochemical) processes studied
not in full;
8) the effectiveness of modifying action of fine-grained (including
nanosized) particles in some cases, inadequate forecasts due to
technological constraints of the optimal (calculated) conditions of
interfacial interactions at various levels of the structural
organization of the composite material.

1. Introduction
In a wide range of engineering materials a special place occupy
composites of various purposes, which are obtained by modifying
the matrix polymer, oligomeric and combined bindings by target
components based on silicon, carbon, metal-containing compounds
with a given dispersion and form [1-4].
As a rule, when creating composites is realizing the traditional
labor-intensive approach based on the use of the results of
experimental studies to determine the modifying effect mechanisms
of components of different composition, structure, particle size and
obtaining technology. The practical implementation of this
approach is not only costly, but also, as a rule, does not provide an
achievement of the optimal technical effect. Moreover, in some
cases are forming conditions of the "structural paradox"
manifestation, the essence of which is inadequate change the service
characteristics parameters of an composite materials, even when
using high-efficiency, including high strength and heat resistance,
components. An example of a manifestation of such structural
paradox is given in [4].
The obvious is the need to develop criteria for reasonable choice of
components to create functional materials that take into account the
most common features, characteristic for all types of condensed
matter, which form the physical paradigm of modern materials
science.
The aim of this work was to analyze the possibility of assessing the
effectiveness of the modifiers in the macromolecular matrix on the
energy state criteria.

2. Methods of research
As binders for composites were used thermoplastic polymers polyamide 6 (PA 6) and polyamide 11 (PA 11), low-density
polyethylene (HDPE), polypropylene (PP), polytetrafluoroethylene
(PTFE) in the industrial delivery state. To control the parameters of
energy state and dispersion of components used technological
methods based on mechanical dispersion, mechanochemical
combining, the impact of energy flows in the heat treatment,
exposure to a corona discharge, microwave and laser beam using
the original settings. Selection of the energy impact type and modes
for carrying out the activation process was due to the composition,
structure and chemical and dimensional parameters of components,
the functionality of the coatings or products.

3. Results and discussion
An analysis of the literature sources devoted to materials science
and technology of polymeric composites [1-4], shows promising
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Distinctive features of the practical application of nanoscale
modifiers indicate the need for systematic analysis of their action
mechanism, which will establish the most characteristic features of
their effective action and conditions for their manifestation in
practical technology of polymer nanocomposites.
In order to establish these common characteristic studied of the
morphology of dispersed particles of different composition,
structure, and obtaining technology, widely applied in practice. The
presence of nanoscale components in the surface layer of all
modifiers is established.
The presence of such nanoscale components in the structure of the
dispersed particles causes the manifestation of the characteristic
energy state of the surface layer, which causes the structuring of the
surrounding binder macromolecules to form a quasi-crystalline
structure [3-4].
The research allowed offering effective approaches to optimal
selection of high-dispersed particles of modifier of high-molecular
matrices:
1. It is advisable to use fine particles of micron range mainly with
developed morphology of the surface layer formed by nanoscale
components of different composition and structure;
2. The ratio of geometrical parameters of the surface layer
components and volume of dispersed particle must be determined
by physical criteria which characterize nanostate of selected
material objects (matrix and modifier);
3. In order to ensure effective modifying action fine particles need
to give particular energy state due to the combined effect of
structural, chemical, dimensional and technological factors.
Selecting the prevailing factor determined by a combination of
operational, energy, economic and environmental parameters that
determine the effectiveness and appropriateness of industrial
application in accordance with the terms of reference;
4. When choosing a method of activation of fine-grained particles,
providing optimal modification, it is necessary to establish the
prevailing mechanism of formation of a transitional (the boundary)
layer of a given structure and parameters of deformation strength
and adhesion characteristics and unconditional implementation of

"reasonable sufficiency" principle for a particular combination of
materials science, environmental and economic factors;
5. The most perspective when creating functional composite
materials and large-tonnage production on the basis of highmolecular matrices are dispersed particles derived from natural
compounds laminate, frame, chain structure and fibrous natural,
synthetic and artificial semi-finished products using traditional and
special technologies, providing formation of surface layer
morphology with nanoscale components with an optimal level of
energy activity;
6. For composites based on high-viscosity and high melting matrix
preferably using technology joint mechano-chemical activation of
components and multi-level modification using particles of different
composition, structure and dispersion.

4. Conclusion
Practical testing of the proposed methodological approaches have
been implemented to create composite materials based on
thermoplastic matrices and greases for heavy-duty friction units of
machines and technological equipment used at the enterprises of
mechanical engineering, building industry, chemical and mining
industries.
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Abstract: There were studied mechanisms interfacial interactions in composite systems based on dispersed particles of polymer materials
(polyolefins, polyamides, fluorcontaining polymers) and modifiers of various composition and structure in the combination process in the
units with intense mechanical action. There were established the effects of formation of products of mechanochemical interaction of active
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sized particles of different composition, structure and technology. In
the presence of a large number of studies on the mechanisms of
modifying action of nanoparticles in the polymeric, oligomeric and
combined matrices, it is necessary to underline the ambiguity of the
results and the lack of common concepts that define the dimension
and concentration ranges of the optimal effective operation of the
dispersed particles in the matrix binders, differing in molecular
weight, chemical structure of macromolecules, peculiarities of
structural organization under the influence of technological factors temperature, pressure, exposure time, etc. The most effective multipurpose modifiers are natural silicon compounds - clays and
zeolites, fine products of detonation, thermo gas dynamic and
plasma chemical synthesis – nanoceramics, sialons, nano-diamonds,
diamond-containing burden, fullerenes, nanotubes, thermally split
graphite, mica, clays, and nanosized particles of metals and oxides
obtained by thermolysis of metal-containing precursors in molten
thermoplastics [1-4].
A particular interest presents the particles of inorganic natural
substances, which, when exposed to a special technology to forms
nanosized assemblies of single particles or components with a
thickness of single plates around 1 nm - clay, mica, graphite etc.
(figure 1). At the introduction of such fillers in an amount of 3 –
5 wt. % in a polymeric matrix such as aliphatic polyamides
provided 1.5-2 times increase of strength characteristics of the
composite material. The mechanism of the observed effect is
associated with the formation of graft polymers on the active
surfaces of nanoplates of layered minerals [4].
Among the especially promising areas of target modification
components is their mechanochemical activation for given
conditions of energy impact [1]. Due to mechanical stresses of
certain intensity is ensured not only the formation of the active
centers of the surface layers of the matrix and the modifying
components but their interaction with the formation of the
combined product of the boundary layer the optimal structure
(figures 2-3).

1. Introduction
In a wide range of engineering materials a special place occupy
composites of various purposes, which are obtained by modifying
the matrix polymer, oligomeric and combined bindings by target
components based on silicon, carbon, metal-containing compounds
with a given dispersion and form [1-4]. In all cases the use of
modifiers of high-molecular matrix generalizing (basic) criteria of
their reasonable choice is given effectiveness of action necessitates
technically significant effect of improving the parameters of
deformation strength, tribological, thermal, adhesive, etc. service
characteristics with minimal economic costs, taking into account in
material, energy capacity and staffing processes of production and
consumption of the target.
An obvious is the condition of fulfillment of this criterion,
suggesting the achievement of optimal structural state at a given
level of organization of the composite material at a particular
combination of matrix binder, modifier type and technology of its
combining and processing.
The purpose of this study was to assess the prospects of using
mechanochemical technologies to produce nanocomposite materials
based on polymeric materials.

2. Methods of research
For research have been used thermoplastic matrices dispersed
particles and of silicon containing modifiers. The combination of
the components was carried out in blending machine AGO-2 type
under acceleration 2-20 g.

3. Results and discussion
An analysis of the literature sources devoted to materials science
and technology of polymeric composites [1-4], shows promising
use of modifiers that are in the nanometer range, so-called nano-

Figure 1 - The morphology of mechanically activated particles of natural silicate flint obtained at different magnifications
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Figure 2 - Morphology of mechanically activated particle of ultrafine silica oxide

Using the method of scanning electron microscopy studied the
morphology of the particles of mechanically activated polyamide 6

and kaolinite before and after exposure to ionizing radiation (Figure
3, a-b).

а
b
a - composition (30% wt.: 70 wt.%) PA6 + kaolinite (mixture was mechanically activated for 4 min at 60 g); b - composition
(30% wt.: 70 wt.%) PA6 + kaolinite mechanically activated for 4 min at 60 g
Figure 3 - The morphology of the mechanically activated particles of polyamide 6 and kaolinite
intermediate in the obtaining of dispersible powders for coating
metal substrates. Studies have shown that the mechanochemical
combination of components achieves a synergistic effect increase of
parameters of deformation strength and adhesion characteristics,
with a marked (1.5-2.0 times) increase in the wear resistance of
coatings during operation without an external supply of lubricant.
Studies indicate the prospects of the use of mechanochemical
technologies in functional materials science.

The initial particles (polyamide, kaolinite) until the mechanical
activation operation had a dispersion, which is in the range of 50
microns to 200 microns. The morphology of the particles in the
delivery condition has a shape characteristic of whisker particles.
A joint mechanical activation of particles of polyamide 6 and
kaolinite leads to changes in the morphology and the formation of
particles with a morphology close to a globular form. This
conclusion is confirmed by the calculations to determine the form
factor values for the particles investigated.
At mechanical activation of kaolinite mixed with polyamide is
going the process of disordering kaolinite structure due to rupture of
(Al)-OH bonds and respectively bonds violations in octahedral and
tetrahedral grids of layer. Meanwhile are formed the surface active
centers. Presumably the active centers of a basic character of
silicate interact with the active centers of PA6. During the
activation process produced a polymer composition in which the
polymer and kaolinite chemically linked. Water formation during
mechanical activation confirms the absorbance increase in 35503350 cm-1, whereby the ν(-NH-) strip of amide group becomes
asymmetric.

5. Literature
1. Goldade, V. Metal-wear inhibitors, Moscow, Chemistry, 1993,
240 p.
2. Struk, V. Tribochemical concept of anti-friction material on the
basis of tonnage produced polymer binders: diss. ... doctor. tehn.
Science, Minsk, 1988, 323 p.
3. Avdeychik, S. Introduction to the physics of nanocomposite
materials engineering, Grodno, GGAU, 2009. - 439.
4. Avdeychik, S. The polymer-silicate engineering materials:
physico-chemistry, technology, application, Minsk: Tehnalogiya,
2007. - 431 p.

4. Conclusion
The resulting products of mechanochemical combining
were used as the polyamide matrix modifier (PA6) and as an
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Abstract – Micro aerial vehicles design, due to their low Reynolds number aerodynamics, motivated the aerospace engineering community a lot
the last year, and especially the flapping wing operated MAVs.
The simulation of the mechanical equations of motion for a flapping wing MAV is presented in this work to have an approximate the behavior
and the condition of flight of the vehicle and to present a control model that can be implemented to auto control the vehicle.
The spherical coordinates system is used to develop the equations in this work , and Mathcad software is mainly used for the solution
,simulation and graphing of the results, constants related to the size of the vehicle are changed to match different a range of existing flying insects
or birds.
Upstroke and down stroke of the flapping wing were modeled using two different drag coefficient.
The study resulted in excluding the smaller sizes and higher flapping frequency from use of this model without any rectifications that account for
the accentuated mow Reynolds unsteady effect, but bigger vehicles (bird sized) were modeled with a good accuracy and the model can be used as
well for auto-control by predefined flying path.
Keywords:

Aerodynamic,

control,

equation

flapping, MAV, wings.

motion,

feather,

The advantages offered by flapping wing vehicles seduced the engineers to
pursue in this direction come up with an efficient and effective vehicle, but the
MAV are quite tiny compared to the challenges.
Despite the enormous challenges, last years experienced advance in the
MAV field where several promising MAVs, like the one developed by Festo
Company revealed, the SmartBird and BionicOpter.

Introduction
Birds, insect and bats was a subject of fascination to the human since the
dawn of humanity, and he did not just content by envying their ability, but he
invested his energy and intellect in order to mimic them and conquer the sky
using the ability of those great flyers.
However it was only recently with the advent of simulation, analysis and
high-speed videography that we could decipher some of their complex
mechanisms that make them that good.
Such a way of generating lift and thrust was examined closely from
pioneers from Abbas Ibn Firnas to Leonardo di Vinci; however lately
researchers are more and more attracted by this kind of propulsion for the
application on small scale flapping wings vehicles, because of the need for a
smaller, maneuverable aerial vehicle.

I. Numerical investigation with Mathcad
Theoretical investigation:
the flight of the vehicle is well described my Newtonian mechanics , the
equations of equilibrium which result from Newton’s second law are used to
describe the flapping wing vehicle, and other systems of coordinates than the
rectangular is used because it describes better this motion in space [9].
The resultant of all the forces acting on a particle is proportional to the
acceleration of the particle:

∑ F = ma

(1)

By applying this basic principal to a body in motion in a plan, the equations in
a rectangular basis would be:

1. State of art in micro aerial vehicle design
Flapping wings:
Nature makes it clear that this propulsion mechanism is very efficient and
effective in an aerodynamics view at a low Reynolds number and in the same
time allows high degrees of maneuverability, humming birds are the best
example, while despite requiring a lift coefficient, in the quasi-steady sense,
over twice that of any aircraft. Bumblebees are able to fly
However, a distinction should be made when focusing on this class of
vehicles between bird-like vehicles called Ornithopter and Insect-like vehicles
called Entemopters [1].
The last ones suits more MAV tasks because hovering and this class
provides maneuver in tight spaces.

of

∑ Fx

= ma x

∑ Fy

= ma y

II. Application on a real case:
Despite their simplicity the previous equations of motion as can be used in
order to simulate the flight of a flapping wing MAV; Mathcad was used with
an increment in time in order to simulate the flight.
However, we need to define the forces acting on the MAV.
1.
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Lift force:

r =

1
(−mg sin ϕ + mrθ 2 cos 2 ϕ + mrϕ 2 +
m

1
[ ((0.5 − 0.5sign(cos(ωt ))Cd 1 + 0.5 + 0.5sign(cos(ωt ))Cd 2 ).
2
dr
S .ρ .( Aω cos(ωt ))2 sign(cos(ωt ))].cos β cos(ϕ − α ) − b. )
dt

For The polar axis:

Fig.1: spherical Coordinate

θ =

S .ρ .( Aω cos(ωt )) 2 sign(cos(ωt ))]. cos β sin(
− b.r. cos(ϕ )

1
ρC d 2 AV 2
2

ϕ =
(2)

+ϕ −α)

1
(−mg. cos ϕ − 2mrϕ − mrϕ 2 sin ϕ cos ϕ +
m

1
[ ((0.5 − 0.5sign(cos(ωt ))C d 1 + 0.5 +
2

(8)

A
certai
n
criteria was added the last equation in order to control the altitude of the
MAV, [9]:

dϕ
0.5sign(cos(ωt ))C d 2 ).S .ρ .( Aω cos(ωt )) ]. sin( β ) − b.r.
dt
2

(9)

(0.5 − 0.5.sign(cos(r cos ϕ − H m ))
(3)

Where Hm is the maximum height that the MAV is supposed to reach.

2. Mathcad implementation:
(4)

We had a set of parameter, some of them remained constant, and others
were modified.
two different range of dimension were used , the bird –like and insect-like,
in the literature we found the parameters needed and a formula developed by
PENNYCUICK, that link the flapping frequency of the birds wing to the other
parameter (m, S, ρ, g, b (wing span)) [6] was uses , which is written as:

The switch between the two different drag coefficients in the upstroke and
the down stroke is done by the introduction of a formulate that uses the
direction (therefore sign) of the velocity the deactivate one or the other
coefficient such as:
0.5 − 0.5sign(cos(ωt )),0.5 + 0.5(cos(ωt ))

f = m 3 / 8 g 1 / 2 b −23 / 24 S −1 / 3 ρ −3 / 8

The velocity approximated from the sinusoidal motion of the wing, the path
would be A. sin (ω) therefore the velocity can be expressed as the first
derivative: 𝐴. 𝜔. cos(𝜔𝑡) another sign related expression is needed so the
expression of the velocity is:
V 2 = ( Aω cos(ωt )) 2 sign(cos(ωt ))

2

The Azimuth coordinate axis:

Where:
ρ: density of the air.
V: the velocity.
S: the lifting area (both wings).
CL : lift coefficient

F2 =

dθ
)
dt

π

(7)

With the introduction of this two-drag coefficient approach, we will have
two forces and knowing that the lift force expression is:

By introducing both drags coefficients:
1
F1 = ρC d 1 AV 2
2
And:

1
(−2mrθ cos ϕ + 2mθϕ sin ϕ ) +
m.r. cos ϕ

1
[ ((0.5 − 0.5sign(cos(ωt ))C d 1 + 0.5 + 0.5sign(cos(ωt ))C d 2 ).
2

The original idea of this work [9], is the use of two drag coefficient in the
expression of the resultant force ; as we deduct from nature ,when a wing is in
the upstroke the muscle is used to alter the shape of the wing to cause less
drag therefore a smaller drag coefficient Cd1 in contrast in the down stroke the
shape of the wing is optimal for a large lift force which is the opposite of the
drag force, if we change the direction of the axis , therefore a biggest drag
coefficient Cd2 .

1
F1 = ρC L AV 2
2

(6)

(10)

For the bird-like configuration two different sizes were used, the first ones
from DARPA [9] definition the second one from an actual bird which is the
Dove prion.
For the insect-like configuration, dimensions of a dragonfly were used.

(5)

Drag coefficient:
it is mentioned in the literature that the lift to drag ratio is between 3 and
17 which gives a drag coefficient for birds between 0.8 and 1.2 however the
motion of the wing affect significantly the coefficient therefore a set of drag
coefficient around the real value were used .
For insect like MAVs insects wing have very small drag coefficient around
0.06, so we used numbers around it.

Where:
ω: Angular frequency.
A: Amplitude.
A projection of all those expressions on their respective axis is performed
the find the 3D equations, the gives the explanation of the forces acting on the
center of gravity of the MAV and the angles between the projections.
The accelerations equations for each axis are:
For The radial, coordinate axis:

3. Mathcad manipulations:
The Cartesian coordinates where obtained by the transformations:
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x = r cos ϕ sin θ
y = r sin φ sin θ
z = r cos θ

(11)

We found out that the MAV goes very high up to 40m, which means that the
force is very strong; therefore, changes in the damping coefficient were done
for the radial coordinates, by steps of 0.05. [1]
We performed more manipulations on different parameters [7] the results are
illustrated in graphs (1), (2), (3)

Graphs 1 the flight path in (x,z)
plan b1=0.05.

It was obvious the instability occurred in the z-axis so the damping
coefficient was changed from b to b1 and the later was varied. the increase of
the damping coefficient (b1=0.1 and 0.15) the results were close but far more
stable, as it’s illustrated in the graphs (4) where we can see the path of flying
in the (r,ϕ) .

200
100
0
r n⋅ sin( φ n)
− 100

3.1. Steering:

− 200

We steered the MAV by directly implementing and fixing the angles α and
β or by making one or both of the angles time dependent.
We used as an example [7], the change in the angles value by a time
depending functions:
This do not affect the vertical coordinates; however, we can see the change
of path in the other plans

α=

π
2.5

β = 1.5.

Graph 2: the vertical coordinates
b1=0.1.

− 300
− 300 − 200 − 100

0

r n⋅ cos( φ n)

Graph 3: the flight path in (x,z)
plan

100

200

Graph 4: the flight path in (x,y)
plan as helicoid.

.(e −0.01t )

π −0.01t
(e
)
2

(12)

In the Graph 5 we see that after the stabilization the MAV stop turning in
circles and take a fixed direction.
3.2. Dimensions of an insect:
We tried the characteristics of a dragonfly, we did some manipulation in all
the parameter but the MAV only flies for very high frequency, amplitude, or
drag, so this model does not work for very small dimensions.

4. Results:
Graph 5: effect of steering (x,y) plan.
We can summarize the results in the next points:
1. The major parameter that influences the MAV flying is the damping
coefficients.
2. The flapping frequencies have to be defined and limited under certain
value to keep up with the reality, and the available force for flapping.
3. The difference between the two drags coefficients plays a central role in
making the MAV fly.
4. And finally, we had a confirmation that due to the unsteady aerodynamic
phenomenon that are accentuated in the insect case , the approximation used
cannot be applied.

Graph 6: effect of steering (x,z) plan.

5. References:
[1] L. Petricca, P. Ohlckers, and C. Grinde, “Micro- and Nano-air vehicles:
state of the art”, International journal of aerospace engineering, vol.
2011, no: 1, 2011.

92

[2] Al-Bahi, i.m.a.-q.a.a.m., “Micro Aerial Vehicles Design Challenges: State
Of The Art Review”, in SSAS UAV Scientific Meeting & Exhibition.
2006: jeddah, Saudi Arabia.
[3]M. James and C. M. S. F. McMichael, “Micro Air Vehicles—Toward a
New Dimension in Flight, 1997.
[4] T. J. Mueller, “Aerodynamic measurements at low Reynolds numbers for
fixed wing micro air vehicles”, Tech. Rep., University of Notre Dame,
Notre Dame, The Netherlands, 2000.
[5] http://www.festo.com/cms/en_corp/13165.htm
[6] C. J. Pennycuick, ’Wing beat Frequency of Birds in Steady Cruising
Flight: New Data and Improved Predictions”, The Journal Of
Experimental Biology 199, 1613–1618, 1996.
[7] A.C.Abdessemed, “Investigation Of The Flight Of A Micro Aerial
Vehicle”, Master thesis, Riga Technical University,2013.
[8] W.Shyy a,d al, "An Introduction to Flapping Wing Aerodynamics" 2013.
[9] A.C.Abdessemed, Janis Viba, “Investigation of flight of micro aerial
vehicle with flapping wings”, Proceedings of 13th International Scientific
Conference Engineering For Rural Development.2014.

93
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SUMARY: The aim of this work is a reflection of the impact of innovation activites in the development of small and medium enterprises,
especially in the long run. Innovation activites the trend of modern business, but at the same time is a prerequisite for sustainable long-term
development.
On the basis of small and medium enterprises is instability, which is the result of inadequate business. Under inadequate shall be deemed to
be a business that is unable to meet the demands of the business environment. Given these shortcomings, this paper will demonstrate the
impact of innovation activites to increase the profitability of small and medium-sized enterprises in the long term.
The application of innovation activites in small and medium-sized enterprises includes organizational changes, starting with the method of
management that will promote culture and climate that will encourage the adoption of new knowledge, skills, tools and all druh's requesting
to be placed in front of the business.
KEY WORDS: INNOVATION, SMALL AND MEDIUM ENTERPRISES, LONG-TERM DEVELOPMENT
•
The opening of a new market
•
The conquest of a new source of raw materials or semifinished
•
Reorganization of the industry ations.
From this survey it can be concluded that the key innovation
product / service innovation and process innovation.
The key innovations related to product / service innovation and
process innovation. According to the OECD classification into these
innovations include:
•
innovation of products / services:
•
The use of new materials,
•
The use of new intermediates,
•
The new functional components, and
•
Fully new features.
•
Innovation process:
•
New production techniques
•
A higher degree of automation, and
•
The new organization (with regard to new technologies).

INTRODUCTION
SMEs are considered the engine of growth and employment thanks
to innovation activities. The development of innovation SMEs
ensure long-term development. In developed countries, innovation
policy has been recognized as a complex problem. This approach
confirms that innovation is recognized as a factor in long-term
development. As a good example of the perception of innovation
has been recognized Slovenia, although they observed that certain
deficiencies which are planned to eliminate by 2020. Croatia can
boast for the application of innovation, but there are certain
preconditions for the development of innovation. This refers to
measures at national level.
What is the focus of attention as Bosnia and Herzegovina, which
has a low level of competitiveness. The reasons are manifold. First
of all rates by economic growth, which does not allow spending for
research and development that directly reflects the innovation
segment. We can say that it was one of the reasons for the focus of
this work and the situation in Bosnia and Herzegovina which is
characterized by low levels of economic growth, low
competitiveness, a slight separation of research and development,
which directly reflects on the lack of innovation that the sector of
small and medium enterprises, which is a lever for economic
development in countries such as Bosnia and Herzegovina.

The most important aspects of innovation is the creation of new
markets and acceptance of new products / services by customers,
which means that sophisticated consumer demand should be an
important guide for innovative products and services. Since the
company realizes the economic usefulness of the successful
implementation of innovations that the company follows the center
of the innovation process. Privacy becomes important as innovation
and pricing policy as a result of competitive pressure. Innovation is
a crucial means to create competitive advantage and superior
buyer's value. The focus is on innovative ways to enhance its
market position. Speed and diffusion of innovation is the key to
productivity growth and the economy in general. Enterprises must
become better at adapting and exploiting change, regularly
renewing and directing their own activities, and showing a stronger
entrepreneurial orientation.
Innovation policy in the EU
The main driver behind the development of the EU, as one of the
most prosperous economic areas, knowledge, technology and
innovation. In 2000 signed the Treaty of Lisbon, according to which
the EU should become the most dynamic economy in the world, and
one of the key determinants of achieving this goal is innovation.
The document is complementary to current challenges specific to
the EU and recognizes the problems related to innovation. The
importance of this issue given the fact that innovation activity is
lower in the EU compared with the US and Japan.
It can be said that the EU generally recognized the importance of
innovation policy. It is also closely linked with other EU policies,
such as employment policy, competition, environment, industry and
energy. The role of innovation is to modify the results of research
into new and better services and products with the objective of
maintaining competitiveness in the global market, and improve the
quality of life of European citizens.

What is the focus of attention as Bosnia and Herzegovina, which
has a low level of competitiveness. The reasons are manifold. First
of all rates by economic growth, which does not allow spending for
research and development that directly reflects the innovation
segment. We can say that it was one of the reasons for the focus of
this work and the situation in Bosnia and Herzegovina which is
characterized by low levels of economic growth, low
competitiveness, a slight separation of research and development,
which directly reflects on the lack of innovation that the sector of
small and medium enterprises, which is a lever for economic
development in countries such as Bosnia and Herzegovina.
For all these reasons, opens space for reflection on innovation and
their contribution to the development of SMEs.
Theoretical aspects of innovation
The process of development of the theory of innovation associated
with Schumpeter, who is a very significant figure in the
development of the theory of entrepreneurship. Schumpeter's
innovations introduced as a basic factor of technological progress
and economic development. Introduces the concept of creative
destruction by which I considered replacing old technology with
new.
Regarding the classification of innovation, Schumpeter already
mentioned proposed five types of innovation: 1
•
introduction of new production methods
1

OECD, Directorate for Science Technology for Comoetitive
Advantage, Prentice Hall, New Jersey, 2001, pp. 23.
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In order to become an everyday business innovation, the EU has
developed a concept of "Innovation Union" aimed to: 2
• in Europe to achieve world-class scientific results
• remove obstacles to innovation, such as expensive patenting,
market fragmented, slow determination norms and lack of skills,
which are currently preventing the rapid transfer of ideas to the
market, and
• implementation of innovative partnerships between European
institutions, national and regional authorities, as well-sized
enterprises to revolutionize the way in which the public and private
sectors to work together.
Innovation policy in the United States, Japan and Canada
In the US system that supports innovative process has become one
of the most important national resources for development. Business
in the United States has shown a significant ability to innovate and
innovation in the market capitalization. The elements of the national
innovation system, positioned in the center of the private sector,
have a significant effect, where stands. 3
•
industry responds to new technologies and new ideas to
the market,
•
Private companies are flexible and adaptive, definitely
more than the government or the academic sector and can not
accept the changes much easier,
•
Efficiency, sa that industry access to the product life
cycle, is also a strength of the business sector,
•
market access, as well as the factors involved in defining
new products or business is also well stimulated by the industry.
Japan has made the following changes, which have contributed
to improved innovation policy: 4
•
Administrative reform, which included the reduction of a
number of ministries and agencies; The biggest change was
reflected in the merger of the Agency for Science and
Technology with the Ministry of Education in the Ministry of
Education, Culture, Sports, Science and Technology, which
now controls about two thirds of government investment in
research and development,
•
The transformation of national research institutes an
independent administrative agency, which allowed greater
flexibility in terms of personnel and financial management, as
well as the impact on the future allocation of government
resources.
Innovative policy has become one of the priority areas of the
Canadian government, which resulted in the creation of
innovative policies and strategies, which define the conditions
to support the sustainable growth of small business, and
efficient use of public R & # 38; D funds.
Innovation policy of Canada is clearly demonstrated knowledge that
productivity is the major weakness of Canada. EU countries have
been considered in terms of R & D and innovation system.
Commercial use of research result is presented as the bad, so that
investing in R & D has become a key issue of the national
government. In this regard, Canada has done a number of things
from 1997, in order to create conditions for greater innovation.
Improved market environment, reducing taxes on capital, and
constantly improved legal framework. Then, increase investment in
R & D in universities and business in order to support new
programs and activities aimed amplifiers increase the availability of
highly qualified people through the support of university studies. 5
Innovation policy in neighboring countries - Slovenia and
Croatia

In relation to the overall innovation index, countries are divided into
four main groups: (1) innovation leaders, (2) innovation followers,
(3) moderate innovators, and (4) other countries followers. Slovenia
in 2007 and 2008 contained in the group of moderate innovators,
while in the period from 2009 to 2011 took the group of innovation
followers. This is a big leap for Slovenia since it is located in the
same group as well as Austria, Belgium, Cyprus, Estonia, France,
Ireland, Luxembourg, the Netherlands and the United Kingdom.
However, it is still marked as a follower of innovation just below
the average for EU-27. Slovenia is among the countries of the EU27 as a follower of innovation in 2011 was on the 12th place. 6
Although Slovenia recorded a relative advantage in human
resources and innovation activities of those companies which are
associated with the public I & # 38; R institutions, research
indicates a very weak link in the protection of intellectual property
(other brands) in the development of innovations in the field of
services and processing and organizational innovation.
Innovation policy of the Republic of Slovenia is much clearer than
it is the case with the Republic of Croatian. The main reason for this
is the existence of an umbrella strategic and more active document:
Resolution of research and development strategy of the Republic of
Slovenia for the period from 2011 to 2020. Year. The foundations
on which it rested preparation Resolution recognized several years
ago, and external evaluation of previous results is primarily left to
the OECD, whose conclusions are incorporated in the resolution.
Awareness of the Republic of Slovenia on the importance of
investing in research and development activities by the fact that
even during the most difficult period of economic crisis, Slovenia
has not decreased expenditure on research and development
activities in 2009 amounted to 1.83% of GDP compared to 1:38% in
2000, in the framework of resolution expected an increase of 1.5%
in 2020. In addition, one of the main missions of the Resolution is
to establish a model that will streamline and harmonize all existing
measures in the area of innovation, and long-term follow the
expected effects, including effects on the economy.
Based on the above, it can be concluded that the Republic of
Slovenia has worked out a system and rounded innovation policy
for many years, and timely detect flaws that will try to return to the
period up to 2020.
A comparative analysis of the innovation potential according to the
methodology developed by the European Commission, weakness
recorded in Croatia are:
•
innovative products and processes (which might be
attributed to the insufficient protection of intellectual property
rights),
•
lack of a clear vision of management (which challenges
the innovation activities).
A review of existing (available) measures and opportunity to
encourage research and development activities at the national level
can be concluded that most measures in accordance with the actual
needs of the development of SMEs in the direction of strengthening
their innovative potential. However, most of these measures could
not be implemented within the planned scope and the planned time,
and no systematic evaluation of the effects did not result in the
implementation of measures aimed at their timely changes and
improvements. A potential cause for this is the lack of clear
innovation strategy in the form of umbrella document at the national
level.
Condition of innovation and SMEs in BiH
Economic Competitiveness in Bosnia and Herzegovina (BiH) is
low, and its innovation system is underdeveloped: allocation for
research and development are among the lowest in the Western
Balkan region, business sophistication in research is low and
universities have little ability and resources for research. in BiH
there are many obstacles to the development of innovation,
particularly in SMEs. They can be grouped:
• economic and financial,
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• regulatory and institutional, and
• modest scientific research infrastructure.
Among the economic financial dominate the lack of resources, and
low domestic public budget allocations for R &D activities
adversely innovative SMEs lending by international financial
organizations and domestic commercial banks and microcredit
organizations. As the internal obstacles may be cited lack of equity,
lack of ability to assess business ideas, business ideas neglect,
insufficient knowledge of financial management and marketing, and
insufficient awareness of the importance of training. As far as the
regulatory and institutional barriers to the development of
innovative SMEs, they can diversify the political, legal,
administrative, etc. As a general limiting factor that, so and
economic progress of the country, there is a lack of a defined
political will in terms of training. Also, business administration,
especially in the process of business registration and ownership is
inefficient, including loading the phenomenon of corruption.
Furthermore, the judiciary is slow, are not built adequate
institutions type management and financing of scientific and
technological policies and the development of SMEs. Modest
necessarily research infrastructure includes universities, without
pronounced research activities, a small number of independent R
&D institutions, libraries not connected to the eminent international,
scientific journals, etc.

innovation system, positioned in the center of the private sector,
have a significant effect. Japan has made certain changes in the
form of administrative reform, transformation of national research
institutes, and the reform of the implementation of the new Law on
Science and Technology which have contributed to improved
innovation policy. Canada is in the field of innovation policy
improved market environment, reducing taxes on capital, and
constantly improved legal framework, then, increase investment in
R &; D in universities and business in order to support new
programs, and increase activities aimed at increasing the availability
of highly qualified people through the support of university studies.
Innovation system in BiH is underdeveloped: allocation for research
and development are among the lowest in the Western Balkans In
BiH there are many obstacles to the development of innovation,
particularly for developing innovative SMEs. They can be grouped
as economic and financial, regulatory and institutional modest
scientific research infrastructure. BiH has no strategy for the
development of innovation and SMEs, and therefore not necessary
stimulus measures.
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CONCLUSION
Innovation is the process of converting ideas into practical
application, which is one of the simplest and most popular
definition of innovation.
Developed country in the world, such as the EU, Japan, USA and
Canada, have recognized the importance of innovation policy. The
EU has created a number of documents that can be brought under
the framework of innovation policy, and the most important
protocol of innovation policy and the development of the concept of
"Innovation Union", whose goal is to achieve world-class scientific
results, remove barriers to innovation and to implement innovative
partnerships between institutions, authorities and companies. In the
US system that supports innovative process has become one of the
most important national resources for development. Business in the
United States has shown a significant ability to innovate and
innovation in the market capitalization. The elements of the national
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INNOVATIVE SYSTEM OF INTERACTION BETWEEN THE DRIVER AND
VEHICLE. THE FANCI PROJECT WITHIN EUROPEAN COMMISSION’S
HORIZON2020 FRAMEWORK PROGRAM
Alessandro Mecocci, Moshe Shahar, Per Ericsson, Sébastien Piccand, Daniel Van Nieuwenhove, Tim Llewellyn, Davide Di Censo, and
Itsik Arbel
Abstract— The system described in this article has been developed within the consortium of project FANCI (Face and body Analysis Natural
Computer Interaction) project. One of the main scope of the project is to give a better support to the driver’s capabilities using some of the
most advanced technologies in the field of intelligent user sensing methods, including eye tracking, face analysis, emotion recognition,
intention & authentication, voice tone analysis, hand gesture recognition and head gesture & pose analysis. All these technologies will be
integrated in a unique platform which is always-on, real time, low consumption and low cost. The information collected by this platform will
be used as input of smart user intention or distraction estimation and system reaction methods, supplying visual (HUD, etc.), voice and
haptic feedback as well as autonomous system actions.
KEY WORDS: EVENT DETECTION, HUMAN COMPUTER INTERACTION, USER INTERFACE.

information arriving simultaneously from different sensor
modalities (audio and image) and combining them into more unified
and coherent representation.

I. MOTIVATION
HE know-how of the technologies involved in the project is spread
Tin different research field. There are relevant publications related
to the single technology. [1], [2] on modeling and emotion
recognition software, [3], [4], [5] on biometric face detection
software, [6], [7] on gesture recognition 3D sensor, [8], [9] for
infotainment and audio solution are just some of the main
publications.
Unhappily there is little work on the integration of these
technologies in automotive field. This is why different partners in
different technology field start to think about a common project
which could lead to a new paradigm of interaction between driver
and vehicle. There is an enormous innovation potential for
advanced HMI based functionalities in the car: detection of drowsy
or distracted drivers, driver recognition, gesture recognition, and
personalization of in-car experiences.
The target of the system is to integrate existing and advanced
technologies in order to help the driver’s experience and also some
other aspects related to the driver’s management like usage based
insurance and teenagers curfew. Eye tracking, hand gesture
recognition, emotion detection and biometric authentication have
been integrated with visual & infotainment systems through a
platform solution in order to develop a meaningful system which
could have a real impact in the automotive market. The integration
of multi-modal human-machine technologies on a single platform
allows a significant cost and power savings for the implementation
of these functions in embedded products with relevant real time
constrains.
The work has been focused on researching, innovating,
architecting, designing and developing innovative multi-modal face
and body analytics and Natural Computer Interfaces (NCI). The
project will deliver these capabilities in a developer reference
platform, demonstrated by building a creative Automotive
Application-suite Demonstrator.
To achieve these goals multi-modal sensor data has been
combined in a platform to enable robust operation in natural
environments, sensing explicit, implicit, and emotional actions of
the user in a simple, yet powerful extensible software architecture.

Fig. 1. Platform concept
The goal is to improve the user experience and comfort in the car
while simultaneously improving security and safety.
B. System implementation
This section will describe deeper the technical implementation of
the work. Here several aspects will be described such as the sensors
which have been used, the multi-modal data fusion and the
hardware prototype platform used. In the above pictures is
highlighted the overview of the pipelines and algorithms of the
system.
The full system block diagram and system capabilities will be
described. Also the single components will be defined (intuitive
chip, intuitive platform, ToF module, eye tracking sensor, camera)
in order to give a full overview of the developed system. We will
describe deeper the technologies behind the sensors, also related to
the biometric authentication and mood recognition. The paper will
describe also the connectivity between all components and to the
host system.
The system will be integrated in a modular, low power, low cost,
reference automotive platform with advanced HMI functionally.

II. OUTLINE OF THE WORK
In the following subsection is briefly presented the skeleton of
the work done so far.

This is the general architecture of the user sensing and face
analytics software components.

A. Concept

•

This section will describe the aim of the work and the
development and integration of novel methods of user sensing
involving multi-modal, multi-level fusion. This involves extracting
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Red blocks consist of sensors and firmware components.
The yellow boxes inside are the output delivered by the
sensor.

•
•

assistance functionalities with infotainment components like
navigation, connectivity, media, etc. The various sensors used to
detect and analyze the user’s face, gaze and gestures will be linked
to the head-unit, and each scenario will involve the creation of a
use-case specific application for the device.

Grey blocks consist of the software components which will
be implemented during WP4.
Blue blocks consist of the applications which will be
implemented on the PC.

During the evaluation phase both a Technical Validation and a
Human Factors Evaluation will be done.
The ultimate goal of technical validation was to assess to which
level requirements and specifications were met. Examples of
indicators that were measured are the precision and the reliability of
the sensors in automotive configuration and the capacity of the
system to run in real-time.
Human factors will be studied by means of questionnaires to
assess user acceptance and workload.

Fig. 2. Pipeline and algorithms
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•
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FANCI control program (acting as the central
communication instance between the other software
modules and the sensors)
instrument cluster application visualizing data in the
instrument cluster screen
infotainment HMI visualizing data in the infotainment
screen

C. Prototype
The platform used for the system validation will be described.
Beside the analysis core system, there are also the user interfaces
used in automotive context:
•

•

Instrument cluster display behind the steering wheels,
mainly used for displaying driving information to the
driver: navigation instructions, fuel level, temperature
level, etc.
Infotainment HMI display in the center console, used for
controlling vehicle sub systems (media center, navigation
control, phone, ADAS functionalities, etc.)

D. Use cases description
The system is intended to serve specifically for demonstrating
automotive infotainment and safety applications, so the system will
be finally evaluated in some meaningful use cases. The use cases
are only a subset of the scenario which can face the platform.
Depending on the use case, the input of the sensors are handled
separately or combined to achieve the described results.
Some of the use cases are:
•
User Authentication / User Profile
•
Interaction with the Infotainment Display
•
Select Music depending on the Driver’s Mood
•
Dimming Infotainment Display
•
Live Eye Tracking
•
Live Mood Detection
In this section will be described the detailed features of each Use
Case.

IV. SHORT BIOS
Following the list of the authors with a short description.
Alessandro Mecocci is Full Professor of Fundamental and
Advanced Digital image processing for the Department of
Engineering Information and Mathematical Sciences at Università
degli Studi di Siena, Italy. He is the author or co-author of 200
research papers in the area of image processing, remote sensing,
image compression, cultural heritage, pattern recognition and videosurveillance. His research interests include: adaptive image
processing, multi-channel video compression, vehicular traffic

E. Evaluation
The system will be validated concerning capabilities in
automotive infotainment user experiences. It will demonstrate the
validity of the system in automotive end-user scenarios, leveraging
an integrated head-unit demonstrator, which will combine driver
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TOWARDS A NEW INDUSTRIAL ORGANIZATION: A GLANCE AT THE
POLITICAL ECONOMY OF CLAUDE HENRI DE ROUVROY, COMTE DE SAINTSIMON
КЪМ НОВА ИНДУСТРИАЛНА ОРГАНИЗАЦИЯ – ПОГЛЕД ВЪРХУ ПОЛИТИЧЕСКАТА ИКОНОМИЯ
НА КЛОД-ЕНРИ ДЬО СЕН СИМОН
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Abstract: Often referred to as Henri de Saint-Simon, the Comte (1760-1825) offered a new and contemporary organization of ideas and
practices. He said it was necessary to put an end to the critical phase of feudalism, the 18th and 19th century revolutions, the wars, the
intolerance and egotism of the old regime. This transformation, he said, could be achieved by industrialism. Saint-Simon established the
doctrine of industrial progress. He was the first to create the doctrine of industrial progress, the first theoretician of industrial society and
technocratic political reform.
KEYWORDS: INDUSTRIALISM, POLITICAL ECONOMY, SAINT-SIMON
If I have seen farther than others, it is because I have stood on the shoulders of giants.
Sir Isaac Newton (1676)
her judges, her army officers and her leading churchmen (the entire
unproductive but consuming class) France would grieve, but not
suffer. The country would easily find other people to do their jobs
(2: 71-78).

1. Introduction
French economist, engineer and entrepreneur Claude Henri de
Rouvroy, Comte de Saint-Simon (1760-1825) is a founder of the
doctrine of industrial progress, the first theoretician of industrial
society and technocratic political reform. He remained forgotten by
historians of economics, whether due to his influence on Karl Marx,
or due to some already existing more modern industrial theories.
Nevertheless, our interest in Saint-Simon is evidence of profound
consciousness of the significance of the question of industry in the
economic development of the state.
Saint-Simon came from an aristocratic family and received
excellent education under the guidance of D'Alembert and
Rousseau. He was only 17 when he left for America as part of the
French Lafayette military service to participate in the American
Revolutionary War. Over the time he spent there (1779-1783), he
was extremely impressed by the enthusiasm and the freedom of the
newly-formed states, and by the new industrial organization
developing on the basis of individual freedom and political equality.
Upon his return to Europe, he undertook a variety of initiatives: in
Spain (1787) he worked on a project for the construction of a canal
connecting Madrid and the Atlantic Ocean, while he also managed
to accumulate some riches through speculative transactions. The
well-known “Dictionnaire de l’économie politique” of Charles
Coquelin of 1853 we can read about his new ambitions:
“I would only keep the riches… as a means of widespread
establishment of industry, of creating a research centre for
improvement, in other words, to contribute to the enlightened
progress and improvement of the human race” (1: 566).
This mission of the reformer and his plan for industrial
reorganization of society completely overruled his interest in the
French Revolution. Consequently, Saint-Simon consecutively
published his better-known works in the period 1817-1822,
including the better-known L'Industrie, Le Politique, Du système
industriel and Catéchisme des industriels.

Saint-Simon’s socio-political views are part of classical political
economy whose main subject concerns the teaching about classes
and society. His interest in political economy was sparked in 1813
when he attended the courses of Jean-Baptiste Say, also called the
first professor of political economy in France, at the Athenee Royal.
He was inspired by Say’s Traité d'économie politique and
underscored his contribution to clarifying the influence of the
economy on social organization.
“Of all who have written, I think that those who have written about
political economy have created the most beneficial works. I also
think that Say’s Traité d'économie politique is the book in which
one can find the largest number of positively connected ideas… His
work contains everything political economy has generated and
shown so far. This is the best thing produced by this science in
Europe to date” (3: 79-82).
The two share common features in respect to the old feudal system,
positive knowledge and the importance of industrial classes.
However, while Say’s Traité d'économie politique reveals the
principles that form the science of production, Saint-Simon outlined
the classical theory relevant to industrialization.
This paper will discuss the political economy of Saint-Simon, more
specifically its capacity to reveal a new, more progressive
organization of society that implements the industrial system.

2. Results and discussions
Saint-Simon’s entire work was influenced by the onset of a new
organizational system, that of industrialization. His thought can be
summarized in the maxim “Everything through industry, everything
for it” (3: 4). He studied this question through an analysis of the
historical past, realizing that this is a process of constant progress.

His “parable” in L'Organisateur appeared in 1819, asking what if
France suddenly lost her 3,000 leading scientists, artists,
manufacturers, bankers, farmers and skilled craftsmen (the entire
industrial and productive class), what would be the effect? The
answer to this question was that overnight the nation would become
a lifeless corpse. It would become inferior to the nations that are its
rivals and it would remain so for at least a generation, until it had
replaced the people it had lost. The second question was, suppose
France lost all the king's family, the King's Ministers of State and
councillors, his civil servants and all the local government officials,
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Industrialization is a product of the evolution of human history, of a
constant improvement of practices and knowledge at every single
stage to achieving its new perfect form.
In spite of that, an extreme division between the separate stages in
the evolution of western civilization emerges. All systems
proceeding the age of the Renaissance were guided by the “military
and theological principle” to a various degree, while the “industrial
and scientific principle” acted as a force intended to govern
civilized society. We can take as an example medieval society as an

organic entity based on two fundamental principles: on the one
hand, the wars, which were leading for feudalism, and on the other,
religion and morals in the face of the clergy. According to SaintSimon, the transformation of the new system passed through the
choice of scientific and industrial capacity to the detriment of
military, theological and metaphysical power.

He hailed the dynamics of production activity and the new
industrial society based on action or labour. To him “work is a
source of all virtues” (4: 134).

“In the age when all our knowledge was mostly assumed and
metaphysical, it was quite natural to govern society, or its spiritual
affairs, to be in the hands of a theological authority as theologians
were the principal metaphysicians. And vice versa, when all our
knowledge is formed only on the basis of observations, the
management of spiritual affairs should be put in the hands of
scientific positive capacity, as it is obviously above theology and
metaphysics… Temporary power in the old military force requires
more passive submission on the part of the nation. Industrial
capacity, by contrast, designed to be the power behind the
temporary affairs of the public, will impose itself at random, as
every thing has been decided according to a plan compiled for
general success, on the one hand, and on the other, the
implementation of this plan may require a very small degree of
command between people” (4: 80).
His study on the philosophy of history also shows that the French
Revolution did not achieve its main historical objective: the much
desired transformation to liberty, equality and progress. At the end
of the 18th and the beginning of the 19th century industrialists did
not have any active role in politics, governance and administration
and sustained considerable financial losses, once from the Law of
the Maximum 1 and again by the Berlin Decree 2, which brought into
effect a large-scale embargo against British trade.

Production is a social organization because society and its
participants are in symbiosis. The production of useful things for all
people is the most important economic goal of the incumbent. In
this way economic interests are integrated in social life. Work of
any kind is the most adequate expression of every individual effort
as similated by social reality. “... [T]he most favourable
organization lies in industry, industry most generally encompasses
all types of beneficial activities, both the theory and practice, the
activities of the mind and those of the hand” (3: 56, 57).
Saint-Simon sees bankers, scientists, actors and others as the part of
industrial society related to its intellectual development. This
conjunction of functions of production, credit and communication is
a result of the economic, technical and intellectual education of the
ruling elite.
The progressive organization of industrialists has its history,
organically related to the “banker corporation” since the 17th
century. According to Saint-Simon, bankers are the ruling elite and
the main figures in industry. Banque de France is the institution that
heads the banking sector and should have radical functions in
industrial management. Saint-Simon interprets it as a fact or of
political organization in the industrial class, which conditions the
functioning of a dynamic system. “Industrialists are organised by
the establishment of the bank which connects all branches in
industry and manages the political usage of their capital” (6: 66).
Saint-Simon distinguished the connections of the new industrial
organization through the prism of political science.

That was why Saint-Simon declared that it was extremely
exaggerated to say that the French Revolution destroyed the
theological and feudal powers. It did not abolish them but only lost
a considerable portion of the confidence vested in its fundamental
principles in such a way that today its authority does not have
enough power and credit to serve society… in industrial ideas. It is
there and there alone that salvation and the end of the Revolution
should be sought (3: 56).

“As a fundamental part of industry, bankers should have direct
contacts with the mass of the most remarkable scientists and artists”
(6: 197).
Saint-Simon suggested that governance based on competence and
academic capacity should ensure the transition to the new industrial
system.

In fact, in “the progress of civilization” the manners of social
transformation (reforms and revolutions) were less important than
the quality indicator of the system (industrial ideas). This also leads
to uselessness of major revolutions leading to anarchy and
subsequently to despotism.
The new organizational system suggested by Saint-Simon relates to
industrial ideas and knowledge. This evolution is characterized by
the constant progress of thought, the expansion of industrial
technologies, as well as the progress of exact sciences. In France,
the best type of governance in the form of constitutional monarchy
was discussed during the Bourbon Restoration (1814-1830). To
Saint-Simon, this was industrial monarchy and he openly said that
“the best way is to give the heads of industrial enterprises the task
of drafting the budget and subsequently to manage public
administration, because it follows from the nature of things that the
heads of industrial enterprises (who are the true governors of the
people because they are those that manage them in their daily
affairs) tend, always in the name of their own interests, to develop
their enterprises as much as possible, and as a result of their efforts
in this direction there will be the largest possible increase of the
total number of activities carried out by the people” (5: 266).
1
In 1793 France passed the Law of the Maximum affixing maximum
prices on staple goods. Strict measures were taken against anyone who
violated it.
2
In 1806 Napoleon issued the Berlin Decree which brought into effect a
large-scale embargo against British trade. Any trade with Britain was
absolutely forbidden, any goods coming from Britain or its colonies were
confiscated not only in the ports but also in the interior of the country, any
letters coming from Britain were withheld and every Briton remained a
prisoner in France.

“Scientists have elements of the necessary theoretical activity to
form the industrial doctrine and the intellectual requirements for
that (4: 116).
Just as scientists, artists are people of imagination who stand at the
head of the army of industrialists. Saint-Simon lent a poetic tinge to
the task of artists: “artists transfer the earthly Eden to the future and
present it as a result of the establishment of the new system,
believing that this system will be established immediately” (4: 97).

3. Conclusion
In his political economy Saint-Simon suggested a new,
contemporary organization of ideas and practices. It was necessary
to put an end to the critical phase of feudalism, the 18th and 19th
century revolutions, the wars, the intolerance and egotism of the old
regime. This transformation could be achieved by means of
industrialism.
A new social structure of European society emerged after the end of
the 19th century, conditioned by the upsurge of engineers and their
industrial organization. Since the beginning of the 20th century, this
governing power, legitimized by science, has destroyed the rent
bourgeoisie holding the capital. With his ideas Saint-Simon
conditioned the contemporary world of governance and the main
doctrine of French industrial society. These reflected in the
scientific organization of labour, formalized in the works of Henry
Fayol (1916) and the managerial revolution of James Burnham
(1947).
The practical value of his industrial project is best measured by his
followers, the Saint-Simonians. They were all convinced that the
ideas of Saint-Simon, his industrialism as a social doctrine, provide
the elements of a contemporary faith that can efficiently replace the
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old Catholic moral and utilitarian ideals.
These include Augustin Thierry and Auguste Compte, Prosper
Enfantin, Saint-Armand Bazard, Emile Pereire and we can also add
Olindeand Еugène Rodrigues, among others.
Enfantin, Francois Barthélemy and Ferdinand de Lesseps initiated
the construction of the Suez Canal. The first passenger railway in
Eastern France, built by Compagnie du chemin de fer de Paris à
Saint-Germain, was also headed by Saint-Simonian Еmile Pereire.
Others were the cause for the inception of various projects during
the Industrial Revolution: banks funding industrial and commercial
development like Crédit Lyonnais, the establishment of educational
institutions (Еcole Centrale de Lyon, Ecole Centrale Paris, Societé
d'enseignement professionnel du Rhone), to mention but a few.
The movement reached its apogee in 1852, when Napoleon III
surrounded himself with industrialists like Мichel Chevalier,
Prosper Duvergier, Jean-Martial Bineau, Hippolyte Fourtoul, and
Emile Barrault, who became his ministers. Thus Saint-Simon’s
industrial doctrine was established mainly at the core of the French
state.
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AN ADDITION OF FUNCTIONALITIES IN AN INTEGRATED ROBOT COMPLEX
FOR ASSEMBLING ELECTRONIC PRODUCTS
M.Sc. Tsenev V. PhD.
UniPOS Ltd, Pleven, Bulgaria
valio@unipos-bg.net
Abstract: Robot assembling is flexible and it enables a stable and high-quality assembly. It enables a constant improvement and an easy
multiplication. This report represents an idea for adding functionalities in a robot complex for assembling flame detectors in the firm
“UniPOS” and it analyses the benefits of this. The main aims for a development of the existing robot complex for assembling are: decreasing
the production prime cost; reducing the manual labor that is connected to loading components; increasing the use of the robot complex;
reducing the cycle time and increasing the productivity of the robot complex; increasing the quality of the manufactured products. The
additional functionalities are accomplished in parallel with the main ones in assembling and they are at the expense of running all robots in
the complex and their use only for assembling (not for loading the components).
KEYWORDS: ROBOT, ASSEMBLY, REWORK, CYCLE TIME, PRODUCTIVITY

Fig.2. Robot complex with trays

1. Introduction

The robot complex currently works with trays with components which
are loaded by an operator. The components are in panels or in bulk.

In the course of one year by observation, analysis and using
Lean Manufacturing [1] we came to a conclusion that loading the
robot complex with components for assembling for producing flame
detectors can be changed, as the trays with components are replaced
by stacks of components on the analogy of the line with machinery
conveyor assembling [2]. Additionally built conveyors will put the
component for assembling at a certain place. The component will be
taken from the stack by an isolated gate driver. This will enable the
robots to work efficiently [3], as they will only assemble and there
will be no need of a change of the trays which carry the
components. The robots will work simplified because they will
always take a component from one and the same place. This will
lead to a stabler and faster work. It will lead to a simplified
programming of the robots, too.

On fig. 3,4,5 trays which are loaded with different components
are shown.

On fig. 1 it is shown the scheme of the complex with the
described change.

Fig.3. Trays with corpuses

Fig.1. Robot complex with stacks

The operator will load a few stacks with components, which
will enable a decrease in its work. In the production of the
components (they are usually plastic details which are produced by
syringing) their package will be able to be automated by introducing
robots which will load stacks. In this way the production of the
components will be able to be automated flexibly. The stacks have
high density. They are easily transported and the process of
separating the components for assembling is simplified and assured
by isolated gate drivers.
Fig.4. Trays with bottoms

2. Robot complex
On fig. 2 it is shown the robot complex which works with trays
with components.
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5. Conclutions
The conclusions of the additional functionalities in the robot
complex for assembling are:
-

The cycle time reduces and the productivity of the robot
complex increases;

-

The labor considerably reduces directly and indirectly,
which considerably decreases the prime cost of the
product;

-

The rework rate considerably decreases, which guarantees
a lack of refusals among the clients;

-

By the stacks conditions for POKA JOKE are created(there
is no possibility that the error will become a defect)
regarding the quality of the components because the stacks
appear as gauges that are used for packing the components
(the component will not be able to be put in the stack if
there is a diversion from the shape and the dimensions);

-

The possibility of stopping the work of the robot complex
decreases.

Fig.5. Trays with PCBA

3. Robot complex with additional functionalities
The idea is a replacement of these trays with large space and
little density with components by appropriate stacks which will be
loaded out of the dimensions of the robot complex. They will be
firmed strongly with components. By an isolated gate driver they
will pass a component by component through a small conveyor to a
certain place (with a stopper) where the corresponding robot will
take it for assembling.
This whole automation works in parallel with the robot complex
and has enough time to accomplish the process. The
synchronization in time is easy because it only depends on starting
the assembly of the robots.
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The use of stacks enables automation of the production and the
package of the components. This type of packing has high density.
Passing the components will be safer and less risky. Then the
possibility of stopping the complex is minimal.

4. Results
The results of the described additional functionalities are:
- direct – reducing the cycle time and the productivity of the robot
complex for assembling due to a lack of work in changing the trays
with components by the robots and a lack of pauses because of
wrongly positioned components;
- indirect, connected to the reduced labor in production and package
of the components, their transport and loading the robot complex;
- reduced rework because of the better quality of the components
and their excellent positioning.
On fig. 6 it is shown a table with the results.
Production
line
Manual
assembly
Conveyor

Cycle
time, s

Productivi
ty, pcs/shift

Man
power,
min

Rework,
%

18

1600

3,6

11,8

12

2400

1,8

5,2

Tact
conveyor

11

2600

0,73

0,57

Machine
conveyor

10

2880

0,67

0,42

10

2880

0,33

0,1

8

3600

0,04

0,02

Robot
complex
Robot
complex
with
extra
functionalities

Fig.6. Table with results
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AUTOMATED PASSING OF SPECIAL CONTACT ELEMENTS FOR ELECTRONIC
ASSEMBLY
M.Sc. Tsenev V. PhD.
UniPOS Ltd, Pleven, Bulgaria
valio@unipos-bg.net
Abstract: Electronic assembling is strongly automated. In 1980 the use of SMD technology for electronic assembly began on a mass
scale. This technology is currently used in more than 90% of the cases. It requires a precise passing of SMD components so that it can
assemble with high speed and precision. The technology is hardly applicable for non-standard component such as contact components. In
the production of flame detectors by the firm of “UniPOS” non-standard contact components are used. These components have to be
positioned and soldered precisely because after that there will be no opportunity for automated assembling of the final products. At first
these components were put by hand and they were soldered by SMD technology. This led to a lot of labor expense, a low quality and a lot of
rework, which made the products more expensive. By a vibration and a specially created strip for leading and positioning the contact
elements conditions for automated SMD assembly were created. This enabled a large decrease in the prime cost of the products and an
increase in the productivity of the whole production.
Keywords: SMD, contact, vibration, assembly, position

On fig. 3 a final product with assembled contact components is
shown.

1. Introduction
The assembly of non-standard components is a problem for
every automated technology [1]. In the electronic technologies for
assembling components packages such as real, stick and tray are
mostly used. For components with special forms a tray is used but
the assembly is slower and it requires specialized (optional)
equipment.
In the firm of “UniPOS” specialized contacts (a contact
component) are used. Their form is shown on fig. 1.

Фиг.3. Product with contacts

At first this contact component was assembled by hand and it
was soldered automatically by reflow process. This led to its
imprecise positioning and to a lot of repairs, respectively.
As the volume of the production increased, it was necessary to
automate the mechanical assembly of the products [2]. The main
reason for its development was the wrongly positioned contact
component, which required a lot of repairs because of the
impossibility of assembling the final product in moving the contact
component on PCB (printed circuit board) by more than 0,2 mm.

Fig.1. Contact components for UniPOS products

On fig. 2 a plate (PCB) with assembled (soldered) contact
components is shown.

We decided to accomplish it by SMD technology [3]. We had to
decide how to pass the contact component to pick position of the
machine.
We directed our attention to the use of a tray. It turned out that
it was impossible because of the following reasons:
-

The trays cannot be loaded with contact components
automatically;

-

The pick of the contact component from the tray is
unreliable because it is difficult to carry out precise
positioning and the edges of the tray catch the contact
component;

-

A change of the place and the position of the contact
component when it is transported.

Putting in a reel tape was impossible because the contact
component didn’t have a shifted center of gravity and it was
positioned with difficulty.

Фиг.2. PCBA with contacts
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After a lot of trials an optimal leading construction for arranging the
components was chosen. Also, it had to serve as a gauge that didn’t
miss components with dimensions and didn’t remove them from the
vibrobunker. This vibrobunker is shown on fig. 7.

The possibility of passing from a tube left. It turned out that the
use of strips and tubes didn’t give a result because of:
-

Stopping the motion in the tube due to heaping the
components one on top of the other and fixing the
components on the walls of the tube/strip;

-

Difficult filling of the tubes/strips.

It was necessary to design a special strip and to decide its
filling.

2. A strip and vibrobunkers for passing a contact
component
It was necessary to create a strip which can adapt to a linear
vibratory feeder of SMD automatic machine.
After a lot of trials an optimal form and corresponding
dimensions for a strip were found. The strip is shown on fig. 4.

Fig.7. Vibrobunker

The blue box is the place where the components with unsuitable
size are put.
The controller that controls the vibrobunker is shown on fig. 8
and a change of the frequency and the amplitude is envisaged in it.

Fig.4. A strip for passing contact components.
On fig. 5 the initial part and the end part of the strip are shown. The
strip is suitable for assembling a linear vibratory feeder.

Fig.7. Vibrobunker control panel

An optimal frequency and an optimal amplitude for achieving a
stable and fast passing of components in the strip. A speed of 120
components per minute was reached, which was enough for the
case.

Fig.5. Start and end of a strip
On fig. 6 a strip which is adapted to a vibratory feeder is
shown.

3. Adaptation of a strip and a vibrobunker to SMD
vibrofeeder
The described modules were adapted to SMD vibrofeeder
through appropriate stands and connections between the modules.
It turned out that a vibrobunker and a vibrofeeder work with
different frequencies and for this reason there shouldn’t have been a
mechanical connection between them. A construction was created.
This construction allows an adjustment of the distance between
them so that there is a stable motion of the components. In the
adjustment of the system it turned out that a lot of components
didn’t have to be heaped on the strip because this led to its blocking.
An optimal filling was determined and an automation that was
capable of supporting it was created.
On fig. 8 the described system is shown.

Fig.6. Vibratory feeder with a strip
The next task was the construction of a device which filled the
strip with bulky contact components. Trials were made and the
decision that included a vibrobunker turned out to be successful.
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5. Conclusions
The conclusions of the system for an automatic passing of
components are:

Fig.8. Vibrobunker system
On fig. 9 the strip with the components, which are passed to
pick position of SMD placer ASM Siplace D1, is shown.

-

An automatic assembly of final products was possible as
the problem regarding the precise assembly of contact
components was solved;

-

The productivity increased 8 times, which enabled the
accomplishment of the increased volume of production;

-

The labor considerably reduced, which reduced the prime
cost of the product considerably – the cost of an assembly
reduced 40 times;

-

The rework rate considerably decreased (200 times). This
guarantees a lack of refusals among the clients;

-

The possibility of stopping work of an assembly line
decreases.
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4. Results
The results of the described automation of the process of
passing the components are:
- a system of a strip and a vibrobunker for a stable passing of
components for SMD assembly was created;
- an optimal frequency and an optimal amplitude for work of a
vibrobunker were determined;
- the optimal connections between the strip and the vibrobunker for
a maximum speed of passing and moving the components were
determined;
- an additional automation for a stable filling of the strip with
components was created.
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NOVEL DIGITAL PIEZO VALVE USED FOR HIGH-RESPONSE HYDRAULIC
LINEAR DRIVE POSITION CONTROL
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Abstract: Main purpose of the paper is to present high-response hydraulic linear drive, which is controlled with new digital piezo valve
and where the new position transducer is integrated as a part of hydraulic cylinder. The new linear drive has great potential for the use in
modern adaptive position control systems integrated into the smart machines. Hydraulic digital piezo valve with main static and dynamic
characteristics as well as its functionality is presented in detail. The main static and dynamic characteristics of digital piezo valve which
influence directly on the linear drive performance are high resolution of the volume flow rate and high response of the valve. Beside valve
characteristics the new integrated position transducer, the digital controller and control method, presented in the paper, have major impact
on linear drive performance. At the end of the paper the step response and position resolution of the hydraulic linear drive controlled with
the new digital valve is shown and compared with the results of reference hydraulic drive controlled with high response proportional valve.
Keywords: HYDRAULIC LINEAR DRIVE, DIGITAL PIEZO VALVE, HIGH RESPONSE, INTEGRATED MOTION SENSOR

response hydraulic linear drives due to low dynamic characteristics
[16]. In the last decades these valves use new actuators based on
piezo technology [17] and are therefore more suitable for the use in
high-response hydraulic linear drives.

1. Introduction
Advanced applications of handling and assembly which
demands high dynamic positioning becomes a real challenge today
[1], [2]. These applications demands high response, high position
accuracy as well as low energy consumption which can be achieved
with the use of high-response hydraulic linear drives controlled with
new digital piezo valves [3], [4].

The paper deals with the high-dynamic hydraulic linear drive
controlled with the new digital piezo valve. New digital electronics
and control method in combination with integrated position
transducer allows high response closed-loop position control.

Most of the above mentioned industrial applications use servo
hydraulic linear drives controlled with the conventional highresponse proportional valves or servo valves. Dynamic
characteristics of the proportional and servo valves, even in the
range of small control signals, are limited up to 200 Hz [5], [6]. The
main reason for limited dynamic response of the valve represents
the valve construction and the use of conventional actuators.
Optimization and development of new advanced control valves took
place step by step and is mainly focused on the development of
individual components of the servo valves [7], [8]. The earlier
researches are focused on the geometry optimization of the
hydraulic spools in terms of mass reduction and internal flow force
reduction [7], [9], [10], [11]. Further on, the conventional actuators
of proportional and servo valves are replaced with the highresponse piezo actuators [12], which increased the dynamic
characteristics of the valves significantly (up to 600 Hz at phase
shift of 90°). The step response of the valve is reduced from 7 to
below 4 ms [13].A 3D CAD data of a part are imported into the
procedural software of the printer EOSINT M 2701. Software
designed to the data preparation allows choosing the appropriate
thickness of production layers with regard to accuracy / resolution
and speed of production (0.020 mm or 0.040 mm ‒ thinner layer
means higher accuracy, but longer production time).
Based on the fact that conventional servo valves with limited
dynamic characteristics, high failure sensitivity and high
manufacturing costs, are not always the best choice for use in highresponse applications. Therefore the market demands new highresponse, robust and low cost hydraulic valves which can be used as
control components in modern linear drives. The use of highresponse Digital Fluid Control Units (DFCU) presents one of the
alternative approaches [14]. With the development of new spools
materials and advanced high-dynamic valve actuators, and in
particular the development of advanced digital electronics and new
control methods have opened up new guidelines for the
development of digital hydraulic valves and linear drives. In the
beginning the DFCU-s consists of several parallel connected
conventional solenoid on/off seat valves. Pulse number modulation
(PNM) and pulse width modulation (PWM) are the most common
used control technique [15]. In the beginning the conventional lowcost switching valves were used and were not suitable for the high-
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2. Hydraulic linear drive controlled with digital
piezo valve
2.1. Hydraulic linear drive
Hydraulic scheme of the linear drive where the conventional
proportional valve is replaced with the new digital piezo valve
shows Figure 1. Functionality of the 4/3 spool valve is achieved
with the use of four digitally controlled on/off valves (functional
states: P-A, B-T and P-B, A-T). The major advantage of the new
digital piezo valve, compared to proportional and servo valves, is
the step response below 0.3 ms, even at 100% control signal. The
construction of the seat valve results in robustness and has lower
sensitivity to oil contamination. The advantage can be seen in
control method. Control electronic and control method allows
controlling the flow rate (from 0.08 to 20 l/min at pressure drop per
metering edge Δp=3.5 MPa) of individual on/off valve
independently which results in high flexibility of the digital piezo
valve.
The second important component of the hydraulic linear drive
presents position transducer installed directly into the hydraulic
cylinder as it is shown in Figure 1 and Figure 2. The position
transducer consists of encoded cylinder rod and incremental
absolute linear shaft encoder placed in cylinder head /18/. Encoder
with the proper electronic parameters operates with high frequency
up to 4 kHz and allows measuring the cylinder rod displacement up
to 0.2 µm, which is important to perform high-dynamic and precise
closed-loop position control.
The real picture of the prototype hydraulic linear drive shows
Figure 2. Conventional two stage one rod hydraulic cylinder
PARKER HMI ISO is used (D/d/s: 25/12/200). Digital piezo valve
DPVL-20 is composed of 4 on/off seat valves which are controlled
with piezo actuators. Each piezo actuator has several piezo elements
in order to achieve proper spool stroke of the valve. Control
electronic and method allows controlling up to 12 piezo elements
independently. Nominal flow rate of the valve is Q=20 l/min at
pressure drop per metering edge ∆p=3.5 MPa. Switching response
time of the valve is tresp<0.3 ms (0-100 % control signal). Absolute

linear incremental position transducer RLS LinACE TM is
integrated as a part of hydraulic cylinder [18]. The cylinder rod
presents encoded shaft while the encoder is placed into the cylinder
head.

the control method. The position error is amplified (eoj) and the
proper valves (V1, V3 – for the positive error and V2, V4 – for the
negative error) are activated based on negative or positive error.
Further on, the method defines the number of activated piezo
elements of the active valve actuators. If the error is big the valve is
totally opened (all piezo elements of the actuator are activated) and
if the error is small only one piezo element of the actuator is
activated. After the number of piezo elements is defined the
parameters of PWM method is calculated (generation of PWM
signal) for two signals (ON - PWM signal for piezo element
activation and OFF - PWM signal for piezo element deactivation).
The minimal time period of PWM signal is limited to t=10 µs.
Closed-loop control is performed with the frequency up to 4 kHz
(compatible with the position transducer frequency).

Fig. 1 Scheme of hydraulic linear drive controlled with digital piezo valve.

Fig. 3 Block diagram of control method valve.

3. Experimental investigation of digital piezo
valve and hydraulic linear drive
Dynamic characteristics of the hydraulic linear drive depend on
characteristics of the control components (hydraulic valve).
Therefore the main valve characteristics are presented first followed
with the dynamic characteristics of the linear drive. The step
response of the digital piezo valve for different control signals is
shown in Figure 4 and Figure 5. Measured step response gives the
response time below 0.3 ms (spool movement from initial position
to 100% position), while the step response of the valve flow rate at
hydraulic port A is around t=2 ms.
By using the proper control method the minimal step size of
flow rate is around 0.08 l/min which results in flow rate
characteristic close to linear (Figure 6).
Fig. 2 Real picture of prototype linear drive controlled with digital piezo
valve.

2.1. Control method
Beside above mentioned mechanical components also the
quality of the control has major influence on closed-loop position
control. New control electronic and control method is specially
developed for the digital piezo valve. It is based on two control
methods, pulse number modulation and pulse width modulation
method. It allows controlling several piezo elements placed into
valves actuators totally independently. The maximal control voltage
is U=200 V. Block scheme of the position control method is
presented in Figure 3.
Micro controller is used to perform the PID closed-loop position
control. The actual and real cylinder position is compared and the
position error is calculated which presents the input parameter of
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Fig. 4 Response of digital piezo valve.

at inlet pressure p=6 MPa. The black doted curve shows the step
response of the linear drive controlled with proportional valve while
the solid curve shows the step response of the linear drive
controlled with digital piezo valve. It can be seen that linear drive
controlled with digital piezo valve has much lower time delay at the
beginning and determines higher stiffness of the hydraulic system
which can be seen as smaller overshoot. To confirm the influence of
new digital piezo valve on the dynamic characteristics of the linear
drive deeper analysis and optimization processes will be performed
in the future research work.

Fig. 5 Response of digital valve flow rate.

Fig. 9 Step response of hydraulic linear drive controlled with proportional
and digital valve.

4.

Fig. 6 Flow rate characteristics of on/off piezo valve and the step size (state
P-A).

Conclusions

In this paper high-response hydraulic linear drive controlled
with new digital piezo valve and integrated position transducer is
presented. The research work is focused on the possibility of
replacing the conventional proportional or servo valves with the
new digital piezo valves. One of the main components that
influence directly on dynamic characteristics of the linear drive and
low energy consumption present high-response digital hydraulic
piezo valve. Static characteristics as well as dynamic characteristics
of the hydraulic valve and linear drive show that the use of new
digital piezo valve is sufficient. The use of advanced piezo actuators
in hydraulic on/off valves and its mechanical construction results in
better step response. The response time of the valve is reduced to
0.3 ms while the response time of the linear drive is reduced to 3-4
ms. Proper control electronics and control method also have major
impact on dynamic characteristics of the linear drive. Combination
of PNM and PWM methods results in high resolution flow rate of
the valve and therefore flow rate characteristics close to linear. In
this way the number of on/off valves in DFCU unit is reduced. First
results of the energy consumption measurement tests, which will be
analyzed in detail in the future, shows that the use of piezo actuators
can reduce the energy consumption up to 15% compared with the
conventional high-response proportional valve Moog D633 of the
same size.

The results of the experimental tests for hydraulic linear drive
are presented in Figure 7 and Figure 8. Figure 7 shows the position
resolution of the hydraulic linear drive. The position resolution is
depended directly on the valve flow rate resolution. By using the
digital piezo valve and the proper control method we are able to
control the position of the hydraulic drive up to 1 µm in both
directions, forward and backward (Figure 7 and 8). The control
method and the parameters should be set separately for forward and
backward direction due to unsymmetrical hydraulic cylinder
chambers.

Fig. 7 Position resolution in forward direction.

The future research work is focused on further experimental
analysis and characterization of the hydraulic linear drive
(disturbance response, position resolution of the linear drive, etc.).

5.
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INNOVATIVE PROCESSES FOR RAPID PROTOTYPING: CASE OF 3D
PRINTER’S DIMENSIONAL QUALIFICATION (DQ).
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Abstract: - This work implements for the first time a dimensional qualification procedure for an open access
3D printer, the authors propose a new methodology to measure the prototype part as a mean to achieve the
qualification procedure. Experimental results are compared with the specifications of the designer from a
Fused Deposition Modelling (FDM) 3D printing. The quality of the machine recommended by the
manufacturer and data are used to obtain its qualification. Then, this work aims to evaluate the quality of the
machine through a comparison between the design’s data and the measurements taken from the prototype
part (the piece test). So, the results have confirmed and validated the dimensional quality of the machine that
was randomly taken from a series of commercial printers.
Keywords: Qualification, 3D, Piece test, prototype part, Quality insurance, Rapid, Prototyping.

Flow of information

1. Introduction
Rapid prototyping is a technology that allows any
manufacturer, artist, researcher, professional designer
…to transform digital designs into 3-dimensional solid
objects (Figure 1). However, theses prototypes,
moulds, machine parts or models or any other product
must be qualified and improved by quality insurance.
Hence, the ultimate aim of developers and product
designers is to come out with better quality products.
So, a qualification procedure is needed.

Recyclag

Recyclag
The Conception

Methods
Planification
The identified
product
Conception

Fabrication

Printer
3D

Realized
Product

Research
Innovative
Idea

The need
CAD

Assembly

Sold
Maintenance

Recyclage

Delivered Product
Flow of material

PC

3D Printer
Fig.2. Cycle of 3D Product Elaboration.

In recent years, the 3D printer has been implemented
in many spheres of industry and it becomes possible to
Small and Medium Enterprise (SME) to provide a
microenvironment research and development as an
innovation tool. This tool is sometimes a survival
device.The use of Open Access at low cost printers in
the field of 'SME ' allows reducing the costs of
research and development (R & D) by mobilizing
scarce resources especially for the 'START UP', spin
off, and also it is implied for artists, inventors,
craftsmen, etc ...). It is important to note that this
paper does not attempt an exhaustive review of

The real prototype is finished
Fig.1. The process ‘FDM’ of prototype in Rapid Prototyping
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The production

Specific product

The how product
Purshase

research literature related to the topic of types of 3D
printers, its benefits or its future. Rather, the intent is
to provide a qualification process of a 3D printer by
using a finished prototype part as a sample to test its
quality. Further, this latter is more than just the shape
of the finished prototype part, it is about a part’s
ability to perform the task for which it was designed.

by the manufacturer. This involves the description of
the design and the modeling process with an empirical
approach. Resources have been designed for the
intended control operation to reject or accept the
product, according to the general representation of the
new product design process [4]. It is dimensional
qualification of the 3D printer ( ) See Figure 6.
Formalization of needs

2. Methodology

Using questionnaires, surveys,
Marketing tools and methods.
Marketing individuals’ resources

The qualification procedure is done through the
realization of prototype parts and then getting the
record of their measures to be analyzed and validated
with the specifications of the machine. This research
focuses on 3D printing using FDM (see Figure 4).

Research of ideas
Using creative aid methods
Creative individuals’ resources
Conflict resolution
Using creative methods.
Resources experts in the field

Z
X

()

CAD
Use of computer tools for design and calculation.
Resources engineers

Y

Rapid prototyping and testing
.
Using small series or unitary machines.
Resources engineers and qualified technicians
Fig. 4. 3D printer (FDM)

Industrialisation

Figures 5.a and 5.b show the material that is going to
be used for the qualification procedure which is an
open access at low cost machine.

Using large series of machines.
Resources engineers and qualified technicians
and Operators.

Fig.6. Chart of the process design of new products [4]

3.1 The Implemented Qualification
Methodology
The Implemented Qualification Methodology
compares the results of the finished prototype parts
which are made according to the specifications of the
machine data. The metrology analyzes and verifies the
results obtained by executing three-dimensional
measurement tasks. The author refers to the three
approaches shown in the following points, figure 7:

Fig.5-a. The 3D printer in the realization
process of the prototype part (by the FDM).

x

a- The determination of the machine geometry,

z

b- The achievement of a permutation to separate the
contribution of all fixed defects,
c- The realization of a comparison between the value
of measurements made on the finished part and those
given by the manufacturer [5].

Y

Fig.5-b. FDM process of 3D printer
In practical term, the metrology allows determining
the compliance of the product with the quality claimed
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Data collection will be based on the input data
available to the user by the manufacturer.
Geometrical
analyses

2- Quality insurance
The qualification procedure for Rapid prototyping
means a verification of compliance with a standard
already adapted in place .
After assessing compliance, we make our judgment on
the recognition of the capability of the process of
production chain, supplier, component, etc...[6].

Incertitudes
Permutation

Comparison

Fig.7. The verification triangle methods [5]

3- Working Model
Measures and Dimensions.

The dimensional measurements are performed in the
laboratory of metrology Therefore ambient conditions
(baseline T° 20° ± 1° C, relative humidity 55% and
pressure at.101325 Pa) should be subject to
monitoring devices.

480mm
Width
455mm
Length
455mm
Including height
14kg
Weight
270 °C (s / type of filament)
Temperature extruded
230mm x 210mm x 190mm
Print Volume
15mm3/ seconde and 50mm/min
Maximum print speed
Movement X-Y
50 microns,
Minimum print thickness (Z) 100 microns
Materials
PLA, ABS, Nylon, Lay Wd &Brick
Nozzle diameter
0.4 mm
Filament diameter
3 mm
Steering and connectivity
USB and Carte SD
System Compatibility
Windows, Mac, Linux
Alimentation
110/220 (V) @ 50/60(Hz)

4- Prototype Part
Describe the prototype part with its design and material.
It should not require post-processing or manual
intervention or the supports to facilitate its control .

5- Measurement
The measurement method of the prototype part is done
by a control which allows verifying compliance of the
figures contained in the tender specifications
(document) of designer (manufacturer). In view of the
importance of the measurement errors’ influence on
the accuracy of pieces dimensions;
we have
chosen the three-dimensional measuring machine.

The quality control does not involve the maximum
performance, but compliance with its specified
standards. Figure 8 provides a flowchart of the
qualification process.

6- Results treatment’s methodology

1. Data catalog

3. Working model

A series of measurements on the test piece will be
performed to determine the uncertainty by statistical
magnitudes as well as comparing the results with a
tolerance interval.

No

2. Quatity Insurance

Test

4. piece
Yes

7- Comparison and validation

5. Mesurement

It is required to make a comparison between the
theory and the results of the various points of the
qualification process which was conducted.

6. Results

8- Report (end)

7. Comparaison

The end of the qualification procedure must lead to the
systematic generation of a final report which must
decide on the acceptance of the FDM printer’s
qualification.

8. Report (end)

Fig.8. The theoretical description of the qualifying
practice

3.2 Application

1- Data Catalog
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5- Measurement
The developed methodology has been applied on a
FDM 3D3 machine and has given the following results:

The measurement was carried out on all functional
dimensions & bulkiness of the test piece.
The measurement ranges are:
X=400; Y=350 and Z=300.s

1- Data catalog
The data is directly taken from the machine’s
catalog and available on paper or electronic support,
see table 2 (specifications)

Volumetric accuracy/ functional is:
ISO10360/2= (2,8+3L/1000) micron
There are many forms to be controlled, inter alia, the
rectitude of the piece contact plane with the motor
surface and the distance between the two holes ‘Ø6’
(See figure 10).

Table 2. The 3D printer characteristics [7]

2- Quality Insurance

Holes ‘Ø6’

The printer under test showed compliance with the
characteristics presented by the manufacturer on items
1, 3, 4, 5, 6 and 7, of the present methodology

3- Working sample
In laboratory, dimensional measurements were
identified which are adapted to the ambient conditions
of T ° were of 20 ° ± 1 ° C, 53% relative humidity and
pressure at.10100 Pa.
Fig.10. Diagram of the piece (crankcase/casing)

4- prototype part

The measurements are taken in such a way to avoid
the defects of the probe, (see figure 11a).

The prototype part realized on 3D printer with ABS3
base is a chain guard’s crankcase of a sports bike
(Figure 9-a and b).

Fig .9-a. Prototype part defined by CAO

Z

Fig.11a Prototype part’s Position relative to the MMT probe

Each time, the measurement is done in triple points
(Figure11a, 11b).

X

Y
Fig .9-b. Prototype part obtained by 3D.
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Table 4. Correlation matrix reduced for dimensional inspection
[8]

Five measures have been identified from the same
side on each of the five pieces according to the axes
(X, Y and Z).

X = 41,000
Y = 9,000
Z = 24,975

a. The calculation of the identified dimensions’
terminals [9]:
 Upper terminal = Systematic error – Mini error
 Lower terminal = Systematic error – Max error

Fig.11b. Prototype part control operation on the MMT.

6- Treatment of results

. Along the X axis:

The results are obtained by measuring the variances
of the finished prototype (test piece) on the threedimensional measuring machine (MMT) to determine
the uncertainty of magnitudes in a statistical manner.
It was measured the variances and found 3D printer
errors.

70 ± 0.05 (ṟ) and 70 ± 0.007 (ɱ)

. Along the Y axis:

110 ± 0.045 (ṟ) and 110 ± 0.004 (ɱ)

. Along the Z axis:

25 ± 0.090 (ṟ) and

7- Comparaison and validation
A validation of the results is given at the end of this
work (see § VI1).

Guidance
according to:

chosen Relative error
Cotes
(no unit)

b. The calculation of the arithmetic mean (
statistical series [10]:
The arithmetic average calculation
series.
Either:
𝑛
𝑛
1
1
= � 𝑦𝑖 𝑎𝑛𝑑
= � 𝑥𝑖,
n
n

Plotting of Graphs
Average gap (mm)
70,05

X

±0.05

70

0,0025 ou 0,25%
0,0035 ou 0,35%
0,0030 ou 0,30%
0,0039 ou 0,39%
0,0031 ou 0,31%

𝑖=1

70,04
70,03
70,032
70,02
70,01
1
2
Ép. along the X axis

Or: n =5 ()

3

4

Y

3

4

0

Z

±0.09

25

0,0025 ou 0,25%
0,0020 ou 0,20%
0,0028 ou 0,28%
0,0025 ou 0,25%
0,0030 ou 0,30%

1

2

3

4

of statistical

=

𝑖=1

𝑛

1
� 𝑧𝑖
n
𝑖=1

We conclude that these values are all included as well
as their average, within the tolerance interval imposed
by the designer, and that following the specification
condition ± 0.05 expressed by the following formula:
IT = upper tolerance-lower tolerance
IT =
0,05
– (– 0,05)
IT = 0,1mm

110,035
110,034
110,03
110,025
1
2
Ép. along the Y axis

) of

5

110,04

0,0030 ou 0,30%
±0.045 0,0035 ou 0,35%
110
0,0032 ou 0,32%
0,0038 ou 0,38%
0,0035 ou 0,35%

25 +0.0044
- 0.0056 (ɱ)

5

-0,02
-0, 0256

The measures’ survey is according to X, Y and Z
(with n = 5) (Table 5).

-0,04
Ép. along the Z axis

7.1. Results

Table 5.Measures identified gaps and errors of 3D Machine

The determination of uncertainty requires
performing measurements series on the same piece
and to draw any statistical magnitudes.

PARAMÈTERS
PROCESSÉ

0/1
LOKED.
POSIT.

REMOVIN. THICKNESS
LAYER Z

DIRECTIONS
FOR OBDERVATION

Dimensions between plane X
& Dimensions between Plan Y
Thickness according to X
& thickness according to Y
Thickness according to Z
& dimensions between plane Z

7.1.1. Measures identified gaps and
errors Printer '3D'
The execution of a three-dimensional measurement
range encourages performing by the use of prototype
parts allowing a correlation matrix establishment
This work is carried out under the conditions imposed
by the drawing definition (table 4)

⊗

⊗

⊗

⊗

⊗

⊗
⊗

⊗

The measured deviation or the absolute error is equal
to the final:
The final dimension (measured)–the ideal dimension
(drawing definition)
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values and compare them with the designer’s data on
the drawing. Our aim was first, to examine if the
obtained values are in accordance with the tolerance
indicated by the designer as well as to conclude
whether the FDM process is qualified or not. Further,
the obtained results have demonstrated that the
methodology developed for qualification is reliable
thanks to two simple tests (piece test, machines test)
so as to decide on the quality of a low cost 'Open
Source' machines.

Measured Gap or (absolute error) =
𝑓𝑖𝑛𝑎𝑙 𝑟𝑎𝑡𝑖𝑛𝑔 (𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑) − Ideal 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 =
24,9750 – 25 = − 𝟎, 𝟎𝟐𝟓𝟎(∗) (𝐦𝐦)
Evidence :

Average value retrici. = Error . system.
∞

�

(error i + ⋯ + error n) =

𝑛=1

In perspective, a geometric qualification will be the
concern ‘the second "stage"’ of our next research. This
work is a foundation stone for a better organization of
product quality and opens up the possibility of
ensuring low cost Open Access products, download
directly open web-sites. This paper puts 3D printing in
the field of both ‘quality and reliability’ investigation
since printing has entered a historical phase.

error1 + error2 + error3 + error4 + error5 =
(−(0,025 + 0,02 + 0,028 + 0,025 + 0,03) =
= −0,128/5

average. v. r = −𝟎, 𝟎𝟐𝟓𝟔 (mm)
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Fig.12. Evolution of the gap 'theory-based measure thickness'

8. Report (end)
The qualification of the ‘FDM 3D’ printer is verified.
The product design is accepted for printing a
multitude of plastic prototypes. The result is then, the
acceptance of XXX 3D’ printer’s qualification after
verification.
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The present work aims to qualify an open source
product-design in a laboratory. This qualification is
based on the verification of 3D machines’ limits and it
integrates the quality aspect on the prototype part
around the identification of the flaws possible sources.
The procedure has allowed us to verify the measured
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