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ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering
is dedicated to publishing material of the highest
engineering interest, and to this end we have assembled a
distinguished Editorial Board and Scientific Committee of
academics, professors and researchers.
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ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering
publishes invited review papers covering the full spectrum
of engineering. The reviews, both experimental and
theoretical, provide general background information as
well as a critical assessment on topics in a state of flux. We
are primarily interested in those contributions which bring
new insights, and papers will be selected on the basis of the
importance of the new knowledge they provide.

ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering
encourages the submission of comments on papers
published particularly in our journal. The journal
publishes articles focused on topics of current interest
within the scope of the journal and coordinated by invited
guest editors. Interested authors are invited to contact one
of the Editors for further details.

ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering
accept for publication unpublished manuscripts on the
understanding that the same manuscript is not under
simultaneous consideration of other journals. Publication
of a part of the data as the abstract of conference
proceedings is exempted.

Manuscripts submitted (original articles, technical notes,
brief communications and case studies) will be subject to
peer review by the members of the Editorial Board or by
qualified outside reviewers. Only papers of high scientific
quality will be accepted for publication. Manuscripts are
accepted for review only when they report unpublished
work that is not being considered for publication
elsewhere.

The evaluated paper may be recommended for:

— Acceptance without any changes — in that case the
authors will be asked to send the paper electronically
in the required .doc format according to authors’
instructions;

— Acceptance with minor changes — if the authors follow
the conditions imposed by referees the paper will be
sent in the required .doc format;

— Acceptance with major changes — if the authors follow
completely the conditions imposed by referees the
paper will be sent in the required .doc format;

— Rejection — in that case the reasons for rejection will be
transmitted to authors along with some suggestions for
future improvements (@f that will be considered
necessary).

The manuscript accepted for publication will be published
in the next issue of ACTA TECHNICA CORVINIENSIS —
Bulletin of Engineering after the acceptance date.

All rights are reserved by ACTA TECHNICA CORVINIENSIS
— Bulletin of Engineering. The publication, reproduction or
dissemination of the published paper is permitted only be
written consent of one of the Managing Editors.

All the authors and the corresponding author in particular
take the responsibility to ensure that the text of the article
does not contain portions copied from any other published
material which amounts to plagiarism. We also request the

authors to familiarize themselves with the good
publication ethics principles before finalizing their
manuscripts
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. Anna YEHOROVA, 2Ervin LUMNITZER, 3Laura DZUNOVA, 4 Veronika GUMANOVA

METHODOLOGY FOR INCREASING THE QUALITY OF

TECHNICAL EQUIPMENT

I-4.Technical University of Kosice, Faculty of Mechanical Engineering, Department of Process and Environmental

Engineering, Kosice, SLOVAKIA

Abstract: The paper deals with the optimization of the acoustic properties of selected noise sources of household
appliances, specifically washing machines. The introductory parts are focused on the analysis of parameters affecting the
quality of the product, the so—called "general features of product quality" and a proposal of a new methodology for their
evaluation. Attention is paid mainly to a new type of properties, the so—called customer—oriented acoustic properties of
the product. Methodologies have been developed for laboratory measurements of psychoacoustic properties and noise
visualization, which are then tested in an anechoic chamber by measurement with an acoustic camera and a
psychoacoustic head. Methodologies after their evaluation are used in measurements in real conditions. A listening test
is created, the results of which can be used to evaluate practical measurements and determine customer—required

acoustic, customer—oriented properties.

Keywords: General features of product quality, sound, psychoacoustics, sound quality, listening test

INTRODUCTION

In nowadays, product development is advancing at a
very rapid pace. Manufacturers strive to keep current
products in a high technical level, for example, a
long—term warranty becomes common. However, an
increasing problem is not to produce the product, but
to sell it. For this reason, manufacturers are focusing
on those features that have not been interesting for
them so far, but are currently able to increase
customer interest in the product. Research into
customer behavior shows that it is these features that
come to the fore when the customer decides to buy a
product.

This process began with the advent of the so—called
industrial product design, especially in the automotive
industry. Currently, these are areas such as
recyclability, energy optimization, adaptive and
intelligent properties, acoustics, lighting properties,
energy field optimization and much more. One of the
attractive areas in which the topic of the paper is
focused is the customer—oriented properties of
products, which are related to a number of areas, such
as noise visualization, psychoacoustics, simulation of
sound propagation, the influence of sound on
perception and emotional state of a person. An
example is the sound that is generated when the car
door is closed. In terms of functionality, this is an
insignificant phenomenon. However, it is one of the
first things that attracts the customer immediately
after getting into the car, which is the subject of his
interest.

METHODOLOGY

The general objective is to propose a methodology for
optimizing the acoustic parameters of products and
verify a methodology on a specific product. It is a
development in the field of acoustic design and its
implementation in the production process of a

everyday consumer good — an automatic washing

machine. Ultimately, the proposed methodology:

— defines the required acoustic properties of the
product,

— evaluates which parameters, quantities and sound
properties need to be optimized,

— propose a criterion against which these properties
can be assessed.

The methodology is verified on a practical example,
used to evaluate the properties of current products on
the market. Subsequently, based on this methology,
a recommendation was proposed, in which is defined
what is necessary to make for specific products, what
changes need to be implemented in the development
process. It is goal-oriented for practical use in the
process of optimizing the acoustic design of machine
products, which, however, does not limit the wide
range of its use in other areas, practically everywhere
where there is a human interaction with sound-—
generating equipment.

The methodology consists of the following basic

stages:

— analysis of the current state in the field of acoustic
product design,

—analysis of sound  parameters,  mostly
psychoacoustic, which can be used in the processes
of optimizing the acoustic design of products,

— synthesis of acquired knowledge,

— proposal of the method according to the acquired
knowledge and on the basis of the study of current
knowledge in the researched area,

— creation and evaluation of an listening test,

— recommendations for practice.

Before the process of developing the methodology, a

thorough analysis of the current state of the matter in

the world was performed. Several authors deal with
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this issue in order to improve the acoustic properties
of products in their research. T. Novakovic in his

publication  ,Validating  impeller = geometry
optimization for sound quality based on
psychoacoustics metrics®, [5], deals with the

assessment of vacuum cleaner noise. The author
propose a new design of the centrifugal impeller and
optimized the sound quality.

The interior of the car, and specifically the control
buttons, is dealt with by J. Gaspar in his publication
«Psychoacoustics of in—car switch buttons: From
feelings to engineering parameters» [6]. The author
uses research and questionnaires to design buttons
that produce a pleasant sound and thus allows the
development of preferred car models.

A. Treiber in the publication "Psychoacoustic
evaluation of rotary switches" [7] deals with the
evaluation of psychoacoustic parameters of rotary
switches.

Various types of sounds from refrigerators in Korea
are solved by J. Jeon in the publication "Sound
radiation and sound quality characteristics of
refrigerator noise in real living environments" [8].
From the vresults of correlation and multiple
regression analyzes of psychoacoustic parameters and
subjective evaluations, the author proposed a sound
quality index.

The analysis shows that this is an issue that is at a
rapidly growing importance in the world.
Manufacturers are aware of the need to optimize the
acoustic parameters of their products. However, there
is still no comprehensive methodology that has
brought these tendencies to a standard level.
ANALYSIS OF PARAMETERS AFFECTING PRODUCT
QUALITY

Product quality is the main goal of every
manufacturer. The basis of all efforts to achieve high
product quality are the requirements of customers
and all interested parties.

According to the standard STN EN ISO 9000: 2016,
"quality is defined as the degree to which a set of
inherent characteristics of an object fulfils
requirements ". Quality can be defined as the ability
to ensure that customer needs are satisfied. Product
requirements can be specified by customers or
organizations that respond to customer requirements
or regulations. Compliance with all requirements
must be managed and controlled in such a way that
all interested parties are satisfied.

It is clear that all these product quality requirements
apply throughout the product life cycle. Significant in
the light of efficiency and effectiveness of the
implemented quality characteristics (quality features)
appears to be the initial stage, i.e. design, development
and construction of the product. The quality, safety
and reliability of the product requires from all
engineers involved in the project a set of activities,

starting from the definition of the product
characteristics to the implementation phase of the
project, which take place simultaneously to achieve a
quality and marketable product.

These activities include planning, analysis of results
and tests, qualification of components and materials,
and control of production processes. Recently, specific
product features have come to the forefront. These
features do not affect the safety and reliability of the
product, have no limits, but are strongly customer—
oriented, improve customer—required "quality"
features, which increase the attractiveness of the
product and eventually its marketability.

The relationship between quality, reliability, safety
and specific parameters is described using the so—
called general product quality features, Figure 1.

Optimal product quality
\

\
features of product quality

1
| \ | | [ f d‘ : |
material and energy Lnclionalily

intensity . d;nr:?anog eligibility

product e cyc costing

specific | | ecological ergonomic | | esthetic
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\ \ [ |

shelf-life ‘ readingss ‘ prodinc operational safety ‘
!
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maintainability ‘
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no-failure

) maintenance security
operation

‘ diagnosability ‘

Figure 1. General product quality features
Understanding the needs and expectations of
interested parties affects an organization's ability to
provide products and services on a permanent basis.
It is especially important to identify relevant interested
parties in relation to a particular product, evaluate
their impact on optimal product quality and identify
which features have a critical impact. For these
purposes, we have created our own methodology for
evaluating general product quality features,
specifically washing machines, where we have
assigned an interested party to each quality feature
and evaluated the customer's impact on quality, see
Table 1.

Customer rating is rated on a scale from 1-10 where
10 is the highest rating and 1 is the lowest. We
obtained the final evaluation by multiplying the scale
of a feature of product quality and the customer
rating.

All evaluations are the results of customer surveys in
department stores as well as similar studies.
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Subsequently, with the help of the matrix of the
significance of product quality features (washing
machines), we evaluated all properties and assigned
them to 3 areas of significance, see Table 2.

Table 1. Evaluation of general product quality features

Features of

Interested Customer Final
product . Scale : .
. parties rating evaluation
ualit ©
Specific —
customer Customer 1 10 10
oriented
Ecological Society EU 2 5 10
- Ministry of
Recyclability Environment 3 3 9
EU Ministry
of Labour,
Ergonomic Social 3 6 18
Affairs and
Family
Esthetic Customer 1 9 9
EU
.Energ.y 2 9 18
intensity | Manufacturer
Functionality
and Customer 1 10 10
performance
EU Ministry
Safety of Internal 3 5 15
Affairs

The legend: Scale — the importance of the relevant quality
feature, evaluated according to a scale from 1-3, where:
3 — defined by legislation (law, government regulation, decree),
2 — recommendations, 1 — not defined by legislation, no
recommendations.

Table 2. Matrix of the significance of product quality
features

-

Customer rating

1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10

The legend: 1-6 — green color — insignificant features of
product quality, 7-15 — yellow color — significant features
of product quality, 15-30 — red color — very important
features of product quality.

Customer evaluation may or may not be legally or
normatively substantiated, for example, the energy

properties of a product that a customer requires are
also enshrined in legislation, but esthetic and specific
properties are not specified anywhere.

Recently, the customer has been increasingly
preferring specific quality features, which has caused
these features to shift to a significant area, even
though they have a low scale. That is why it is
necessary to deal with the solution of this group of
properties.

The definition of sound quality follows from this
analysis. In any case we do not want to interfere with
quality management systems that have their own area
of application. We have focused mainly on a closer
definition of the term acoustic quality of the product,
or related terms, such as sound quality, product
quality in terms of acoustic properties. Here, too, we
identify several areas on which this research should
be focused:

The area of effects of sound on a person, it is a classic
approach, practically the most used so far. In practice,
it is often the case about simple reduction of product
noise, in rare cases —about the adjustment of the basic
properties of sound — tonality or impulsivity.

The area of effects of sound on a person, defined in
the scope of his psychological perceptions. It is a
modification of psychoacoustic descriptors that affect
the overall impression of the product. The point is that
the sound of the product does not disturb the person,
so that it is not perceived as much as possible.
Examples are the modification of the sounds of
individual sources in the car — the sound of the
engine, acrodynamic sound, the sound generated by
tires when rolling, the sound of closing the door, the
sound of mechanical controls, the sound of the
electric window mechanism, etc.

The area of the effects of sound on the person — the
customer who decides to buy the product. Here, the
area of sound influences often moves into the
subconscious area. The customer does not focus on
acoustic properties, but they must not irritate him, on
the contrary, they must have a positive effect on his
subconscious. Sometimes these are acoustic
manifestations of the product, which will be almost
never used in practice. Examples include various
tapping of the product, switching on the product
without load, testing the product in a mode in which
it will never be operated, e.g. starting the car in the
indoor environment of the show room.

PROPOSAL OF PRODUCT QUALITY IMPROVEMENT
METHODOLOGY

The essence and goal of this paper is this proposal.
Two types of measurements were performed -
laboratory measurements and practical
measurements.

The laboratory measurements that were performed
can be divided into 2 groups:

—measurements of psychoacoustic properties, and
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—measurements for the purpose of analysis and
visualization of sound by an acoustic camera.

In the initial stages, we focused on the following

sounds of the washing machine:

— washing,

— centrifugation,

— opening and closing the doors,

— opening and closing the detergent dispenser,

— tapping on the side wall of the washing machine.

Washing and spinning are sounds that occur during

normal washing machine operation. They cannot be

heard before installing the washing machine in the

home. They are important for the consumer who

bought the washing machine. The opening and

closing of the door and the detergent dispenser are

sounds that can be heard during any manipulation of

the respective elements. Tapping on the side wall of

the washing machine is a typical customer—oriented

feature — it is tracked by customer behavior when

choosing a washing machine.

— Measurement with the Acoustic Camera

The primary goal of any localization technique is to
accurately analyze and visualize the source of noise,
most often directly on a photograph or video of the
tested object. The sound source is usually represented
as a color map, corresponding to the distribution of
the sound pressure or also the place with the highest
measured amplitude.

The basic configuration of the device consists of a
microphone array (antenna), data recorder, special
laptop and appropriate software. The number of
microphones is about 30 to 120 and they are
variously arranged in space. In the center of this
microphone array is lokated a high—definition video
camera that optically records a scene, thanks to which
the result of the acoustic calculation, i.e. the acoustic
map, can be projected into the recording. The acoustic
camera includes a converter that "integrates" the
signals from the individual microphones and converts
them into a suitable format for further processing.
Figure 2 illustrates a view of laboratory measurements
with an acoustic camera.

Based on the study of the issue, the following

methodology was proposed — the sequence of
measurements:

(1) source selection,

(2) of assessment method,

(3) visualization of sound with acoustic camera,

(4) analysis of measured data, processing and

evaluation,

acoustic images, acoustic films, time course,
spectrum, spectrogram,

location of sources, determination of dominant
frequencies, their localization, analysis of
technical possibilities of sound modification.

(5
(©)

Figure 2. A view of the measurement with an acoustic
camera in an anechoic chamber

This methodology was tested in an anechoic chamber.
In the initial stages of the methodology, decisions are
made on the basic measurement methods.
Subsequently, the detail measurement with acoustic
camera with appropriate decision—making
procedures is elaborated in the methodology. Figure 3
shows an acoustic image of door closing at dominant
frequencies of 2300-2500 Hz.

Figure 3. Visualization of sound from door closing,
dominant frequencies 2300 — 2500 Hz
— Measurements with psychoacoustic head
The following experiments are focused on measuring
the psychoacoustic properties of the assessed sound
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sources. The following sequence of activities was used

for measurements with psychoacoustic head:

(1) selection of source and assessment method,

(2) determination of customer—oriented quality
features — properties that do not affect the
technical parameters of the product but affect
customer decisions. They are dedicated from the
analysis of customer behavior in decision—
making, surveys, monitoring behavior in
shopping centers, etc.

(3) selection of psychoacoustic parameters —
roughness, volume, sharpness, fluctuation,
tonality,

(4) measurements of psychoacoustic properties,

(5) time record, identification of required acoustic
events,

(6) analysis, data  processing, measurement
evaluation, analysis of technical possibilities of
sound modification.

Measurement of psychoacoustic parameters by means

of a psychoacoustic head was also performed in an

anechoic chamber. Behind the washing machine was

a reflective surface that mimics conditions as close as

possible to real household conditions. In Figure 4 is

shown a view of the measuring point and the location
of the sound source and the measuring device.

Figure 4. View of the measuring point in the anechoic
chamber

We focused our measurements on 3 customer—
oriented quality features — opening and closing the
doors, opening and closing the detergent dispenser
and knocking on the side wall of the washing
machine.

Figure 5 shows a time record of all assessed acoustic
events, on the basis of which detailed evaluations of
individual acoustic events were performed.

0 5 10 [ 5
Recordd { 0.00-35.80 s) A Weighting. Loudness vs. Time NisoneGF Recordd {0.00-35.80 s)A Weighting. Roughness vs. Time  [lasper)

15

I.. I VI |
s 0 BkD B A

Recordd { 0.00-35.80 s).A Weighting. Sharpness ws. Time (F S/acum Recond { 0U00-35.80 5) A Weighfing. Tonslty vs. Time Tonfu

150
Recordd { 0.00-35.80 s).A Weighting Fluctustion Strength Fls fscil Recordd {0.00-35.80 5
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Figure 6. Graphic representation of acoustic and
psychoacoustic quantities

CONCLUSIONS

At present, manufacturers strive for their products to
reach a high technical level on the one hand and to
meet customer requirements on the other hand,
which are often different from the ideas of designers
and constructors, who attach importance to other
requirements, properties, capabilities and other
technical parameters. For this reason, manufacturers
are now beginning to focus on those features that

have not been interesting so far, specifically
customer—oriented quality features.

From the performed measurements and their
evaluation as well as from the performed

psychoacoustic experiment of selected customer—
oriented properties of a specific product — washing
machine it follows that these properties, although
they have no effect on product functionality or
technical parameters, are very important to the
customer. They often affect the customer's
subconscious, influence him and modify his decision—
making. The performed experiment serves to
determine the recommendations for a washing
machine manufacturer who wants to improve these
customer—oriented properties and thus increase the
marketability of its product.
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L.David GONCZI

FINITE ELEMENT INVESTIGATION IN THE FORMING PROCESS

OF ALUMINIUM AEROSOL CANS

Lnstitute of Applied Mechanics, University of Miskolc, Miskolc, HUNGARY

Abstract: This paper deals with the numerical analysis of the forming process of thin-walled aluminium cans. Our aim
is to investigate different finite element modelling techniques to tackle this highly nonlinear problem and to determine
the reaction forces during the necking process of aerosol cans. The commercial finite element software Abaqus is used to
carry out the calculations. The effect of several parameters on the reaction forces is investigated.

Keywords: FEM, aerosol cans, reaction forces, shell

INTRODUCTION

In recent years the demand of aluminum aerosol cans
with complex shapes was continuously growing. Due
to the importance of these package products it is
recommended to use numerical simulations to analyse
the forming process of the cans during the design
phase. This way the manufacturers can be competitive
on the market and produce more complex shapes.
We can find several books, such as [1], [2] or [3] on
the mechanics and finite element modelling of thin
shell structures. Papers [4] and [5] investigates the
extrusion and forming processes, Belblidia et. al. [6],
[7] presented finite element techniques to predict the
stress state and burst pressure of aerosol cans. Paper
[8] investigated various parameters of the shaping
process using experimental data. Takeutshi [9]
presented a few basic problems in the forming process
of aluminum cans. Paper [10] dealt with the
hydroforming of cans. Several works [11-14] tackle
the buckling problems of thin shells, which is
important to determine the limitations of shapes
(geometry) of aerosol cans (that can be manufactured
within certain waste product ratio).

AIMS AND DATA

One of the main problems of this process is that it is a
highly non-linear mechanical problem, in which the
emphasis is on thin-walled shells made from strain-
hardened aluminum. A linearly elastic, linearly
hardening constitutive law will be used for our
models. This problem involves geometric and material
non-linearities combined with contact.

During the shaping process of cans, the desired final
geometry is always reached within several steps
because if too much plastic deformation occurs in one
step, buckling (crush/pan) happens resulting in
waste product. If the number of forming steps could
be minimized, it would mean more efficient
manufacturing. Furthermore, there is a continuous
demand to use the reserves in the material more and
more efficiently, thus the reaction forces (and its ratio
to the force that causes loss of stability) within a step
is an important data. We can derive safety factors

which reflect the reserve of the certain shaping
phases.

In this paper, our aim is to calculate the reaction
forces during the forming steps with different finite
element modelling techniques. The advantages and
disadvantages of the different models will be outlined
via two forming steps. Furthermore, the effects of
various parameters (such as the thickness of the shell,
friction coefficient, shape of the forming tool) on the
reaction forces will be investigated. The numerical
calculations will be carried out by Abaqus 6.13.

The material of the investigated cans is aluminum
A199.5 (EN AW 1050), the Young modulus is £=73
GPa, the Poisson’s ratio is 0.4, the yield stress is 120
MPa. The average friction coefficient during the
forming process is 0.05 between the aluminum can
and steel tool.

In our first numerical example a simple cylindrical
can is investigated. The initial geometry can be seen
in Figure 1. The thickness of the shell is 0.38 mm, the
diameter is 45 mm, the diameter reduction is 2.6 mm
in the forming step, and the length of the can is 200
mm. The piece is placed in a sleeve, it is constrained
at its bottom flat surface against vertical displacement,
at its side of 50 mm height, against radial motion.

Figure 1. The sketch of the first example
In our second example, a necking step is investigated,
where the change in diameter is 2.1 mm (from the
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initial 28.6 mm to 26.5 mm). The initial thickness of
the shell is 0.48 mm, the initial geometry is more
complex, and the boundary conditions are identical to
the first example (Figure 2).

Figure 2. The sketch of the second example
There is a prescribed vertical displacement at the
upmost edge of the tool.
MODELLING TECHNIQUES
Three models will be considered with displacement
control. Alternatively we can use Risk method,
especially if our aim is to include buckling. Due to the
complexity of the contact between the can and the
tool, it is necessary to pay attention to the contact. This
means, that we need to initialize, control and stabilize
the contact calculations and avoid errors, furthermore
linear elements will be used.
The first technique uses three~-dimensional geometry
with shell elements. The tool is modelled as a discrete
rigid part, the general contact algorithm of Abaqus is
used. The advantage of this method over the other two
models is that it can be used to investigate the loss of
stability for the can.
In our second model, two~dimensional axisymmetric
formulation is used, the can is modelled with shell
element, the tools are represented by analytical rigid
surfaces. We can use either the surface-to-surface or
the general contact algorithms of Abaqus. In this case,
the number of elements is minimal, the calculation is
the fastest (compared to the other two methods).
The third method uses two-dimensional axisymmetric
formulation, but the can is modelled with solid
continuum elements. The advantage of this technique
is the more accurate representation of the geometry,
but the number of elements is much greater than in
the second model due to locking considerations.
NUMERICAL EXAMPLES
In the first numerical example the diameter of a
cylindrical can is reduced by 2.6 mm. According to
experiments, the maximum reaction force during the
shaping process is 650 N.
The model of the first method can be seen in Figure 3.
After the convergence tests, the results are converged
to 643N. The force-displacement diagram can be seen
in Figure 6.

s, Misss
SNEG, (fraction = -1.0)

Figure 3. The deformed finite element mesh of the first
example (with the von Mises stress distribution)

In our second method axisymmetric formulation is
used, the can is modeled using shell elements. Figure
4 shows the model and the contact pressure
(approximately 6 MPa) between the analytical rigid
tool and the deformable can. In this case the
maximum reaction force calculated at the reference
point of the tool is approximately equal to the result
coming from the previous model (Figure 6).

CPRESS SNEG
- +6.102e+00
- +5.594e400
- +5.085e+00
i +4.577e+00
+4.068e+00
- +3.560e+00
+3.051e+00
+2.543e+00

+0.000e+00

Figure 4. The assembly of the second method and the
contact pressure during the forming process
The third modelling technique uses two-dimensional
axisymmetric formulation with solid elements. Due to
locking, small element size is used (Figure 5), the
maximum reaction force is 668 N.

S, Mises
(Avg: 75%a)

+6.310@+01
+5.322a@+01
+4. 3340 +01
+3.347a+01
+2.359a401
+1.371a+01
FE.B31e 00

Figure 5. The deformed mesh of the first example using
rigid tool and deformable can
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Figure 6. The reaction forces during the forming process
(green dots: 3D shell, blue line: axisymmetric solid,
purple dots: axisymmetric shell)

Next let’s considered deformable tool (instead of rigid
surfaces), which results in slightly higher contact
pressure (Figure 7), although the reaction forces are
approximately the same. Furthermore, we modified
the boundary conditions of the can, fixed the lower
part of the cylindrical shell, the reaction forces did not

change significantly.

CPRESS

+6.546e+01
+6.001e+01
- +5.455e+01

+0.000e+00

Figure 7. The contact pressure with deformable tool
In the second numerical example a necking process is
investigated using three modelling approaches. The
initial diameter of the can is 28.6 mm, the diameter
reduction is 2.1 mm, the radius combination of the
neck is R3.2 mm and R26 mm. According to the
experiments, the maximum reaction force is 1.21 kN.
Figure 8 presents the stresses coming from the three-~

dimensional shell formulation. The maximum
reaction force is 1201N.
~AmpEmAuEERTS il
e e

+7.0610+00

Figure 8. The von Mises stresses calculated from the
second problem using the first method

The axisymmetric models can be seen in Figures 9 and
10. The reaction forces coming from the shell
elements and continuum elements are equal (1195N).
During the calculations of solid finite elements, the
contact formulations of Abaqus failed when the sharp
corner of the aluminum can touched the internal
surface of the tool (even with contact stabilizations),
that is why we had to modify the can geometry using
a small fillet.

CPRESS SHEG

| 42.34%e+

et

n

£
CO00RRRRRERR R

Can

Figure 9. The deformed mesh of the second problem with
axisymmetric shell element

S, Mises
(Avg: 75%)

+1.832e+00

Figure 10. The deformed mesh of the second problem
modelled with axisymmetric solid element and rigid tool
In the next step the friction coefficient, the shell
thickness and the radius combination of the tool
geometry are modified. Table 1 shows the results of
the parametric investigation on the maximum
reaction forces. When the friction coefficient or the
shell thickness of the can increase, the forming forces
increase too. With the increase of the initial radius of
the tool, the maximum reaction force decreases,
although the “spring back” effect is more significant.
Table 1. The effect of the friction coefficient, shell
thickness and tool geometry on the maximum reaction

forces
A D ad
0.05 1200 0.48 1200 2.5 1200
0.15 1591 0.3 650 5 1040
0.3 2188 0.7 2230 15 890
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Next, the crushing forces must be determined, where
the loss of stability occurs. We can use either Riks-
method or displacement controlled static analysis to
determine the reaction force-displacement curve (and
the crushing force form it). Obviously, we cannot use
two-dimensional, axisymmetric formulation to tackle
buckling problems, thus we have to use the first
method (3D shell elements). Then we have to compare
the crushing force and the maximum reaction force
of the shaping process to evaluate the safety of the
forming step. For example in our current case, a factor
of safety can be defined as

nC = max , (1)
I:crush

which must be less than 1 and it reflect the ,,reserve”
of the forming step. In our current example, the
crushing force is 2.6 kN, which means that the factor
of safety is 0.46. When the friction coefficient is
greater, than 0.3 (dry friction between the can and
tool) the factor of safety is more than 0.85, thus the
number of waste increases (e.g. due to material or
geometric imperfections).
CONCLUSIONS
The finite element analysis of the forming process for
aluminum aerosol cans was investigated. Different
methods were presented to calculate the maximum
reaction forces, the force-displacement curves and to
determine the feasibility of the forming step. The thin-
walled cans were modeled with 3D shell elements,
with 2D axisymmetric shell elements and finally with
2D axisymmetric solid elements. The results were
compared to each other and to experimental results.
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Abstract: In this investigation some aspects of design, production and experimental verification of composite structural
elements are considered. Attention is focused on strength analysis of composite structures with application to helicopter
main rotor blades HT-40. Special attention in this consideration is focused on strength analyses of composite structures
with application on helicopter main rotor blades. For that purpose strength analysis of helicopter main rotor blade
segment made from composite materials is considered using finite element method (FEM) and experimental verifications.
In this study honeycomb sandwich structure is considered. Just honeycomb sandwich structural element is modeled using
shell finite elements. For structural analysis of this type construction Msc/NASTRAN software code is used. For precise
determination of aerodynamic loads of main rotor blades in this consideration the complete helicopter is modeled using
CFD numerical simulation including main rotor, tail rotor and fuselage. To validate computation procedure in this
consideration the honeycomb structural element is experimental tested. The results of numerical simulations are
compared with own experiments.

Keywords: helicopter main rotor blade, sandwich construction, strength analyses, Finite Element Method (FEM),
experimental verification

INTRODUCTION

Due to its good mechanical properties with respects to
strength and stiffness of composite materials have
found application in the aerospace industry. Here is
considering the use of composite materials in
helicopter main rotor blades HT-40 or precise
segments of these blades. In the basic version of the
blade segments of the honeycomb structure have been
wherein the dural skins. After the end of their useful
lives, these segments are redesigned and made of
composite  materials. Reserved the sandwich
construction but skins made of composite materials
and proper honeycomb filling. Strength calculations
and experimental verification were realized in a
Military Technical Institute (MTI) and production of
composite blades in Moma Stanojlovi¢ ~ Batajnica.
Defining loads the main rotor blades of helicopters
was carried out using CFD numerical simulation
[1,2]. Structural analysis of the blade segments is
mainly realizen by means of FEM [3-8] including
strength analysis of segments with one side and the
analysis of the strength of an adhesive bond with the
main segments of the spar of the blade with other side.
In addition to the strength of the analysis calculation
is carried out and experimental verification of
complete segments of the composite strength of the
blade and their connection to the main spar. In this
consideration are shown the essential aspects of the
results of structural analysis and experimental
verification of the strength of the blade segment.

STRUCTURAL ANALYSIS OF SEGMENT OF MAIN
ROTOR BLADE

In the process of designing complex constructions of
composite materials such as the considered segment
of the blade of the main helicopter rotor, a precise
analysis of the stress states and reserve strength
factors is essential. By using FEM applications have
determined the stresses as well as the critical zones
from the aspect of strength and potentially critical
sites that can occur during exploitation [3,4]. Figure
1 shows the global structural drawings of the entire
blade, while only the composite segment is
considered.

= :
G:‘jﬂ I T T T T T T— T T T T L]

Figure 1. Helicopter main rotor blade
In this consideration the structural analysis of critical
part of the segment of composite blade, shown in
Figure 4, is considered. This part is subjected axial
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force Fx = 50.8 N originating from aerodynamic drag
forces on the blade segment. Structural analysis of the
complex specimen carried out by using Finite Element
Method (FEM). Here FEM [5-7] is used for strength
analysis of skins made from composite materials and
all other components including glued compound for
binding to a metal segment of the composite spar on
one side and a comparison with the experimental
results on the other hand.

Resuts of structural analysis by FEM using software
code MSC/NASTRAN [8] are shown in Figures 2, 3.
We note that the maximal loaded parts are joints of
honeycomb with composite skin on upper side
assembly, as well as the places of bonding the
composite spar for dural or dural tail part. The
primary objective of this analysis was the modeling of
composite structures with honeycomb filling and then
comparisons with experimental results. The
maximum value of the stresses in junction zones
honeycomb with composite skins, which are also
critical points with respects to the initial failure and
the fracture.

STRESS — OW MISES'MIN: | 7PE-OF MaX: 1174EHI0 [N/mm2]

1. 74040

1. 49040

1 240+

FeI-0

7. 4400

4. 9600

24800

179040

Figure 2. Specimen of helicopter rotor blade — Von Misses
stress distribution

STRESS — YO MISES 'MIN: 1.79E-07 Max: 1 745410

Figure 3. Von Misses stress distribution in honeycomb
part of segment of blade

In the previous figures are presented graphically the
results of the stress state in all parts of the complex
composite specimen the main rotor blades of
helicopters.

EXPERIMENTAL STRENGTH ANALYSIS OF THE
SEGMENT OF MAIN ROTOR BLADE

In order to determine the static strength tests were
carried out complete static strength. Static tests are
realized in the segment blades for loads that occur on
the last segment -~ at the end of the range of blades.
Figure 4 shows the composite segment of the main
rotor blade together with the work spar with that
within perform static tensile tests.

During the tests were measured strain / stresses by
means of strain gauges and displacements. Figure 8
shows a complete consruction of the blade segments
and the method of introducing the load. It introduces
all three components of the load acting on himself
composite blade segment.

The tests were performed:

(1) to limit load (j = 1.0),

(2) to computation ultimate load (j = 1.5) and the
effective failure.

Test results blade segment are shown loading case for
j = 1 is defined as follows:

= N = 2539 N - force component normal to the
chord,

T = 279 N ~ component force in the direction of
chord and

= Fc = 2202 N - centrifugal force (normal to the
plane of airfoil, towards the end of the rotor).

Point of attack of the acrodynamic force is half of the
expansion segment and in the first third of the chord
segment, while striking point of centrifugal force in
the tendon segment.

Figure 6 shows the arrangement of strain gauges on
bottom side of segment of composite material.
Measured strains / stresses in the rosette for a cycle to
limit loads, indicated with 3,4, and 5 in Figure 6, as
shown in Figure 7.

Figure 4. The composite segment with part spar
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Figure 5. The manner of incorporation and the
introduction of load testing for static strength of the
composite blade segment
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Figure 6. Schedule of strain gauges for measuring the
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Figure 7. Experimental determined stresses in strain gages
up to coefficient of load j=1.08

Measured strains/stresses in the strain gages/rosette

for a cycle to limit loads, indicated with 3, 4, and 5 in

Figure 6, are shown in Figure 7.

CONCLUSIONS
The paper presents a computation analysis of the
determination of the stress states in the composite
segment of the blade of the main rotor of the
helicopter HT-40 with one and its experimental
strength test on the other side. Structural analysis of
stress conditions using FEM encompassed the precise
modeling of the complete segment of the blade,
including the honeycomb filling and the self~-bonding
connections between the composite segment and the
metal part spar.
In order to verify the real strength of the composite
segment was carried out experimental analysis of the
strength of the composite blade segment. Tests were
carried out with the measurements of stresses and
displacements up to the effective fracture. For this
tests was selected the most loaded blade segment
located at the end of the blade span. Effective fracture
of the segment during the test is determined by the
high workload which is in turn verified the validity of
the composite segment in terms of strength. In parallel
tests were performed static strength metal segments
with honeycomb and composite segment with
honeycomb filling.
The investigation up to the effective failure metal and
composite helicopter main rotor blade segment was
found that the composite segment with a coefficient of
mountainous workload (ji = 4,48) has significantly
higher static strength relative to the metal segment (ji
=2,97).
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Abstract: Vibrations usually aren’t wanted in any technical system. This rule applies also to agricultural tractors, since
their apparition could affect the normal functioning of the machine. One new type of agricultural tractors are the
electrical ones, which have appeared in nowadays agriculture because of the need to protect the environment and to
mitigate the technology’s negative impact on the environment. Because of the electrical engine construction, this will
generate less vibration during normal functioning, fact which will attenuate also the tractor’s total vibration level.
Because transportation is one very important work for which the electrical tractor could be used, its vibration
comportment during this type of work is of particular interest for engineers. This paper presents researches done in order
to assess the vibration level of an experimental model electric tractor during transportation work. The experiments were
performed on the experimental plots from INMA Bucharest on a total distance of 3 km. The raw data for longitudinal,

transversal and vertical directions were recorded and processed in order to obtain the RMS values for vibration.

Keywords: vibration level, electric tractor, transportation

INTRODUCTION

A system vibration is always caused by an excitation
force. This force could be applied from outside the
system, or could be coming from inside. Effect of this
force, the vibration, is completely determined by the
excitation force, its direction and frequency. This is
the reason why, through vibration analysis could be
determined the excitation forces which acts on a
functioning machine. The effect depends on the
machine’s state and the knowledge of vibration
characteristics will allow for a flaw diagnose in case
of need.

It’s considered that an agricultural tractor vibration is
characterizing its functioning state. Vibrations are
caused mainly by dynamic effects of the execution
tolerances of subassemblies, by gaps and direct
contact between moving parts of the gears as also by
effect of forces which are unbalanced in rotating or
alternating moving parts. Many times, the reduced
amplitude vibrations could excite the resonance
frequencies of some parts, being eventually amplified
until unacceptable levels.

In most cases, vibrations are unwanted, because are
causing dramatic shortening of the life span of
tractors changeable parts and accidental stops which
are affecting the work quality they are performing.
This is the reason why is considered that if an
equipment doesn’t vibrate, it will continue to work for
a long time, while if the one which vibrates it’s left
without taking measures it will have a short life span.
Fach tractor part will produce a vibration with one or
several specific frequencies. Knowing the spectral
component of the global vibration, it could be
determined in which of the moving parts has

appeared an issue. The main source of vibration of a
classic tractor it’s its diesel engine. For this reason are
sought solutions for vibration reduction, like
mounting the engine on rubber supports which will
cushion and absorb the vibrations [3].

Advantages of electric engines driven tractors are
multiple: zero emissions, batteries recharging from
charging stations using renewable energy, reduced
noise and vibrations in exploitation, high torque from
almost zero rotating speeds. Disadvantages arise from
reduced autonomy due to batteries limitations,
relatively long recharging time and need for battery
replacement at several years of usage.

At international level there are researches done in
order to assess the vibration effect on the operator
both for different agricultural equipment handled by
hand [7,9] and for agricultural vehicles [1,2,5,6]. The
measuring method is the same in both cases, with
several differences due to particular equipment’s
using conditions. Ideally the weighted vibration level
should be under 2.5 m/s?, so that the human worker
to be shielded by any danger [11]. One of the electric
tractors advantage is represented by the low level of
vibrations during work, fact which will assure a nice
working environment, without any negative effects
for the worker. Vibration measurement represents a
serious tool to assess the design of agricultural
transportation equipment and it’s used to measure the
dynamic response during simulations and real-life
tests [4, 8].Within this paper is presented the
assessment of vibration level during transportation
work for an electric tractor prototype produced by
INMA Bucharest and partners, in order to verify the
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degree of comfort of the driver as also to limit the
unwanted vibration effects on its reliability.
MATERIAL AND METHOD

The transportation experiments were conducted on a
28.8 kW prototype of agricultural electric tractor. The
electric motor used for propelling the tractor gives
maximum output torque, even at very low revolutions
per minute. The tractor was fitted with a mechanical
transmission which allowed for a minimum travel
speed of 1.71 km/h and maximum of 26 km/h for a
nominal rotational speed of the electric motor of 2350
sl

Vibration measurements were performed on vertical,
transversal and longitudinal direction, using a triaxial
accelerometer, mounted on the tractor’s floor,
according to figure 1, using mounting methods
provided in [10].

Figure 1. Accelerometers mounting

The data acquisition software for raw vibration data
was DEWESOFT, software dedicated for the used
Sirius data acquisition system. The accelerometer was
calibrated on each channel using a Type 4294
Calibration Exciter with 10 m/s? r.m.s. acceleration
at 159.2 Hz. The accelerometers were mounted on the
metallic parts of the tractor through magnetic
supports, fact which assured a stable position during
measurements. The data acquisition was performed
with a 10 kHz sample rate, continuously and the
recorded data was saved in ASCII files.

The root mean square (r.m.s) was calculated using
formula 1 for each string of recorded values.

n 32

i=1i (1)
n
where a;is the instantaneous value of the i-th sample
acceleration and n represents the total amount of
samples.
Vibration determination was done on a combined test
route of tarmac road and dirt road. The track

characteristics were as follows:
— Total distance 6,4 km
— Maximum speed 26 km/h
— Mean speed 6 km/h

Adrms =

The tractor was pulling a loaded trailer with a total
mass of 1400 kg.

RESULTS

In figure 2 are presented the vibration evolution in
time measured by the floor mounted accelerometer,
inside the cabin (x axis longitudinal direction — red, y
axis vertical direction — blue, z axis transversal
direction ~ green) on tarmac road and in figure 3 the
vibration measured on dirt road. In order to quantify
energetically the vibration level and to report the
measured values to the limits imposed in regulations
and directives, the raw values were processed and
reported as r.m.s. values.

Acceleration_ X, l
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Figure 2. Vibrations evolution during transportation
experiment for tractor’s floor on tarmac road
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Figure 3. Vibrations evolution during transportation
experiment for tractor’s floor on dirt road
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In figures 2 and 3 can be observed the random
character of the recorded vibrations, due to the road
conditions. However, the amplitudes are relatively
low, and cannot affect the tractor’s reliability. In table
1 are presented the vibration statistical parameters
computed based on the recorded waves for vibrations,
for all the transportation route. The values are
reported for longitudinal and vertical direction, for
both measuring points (electric tractor chassis and
floor).

Table 1: Electric tractor statistic vibration data

Vibration data X axis Yaxis = Zaxis
Tarmac road
Maxim (m/s2) 21.69 50.34 28.54
Minim (m/s2) ~20.77 -45.73 ~-25.02
R.M.S (m/s2) 0.629 1.198 0.6165
Dirt road
Maxim (m/s?) 15.05 51.26 29.81
Minim (m/s2) ~-14.07 -48.31 -22.28
R.M.S (in/s2) 1.035 1.932 1.138

In figure 4 and 5 are presented the power spectrums
peak versus frequency, of the recorded vibrations in
both conditions, tarmac and dirt road, with the
identified frequencies and peaks. The amplitudes
identified are really low, under 0.6 m/s% for both
conditions, which means that the identified
frequencies don’t have an important impact on the
total impact vibration data.
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Figure 4. Power spectrum of vibrations during
transportation experiment for tractor’s floor on tarmac
road
In figure 4 we can observe a high amount of small
amplitude peaks, due to the higher test speed and to
the leveled aspect of the road. In figure 5 we observe

a smaller number of peaks but with higher
amplitudes. This is due to the lower transportation
speed and to a less leveled road. Biggest amplitudes
are observed on the y axis, which corresponds to the
vertical direction and which are accounted for the
dynamic movement of the tractor’s mass due to the
bumps and holes which were present on the dirt road.
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Figure 5. Power spectrum of vibrations during
transportation experiment for tractor’s floor on dirt road
CONCLUSIONS
The paper presented measurements performed for
assessment of vibrations level for electric tractor
during transportation work which allow for
improving of safety conditions that has to be assured
in order to mitigate vibration effects. The recorded
vibrations had a random character, which was mainly
provoked by the road characteristics, the electrical
engine having no negative effect on the tractor’s
behavior.
The obtained results for the vibration level on the
tractor’s floor were under 2.5 m/s? r.m.s values.
These results are under the attention limit, specified
in European directive 2002/44/EC, meaning that the
operator’s integrity isn’t endangered. Also, the
obtained results assure the fact that the tractor’s
reliability isn’t affected by vibrations during
transportation work.
Acknowledgement
This work was supported by a grant of the Romanian
Research and Innovation Ministry, through Sectoral Plan,
contract no. 1PS/2019 and through Programme 1 —
Development of the national research-development
system, subprogramme 1.2 — Institutional performance —
Projects for financing excellence in RDI, contract no.
16PFE.

29 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara

http://acta.fih.upt.ro/




ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering [e-ISSN: 2067—3809]

TOME XIII [2020] | FASCICULE 4 [October — December]

References

[1] Scarlett A. J., Price J. S., Semple D. A., Stayner R. M. -
Whole-body vibration on agricultural vehicles:
evaluation of emission and estimated exposure levels,
Silsoe Research Institute and RMS Vibration Test
Laboratory for the Health and Safety Executive 2005

[2] Cutini M., Costa C., Bisaglia C., “Development of a
simplified method for evaluating agricultural tractor’s
operator whole body vibration,” Journal of
Terramechanics, vol. 63, pp. 23-32, 2016

[3] Ene Gh., Pavel C., - Introducere in tehnica izolarii
vibratiilor si zgomotului, Editura Matrix ROM,
Bucuresti, 2012

[4] Enlai Zheng, Song Cui, Yuanzhao Yang, Jinlin Xue,
Yue Zhu, Xiangze Lin, "Simulation of the Vibration
Characteristics for Agricultural Wheeled Tractor with
Implement and Front Axle Hydropneumatic
Suspension", Shock and Vibration, vol. 2019, Article
ID 9135412, 19 pages, 2019

[5] Griffin M.J., A comparison of standardized methods for

predicting the hazards of whole-body vibration and
repeated shocks, Journal of Sound and Vibration,
Volume 215, Issue 4, 1998, Pages 883-914

[6] Lines J., Stiles M., Whyte R., “Whole body vibration
during tractor driving,” Journal of Low Frequency
Noise, Vibration and Active Control, vol. 14, no. 2, pp.
87-104, 1995

[7] Monarca D., Biondi P., Cecchini M., Santi M.,
Guerrieri M., Colantoni A., Colopardi F., Transmission
of vibrations from portable agricultural machinery to
the Hand-Arm System (HAV): risk assessment and
definition of exposure time for daily action and
exposure limits, International Conference: September
15-17, 2008 Ragusa — Italy, “Innovation Technology
to Empower Safety, Health and Welfare in Agriculture
and Agro-food Systems”.

[8] SfiruR.,VladutV.,Cardei P., Ciuperca R., Matache M.,
Stefan V., Ungureanu N., -~ Technical aspects
regarding axles calculation of road transport means,
Publishing house Lambert Academic Publishing, 2014

[9] Sorica, E., Vladut, V., Cardei, P., Sorica, C., Bracacescu,
C., 2017. Comparative analysis of the noise and

vibration transmitted to the operator by a brush P \CTATechaica COHIMESS ]asl:uk
cutter, Acoustics and Vibration of Mechanical —5’ SLLL Bas peRE| =
Structures—AVMS-2017: Proceedings of the 14th g+ et 1t HES
AVMS Conference, pp. 165-172. S| EE on| =
[10] EN ISO 5341 Mechanical vibration- Measurement & L.J; E
and evaluation of human exposure to hand- 5; =
transmitted vibration. 85 =
[11] Directive 2002/44/EC of the European Parliament g =17 s
and of the Council of 25 June 2002 on the minimum - f@
health and safety requirements regarding the g |EO0E wee 0w =
exposure of workers to the risks arising from physical E Anatosef Wﬂmmmv E

agenﬁ S (Vlbratlon.) (smteen.t h individual D%rect%ve ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering
within the meaning of Article 16 (1) of Directive ISSN: 2067-3809
89/391/EEC) copyright © University POLITEHNICA Timisoara,
Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA
http://acta.fih.upt.ro

30 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara

http://acta.fih.upt.ro/




ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering [e~-ISSN: 2067-3809]

TOME XIII [2020] | FASCICULE 4 [October — December]

1. Anjanaa DHRITLAHRE, Z2Anu G. PILLAI

REDUCTION OF VOLTAGE SAG USING SRF THEORY CONTROL
BASED DVR FOR POWER QUALITY ENHANCEMENT
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Abstract: To make developed country, recent year India shift towards the research area for the development to lead the
research. The main task of power system is to supply their customer a continuity power supply at ever, but in action it’s
not take place; because of the whole power system is the big network which includes different types of loads, at the
instant of common compiling sensitive loads connected in which voltage distortion in supply side or load side is highly
repellent. Voltage dip is the most frequent arising power quality issues mainly occurs in distribution system since it main
causes disturbance for domestic and industrial equipment. In this paper the simulink model of DVR for reduction of
voltage sag and its control by reference frame theory algorithm has carried in MATLAB simulink to enhance the power

quality issues

Keywords: Power Quality, Voltage Sag, THD, DVR, Park Transformation, SRF Theory

INTRODUCTION
Electrical power system, power quality is extensive
term to describe the effectiveness and its

performances. Modern society goes to progress area
and they interest not only the supply of power, but
also the consistent and good quality of power supply
hence reliability of system and quality of power this
two is the most essential phrase of any power system,
we know that assortment of the entire electric
network modules in power system is related to
generate the energy and this valuable energy
transmit, distribute and utilize by different consumers
according to their obligation. This complex network
hundreds of generating location and loads center are
unified, the power are primarily generated at power
station and this power transmitted over long distance
to a load center usually cities or towns and there are
lots of way in which the lack of power quality
difficulty affect consumers [1].

There can be absolutely different definitions for
power quality “Any power difficulty manifested in
voltage, current, or frequency deviations that
outcome in collapse or misoperation of consumer
equipment.” Or power quality is a set of electrical
restrictions that allow a part of apparatus to function
in its proposed manner without the hammering of
existences. [2-3].

Power quality problems include variety of trouble in
the vein of voltage sag, swell, outage, voltage
unbalances, flickers, harmonics, etc. out of this due to
some faults voltage sag/swell frequently occurring
power problems, harmonics distortion can harmful
collision in a capable electric distribution system and
can generate excessive amounts of heat causes
collapse and failure. This entire power problem can
affect the precision of utility gauge analysis,
malfunctioning of equipments, and downtime and
damage consequential loss of production [4]. In this

paper synchronous reference frame (SRF) theory
control algorithm based DVR is used to enhance the
power quality problem, DVR is costume power device
connected in series for the compensation of voltage
related power quality issues hence reduction of
voltage sag and harmonics present load side due to
nonlinear load this device is used.

OPERATION AND WORKING OF DVR

The power quality problem begin within the site of
common coupling due to the voltage fall in feeders
and transformers, different kind of trouble, faults, use
of nonlinear loads, etc affects the consumer. “Voltage
sag is the incessantly arise contflict i.e. 10 to 90% for
the short duration or 0.5 cycle, and to compensate
voltage quality issues dynamic voltage restorer (DVR)
is used.”

Figurel shows the DVR connected in feeder-2 in this
parallel distribution feeder, when fault occurred in
distribution feerder-1, voltage at feeder-2 will sag,
without connection of DVR loss of production in
power, failure and malfunctioning of equipment and
consumer face the problems. DVR is the series allied
apparatus; connect between distribution transformer
and perceptive loads by revenue of security. Series
compensator are used for both inject the voltage of
essential magnitude and frequency or restorer the
voltage across the load to save from harm the sensitive
loads.

DVR used metal oxide semiconductor field effect
transistor based pulse width modulation to inject the
same and conflicting voltages of disorder to protect
and uncontaminated synchronized voltage waveform
crossways the sensitive loads. The waveform of
injected voltage is variable, for production of varying
voltage, PWM converters would require, DVR also
consist low cost rectifier to support the dc bus can
emulate the series line voltage to avoid the voltage
dip[5-6].
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Figure 2 shows the phasor diagram of voltage
injection scheme of DVR, ‘VL” (Pre-sag) is the voltage
across the sensitive load at sag condition, for the
duration of sag situation voltage reduce to Vs’ at
angle of @. According to the phase angle of the load
voltage, the injection of voltages can be realized; in
phase with the supply voltage VC1 represents the
voltage injection. With the injection of VC2, the
magnitude of load voltage remains same, but it leads
supply voltage Vs by a small angle. In VC3, the load
voltage retains the same phase as that of the pre-sag
condition [7].

Feeder-1 , Fault

—3E— <
e e W

Feeder-2 L*_-A-A_.J
I'VTY\ PO
Sensitive
DVR Load

Figure 1. Connection of DVR to reduce voltage sag.

Figure 2. Phasor diagram of voltage injection scheme for
DVR.
CONTROL ALGORITHM OF DVR
The control algorithm of DVR is the based on
evaluation of reference load voltage for power quality
enhancement in distribution system.
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Figure 3. Flowchart of Control Algorithm of DVR

Figure 3 shows the flowchart of control algorithm of
DVR in which estimation of voltage sag; synchronous
reference frame theory is used. ‘In synchronous
reference frame theory the voltage (Vs) at the position
of common coupling, and the terminal load voltage
(VL) sensed to derive the MOSFET gate signal. The
reference load voltage (V) are extracted using the
consequent unit vector.

The amplitude of load voltage at the spot of common
coupling is deliberate as

Vi = [2/30V + VB, + V2D M
Unit vector is calculated as
Ua VLa
Ub] =1/VL |Vib (2)
Uc VLc
Where Vi ,, Vip, Vic is the load voltage.
Now reference load voltage are calculated as
a*L Ua
VoL = Vi |Up (3)
v Uc
Where V[ is the reference value of magnitude of the

load Voltage?

The load voltage is converted into the reference
voltage by using of abc-dqO adaptation using park
transformation with unit vector derivative with the
help of phase locked loop [8].

Park transformation is derived as:

VL4 sinwt  sin(wt — 2n/3) sin(wt + 21/3) | [Via

Viq| = % coswt cos(wt—2m/3) cos(wt+ 2m/3)| Vb

Viz 1/2 1/2 1/2 Vi
(4)

Similarly the reference voltage and source voltage at
PCC is also renewed into the abc-dq0. Now the DVR
voltage is achieve as

Vea = Vas — VaL

VCq = Vqs - VqL
Reference DVR voltage are obtain as

Vea = Var — Va

Véq = Vgr — Vau
The DVR voltage as the fame of ‘abc’ is obtain by using
reverse park transformation

V, sin wt cos wt 171 Vq
Vp [= |sin(wt — 21/3)  cos(wt —2m/3) 1||Vq (5)
Vel Lsin(wt + 2m/3)  cos(wt +2m/3) 11|V,

This DVR voltage is use in the PWM controller to
generate the gate signal, PWM controller works with
the constant switching frequency. Phase lock loop is
an electronics path consisting of a phase detector that
evaluates the phase of signal with the phase of input
signal to maintain the phase coordinated.

SIMULINK MODEL

Simulink model for test system considers in which two
parallel feeder are cleared show in Figure4a In this
model the three-phase to ground fault and double line
to ground fault is created in feeder-1 at the duration
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of 0.15 sec (0.4sec to 0.55 sec) and Figure4b shows
the simulink model of test circuit with a dynamic
voltage restorer connected in feeder-2.

Figure 4a. Simulink model of test system without custom
power device

e
5l I ﬁgi
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. |
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Figure 4b. Simulink model of SRF control based DVR for
reduction of voltage sag.

RESULT AND DISCUSSION

Dynamic voltage restorer is the piece of equipment
used for the reduction of a different power quality
issues, reference theory control algorithm is used to
control of DVR in manner to inject the required
control voltage for voltage sag alleviation. In Simulink
model the three phase to ground fault is created in f-
1 sag is automatically occurred in adjacent feeder-2
shows Figure 5a.
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Figure 5a. 1)Load voltage where three phase to ground
Fault occurred, 2)Load voltage of adjacent feeder.
To overcome this power quality problem (voltage sag)
SRF control algorithm based control of DVR is used.
The performance of the DVR is demonstrated under
the supply voltage Figure4b shows the performance of

DVR under voltage sag condition, when fault created
in parallel feeder-1 for the duration of 0.15sec, at the
same duration the voltage sag involuntarily occurred
in adjacent feeder-2. The source voltage, load voltage,
voltage injected by DVR, The reference voltage (VL¥),
dc bus voltage are depicted in Figure5b.
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Figure 5b. Performance characteristics of SRF control
based DVR for voltage sag when three phase to ground
fault occurred.

DVR with its control algorithm is connected in feeder-
2 between the distribution transformer and the load.
All the parameter for the three phase parallel
distribution system data specified in appendix A. The
load voltage is maintained sinusoidal by injected the
recompense voltage of DVR. DC bus voltage is
persistent constant at the value of 300 volt and
terminal voltage is at is practical at the reference value
according to the peak value of source voltage. The
performance of total harmonics distortion at the
fundamental frequency of (50Hz) also carried in
Figure 5c the THD for the 20 cycle out of 40 cycles is
observed 2.69%.
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Figure 5c. The performance of harmonic by FFT analysis.
Figure 5d shows the load voltage where double line to
ground fault occurred in feeder 1, the voltage sag
automatically occurred in adjacent feeder at the same
duration, source voltage , load voltage, injected
voltage are depicted in Figure 5e.
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Figure 5d. 1)load voltage where double line to ground
fault occurred; 2) load voltage at ajacent feeder.
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Figure 5e. Performance characteristics of SRF control
based DVR for voltage sag when double line to ground
fault occurred.

The performance of for voltage sag mitigation is
shown where the source voltage for DVR is consider

440 volt whose peak value is obtain as: Vpeax =

440 x 0.8 = 352 volt. Hence the reference load
voltage (V) is obtain according to this peak value of
the source voltage, all this performance the voltage
sag reduced and power quality can be enhanced.
CONCLUSION

The increasing use of sensitive loads power quality
problem and its mitigation to enhance power
problem today its most important research area.
Voltage sag is the frequently stirring power problem
manifested in consumer load side. DVR is the series
connected custom power device use for the reduction
of voltage related disturbances and effective device for
sensitive load. The simulation result shows that
voltage sag is compensated with the permissible THD
with the help of DVR. SRF control technique is used to
control the DVR to obtain an injected voltage, with the
help of park transformation the reference voltage is
calculated and to generate a gate pulse the PWM
controller is used and to maintain a phase

coordination between input and output the phase lock

loop is required. All this performance condition is
demonstrated in MATLAB simulink.
Appendix

#

The parameter consider for test system: Ac source
feeder: 33kv, line frequency: 50Hz, Power transformer:
33/66kv, Distribution transformer: 33e3/440 volt,
consumer load: single phase bridge rectifier with R= 6
Q, 1L =0.15e-3H.

The parameter for the DVR Source voltage: 440 volt
frequency 50 Hz, PCC Transformer Ratio: 1:3 ,DC bus:
300 volt, inductance L. = 0.008H.

List of Abbreviation

#
#
#
#
#

SRF -~ Synchronous reference frame

PWM - Pulse width modulation

DVR - Dynamic voltage restorer

PCC - Point of common coupling

MOSFET -~ Metal oxide semiconductor field effect
transistor
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EXPLORING CWT BASED ALGORITHM AS ADDITIONAL AND
ACCURATE TOOL FOR DETECTING ECG ABNORMALITIES

LFaculty of Applied Sciences, Polytechnic University of Bucharest, ROMANIA

Abstract: The wavelet transform has emerged in recent years as a key tool for time—frequency analysis and coding for
ECG. The main advantage of this type of detection is that less time is allocated for processing the ECG signal with the
continuous wavelet transform Db 5 (CWT). This paper aims to investigate a Db 5 continuous wavelet transform (CWT)
analysis for selected ECG signals from the St.Petersburg Arrythmia Database. The results revealed that the flattened QRS
complex and P and T waves containing low frequencies can be easily observed. The research findings emphasized the
potential of Db5 technique as a powerful supplementary tool to investigate ECG features. This option can moderate rapid

and precise diagnosis of cardiac diseases.

Keywords: ECG features, coronary disease, ischemia, Db wavelet, MATLAB

INTRODUCTION

The electrocardiogram (ECG) is a graphical recording
of the direction and magnitude of heart electrical
activity, which is generated by depolarization and
repolarization of atria and ventricles. ECG recording
analysis is a subjective and difficult process due to its
small graphical dimensions. Most of the time it is done
in a very short time, imposed by the severity of the
anomaly and the speed with which decisions must be
made. Fine changes, even the very little obvious ones
of the electrical potential for repolarization and
depolarization are valuable indicators of the many
diseases. Most useful information for ECG diagnostics
is found in amplitudes of the P-QRS-T waves. The
normal ECG waveform and anomalous waveforms are
represented in Figures 1-3.
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Figure 1. Normal ECG wave values. [1]
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Figure 2. Normal sinus Rhytm.[2]
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Figure 3. Sinus tachycardia. [2]
The P wave is the electrical fingerprint of the current
that causes the atrial contraction. The QRS complex
corresponds to the current that produces the
ventricular ~ contraction.  Their  repolarization
generates the T wave, and the U wave, not always
visible, is considered to be the representation of the
activity of Purkinje fibers. The presence or absence of
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these, as well as QRS and PR intervals, are significant
parameters in the screening and diagnosis of
cardiovascular disease.
The various cardiac abnormalities can be recognized
according to ECG parameters (table 1).
Tabel 1. ECG parameter values related
to cardiac diseases. [3]

1. Dextrocardia P—wave inverted
interval R-R < 0.6 s,
QRS between 0.1 51 0.12 s
interval R-R > 1s
high T-wave P-wave
absent
T—wave inverted
QRS interval < 0.1 s
A complete absence of the
cardiac cycle
QRS greater than 0.12 s,
long duration of P wave
(over 80 ms)

QRS greater than 0.12 s

2. Tachycardia

3. Bradycardia

4. Hyperkalemia

5. Myocardic Ischaemia
6. Hypercalcaemia

7. Sinoatrial blockade

8. Supraventricular
tachycardia (SVT)

9. Right or left branch
block (BBB)
10. Paroxysmal atrial

P—wave length (over 80

fibrillation ms)
11. Left ventricular R peak over 2.6 mV in V5
hypertrophy

Martis et al. [4] analyzes various computer—assisted
cardiac diagnosis systems (CACD), methods of
analysis, challenges for the future of cardiovascular
disease screening.

These methods, ( including wavelet transforms),
cannot alone accurately represent the inherent
characteristics, but can serve as combined tools and
help clinicians diagnose cardiovascular disease more
precisely.

In recent years, the wavelet transform has become one
of the topics in signal theory, which has enjoyed a big
interest from numerous research groups. The multi—
resolution analysis techniques, especially those based
on the wavelet transform, have successfully become
useful practical approaches.

The analysis of biomedical signals (ECG, EEG, EMQG),
solving differential equations or noise filtering are
some of the areas of applicability of the functions
called “wavelet”.

In the 19th century, the French mathematician J.
Fourier, showed that any periodic function can be
expressed as an infinite amount of complex periodic
exponentials. This property of functions was first
applied to non—periodic functions, then to discrete
periodic and non-periodic signals, becoming an
appropriate tool for calculations. In 1965, a new
algorithm called Fourier Transform (FFT) was
developed. [5].

The wavelet transform WT is defined as a convolution
of the wavelet function Y,y (t), with signal x () [3].
The dyadic discrete orthogonal wavelet functions are

associated with the scaling functions ¢ (t). The scaling
function can produce the approximation coefficients
a by convolution with the signal. The continuous
wavelet transform (CWT) is given by the relationship:

1 po % t-b
Cab = =0, x(OU",, (F2) dt (1
By choosing an orthonormal wavelet function
basic Y, (1), the original signal can be reconstructed
[6]. Wavelet Y, (1) is translated by b and dilated by

the factor scale a (a > 0).

The CWT map x(1) is a two variables function C (a, b)
that can be utilized to compare the original signal and
a wavelet scaled by a at a given time b.

The commonly chosen set of scales is the dyadic scale,
where a= 2P for b=1, .. N.

An important aspect is the choice of a wavelet
function that closely matches the signal to be
processed [7]. A continuous function can be
decomposing more efficiently via basic wavelet
functions; thus edge artifacts are avoided. The wavelet
function “mother” keeps the signal details, and the
evolution information is stored in the coefficients
obtained by decomposing the function “father”.
Daubechies wavelet functions are the best option for
analyzing biosignals characterized by a sharp peak
because they have much less energy stored in the high
band. Daubechies wavelets implemented numerically
via square filters provide adequate processing results.
The large filters give a better energy concentration
than those given by small filters.

ECG is a graphical recording of the direction and
magnitude of electrical activity, which is generated by
depolarization and repolarization of atria and
ventricles (Figure 1). Most useful information for ECG
diagnostics is found in the ranges and amplitudes of
the P-QRS-T waves.

The development of the methods of automatic
extraction of accurate and rapid information
characteristic of ECG is of major importance for the
long term analysis of ECG signals [7]. ECG features
can be extracted and used in the subsequent
automatic analysis.

One of the practical benefits of the ECG wavelet—
based approach is related to the diagnosis of transient
ischemia, namely the fact that the T-wave anomaly it
can be evaluated without the need to identify the final
point [7].

Another major advantage of the wavelet transform is
its ability to highlight the details of the optimal
frequency—time ECG signal. The peaks of the flattened
QRS complexes and the P-T waves containing lower
frequencies become more visible [3].

Daubechies 6 (Db6) functions have similar shape to
the QRS complex and their energy spectrum is
concentrated around low frequencies [8]. Figure 4
shows the details of an ECG signal with a short series
of noise added at its end, decomposed with D6
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wavelets. The original signal X is displayed on the top.
Most of the signal details are kept at scale 25, the
high—frequency noise is captured at the smallest
scales, namely 22 and 2. The signal details at scale 25
reflect the similarity of the Db6 with the QRS
complex.
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Figure 4. The original ECG signal (X) and decomposed
with Daubechies D6 wavelet/different scaling orders d2m
[3].

Another ECG—shape suitable wavelet is Db5 (Figure

5).
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Figure 5. Wavelet and scalar function forms for
Daubechies 5. [9]

(a) Wavelet function y DB5, (b) Scaling function ¢

The detection of P wave, QRS complex and T wave in
an ECG signal is a difficult problem due to the
variation in time of signal, physiological conditions
and the presence of noise. Senhadji et al [8] compared
the potential of different types of wavelets
(Daubechies, splines and Morlet) to recognize and
describe isolated heartbeats. Sahambi et al [6,10],
used dyadic wavelet maxima analysis to detect and
measure different features of the signal, especially
QRS localization, P and T waves. The algorithm was
validated as a method of determining ECG signal
synchronization intervals, including QRS. Romero
Legarreta et al [11] used the continuous wavelet
transform (CWT), which offers high time—frequency
resolution, better definition of the maximum values of
QRS parameters.

In a study with D4 transform, Pichot et al [12]
analyzed the night heart rhythm of subjects who
performed tiring exercises for three weeks, with a
resting week. This rhythm had a significant
progressive decline during the study. Gamero et al
[13] reported that Daubechies D12 wavelet used in
myocardial ischemia analysis is an important tool for
dynamic assessment of ECG parameter changes.
Chen [14], using Daubechies D8 DWT, found that
sympathovagal balance, estimated by the low and
high (LF / HF) frequencies, increases before the onset
of unsupported ventricular tachycardia.

In recent studies, potential of NN classifiers is exploit
for the automatic detection and classification of ECG
parameters [15,16]. Al-Fahoum and Howitt [15]
proposed a network for the automatic detection and
classification of arrhythmias that employ ECG
preprocessing using Daubechies D4 wavelet. They
obtained the correct -classification of 97, 5%
arrhythmias from a data set of 159 arrhythmia files
from three different sources, with the correct
classification of 100% for both ventricular fibrillation
and ventricular tachycardia.

METHODOLOGY

Based on literature documentation, an investigation
was designed centered on the idea that Db5 of the
Daubechies family, are suitable for studying the
characteristic ECG parameters for different cardiac
diseases and normal signal.

The importance of this research lies in shedding light
on the status quo of the complementary techniques of
ECG processing among the signal and image in real—
time evaluation. The research findings may hold
benefits to fast investigation of ECG features and rapid
and precise interpretation diagnosis of cardiac
diseases.

The samples used were original records collected from
patients with coronary heart disease (17 men and 15
women, ages 18—-80; average age: 58 years, included
in St. Petersburg Arrythmia Database [17]. These
signals were chosen for the pathological features,
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which could be studied with this type of wavelet. Like
all signals from the Physionet database, these sample
recordings are noted for normal heart rate, RR
intervals, presence of premature atrial (APC) and
ventricular (PVC) contractions), tachycardia and
bradycardia episodes, branch blockages (BBB; RBBB;
LBBB), etc.

The experimental group comprises sequences of ECG
signals, coming from:

—patients with normal heart (P4 and 6) — further
noted with N;

—patients with coronary heart disease and
hypertension (noted with CAD);

—patients with a transient ischemic attack (noted
with TIA).
For this purpose were selected various sequences of
ECG, recorded at the V5 level (precordial). This
channel was chosen for several reasons: here begins
the S wave; in V5 it can be measured the duration of
the QT interval; V5 is often used as a reference for
different values of the ECG parameters (for example,
the R wave with a value greater than 2.7 mV is a sign
of left ventricular hypertrophy (LVH).
The sampling frequency of these signals is 257 Hz.
The sample signals were processed with the
continuous wavelet transform Db 5 (CWT), Matlab
for Windows Professional. The frequency and energy
spectra of the reconstructed signals are highlighted
and compared with those of the normal signal.
EXPERIMENTAL RESULTS AND DISCUSSIONS
The ECG signals with coronary heart disease and
hypertension (CAD) and transient ischemic attack
(TIA) analyzed with CWT were compared with those
of normal signals. The various abnormalities are
highlighted by the changes in the value of the
coefficients. [18]
The main categories of data obtained are revealed in
Figures 6-9. Local maxima (or minima) have been
detected after wavelet transformation, at different
levels, occurring at different times during the cardiac
cycle.
The decomposition of the input signal highlights the
different frequency content of characteristic ECG
waves so that they are distinguished by decomposition
at different scales.
The wavelet transform is suitable for approaching
ECG signals, characterized by high—frequency
components with short durations and low—frequency
components with long durations. [19]
We observe the ordered and symmetrical form of the
local maxima lines in the case of the normal rhythm,
versus the variable interval and the distribution of
maxima lines in the case of the signal 1 (CAD, HTA).
The dashed lines highlight the disturbances in ECG
form.

Wale g gt = T

Figure 6 — Spectrogram for signal 12, normal sinus
rhythm (top) and signal 1, patient with CAD and HTA
(bottom)
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Figure 7 — Energy spectrogram of the QRS complex for
ECG signal 20, with ventricular couplings, premature
atrial contractions (APCs), atrial couplings, paroxysmal
tachycardia
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Figure 8 — Spectrogram ptr. Signal 16, TIA, with RBBB,
polymorphic PVC (top). Normal sinus rhythm bottom
It easy to notice the different sizes of the R—R intervals
and the large value of the T-wave amplitude (which
appears in the spectrogram as a “shadow” of the QRS
complex) (Figure 8)

Figure 9 — Spectrogram ptr. Signal 72, CAD, with PVC
and tachycardia couplings
The characteristic of this signal (Figure 9) is the sharp
form of the P wave, the high R-R rhythm and the long

duration of QRS (bradycardia). It should be noted that
the shape of the QRS complex is atypical, with the Q
wave almost absent, relatively small value of the R
wave, deformation of the ST segment, high value of
the T wave.
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Figure 10 — Spectrogram for ptr. Signal 57, CAD,
ventricular coupling (VC) of tachycardia

In this case (Figure10) it is evident the deformation of
both pre and post QRS waves, ie P and T.
In all cases, the flattened QRS complex and the P and
T waves containing low frequencies can be easily
observed. At the same time details appear on small
scales about the high frequency spectrum of the
signal.
CONCLUSIONS
The wavelet transform has emerged in recent years as
a key tool for ECG time—frequency analysis and
coding. The main advantage of this type of detection
is that less time is allocated for processing the ECG
signal.
The choice of the Db5 transform was made after
rigorous research of the recent results in ECG
processing with different families of Wavelet.
Although the Daubechies wavelet algorithm is
conceptually more complex and requires a larger
volume of calculation, its advantage is that it takes
over the detail, which is lost by other Wavelet
transforms. Db5 continuous wavelet transform
(CWT) of selected signals from the St.Petersburg
Arrythmia Database revealed that the flattened QRS
complex and P and T waves containing low
frequencies can be easily observed and analyzed. At
the same time, details about the high—frequency
spectrum of the signal appear on small scales.
The practical benefit of wavelet—based experimental
approaches is that T-wave anomalies can be detected
without the necessity to identify the initial and final
T—wave moments. Also, it can be emphasized the
choice of the Db families is also conditioned by the
spectrum of frequencies, values and orientations of
the ECG characteristic parameters we want to study.
This is at the same time a major disadvantage of this
technique.
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The findings of this paper show the ability to separate

the relevant signal components and emphasized the

wavelet-based techniques potential in case of
particular medical field-interpreting the pathology of

CAD and TIA diseases. This present Db5 approach can

complements other minimally invasive investigation

and diagnostic techniques, like neural network
algorithms.

In order to improve and point out the clinical utility

of this processing technique as a diagnostic and

prognostic tool in different fields of cardiology,
laborious future studies must be incorporated.
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OPTIMIZATION OF CUTTING PARAMETERS BY NATURE-

INSPIRED ALGORITHMS

1-6.University of Novi Sad, Faculty of Technical Sciences, Novi Sad, SERBIA

Abpstract: The surface roughness is very important factor for product quality. This paper presents an approach for
determining the optimum machining parameters leading to minimum surface roughness during face milling process by
nature-inspired algorithms. Face milling experiments were conducted on a vertical-spindle milling machine and
experimental data were collected based on a three-factor-five-level design of experiment. The developed regression
model for surface roughness was used to obtain optimal cutting parameters by nature-inspired algorithms (GA, PSO, and
ACO). The analysis of this paper shows that these algorithms are capable of predicting the optimum cutting parameters.
Keywords: optimization, cutting parameters, nature-inspired algorithms

INTRODUCTION

Optimization is the process of defining the most
favorable solutions for given initial conditions, from a
set of possible solutions. It can be said, there is no area
of human activity, system or process which cannot be
optimized

A wide range of optimization methods and algorithms
are used to solve the optimization parameters of
cutting. Different subdivisions of these methods and
algorithms can be found in the literature.
Optimization algorithms can be classified into two
different types by the opinion of some authors [1]:
Traditional optimization algorithms (Mathematical
programming; Analytical methods;  Statistical
methods, Adaptive methods) , and Non-traditional
optimization algorithms (Genetic algorithm, Particle
Swarm Optimization, Artificial Bee Colony, Ant
Colony Optimization, Bat Algorithm, Firefly
Algorithm, Gray Wolf Optimizer, Cuckoo Search ...)
The aim of this paper is to optimize the input
parameters of the face milling process by nature-
inspired algorithms.

MATERIALS AND METHODS

— EXPERIMENTAL SETUP AND RESULTS
Experimental work was carried out at the Faculty of
Technical Sciences, in the Laboratory for
Conventional Machining. The conditions for
experimental testing are given in this chapter.
Conditions apply to: the workpiece material, machine
tool, cutting tool and cutting conditions.

» The workpiece material

Experimental tests were carried out on aluminum
alloy 7075 (Al-Zn-Mg-Cu), which was made using
the conventional casting method. The workpiece has
been 100 mm in width and length, and thickness 15
mm.

» Machine tool
The experimental work was carried out at the
Department of Production Engineering, the Faculty of

Technical Sciences in Novi Sad. The machining was
conducted on a Vertical-spindle Milling Machine
(,,Prvomajska* FSS-GVK-3) in dry condition.

» Cutting tool

A face milling cutter with 9100 mm diameter

(,,Jugoalat“ G.037), with cemented carbide inserts

(,,Corun® type SPKN 1203ED R) with tool cutting edge

angle k=75°and rake angle y=0.

Cutting conditions:

= Cutting speed v, or the corresponding spindle
speed n,

= Feed per tooth s1, or the corresponding feed rate
8, 80 it is: s= s1*zen, number of teeth has been z=1
and

= Depth of cut a.

In regard to the workpiece material and tool producer

recommendations for cutting conditions, Table 1 have

been presented, for a 3-factor design of experiments.

All of the experiments were conducted with one insert

without coolant. The mean surface roughness Ra was

measured with a "Marsurf PS1" device.

Table 1 Machining
Cutting

parameters and their levels
Feed per

Cutting

. Depth .
Levels speed speed tooth of cut Spindle
v v [m/s] s1 [mm/ a [mm] peed n
[m/min] tooth] °
Maximum
351,86 | 5,864 | 0,223 2,6 1120
+1,41
High +1 282,74 | 4,712 | 0,177 1,72 900
Midium 0 223,05 | 3,717 | 0,141 1,14 710
Low -1 175,93 | 2,932 | 0,112 0,75 560
Minimum
L41 141,37 | 2,356 | 0,089 0,5 450
)

Based on the three-factor experiment plan on five
levels, with each input parameter varied to five levels,
a mathematical model for the mean arithmetic
roughness of the machined surface was obtained,
equation 2.1 [2].

41 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara

http://acta.fih.upt.ro/




ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering [e-ISSN: 2067—

3809]

TOME XIII [2020] | FASCICULE 4 [October — December]

24 experiments were performed, according to the
Design of Experiments. The experimental results were
later used to obtain a mathematical model for
calculating the mean arithmetic roughness of Ra. The
mathematical model is a necessary condition for the
optimization of the face milling process, respectively
finding optimal values of the input parameters of the
processing process.

| o

Table 2. The value of the constants and exponents

Q##LAJH_I

[pll(lnv)z + pa2(Insy)?
+psz(Ina)? +
pizlnvins; + p;3lnvina

R, = CvPis,PzaPsexp
l +p,3lns;Ina

201568,8 | 0,2336 | 11,2040
9 6 5 | 054344 | ygagn
P22 J %K) P12 bis P23
0,0229 - - 0,27384
2,44943 0 | 027871 | 0,09218

— GENETIC ALGORITHM (GA) BACKGROUND

The GA is a search algorithm for optimization, based
on a Darwinian theory of evolution and on the
concept of "survival of the fittest". The basic object of
the genetic algorithm is a chromosome, and the
function of aim is the fitness.

The basic operators applied to chromosomes are the
crossover, the mutation, and the selection. A
generation is made the crossover, the mutation, and
the selection, which is equivalent to one iteration in
traditional optimization techniques.All  genetic
algorihtms function by the same principle which can
be shown the most easily in further steps (Figure 1).

Initialize parameters

Y
Mutation p|  Generate population
A
y
Fitness function
Crossover
A
Y
Selection
A
No The best

fitness is
obtained?

Yes

Optimal solution Lt

Figure 1. Methodology of GA optimization [3]

—PARTICLE SWARM OPTIMIZATION
BACKGROUND

Particle Swarm Optimization (PSO) is a stochastic
algorithm with population-based solution. The
particle swarm optimization algorithm was detected
by accident, while observing the computer simulates
movements of bird flock. Reynolds C.W. in his work
1986, examined the flock of birds as a set of particles,
where each particle (i.e. bird) adapts its flight to the
following rules: Avoiding a collision between birds;
adjusting flight speeds to closest birds and trying to
stay close to other birds.

Particle swarm optimization have been successfully
applied to complicated optimization of process
parameters in turning (one and multiple pass), face
milling (one and multiple pass), and milling,
grinding. Optimal cutting speeds, feed rate, feed per
tooth, depth of cut, the number of revolutions of the
main spindle and the number of passes in the function
of: minimum processing time, minimum processing
costs, maximum process efficiency, minimum
roughness of the treated surface, minimum cutting

forces.

Specify the parameters for PSO

v

Generate initial population
¢ Gen.=1

(PSO)

» Time-domain simulation

v

Find the fitness of each particle in
the current population

Gen.=Gen.+1

Gen>Max.Gen.?

Update the particle position and
velocity using equations (3)&(4)

Figure 2. Methodology of PSO optimization [4]

— ANT COLONY OPTIMIZATION (ACO)
BACKGROUND

Ant Colony Optimization (ACO) is a population-based
metaheuristic, that can be used to solve difficult
optimization problems. In ACO, a set of software
agents called artificial ants search for good solutions
to a given optimization problem. In order to apply
ACO, the optimization problem is transformed into
the problem of finding the best path in the weighted
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graph. Artificial ants gradually build solutions by the
movement along the graph. Construction process of
the solution is stochastic and is based on a pheromone
model, i.e. on a set of parameters associated with
graph components, either nodes or edges, whose
values are modified by artificial ants during the
search process.

The ants, although they are blind, can find the shortest
path to the food source. This feature of ants has been
made available to solve real problems by using certain
features and some additions.

Characteristics of ants created by artificial ant are:
communication between the ants by using the
chemical pheromone, preferring the roads with a
higher amount of pheromones, fast increasing the
amount of pheromones on short roads, than on longer
ones.

Characteristics that are added to real ants: live in an
environment where time is calculated discreetly, they
are not completely blind and they can access to details
of the problem, they can retain information for
solving a specific problems with a certain amount of
memory. In Fig. 3 shows the computer diagram of

ACO.
( Start )

#f.
| Set current position |

Find the best point for the next
move based on ACO

‘ Back to starting point
A

No

| Pheromone evaporation |
v

[ Update path pheromones |

Figure 3. Methodology of ACO optimization [5]

RESULTS AND DISCUSSION

The optimization of the face milling process, or the
determination of the optimum values of the cutting
conditions, was carried out using various nature-
inspired algorithms. Three single-criteria methods
were used for this work: Genetic Algorithm — GA,
Particle Swarm Optimization — PSO, and Ant Colony
Optimization - ACO. The aim function in all three

cases was the minimum value of mean surface
roughness R,, respectively (R,)min- The optimization
process was carried out in the MATLAB software
package. This software has a number of modules that
allow to execute the script code for each of the
optimization methods. In Table 3 is shown the limit
values of the input parameters (cutting conditions).

Table 3. Limit values of input parameters
Parameters

Minimum value Maximum value

name
v [m/s] 2,356 5,864
s; [mm

0,089 0,223
/tooth] ’ )22
a [mm] 0,5 2,6

In Table 3 are presented results obtained using
various optimization techniques. Optimal values of
input parameters are fully matched by using different
nature-inspired algorithms (ACO, PSO, and GA).
Results have confirmed that nature-inspired
algorithms, as useful for optimization machining
processes.

Table 4. Optimal values of input parameters during the
face milling process
Optimal parameters of

Method  Output parameter cutting

GA |R,[um] [0,8236 | 2,36 | 0,1011 | 2,6

PSO | R, [um] |0,8236| 2,36 | 0,1011 | 2,6

ACO | R, [um] [0,8236 | 2,36 | 0,1011 | 26
CONCLUSION

This paper has discussed determining the optimum
machining parameters leading to minimum surface
roughness during face milling process by nature-
inspired algorithms. Results have confirmed that
nature-inspired algorithms as useful for optimization
of machining processes. Some general conclusions are
next:

—Preliminary experimental research is needed to
form a mathematical model;

—High-~quality optimization solutions cannot be
expected, without a high-quality and reliable
mathematical model,

—In order to perform optimization using an ant
algorithm, it is necessary to introduce penal factors
that allow the search space to be limited, which is
not the case for the PSO;

—There is need for a script code when used some
methods (PSO and ACO);

—The time of finding optimal solutions is less with
the PSO method than ACO.
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MECHANICAL PROPERTIES OF MODIFIED FLIPWING
HYDROKINETIC TURBINES

I.Mechanical Faculty of Banja Luka, Banja Luka, BOSNIA & HERZEGOVINA

Abstract: Energy demand from renewable sources imposes the need for the development of new types of water turbines
in the field of hydrokinetic turbines. In this paper experimentally examined the mechanical properties of hydrokinetic
turbine type Flipwing. Two shapes and sizes of blades were used, with some turbine design variations. Compared to the
basic version of the Flipwing turbine, using modified design has yielded significant increases in turbine power.
Keywords: hydrokinetic turbine, Flipwing, design optimization, power measurement

INTRODUCTION

Hydrokinetic power is defined as the power derived
from the kinetic energy of the water flow. Unlike a
water-head turbine which convert potential energy of
water to mechanical energy, hydrokinetic water
turbines or water stream turbines uses kinetic energy
from fast flowing water. The presence of water
turbines that can use the kinetic energy of water is
insignificant, because of the low efficiency and cost-

effectiveness.
Flipwing turbine is horizontal axis hydrokinetic ()
turbine, which was patented by the company
Hydrovolts [1]. The rotor consists of 4 freely rotating ANALYSE
blades (Figure 1), which stops at the central shaft. The
efficiency of this turbine is 10% [2]. Vw Qs Ns Po n Cy
[m/s] [Nm] [rpm] W] ] [l
120 e
) / / 20 1267 322 4267 0147 1481
7 - ] % 25 1987 385 8003 0141 1318
\ 30 2688 453 12744 0130 1180
L1124 90 35 288.0 588 17723 0114 1254
o & 40 2831 758 22470 0097 1495
125N lg (b)
1268+ 126D 90 Figure 2. Modified Flipwing turbine with 3 blades and the

efficiency results
DESCRIPTION AND TECHNICAL CHARACTERISTICS

=1
1227

127 At the beginning, a simple CFD analysis was
P I % . . .

- 703 performed (Figure 3) to determine the optimum shape

and radius of the blades. It has also been found that

Figure 1. Flipwing turbine from Hydrovolts [1] increasing the number of blades effects in increasing

Company R+T Fliesenhandels GmbH has improved | the efficiency.
and simplified the design of the rotor of Flipwing
turbines, reducing the number of blades on 3 and
adding smaller blades (Figure 2a), which allowed a
larger grip. This led to an increasing of efficiency
to14%. This result is given in a report submitted by the
Vienna Model Basin Ltd [3] (Figure 2b).

Some types of hydrokinetic turbines, which have a
more complicated rotor design, achieve significantly
higher efficiency than the Flipwing turbine [4, 5]. The
aim of this work is to perform optimization, through
modifying the design of housing and rotor blades of
Flipwing turbines, to maximize efficiency. a)
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b)
Figure 3. Simple CFD analysis with flat
and curved blades
Accordingly, the rotor of the modified Flipwing
turbine was made in two different construction
solutions, in terms of rotating blades:

—Solution 1 ~ double wooden flat blades (Figure 4a),
— Solution 2 - single metal curved blades (Figure 4b).

Figure 4. Two different construction solutions of blades

The rotor parameters for the proposed two

construction solutions are as follows:

Parameters Solution 1~ Solution 1 |
number of sections 4 4
rotor length 2180 2180
rotor diameter 700 700
number of blades 12 24
dimension of blades 500 x 340 | 500x 170
blades radius 0 160 mm
working angle of blade (°) 75 30, 75, -

In addition, turbine rotors are placed in a special
housing (Figure 5). On the front side of the housing
there is an element for directing the water flow (1) or
inlet part, while on the rear side are secured arc
segments that can be disassembled. The aim is to
examine the impact of individual housing segments
on the overall power of the turbine.

L - _

(b)
Figure 5. Special housing of turbine rotors

POWER MEASUREMENT AND RESULTS

In the process of measuring the power of the turbine,
the direct (in-line) method of the torque measure was
used. The method implies that the sensor is mounted
directly in the transmission. The power generated by
the turbine rotor is obtained by the indirect
measurement method using the following form:

P=M-— 2w 1
—m- Tl w) &

where is: M — the value of the measured torque on the
transducer,

n — angular speed of output shaft.

The calculated power is increased by the value of
power losses in the transmission elements. The
following measuring equipment was used in the
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process of measuring torque and angular speed
(Figure 6a):

— torque transducer 2 kNm,

— preamplifier MD 18,

— universal ~ measuring
Darmstadt Germany,
— friction brake and
— angular speed encoder L-TACHO.
During measurements, the turbine with inlet part is
immersed in the water to the level of complete turbine
maintenance (Figure 6b).

amplifier =~ HBM

(b)
Figure 6. Measurement of the power of modified
Flipwing turbines
Torque and angular speed measurements were
performed by multiple sampling with the same and
different operating modes of the turbine.
The results of the measurements for the first

construction solution are shown in Table 1 and for
second construction solution are shown in Table 2.

Table 1. Measurement results —
1st construction solution of rotor

Water Torque Angular

speed [Nm] speed

[m/s] [min-1]
1.4 19 85 169 2.1.
1.4 18.5 76 147 2.2.
1.4 26.4 71 196 2.3
1.6 17.8 115 214 2.1
1.6 17.7 117 217 2.1
1.6 15.3 137 219 2.1
1.6 26 92 250 2.3
1.6 19.8 123 255 2.3
1.6 14.2 113 168 2.4

Note:

2.1. Measurement without housing and inlet part.

2.2. Measurement with housing and without inlet part,
partially immersed.

2.3. Measurement with housing and inlet part, fully
immersed.

2.4. Measurement without the rear side.

Table 2. Measurement results —
2nd construction solution of rotor
Angular

Water

speed Torque speed Power
[min-1]
1.4 15.8 51 84.3 3.1.
1.4 18.3 45 86.2 3.2.
1.4 22 38 87.5 3.3.
1.4 32 71 238 3.4.
1.4 30.6 79 253 3.5.

Note:

3.1. Measurement without housing and inlet part. Short
working angle of blades.

3.2. Measurement without housing and with inlet part.
Short working angle of blades.

3.3. Measurement with housing and inlet part. Short
working angle of blades.

3.4. Measurement without housing and with inlet part.
Long working angle of blades.

3.5. Measurement with housing and inlet part. Long
working angle of blades.

SUMMARY

Experimental results have shown that the power of
the Flipwing turbine increases if the rotor is made
with a larger number of curved blades. The best result
was design with 6 curved blades. allowing long
working stroke of blades (for a working angle of 75°).
Compared to the original design with three flat blades.
an increase in power was achieved up to 40%.

The turbine housing has a different effect on the
increase in power at the proposed structural solutions.
In the case of curved blade construction. the increase
is only 6%. while in the case of flat blades it is 16%.
However. with the first design solution. removing the
rear side of the housing reduces turbine power by
50%. Since housing significantly increase the cost
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price of production. it is proposed (for the second

constructive solution) making Flipwing turbine

without housing.

Note:

This paper is based on the paper presented at DEMI 2019

— The 14th International Conference on Accomplishments

in Mechanical and Industrial Engineering. organized by

Faculty of Mechanical Engineering. University of Banja

Luka. BOSNIA & HERZEGOVINA. co—organized by Faculty

of Mechanical Engineering. University of NiS. SERBIA.

Faculty of Mechanical Engeneering Podgorica. University

of Montenegro. MONTENEGRO and Faculty of Engineering

Hunedoara. Unversity Politehnica Timisoara. ROMANIA.

in Banja Luka. BOSNIA & HERZEGOVINA. 24-25 May

2019.
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A NOVEL APPROACH FOR THE EARLY DIAGNOSIS OF

ALZHEIMER’S DISEASE
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Abstract: Alzheimer disease (AD) is the most common dementia type disease after the age of 65. This leads to cognitive
disability to the person being affected. The existing methods are not able to definitely diagnose the disease at an earlier
stage. Also, if we can diagnose the disease earlier, treatments can be given at a proper time. Accordingly, an innovative
technique should be developed with good accuracy, specificity, and sensitivity. In this scenario, the Magnetic Resonance
Imaging (MRI) can be utilized. In this research work, a method has been proposed using Discrete Wavelet Networks
(DWNs). This method gives better results in case of MRI images.

Keywords: Alzheimer’s disease; DWNSs; Early Diagnosis; Feature Selection; and MRI

INTRODUCTION
Alzheimer’s disease is considered as a neuronal
disease that upsets neuron cells. Once the nerve cells
are damaged due to this disease, it cannot reproduce
the cells and causes damaged to the nearby cells. This
permanent damage of the cells leads to permanent
memory impairment. The disease progression is
classified according to the progressive nature of the
disease [1, 2]. When the disease progresses to the
severe stage, the patient conditions become more
critical. In addition to the patient, the family members
are also affected. AD normally occurs due to protein
accumulation called as plaques, and tangles [3, 4].

Plaques are present outside the nerve cells and tangles
are those that present inside the nerve cells. In AD
patients, the deposits of plaques and tangles are seen
more than normal subjects. The main parts of the
brain that is affected by AD in the earlier stage are
hippocampus, frontal, temporal, occipital and,
parietal lobes. In these areas, there is a loss of
neuronal cells and more deposits of proteins. Also,
there is cortical atrophy in these areas [5-7].
Therefore, brain imaging techniques can be used for
the diagnosis of this disease. At present, there is
several brain imaging methods for diagnosing AD.
From those Magnetic Resonance Imaging (MRI) gives
considerable results than other because it reveals
relevant information about the most critical areas that
are causing AD. MRI is non-invasive equipment for
determining cross-sectional areas of brain as well as
records the changes in the tissue region including the
hippocampus, frontal lobes, temporal, occipital lobes,
and parietal lobes [8, 9]. Due to this, MRI scans are
becoming popular. The images obtained from MRI
devices show more reliable and consistent in the case
of AD. After selecting the most suitable brain imaging
technique, next is to make an automated expert
system using computers for the diagnosis of the
disease. For this purpose, we can use the advanced
Biomedical Engineering technology for making an
automated system using computers.

REVIEW OF LITERATURE

Feature selection is a substantial process in the
automatic computer diagnosis of brain pictures. The
different techniques for this process are genetic
algorithm, artificial neural networks (ANNs), fuzzy
logic; and support vector machines (SVMs). Another
method that can be used in conjunction with the
above is wavelet Networks (WNs). In this research, we
are using WNs for the segmentation process. The WNs
can overcome the different limitations caused by
other segmentation techniques. By using WNs, we can
reduce noise from the images to minimum; avoid
complex calculations, efficient image retrieval and
separation of background from the image [10].

In this paper, feature selection of MRI images has been
developed based on WNs. They can be characterized
into adaptive wavelet networks (AWNs) that uses
Continuous Wavelet Transforms (CWTs) and the
other is discrete wavelet Networks (DWNs) which
uses Discrete Wavelet Transform (DWT) [11]. In this
research, DWN has been used extensively. The
advantages of DWN over AWN are as follows. Unlike
AWN, DWN uses simple computations and are not as
sensitive to initial values as AWN [12]. The other
factors to choose DWN to construct the networks are
wavelets, scale and shift parameters. In addition to
inner parameters there are outer parameters like the
weight of the wavelet neurons, calculated using least
squares estimation [13, 14].

Therefore, in this research work we are using DWNs
for the segmentation of MRI images for the feature
selection process. After the segmentation process is
over, necessary features of MRI are extracted and
select the appropriate features for the classification of
images.

FEATURE SELECTION OF MRI IMAGES

During the feature selection of MRI pictures,
segmentation is a prominent task. Figure 1 shows the
feature selection method using MRI. The different
block represents Image Acquisition, Preprocessing,
WN Construction, Segmentation, Image
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Postprocessing, Extraction of features, and Feature
Selection. The first step in this method is to acquire the
MRI scans using MRI scanner as in figure 2. The
second step is the removal of noise from the images
using filters.. Filters can be classified into linear and
non-linear filters. In this research, we are using a non-~
linear median filter to removes the unneeded noise on
the obtained MRI image before proceeding to the
segmentation process.

Image Image Wavelet
Aquisition of Pre rocissin Network
MRI Images P g Construction

Feature Image MRI Image

Extraction Preprocessing Segmentation

Feature

Selection

Figure 1.Block diagram of MRI Feature Selection Process
The third step is the WN construction from the MRI
scans stored in the computer using DWNs. Once the
network construction is completed, segmentation can
be done [15]. In the pre-processing stage, the edges
and heirs that are no longer needed has been removed.
After that various features connected with MRI has
been extracted. The final step is the feature selection
method in which only the optimum features are
selected.

Figure 2. MRI device

THE SEGMENTATION ALGORITHM USING WAVELET
NETWORKS FOR THE FEATURE SELECTION PROCESS
Figure 3 shows the block diagram of the segmentation
algorithm for the feature selection process. Wavelets
are mainly used to reduce the magnitudes of MRI
picture information from a bigger value. A Discrete
Wavelet Network consisting of one output, d inputs
and q Wavelet neurons can be calculated as in
equation (1).

ZWini,qi(X):ZWiQ_P‘dQW(QPiX_qi) (1)
i=1 i=1

From the above equation, wi is the weight coefficients,
Ypi, gqi are the parameters of primary wavelet
network [16].

While using DWNs, the Red Green Blue (RGB) matrix
values of MRI data that is given as DWN input
changes from a minimum value to maximum. These
variations will cause problems in the segmentation as
well as classification process. Therefore, the RGB data
is to be normalised in the range [0,1]. This stage is also
called as pre-processing stage of the feature selection
process [17]. The normalisation of input data is

calculated as in equation (2).
k X{oa ~ bk
(k) — n,o (2)

n,new Tk —tk
is the value of the

matrix, tk denotes lowest value and Tk denotes highest
value of the matrix.

From the equation (2), x¢)

n,new

Contrast oLS Wavelet
Stretching Selection
Primary Wavelet matrix weight
selection Implementation coefficient
selection of Secondary
parameters screening
WN construction P”mary
Screening

Figure 3.Block diagram for the feature selection process
The next step in this algorithm is to select the principal
wavelet for the construction of DWN for the
segmentation process. For the purpose of creating a
DWN with good efficiency, the wavelets must be
chosen with utmost care. In this scenario, we cannot
use a single dimensional wavelet. Therefore, multi-
dimensional wavelets should be employed. There are
different types of wavelets available in biomedical
processing. After executing the program for feature
extraction with different wavelets, Marr and Morlet
Wavelet combination has been chosen as the principal
wavelet [18]. The Marr function is represented as in
equation (3)

2
P;(x) = [(d — abs(x?) * eA(—abS(X;)] (3
Likewise, the Morlet wavelet function is given by the

equation (4).
2

P, (x) = Ce% * cos(5x) (4)
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By using dimension d=2 and constant C=1, the

equation changed as shown in equation (5).
2

P(x) = [((d — abs(x?) e“(—abS(%)) *(Cez *
cos(5x))] (5)
After selecting the principal wavelet, the succeeding
step is to select the scaling and shifting parameter
functions for crating the wavelet lattice. The lowest
scale level with Pmin and the highest scale level with
Pmax have been selected [19]. After choosing the shift
and scale parameters, a wavelet lattice is constructed
with d=2 as in equation (6).

Wopig (X)) = PR \V(zpi x—q;) (6)

After the construction of Wavelet lattice, there are
there exist so many redundant wavelets that cause
inaccuracies in the segmentation section. Therefore
the most suitable wavelets should be selected with
shift and scale parameters. For this purpose, the
primary screening is used. In this screening, the
matrix Ik is formed from the selected wavelets [20]. In
the next stage, the secondary screening is employed in
which matrix I is formed from the matrix Ik. In the
next stage, the wavelet matrix is calculated from the
selected shift and scale parameters after the screening
process [21]. Therefore, in the next stage is the
employing of Orthogonal Least Square algorithm to
select the suitable parameters from the matrix. After
employing the OLS estimation, the wavelet network is
computed by the equation (7)

f= Z Wiy (x) (7)
i1

From the equation (7), s denotes neurons and wi is
the weight. In the next only the required Wavelet
neurons are selected and index of WN is given by

equation (8).
2

P ~
MSE:iZ(fU‘) — £ (€]
P k=1

Finally, the weight coefficients have been calculated
successfully [22, 23].

IMAGE PRE AND POST PROCESSING

MRI pictures acquired digitally are exposed to
different Digital Image Processing Techniques. The
standard picture ratio is taken as 360x360 pixels.
Normally, the picture comprises of unwanted
distortion in the form of hairs, bubbles and so on.
These commotions cause errors in the final output. So
as to stay away from that, pictures are exposed to
different image processing schemes such as Image
Pre-processing and Post-processing. Pre-processing is
the removal of commotions in the picture such as hair
and bubbles. The principal strategy of pre-processing
is to carefully evacuate the hairs and bubbles and
makes the image smooth for the segmentation process.
After the segmentation process, there are some
unwanted regions are formed near the boundaries

and edges. This can be removed by image post-
processing in which unneeded regions are removed
and region of interest is calculated.

EXTRACTING MRI FEATURES

The features that can be extracted from MRI images
are are described as below.

Ellipticity is a grade of resemblance with the oval
contour that is achieved in-between the area of the
utmost real fitted area elliptically. It shows larger
values during normal and smaller values during
abnormal conditions.

Texture feature is an arranged group of metrics in
image processing to evaluate the deceptive surface. It
provides evidence of spatial arrangement of color or
intensities in an MRI image.

Red average value is the mean value of the pixels in
the red region.

Regional minima are to seizure the consistency
calculated using number of minima and the area of
object. Moment is defined as the histogram of the MRI
image inside the object. Median is measured by
arranging all initial value of the pixel from the
adjacent neighborhood into numerical order.
Contrast is the difference in the luminance or colour
of the MRI image, thereby the objects can be easily
found out. Entropy is a statistical degree of
uncertainty to characterize input image. Maximally
Stable Extreme Regions (MSER) features are used for
spot recognition in images. Min-Eigen feature find
corners using Eigenvalues and returns a corner
point’s object in a two-dimensional grayscale image.
Curvature variance is the measurement of curvature
that is usually present in the objects outline. It shows
maximum for AD and minimum for normal by
measuring the variance of their assessment
dissemination. Salience variance is used as the precise
enlargements of an outline forming discrete regions.
Some of the features obtained are shown in figure 4.

Ellipticity

MinEigenFeatures

Figure 4. (i) Ellipticity (i) Min-Eigen (iii) MSER feature
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FEATURE SELECTION OF MRI IMAGES
The next process is to find out the best features that
are more suitable for the diagnosis of AD. For finding
out the optimal feature, we have executed the MRI
images with each feature separately for the
classification of images. Finally, we have selected six
features for the classification stage. The features are
Ellipticity, Texture feature, curvature variance, MSER
features, Min-Eigen, and saliency variance.

RESULTS AND DISCUSSION

The dataset includes 100 MRI images taken under
same environmental conditions. The size of image
obtained is 5 megabyte, images have been made noise
free using non-linear median filter. Figure 5 shows
the different process of segmentation in MRI images.
Table.1. Comparison of MMDWNS, NN, FCM, and ED

> b z,

— S5

g@ g@ gé

3 o 3
pgggo 99.55 | 94.57 | 94.22 | 99.72 | 99.57 | 11.12
GA | 99.45 | 92.15 | 93.34 | 99.65 | 99.12 | 13.14
NN | 99.43 | 92.05 | 93.24 | 99.63 | 98.43 | 17.72
SVM | 99.11 | 88.44 | 86.96 | 99.05 | 89.93 | 22.34
FCM | 98.73 | 82.18 | 83.84 | 98.53 | 82.14 | 32.97

Median Filter Image

Figure 5. The different process of segmentation in MRI
images: (a) input image, (b) Median filter image (c) Red
image (d) Green image (e) Blue image (f) Red Normalized
image () Green Normalized image (h) Blue Normalized
image (i) Marr-Morlet feature output (j) Wavelet
Network Output (k) ROI image (1) final output.

In this research, feature selection of the MRI images
has been done with DWNs for the early diagnosis of
AD. We have compared the proposed work with
genetic algorithm GA, Neural networks (NNs),
Support Vector Machines (SVM), and Fuzzy C~ Means
(FCM) for accuracy, precision, sensitivity, specificity,
similarity and border error rate, our method is better

than the other four as in table 1.

CONCLUSIONS

In this paper, feature selection of MRI has been done

using Discrete Wavelet Network. For the feature

selection process, images are obtained through MRI
scanner and stored as a database. After that,
normalisation has been done before image
segmentation. Image pre-processing has done before
segmentation stage and Image post-processing has
been done after segmentation and then region of
interest is calculated to get the final segmented image.

After segmentation, feature extraction of MRI has

been done and features have been extracted, in which

6 significant features have been selected. The

proposed method has been compared with other

relevant methods and shows better results. Therefore,
this innovative method can definitely helpful for
diagnosing Alzheimer’s disease affectively.
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LTamas SZOCS, 2Zoltan Balint SUSI

THERMOELASTIC PROBLEM OF MULTILAYERED CURVED BEAMS

L2Institute of Applied Mechanics, University of Miskolc, Miskolc, HUNGARY

Abstract: The main objective of this paper is to determine the thermal stresses and displacements in multilayered curved
beams subjected to thermal loading and concentrated moment. An analytical solution is presented to tackle this
thermoelastic problem of multilayered circular arc with constant radius. The model can be modified to determine the
stresses within radially graded curved beams. The developed plane stress method is compared to result coming from
finite element simulations. Our main focus is to determine the analytical solution for the stresses and displacement within
the beam which is subjected to constant temperature field and concentrated moment at the end of the beam.

Keywords: curved beam, multilayered, thermal stresses

INTRODUCTION

Curved beams are frequently used components in
frame structures. Recent years a lot of studies have
been performed on the mechanics of multilayered and
functionally graded beams from different aspects. A
lot of books deal with the stress analysis of beams,
such as [1-7]. Bimetal components are one of the
applications for multilayered beams. Several works
have dealt with the mechanics of bimetallic strips
which consist of two different components [8—12]
although curved beams were not considered.

Papers such as [13-16] deal with the stability problem
of curved beams subjected to only mechanical
loading. These articles present an analytical method to
the non-linear stability investigation of curved beams.
The model can be used not only for homogeneous
materials but also for functionally graded
distributions. In [15] the mechanical load is a
concentrated radial force at the crown point, while in
[16], it is exerted in the small vicinity of the crown.
Furthermore, in [13] the application point can be
arbitrary along the centroidal axis. There are several
papers (e.g. [17-19]) where multilayered structures
were analysed and used to approximate simple
radially graded components, such as disks or
spherical bodies.

In paper [18] an analytical solution was developed for
spheres using Boussinesq displacement potentials, in
which the functions of the material properties —
except the Poisson’s ratio ~ are power law functions,
in paper [19] the problem is solved as the
superposition of the simpler subproblem. Then these
multilayered methods were used to calculate stresses
in radially graded spheres.

Pydah and Sabale [20] solved the flexure problem of
bi-directional functionally graded circular beams
subjected to various tip loads. Eslami et. al [21] used a
two-step perturbation technique to present the
solution of functionally graded shallow tube subjected
to lateral pressure and temperature field, where the
properties of the arch were distributed through the
radial direction using a specific power law function.

In paper [22] a method is presented to calculate the
stresses and displacements in bimetal curved beam
subjected to only constant temperature field based on
strength of materials and plane stress theories. In the
work [23] the solution of a radially graded circular
curved beam is presented, where the modulus of
elasticity varies according to a power law function.
Ecsedi and Baksa [24] presented a method to calculate
the stresses in circular polar orthotropic beams
subjected to radial loading.

A multilayered curved beam is considered. The
number of layers is denoted by n, the homogeneous
layers are perfectly bonded. A cylindrical coordinate
system will be used, the sketch of the problem -~ for
four layers, as an example ~ can be seen in Figure 1.
Our main focus is to determine the analytical solution
for the stresses and displacement within the beam
which is subjected to constant temperature field (7)
and concentrated moment at the end of the beam. The
internal radius of the i~th layer is denoted by R, the
outer radius is Ri+z. The symmetry plane of the
problem is the z=0 plane.

o=n/2

A

v

o=

Figure 1. The sketch of the problem
in case of 4 layers
GOVERNING EQUATIONS
In the basis of the plane stress model, the boundary
conditions of the considered problem can be
expressed as
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O, (Rl’¢): o, (Rn+1’ Q)=
=7, (R, )= 7, (R, 9)=0, (1)
0<p<p,
o, (r, ﬂ)Z o, (r, 0)
=1, (r, ,B)= T, (r, 0)= 0,
Uw(l", ,B) =0, (r, 0) =0,

R <r<R

furthermore the following weak form equations will
be satisfied:

(2)

n+1?

Ris1 Ris1
N = j ou(r, B)dA = j oo(r,0)dA=0, (3)

Ry Ry

Rn+1 Rn+1
M = j ro(r, B)dA = j rop(r,0)dA. (4
Ry Ry
In the previous equations orand o, are the radial and
tangential normal stresses. According to the Euler-
Bernoulli beam theory, the displacement field can be
given as:

u;(r.p) = U,(r) + ficosp+ f,sing,
v,(r,p) = Dro + fsing — f,cosp + f,r, (5)
(i=1...n),
where z and v denote the radial and tangential
displacement components. From the kinematic

boundary conditions the unknown fand D constants
can be determined. For example we can use:

Uy, (Rl,O) =0, Vl(Rl,O)Z 0,v, (Rn ,O)= 0. (6)
The kinematic equations yield

g .= i + D’Sri = %,izl...n, (7)

ol r r

where €, and gp;denote the normal strain coordinates
of the strain tensor in the i~th layer. The stress-strain
relation for the /~th layer can be expressed as

& = Ei_l(cri - Vqu)i) + oyT, 3
Epi = Ei_l(c(pi -vio,;)+ oT, (i=1..n). (9)
The combination of Egs. (8) and (9) with the

compatibility condition leads to

de,; )
rd_s+8“’i -g,—D=0, (i=1...n),
d
ra(—ViO'ri +U¢i + EiaiT) - (10)

-Q+v)o, +(+v)o,-ED=0.

From the equilibrium equation we get

dO' O'ri'O"
[ —
_”+—_0,

dr r

994, 5 (i=1..).
r

(17)

O,i=F

The combination of the previous equations yields the
following differential equation for the different layers

r 4 (@-v)o, +1 %% 4 EaT)-
dr drd (12)
-1+v)o, +(1+ v)(r%Jran)-EiD =0.

The solution of the differential equation can be
expressed as
C,

ED
o.(N=C,+—%+——Inr,
rl() il rz 2

(13)

o.,(r) = Cil—%+%(ln f+1),

where the number of unknown constants is 2z+1.
The boundary and fitting conditions of the
multilayered beam (with thickness /) are:

o, (Rl)Z O (Rn ) =0, 0, (Ri )= g, (Ri),

Ul(Ri) =U2(Ri), (i=1...n), (14)
n R Ris1
> I rodr = I ro,dr = Mb*. (15)
i=l R R;

With system of equations (14), (15) we can calculate
the unknown constants for the different layers. The
stress distribution does not depend on the angular
coordinate.

This method can be modified to calculate stresses
within radially graded beams subjected to constant
temperature and concentrated moment. In this case
we need n homogeneous layers and we have to
discretize the values of the material properties for the
different layers. One technique is to use the value of
the function of the material parameters at the middle

of the layer Rm:[19]
E.=E(r=R.,),v,=v(r=R.,),
1 ( ml) ‘TI V( ml) (16)
a,=a(r=R,;), i=1..n.

The more layers we use the more accurate the solution
is.

NUMERICAL EXAMPLES

In our first numerical examples the following
numerical data will be used:

R,=1m, R, = 1.05m, R, = 1.09m, R, = 1.14m,
E, = 69 GPa, E, = 200 GPa, E, = 69 GPa,
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Vl = 0'33’ v2 = 0'31 vg = 0-331 al = 2-2 '105%’

a,= 1.1 -105%, o5 = 2.2 -105%, T =150°C,

S =290°.

The presented method is compared to results coming
from finite element simulations. We used Maple and
Abaqus CAE to carry out the calculations. The
deformed mesh of the first problem can be seen in
Figure 2. Quadratic coupled temperature-
displacement elements were used to formulate the
steady-state plane stress model [33].

S, Mises

(Avg: 75%)
+5.661e+08
+5.192e+08
+4.724e+08
+4.255e+08
+3.766e+08
+3.318e+08
+2.849e+08
+2.381e+08
+1.912e+08
+1.444e+08
+9.751e+07
+5.065e+07
+3.796e+06

Y
;—»X

Figure 2. The finite element model of the first problem
with the von Mises stress

In Figure 2 we can see that the stress distribution does
not depend on the angular coordinate except at the
ends of the beam. The stress distributions are plotted
in Figure 3 in case of pure constant temperature
loading.

In the next case we apply an additional concentrated
moment (5 kNm) at the free end of the curved beam.
The results can be seen in Figure 4.

In the second numerical example the following
numerical data will be considered:

R,=0.03m, R, = 0.035m, R, = 0.04m,
R, = 0.045m, R, = 0.05m, E, = 117 GPa,
E, = 200 GPa, E, = 69 GPa, E, = 117 GPa,
v, = 0.355,v,= 0.3, v; = 0.33, v, = 0.355,

a, = 162-105%, a,=1.1 -105%,

o5 = 2.2 -105%, a,= 162 -105%,T =150°C,
B =120°.
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Figure 3. The normal stresses of the first problem
subjected to constant temperature field
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SUMMARY

An analytical method was presented to determine the

stresses and displacement in multilayered curved

beam subjected to specific thermal and mechanical
loads. The curvature of the beam was constant.

The developed method is based on the elasticity

equations of plane stress state and Euler Bernoulli

beam theory.

A method is presented to tackle the problem of radially

graded beams subjected to constant temperature and

concentrated moment.

The results were compared to solutions coming from

finite element simulations.
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CONTRIBUTION OF LEAN PRODUCTION TO ENVIRONMENTAL

PROTECTION IMPROVEMENT
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Abstract: Lean production is the most extended production concept currently applied in industry. Lean production is
characterized by five principles (value, map the value stream, flow, pull and continuous improvement) and by the
importance of reducing production waste (defects, waiting, unnecessary processing, overproduction, movement,
inventory, unused employee creativity, complexity). Environmental concerns are a part of the Lean concept, although
Lean production usually helps the environmental protection without really intending to. Emissions to air, water and soil,
as well as waste generation, also represent a production waste (that is, no value to the customer). However, only recently
conducted studies linked Lean production concept with environmental protection improvement. The main goal of the
present study is to enlighten the contribution of Lean concept for achieving a better environmental performance of

production systems.

Keywords: Lean production concept, environmental protection, waste

INTRODUCTION

Lean production became a leading production
concept being applied in many sectors in the world,
where improving product quality, reducing
production costs, and being “first to market” and
quick to respond to customer needs are critical to
competitiveness and success [1]. Lean principles and
methods focus on creating a continual improvement
culture that engages employees in reducing the
intensity of time, materials, and capital necessary for
meetinga customer’s needs. Fundamental focus of
Lean production is on the systematic elimination of
non-value added activity and waste from the
production process. From this it can be concluded that
the implementation of Lean principles and methods
also results in improved environmental performance.
However, only recently studies linked Lean
production concept with environmental protection
improvment. The relationship between Lean
production concept and environmental protection has
attracted much debate, and at the same time, the lack
of empirical evidence leaves haphazard opinions on
this matter [2]. A number of authors have proposed
that the adoption of Lean production can directly
improve the public good by improving the
environmental performance of the adopting firms [3].
Some authors cited several organisations who have
made economic savings through waste elimination
and process improvements as part of their
environmental programme [4]. They concluded that
taking a Lean approach to waste elimination has
considerable potential for environmental and
economic  sustainability. Also, other authors
concluded that the pursuit of continuous
improvement (Kaizen),  created  substantial
opportunities for pollution prevention and waste and
emissions reduction [5].

The main goal of the present study is to enlighten the

contribution of Lean production concept for
achieving a better environmental performance of
production systems. Each of the production wastes
that Lean attempts to reduce is somewhat associated
with environmental performance. Hence, attention is
focused on if and how Lean production creates more
environment friendly production processes.

LEAN PRODUCTION CONCEPT

Lean production concept is developed as a
generalisation of the Toyota Production System, which
was an embodiment of previous production quality
systems [6-7]. Generaly, This concept aims to reduce
costs of production by eliminating waste and
nonvalue-added activities and is a common
underlying principle in many major businesses and
production facilities around the world. In essence,
Lean concept seeks to preserve value within an
organisation with overall less work and thus
maximising efficiency through the reduction of waste.
Lean production paradigm can be accomplished by
applying a wide variety of Lean production tools such
as Heijunka, Six Sigma, Kanbans, First In-First Out
(FIFO), Value Stream Mapping (VSM), Takt (from
Taktzeit meaning cycle) time, Just In Time (JIT), Single
Minute Dye Exchange (SMDE), and 5 S principles [7].
The essence of Lean production is to produce “more
with les“. This implies that Lean thinking
organizations use less non-renewable resources in the
form of raw materials and energy. This concept can
be extended to determine whether Lean thinking can
be applied to producing less pollution and emissions
and whether Lean manufacturers are therefore more
eco-friendly than traditional manufacturers [8].

Lean methods typically target eight types of waste:
Defects, Waiting, Unnecessary processing,
Overproduction, Movement, Inventory, Unused
employee creativity, Complexity.

When companies implement several or all of these
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Lean methods, several outcomes consistently result

[1]:

—Reduced inventory levels (raw material, work-in-
progress, finished product) along with associated
carrying costs and loss due to damage, spoilage,
off-specification, etc;

—Decreased material usage (product inputs,
including energy, water, metals, chemicals, etc.) by
reducing material requirements and creating less
material waste during manufacturing;

— Optimized equipment (capital equipment utilized

for direct production and support purposes) using

lower capital and resource-intensive machines to
drive down costs;

—Reduced need for factory facilities (physical
infrastructure primarily in the form of buildings
and associated material demands) by driving down
the space required for product production;

—Increased production velocity (the time required to
process a product from initial raw material to
delivery to a consumer) by eliminating process
steps, movement, wait times, and downtime;

— Enhanced production flexibility (the ability to alter
or reconfigure products and processes rapidly to
adjust to customer needs and changingmarket
circumstances) enabling the implementation of a
pull production, just-in-time oriented system
which lowers inventory and capital requirements;
and

—Reduced complexity (complicated products and
processes that increase opportunities for variation
and error) by reducing the number of parts and
material types in products, and by eliminating
unnecessary process steps and equipment with
unneeded features.

LEAN PRODUCTION AND ENVIRONMENTAL
PROTECTION
Successful implementation of the Lean concept
undermines the elimination of production waste and
which involves employees. While environmental
waste (solid waste, hazardous waste, air emissions,
waste waters, wastewater discharges) are not explicit
targets or drivers for the implementation of the Lean
concept, case studies and empirical evidence show
that the environmental benefits deriving from the
Lean concept are significant.
The application of the Lean production concept is
often related to "flow and connectivity". Although not
explicitly targeted, environmental benefits are
embedded in the creation of this smooth and fast
product flow through a production process with
minimal defects, inventories, delays, and loss of
movement.

For example, reducing defects eliminate negative

environmental impacts associated with materials and

processing used to create a defective product, as well

as waste and emissions resulting from the processing
or disposal of defective products. Likewise, reducing
inventory and converting to a cellular production
schedule reduces the need for space in the building,
along with the use of water, energy and materials
associated with heating, cooling, lighting and
maintenance of the building.

Although negative environmental impacts, such as
hazardous waste, air emissions and wastewater
discharges, are often not directly identified in
productive waste types that are targeted at Lean
Initiatives, improvements in these areas are deeply
embedded in other types of production waste. Table 1
lists the eight most common types of waste Lean
concept works to eliminate, along with the
environmental impact that often connects to each of
them [1].

Table 1. Eig
Waste

ht types of wastes targeted by Lean concept

Examples Environmental impacts

type
Production of — Raw materials and
off-specification energy consumed in
products, making defective
components or products
services that | — Defective components
8 result in scrap, require recycling or
& rework, disposal
A replacement | __ More space required
production, for rework and
Inspection, repair, increasing
and/or energy use for
defective heating, cooling, and
materials lighting
Delays . — Potential material
associated with 1
stock-outs, lot sporage or
50 . component damage
£ processing causing waste
= delays,
= equipment — Was_ted energy from
downtime, hea’.[mgz coolmg, and
capacity hght}ng durmg
bottlenecks production downtime
— More parts and raw
& o0 Process steps materials consumed
2 g that are not per unit of production
O @ :
38 required — Unnecessary
= & toproduce the processing increases
o & products wastes, energy use,
and emissions
— More raw materials
é and energy consumed
Q Manufacturing in making the
r§ items for which unnecessary products
g there are no — Extra products may
§ orders spoil or become
O obsolete requiring
disposal.
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Table 1 (continuing). Eight types of wastes targeted by
Lean concept

Waste

Examples Environmental impacts

type
— More energy used for
transport
— Emissions from
transport
Human motions | — More space required
- that are for WIP movement,
S unnecessary or increasing lighting,
% straining, and heating, and cooling
z work-in- demand and energy
= process (WIP) consumption
transporting — More packaging
long distances required to protect
components during
movement
— Damage and spills
during transport
— More packaging to
store WIP
— Waste from
> EXCeSS raw deterioration or
9) : damage to stored WIP
= material, WIP, il
3 ot finished — More materials
& g00ds needed to replace
damaged WIP
— More energy used to
heat, cool, and light
inventory space
s 8B Faihf,re to tfap
% g2 | CMPOYESSIOU | \aste minimization
ESg | . broces opportunities
5 g 8| improvement pp
©° suggestions
_ More parts, — More pallrts and ravg
z process steps, or materials consume
E’ time than per unit of production
= necessary to — Unnecessary
8 meet customer processing increases
needs wastes, energy use,
and emissions

The cumulative effect of the concept of Lean
production is a powerful means to reduce the overall
environmental footprint of production and business
operations, and at the same time is a significant driver
for a sustainable and continuous improvement of the
environment.

Figure 1 presents the relationship between Lean
production's 8 types of waste and the 4 core
dimensions to measure environmental performance.

Defects .
Unnecessary
processing )

: Water
Overproduction
Climate

Inventory
Unused employee
creativity

Complexity

Figure 1. Relationship between Lean’s 8 wastes and
environmental performance measures

Some examples of positive contribution of Lean

production towards environmental performance are:

—Usage of plastic pallet instead of wooden one was
adopted under Lean due to short lifecycle and less
durability of wooden pallet. This did improve
environmental performance by utilizing reusable
material (plastic) and preserving resources by not
using wood and not burning it at the end of life
cycle.

—Reduction in transportation of material has a dual
effect. Positive effect by optimizing the operation
time, reducing cost, as well as reducing emissions.
But at the same time, lower inventory requires
more frequent deliveries, thus an increase in
emission, but it does balance itself by
decreased/delayed resource extraction, and no
stagnation of material in storage.

—The food industry greatly benefits from Lean
concept, as by adopting JIT principles it minimize
the obsolescence and wastage contributing to
environmental pollutants.

—The indirect impact on  environmental
performance is through the utilization of Kanban
systems to optimize information flow and reduce
the usage of energy by avoiding over processing or
incorrect processing.

—The design of assembly/production line affects
efficiency. In general, a U-shaped assembly line
system is given appraisal by participants, which is
also highlighted by scholars [9]. It can improve
efficiency by reducing motion within the
processes, increase labor productivity by using less
people to do the same work -~ so as to reduce the
usage of natural resources and loss of other
potential usage.

—By applying the TQM and Lean approaches, the
possibility of defective product is minimized to the
maximum possible extent, thus resulting in the
preservation of natural resources and energy
utilized for production.
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In general, the environmental impacts of allocation of
inventory, volume of production and defects have a
strong linkage to the lean strategy [2].

CONCLUSION

Regardless of the lack of empirical data on the
contribution of Lean production concept on
environmental protection, but given that the essence
of Lean production is to produce “more with less*,
implies that Lean thinking organizations use less non-~
renewable resources in the form of raw materials and
energy and that Lean production is focused on the
systematic removal of activities and waste that do not
contribute to the value of the production process,
which may imply that the application of Lean
principles and methods also results in improved
environmental performance.

Based on the presented analysis and avaliable
examples from practice, it can be concluded that the
Lean production concept contribute to the
environmental protection. Generaly, two findings are
imposed:

— Implementing Lean production concept does foster
environmental protection.

—Environmental protection improvement is an

added/bonus feature of Lean production.

Note:

This paper is based on the paper presented at DEMI 2019

— The 14th International Conference on Accomplishments

in Mechanical and Industrial Engineering, organized by

Faculty of Mechanical Engineering, University of Banja

Luka, BOSNIA & HERZEGOVINA, co—organized by Faculty

of Mechanical Engineering, University of Nis, SERBIA,

Faculty of Mechanical Engeneering Podgorica, University

of Montenegro, MONTENEGRO and Faculty of Engineering

Hunedoara, Unversity Politehnica Timisoara, ROMANIA,

in Banja Luka, BOSNIA & HERZEGOVINA, 24-25 May

2019
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Abstract: Emerging contaminants are micropollutants found in wastewater, such as antibiotics widely applied to prevent
or treat human and animal diseases, and steroid hormones used for animal fattening. Anaerobic processes are widely
applied in the treatment of swine, cattle and poultry wastewater, but their performance can be diminished by the
inhibition effect of antibiotics. Emerging contaminants cannot be entirely removed by conventional wastewater
treatment. They accumulate in sludge and manure applied as fertilizers on the agricultural soil, resulting in localized
contamination of surface and ground waters. Released in the environment, the emerging contaminants have eco-
toxicological effects in aquatic and terrestrial organisms and human health: feminization of aquatic organisms, bacterial
resistance, endocrine disruption, neurotoxicity and cancer. Emerging contaminants endanger the reuse of treated
wastewater for irrigation of vegetable and energy crops, a regular practice among farmers trying to overcome water
scarcity in arid and semiarid areas. The uptake and bioaccumulation of emerging contaminants in plants and fodders
and their subsequent entry in the human food chain have been gaining attention over the last decade. This paper provides
a review on the existence and the removal of antibiotics and steroid hormones in wastewater via different treatment

technologies.

Keywords: emerging contaminants, antibiotics, steroid hormones, wastewater treatment

INTRODUCTION

In arid and semiarid areas, the reuse of wastewater for
irrigation is regularly applied by farmers.
Micropollutants in municipal wastewater, such as
pharmaceutics, personal care products, pesticides,
insecticides, surfactants, detergents, dyes, polymers,
plastics, phthalates, flame retardants, industrial
additives, and the micropollutants in livestock
wastewater, such as antibiotics applied to prevent or
treat animal diseases and steroid hormones used for
farmed animal fattening, are known as emerging
contaminants (ECs). Since they cannot be entirely
removed by conventional wastewater treatment, the
ECs are released into the receiving environments
including rivers, fishponds, and crop fields.

Most commonly found molecules of human drugs in
treated effluents and the environment include
antibiotics, analgesics, contraceptives, anti-cancer
agents, beta-blockers, lipid regulator agents, anti-
inflammatory drugs, anticonvulsants, contrast agents,
hormones and even disinfectants (Deblonde et al.,
2011). Chemical, natural, or synthetic antibiotics are
widely administered drugs in human and veterinary
medicine and in aquaculture to block the
multiplication of pathogenic microorganisms or to
treat diseases caused by bacteria (Marcelino et al.,
2017). More than 150 antibiotics are currently in use,
of which over 90% are natural products of bacteria,
fungi and semisynthetic modifications of natural
compounds, and only a few are entirely synthetic (von
Nussbaum et al., 2006). The increasing use of
antibiotics and the subsequent development of multi-
resistant bacteria pose severe risks to human and
animal health (Grenni et al., 2018) and the
environment (Pan and Chu, 2017).

The problem of ECs is the lack of knowledge of their
impact in the long-term effect on human health and
the environment. Antibiotic residues have been
frequently identified in rivers, sediments and soils
(Michael et al., 2013). Often, antibiotics
manufacturers discharge illegally the wastewater in
their neighboring environment, causing further
contamination to groundwater, waterways, soil and
local communities (Pan and Chu, 2017). A
preliminary risk assessment database for common
pharmaceuticals and their risk to the environment has
been developed (Cooper et al., 2008). When these
undesirable compounds end up in the environment,
they pose risks to all living organisms: antibiotic-
resistant  bacteria,  antibiotic-resistant  genes,
neurotoxicity, endocrine disruption, cancer, allergic
reactions (Martinez et al., 2014) and feminization of
aquatic organisms such as fish, alligators and frogs
(Orlando and Ellestad, 2014). Endocrine-disrupting
products (steroid hormones, antibiotics and other
pharmaceuticals) interfere with normal functioning
of hormone systems in wildlife and influence plant
development (Habteselassie et al., 2013).

Antibiotics cannot be fully metabolized by humans
and animals. During their transfer from ingestion by
the animal to the environment and then in wastewater
treatment processes, antibiotic molecules could
undergo transition and degradation. Thus, various
unknown metabolites could be produced through
different physicochemical processes, i.e. oxidation,
hydrolysis,  photodegradation and  reduction
reactions, which might produce compounds with
higher toxicity than those of the antibiotics (Cheng et
al., 2018). Eighteen antibiotics have been detected in
soil, and seventeen in animal manure and biosolids,
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the most abundant of which was tetracyclines, with
2.68 pg/g in soil and 184 pg/g in manure, as well as
ciprofloxacin with 3.26 pg/g in biosolids (Pan and
Chu, 2017). Sabourin et al. (2012) have studied the
uptake of antibiotics by different crops (potato, carrot,
tomato and sweet corn) from field soils previously
treated with municipal biosolids and reported
sulfonamides, trimethoprim and quinolones with
concentrations ranging from 0.02 to 14 ng/g (dw) in
the edible parts of the crops. The residual antibiotics
may be taken up by crops which can be used for
animal or human consumption (Dolliver et al., 2007).
Once transmitted in the water environment, the
residual antibiotics are toxic to algal and
cyanobacterial populations that have crucial roles in
the health of aquatic ecosystems (Gonzalez-Pleiter et
al., 2013). Long-term exposure to residual antibiotics
generates antibiotic resistant bacteria and antibiotic
resistant genes, and this is recognized as one of the
most serious overall public health issues (Davies and
Davies, 2010). The prevalence of resistance to old
antibiotics (aminopenicillins, tetracyclines,
sulfonamides, or erythromycin) can reach more that
50% of some bacterial populations discharged in the
final effluents of WWTPs with conventional treatment
(Rizzo et al., 2013). Antibiotics and antibiotic resistant
genes are emerging environmental contaminants
(Pruden et al., 2006) and they have been detected in
soils at depth of 20—-30 cm (He et. al., 2019) or 40—60
cm (Tang et al.,, 2015), showing the transfer of
antibiotics and migration of resistance determinants
to deeper layers of soil by long-term application of
animal manure and biosolids. Antibiotic resistance
gene levels in the soil increase after irrigation with
wastewater (Dungan et al., 2018). Antibiotic resistant
bacteria are considered to be ECs (Pruden et. al.,
2006) and they can make their way from the farm
environment to humans through occupational
exposures on farms and at meat processing facilities,
as well as by food borne exposures among consumers,
use of animal manures as crop fertilizers, and
contamination of surface water and groundwater at
animal production facilities (Koch et al., 2017).

In recent years, biocides have also been seen as ECs,
due to their widespread use in household products.
Biocides have adverse effects on aquatic organisms,
such as toxicity to algae, weak estrogenic activity, and
potential role as endocrine disruptors due to
aromatase inhibition (Oliveira et al., 2017). Exposure
of aquatic organisms to ECs may cause sexual
disruption, such as feminization, intersex, altered
oogenesis (Kidd et al., 2007) and could interfere with
their growth, aging, survival and reproduction at
ng/L levels in aquatic environments (Biswas et al.,
2017). Wastewater treatment plants (WW'TPs) are the
most important source of ECs in the water
environment (Sim et al., 2011). Due to their high

solubility, low volatility and low degradability, the ECs
can survive wastewater treatment processes in
WWTPs and be sorbed by biosolids, which are
subsequently applied to agricultural lands as
fertilizer.

HUMAN ANTIBIOTICS

In developed countries, the annual consumption of
pharmaceuticals per capita is of 50—150 g (Zhang et.
al., 2008). Human antibiotics are only metabolized
partially and after use, their metabolites are excreted
into the sewerage network with 30-90% of the parent
compounds in feces and urine, and finally end up in
the receiving environment (Zhou et al., 2013), not
only in wastewater treatment plants (WWTP) but also
in surface waters (Hussain et al., 2012), groundwater
and soil. In addition, a significant percent is given by
expired and unused medicines, inadequately disposed
through sinks and drains (Kiimmerer, 2009).
Antibiotics reach water and soil (Figure 1) by
discharge of municipal sewage, animal husbandry,
manufacturing industry, landfill leachates of
antibiotic disposal, runoff from agricultural field
containing livestock manure, aquaculture ponds (Ben
et. al., 2019), hospital and pharmaceutical
wastewater (Gadipelly et al., 2014), irrigation with
treated wastewater in arid and semi-arid regions,
application of biosolids - manure and sludge - to
fertilize the soil (Pan and Chu, 2017; Grenni et al.,
2018).
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Figure 1 - Human exposure to antibiotic resistance due to
antibiotic residues in environment (Ben et al., 2019)

When wastewater, animal manure or biosolids are
used in the soil-plant system, the antibiotics might
accumulate in irrigated soil, then can be taken up by
crops and accumulate in different plant tissues. The
uptake and bioaccumulation of pharmaceuticals
active compounds in the edible parts of food crops and
fodders and their subsequent entry into the human
food chain have been gaining prominence over the
last decade (Christou et al., 2017).

VETERINARY ANTIBIOTICS

Veterinary antibiotics are extensively used in
prevention and treatment of animal diseases, but they
are also administered on a large-scale basis, often in
feed and water, to enhance productivity, which far
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outweighs their use as animal therapeutics at present
(Gelband et al., 2015). Common antibiotics used as
growth promoters in animal breeding are ampicillin,
tetracycline, sulfonamide, chlortetracycline and
colistin (Tao et al., 2014). Other widely used
veterinary antibiotics belong to the following four
classes: oxytetracycline (OTC), sul-famethoxazole
(SMX), tylosin (TYL), and monensin (MON) (Tasho
and Cho, 2016; Pan and Chu, 2017). Globally, the
annual usage of antibiotics has been estimated in the
range of 100000 and 200000 tons (Kiimmerer,
2003). China, the biggest swine (Liu et al., 2012) and
poultry (Wei et al., 2011) breeding country in the
world, is also the largest producer and consumer of
veterinary antibiotics in the world, with annual usage
of over 25000 tons in 2007 (Xu et al., 2007) and
84000 tons in 2015 (Zhang et al., 2015). In United
States, about 11200 tons of antibiotics are used for
non-therapeutic purposes, mostly to promote the
growth of poultry, swine and cattle (Kiimmerer,
2009). According to the European Center for Disease
Prevention and Control (ECDPC), in 2014, the
consumption of veterinary antibiotics in Spain, Italy,
and Germany was of 2964, 1432, respectively 1306
tons; the lowest consumption and the lowest
consumption were recorded in Luxembourg (2.1
tons) and Iceland (0.6 tons) (Pan and Chu, 2017). In
2030, China would still be the largest consumer of
antibiotics in food-producing animals, followed by
the USA, Brazil, India and Mexico (van Boeckel et al.,
2015).

Given their over-dosage and low assimilation, 70—
90% of veterinary antibiotics are excreted into the
environment with animal wastes (urine and manure)
and thus threaten the health of humans and other
organisms by inducing the prevalence of antibiotics
resistant bacteria and genes (Cheng et al., 2018). It
was estimated that the antibiotics residue excreted
from a swine was about 18.2 mg/day (Zhou et al.,
2013). Moreover, antibiotics do not emerge in swine
wastes individually, but with many other types of
antibiotics or toxic pollutants, for example with
hormones or heavy metals (Zhang et al., 2017).

Due to the effectiveness, broad-spectrum and
favorable  price, sulfonamides, tetracyclines,
fluoroquinolones, macrolides (Chen et al., 2012) and
other antibiotics (bacitracin, lincomycin, ormetoprim
and trimethoprim) were extensively used in swine
industry (Zhang et al., 2015). These antibiotics have
different operation modes on microorganisms, such as
interfering with the functions of cell membranes,
blocking protein synthesis and preventing nucleic
acid synthesis (Cheng et al., 2018). The maximum
concentrations of sulfonamides, tetracyclines,
fluoroquinolones and macrolides have ranged from
23.8 ng/Lto 685 ug/L, with some varying from trace
amounts to those as high as the ppm levels in manure

slurry (Chen et. al., 2012). In liquid swine manure,
concentrations of tetracycline from 14 to 41 mg/kg,
chlortetracyclinefrom 0.9 to 1.0 mg/kg, and
sulfamethazine at 7.2 mg/kg were reported
(Hamscher et al., 2005). Tetracyclines from 0.05 to
15.7 ug/g and sulfonamides from 0.015 to 2.1 pug/g
were discovered (Jacobsen and Halling-Sorensen,
2006). Oxytetracycline, erythromycin, florfenicol,
sarafloxacin, premix, sulphonamides are commonly
used antibiotics in aquaculture (Kumar and Pal,
2018).

The possible remanence of veterinary antibiotics in
the environment is influenced by animal excreta, soil
type, pH, temperature and UV light. Some antibiotics,
for example fluoroquinolones and sulphonamides,
are very strongly adsorbed by animal faeces and
manure, and they remain unaltered even with
increased aeration and temperature in the manure,
thereby spreading into the environment in their
original active form (Tasho and Cho, 2016). To
reduce the environmental and health risk of
antibiotics, their use as animal growth promoters has
been forbidden in the E.U countries (Alban et al.,
2008) and in the United States (FDA, 2003). Current
legislation at European level does not contain an
antibiotic concentration requirement for discharge
from WWTPs to receiving water (Carvalho and
Santos, 2016). However, the E.U Water Framework
Directive 2015/495 requires those responsible for
wastewater treatment to monitor the presence of
emerging pollutants with the future aim of improving
the quality of the effluent released to surface waters
(Acheampong et al., 2019).

STEROID HORMONES

Steroid hormones can interfere with the endocrine
function in organisms at low concentrations (Wu et
al., 2017). Natural steroids are mainly originated
from the feces and urine of human, livestock and
aquaculture (Liu et al., 2009). Some natural and
synthetic steroids have been used in human daily life
for contraception and therapy, and in livestock
production to prevent and treat diseases, to promote
growth and to improve productivity (Liu et. al., 2012)
and animal breeding control (Liu et al., 2015).
Natural and synthetic steroid hormones, which are
proved to induce biological effects on some organisms
at part per trillion concentrations (ng/L), are poorly
eliminated by conventional wastewater treatment
processes (Fatta-Kassinos et al., 2011). Steroids are
estrogens, androgens, glucocorticoids and
progestagens. Estrogens, a group of endocrine
disrupting compounds (Amin et. al,, 2018), are
natural (estrone, 17f~estradiol and estriol) when are
produced in humans and animals, and synthetic
(17a~ethynil estradiol) used as birth-control drugs
(Zheng et al., 2008). Women daily excrete 10-100 ug
of estrogen, and excretion increases up to 30 mg
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during pregnancy. The average human excretion of
estrone and 17b-estradiol was 10.5 pug/day and 6.6
ug/day (Tiwari et al., 2017). In influents, the
concentrations of estrone, 17f-estradiol and 17a-
ethynil estradiol were measured in ranges from 2.4—
116,4-150 and n.d~-14.4 ng/L (Amin et al., 2018). In
effluents, the concentrations of estrone, 17-~estradiol

and 17a-ethynil estradiol were measured in ranges
from n.d-96, n.d-30, and n.d-5 (Combalbert and
Hernandez-Raquet, 2010). It was found that 10-100
ng/L concentrations of natural estrogens have an
effect on the levels of the estrogenic exposure
biomarker, vitellogenin, in fish (Cai et. al., 2013).
Dairy cows are the largest contributor of excreted
estrogens in comparison to pig, sheep and chickens
(Cai et al., 2013). Sewage and livestock wastewater
are major pathways of estrogens in aquatic
environment (Zheng et. al., 2008). Progestagens are
growth promoters that improve the efficacy of feed
conversion in animals through increasing bone
density and muscular mass (Yang et al., 2009). The
E.U, Netherlands and China have prohibited the
administration of steroid hormones for farmed animal
fattening due to adverse human health effects of
hormone residues in animal meats (Liu et al., 2015).
REMOVAL OF EMERGING CONTAMINANTS FROM
THE WASTEWATER

Different types of treatments are currently being
tested to effectively remove the ECs from wastewater,
with the lowest possible economic cost, before being
discharged into the ecosystems. Tertiary treatment
technologies (ozonation, chlorination, ultraviolet,
membrane technologies, sand filters) are the most
promising options for reducing ECs.

The conventional activated sludge (AS) and anaerobic
digestion (AD) processes are ineffective for antibiotics
and hormones removal, and they can still pose risks to
the  surrounding environment  (Figure  2).
Nevertheless, AD systems can degrade the antibiotics
in swine wastewater to various degrees, depending on
the initial concentrations and classes of antibiotics,
type of bioreactor and operating conditions. More
attention should be given to the toxic effect of
antibiotics on micro-organisms involved in anaerobic
processes of wastewater treatment. The presence of
antibiotics in anaerobic processes changes the
microbial structure by altering microorganisms to less
sensitive ones to specific antibiotics or by promoting
strains with antibiotic resistant genes (Angenent et al.,
2008). In biological treatment, biosorption and
biodegradation are two major mechanisms for
antibiotics and hormones removal (Cheng et al.,
2018). Biosorption and biodegradation followed by
the removal of excess sludge can be considered for the
removal of the estrogens in WWTPs (Luo et al., 2010),
with reported removal rates between 19-98% for

estrone, 62-98% for 17B-estradiol and 76-90% for
17a-~ethynil estradiol (Mohagheghian et al., 2014).
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Figure 2 - Removal possibilities of antibiotics and
hormones from swine wastewater (Cheng et al., 2018)
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Membrane bioreactors (MBRs), constructed wetlands
(CWs), stabilization ponds and modified processes
perform better due to higher biodegradation of
toxicants (Cheng et al., 2018). Microalgal-bacterial
processes developed in photobioreactors have
recently been recognized as environmentally friendly
and cost-effective alternative for ECs removal from
wastewater, especially at: high sludge retention time
(4-20 days), enhanced penetration of UV light as a
result of their high surface area to volume ratios, high
daily variations of pH (between 7—-11), 2-25 mg Oz2/L
dissolved oxygen concentration (Norvill et al., 2017).
Ibuprofen, naproxen, salicylic acid, triclosan and
propylparaben were removed by photodegradation in
novel algal-bacterial photobioreactors (Lopez-Serna
et al., 2019).

Lagoons as secondary or fertiary treatment have
proved to be viable solutions for estrogens removal
from livestock wastewater. Large-scale CW systems
can effectively remove antibiotics, antibiotic resistant
genes, non-steroidal anti-inflammatory  drugs,
analgesics, stimulants, psychoactive drugs, highly
chlorinated compounds (Zhang et al., 2012). The
presence of plants in CW improves the removal
capacity for pollutants by direct absorption, by
providing retention sites and by increasing microbial
activities (Carvalho et al., 2014). Vertical subsurface
flow CW obtained higher antibiotic removal
efficiencies than horizontal subsurface flow and free
water surface flow counterparts (Liu et al., 2014).
Antibiotic  resistant genes  (tetracycline and
macrolide-lincosamide-streptogramin ~ B)  arising
from swine-feeding operations can survive typical

68 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara

http://acta.fih.upt.ro/




ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering [e~-ISSN: 2067-3809]
TOME XIII [2020] | FASCICULE 4 [October — December]

animal waste treatment processes, because their levels
remained high in swine wastes during composting
(Wang et al.,, 2012), lime stabilization, anaerobic
digestion (Tao et al., 2014), constructed wetlands (Liu
et al.,, 2014) and lagoons (Brooks et al., 2014).
Membrane  processes  (reverse  osmosis  and
nanofiltration), have been effective in the removal of
different ECs and allow the separation of divalent and
monovalent ions from wastewater. In a feasibility
study of removing antibiotics (norfloxacin, ofloxacin,
roxithromycin and azithromycin) from a WWTP by
secondary treatment followed by nanofiltration were
obtained up to 98% removal rates (Liu et al., 2014).
Photocatalytic oxidation, intermittent sand or coke
filters can remove the ECs from wastewater (Egea-
Corbacho et al., 2019).

Adsorption on activated carbon, ozone-based
advanced oxidation, photooxidation, radiolysis and
electrochemical oxidation have been tested at lab and
industrial scale to remove the ECs from wastewater,
but toxic by-products are formed and these
technologies are quite expensive to be widely applied
in WWTPs (Lopez-Serna et al., 2019). Adsorption on
multi-walled carbon nanotubes was studied to
remove 1,8-dichlorooctane, nalidixic acid and 2-(4-
methylphenoxy) ethanol (Patino et al., 2015).
Indomethacin, diclofenac, betablockers (atenolol,
metoprolol and propranolol), which are poorly
removed in AS conventional treatment, showed large
ozonation rates and were removed from treated
wastewater using moderate ozone doses (Rosal et al.,
2010). Electrooxidation using boron doped diamond
electrodes is a promising technology to reduce Ecs in
wastewater sludge (Barrios et. al., 2015).
Acetaminophen and sulfonamide were removed from
wastewater using spent mushroom compost of
Pleurotus eryngii (Chang et al., 2018).
CONCLUSIONS

The presence of emerging contaminants, a category of
micropollutants that include any chemical that is not
usually monitored in the environment, was observed
in treated wastewater effluents, aquatic environments
and soil. Even at low concentrations, the emerging
contaminants can increase the resistance among
microorganisms and can have a significant impact on
the aquatic ecosystems and human health. The
development of antibiotic resistant bacteria and
antibiotic resistant genes also pose an increasing
concern. Although intensely studied, there are still
knowledge gaps in the ecotoxicological effects of
antibiotics and hormone steroids.

Conventional WWTPs, usually based on biological
processes, are unable to fully remove the emerging
contaminants from wastewater. Tertiary treatment
technologies are the most promising options for
reducing ECs. Future research must concentrate on
developing sustainable and innovative treatment

processes to increase the removal efficiency of

emerging contaminants in WWTPs.
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A FOUR PORT, DUAL BAND ANTENNA FOR FIFTH GENERATION
MOBILE COMMUNICATION AND WLAN SERVICES

12Electronics and Communication Engineering Department, Sangam University, Bhilwara, Rajasthan, INDIA

Abstract: This paper presents a dual-band four port antenna system for Fifth Generation devices and WLAN services. This
antenna works on sub-6 GHz frequency bands with center frequencies as 3.6 GHz and 5.5 GHz. It is designed on FR-4
substrate of thickness of 1.6 mm. The simulations are performed on CST for 4 port configuration of the proposed antenna.
It offers gain more than 3dB and radiation efficiency more than 60% for both bands of operation. Both operating bands

can be controlled independently.
Keywords: 5G, WLAN, MIMO, Sub-6 GHz, Dual-band

INTRODUCTION

Multiple input, multiple output (MIMO) technology
has been used to increase the data rate in fourth
generation mobile device and will also be deployed in
Fifth Generation (5G) user equipments with even
higher data rate. In advanced  wireless
communication devices, MIMO, massive MIMO and
multi-beam systems have been extensively deployed.
[1] To get the superior data capacity, MIMO is almost
certain to be used in 5G systems. [2] MIMO antenna
systems have been proposed with different number of
antennas. Two to four elements MIMO antennas are
proposed in literature by various researchers. [3]-[4]
MIMO with 8 elements is discussed in numerous
research articles. [5]-[6] More than eight elements
MIMO is also discussed by few researchers.[7]
Various types of antennas have been proposed for 5G
devices by various researchers. Slot antenna have
been proposed in [8], [9] Multi-band antenna is
proposed by the author for GPS/2G/3G/4G and 5G
NR Applications. [10] A compact ultra-wide band
antenna with MIMO system for sub-6 GHz 5G
services is also proposed with fractional bandwidth of
143%. [11]  Parasitic  layer-based  pattern
reconfigurable antenna is discussed by the author for
5G communication devices. [12] A 9’ shaped patch
antenna for 3.5 GHz band of 5G applications,
designed on FR-4 substrate is presented by the author.
[13] An eight antenna MIMO array with balanced
open slot antenna operating at 3.5 GHz band with
total efficiency greater than 62% and low ECC is
presented. [14]

In this paper a dual-band 4 port MIMO antennas
system is proposed on FR-4 substrate that operates on
the sub 6 GHz frequencies allotted for fifth generation
services. It is designed on a square substrate. The two
operating bands are results of the two square loops
etched on the ground plane. The antenna design and
the simulation results in terms of S~parameter, gain,
efficiencies and the surface current distribution
pattern is discussed in the next section of the paper.

ANTENNA DESIGN

Figure 1 show a four port antenna designed on the FR-
4 epoxy substrate with thickness 1.6 mm and the
copper thickness of 0.035 mm. The overall
dimensions of the antenna are 60mm x 60mm x
1.emm. The proposed antenna has four identical
antennas each designed in 30mm x 30mm area and
packed together as shown in figure.

(b)
Figure 1: The proposed slot antenna configuration, (a)
Front and Back View (b) Side-View
Each antenna has a feed element is fed by 50-Q0
microstrip transmission line and two squared ring
slots cut into the ground plane. The dimensions of feed
element and of the slots are given the figure. Two slots
are responsible for two resonating frequencies of the
antenna, outer slot for lower frequency and the inner
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slot for higher one. The length of the slots is
responsible for the resonating frequency and the
resonating frequency is inversely proportional to the
length of the slot.

Table 1: The Values of Desiin Parameters

a 14.6

b 12.6

C 10.3

d 8.3
WS 3

Lf 12
Ws 60

h 1.6

RESULTS AND DISCUSSION

The S-parameter results of the proposed antenna are
shown in the figure 2. All the four antennas have
almost identical S-parameter results with resonating
frequencies at 3.6 GHz and 5.5 GHz. The band with 6
dB as the benchmarks is 450 MHz in 3.6 GHz band
and more than 800 MHz in 5.5 GHz band.

The value of voltage standing wave ratio (VSWR)
remains close to 2 as visible in figure 3 and it also
verify the same about the operating frequencies of the
antenna. The antenna is also having good isolation i.e.
very less mutual coupling, more than 17 dB isolation
from the neighboring antennas, verified from the
figure 4.

S-Parameters [Magnitude in dB]

25 e e e

Lh

Ln z
[V
=3

3 35 4 4.5
Frequency / GHz

Figure 2: S-Parameter results of the proposed antenna for
all four ports

Voltage Standing Wave Ratio (VSWR)

3 35 4 4.5 5 5.5 6
Frequency / GHz

Figure 3: VSWR results of the proposed antenna for all
four ports

S-Parameters [Magnitude in dB]

— 811
— 831

$4.1
s —— S1.2
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Figure 4: Mutual Coupling between the ports of antenna
system

As seen in the figure 5, the plot of Radiation Efficiency
v/s Frequency, the radiation efficiency of the antenna
is more than 60% in the 3.6 GHz band and 55 to 74
% in the 5.5 GHz band. So, the antenna is radiating
efficiently and is always more than 50%. The total
efficiency of the antenna is more than 50% for both
the operating bands.

Radiation Efficiency [Magnitude]
0.8 ; ; ;

X — SRS SR S —

Y ot i N S N — -

R N LS

0.4 1-

__________________________________________

Rad. Efficiency [1] : : :
Rad. Efficiency [2] |==="N-=""§" e et
Rad. Efficiency [3] : : :
Rad. Efficiency [4]

0.3 1-

________________________________________

0.2 §-

0.1

3 3.5 4 4.5 5 5.5 5]
Freguency / GHz

Figure B: Radiation efficiency for all the four ports of the
antenna.
Figure 6 and figure 7 shows the vector current for the
both resonant frequencies of the proposed antenna.
The outer slot is having high surface current density
(111.3 A/m) for 3.6 GHz and the inner slot is having
high surface current density (88.6 A/m) for 5.5 GHz.

A/m {log)
111
5.8
18.8
7.72
3,14
125

0471
0.15 —§

Figure 6: Surface Current at 3.6 GHz
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Figure 7: Surface Current at 5.5 GHz

()

|l ol SR 5

(b)

Figure 8: 3D Antenna Radiation Pattern for antenna 1 (a)
At 3.6 GHz (b) At 5.5 GHz
As evident from the 3D gain plot of the proposed
antenna shown in figure 8 and figure 9, the gain of
the antenna at 3.6 GHz frequency is approx. 4.5 dB
and for 5.5 GHz it is 3.5 dB. Further the polar plot in
figure 10, show that the radiation pattern is
bidirectional.

(a)

dB
3.49

2.8
1.75
1.0%2
a.437
-Z2.z8
-9.13
-1la
-ZZ.8
-22.7
-36.5

(b)
Figure 9: 3D Antenna Radiation Pattern for antenna 2 (a)
At 3.6 GHz; (b) At 5.5 GHz

Farfield Gain Abs (Phi=90)
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(@)

Farfield Gain Abs (Phi=90)

Phi=90 30 30 phi=270
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180
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(b)
Figure 10: 2D Antenna Radiation Pattern for antenna 1
(a) At 3.6 GHz (b) At 5.5 GHz

Another important result to be observed is Envelope
Correlation Coefficient (ECC). As visible in the figure
11, the value of ECC is below 0.02 for the complete
range of frequencies from 3 GHz to 6 GHz for port 1
with other three ports. Similar results are obtained for
port 2, 3 and 4.

Similarly, diversity gain is simulated for Port 1 with
other three ports. The obtained diversity gain is more
than 9.9 for the proposed two bands of operation of
the antenna.
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Figure 11: Envelope Correlation Coefficient for the port 1
of antenna system
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Figure 12: Diversity Gain for the port 1 of antenna system

CONCLUSIONS

In this paper, a four port dual band antenna is

proposed for 5G communication systems. The

proposed antenna has two concentric square slots for
the two resonant frequencies at 3.6 GHz and 5.5 GHz,

The proposed structure has sufficiently high gain,

radiation efficiency and diversity gain with very small

value of mutual coupling and Envelope Correlation

Coefficient. The proposed antenna can be good

candidate to be installed in future I-pads and wi-fi

devices.
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Abstract: Today, the most brake systems used on vehicles are the disc brakes. During the braking process, the large
amount of frictional heat is generated on the contact surfaces of disc brakes. In order to ensure the safety of the drivers
and the traffic participants, the optimal performance of brake system of the vehicles under the different working
conditions should be ensured. Therefore, it can be considered that the brake system an essential element in the vehicle.
Practical experiences showed that the most important factor that affects performance of the brake system is the excessive
heat that generated during the braking process. Therefore, it’s necessary to pay high attention on the air cooling of the
brake system. This is one of the reasons why the ventilated discs are used, besides that their usage provides the reduction
of the inertial masses which meaning less cost. In order to provide a good cooling, it’s necessary to find the optimal vanes
shape to increase the degree of air cooling as much as possible. The aim of this research paper is to analyse the air flow
through four different ventilated brake discs; each one has the shape of vane. Comparisons were made between the
results of the selected models of the ventilated brake discs. The results presented the air flow currents through the disc,

as well as the turbulences that occurred during the air flow around vanes.
Keywords: Ventilated disc brake, Convection problem, CFD, turbulences

INTRODUCTION

The first step in developing of a new product is the
creation of the 3D model. Then, the same model is
tested by numerical analysis, and if it meets the
expectations, the part is fabricated and tested
experimentally. If the experiment gives the positive
results, more accurate the same results that are
obtained by the numerical analysis, the part can be
mass-produced. In this way, the costs are reduced,
and the company that operates in this way becomes
the market leader with its innovations.

When creating a new model of the ventilated brake
disc, the experiment can be omitted, as the
researchers have repeatedly confirmed many times,
where the deviation between numerical analysis and
the experiment is within the allowed limits [1, 2].
The shape of the vanes greatly influences the air flow
speed through brake disc, as well as on the pressure
that will occur due to air flow through it [3]. If a
larger amount of the air passes through the brake disc,
better cooling will be achieved. In order to achieve
even better cooling, Galindo-Lopez and Tirovic [4]
came to the conclusion that if one more vane is added
between existing vanes, cooling would be better
because there are a larger number of surfaces that
cool down. In addition, the cooling rate would
increase [5].

First of all, it is important to find such a shape and size
of vanes in which the cooling will be more uniform
and the mass flow value will be greater [1].

The air flow speed and turbulence are shown in this

paper and the numerical analysis is performed in
order to show which vanes are more suitable for use
at the ventilated disc, more precisely, with which of
them the higher velocity of the air flow will be
achieved, with minimal turbulence. At the end, the
values of the air mass flow are given, depending on
the applied vanes on the brake disc.

MODEL AND BOUNDARY CONDITIONS OF
VENTILATED BRAKE DISC

The basic role of the brake system is to slow down or
stop the vehicle. However, during braking, a large
amount of heat is generated on the brake disc, and this
leads to the appearance of the thermal stresses, which
further can lead to the occurrence of cracks and, at
worse, to the fracture. Figure 1 shows typical damage
patterns in brake discs.

(@) (b)
Figure 1. Disc damages because of thermal stress [6]: (a)
Overheated brake disc; (b)Brake disc with hotspots
During braking process, the disc plays the role of a
heat exchanger, but its capacity is limited. Therefore,
this is one of the reasons why it is necessary to design
discs with such vanes that will enable a good cooling.
The second reason is to prevent the heat transfer to the
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brake pads. In this way, braking components will be
protected and the safety of the driver, who operates
such vehicle, as well as the other participants in the
traffic, will not be disturbed.

In this paper, a disc whose dimensions are the same,
but with different shape of the vanes, is observed,
Figure 2. The model has been created in CATIA
software package, while the analysis is performed in

Figure 2. Four different ventilated brake discs [7]

In order to simplify the analysis, and reduce the time
for calculation, only 1/18 of the disc will be observed,
and considered for numerical analysis for all
configurations due to the rotational symmetry [1, 2].
Table 1 shows the internal space of the disc, as well as
vanes shape, and number of elements and nodes for
each analysed model.

Table 1. Number of finite elements and nodes

Title Pillar vane 48-vane
| No.nodes | 19052 30225
No. elements 15540 24556

| Title | 72-vane 72-vane flash
No. nodes 41378 48161
No. elements | 33200 10128

The analysis was performed under the following
boundary conditions:

= Vehicle speed is 120 km/h, more accurate the
angular velocity of the disc is 107.26 rad/s,

Air density is 1.225 kg/m3,
Environment temperature is 25 °C,
Environment pressure is 101325 Pa.

The boundary conditions for each disc are the same.
The applied model is k-e. The reason for its
application is widely used turbulence models as it
provides robustness, economy and reasonable
accuracy for a wide range of turbulent flows [8].
RESULTS AND DISCUSION

Airflow speed through the disc is shown in Figures 3
to 6, and the highest speeds occur in the disc with
pillar vane. Furthermore, turbulence values for this
disc are the lowest. The airflow is shown in the form
of arrows so that the direction of movement of the air
through the internal space of the disc can be seen. In
addition, it can also be seen where the direction of air
movement changes.

In addition, precisely because of those changes, the
turbulence is appearing. Additionally, the occurrence
of turbulence is also affected by the collision of air
currents. The collision is happening after vanes
trespassing. In addition, turbulences as well affected
whether the vanes are made from one solid part or
have discontinuities.

The disadvantage of higher turbulence values results
in a lower air mass flow. As the air mass flow through
the disc itself is smaller, a higher amount of heat
remains on the disc. If there is a higher mass flow,
more heat is dissipating to the environment.

. 9.028e+001
r 6.780e+001
- 4.532e+001

- 2.283e+001

I 3.502e-001

[m s”-1]

. 6.439e+001
r 4.878e+001
- 3.318e+001

- 1.758e+001

I 1.982e+000 =

[MmA2 s7-2]

Figure 3. Air flow velocity and turbulences for disc with
pillar vane
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Figure 4. Air flow velocity and turbulences for disc with

48 vane
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Figure 5. Air flow velocity and turbulences for disc with

72 vane
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Figure 6. Air flow velocity and turbulences for disc with
72 vane flash

Regardless of the shape of vanes, turbulence occurs in
each disc. The only difference is that they are the
smallest in case of the disc with pillar vane, while for
the disc with 72 vanes flash turbulence values are the
highest. Table 2 shows the values of the air mass flow
through the disc depending on the vanes shape.

Table 2. Mass flow rate
for different ventilated brake discs

Title Pillar 48-vane 72-vane J 2y
vane flash
Fow | 5977 | 0971 0.971 0.973
rate, gs-!
CONCLUSION

The shape of the vanes has a great influence on the
heat exchange with the environment i.e. the higher
values of the air mass flow through the inner space of
the disc, the greater the amount of heat will be
dissipated into the environment. The air mass flow is
the highest for disc with pillar vane, while the smallest
is for the disc with 48-vane and 72-vane, which
represents a difference of 0.61%.

The biggest changes in air flowing through the
internal space of the disc occur with the disc with
pillar vane, although due to the greater distance
between vanes, it has the highest air flow. For future
research, it is necessary to investigate how the
distance between vanes for the remaining three cases
affects the air mass flow, but it is important not to
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disturb mechanical properties of the part. In addition

to the CFX analysis, the structural analysis in terms of

exploitation conditions is also necessary to be
performed.
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Abstract: All countries in the world formulate export policies to promote exports and enable manufacturing firms to
compete in international markets. The firms are striving to achieve desired level of export performances with the support
of export policies and commitment towards entering into international business along with various dimensions of
innovations. Manufacturing industries search for one or the other strategy to market their products in global markets to
survive under cut-throat competition. In international markets, a common export practice includes internationalization
and innovation abilities of a company determines the export performances. The objective of the research is to find out
whether international and innovation capabilities of auto components manufacturers has significant relationship with
export performance. There are 88 auto component manufacturing companies were selected in south India to collect the
data related to export performance. Linear regression analysis was uses to test the hypothesis formulated. The results
revealed that gathering export market information, capable of using export market information, role of export mode,
relationships & networks, flexible to modify firm resource base, develop new service, technological up-gradation, in-
house product designs, improvement in the existing products and re-align manufacturing system have found significant

relationship with export performances of auto component manufacturing companies in India.
Keywords: auto components, internationalization, innovation, export performance

INTRODUCTION
Demand for auto components is primarily dependent
on the requirement of Original Equipment
Manufacturers (OEMs) across the globe. Initially the
Indian auto component manufacturing industry faced
many challenges, especially in technological
expertise. Gradually, with rapid changes in the global
automotive industry, the Indian auto component
industry entered into technological alliance and joint
venture with global automotive manufactures to meet
the specific requirement of OEM’s (Parhi, M. 2008g;
Sahoo T., et al., 2010).

The origin of the Indian auto component
manufacturing industry dates back to 1953, when the
Indian Government decided to develop its own
manufacturing base with the principal aim of import
substitution (Sagar, et al., 2004; Torayeh, and Neveen,
M. 2011). Gradually, with the support of the
government, the auto component manufacturers
started to find better opportunities for export across
the international markets in spite of tough
competition therein. In view of fluctuating market
conditions in overseas markets, the auto component
manufacturers had to formulate and constantly
review the marketing strategies to gain strong market
position and competitive edge (Kaleka, A. and
Morgan, N.A. 2017; Dholakia, N. and Khurana, R,
1976). They also needed to focus on investment in
developing state-of-the-art technology to serve a
number of vehicle models in domestic and overseas
markets. (Torayeh, and Neveen, M. 2011; Tang, R.Y.
2011). Many researches have been conducted to

streamline export strategy. The present investigation
attempts to identify the significant relationship
between firm’s internationalization, Innovation and
export  performance of auto  component
manufacturing firms. The success of auto component
industry is determined by firm characteristics such as
firm’s internationalization capabilities and innovation
capabilities.

Firm characteristics such as firm size, nature of the
business, capital investment and technological
capabilities are key factors that are playing an
important role to decide the successfulness of export
operation of the company (Kahia, M. 2017). Firm
characteristics such as firm size, firm’s assets, firm’s
financial stability, firm’s product line are considered
as an important determinants of export success. The
larger the firm in size, the better chances of firm
having an ability to innovate and produce products
with new features along with service after sales by
gaining the status of leader in technology through
R&D. The same can be used as a strategy for export
orientation (Erdila, S.T. and Ozdemir, O. 2016). Many
of the research results showed that the firm
characteristics, environmental characteristics and
export commitment are positively influence on export
performance. Many researchers have addressed
export performance without considering the export
marketing strategy implementation. The firm’s export
performance is determined by the formulation of
appropriate export orientation (Jalali, S.H. 2012).
Many studies related to identifying differences among
the firm characteristics and export performance of
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the companies operating domestically. Firm size,
firm’s technological intensity, firm’s vertical and
horizontal integration, capital investment, extent of
imports and export policy of the country are found to
be key determinates of export performance (Sahoo, T,
2010). Researchers have done Classification of firm’s
internal factors to test significant impact on export
performance of small scale enterprises. The firm
characteristics, export market characteristics and
managerial characteristics are the factors found as
key determinants of export performance. It is also
found that international market information,
marketing research, export market segmentation,
targeting, positioning and product characteristics are
playing significant role in enhancing export
performance of the small scale enterprises (Nazar, M.
et al.,2009). The firm characteristics such as product
quality through product and process improvement,
firm age, firm’s extent of international exposure,
technical expertise, continuous export engagement,
firm size, cost of export operation, export operational
efficiency and seriousness of export marketing are
considered as key determinants to attain export goal
(Balakrishnan, K et al., 2007). There is a significant
impact of size of the firm on export performance
because as the size of the firm is large, company will
have an ability to sustain the risk associated with
international markets due to sophisticated resources
available which also leads to achieve low cost
advantage through large scale production which
enhances the export success of the firm (Saripalle, M,
2008).

LITERATURE REVIEW

—Firm’s internationalization capabilities

Internationalization capabilities of the firm have
significant effect on export growth which also is a key
indicator of company’s continuous improvement,
survival in international markets, ability to keep
competitors away along with economic growth of the
nation (Alen, L. 2017). It is understood that investing
on state of art technology, well designed distribution
network, research and development partnership are
going to be a greater advantage to enhance export
performance in automotive/auto component industry
keeping long run revenue in mind. Sophisticated
infrastructure facilities creates attractive space to
cope up with frequently changing customer
requirements and foreign market trends. This can be
achieved through increasing production with help of
upgraded technology. Strategic alliances also will
assist auto and auto component industry in Indian to
access latest technical requirements/technology to
serve international markets with global quality
standards which enhances the export performance
(Arora, V.2014). Firm characteristics such as firms
experience and image are the indicators of export
success of any organization. Besides firm’s export

competitiveness and firm’s export exposure are the
indicators of internationalization capabilities leading
to successful export performance. Experienced firms
are able to understand export markets better and
attract customers through adaptation of marketing
strategies in the light of environmental conditions in
the international market (Kahia, M. 2017). Along
with exporting of traditional mechanical parts such as
engine parts, gear boxes and brakes parts, the
company need to export high end/critical/advanced
electronic parts which exhibit the strength of Indian
exporters and also enhances the export profitability of
the company. The report concludes that there is a
need for focusing on exporting of higher value added
products to achieve desired level of export success
(Kumar, A, and Dubey, S, 2017). In the near future
the auto component industry in India export sales is
expected to increase gradually. due to positive
regulatory policies in the country. The domestic
companies are able to manufacture product which
meets global quality standards through technical
collaborations along with low cost as a competitive
advantage which is helping Indian companies to
achieve robust export growth (CRISIL Report, 2017).
With the combination of firms internal and external
knowledge, a firm can innovate products rapidly. The
firm knowledge can be created by experiments,
learning by theory of experience curve, learning by
organized and unorganized networks within the
innovation environment. Communication with
outside innovation sources helps to have continuous
link to become strong in technology which was not
addressed internally. Therefore, firm’s technological
innovation can be termed as firm’s ability to
communicate, learn and process and utilize the
knowledge base. This technological innovation is
possible through importing required technology,
sharing, integrating, interacting and adopting them in
an organization which helps in enhancing export
performance too (More, R.Z. and Jain, K. 2013).
Internationalization process involves lot of risk in
terms of financial losses, market failures due to lack
of resources and high transactional cost may affect
negatively on firm’s long term survival. In addition to
this firm should go through more managerial
complexities, liability towards foreign customers due
to scarcity of resources etc. Therefore, transactional
cost, resources of the firm and risk associated with
foreign markets are considered as an influential factor
on firm’s export performance (Musuva, A. M. et al.,
2013). In order to achieve export success, firms
should be strong enough with sufficient export
market information and that is to be shared among the
needy people and the departments in an organization
for the appropriate decision making to respond to
changing market conditions and to face challenges
immediately. In this study he found marketing
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intelligence has significant relationship with firm’s
export performance (Benoit Battistelli 2013). After
liberalization process took place in the year 1991 the
auto component manufacturing firms in India were
exporting moderate quality products in smaller
quantity to underdeveloped countries such as Middle
Fast, South Africa and also exporting less critical
components for after markets requirement to
moderately developed countries. Gradually Indian
auto component manufacturing firms have learnt to
upgrade their technology and acquired competencies
slowly, but some auto component manufacturers had
greater shift to provide high quality products to meet
the demands of global OEMs (Kumaraswamy, A
2012). Liberty should be given by the firms to the
foreign branches which are big in size in the form of
independent decision making with respect to deciding
marketing strategies in foreign markets as method of
control over the distribution system. Degree of
decentralization is also considered as one of the mode
of having control over foreign branches operating
globally. Therefore, decentralization and providing
the power of making independent decisions by firm’s
foreign branches are the factors significantly affecting
export performance of the firm (Henry F.L 2012).
Choosing appropriate export mode for the business
organization to operate internationally is very crucial
for achieving desired level of export success. Strategy
of export market entry by manufacturing firm has
significant impact on export performance. Most of the
manufacturing firms begins operating internationally
through direct exports which is considered as safe
mode in terms of reducing risk and simple way to
process international transactions and also helps in
facing global market challenges by meeting the
changing demands of overseas customers gradually
(Sadaghiani, ]J.S. and Dehghan, N. 2011). The firms
export knowledge, stage of export, firms experience
in domestic markets and firm’s resources are found
positive influence on export performance (Mohamad,
O et al., 2011). The influence of export transaction
overheads and firm’s resources capabilities on
internationalization process of manufacturing firms
in Kenya, Mombasa countries. The results show that
export processing overheads such as export decision
implementation cost, cost incurred due to information
less trade, market timing cost, opportunity cost and
firm characteristics and firms’ resources capabilities
are  the  factors  positively  impact on
internationalization process such as market size,
number of export intermediaries, direct/indirect
trade barriers, county risk and market growth of
manufacturing firms (Stoian, M.C 2010). The factors
affecting the extent of internationalization
capabilities of small scale enterprises of South Korea
has been studied it shows that, International
capabilities such as ownership characteristics, human

resources, technological capabilities and external
factors determines the extent of internationalization
capabilities of small scale enterprises in South Korea
are tested on export performance. The results found
that ownership pattern, firm’s human resources, and
technological capabilities and export market
standardization strategies are the significant factors
that determines the export performance. Further it is
understood that firms internal and external factors
cannot be ignored while framing strategy for overseas
markets (Ivan Damir Anic, . D, 2009).

—Firm’s innovation capabilities

Advanced technology in automatic and manual
transmissions, well designed engine structure, electric
and electronic parts/sensors, anti-lock braking
systems have attractive export growth potential. Need
for the customer safety such as distance control, lane
assistance, vehicle to vehicle communication also
have increased the growth potential for exports
(CRISIL Report, 2017). The export prospects and
rising  consciousness of original equipment
manufacturers on product quality leading to rise in
innovation  capabilities of auto component
manufactures (Tiwari, R. and Kalogerakis, K. 2017).
The various forms of innovations such as managerial
and organizational innovation, product and process
innovation and market innovation have been tested on
export performance. The results showed that product
and process innovations have significant influence on
export profit. There is no considerable impact of
managerial and organizational innovation on export
performance of companies operating in Malaysian
Manufacturing Sector (Kim, M.M., and Azizi, 2009).
In this report, it is understood that, to reduce weight
of vehicle, the OEMs are using alternative materials.
Usage of electronic products, fiber/ plastic materials
and adherence to environmental policies and
technology with respect to customer safety in the
vehicle are the major divers of demand for auto
component industry.

Innovation through R&D activities in India has better
export opportunities to exploit global market. India is
opening number of R&D centers across the world
which also serves headquarters locating locally to
produce advanced and innovative products and
launch them in international markets (E&Y Report,
2016). Process innovation plays key role in increasing
product quality in manufacturing industry.
Therefore, firms should invest substantial funds on
research and development activities which strengthen
the firms long term survival by sustaining export
profits which also enhances the reputation of the firm
in international markets (Mitra, A.K and Joshi, B.P.
2014). Standardization and adaptation of export
marketing strategies are important variables for
technological oriented industries. In the literature
review on export marketing, it is understood that,
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export marketing strategy adaptation have negative
correlation with technology orientation. High degree
of standardization of export marketing strategies can
be found in industries which are technological
oriented for example photocopier industries,
equipment manufactures for medical field, aircrafts,
computers manufacturing industries and auto/Auto

component manufacturing industries (Mersid
Poturak Teoman Duman, 2014). Auto component
industry  should understand the changing

requirements of OEMs regularly in foreign markets
for its long term survival. Both automotive and auto
components manufacturing firms should focus on
innovation through research and development to
meet changing market conditions in the export
markets which also helps in keeping competitors
away. Improved reliable quality standards reduce the
cycle time and cost which is a key strategy for facing
highly changing business environment due to
changing customer preferences. In order to match this
fluctuations, auto component manufacturers should
work closely with OEMs by collaborative partnerships
to enhance export performance (Arora, V.2014). Auto
component manufacturing firms locating in the same
clusters should have capability of innovation and
advanced technological competitiveness apart from
R&D capabilities. Sometimes having in house R&D
facilities alone cannot be sufficient unless having
technical support from outside sources through
technological collaborations and joint ventures.
Combination of both internal and external R&D
efforts with technical support the Indian auto
component manufactures can face the challenges
posed in foreign markets. It is found that firms’
competitive advantage such as low cost, favorable
exchange rates, support by government in duty
drawback are inadequate. The export success is
dependent on how well auto component industry is
able to manage its technology as an export business
strategy (More, R. Z. and Jain, K. 2013). Product
quality oriented competition can be seen in Indian
auto component manufacturing industries. Due to
highly skilled labors with low- cost advantage of
Indian auto components, global OEMs are looking at
India as auto component hub. Along with this,
information technology and software developments
made Indian auto component firms as an emerging
sector which suppliers embedded product models to
OEMs. Gradually Indian component manufacturers
are improving products with global quality standards
through  strategic  alliances and  technical
collaborations while other companies are planning to
enter export markets (Chisthy, S. K. and Asadullah
2013).

Firm’s  operating in  technological oriented
environment, should use adaptation pricing strategy
to capture more market share in export market in

order to get immediate return on investment on
advanced technology. Once the technology becomes
obsolete, there is no guarantee to recover initial
investment. Therefor he advocates that price
adaptation strategy and export performance have
found significant influence on export performance
(Alshammari, S. D. and Islam, R. 2014).

To  examine  relationship  between  firm’s
manufacturing productivity and export performance
from the period of 2003 to 2015 using the
information available at firm level has been studies.
The earlier studies show that product innovation
enhances the export performance of the company
which is also a contributing factor for the economic
development of the nation. Productivity through
product innovation, research and development,
resources reallocation, strategies related to integrate
marketing commutation are considered as key
elements which influence positively on export
performance (Yan A.W et al, 2007).

—Problem statement
Although Indian auto component industry has been
fairly successful in penetrating global markets, the
importance of export strategies in foreign markets to
find better export prospects has not been addressed in
any research adequately. Such a study therefore could
throw more insights on the critical drivers which
could be addressed to accelerate export growth. There
is a need for understanding and fine tuning the export
orientation followed by Indian auto component
manufacturers due to the changing global market
scenario. The success of export performance is
dependent on various factors. However, firms have
little understanding about the specific nature and
drivers that contribute to effectiveness of export
performance. There is a need to understand the Indian
auto component manufacturing company’s
internationalization and innovation capabilities.
Rising competition, complexities and foreign market
uncertainties are posing challenges for the Indian
auto component manufacturers in foreign markets.
To tackle these challenges, the firms should increase
their export efficiency through internationalization
and innovation capabilities to achieve desired level of
export performance.
— Objectives of the study
= To study the factors related to internationalization
of auto component firms and its relationship with
export performance.
To examine the innovation capabilities of auto
component firms leading to rise in export
performance.
— Hypothesis of the study
= HI: Firm’s internationalization capabilities have
significant relationship with Export Performance.
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= H2: Firm’s innovation capabilities have significant
relationship with Export Performance

—Research methodology

The research methodology is adopted based on the
descriptive analytical research approach. Each
objective has been addressed in the study
systematically to wunderstand auto component
manufacturing company’s internationalization and
innovation  capabilities. = Consequently,  study
continues to find out influence of these capabilities on
export performance leading to develop systematic
knowledge for export performance of Indian auto
component manufacturers.

—Scope of the study
This research has been narrowed down to study how
auto component manufacturers are modifying their
firm’s internationalization and innovation
capabilities, and how these approaches are influence
the export performance. The geographic area covered
for the study is Tamilnadu, Karnataka and few
companies in Andhra Pradesh.
—Sample size
The total number of auto component companies
operating in India is 647 with these firms being
members of ACMA (Automotive Component
Manufacturers Association of India). Of these
companies (Table:1) 146 auto component companies
are located in South India, of which, 119 companies
are component exporting companies and are actively
involved in both export and domestic business out of
119 companies 88 auto component manufacturing
companies in south India.

Table 1: Number of Respondents (Auto component
Manufacturing Units/Product wise)

Product Category

Total Companies
in South India
Total Population
(Exporters) in
South India
Number of
Respondents
Percentage
of respondents

30%

Engine components
Drive Transmission
& Steering 19 18 6 7%
components
Suspension &
Braking 8 6 5 6%
components
Body & Chassis
components
Equipments/ Tools

10 8 8 10%

: 23 20 20 22%

and accessories
Electrical 16 12 9 10%

components
Other products 17 13 13 15%
Total 146 119 88 100%
Source: Primary Data through Survey and CAMA Data Base-
Buyer Guide

—Respondents

The target respondents for the survey were the
managers who have occupied the positions of Export
In-charge/Export Manager/ Vice-president
Marketing. The interaction was made with senior
level people who have knowledge about export
operations.

This survey was implemented by personal visit to auto
component manufacturing firms. Managers were
requested to give their appointment for the discussion
and a scheduled questionnaire was issued collect data.
Questionnaire has been sent through online to the
respondents but the response was very poor due to
their busy schedule. In the present research out of
the 119 auto component manufacturers which
contributed the population 88 companies have
responded indicating response rate 74%.

— Data collection

= Primary data

The first time data has been through self-administered
structured questionnaire which was developed and
asked to fill. Personal interviews were also done with
respondents to discuss about foreign market
familiarity, awareness, or understanding of export
marketing strategies, industry profile, facts and
figures, information, descriptions about international
operations etc.

= Secondary Data

The following are the sources that the secondary data

was collected and in chapter 1 and chapter.

= Automotive Component Manufacturers
Association (ACMA)

= Database of ACMA “Buyers Guide”

= Export-Import Bank of India

= Society of Indian Automobile Manufacturers
(SIAM)

= Mysore University
Online E-Sources

= Companies’ Annual Reports

= Journals, Thesis, Magazines, research articles,
Newspapers etc.

—Data collection instrument

Basic outline of the approaches used in various

research articles has been helpful to develop questions

for studying export behavior of Indian auto

component manufacturers. A structured

questionnaire is developed according to the

respondent’s familiarity, awareness, or understanding

of concepts which is related to their industry, such as

facts, information, descriptions, or strategies or export

practices etc.

—Data measurement

All the variables of firm’s internationalization, firm’s
innovation capabilities and export performance of
auto component manufacturers were measured by
using Likert’s five point scales.

Off-Campus Wide Access
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Export performance has been defined as export
satisfaction of managers who are engaging in export

activities in auto component manufacturing
companies.
ANALYSIS AND RESULTS

— Gathering Export Market Information

In order to enter into international business, the auto
component manufacturing firms should conduct
regular market research to gather information on
factors affecting international business operation. The
information may be on specific requirement of
original equipment manufacturers abroad, political
stability, economic conditions of the host country,
competition intensity, entry barriers such as tariff and
taxes, foreign customer’s perceptions etc. The auto
component manufacturers may go for periodic
market research or gather required export
information.

— Capable of using export market information

The results of market research and the information
available on export market conditions should be
disseminated among all the department and strategic
business units of the company for making effective
export decisions. In this connection company should
be in a position to use available information effectively
because mere collection of information does not serve
the purpose.

—Role of Export Mode

South Indian auto component firms find direct export
mode as simple way of export to enter international
business due to less risk involved in meeting OEMs
demand. Firm’s with small export commitment would
choose direct export as an entry mode considering the
advantages such as rising export sales, grater export
market control, access to export market information,
opportunity to gain international experience. Out of
88 companies surveyed 40 companies have chosen
direct export at the initial stage at present the 47
companies are engaging in direct export.

—Flexible to Modify Firm Resource Base

Resource base in the context of export can be defined
as the firm’s adequate financial and human resources
to meet requirements of original equipment
manufacturers abroad. Substantial physical resources
such as state of art with respect to technology,
premises, facilities for physical distribution, separate
export oriented units. R&D facilities are also found
significant for successful export operations.

Firm’s internationalization capabilities of South
Indian auto component manufacturing firms such as
gathering export market information, capable of
using export market information, role of export mode,
relationships & networks, strive to be the pioneer,
flexible to modify firm resource base, are the variables
used to test the significant relationship with export
Performance.

Table 2: Relationship between Firm’s internationalization
capabilities and export performance

Model Summary ‘

Mcl)de R R Square | Adjusted R Square Std'EEs ﬁf;fa?ef the
1 .918a .842 831 44826
ANOVAP
Model S;Lﬁr‘;fs af S“é‘g:;‘e Pl Sig
Regression 86.937 6 14.489 | 72.110 | .0004
1 Residual 16.276 81 .201
Total 103.212 87

a. Predictors: (Constant), Flexible to Modify Firm Resource Base,
Strive to be the Pioneer, Relationships & Networks, Gathering Export
Market Information, Capable of using export market information,
Role of Export Mode

b. Dependent Variable: Export Performance

Coefficientsa
Standar
Unstandardized | dized Si
Coefficients |Coefficie 3
Model nts t
B Std. Beta
Error
(Constant) -.632 218 ~-2.892 | .005
Gathering Export
Market Information .325 .083 .307 3.907 | .000
Capable of using
export market .220 .066 .258 3.350 | .001
information
1 |Role of Export Mode| .333 .102 .265 3.260 | .002
Relationships & | _ 555 | 0gg | -.005 | -.077 | .939
Networks
Strivetobethe |~ o3 | 569 | 091 | 1.356 | .179
Pioneer
Flexible to Modify |- yo, | 060 | 179 | 3.042 | .003
Firm Resource Base

2 Dependent Variable: Export Performance

The analyses show that, the value of R indicating
Firm’s internationalization capabilities and export
performance have high degree of correlation (.918)
and R?is .842 indicates the variables selected fits the
data to the model well. The significant of F change is
less than 0.05 which indicate that Firm’s
internationalization  capabilities  have  found
significant relationship with Export Performance. All
the six variables were considered to predict export
performance.
In this case Gathering Export Market Information (t
=3.907, p =.000), Capable of using export market
information (t =3.350, p =.000) Role of Export Mode
(t =3.260, p =.002) and Flexible to Modify Firm
Resource Base (t =3.042, p =.003) are the factors
have  significant  relationship  with  Export
Performance.
Regression model for Export Performance is
Y=bO+b1X1+b2X2...+ bk Xk + n
Y= dependent variable, 0O=Constant, 1=Betal,
B2=Beta 2, 1= Independent variable 1
2=Independent variable 2.
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Export Performance = -.632+ (.325XGathering
Export Market Information) + (.220XCapable of
using export market information) + (.333XxRole of
Export Mode) + (-.005%Relationships & Networks)
+ (.093xStrive to be the Pioneer) + (.184 XFlexible
to Modify Firm Resource Base)

Since the gathering export market information,
capable of using export market information, role of
export mode, relationships & networks and flexible to
modify firm resource base significant value is less
than the ‘p’ value of 0.05 respectively. Therefore,
hypothesis statement number 1 that is Firm’s
internationalization capabilities have significant

relationship with Export Performance is accepted.
INNOVATION CAPABILITIES OF AUTO COMPONENT
MANUFACTURING FIRMS

—Develop New Service: New services like providing
credit facilities, logistics services, warehousing
service, installation, rework and replacement,
payment of export insurance premium on behalf of
clients, services with respect to customized
products manufacturing, product and process
improvement for the benefit of export customers,
R&D facilities, services related to information and
communication technology, development of
system  models for  original  equipment
manufacturers abroad are considered as key
elements for enhancing export performance.

— Technological Up-gradation: Process and product
improvement, collaboration with  research
institution to develop new technology, setting up of
R&D facility, obtaining of quality certifications
(Product quality improvement), having state of the

technology, flexible manufacturing facilities,
technical collaboration with clients, ability of
manufacturing cross deployment products,
technological upgradation in the form of

implementation of CNC machines, automations,
robotics are the key elements can be considered
essential to achieve desirable export performance.

—In-~house Product Designs: Product design may
change due to varied customers’ demands, in order
to address this issue, the auto component
manufacturers need to adopt product strategy with
the help of engineering /R&D Department of the
company. This can be achieved through process
and product innovation.

— Improvement in the Existing Products: The concept
called cross deployment can be adopted by the
Indian auto component manufacturers. For
example, the component manufactured supplied
for on-~road vehicles can be supplied for off-road
machineries. More specifically, the engine valves
manufactured for buses and trucks can be supplied
for locomotives and excavators, generators and in
the aerospace industry.

—Re-align Manufacturing System: Well-designed
manufacturing layout, process design, outsourcing
non-core products, just in time management,
having well trained technical team, in-house
research and development, setting up of strategic
business  units  (Export  oriented  units),
transformation of tradition manufacturing process
to advanced technology are the factors considered
as key elements for the successful export business.

Firm’s innovation capabilities of South Indian auto
component manufacturing firms such as associate
with research institutions, new product development,
develop new service, technological up-gradation,
protect intellectual property rights, in~-house product
designs, in~-house testing capabilities, improvement in
the existing products, re-align manufacturing system,
leads to improvement in export Performance.

The analyses of this research show the value of R

indicating Firm’s innovation capabilities and export

performance have high degree of correlation (.960)
and R? is .921 indicates the variables selected for the
study fits the data to the model well. The significant of

F change is less than 0.05 which indicate that firm’s

innovation capabilities have found significant

relationship with export performance. All the ten
variables were considered to predict export
performance.

In this case Develop New Service (t =3.973, p =.000),

Technological Up-gradation (t =2.645, p =.010), In-

house Product Designs (t =4.098, p =.000),

Improvement in the Existing Products (t =2.960, p

=.004), and Re-align Manufacturing System

(t=1.931, P=.057) are the factors have significant

relationship with export performance.

Regression model for Export Performance is

Y=bO+b1X1+b2X2...+ bk Xk + n

Y= dependent variable, BO=Constant, 1=Betal,

B2=Beta 2, 1= Independent variable 1

2=Independent variable 2.

Export Performance =-.532+ (-.058% Usage of
Information and Communication Technology) +
(-.080x%Associate with Research Institutions) +
(.107XNew Product Development) + (.267xDevelop
New Service) + (.213X%Technological Up-gradation)
+ (-.134 XProtect Intellectual Property Rights) +
(.199%In-~house Product Designs) + (.037xIn-~house
Testing Capabilities) + (.344 XImprovement in the
Existing Products) + (.139xRe-align Manufacturing

System).
Since the variables such as development of new
service, technological up-gradation, in-house

product designs, improvement in the existing
products, re~align manufacturing system’s significant
values are less than the ‘p’ value of 0.05 respectively.
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Table 3: Showing Innovation Capabilities of Auto

Component Manufacturing Firms
Model Summary \

Mode R R Square Adjusted R | Std. Error of
1 ! Square the Estimate

1 9602 921 911 32517

ANOVAP
Model SS um of df Mean Square F Sig.
quares
Regressio | 95,071 | 10 9507 | 5991000
U |Residual | 8.142 | 77 106
Total 103.212 87

a. Predictors: (Constant), Re-align Manufacturing System, In-house
Product Designs, Technological Up-gradation, Collecting market
information from various sources, New Product Development, Protect
Intellectual Property Rights, Develop New Service, Associate with
Research Institutions, In-house Testing Capabilities, Improvement in
the Existing Products

b. Dependent Variable: Export Performance

Coefficientsa
Unstandardize Standardize
i d
d Coefficients . .
Model Coefficients t Sig.
B Std. Beta
Error
(Constant) -.532| .173 ~-3.071(.003
Usage of Information
and Communication | ~.058 | .052 ~-.059 ~-1.121]|.266
Technology
Associate with | gy 573 ~099  |-1.096|.276
Research Institutions
New Product | 1457 | 559 131 | 1.819|.073
Development
Develop New Service | .267 | .067 373 3.973 |.000
Technological Up- | 15 | og; 171 | 2.645 |.010
1 gradation
Protect Intellectual
Property Rights -.134| .096 -.124 ~-1.394|.167
In-house Product | 199 | 49 195 | 4.098 |.000
Designs
In-house Testing | 37 | g 041 406 |.686
Capabilities
mprovement in the | 544 | 116 324 | 2.960 |.004
xisting Products
Re-align
Manufacturing 139 | 072 .130 1.931 |.057
System

a-Dependent Variable: Export Performance

Therefore, hypothesis statement number 2 i.e., firm’s
innovation capabilities have significant relationship
with export performance has been accepted.
—Findings:

= It is found that there is a significant relationship
between gathering export market information and
export performance of auto component
manufacturing companies in India.

The research findings reveal that the capable of
using export market information and export
performance of auto component manufacturing
firms has direct relationship.

Most of the auto component manufacturers adopt

direct export strategy to enhance export
performance.
= It is identified that, the auto component

manufacturing companies are inculcating the
practice of allocating substantial financial and
human resources to achieve desired level of export
performance.

= There is a drastic change has been identified with
regard to services connected with auto components
such as credit facilities and logistics services to its
foreign customers has been considered as
significant with export performance.

The auto component manufacturing companies
are acquiring required technologies through
technological collaboration along with internal
R&D capabilities to rise the exports.

The core products are designed and manufactured
in-home according to original equipment
manufacturers requirement and  non-core
products are outsourced to save the cost of
manufacturing. The engineering and R&D
department may take care of product design and
development. It is identified that the foreign clients
send their products or components designs or
drawing (Blue print) through mail. The Indian
auto component manufacturing companies have
such capability of designing and development of
products in-house based on component drawings
sent by OEM’s.

The Indian auto component manufacturers are
using the strategy of cross deployment which
means the components used for one vehicle models
can used as an application component in the other
vehicles or other industry with little modification.

= It is found that the component manufacturers are
able to use flexible manufacturing system through
CNC, Automation and robotic technologies, by that
these companies are able to meet changing demand
of OEM’s as and when technology changes.

— Suggestions

= In order to internationalize the auto component
manufacturers can opt for three options to source
foreign market information

= the firm should make periodical international
market research as a habitual process.

= market information can be obtained from
market research agencies.

* based on the data available within the
company the export manager can predict the
future export operation.

= Effective  ufilization of market research
information makes the company to take
appropriate export decisions. Each export case
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should be properly recorded kept for the future
references.

South Indian auto component firms find direct
export mode as simple way of export to enter
international business due to less risk involved in
meeting OEMs demand.

= Auto component manufacturing firms should have
substantial financial and human resources along
with manager’s export strategic planning to face
the challenges posed in international business.

Services related to logistics, finance and
technological support has been considered as an
important service in the industry.

Technological Up-gradation through technical
collaborations and joint ventures with original
equipment manufacturers are considered as
significant elements for export performance.

Having own or in-house research and
development facilities enables auto component
manufacturers to come out with new and unique
products to meet foreign customers.

It is advisable to the auto component
manufacturers to implement the concept called
product cross deployment where the products of
one client can be supplied for the other clients with
little modification, by that cost of product
development and setup cost can be reduced.

= Installation of new technology is very essential to
meet changing technological requirement of
original equipment manufacturers, so that the
firms mneed to implement Total Quality
Management (TQM) to meet the demands of
foreign customers with global standards.

— Limitations of the study

The present research is confined to test relationship

of internationalization and innovation capabilities

of auto component manufacturing companies with

export performance only.

The present research includes only linear

regression analysis to find out significant

relationship among the variables selected.

The study is limited to the geographic areas such as

Karnataka, Andhrapardesh and Tamilnadu.

Only 88 auto component manufacturing

companies were selected as samples size due to

limited population size.

= The variables are measured only on the basis of
subjective measures.

— Directions for the future research

Comparative analysis can be done to test the

influence on export performance of other

industries.

The marketing elements or variables such as

product, price, place, promotion strategies and

service marketing strategies such as people,
process, physical evidence can be tested on export
performance of auto component industry in India.

Advanced statistical tools can be used to test the
impact of multi-dimensional variables of
international and innovation capabilities on export
performance.

Firm’s Internal and external factors that influence
export performance of Indian auto component
manufacturing companies can be studied.

The researchers can explore the export marketing
strategies which can improve the export
performance.

CONCLUSIONS

The present study is to understand the significant

relationship of internationalization and innovation

capabilities with export performance of Indian auto
component manufacturing companies. It is
understood that gathering export market information,
capable of using export market information, role of
export mode, relationships & networks, flexible to
modify firm resource base, develop new service,
technological up-gradation, in-house product
designs, improvement in the existing products and re-
align manufacturing system have found significant
relationship with export performances of auto
component manufacturing companies in India.

Appropriate foreign market information, direct

export mode and technological upgradation is

advisable to the auto component manufacturing
companies where they can achieve desired export
performance.
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Abstract: The tube plastic deformation technology represent metal forming technology that involves flexible production
process that can be realized through various technological solutions and the tool design itself. Each additional
requirement to fulfill some special requirements, in terms of tube shape and geometry, almost always implies non-
standard technologies that significantly price increase of the finished product. For these reasons, the application of
incompressible fluid in these processes, with certain limitations, can greatly improve and fulfill the requirements that
are placed before the finished product. The paper presents a geometric tool model, with a preliminary analysis of the
mechanical parameters of the design process, with the possibility of designing the technology itself.

Keywords: hydroforming, stress, strain, tool, pressure

INTRODUCTION

The proposed technology of supplying compensating
tubes first of all requires a detailed analysis of the
parameters of the tube manufacturing process,
because it is a complex metal forming process of
plastic deformation where the desired tube profile is

obtained by means of an incompressible fluid [1].

For these reasons, the required pressure of the fluid
inside the tube, or the entire installed hydraulic unit,
is to be analyzed, which should allow the working
pressure of the fluid [2]. It starts from the Laplacian
equation for the deformation of the sheet according to
the instantaneous without moment theory and the
geometric conditions that are set by the tool geometry
itself to get pressure inside the pipe. In order to make
deformation possible at all, the axial compression
force of the tube in the tool is also provided to allow
plastic deformation against the removable and

moving tools walls [3,4]. Such a detailed analysis was
used for construction and tool design for the
mentioned technology which, based on 3D models
and complete technological documentation, were
realized to the exploitation conditions of the
production itself.

MECHANICAL PARAMETERS DEFINE

The most important task in analyzing the design of the
tubular compensator by the hydraulic design method
is the correct determination of the value of the
required pressure of the fluid in the tube itself during
the design process [2].

Based on the pressure value obtained, the calculation
of the most important construction and structural
elements of the tool sets and the selection of materials
for individual parts of the tool is carried out. The
required pressure can be determined from Laplace's
equation

% O _P (1)
R, Ry s
where is: R =P | Re — radius of curve in the
cosa,;

tangential and meridian direction respectively,
Solving Laplace's equation by an unknown size of
internal pressure p is obtained:

S S
p:R_Gp+R_eGe (2)

p
If the expressions for radial and tangential stress o,

and op are entered in the above expression, a general
expression for determining the pressure in the form is
obtained:

R

1-—0
R, F
s-BK P 1 SRR
R, R,| R, pA
1(1]
p p Re

Instead of the variable radius R, and Re, the variable
can be included in the obtained expression ai , if the
radius are replaced by the terms given in the
deformation state analysis. From the general
expression (3) it can be seen that the pressure is
higher if the thickness of the tube wall is larger and

the tube diameter is smaller [2]. By increasing the
axial compression force, the required pressure

decreases. When the coordinate p is increased, i.e. the
height of the ribs, the necessary pressure is growing.
Based on the above, it follows that the internal
pressure in the tube is variable value and changes
during the metal forming process. However, it is
much conviniant process to metal forming with
constant pressure, in which case the axial
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compression force is variable during the time of metal

forming [5]. The value of the required pressure is
determined from the condition that the internal
pressure is the same at any time in the metal forming
process, even at the beginning. If the initial conditions
are:

p=R, R R, = P =R,

" ¢os0
by replacement into expression (3) gives a simplified
expression for determining the required pressure in
the form:

=00
P

K=K,

D= s-B-K )
R, +s

which indicates that the internal pressure depends
only on the type of tube material and the dimensions
of the tube. As the thickness of the tube wall increases,
the pressure increases, and with the increase in the
tube diameter it decreases [6].
Unless the curves of hardening for the given material
are available, one of the empirical aproximation can
be used to evaluate the actual curve of hardening. In
this case, the most commonly used is the linear
approximation according to the expression:

K=K, +II-g; (5a)
and exponential aproximation curve:
K=C-¢/ (5b)

In previous expresion labels Ko, n, C, Il represent
constants that depend on the type of material, while

with @i the intensity of the deformation is determined
by the expression:

®; =g\/(<pp ~pof +(05 0, +(0,~9,] ©

and in the conditions of the axe symetric deformation
state:

J2
0, =?'2(Pe ~Q, (7)

The results of the theoretical analysis presented in this
paper were obtained according to the expressions
(5b) and (6) where the values of the true stress were
obtained from the empirical expression for stainless
steel:

K =K, +3,2(100- ¢, )" )

where is: Ko = ov ~ stress at the yield point. When
carrying out metal forming experiments in this
investigation process was done with constant pressure
values for even during the process of forming.

THE AXIAL FORCE OF UPSETTING DETERMINATION
When grouping ribs forming in a tool sets with
moving mold segments, the axial force of upsetting
appears as the only unmanageable size that changes
values depending on other, controlled values such as
fluid pressure in the tube, tool stroke etc.

However, the dependence of the axial force on various
influential factors can be determined in analytical

form [2,5]. The correct determination of the axial
force is the basis for the selection of the press
equipment on which the forming can be carried out.
Generally, the axial force of upsetting can be
presented as the sum of the following components:

= Fai - the force required to overcome resistance to
plastic deformation occurring in the tube material;

Fa, -~ the force required to overcome the friction
resistance occurring between the tube and the
mold;

= Fas - the force required to overcome the pressure
of the fluid in the tube on the surface of the punch;
The component Faz is equal to zero because there is
no displacement of tube parts inside the mold, i.c.
coefficient of friction is zero. The Fai1 component can
be determined by integrating the stress in the
meridian direction along the front surface of the tube
(circular ring) through which the axial force of

upsetting is transmitted:

R, +Sg
F,= jcp - 2mpdp 9
Ry

where is integral limits: Ru internal radius of tube ,

d .
R,+S, = 2 outer radius of tube ,

Radial stress o, can be define in the form:
_BK
% =7 P

which is obtained from the conditions of the axe
symetric deformation state:

_G,+0,
P o
where is 6, and on normal stress in radial and
tangential direction of the compensation tube wall
respectively [5,6].
The axial force upsetting get the form:

F,= n(%— pj(sg + ZSORU)

By analyzing the expression (11), it is concluded that
the axial force upsetting depends on the type of
material of workpiece and dimensions of the tube, as
well as the pressure of the fluid during process of
metal forming. With the increase in pressure in the
tube, the required axial force is reduced, which could
be expected. As the dimensions of the tubes increase,
the required axial force is also increased.

If all the parameters are fixed at one level, the axial
force during the process must increase because it also
depends on the true stress of material of workpiece K
that changes during the process deformation.
Component Fas is defined by the expression:

(10)

(@

(17)
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Fa=p-A=pR;m (12)
This component of the axial force increases in
proportion to the increase in the pressure of the fluid
in the tube and the inner diameter of the pipe [6]. The
total axial force upsetting is:
Fa = Fal + Fa3
ie. by inserting an expression (11) 1 (12) :

F, :n(%—pj(sé +230Ru)+n-p-Rﬁ (13)

Since the metal forming takes place with constant
working pressure in the tube, the axial force upsetting
during the formation is monotonous due to the effect
of hardening, i.e. an increase in the true stress K,
which the experiments confirmed.
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Figure 1. The defect type at hydroforming process
As with any metal forming process, there are certain
limitations on the degree of deformation achievable in
tube hydroforming process such that parts with
desired specifications (like expansions) may not be

formed without any defects [8].

Depending on the defect type observed, failure types
or instability modes can be grouped as wrinkling,
buckling and bursting (Figure 1). Instability modes,
which limit the extent of formability in tube
hydroforming process, occur when stress and strain
state in a part reach a critical level that equilibrium
can’t be sustained any longer between external forces
applied and the internal resistance of the material (i.e.
strength).

TECHNOLOGICAL SOLUTION REALISATION

All the complexity of the previously described
mathematical procedure gets important when
considering the preparation and the finished part
after deformation (Figure 1).

Figure 2. Workpiece a) and finished part b) with
geometry of final cross section

The conclusion is immediately drawn that the finished
part in Figure 1b, c is almost impossible to obtain by
conventional deformation procedures. However, a
partial answer to this question is already shown in
Figure 2, which only shows the outer appearance of
the tool enclosure in a 3D presentation where clearly
the outer contours of the tools with the inlet and outlet
pipes of the working fluid, that is, the adjoining tools
for the press workpiece can be clearly seen.

Figure 3. 3D model of tool for compensation tube and flat
opening

The very essence and constructive solution of the

interior of the tool is clearly seen in Figure 3 which

provides an answer to many questions regarding the
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work of the tool itself. In order to clarify many
dilemmas, the same pisture shows the internal
geometry of the tool and gives answers to almost all of
the reader's questions. This approach and display of
tools in many ways helps in understanding the
technological method of closing the tool and the
deformation process that takes place inside its
interior.
CONCLUSION
The production of a compensation tube with an
incompressible fluid has a number of advantages over
the production of solid tools. A process with movable
mold segments is particularly suitable. The paper was
intended to provide basic notions and settings of
theoretical analysis, thus obtaining the expressions for
calculating the required pressure and axial
compression forces. In order to verify the theoretical
results, complete experimental tests and checks of all
parameters were performed.

Note:

This paper is based on the paper presented at DEMI 2019

— The 14th International Conference on Accomplishments

in Mechanical and Industrial Engineering, organized by

Faculty of Mechanical Engineering, University of Banja

Luka, BOSNIA & HERZEGOVINA, co—organized by Faculty

of Mechanical Engineering, University of Nis, SERBIA,

Faculty of Mechanical Engeneering Podgorica, University

of Montenegro, MONTENEGRO and Faculty of Engineering

Hunedoara, Unversity Politehnica Timisoara, ROMANIA,

in Banja Luka, BOSNIA & HERZEGOVINA, 24-25 May

2019
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EXPERIMENTAL RESEARCHES FOR DETERMINING THE
PHYSICAL~CHEMICAL PROPERTIES OF BIOMASS PELLETS
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Abstract: Human activity will always require the existence of a large volume of energy to support it. Due to climate
change and the rapid depletion of conventional fuels, it is necessary to use renewable sources to provide the necessary
energy. Biomass heating is the oldest and most well-established form of energy supply in the world, being intrinsically
linked to the development of the human race. However, it was made redundant by the high energy density of fossil fuels,
and its application in modern energy systems, especially in industrialized countries, has until recently been declining. A
renewed interest in biomass-based energy systems comes from a variety of reasons. They are dominated by the interest
in reducing greenhouse gas emissions, the emergence of new efficient biomass conversion technologies, as well as rising
prices of fossil fuels. By pelleting, it is important preserve or enhance the physical-chemical properties of biomass that
make this type of biofuel suitable for large scale use. The article presents a series of experimental researches in the field
of solid biofuels, namely pellets from biomass for determining their physical-chemical properties, determinants for
their use as solid biofuels.

Keywords: biomass, pelleting, calorific power, volatile matter

INTRODUCTION

The need to limit the use of conventional (fossil) fuels
and replace them with fuels obtained from renewable
energy has led to the intensification of researches in
the field of obtaining biofuels from renewable energy
such as biomass (Mani et al., 2003; Tabil et al., 2011).
The benefits of biofuels compared to traditional fuels
aim to lead to greater energy security, lower
environmental impact, financial savings and socio-
economic aspects related to the rural sector.

Given that biomass is the most abundant renewable
resource in the world being represented by any plant
component, including manure and sewage sludge.
Under proper processing, freshly harvested biomass
can be converted into products similar to natural gas
or liquid or solid biofuels (Stelte, 2012).

Biomass heating is the oldest and most well-
established form of energy supply in the world, being
intrinsically linked to the development of the human
race. However, it was made redundant by the high
energy density of fossil fuels, and its application in
modern energy systems, especially in industrialized
countries, has until recently been declining.

A renewed interest in biomass-based energy systems
comes from a variety of reasons. They are dominated
by the interest in reducing greenhouse gas emissions,
the emergence of new efficient biomass conversion
technologies, as well as rising prices of fossil fuels.
Except in cases where direct combustion is
appropriate, crude biomass requires the conversion
into solid, liquid or gaseous fuels that can be used to
produce heat, electricity and as fuel for vehicles. This
conversion is accomplished through a series of
physical, biological, thermal and chemical processes
(Ton, 2006).

In order to obtain solid biofuels that can replace fossil
fuels such as coal from biomass is necessary to undergo
a compaction process, such as pelleting. The process of
producing the pellets involves subjecting the biomass
material (sawdust from woody biomass, grinded
agricultural biomass or combinations between the two
types, with or without using additives) to high
pressures and forcing it to pass through the cylindrical
orifices of a flat or cylindrical die. Due to the
temperature and the friction forces that develop inside
the machine, the biomass "fuses", resulting in compact
and uniform pellets (Artemio et al., 2018; Smaga et al.,
2018, Wu et al., 2011).

Pelleting materials of forest or agricultural origin
have the following advantages: a considerable
reduction in the waste of wood material;, higher
capitalization of the by-products of agriculture and
forestry; reduction of handling and storage costs.

By pelleting, it is important preserve or enhance the
physical-chemical properties of biomass that make
this type of biofuel suitable for large scale use. This
paper shows a series of experimental researches
conducted on biomass pellets to determine their
physical-chemical properties, in comparison with
those of the raw material.

MATERIAL AND METHOD

For conducting the experimental researches, sawdust
and pellets obtained from fir tree, oak and alder
sawdust were used. All sawdust samples had the same
granulation (2 mm) and all pellets were obtained in
the same conditions (using a single pellet device with
an 8 mm diameter die, at 80°C). Table 1 shows the
samples used for experiments.
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Table 1. Samples for analysis

Sample no. Type

1 Fir sawdust

Fir pellets

QOak sawdust
Qak pellets
Alder sawdust
Alder pellets

U1 [~ RN

Alder

Fir Oak

Figure 1. Sawdust and pellet samples used for
experiments
The following equipment were used during the
researches, presented in Table 2.

Table 2. Equipment used for determining the physical-
chemical properties of pellets

Measure domain /
division

Equipment/type

Precision weighing scales
/AW 220 M, with self- 0+-200¢g/
calibration (Shimadzu - 0.1 mg
Japan)
Furnace with temperature )

. 0+260°C /
adjustment / ~UFE 500 1oC
(Memmert ~ Germany)

Calorimeter /CAL 2k (DDS 0.001 Mj kg
Calorimeters ~ South Africa)
Calcination oven, with P 0 = 1400°C /
320 controller (Naberterm - 10°C
Germany)

All biomass and pellet samples for analysis were
prepared according to the specifications found in
standard ISO 14780:2016 — Solid biofuels: Sample
preparation.

METHODS OF ANALYSIS USED

— Moisture content

Moisture content (%) was determined on a wet basis,
according to the method described in standard ISO

18134-1:2015 — Solid biofuels — Determination of
moisture content — Oven dry method — Part 1: Total
moisture — Reference method.

—Energy content

The energy content (MJ/kg) of pellet samples was
determined using the calorimeter bomb, according to
the specification found in ISO 18125:2016 standard
— Solid biofuels — Determination of calorific power.
— Ash content

The ash content (%) of sawdust and pellets samples
was determined using the calcination oven, at 550°C,
according to the provisions of standard ISO 18122:
2015 — Solid biofuels — Determination of ash content.
— Volatile matter

The content of volatile matter (%) was determined by
introducing the samples at 900 °C in the calcination
oven, according to the provision found in standard
ISO 18123: 2015 — Solid biofuels — Determination of
the content of volatile matter.

—Sawdust and pellet density

Sawdust density (kg/m?3) was determined using a
cylinder that has a known volume and a precision
scale for weighing the samples, according to the
provisions of standard ISO 17828:2015 — Solid
biofuels — Determination of bulk density.

Pellet density was determined by giving the pellet
samples a cylindrical shape by sanding the
irregularities resulted from the pelleting process and
weighing each sample.

Figure 2. Aspect during the experiments

RESULTS

Using the methods previously mentioned, after
conducting the analysis, the following results were
obtained, presented in table 3.
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Table 3. Results obtained
from the analysis of pellets

. Volatile
Moisture Energy Ash .
matter  Density
content content content
content [%]
[M]/kg]
1 13 16.589| 4.22 73.50 142.18
2 9.21 | 15.981 4.18 72.58 | 1001.47
3 13 15.788 5.21 73.48 184.75
4 9.53 | 16.021 5.18 73.42 | 1124.31
5 13 15.521 5.88 74.23 178.91
6 9.86 |15.470 5.76 72.81 | 1024.31

It can be observed that the moisture content of pellets
registered values ranging between 9.21 % and 9,86 %
for pellets obtained, indicating that coniferous
sawdust loses water more easily during the pelleting
process.

The moisture obtained for the pellets is under 10%,
indicating good storage combustion attributes.
Calorific power registered small increases for all
samples after compaction, while volatile matter had
small decreases for pellets compared with sawdust,
indicating that volatiles are released during the
process, due to the high temperature used. The ash
content of pellets had small variations compared to
sawdust.

Bulk density was found to increase greatly (7.04 times
for fir, 6.08 times for oak and 5.72 times for alder
sawdust).

CONCLUSIONS

The experimental researches showed that the
compaction of sawdust had an overall beneficial
effect, mainly on the stability of the biomass, storage
characteristics and energy content, but also gives a
solution for ensuring quality solid biofuel. Therefore,
this study has shown that the pelleting process is a
represents a good solution for valorizing the residues
from silviculture, tree grooming, etc.
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LOlakunle F. ISAMOTU, 2-Oluwafunmilola I. OGUNLARI

OPTIMAL DESIGN AND PERFORMANCE OF A SELF- INDUCTING

POWERED BICYCLE GENERATOR

,2Mechanical Engineering, Engineering, Federal University of Technology, Minna, NIGERIA

Abstract: The insufficiency of energy is a global challenge so also is the effect of burning fuel to generate power a threat
to the earth. Hence, the need for a sustainable and renewable source of energy that can be used to supplement and with
time substitute the burning of fuels to generate power. The research work is focused on optimizing on existing design
models of the Chas Campbell free energy generator by incorporating a bicycle system for initial excitation as opposed to
electric power. The system is supported with a flywheel which will store kinetic energy to keep the system working before
the motor is connected to the generator. The system generated a power of 96w and stayed self-inducting at maximum
cyclist speed of 58rpm for a period of 35 seconds. The kinetic energy stored in the flywheel as a result of the flywheel is
the major determinant of the duration of self-inducting for the system.

Keywords: clean energy; free energy; flywheel technology; power generation; performance evaluation

INTRODUCTION

The need for a clean, cheap and sustainable power
source has been a key area where researchers have
directed their efforts over the years in order to counter
and minimize the effect and dependence on fossil
fuels for both domestic and industrial applications.
Demand for energy storage in flywheel have
increased because of it high power and efficiency
which are of essence in commercials areas of
application includes Uninterrupted Power Supply
(UPS) systems for backup to temporarily provide
power until another source of power is switched to
during power outage, sustaining and regulating
frequency of power channeled to the power grid,
provide power for acceleration in automotive engines
[1]. The use of flywheel for energy storage can be
dated to 1973 when Dr Richard Post proposed the
construction of a 200-tonne, 10 megawatt-hour
flywheels for electricity storage for the United States
power grid.

The material used for the flywheel were of composite
materials thus making it difficult to achieve dynamic
stability and structural integrity made difficult with
high cost production.

Technology has improved and other -electricity
storage devices have been made such as: fuel cells,
pumped hydro, compressed air energy storage
(CAES), ultra-capacitors also referred to as super
capacitors batteries, super-conducting magnetic
energy (SMES) and flywheel [2].

Several works have been done as to generating
electricity through the motor-generator mechanism.
Some of the notable arrangements for this systems that
will be further discussed in this research work include
Chas Campbell’s Power Generation System which he
demonstrated at a science community in Australia [3],
The Tesla Switch popularly called the ‘cigar box’
which was built by John Bedini at the Tesla Tech
Conference in 1984, The Ronald Brandt converter

constructed in 1983, The Phi Transformer, The Clem
motor built by Richard Clem in 1992 at his residence
in Texas, The Papp Engine [4].

From history, human power has been used to power
devices. The first human powered device recorded to
give a rotary motion is the potter’s wheel around
3,500 B.C. Pedal power and Cranks became one of the
most devices to couple human power to applications
and in the 19t Century, the use of bicycle pedal with
the electric dynamo for self-transportation and to
generate electric power [5]. This research will be
integrating and making modifications to the Chas
Campbell Power Generation System by applying the
flywheel technology to save energy and the system
which will be initially driven by a cyclist on a bicycle
and the flywheel is being connected to the generator
for electricity generation.

The aim of this work is to develop a simple and easy
to use power generating system that is safe for the
environment, sustainable and cheap. This research
work is a modification to the existing designs of
motor-generator systems incorporating human
power by using a bicycle pedal cycling to give initial
excitation to the flywheel before connecting the AC
motor to the output from the generator.

MATERIALS AND METHOD

The following materials were used to carry out this
research work: Flywheel, System support frame, Shaft,
Bicycle frame, 18V, 3.2A DC motor with rotational
speed of 300 rpm,12V, 8A, 350rpm DC motor,
@e0mm single groove pulley, Double groove
@130mm pulley.

Table 1 shows the materials and ratings of the
components employed for the powered bicycle
generating system.
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Table1: Summary of materials with their
rating/properties
S/N Component Material =~ Rating/Specifications

18 Kg, 350mm rim
1 Flywheel | CastIron with web
High
2 Shaft carbon 400mm, @30mm
steel
57.6W, 18V, 3.2A,
3 DC Motor ~ 300rpm
4 Generator ~ 96W, 12V, 8A,
DC 350rpm
@150mm, &130mm,
5 Pulleys Cast steel A60mm
6 Bicycle Mﬂo.l 500mm rim size
Frame steel pipe
7 Belt Synthetic 1200mm long
rope
—Free Energy

Free energy refers to a method of generating power
without fuel combustion from the environment.
Furthermore, free energy can be generated through
the following methods; Battery~-Charging Pulsed
Systems, Moving Pulsed Systems, Energy- Tapping
Pulsed Systems, Aerial Systems and Electrostatic
Generators, Motionless Pulsed Systems, Fuel-less
Motors, Magnet Power, passive Systems and Gravity
Powered Systems [3].

— Flywheel Technology

A flywheel serves as an energy reservoir in the form
of inertia which has a motor/alternator attached to
feed it [6], [7]. It is a mechanical battery that typically
consists of a high speed inertia composite rotor to
store kinetic energy consisting of a control system and
magnetic bearing support, a vacuum support housing
and containment, compact heat removal and
exchangers, instrumentation monitoring and control,
an electrical machine that can run either as a motor
or a generator to undertake the energy transfer to and
from the flywheel and power electronics for electrical
conversion as represented in Figure 1 [8]

Flywiheel

Vacuum chamber

j [ Motor/G?nerator ]

Figure 1: Schematic diagram for a flywheel’s storage
system [8]

Unlike the failings of all chemical batteries, a flywheel
has the ability to discharge cyclically to zero energy
without any degradation whatsoever [9].

Flywheel energy storage systems are attractive for the
types of applications for which a designer might not
want to consider the common conventional
electrochemical batteries or superconducting
magnetic energy storage [8] Flywheel is a storage
device which stores mechanically generated energy in
the flywheel and the energy stored is then converted
to drive a device which most times produce electrical
power or to stabilize the electricity produced. With
lower energy densities compared to batteries but the
density is sufficient to meet the requirements for many
high power applications and still give better
performance than batteries [10], [11].

Several researchers have proposed methods and ideas
to alleviate these problems, but a fundamental
limitation remains in all present designs which are
that the rotating mass is far from the axle while the
stabilization system (bearings and actuators) operates
directly on the axle.

If the harbor or spokes are flexible enough to expand
as rotational speed increases, then the stabilization
system must transmit control forces to the rim
through a “floppy” structure — an impossible task —
but if the structure is rigid it will delaminate under
high radial stress. So far, the only way to resolve this
conflict has been restricting the composite flywheels
to small diameters [2].

Energy stored in a flywheel is based on the rotating
mass principle which is stored in the device as
rotational kinetic energy and the source of its input
energy is usually electrical [12].

The energy that is stored in a flywheel can be
expressed by equation (1), where E is the kinetic
energy stored in the flywheel in N-m, w is the velocity
of the flywheel in rad/s and I is the moment of inertia.

B= Tw? (1)

The moment of inertia I for a flywheel can be
expressed as the product of the mass of the flywheel,
m the radius of the flywheel, r and the shape-factor
for the flywheel geometry, k as expressed in equation
(2).

I=kmr? (2)

For a hollow flywheel, the moment of inertia can be
expressed as,

I= km(r,” — r,2) 3)

where, r1 and rz are the internal and external
diameters respectively.
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Table 2: Shape-Factor for different planar geometry [13].

FLYWHEEL GEOMETRY CROSS SECTION SHAPE FACTOR. K

c===%$===a 0931
=
mﬁ-m
——

Modified constant stress disc
Conical disc 0.806
Flat unpierced disc 0.606
Thin film 01,500
Shaped bar 0.500
Rim with web 0.400

Single bar

Flat picrced bar

Possible applications for a highly efficient flywheel
energy storage system include: In road vehicles, as
well as other applications, flywheels are being
considered as a replacement for electrochemical
batteries [14]-[15]. Flywheels have high energy per
kilogram, are light weighted, low charging times and
have been found to have a longer lifetime than
batteries.

Batteries need to be replaced during the life of a
hybrid vehicle, which can be costly and hazardous to
the environment, the flywheel’s main use in cars is to
convert the power from the engine and transfer it to
the clutch plate, dealing with intermittency,
providing ride-through for fast instantaneous events
such as demand spikes or clouds with PV, renewable
integration. Storing during generation and extracting
it during demand; in train systems which extracts
energy from the flywheel during acceleration and
returns the braking energy to the flywheel during
deceleration [16].

—Bicycle cycling for power generation

Human rotational performance is a function of the
skeletal muscle to generate power and also sustain the
power generated which can be possible by resisting
fatigue [17]. While riding bicycle, humans are
capable of generating approximately 150W of
electrical power which goes waste without being put
to use. This power can be used to power many
electrical devices by incorporating a dynamo or
alternator to harvest the energy generated by the
pedaling cyclist and the energy can also be stored in a
battery [18]. As long as there is continuous pedaling
and the system is working fine, we can get power

whenever needed. Generating power through this
medium is free and eco-friendly [19].From an
experiment carried out for three people at average
physical condition during an indoor cycling
experiment conducted and each session lasted for 50
minutes. The result reveals a dominant range of
speeds of 200rpm to 250rpm. The average speed from
the experiment is close to 242 rpm, and the rotational
speed will be above 200 rpm for 80% session of the
time [20].

The idea of adding a flywheel to a bicycle is very
appealing because it can increase the efficiency of
what is already considered a very efficient machine.
This means at its peak, the flywheel is only making up
for the efficiency lost by its additional weight [9].

— Shaft Design

The design calculation for the selected shaft for the
system as shown in Figure 2

Flywheel I J
] Pulley Pulley :,m,:
Bearing Bearing I_| i :_ R
= == ;
| | 0.024m
] L] Ey_ .
i iRy i Rp
L : i i
3 H H
: i H
U004m ! 0.095m ! 0095m ! 0.065m :  0.105m

Figure 2: Schematic diagram of loads on the shaft
The direction and magnitude of the forces acting on
the shaft are shown in the schematic diagram of the
loaded in Figure 2
The Reaction Forces Rs and Rp from the supporting
bearing system are calculated as;

Summing the forces in one direction about point B,
(0x0.04) + (180%0.095) — (Rpx0.19) + (20x0.255)
+ (20%x0.36) =0
0+17.1-0.19Rp+5.1+7.2=0

Rearranging,
0.19Rp=17.1+ 5.1+ 7.2
0.19Rp = 29.4
Divide through by 0.19
Rp = 154.74 N
Summation of upward forces =
downward forces
Rp + Rs = 180 + 20 +20
154.74 + Rs = 180 + 20 +20
Rs = 180 + 20 +20 - 154.74
Rs =65.26 N
The Shear Force, F acting at each point of the shaft
loading is calculated,

Summation of

FA=0
Fs = 65.26N
Fc = 65.26N — 180N
Fc=-114.74N
Fp = -114.74N + 154.74N
Fp = 40N
Fr = 40N — 20N
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Fr= 20N
Fe = 20N — 20N
Fc=0
The Shear force diagram is represented in Figure 3.
The Bending Moment, M at each point of the shaft
loading is calculated,
Ma=0
Ms =0
Mc = 62.26 X 0.095
Mc= 6.2ZNm
Mp =0
M = 154.74 X 0.065
Mk = 10.06Nm
Mg = (154.74 X 0.17) — (20 X 0.105)
Mc = 24.21INm
The Bending Moment diagram is shown in Figure 3.

180N

"

Ry
'

20N 20N

v

Tr) E G
p '

H H

Ry - H
' H

!

! H
i 0.065m !

mammn P

0.095m | 0.095m 0.105m

L +
v 0.04m !

Figure 3: Direction and magnitude of the forces acting on
the shaft

E

11474 N
0.095m | 0.095m

!
0.065m

0.105m

-
v 0.04m

Figure 4: Shear force diagram for the shaft

24.21 Nm

10.06 Nm

' : ' '
V 0.04m | 0.095m | 0.095m | 0.065m | 0.105m

Figure 5: Bending Moment diagram for the shaft
Diameter of shaft
0, X 1

M

4)

r

where:

02 = maximum allowable stress = 40 MPa
I = Moment of inertia

M = Maximum bending moment,
I=nxrtx0.25

I=0.785r*

o, X1
r =
M

r=10.9mm

D = 22mm

The Maximum Bending moment is Mg = 24.21Nm

32M
The Bending Stress, 6,= ——————— (5)
&SNS O B (1-0Y

where,
M = Maximum Bending Moment = Mg = 24.21Nm
do = shaft outer diameter = 0.30
@ = ratio of shaft inner to outer diameter
0.024

0.030
0=0.8

32x24.21

10.03°(1-0.8%)

The Bending Stress, o,= 9.13MPa

For commercial steel, allowable design stress to steel
shafting is 40MPa (Kharagpur, 2010)

The shaft cannot fail by bending since the Bending
stress oy, is less than allowable design stress for steel,
that is, 9.13MPa<40MPa

The Bending Stress, 0,=

16T

— (6
rd3(1 — 0% ©

The Stress due to Torsion, 6},=

T = Torque on shaft
do = shaft outer diameter = 0.30
@ = ratio of shaft inner to outer diameter = 0.8
Torque on Shaft, T = load on shaft X radius of shaft
T = 220N X 0.03m
T = 6.6Nm

16T

1(0.03%)(1-0.8%)

The Stress due to Torsion, 6,=

ot= 2.11MPa
The shaft cannot fail from torsional stress since the
torsional stress o; is less than allowable design stress
for steel, that is, 2.1 1MPa < 40MPa.
Maximum shear stress the shaft is subjected, Omax =
Bending stress, ob + Torsional Stress, ot

Oomax= 9.13 + 2.11

Omax= 11.24 MPa
The shaft cannot fail from shear stress since the
maximum stress, Oy, 1S less than allowable design
stress for steel, that is, 11.24MPa < 40MPa.
RESULT AND DISCUSSION
Considering the ambiguity and need for external
electrical source of power for existing self-inducting
generator, this system was designed to be powered
using the rotational power from a cyclist for initial
excitation. Locally sourced materials were used and
the construction was done at a workshop. The design
process was carefully done ensuring the alignment of
every part to one another to avoid power losses due to
friction and skidding of belt from the pulley while the
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flywheel was checked to be parallel to the axial
direction of rotation.

A load/indicator (electric bulb) of 4 watt was
connected to the generator to signal when the
generator is drive above it synchronous speed when it
starts generating useable power by lighting the bulb.
Six cyclists tested the system by riding the bicycle
system until the indicator bulb powers on and the
bulb lightening is stable. The speed of the cyclist is
measured, the time taken for the bulb lightening to
become stable (12v generated) and the time taken for
the system to go off when the cyclist stops pedaling.
The result obtained from the experiment is shown in
table 2.

Table 2: Time result from va
Time

speed of cycling

Time taken

. taken to o  Flywheel |
Cyclist reach 12v for system to Max Speed
speed shutdown
output (rpm)
(seC) (sec)
40 251 30 315
43 225 31 315
45 218 31 318
49 205 32 320
55 185 33 345
58 165 35 352

The main observation from this result is that the more
the speed of cycling, the lesser time it will take for the
system to become stabilized in generating electricity
and the longer it will take for the system to shut down
after the cyclist stops pedaling as seen with the sixth
cyclist with 58 rpm. Cyclist with 58 rpm speed of
cycling took less time to power the system to a point
whereby the bulb lightning was stable.

36
35

w
S

W W
=N

Time taken for the system to
shutdown (sec)
w w
el ®

N
©

40 45 50 55 60
Cyclist speed of rotation (rpm)

Figure 3: Graph showing relationship between the cyclist
speed and time taken before the system shutdown

As shown in figure 3, the cyclist speed of rotation is
very critical to the self-inducting duration of the
system as the relationship is a linear one such that as
the speed of the cyclist increases, the duration for self-
inducting for the system also increases.

CONCLUSION

The performance evaluation of this experiment has

proved the possibility of integrating a bicycle system

into a self-inducting system for initial excitation
rather than the existing designs using electrical
power. The power out from the system is determined
by the capacity of the generator in this case is a 96w

DC generator. The duration for self-inducting for the

system is a function of the cyclist speed which in turns

affects the kinetic energy the flywheel can store in
order to keep the system running.
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LTihomir MACKIC, 2Milan TICA

ANALYSIS OF SPEED RATIOS OF SIMPLE CYCLOID DRIVE WITH

STEPPED PLANETS

1.2. Mechanical Faculty of Banja Luka, Banja Luka, BOSNIA & HERZEGOVINA

Abstract: Due to the complicated and costly construction, the use of drive train with cycloid gears was avoided in the
past. With the development of the modern CNC machining centers, it is possible to make the production process of these
gears cheaper and simpler. The drive trains with cycloidal profile gears are mainly planetary drive trains, which are used
today as speed reducers. They can achieve high speed ratio in single stage and have many advantages, as compactness
and simplicity of production. Simple cycloid drive with stepped planets is a special variant of planetary drive train. It is
a type of high sensitivity dive train which can realize high speed ratio in single stage. In this paper are shown the basic
equations of speed ratios for different working conditions. By theoretical analysis, it can be noticed that a simple cycloid
drive with stepped gear can achieve very high speed ratio while achieving small overal dimensions.

Keywords: cycloid drive, speed ratio, planetary drive train

INTRODUCTION

The drive trains with cycloidal profile gears are
mainly planetary drive trains, which are used today as
speed reducers. They can achieve high speed ratio in
single stage and have many advantages, as
compactness and simplicity of production. In
addition, by using special cycloid stepped planets
(figure 1), the total weight of drive trains can be
further reduced.

Figure 1. Small cycloid stepped planets

Due to the complicated and costly construction, the
use of drive train with cycloid gears was avoided in
the past. With the development of the modern CNC
machining centers, it is possible to make the
production process of these gears cheaper and
simpler. Because of very wide area of application,
production of cycloid drives has growing character
and wide area of application: processing equipment,
conveyors, presses, mixers, food industry, robots,
automotive plants, spinning machines, cranes, etc.

Despite the very common use of cycloid drive trains
as speed reducers, they can also be used as speed
increasers. Therefore, it is necessary to examine all the
possibilities of the cycloid drive train with stepped

planets, in order to get a clear picture of its
transmission capabilities.

SIMPLE CYCLOID DRIVE

In the analysis of a simple cycloid drive, it can be
started from an elementary planetary mechanism
with internal coupling, replacing, for example, classic
involute gears with cycloid gears (figure 1a).
Members of the planetary mechanism whose axis
coincides with the central axis and receive the
external torques are called the basic members [1].
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. ' 2| |1
i, s | | P __P /s
W | ( S l 2 =TT -
l 1 1 | | T [
. |
s 1L
\\\. | ",/
i ~ | T —
a) b)

Figure 2. Transformation from elementary mechanism to
simple cycloid drive with stepped planets

The members of the elementary mechanism, the
central gear (1) and the carrier (), whose axes of
rotation coincide with the base axis, can’t be used in
this case for the transfer of energy. In order to achieve
this, one elementary member must be added to the
elementary planetary mechanism. This gives a simple
cycloid drive or three-shaftt cycloid drive.

This can be accomplished by adding another central
ring gear (2) with the pins placed on the periphery,
which meshes with the second cycloid gear (Zp)
(figure 1.b). The cycloid gears (Ip) and (Zp) are
tightly connected in this case. In literature, such
planets are called sfepped planets (2, 3].
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SPEED RATIOS

Table 1. Equations of speed ratios of simple cycloid drive

It will be analyzed only drives with the numbers of
pins of ring gear by one greater than the numbers of
teeth of cycloid planet gear. The gear drives shown in
figure 2b have two degrees of freedom (DOF). By
blocking one of the basic members, a fwo-shatt
cycloid drive is provided, which has only one DOF.
When denoting the speed ratio, it is necessary to make
a difference when denoting the speed ratios of three-
shaft cycloid drive with two DOF from two-shaft
cycloid drive with one DOF. Therefore, in this study,
will be used proposal [4], that the symbol "' means
only a constant, design dependent speed ratios (with
one DOF).

The order of two subscripts denote the order of input
and output members. For the speed ratios of simple
cycloid drive train with two DOF, will be used the
symbol “£”, so that, for example,

ko:km:i:i,

2 k21
represents the speed ratio between shafts 1 and 2.
The cycloid drive works as classical gearbox (with a
fixed axle) when the eccentric shaft is stopped. This
simple working mode can be termed as the basic mode
whereby the basic speed ratiois realized:

o n
=1, = [n_j )
2 /ng=0

where is: m1- speed of ring gear shaft 7,

2~ speed of ring gear shaft 2,

ns~ speed of eccentric shaft S.

The complex general state of motion of a simple
cycloid drive can be explained as the superposition of
two partial motions. The first partial motion is the
rotation of central ring rear (turning and meshing
with planets), relative to the carrier. The second
partial motion is an equal rotation of all shafts of basic
members and it is same as rotation of carrier
(eccentric shaft ).

If the two partial motion are superimposed, the total
speed of each shaft is obtained as the algebraic sum of
its partial speed. Thus the basic speed ratio become [3,
5]

(D

(2)

_ nl_ns
o ’

N, —Ng

so that

(3
n, —i,n, +(i, —1)ng =0,
From the equation (3), the shaft speed of a simple
cycloid drive is obtained as follows:
n =i,n, +(i, ~1)ng,

n, —ng (1-1i,
2:%(), 4)
_n—ipn,
R

It is possible to derive the equations for all speed ratios
of simple cycloid drive with stepped gear (Table 1).

Reduced notation Speed ratio Ak) |

k12 = io +(1_ io)ksz klZ = ko
1 1 1
k21 =E+[1—Ejksl k21 :Z
Lo,
Kis =(l—i0)+i0k28 s 1—ii
kO
i0
K :1_Iok21 1_k7
s1 1-i ke, = 0
° 1-i,
k 1-i 1-i
kzs == ( O) kzs = >
Io ko =l
k., —i k —i
k _ 12 0 k __o 0
1 1

TWO-SHAFT CYCLOID DRIVE SPEED RATIOS
If the numbers of pins of ring gear by one greater than
the numbers of teeth of cycloid planet gear, then:

Loy o ny 7, 2(z-))

o = huplepe = n,n, n,o oz 2, z(z-1)
where is: mp= nzp— speed of stepped planets,
Z1p ~ the number of teeth on a cycloid gear 7,
z2p ~ the number of teeth on a cycloid gear Z,
h1p ~ speed ratio between gear 7 and cycloid 7,
I2pz ~ speed ratio between cycloid 2 and gear 2.
The speed ratios of the tree possible two-shaft cycloid
drive can be obtained using equations from Table 1,
by setting appropriate speed ratios equal to zero if
shaft was stopped (Table 2).

Table 2. Speed ratios of two-shaft cycloid drive
Working mode Speed ratio (z1, z2)

()

.. ) C 7,(z,-1)
Minimum increase b =—""7T"—"7
2,(2,-1)
. ) o 7(7,-1)
Minimum reduction I, =
z,(z,-1)
. . H -4
Maximum increase s =
z,(z,-1)
. . . Z (Zz _1)
Maximum reduction ig, =
Z, -7,
. . ; 5, — 1,
Reversible increase lys =
2,(z,-1)
. . . Z, (Zl _1)
Reversible reduction Iy, = P
1- %2

Equations that determine the speed of the shafts of the
basic members, for two-shaft cycloid drive, can also
be written in matrix form. If e.g. shaft 1 is input shaft,
and shaft 2 is locked, then the following system of
equations are valid:

106 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara

http://acta.fih.upt.ro/




ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering [e~-ISSN: 2067~-3809]
TOME XIII [2020] | FASCICULE 4 [October — December]

n, —i;n, +(i, —1)ng =0
n =n, (6)
n,=0

where is: zin~ speed of input shaft 7,
This system of linear equations can be written in
matrix form:

1 -, (i,-1)][n] [0
1 0 0 |n[=[n,|= [Cin=¢,
01 0 |n] |0

where is: [C | - coefficient matrix,

(7)

n - vector of unknown shaft speeds,

e, ~ input shaft speed vector.
System (7) can be solved using mathematical
programs for working with matrices. In order to
obtain values of unknown speeds, the system must be
set up as follows:

nl nin
n=[Cy]'e, = |[n|=| O 8
nS r.]in
1-i,
ANALYSIS OF SPEED RATIOS

Basic speed ratio, given in equation (2), shows, if the
condition z, <z, is satisfied, then i, <1. Also, simple
cycloid drive is a positive drive train (i, >0) [5].

The analysis of speed ratios will be considered
regardless of the possibility of self-~locking, which is

present in high-sensitivity planetary gear trains [6].
Self-locking can occur if the teeth numbers are equal

z, =2, (the gearbox acts as a coupling) and if i, >7,
[7], where 7, is basic efficiency. The last case can
occur when z,-z =1, but because 7, ~1 it is possible
only for higher values of z,.
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Figure 3. Basic speed ratios

In order to understand the nature of the change in
speed ratios, the theoretical model of a simple cycloid
drive with stepped planets will be considered, where

z, =20, while the number of pins of ring gear I are
changing from z =2+19.
In figure 3, the function of the change of the basic

speed ratios is shown. It can be noticed that by
approaching the number of pins z, to z,, the basic

speed ratio tends to i, =1 (self-~locking occur).

—Reduction speed ratios

Cycloid drive train are mainly used as speed reducers.
The variant with stepped planets is not used in
practice for now, so it is very interesting to examine
its possibilities.

Figure 4 shows the changing in speed ratios for
maximum reduction (51) and reversible reduction
mode (#2). Number of pins of ring gear 2 is constant
z,=10 and number of pins of ring gear 1 are

changing z, =2+19.
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Figure 4. Reduction speed ratios

One can notice a sudden increase in the speed ratio,
when number of pins z, is approaching to z,.

— Increasing speed ratios

For the analysis of speed ratios in increase modes, the
same settings will be used as for reducer modes, i.e.
number of pins of ring gear 2 will be constant, while
number of pins of ring gear 1 will change.

—-=i15
0,50
0,40
o 0,30
=]
°
- 0,20
[ 3]
a
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Figure 5. Maximum increase speed ratios
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On figure 5 is shown the changing in the speed ratios
for maximum increase mode (7s).

In figure 6, the function of the change of the speed
ratios for reversible increase mode (izs) is shown.
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Figure 6. Reversible increase speed ratios

The speed ratio is equal to zero if z, =z,. When z, > z,

the sign of speed ratio is changing and shaft of ring
rear 2 become summation shaft [7].
If the pins number of ring gear 2 is constant, it can be
noted from an analysis, that there is no significant
increase of speed ratio with increasing the pins
number of ring gear 1. However, if the cycloid drive
is loaded with higher torque, then it is desirable to use
larger numbers of pins due to a more even
distribution of forces on the ring gear.
CONCLUSION
The cycloid drive with stepped planets can achieve
very large speed ratios, while using ring gears with a
relatively small number of pins. This makes it possible
to design high speed ratio cycloid drive train of small
dimensions and mass.
Increasing the number of pins of ring gear 1, with a
constant number of pins on the other ring gear, does
not significantly increase the speed ratio. Therefore,
when designing these drive train, it is necessary to
first consider variants with smaller numbers of pins,
with checking the total load capacity.
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RESEARCH ON HEAT RECOVERY IN THE COMPOSTING PROCESS
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Abstract: The current trend manifested globally is to find new solutions using non—conventional energy and renewable
energy (solar, wind, flowing waters, biological processes and geothermal heat) in socio—economic activities, as an
alternative to classical energies. In this paper we intend to present some research on how to recover the thermal energy
released in the biological process of composting biodegradable waste, research which will be finalized by creating and
testing a composting container, equipped with recovery plant heat resulting from the aerobic fermentation (composting)

of biodegradable waste.
Keywords: heat recovery from compost

INTRODUCTION

Mainly, known three types of heat recovery systems
results from the fermentation of aerobic (composting)
of biodegradable waste, as follows:

— heat recovery system in open compost pile formed,
with natural ventilation;

—heat recovery system in compost open heaps
achieved (dumps), acrated forced;

—heat recovery system made compost in closed
container achieved, forced aerated.
Known limited studies on the heat recovery of
composting have shown that it is a critical
condition to strictly control the temperature in the
heap. To prevent the temperature from falling
below the temperature required for high—
temperature composting, too much heat can’t be
removed during composting (Chroni et al., 2009).
On the other hand, losing a large amount moisture
is not conductive to heat accumulation, but also
slow down the composting process, so keep the
entire composting process from over—ventilation.
The current method of controlling the temperature
of the composting process is usually to maintain the
oxygen content of the reactor or to control the air
content of the reactor by adjusting the temperature
(Xiao et al., 2009).
In principle, two methods known of composting
heat recovery, respectively, direct and indirect
methods.
Direct recovery method
First direct method is to extract heat from the
composting material in the form of heated water.
This method is by circulating water pipes inside the
heap or in the concrete slab. This method is more
suitable for personal use. The process of piling up
and disassembling requires installation and
removal of pipelines, and the time and labor
available to them for help. This is not the case for
commercial use for the waste of time and labor
(Smith and Aber, 2014).

Another downside is the lack of mechanical
agitation. But also easy to take away some of the heat
in the cold water in the pipeline. The above situation
is not conducive to the growth of microorganisms,
and may also lead to corrosion (Smith and Aber,
2014).

The method of extracting heat directly from
manure is a simple and effective method pioneered
by Jean Pain. One of the heaps is to set water pipes
in them, with pipes in 10 inches. When there is air
through the heap will produce heat, water is taken
away by the water pipes, as a radiation source for
greenhouse.

Studies conducted by (Lekic, 2005) showed that the
water temperature increases as it passes through
the entire pipeline, theoretically 73% of the heat is
absorbed by the water. The limitation of this study
is the laying of pipes (Lekic, 2005). A solution
proposed by (Seki and Komori 1992) is to use
packed column heating tower to concentrate the
heat discharged into water.

The second method in direct composting heat
recovery is use air heating, where air is pushed out
(forced aeration) or pulled through (negative
aeration) a composting heap. Most commonly
accomplished by placing the compost pile on a
well-ventilated and level floor, pouring the
perforated PVC pipes into the concrete, covering it
with a perforated cover and finally covering it with
8-inch sawdust. By moving the whole body
mechanically, air enters the heap, removing excess
heat while generating heat (Rynk, 2000; Epstein,
2011; Smith and Aber, 2014).

However, this method requires that there be a
strong microbial population in the heap and that it
is difficult to collect the heat with a mere 13.4%
availability, thus it has some limitations (Themelis,
2005). The invention was originally derived from
the New Alchemy Institute, they warmed a
greenhouse with compost vapor by biofilter in the
winter (Fulford, 1986). Although this study is
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mostly used for horticulture, it plays an important
role in prolonging the season time and reducing
greenhouse energy loss under cool climatic
conditions.

Indirect recovery method

An indirect recovery method involves harvesting the
heat indirectly by altering the form of the bio—waste
material itself (Lee et al. 2014) reformed an Advanced
Compost and Energy System (ACES).

In the ACES, technically speaking, the moisture in the
feedstock is evaporated by the biological response of a
specific set of well-fed fermenting microorganisms
that produces heat above 80°C and thus evaporates
residual  materials and food waste were
compared,18.82 MJ/kg, in a heating value test. One
of the advantages of ACES is that it does not require
the removal of waste water compared with the
traditional method, ACES is more like a method does
not need to rule out any substance, but does not
require additional energy. Microbials can consume
organic matter in the raw material and emit heat, and
can be the temperature reached 80°C—90°C.

The use of heat generated, the raw water can be
volatile out, which is the rest of the traditional
methods can’t be achieved (Lee et al., 2014).

About how to handle the liquid in livestock
excrement. How to deal with these liquids is the
biggest problem converting raw materials into heat.
Because raw materials are mixed with up to 90%
moisture, the remaining solids have very high
potential for energy production, such as 10.46—
14.64 MJ kg! (Lee et al., 2014), which requires
reasonable treatment of the liquid. The usual
approach is to evaporate. If electricity or natural gas

is used for evaporation, the cost of the project will
be increased. In addition, since the moisture inside
the raw material itself is not easily dried, it takes a
long time to evaporate, and the dried material also
has unpleasant odor (Shin, 2002; Kim, 2012).

Direct recovery method is the most used in the
industrial composting due to its simplicity. The heat
transfer calculation models normally could be used
to simulate the specified composting process. There
are many more to do for the heat recovery both in
research and application, such as more simplified
models for heating predictions of potential heat
from composting, and high efficient heat recovery
method.

MATERIAL AND METHODS

Regarding heat energy recovery results in the
composting of biodegradable waste in the world have
made significant progress for the development of such
systems, most being mounted in conventional systems
composting (in the pile, rick, dumps composting) but
also tanks (containers) composting or complex
industrial systems.

Heat recovery system in open compost pile formed
with natural ventilation

The ingenious system is constructed as a heat
generator based on the natural fermentation of
biodegradable waste and can provide thermal energy
required for heating or hot water for a period of 12—
16 months (*** 2). In general compost pile has a
diameter of approx. 5 meters and a height of
approx.2.5 meters. Some sources give much larger,
10 x 6 meters. In any case, they are major cylindrical
shape and a ratio of 1:2 between height and diameter,
Figure 1.

Figure 1 — Heat recovery system achieved in compost
heap

The main disadvantage of this system is that the
fermentation process requires a period between 70
and 90 days.
Not insignificant advantage of this system is that the
starting materials — pipe, pump, and fence, can be
reused for 10-15 years, with the same efficiency and
costs are relatively low.
Composting system in open dumps static aerated
forced with heat recovery system
This system was well documented in the extensive
research conducted at the University of New
Hampshire Department of Natural Resources, US,
(Matthew M. Smith, John D. Aber, 2018).
Research shows operational information for aerated
composting system developed on a commercial scale
ASP (static aerated cells) with energy recovery, one of
the few currently in operation worldwide.
The heat was captured directly and predictably
related to the difference between the vapor
temperature of the compost and the heat sink, a vapor
temperature range of 51-66°C compost.
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There is a lag time of 5 days, the heap of compost to
the formation of vapor until the temperature of the
compost has been sufficiently large for energy
recovery (=50 °C).

A second temperature difference existed also during
each cycle of aeration, where the inlet temperature
vapor, immediately after coming out of the compost
heap, differs from reaching the heat exchanger, a
difference of almost 4.4°C after the first minute of
aeration and 1.3°C after six minutes.

Following these gaps, composting plant operators may
reconsider energy recovery ventilation system design
and aeration cycles to achieve maximum energy
capture.

In Figure 2 is shown such a system for recovering heat
energy from the high—capacity compost.

Figure 2 — Heat recovery of high capacity composting
system — Schematic diagram —

1 — composting chamber; 2— compost; 3 — pipeline for
collecting equipped with automatic valves; 4 —
condensation collection circuit; 5 — condensing water
outlet pump; 6 — isobaric heat exchanger; 7 — fan; 8 —
mechanical room (the location of the heat recovery
system); 9 — biofilter to eliminate odors; 10 — hot water
circuit; 11 — preheating water network; 12 — heat
exchanger with flat elements; 13 — hot water tank; 14 —
space for end use hot water.

The results of experiments in which the parameters
measured are identified, are shown in the diagrams of
Figure 3. The efficiency of energy capture and
predictably varies strongly with the temperature
difference between Vapor Heat Exchanger and Heat

Sink Tank.

Heat recovery system in industrial composting system
This system was implemented at Diamond Hill
Custom Heifers by Agrilab Technologies Inc. and the
composted waste is manure and bedding material
used in cattle (**** 5), Figure 4.

The system is essentially self-powered, with the
exception of a small amount of electricity needed to
power at 120 VAC four fans in line, 1/8 hP motor
systems.
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Figure 3 — Parameters variation in the composting process

Figure 4 — Industrial system implemented at Diamond Hill
Custom Heifers

The system consists of two separate composting hall
through a central gallery closed. Each of the waste
composting heaps is approximately 15.5 m wide and
18 m in length allows the active composting between
700 and 800 tons of materials concomitantly itself. In
each hall may form four piles (furrow) where the
current can reach and maintain a temperature of 120
to 165 degrees F for four to eight weeks after the
initial training.

The floor is made of reinforced concrete with a
thickness of 6 "to 10" poured over the sand compacted
to apply the foam of the type used in the installation
of electrical systems in floor heating.
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Semi—concrete and embedded in the insulation
installed over a network of pipes made of PVC. In
addition, these pipes are insulated with a material is
coated '"Techfoil" that increases the amount of
insulation around the pipes. The connecting pipes are,
in fact, the collection of vapor, have a diameter of 10
"and are vertically mounted fan by a record flexible
10", after which they are attached a pipe greater
corrugated PVC, diameter 24 " in which are arranged
six conductors Isobar superthermal.

The conductors of the isobaric superthermal devices
are defined technically heat exchange in two phases,
in this application are accomplished of the stainless
steel tubes 3”, sealed at each end and loaded with a
fluid for work.

Isobars are insulated devices, which constant
achieving uniform temperature on the surface of the
heat contributions due to random. In this particular
application, hot water vapor condensed on Isobars are
immediately transferred to that part of Isobar which
is in contact with water in the tank

As long as the bulk water in the tank is at a lower
temperature than the water vapor in the hot compost,
the transfer will take place. Isobars are self-powered,
they do not need electricity or other external power
source to activate only a temperature difference from
one location to another on its surface.

The advantage of the transfer Isobar Agrilab is that it
provides the supply of hot water accumulated in an
insulated tank of bulk storage to be used directly, most
often by providing all the necessary hot water, or as
an adjunct to heating classical hot water

Heat recovery from the compost made in tunnel vessel
(containers)

Investigations have been conducted by a group of
researchers in Scotland, on the recovery of thermal
energy from the system composting tunnel,
composting system Deerdykes Facility (Irvine G., et.
Al, 2010).

The achievement was completed in 2006 and
supports the location of green waste, industrial sludge
and liquid wastes. Main components are offices,
tunnel composting vessels, the aeration of compost
and the compost material mixing.

There are 8 tunnel composting vessel sizes, as follows:
1—4 tunnels is 5 m wide and 25 m long; tunnels 5 and
6 are 5.3 m wide and 35 m long; 7 and 8 tunnels is 5
m wide and 35 m long (SD Last, et.al, 2005).

The tunnels are approximately 5m high, however, the
height of the compost loading was about 3m, Figure5.
Vessel composting process was fully controlled by a
computer software package designed specifically for
the trial. Air flows for all fans of the air were varied
automatically depending on the measured levels of
temperature, pressure and oxygen within the tunnel.

The hot air extracted from the vessel by the fan pos. 6,
is directed to a heat exchanger to recover heat from it,
before being passed through the biofilter.

5 9

N Ny 2

Figure 5 — Section through the composting vessels tunnel
1 — composting unit; 2 — compost; 3 — recirculation;
4 — holes aeration of the compost; 5 — noxious wet
scrubber; 6 — ventilator circuit to the biofilter;

7 — suction fan; 8 — measuring system of the composting

temperature; 9 — biofilter.
For the dimensioning of the recovery of heat from the
compost made in the container, which is necessary in
a livestock farm, is based on the amount of waste
(manure) in a one—year on the farm itself, Ca, which
is determined by the relationship (1).

Ca=nz-q [m (D

where:
na — the number of animals on the farm,;
g [m3] — the amount of manure produsade an animal
in a year.
Also determine the volume of the container for
composting Ve occupied by the material subjected to
the process of composting, depending on the amount
of waste in the holding and the expected duration of
the ongoing phase fermentation process in a
composting container, so that the system compost all
of waste produced of a year, to which are added the
energy material required by composting process, Ce,
according to the equation (2).

Ve=(Cq+Co) 5 [me] @)
where:
Ce[m3] — the amount of energy material required
composting;
t [days] — estimated period of performance of the
fermentation phase in a process of composting.
Depending on the volume of air generated by the fan,
air temperature and water consumption needs, to be
estimated size of the heat recovery unit of the
compost.
RESULTS AND DISCUSSION
Heat recovery from compost system proposed is
composting container fitted with the recovery of
thermal energy from the hot air generated in the
process of composting biodegradable waste.
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The heat sources in the form of wet vapor captured in
the warm compost is conducted through specialized
heat exchangers in which water is heated.

The exhaust air can be sent back automatically to
optimize compost moisture and the entire process or
directly into a biofilter to eliminate odors.

The hot water can be used in industrial installations
for washing farms as water or for space heating.
Schematically, the complete composting system, with
heat recovery, is shown in Figure6a and the heat
exchanger in Figure 6b.

b)
Figure 6 — Container composting system with heat
recovery facility — Schematic diagram
a) 1 — composting container; 2 — heat sink; 3 — water
preheating system; 4 — bio—filter for odor reduction;
5 — finished compost; 6 — heating installation with energy
recovered;
b) 1 —the hot air inlet hose connected to the compost;

2 — stainless steel heat exchanger is thermally insulated;
3 — connector of hot water and condensate drainage
connector; 4 — stainless steel frame covered with epoxy
resin; 5 — Fan; 6 — oxygen, temperature and flow of the
vapor sensors; 7 — drain hose to the biofilter.

The calculation of the thermal load for heating
domestic hot water using heat recovered from the
compost will be achieved, in the case of paper, a small

family farm livestock with 5 dairy cows.

According to [**** 4], the amount of manure for a
dairy cow in a week is about 0.315 m3, or about 17
m? /year.

In this case the amount of manure produced in a year

by the 5 dairy cows, complies relationship (3).
Cq=5-17 = 85m? 3
For proper development of the composting process, in
addition to the base material, using energy material.
The amount of energy material necessary for
composting, from case to case, is about5-15% of the
basic amount of biodegradable waste, in this case the

manure and is calculated according to the
relationship (4), considering an average of 10%.
Co=85—2=85 m3 (4)

We consider a fermentation period, t = 30 days [****
3], for the situation that the composting process is
carried out in forced aeration system.

Substituting the values considered in (2), result the
volume of the container occupied by the composting
materials will be developed and tested, according to

the relationship (5).

v = 2% = 7 68me (5)
The container volume will be about 10 m? because it
will not be completely filled with the composting
material.

CONCLUSIONS

In principle, two methods known of composting heat
recovery, respectively, direct and indirect methods:

—first direct method is to extract heat from the
composting material in the form of heated water;

—the second direct method in composting heat
recovery is use air heating, where air is pushed out
(forced aeration) or pulled through (negative
aeration) a composting heap;

An indirect recovery method involves harvesting the
heat indirectly by altering the form of the bio—waste
material itself namely Advanced Compost and Energy
System (ACES). In the ACES, technically speaking, the
moisture in the feedstock is evaporated by the
biological response of a specific set of well-fed
fermenting microorganisms that produces heat above
80°C and thus evaporates residual materials and food
waste were compared,18.82 MJ/kg, in a heating
value test;
Heat recovery systems results from the fermentation
of aerobic (composting) of biodegradable waste is
classified according to the embodiment of compost
and known: heat recovery system in open compost
pile formed with natural ventilation; heat recovery
system of the compost piles open achieved (dumps)
aerated forced; the heat recovery system of
composting carried out in closed vessels, container
aerated force;

The recovery of heat resulting from the fermentation

aerobic  (composting) of biodegradable waste

proposed in the present work, has been designed for a

family farm agro—zootechnical with 5 dairy cows and

resulting a construction volume necessary of the
container of 10 m3.
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Abstract: The Wind Power Generation in the Power System Increases Rapidly in present and in the later trifling years.
The fluctuation of electric power produced by wind power plants, will build, prompting greater expenses associated with
the balance of generation and demand. This paper presents an application of artificial neural network for Modelling of
Wind Power plant. The proposed algorithm is based on three parameter i.e. blade diameter, wind speed, and the blade
pitch angle. The yield will be the power flow. The algorithm has been skilled with the collected data and then we are able
to establish a model of wind Power plant. The proposed scheme is capable of modeling the parameters of wind power
plant. The appearance of tested outcome is that the neural net trained data give more accurate result.

Keywords: Artificial neural network, Blade Diameter, Blade Pitch angle, Wind Speed

INTRODUCTION

Energy is avenue for human well-being, growth,
development. To certify everybody has adequate
access to power 1is challenge for worldwide
development. The source for the blossoming of energy
are coal, wind, solar, water etc. Production of energy
affects the climate. Authentic and modern way of
energy generation are influenced by fossil fuel (coal,
gas, and oil) which produce harmful substances like
carbon dioxide, greenhouse gases. These substances
are the heart for global warming. The Environment is
on fatal line. To redeem the aura, the world needs to
transit the energy sources. Taking a deviation from
non-renewable energy source to sustainable energy
source for generation of energy will be a huge
contribution to save the environment [18,19]. Wind
power has been utilized for a sustained time for
processing grains, siphoning water, and cruising the
oceans. In the evolution of recent decades, an
assortment of wind control advancements have been
created, which have improved the change
effectiveness of and diminished the expenses for wind
power generation. But the progress of large capacity
power plants (wind, solar etc.) requires new
approaches to analyze plant dynamics for control
purposes. It is a challenge to design a new model
without specification of components. In order to
design a control system for a power plant, it is
necessary to develop a model in advance [1]. In the
ancient time the technique which has been used in the
electrical power industry is the mathematical
optimization for many power systems operations,
planning, and control problems. Mathematical
formulations of real-world problems are derived
under certain presumption and even with these
presumptions; the result of modern power systems is
not simple. Then again, there are numerous
vulnerabilities in control framework issues due to

their huge, complex, and topographically broadly
dispersed nature. Simple model are easy to manage
with mathematical modeling but if we see complex
structure (solar, wind, thermal power plants etc)
mathematical modeling is not a solution.
Mathematical model is the simplification of the real
problems and does not include all aspect of the
problems. The mathematical model may work only in
certain situation and with specified range.
These facts make it complicated to deal effectively
with many problems in this area through strict
mathematical formulation alone [2]. In this manner,
artificial intelligence techniques which ensure a
worldwide ideal or about along these lines, for
example, master frameworks, genetic algorithm,
fuzzy logic, and Artificial neural network have risen
as of late as a supplement apparatus to regular
numerical procedures [3].

The paper is split into different sections as follow. In
SECTION II, the detail of artificial neural network has
been provided. In SECTION III the methodology which
has been used is explained in detail. Further the
SECTION 1V and SECTION V justify the result and
conclusion obtains with future scope.

OUTLINE OF ARTIFICIAL NEURAL NETWORKS

The investigation of Artificial neural systems (ANN) is
roused by their closeness to effectively working
biological system, which in contrast with the general
system comprise of extremely basic however various
nerve cells that work enormously in resemble and
have the skills to grasp from training samples .One
outcome from this learning strategy is the capacity of
neural systems to sum up and partner information.
After fruitful preparing a neural system we can find
sensible answers for comparative issues of a
analogous class that were not especially trained. This
thusly brings about a high level of adaptation to
internal failure against input data. The cerebrum is
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tolerant against interior blunders and furthermore
against outer mistakes. Our modernized society, in
any case, isn't consequently shortcoming tolerant.
Hence artificial neural network is used. Artificial
Neural Network is nonlinear information driven self-
versatile methodology instead of traditional model
based technique. They are amazing asset for
demonstrating  particularly when the basic
information relationship is unknown. ANN can
recognize learn connect design between input
informational index and target information. In the
wake of preparing the ANN can be utilized to visualize
the new free data. ANN copies the learning procedure
of the human cerebrum and can process the issues
including non-straight and complex information if
the information are uncertain and loud. The wording
of artificial neural system has created from organic
model of the mind. The human cerebrum gives proof
of the presence of huge neural systems that can
prevail at those psychological, perceptual, and control
assignments in which people are fruitful. The
cerebrum can do computationally mentioning
perceptual acts and control exercises. Treelike systems
of nerve fibers called dendrites are associated with the
cell body or soma, where the cell core is found.
Reaching out from the cell body is a solitary long
fibers called the axon, which inevitably branches into
strands and sub strands, and are associated with
different neurons through synaptic terminals or
neurotransmitters [4]. With the help of Table 1 we can
easily correlate the terminology of biological and
artificial neural network.

Table 1-Terminologies of biological and artificial neural

network
Biological Neural Artificial Neural
Network Network
Cell Body Neurons
Dendrite Weights
Soma Net input
Axon Output

The architecture of artificial neural network is
described in Fig- 1. There are three different layers, the
input layer in which the input parameters are
provided which are denoted by x1,x2...xn, the output
layer from which we get the desired output as y and
the hidden layer. The purpose of hidden layer is to
apply weights so that the desired output is obtained.
The improvement of ANN includes two stages:
preparing or learning stage and testing stage. During
preparing, the synaptic loads get altered to show the
given issue. As soon as the system has taken in the
issue it might be tried with new obscure examples and
its effectiveness can be checked. Most utilizations of
ANN show that the back-propagation system is an
incredible asset for developing nonlinear functions
among several esteemed sources of info and at least
one continuous esteemed output. Due to their

capability to map complicated and nonlinear
relationships of input-output patterns, ANN has
become a powerful computing technique, and has
thus inspired many people to apply them to various
system problems.

Input layer

Xy Hidden layer

Output layer
X, P '

X3

Figure 1-Architecture of Artificial Neural Network
Learning can be characterized as the capacity to
perform better at a given assignment with experience.
The learning procedure of the mind includes
modifying organic neural structure, evolving the
quality of associations relying upon activity. This
learning procedure can be demonstrated by changing
the loads of the associations between nodes in the
structure. Learning calculations are incredibly
valuable when it comes to complex perceptual issues
which are hard to be composed by a developer [6].
Depend upon the training Imparted, ANN can be
classified as supervised ANN, unsupervised ANN and
Re-enforcement ANN.

A. Supervised ANN:

The managed ANN requires the arrangements of
information sources and the output for its
preparation. During the preparation, the output from
the ANN is analysed and the ideal yield (target) and
the error (mistake) is diminished by utilizing some
method. This preparation is rehashed till the real yield
secures a satisfactory level. Supervised ANN might be
a forward or non-recurrent system.

B. Unsupervised ANN:

The artificial neural system which doesn't require a
predominant or instructor for preparing is known as
unsupervised ANN. In aggressive or unsupervised
learning units of the output layer seek the opportunity
to react to a given info design.

C. Re-enforcement ANN:

In this learning system, the learning of a data yield
mapping is performed through continued with nature
in order to constrain a scalar record of performance.
The expert changes over a primary re-source signal
got from the environment into a higher re-witness
signal called the heuristic re-source signal, the two of
which are scalar data sources [3].

ANNSs are utilized in fields because of their various
points of interest, for example medication, science,
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mechanical technology, geospatial investigation, and

so forth. ANNs can be utilized to produce capacities to

clarify a specific marvel when the information doesn't
enable such capacities to be made by hand. The
primary favourable circumstances are:

—Adaptive learning: They can figure out how to
perform undertakings through a preparation
procedure.

—Self-association: ANNs can make their very own
structure to speak to the data through a
preparation procedure

—Fault resilience: The ANN can in any case work
when its structure is harmed (resistance to
debasement), and twisted or deficient when the
information are loud (resistance to information).

—On-line activity: They can be executed in parallel
and work quickly. Subsequently, they are uniquely
modified to complete on-line forms.

—Easy usage into the frameworks: There are
particular chips that can encourage the
incorporation of ANNSs into the framework

The NNs are helpful for taking care of a wide scope of

issues from seven classes:

—Pattern order: The ANNs can recognize designs in
a dataset through administered learning.

—C Clustering: The information similitude, or
dissimilarities, is distinguished through unaided
learning. The system will dole out comparative
information to a similar gathering (or group).

— Function estimation: ANNs can be applied to issues
where a hypothetical model can't be applied. They
can rough the info information to a capacity with
a specific level of detail.

—Forecasting: A NN can be prepared by time
arrangement to get an expectation of things to
come conduct.

— Optimization: An answer that amplifies, or limits,
a capacity subject to various requirements can be
found.

— Association: A cooperative system can be utilized to
remake adulterated information by building up an
affiliated example.

—Control: It is conceivable to decide the sources of
info that will cause an ideal framework conduct.
This exploration work thinks about the
accompanying order, concentrating on the
investigation of the most compelling and
considered issues.[5]

DATA PREPARATION

The data preparation plays a crucial role in modeling

of plant as the quality and quantity both has the

impact on modeling. Modeling of wind power plant
has been done on the basis of three parameters, Rotor

Diameter, Wind Speed, and Blade Pitch Angle. The

data is collected from different sites and trained using

MATLAB Neural network toolbox. Levenberg-
marquadt (trainlm) is the training algorithm, used; it
is the back propagation technique. Back propagation
is a supervised training technique for artificial neural
systems. It assesses the error commitment of every
neuron after a lot of information is handled. The
objective of back propagation is to alter the loads in
order to prepare the neural system to accurately map
arbitrary inputs to yields [6]. The transfer function
used is sigmoid symmetric (fransig) and the simulink
model is prepared with the help of gensim. After
training the performance graph is plotted. The y axis
shows the mean square error and the x axis shows the
epochs. From the total readings taken of all the three
parameters, 25% will be used for testing and 25% will
be used for validation and remaining will be used in
training.

= Training - In training, network is arrange and

adjusted according to the error.

Validation - They are used to measure the system
speculation and to end preparing when
speculation quits improving.

Testing ~ Testing has no effect on training and so
provide an independent measure of network
performance during and after training.

A.ROTOR DIAMETER

Rotor blade radius maximizes the power output.
Larger blade allows the wind turbine to acquire more
kinetic energy but required more space. Modernized
wind turbine have diameter of 40m to 90m and are
rated between 500 KW to ZMW. In 2019 the average
size of the rotor diameter is 129 m. Turbine are zoned
out of four times the rotor diameter. In the event that
you double the rotor diameter you get a cleared region
which is four times as well as the four times power
output from the rotor.

The rotor diameter data is collected from site [20]. In
the collected data there were 21 readings of rotor
diameter out of which 3,3 samples are used for testing
and validation respectively and 15 are used for
training purpose. To train the neural network only 10
sec has been taken. After this we can determine the
neural net calculated data.

Best Validation Performance is 7.791 at epoch 17

e TraIN
| Validation
| Test

Mean Squared Error (mse)

23 Epochs

Figure 2~ Rotor Diameter Performance graph

117 | University POLITEHNICA Timisoara / Faculty of Engineering Hunedoara

http://acta.fih.upt.ro/




ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering [e-ISSN: 2067—3809]
TOME XIII [2020] | FASCICULE 4 [October — December]

Fig-2 shows a plot of the training errors (Blue line),
validation errors (Green line), and test errors (Red
line) and the Best is denoted by dotted line with the
circle in the graph. 23 epoch means it took 23 cycles
to give the best result. The best performance is
obtained with 15 number of hidden layer having
Mean Square Error (MSE) and number of epoch of
7.791 and 17 respectively. The ANN trained structure
has error of 0.01677.1f the training plot (blue line)
reached to zero than it depicts that the error is zero.
B.WIND SPEED

Wind speed to a great extent decides the measure of
power produce by a turbine. Higher wind speeds
cultivate more power because durable wind permits
the blade to turn quicker. Turbines are designed in
such a fashion so that it works inside a particular
dimension of wind speed. The limit of range are
known as cut in speed and cut out speed. The cut in
speed is where the wind turbine can create control.
Between the cut in speed and the evaluated speed
where the most extreme output is arrived at the power
yield will increment cubically. Cut out speed is where
the turbine must be closed down to stay away from
harm to the equipment. The wind speed of 2 m/s is
required for small wind turbine and at speed of 25
m/s the turbine stops or braked must be applied. The
anemometer is one of the tools used to measure wind
speed. The wind speed data is collected from the site
[21]. In the collected data there were also 21 readings
of wind speed out of which 3,3 samples are used for
testing and validation respectively and 15 are used for
training purpose. To train the neural network only O
sec has been taken and hence neural net calculated
data is determined.

Best Validation Performance is 2.7591 at epoch 6

e 1120
- Validation
e €50

Best

Ve

7

=
S

Mean Squared Error (mse)

| | | | |
0 2 4 6 8 10 12

12 Epochs

Figure 3~ Wind Speed Performance graph

In wind speed performance graph 12epoch means it
took 12 cycles to give the best result. The best
performance is obtained with 10 number of hidden
layer having MSE and number of epoch of 2.7591 and
6 respectively. The ANN trained structure has error of
0.001375. If the training plot (blue line) reached to
zero than it depicts that the error is zero.

C.BLADE PITCH ANGLE

Blade pitch refers to spinning the angle of attack of
the blade of the propeller. Wind turbine utilizes this
to alter the revolution speed and the created power.
While working a wind turbine control framework
modify the sharp blade pitch to keep the rotor speed
inside working cut-off points as the wind speed
changes. Blade pitch control is favoured over rotor
brake as brake is dependent upon failure or over-
burden by the wind power on the turbine.

Pitch control does not need to be active. Passive wind
turbine depends on the way that approach speeds up.
This is a piece of the explanations behind twisted
blades-the twist allow to take into consideration a
steady slow down as each part of the blade has an
alternate approach and will stop at an alternate time.
The data of blade pitch angle is collected from the
reference paper [7] In the collected data there were
17 readings of rotor diameter out of which 3, 3
samples are wused for testing and validation
respectively and 11 are used for training purpose. To
train the neural network only O sec has been taken.
With this we can determine the neural net calculated
data.

Best Validation Performance is 421723.8629 at epoch 3

T

—Train
— Validation

Test

Best

,ﬁ
15}

Mean Squared Error (mse)

,ﬁ
=

| | | | ! ]
0 1 2 3 4 5] 6

6 Epochs

Figure 4-Pitch Angle Performance graph
In blade pitch performance graphs 6 epoch means it
took 6 cycles to give the best result. The best
performance is obtained with 18 number of hidden
layer having MSE and number of epoch of
42123.8629 and 3 respectively. The ANN trained
structure has error of 0.2752. If the training plot
(blue line) reached to zero than it depicts that the
error is zero.
RESULTS
The collected data from different papers and sites are
trained and neural net data is calculated from
simulink diagram. The plot has been drawn between
collected data and neural net data of all the
parameters. The x axis represents the parameters and
the y axis represents the power output.
The blue line denotes the collected output from the
different sites and the pink dots depicts the output
which we have obtained after training the artificial
neural network.
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Figure 5-Plot between diameter and power
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Figure 6-Plot between wind speed and power
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Figure7-Plot between blade pitch angle and power

CONCLUSIONS

In this paper we have collected the data and trained it
using neural network. After training a data we are
able to establish a nonlinear relationship between
input and output. The established relationship is a
model based relationship and not a mathematical
relationship. Collection of data also plays a very
important role as by collecting the more number of
data we can minimize the difference between the
collected data and the neural net data. In the above
figs the graph is plotted to compare collected data and
the neural net data. After comparison it is found that
the collected data and the neural net trained data are
almost same. Hence we can conclude that neural net
trained data give more accurate result. The future

scope of this project is in different field. They are as

follows-~

Forecasting and predictions Neural systems are end

up being increasingly proficient for momentary wind

speed forecast, and the cross breed ANN based
strategy  gives Dbetter outcomes to transient
expectations than other convectional techniques.

Fault detection and diagnosis: The main ANN based

techniques to detect faults and perform diagnostics of

wind turbine. Most of the ANN based methods are
created to detect breaks down in gearbox and
bearings. The fault detection does not desire a fast
computation process and, therefore, the main factor is
the accuracy of the method. Control optimization: The
most influential and recent ANN based methods for
controllers. ~ The  controllers  require  low
computational costs because immediate responses to
sudden changes of the system condition are needed.

For this purpose, neuro-fuzzy inference systems and

radial basis function neural networks are the most

employed methods.
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TECHNOLOGICAL PROCESS FOR SEPARATION AND RECOVERY
OF METALLIC MATERIAL FROM USED HOUSEHOLD BATTERIES

I-4.University Politehnica of Bucharest, 313 Spl. Independentei, Bucharest, ROMANIA

Abstract: The intense development of the recovery of non—ferrous metals from secondary resources in the second half of
the twentieth century raised the issue of using new technologies, "environmentally friendly", for processing this type of
raw materials, by removing as much as possible noxious processes. Used batteries are also part of this category, and
currently only 3—4% of total world battery production is processed in order to recover metals. Developing countries
recycle an almost insignificant percentage, and underdeveloped countries are not involved at all, batteries being disposed
of with household waste. This paper presents experimental processes regarding the recovery of non—ferrous metals
contained in used household batteries (alkaline and zinc—carbon) using simple but efficient processes. Following the
research, a technological flow was established, being performed analyses to determine the chemical composition (XRFS)
and the morphological aspect (SEM) of the obtained powdery material. The possibilities of capitalization of the materials
resulting from the battery disassembly processes are also established.

Keywords: circular recycling, eco—friendly technology, non—ferrous metals, used batteries

INTRODUCTION

A huge amount of metals (Ni, Zn, Li, Co, Mn, Fe, Cr,
Al, Cu and others in low concentrations) is embedded
in batteries and accumulators widely used as a source
of energy for any items, from remote controls and
children's toys to electronics and medical devices [1].
As their number and degree of use increases then the
amount of batteries required for their operation
becomes higher leading to many questions about how
to extract and reprocessing these secondary raw
materials in an efficient and economical manner [2].
Battery recycling helps save resources by recovering
valuable metals such as nickel and cobalt. In addition,
the use of recycled metals from batteries requires
lower energy consumption (the use of recycled nickel
requires 75% less primary energy than its extraction
and refining in its natural state) [3, 4, 5, 6, and 7].
There are two main types of batteries: primary
batteries (disposable batteries — saline, alkaline and
lithium  batteries) and  secondary  batteries
(rechargeable batteries — NiCd, NIMH and Li—ion).
Globally, only 8% of ‘"batteries" are actually
rechargeable batteries (batteries), 90% are single—use
household batteries, and 2% are small, button-like
batteries [8].

According to recycling companies, the recycling
process will only be a profitable business when a
steady stream of sorted batteries is established. The
process becomes profitable when the batteries contain
large amounts of recoverable metal (in the case of
NiMH batteries), and not when low—metal batteries
are used for recycling (in the case of Li—ion batteries)
[8, 9.

Of all the municipal waste generated, used batteries
are the most harmful to human health and the
environment. Cadmium-—containing Dbatteries still
have a high market share in most countries so their

storage together with household waste leads to serious
long—term environmental problems, but in Europe
they have been banned from sale and replaced with
other types of batteries (such as NiMH, NiOOH,
LiMnOz, LiSOClz, LiFeS2, Li-ion types,
alkaline/carbon-zinc) [10]. NIMH batteries contain
nickel and electrolyte, which are considered semi—
toxic substances, and proper storage and recycling is
recommended [11]. Lithium—containing batteries
when exposed to moisture give a violent reaction, so
batteries must be disposed of properly. Before
recycling, lithium batteries must first be completely
discharged [3, 12]. One method of processing lithium
batteries is to cryogenize them with liquid nitrogen
and then crushing and grinding them. In order for the
lithium not to become reactive, it is dissolved in a
special solution [13]. Cobalt is separated in the same
way.

The process of recycling batteries begins with sorting
them according to their composition (zinc—carbon,
alkaline, Li—Ion, pill type, lead—acid, etc.) and charge
level. Sorting is a time consuming process. For each
type, a process of shredding, separation and
reprocessing  follows. Pyrometallurgical  or
hydrometallurgical processes are most often used in
the technological flow. At the end of the processes,
metals such as Ni, Zn, Li, Co, Mn, Fe, Cr, Al, Cu and
others are extracted [5, 6, 7, 14].

Mechanical treatment of batteries consists in their
crushing and milling, magnetic separation, separation
by sieving and qualitative separation of particles. The
common goal of all processes is to separate the
component metals of the batteries in order to obtain
the highest possible purity so that they can be reused
in different industries. Ferrous and non-ferrous
fractions re—enter the economic circuit in the steel
and zinc industry, and paper and plastic are used as
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alternative fuel in the cement industry [15]. From one
ton of alkaline batteries, 330 kg of zinc and zinc
compounds and 240 kg of iron and nickel-based alloy
can be recovered. These metals can be reused
immediately for the manufacture of everyday and
industrial objects [16].

In pyrometallurgical battery recycling processes, 6 to
10 times more energy is consumed to extract
constituent metals. In order to reduce costs, some
companies in the field of battery recycling do not
separate the metals independently but melt them and
then deliver the products obtained to the
manufacturers of ferroalloys and stainless steels.
Thus, these energy—intensive and sometimes polluting
processes must be replaced by hydrometallurgical
processes, using efficient and non—polluting solutions
and especially those that can be easily recovered and
reused [6] and by completing it with an
electrochemical process (electrolytic deposition and
refining of metals) we have the possibility to obtain
metals with high purity. By using appropriate
parameters (current density, intensity, electrolyte
concentration and temperature) can reduce energy
consumption.

Today, in the European Union, it is estimated that it is
necessary to treat 250—425 tons of waste batteries and
accumulators per year per million inhabitants, i.e. an
average of 410 g / inhabitant / year. Most developed
countries face an increasing problem, namely the
recycling of used batteries through processes that
must meet several key elements: ease of application,
environmentally friendly and last but not least
economically feasible. Any method of treating waste
batteries and accumulators is technically and
economically feasible only if the resulting products
can be recycled as primary products, which return to
the original manufacturing process. The value of
these recycled products is directly related to their
degree of purity [17].

There is still a big gap between the percentage of
waste defined by law that needs to be collected and
recycled and that which is actually recycled.
Currently only 3—4% of total world battery production
is processed in order to recover metals. Australia has
a high degree of recycling with 80% of total used
batteries, then the USA with 60% and EU with 48%.
Developing countries recycle an almost insignificant
percentage, and underdeveloped countries are not
involved at all, batteries being disposed of with
household waste [2, 14, 17].

A recent European Commission study found that more
than half of the batteries used in the EU are not
collected or recycled. The study concludes that the
level of battery waste collection in the EU is
insufficient; thus a large amount of batteries end up
in municipal waste [4]. Romania still does not meet
the collection targets for battery waste. Insufficient

quantities of such waste, poorly developed
technologies and a fluctuating market for recycled
materials make these types of waste unattractive to
local processors. Preserving the value of existing
materials in waste, especially in waste batteries, and
reintroducing them into the economic circuit,
through extraction and reuse can be part of the idea
of circular economy.

EXPERIMENTS

The non-rechargeable batteries (primary batteries)
used in the experimental process, shown in figure 1,
were of the types based on their chemistry — alkaline
(Zn/Alkaline/MnQz2) and zinc—carbon — and were
processed according to the technological flow shown
in Figure 2.

Figure 1. Types of batteries by shape and size used in the
experiment: AA, AAA, C, D and 9V
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Figure 2. Technological scheme of the process
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The used batteries (alkaline and zinc—carbon) were
manually dismantled by cutting, the component
materials being separated into different fractions and
the mixture of the cathodic and the anodic materials
was extracted. The obtained material was dried in a
drying stove at a temperature of 110°C for one hour,
to remove moisture and perform chemical analyses to
determine the constituent elements by means of X—
Ray Fluorescence Spectrometer (WDXRF S8 Tiger
Bruker).
Sorting materials into categories was done manually
and by magnetic separation, due to the small amount
of material used in experiments (the batteries weighed
382g). These were divided as follows:
—non—ferrous metal fraction (bronze or brass
connectors, Zn cases);
—ferrous metal fraction (steel components — exterior
case, pin connectors, negative and positive pole);
—mixture material fraction (anode and cathode
powder);
—non—metallic fraction (graphite connectors, plastic
polymers — insulators, separators, paper).
In a zinc—carbon dry cell, the zinc is oxidized by
the chloride (CI), according to the following half-
reactions:

Anode:
n+2ClI">7ZnClz + 2 ¢ (1)
Cathode:
2MnQ2 + 2 NH4Cl + H20 + 2 ¢~
- Mn203 + 2 NH+OH + 2 CI” (2)

The overall reaction:
Zn + 2 MnOz + 2 NH4CI + H20
- ZnClz + Mnz20s3 + 2 NH4OH 3
If ZnCl is substituted for NH4Cl as the electrolyte, the
anode reaction remains the same (Eq. 1) and the
cathode reaction becomes:
2MnQ2 + ZnClz + H20 + 2 e~
- Mn203 + Zn(OH)2 + 2 CI™ 4)
Result the overall reaction:
Zn + 2MnQO:2 + H20
- Mn203 + Zn(OH)2 (5)
In an alkaline battery, Zn represent the negative
electrode and MnOz the positive electrode. During the
discharge reactions only the Zn and MnO:z are
consumed, the alkaline electrolyte of potassium
hydroxide remains because is not part of the reaction.
The half-reactions are:
Anode:
Zne + 20H g =2 ZnO¢) + H20@ + 2¢  (6)
Cathode:
2MnOze) + H2O0 + 2¢”
- Mn203¢) + 2Z0H @9 (7)
The overall reaction:
Zne + 2MnOze) = ZnO) + Mn20s(s) (€))

The separated non—ferrous and ferrous fractions will
be washed with water to remove the active mass,
electrolyte and other components adhering to these
components of the batteries, and the resulting wash
water will be used in the chemical treatment step.
Neutral leaching was performed at a temperature of
600°C for about one hour, during which time the pH
of the solution was constantly measured using the HI-
83141 pH Meter (Hanna Instruments) with Electrode
and Temperature Probe. After a contact time of one
hour the pH of the solution was 9.9, so most of the
KOH was dissolved in water.

In this paper we focused on the physical-mechanical
processes of processing used batteries and obtaining
different types of metallic or non—metallic materials.
Following, we will focus on the selective recovery of
various metals through electrochemical processes,
which are much more complex and require extensive
research.

RESULTS AND DISCUSSION

The portable batteries are very diverse in terms of
chemical composition. Depending on the size and
shape we can sort them into categories and depending
on the chemical composition we can determine which
metals can be recovered from each category, which
categories can be treated together and which
separately. Household batteries — alkaline MnOz, and
saline Zn—C represent 83% of the total portable
batteries collected these containing the same metals
Mn and Zn, so they can be processed together,
recovering and reuse the materials, instead of being
incinerated in municipal waste incinerators or
landfilled.

After dismantling the batteries and sorting the
materials obtained into fractions, they were weighed
resulting in the quantities of materials shown in Table
1.

The mixture material (Figure 3) was weighed before
and after drying in the oven to determine the moisture
content of the batteries. The loss of material was also
established (by the difference between the total
quantity and the sum of all the quantities obtained).

Figure 3. Mixture material (anode and cathode powder)
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Table 1. Material compositions
of the dismantled batteries

Fractions Composition (?) (%)
Non—ferrous Zinc 59.35 15.54
metal Bronze 8.77 2.30
Ferrous metal Steel 21.66 5.67
. anode powder 26.29 6.88
Mixture cathode
material 183.51 48.04
powder
graphite 24.68 | 6.46
connectors ’ )
Non—metallic plastic 720 1.88
polymers
paper 28.47 7.45
Moisture 20.85 5.46
Losses 1.218 0.32
Total 382 100

Ferrous metal fraction can be used in the production
of ferroalloys or even in the elaboration of steel for
new batteries and other industrial applications. The
zinc shell, brass rods and so on, which represent the
non—ferrous fraction are recovered by various
recyclers for the production of the same elements or
other applications and the non-metallic fraction
compose of carbon rods, pulp and / or cardboard,
paper and plastic can be used for the production of
different types of fuel.

The material mixture fraction is used in chemical
treatment  processes  through  hydro  and
electrometallurgical routes for recovering electrolyte
Zn and MnOgz, which can return in the battery
manufacturing processes.

Regarding the recovery of other metals from the
mixed fraction, the processes become more complex.
So far no optimal strategy has been established and
their recovery is selective and largely depends on the
process used. We can only increase extraction yields
or reduce pollution by using environmentally friendly
and accessible substances so that these processes
become economical and can be applied on a larger
scale.

In the experiment, the resulting mixture powder
obtained after dismantling the used batteries was
subjected to the chemical composition analysis by
three successive XRF analyses (X—Ray Fluorescence)
(CCI1, CC2 and CC3) and the average of the values
(ACC) was calculated and rendered in table 2.

The obtained material will be used in experiments of
solubilisation and electrolytic extraction of metals,
which can be reused for battery production or in
other fields.

The mixture material, separated from the batteries,
was subjected to the process of washing with water to
remove easily soluble components and will be used in
the chemical treatment step together with the resulted
material after cleaning with water the non—ferrous
and ferrous fractions. The powder separated by

washing the non—ferrous and ferrous fractions and
filtration (Figure 4) will enter the hydrometallurgical
circuit, in which the metals are selectively dissolved
in aqueous sulphuric acid solution followed by a
purification and cementation process, and the
obtained solutions will be subjected to electrolysis
processes for the selective recovery of metals.

Table 2. Chemical compositions of the powder obtained
after dismantling the used batteries

Symbol CC1 CcC2 CC3

1 7n 18.320 | 19.740 | 22.067 | 20.042

Mn 34.070 | 33.870 | 39.560 | 35.833
3 K 6.470 7.090 | 4.890 6.150
4 Fe 0.410 | 0.550 | 0.510 | 0.490
5 Pb 0.004 | 0.007 | 0.007 0.006
6 Hg 0.008 | 0.008 | 0.006 0.008
7 Cr 0.110 | 0.150 | 0.180 | 0.147
8 Cd 0.006 | 0.007 | 0.005 0.006
9 Na 0.150 | 0.180 | 0.120 | 0.150
10 Al 0.520 | 0.790 | 0.630 | 0.647
11 Cl 2.890 | 3.020 3.220 3.043
12 Ti 0.360 | 0.280 | 0.240 | 0.293
13 Si 0.610 | 0.560 | 0.480 | 0.550
14 Ni 0.019 | 0.018 | 0.013 0.017
15 Ca 0.120 | 0.304 | 0.140 | 0.188
16 Si 0.180 | 0.290 | 0.250 | 0.240
17 Cu 0.410 | 0.640 | 0.590 | 0.547
18 | Others | 35.343 | 32.496 | 27.091 | 31.643

Total 100 100 100 100

Figure 5. The powder separated after washing and
filtration process

The water wash step (neutral leaching) was used to
reduce the amount of unwanted ions in the solution
and to remove potassium in order to improve the
subsequent electrolysis process of the solution, by
reducing the interference due to the alkali metals
which have the effect of reducing the process yield.
Further removal of potassium from the material
mixture may also contribute to the reduction of
sulphuric acid consumption in the leaching steps.

An SEM analysis of the obtained mixture material was
also performed; the morphological aspect is presented
in Figure 6. These particles are in fact aggregates of
submicron particles.
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Figure 6. SEM images of alkaline and zinc—carbon battery
black mass (a) X100, (b) X5000
Sustainable development must focus on the
implementation of economic activities that are
consistent with issues related to society and the
environment and this goal is the only valid option to
develop activities with a positive long—term impact on

human quality of life.

Nickel

Cobalt

Iron

Aluminium

Copper
Figure 7. Price evolution (Dollars / metric ton) in the last

5 years

Source: London Metal Exchange

As can be seen, for the metals listed on the London
Metal Exchange, prices are on an upward trend.
Under these conditions, their recovery represents a
double benefit, both economic and environmental.
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CONCLUSIONS
In this paper we focused on the physical-mechanical
processes of processing used batteries — alkaline
MnQz2, and saline Zn—C, which represent over 80% of
the total portable batteries collected worldwide. Thus,
their useful metal content is huge and their recovery
and recycling is a beneficial opportunity for both the
environment and the economy.

After dismantling the batteries and sorting the
materials we obtain four different fractions: non—
ferrous metals, ferrous metal, and a mixture material
with metal content and non-metallic materials
establishing the weight of each fraction (this may vary
from case to case).

The resulting mixture powder obtained after
dismantling the used batteries was subjected to the
chemical composition analysis by three successive
XRF analyses and the average of the values was
calculated. The obtained mixture material together
with the powder separated by washing the non—
ferrous and ferrous fractions and filtration will enter
to a hydro—electrometallurgical circuit for the
selective recovery of metals.
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Abstract: Generally speaking, the fibre—reinforced concrete applications are based on the principle of improving the
properties and mechanical characteristics of the concrete, most of them being based on the idea of improving the strength
properties. Fibres are typically added at the batching stage and are uniformly distributed throughout the concrete giving
full reinforcement to the full depth of concrete. Are produced a range of fibre reinforced concrete mixes that include the
polymer fibers (polypropylene and polypropylene fibres), macro—synthetic and steel fibres. These fibres are used to
enhance the concretes performance both in the fresh and hardened state. Polymer fibers, such polyethylene or
polypropylene fibres, are primarily used to reduce the potential for plastic shrinkage and increasing fire resistance. They

are not designed to replace structural reinforcement.

Keywords: fibre—reinforced concrete, polymer fibres, fibres relates particularities

BACKGROUND OF THE KNOWLEDGE

Many constructions require precise techniques and
technologies that can utilize a number of new
materials [1-5]. In this context, the use of simple
concrete and reinforced concrete is somewhat
restricted by specific phenomena such as: cracking,
fire resistance, shrinkage, shock resistance, wear
resistance, durability, etc. For this reason, various
studies have been carried out and in—depth research,
which has resulted in an improvement in the
performance of the concrete can be obtained by
adding in their mass of reinforcements dispersed in
the form of fibres from different materials [1-22]. The
dispersed reinforced concrete results in the inclusion
of a variable amount of discontinuous fibres in the
concrete mass [1-10]. These fibres can be of different
types and sizes and have different properties.
Ordinary concrete is an artificial conglomerate, the
preparation of which is used inorganic hydraulic
binders, heavy compact aggregates (gravel or broken
stone), water and, in some cases, additives
(plasticizing additives, accelerators or retarders). In
its simplest form, concrete is a mixture of cement
paste and aggregates (different type of sands and
rocks). The paste, composed of cement and water,
coats the surface of the fine (sand) and coarse
aggregates (rocks) and binds them together into a
rock-like mass known as concrete [1-5].

A properly proportioned concrete mixture will
possess the desired workability for the fresh concrete
and the required durability and strength for the
hardened concrete [1-5]. Typically, a mixture is by
volume about 10 to 15% cement, 60 to 75%
aggregates and 15 to 20% water. Entrained air
bubbles in many concrete mixtures may also take up
another 5 to 8% [3-5,16-18].

By mixing the binder with water, the cement paste
(the active part) is formed, which, after physical—
chemical processes of hydrolysis and hydration,
hardens over time, transforming into a hard body that

binds the aggregate particles together, conferring
thus the monolithic character of the cement mixture
[1-5]. The cement paste, called the matrix, represents
the continuous phase, and the aggregates form the
dispersed phase [1-5,21-22].

g O

Figure 1. Solid factions of the concrete recipe
10~15% cement 5~8% air

[ REMEFTEE. - .. P ST
= - A< 5!

15-20% water
Figure 2. Typically concrete mixture

60-~75% aggregates (fines & coarse)

Figure 3. The concrete structure

Generally speaking, the fibre-reinforced concrete
applications are based on the principle of improving
the properties and mechanical characteristics of the
concrete, most of them being based on the idea of
improving the strength properties [1-11]. However,
the role of fibre reinforcement of simple or classical
reinforced concrete should not be reduced not only to
this principle of improving the resistance but
especially to the control of the cracking process and
thereby to improving the resistance, the energy
absorption properties and the impact resistance,
shock, temperature variations, and fire resistance.

Fibres are typically added at the batching stage and
are uniformly distributed throughout the concrete
giving full reinforcement to the full depth of concrete
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[1-5]. Are produced a range of fibre reinforced
concrete mixes that include the polymer fibers
(polypropylene and polypropylene fibres), macro—
synthetic and steel fibres [4—17]. These fibres are used
to enhance the concretes performance both in the
fresh and hardened state [1-5].

Types of
Fiber-reinforced
concrete

Figure 4. Fiber-reinforced concrete
Polymer fibers, such polyethylene or polypropylene
fibres, are primarily used to reduce the potential for
plastic shrinkage and increasing fire resistance. They
are not designed to replace structural reinforcement
[17-21].
FIBRES RELATED PARTICULARITIES
Fiber-reinforced concrete contain fibrous material
which increases its structural integrity. It contains
short discrete fibers that are uniformly distributed or
randomly oriented. Fibers include steel fibers, glass
fibers, synthetic fibers and natural fibers — each of
which lend varying properties to the concrete. In
addition, the character of fiber-reinforced concrete
changes with varying concretes, fiber materials,
geometries, distribution, orientation, and densities.
Research into new fiber—reinforced concretes
continues today [1-22].
Adding the fibrous material to concrete will increase
the strength [1-22]. The basic idea is that fibers in the
mix create a multi—directional, interstitial “mesh”
within the concrete matrix that, when is used
correctly, will make concrete stronger. But, in fact, the
subject is more complex. The types and size of fibers,
their distribution and orientation are a hugely
complex topic. The main aspects can be summarised
as follows:
— minimum fibre length
Based on experimental studies, it has been shown that
the length of polymer fibres used for dispersed
reinforcement must meet certain conditions.

Figure 6. Various length of polymer fibres

For the determination of the minimum fibre length, it
is assumed that it is oriented in the direction of the
tensile stresses required by the matrix, taking into
account the mechanism of transmitting the unitary
efforts from the matrix to the fibres. The critical
length depends on the diameter of the fibre and the
unitary effort in the fibre, so the type of fibre and the
average unitary effort of adhesion.

—the ratio or geometric aspect of the fibres

Fibers used for concrete reinforcement come in a
variety of sizes and are made from an ever—increasing
range of materials, including micro fibers and far
larger macro fibers.

The geometric ratio or geometric aspect of the fibres
is a feature that represents the ratio of the length and
diameter of the circular cross—section fibres. The
literature shows that there is a critical geometrical
relationship, to which the fibres can be regarded as
operating with maximum efficiency. There is some
data that indicates that regardless of the geometric
ratio (I/df) the fibre length must exceed the
maximum size of the aggregates in the matrix.

Figure 7. The geometry of fibres

—the adhesion of the fibre surface to the matrix

In any composite system, the physical and chemical
properties of the constituents and the interaction
between them determine the behaviour of the
material. In cement-based systems, the contact area
between the fibres and the matrix is often diffuse and,
instead of the distinct boundaries between the two,
there is a continuous transition from one phase to the
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next. Often, the strength and durability of the contact
area indicate a combination of physical and chemical
characteristics that are due to the formation of surface
reaction products. Obviously, the properties of the
composite are greatly influenced by the adhesion to
this surface and that, often, the contact area is the
weakest link of the systems. Uniform strength of
concrete slab is guaranteed by fibre maximum
adhesion to concrete structure and their even
distribution.

I M A S 1 d—: interface ‘
\ )

e

Figure 8. The fibre surface, the matrix and the interface

—fibre distribution and orientation

The orientation of a fibre to the plane of the crack
strongly influences its ability to transmit the load
through the crack. A fibre that has an orientation
parallel to the crack has no favourable effect, while a
fibre perpendicular to the crack has a maximum
effect. The efficiency of the fibres in a matrix depends
on the number of fibres that intersect a surface unit
and on the tear resistance of the fibres, which is
dependent on factors such as geometric ratio (1/d),
surface shape and texture.

=~ (b) = ©

@ —— (9

/\— = reinforcement (fibers)
" liS = matrix (concrete)

Figure 9. Fibre distribution and orientation in a cement
matrix. (a)—(d) layered fibers with determined orientation
(09, 309, 60°, 909 (e)-randomly distributed fibers

—fibre content

In order to improve the properties of ordinary
concrete, a minimum quantity of fibres of 1 kg/m3 is
required, corresponding to about 0.04% by weight of
the mixture and 0.1% of the total volume of the

mixture.

Figure 10. The fibre content
The efficiency of fibre addition increases with
increasing content. Also, the fibre content influences
the compactness of the dispersed reinforced concrete.
Multiple dosage options let use polymer fibre for anti—
cracking—during—shrink—process purpose only, as
well as for structural reinforcement.
—texture, shape and nature of fibre surface
Any solution to increase the shear strength of the bond
between the fibre surface and the matrix increases the
value of the fibre resistance and improves its
efficiency. Such solutions include processes for the
production of fibres with deformed surfaces or
asperities, deformed ends or various profiles along
them.

Figure 11. The shape and nature of fibre
BASIC COMPONENTS RELATED PARTICULARITIES
It is important to understand all components of
concrete. But the concrete mix designs consider they
purpose, rather than just the strength and cost. The
mixing parameters of concrete that most influence
drying shrinkage are the amount of reinforcement
provided but also the size, shape, and surface area—
to—volume ratio of the concrete basic components.

—aggregates (rock and sand)

Apart from the above mentioned factors, the size,
shape and volume of the fraction of the aggregates
also exert a certain influence on the properties of the
concrete with dispersed reinforcement. They plays a
significant role, acting as structural filler in the
concrete. Aggregates are extremely important to
understand in terms of how their properties affect the
properties of fresh and hardened concrete. Aggregates
in any particular mix of concrete are selected for their
durability, strength and workability. Therefore, they
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properties have a significant influence on the
workability, shrinkage, strength and durability of the
concrete.

Natural aggregates are available in the crushed or
uncrushed state such as sand and gravel or stones.
Round shaped aggregates, irregular or partly round
shaped aggregates, angular and flaky shaped
aggregates are the shape wise classification of
aggregates. Fine aggregates and coarse aggregates are
the size wise classifications of aggregates.
Fine aggregates are usually sand or crushed stone and
its compositions are variable depending on the source.
It is defined by size, being finer than gravel and
coarser than silt.

g

{Coarse sand"; Medium sand"g

(>0.5MM) -‘ (0.5—0.35h

{ Finesand ! [Superfinesandj
L (0.35—0.25MM) | | (<0.25MM) ;

Figure 13. Fine and coarse sand

When choosing aggregates into the concrete mixture,
one must also consider their shape. Rough-textured
and sharp aggregates will require more cement paste
than round aggregates. The importance of using the
right type and quality of aggregates cannot be
overemphasized. The fine and coarse aggregates
generally occupy 60% to 75% of the concrete volume
(70% to 85% by mass) and strongly influence the
concrete’s freshly mixed and hardened properties,
mixture proportions, and economy. The larger the
size of the aggregates, the larger the problems of
ensuring the adhesion between the fibres and the
concrete. Sand cannot be an overlooked component of
concrete. Although the stone will supply the strength,
sand also has an important purpose —
workability. Based on the experimental results, it can
be stated that at a known volume of fine and coarse
aggregates there is a critical fibre content, over which
the compactness decreases.

—cement

Cement comprises from 10 to 15% of the concrete
mix, by volume. Cement is very important, having an
ability to hold the concrete structure together. It

provides good strength and also helps concrete to
harden early and to resist moisture. Influence the
behaviour of concrete with dispersed reinforcement is
proportional to the amount added. Thus, a larger
amount of cement ensures better adhesion between
fibres and matrices, which results in better material
behaviour in terms of cracks occurrence, effect on
external actions and deformations. Cement is
necessary, but the strength can still be retained when
using well-graded aggregates that cost significantly
less.

—aggregate—cement ratio and water—cement ratio
The effect of coarse aggregate on drying shrinkage is
double. First, the use of a high coarse aggregate
content will minimize the total water and cement
paste contents of the concrete mixture and, therefore,
will minimize the drying shrinkage. Therefore, the
effects of aggregate—cement ratio and water—cement
ratio on drying shrinkage are important. In fact, at a
given water—cement ratio, drying shrinkage is
reduced as the aggregate—cement ratio is
increased. Second, drying shrinkage of the cement
paste is reduced by coarse aggregate because of its
restraining influence. The coarse aggregate 1is
dependent on the type and size of aggregate and its
stiffness and the total amount of the aggregate used
for concrete. Hard, rigid aggregates should therefore
be used to produce concrete with low drying
shrinkage.

Aggregates are very important for strength, thermal
and elastic properties of concrete, their dimensional
stability and volume stability. Including aggregate in
the concrete mixture can control the shrinkage level
and prevent cracking. Cement is more likely to be
affected by shrinkage.

ECOLOGICAL CONTEXT

In the new context of ecological and sustainable
development, the reduction of the quantities of waste
is considered an important criterion and therefore the
introduction in the current practice of some
ecological materials is necessary. The use of waste
products in concrete not only makes it economical,
but also helps in reducing disposal problems. Reuse of
plastic wastes is considered the best environmental
alternative for solving the problem of disposal. One
such waste is plastic, which could be used in various
applications.

Taking into account the requirements related to
environmental protection, and the construction sector
(including concrete and reinforced concrete) must
become more environmentally friendly, to minimize
pollution. The development of new construction
materials using recycled plastics is important to both
the construction sector and the recycling industries.
Therefore, reuse of recycled plastic materials in
concrete mix as an environmental friendly
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construction material has drawn attention in recent
times.

CONCLUSIONS & FINAL REMARKS

There are multiple reasons for adding polymer fibers
in concrete. Choosing the right polymer fiber mostly
depends on the type of application. Among the
advantages of using polymer fibres into the concretes
are the following, being perfectly aware that we can
even include all:

—One of the main benefits of polymer fibers are the
homogenous distribution in the concrete. Other
benefits include the better cohesion of the fresh
concrete;

—Thanks to extreme durability of polymers the fibre
retain  their  full  characteristics  during
entire concrete. The use of polymer fibres in the
concrete composition increases its tensile and
compressive strength. Also, the reinforced concrete
dispersed with polymer fibres has an increased
shock resistance;

—The polymer reinforcement fibres being neutral to
corrosive chemical components, the surface of
reinforced concrete dispersed with these fibres is
much more resistant to the action of corrosive
substances, to the action of weathering (especially
frost), and to the action of degreasing materials
(especially  salt). Therefore, resistance to
oxidization and corrosion (from chlorides,
sulphates and salts) make them candidates for
aggressive environments in marine industry. Also,
polymer fibers are great for not chemically stable
applications in the chemical industry;

—The use of polymer fibres contributes to the
elimination of the degradation caused by the
corrosion of the reinforcements and in this way to
the prolongation of the life of the constructions;

—The addition of polymer fibres remove cracks due
to stresses and contractions. Therefore, other
benefits include the control and reduce crack sizes
due to early-age shrinkage;

—The addition of polymer fibres increase toughness
and abrasion resistance, and also increases the
resistance of the concrete to wear by rubbing, thus
reducing the costs of making quality industrial
floors;

—The addition of polymer fibres require a lower
processing costs, compared to steel reinforcements.
The advantages of using reinforced concrete with
polymer fibres are evident in the small
prefabricated building materials, where the costs
of reinforcement with bars are high;

—The use of dispersed polymer fibres determine a
reduced weight of prefabricated reinforced
concrete, and therefore, traditional mesh and steel
fiber reinforcement may be avoided. The addition

of polymer fibres replace or partially replace
traditional reinforcing steel;

—The addition of polymer fibres save time in the
construction process and reduce costs.

The development of the construction sector, in

particular the investments in infrastructure, remain

the key factors of the economic growth. This implies a

strong increase in the consumption of building

materials in times of economic boom, and against the

background of the significant increase in demand, the

needs of raw materials also increase. Concrete is one

of the main materials used in construction, therefore,

the consumption of concrete is determined by the state

of the construction industry. Being easy to use, dosed

industrial or into a simply concrete mixer, the

polymer fibers save time compared to traditional

mesh application.
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RESEARCH ON THE OPTIMIZATION OF TECHNOLOGIES APPLIED
IN THE CONSTRUCTION OF AGRICULTURAL MACHINES

1-4]NMA Bucharest, ROMANIA

Abstract: In this paper we present the static and modal analysis of the main shaft, the static analysis of the hydraulic
universal and of the clamping system. Also, the 3D model of the turning center and of the main kinematic chain was
realized, the operation of an automatic system for fixing the parts, the construction of a hydraulic universal in detail and

the static analysis by means of the finite element method.

Keywords: numerical control, machining center, turning, static analysis with finite element

INTRODUCTION

Lately, the objective need to produce as quickly as
possible, with the highest productivity, has led to an
amazing evolution of the current conception of
agricultural machinery, which depends largely on the
technological specificity of the various parts that are
mechanically processed, as well as the volume of their
production. Especially for the unique parts or for
those that are produced in small series specific to these
types of equipment, the last 15-20 years have marked
the replacement of the classic universal machine tools
with numerically controlled machine tools. These
allow for high processing precision, which remain
constant over long periods of time, without the
intervention of the human operator to make some
corrections.

According to several specialized works C. Mohora, Cr.
Pupaza, Cr., Zapciu, M., Popoviciu, G., Rusu-
Casandra, A., (1997) machining centers are
numerically controlled machine tools capable of
processing revolution parts by combining the main
rotational movement of the semifabricated with the
movement advance of the cutting tool. The numerical
control is a set of instructions in the form of letters,
numbers and symbols that control the same kinematic
chains and based on which the machine tool performs
various processing operations. Dr. Eng. Vlad Diciuc
(2015)

The machining operation that underlies such a center
is turning. This represents the cutting process, with
the most frequent use, being the basic method for
obtaining revolution bodies, with profiles of the
shape: curvilinear, cylindrical and conical. In the
construction of agricultural machines, the parts
containing such surfaces have a significant weight,
which justifies the intense use of this type of
processing. In general, the types of parts that can be
processed on these centers are: hub type, disc type or
shaft type.

MATERIAL AND METHOD

In this paper, the ANSYS program was used for a
better post-processing of the results. ANSYS is a finite

element analysis program widely used in research and
industry with the aim of simulating the response of a
physically required mechanical, thermal or
electromagnetic system. Each launch of the program
starts with specifying the problem. The final solution
is obtained by launching the program, specifying the
element type of the constants, specifying the material
properties, discretizing the model, specifying the
boundary conditions, post-processing the results and
validating the results.

A modal analysis of the main shaft of the machining
center was carried out to determine its own
frequencies and modes, in order to simulate the
requests to which it is subjected during operation.

1

3

Figure 1. Turning center
Legend: 1- Main kinematic chain, 2-Advance kinematic
chain, 3-Gearbox

The Turning Center (Figure 1) consists of: the main
kinematic chain, the kinematic feed chain and the
gearbox, placed on a work stand. The main kinematic
chain consists of the 18.5 kW power electric moftor,
the Poly-V belt wheels and the PFoly-V belt, the
gearbox that is in the housing and the universal that
is actuated for fixing the parts by means of the bays
by a linear hydraulic motor. The kinematic chain of
advance has in its composition the revolver head.

The main drive is carried out with an 18.5 kW AC
Siemens 200 AC motor with a maximum speed of
8000rot / min. The main shaft is mounted on 3 axial
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radial ball bearings (front) and 2 axial radial ball
bearings (rear). The lubrication is done with oil under
pressure. The movement from the main drive is
received by means of a belt wheel (Poli V), using a
solution that does not require the main shaft to bend.
The working support is provided with a longitudinal
and a transverse sled for the movement on the Z
(longitudinal) and X (transverse) axes, which
represents the advances. Advance operation is done
with two DC motors type SMUC-C 1A-102, by means
of ball screws, with pre-tensioned nuts for eliminating
the games. Each motor is controlled by a converter.
The feed engines have a minimum speed of 0.2 rpm
and for fast feeds (5000mm / min on the X axis and
1000 mm / min on the Z axis), and a maximum speed
of 1000 rpm on the X axis and 2000 rpm. min on the
Z axis.

The feed speeds are controlled through a closed loop
system, via an analog transducer type RD. The
advance systems are equipped with electromagnetic
brakes that provide braking when the power is
interrupted. For the limitation of the movements on
axes, blocks with micro-switches are used for each
axis.

JUlL

Trrrmne

Figure 2. The gearbox
The gearbox (Figure 2) consists of the input shaft,
main shaft, thread transducer, housing.
The input shaft is grooved and ends with a Poly V belt
wheel, the movement transmitted from the electric
motor via the belt wheels and the Poly V belt first
reaches the input shaft which is well extended to the
end where the wheel is located. Poly V belt, to
withstand twisting, and high speeds. The strap wheel
is placed on a body that has 2 radial ball bearings and
a spacer between the two bearings, and a safety ring.
Thus, the input shaft does not take all the forces,
because the belt wheel is placed on this well~-widened
body, and the input shaft enters the body and is less
demanded.
On this shaft there is still a group of radial ball
bearings and the balador group, it has the role of
changing the rpm, being only 2 rpm.
In the figure 3 you can see how the system for
tightening the trays on the universal works. The
universal consists of a universal body, the actuating
bushing, the tray holder, the lever, the bolt, the guide
tray and the tray.

Figure 3. The system for tightening the bins

Figure 4. Universal
Thus, the rods are held in position to tighten the piece
with a rod that has a cage at the end and is screwed
into the universal drive bush, on this rod there is a
package of 40 talar springs that rest on one shoulder
from the inside of the main shaft and is tightened with
a nut. This spring pack is meant to keep the pods in
this position.
If we want to release the part, then the linear
hydraulic motor, which is made of piston, rod comes
into operation. The pressure is formed inside the MHL
with the help of a hydraulic system. Thus, the pressure
pushes the piston, the rod changes its position and
pushes the rod on which the talar springs are, the rod
has a cage that is screwed into the actuator bush, and
on this bush there are 3 levers fixed by it, and of the
tray support. Through the movement of the MHL rod,
the rod will also move where the talar springs will
compress, so with the help of the levers, the rods are
detached from the piece, which can be taken. After
removing the part, the pressure in the MHL returns to
normal and thus the MHL rod stops pushing the rod
from the shaft, the springs return to normal, and thus
the rods return to their original position. This cycle
will resume whenever it is necessary to process a piece
or to remove the part from the universal (Figure 4).
RESULTS
Static analysis provides information on the
deformations of the structure as well as the voltage
state.
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The analysis aimed to study the behavior of the
hydraulic universal during rotation with a maximum
speed of 4000 rpm and an angular speed of 420 rad/s
(mechanical or hydraulic pull force is 1500 N).
During the rotation of the universal the rods tend to
weaken the part and may cause accidents, therefore
the hydraulic universal is analyzed so that the
displacements are not too high because the piece can
be detached from the rods at a maximum speed.

In (Figure 5) the maximum voltage of 981 MPa
appears in the coupling between the tray and the tray
support, in conclusion they must be made from a
high-~quality steel ca> 1000 MPa.

0.02145 Max

001909

= 0016741
0014387

| 0onse7a
= 00073249

0.0049708
L noEiE
0.00026255 Min

A: Model, Static Structural VAV SRS
Figure 2 V121
Type: Equivalent (vor-Mises) Stress

Unit: MPa
Time: 1

916.08 Max
81429
71251
61072
50894
407 15

1018
0.013602 Min

Figure 6. Von Mises
It is observed in (Figure 6) that the maximum
displacements of the structure are 21 microns and do
not negatively influence the universal displacement
and in terms of stresses their maximum value
calculated according to the Von Mises criterion
(resulting from the stresses).
The maximum voltage of 981 MPa appears in the
connection between the tank and the support of the
tank in conclusion they must be made of a high-
quality steel ca> 1000 MPa.
The modal analysis of the main shaft and the part
fixing system was performed to highlight the dynamic

behavior, especially by determining the frequencies
and modes.

With this analysis, the frequency at which the
machine tool resonates is determined. At resonance,
deformations with a large amplitude appear, which
have a direct influence on the machining accuracy of
machine tools and negatively influence the strength of
their structure.

The first own modes are the most dangerous being
characterized by large amplitudes, so it is
recommended that the own frequency be greater than
the working frequency (> 66 Hz).
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Mode 4 — Axial deformation mode — 1141 Hz

CONCLUSIONS
Both CNC processing and 3D simulation allow
manufacturers to move from design to manufacturing
quickly. Simply put the design on a CAD file
(computer-aided design) and upload it to the
machine. Thus, conventional cutting processes can be
analyzed and optimized using the Finite Element
Method (MED).
The simulations represent a solution for shortening
the process duration, reducing costs and ensuring
ecological conditions in the production systems.
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DESIGN OF AN INTELLIGENT FUZZY LOGIC PREDICTIVE
SYSTEM FOR CELIAC DISEASE ASSESSMENT

L.Sant Baba Bhag Singh University, Jalandhar, INDIA

Abstract: Disease prediction can be attainable through fuzzy logic using relevant member functions with Mamdani
model. Fuzzy logic has prophesied several diseases based on the symptoms in the form of existing predictions systems in
almost every sphere of medicine. Celiac disease is a sort of auto-immune dysfunction which attacks small intestine after
any celiac patient devours gluten in the nutrition. The disease can be diagnosed simply with clinical examinations like
tTG-1gA, Biopsy, Genetic Testing etc. To conquer the sensitive process for the evidence of disease, the fuzzy logic celiac
system has been proposed based on the symptoms. The proposed system implemented in PyCharm software
accompanying with SPSS tool for the interpretation of the data. The system comprised of all the common symptoms
transpired in celiac patients by using factor analysis procedure in SPSS. The most obvious symptoms grasped to be fuzzy
inputs supplied to the system and offer de-fuzzification singleton value as celiac disease prognostication. The proposed
system will be profitable for the surgeons to catch the celiac disease in a more reliable way outwardly any clinical testing

strategy, which delivers cost and significant life.

Keywords: Body Mass Index, Celiac Disease, Fuzzy Logic, PyCharm

INTRODUCTION

The conception of fuzzy logic was coined by Lotfi
Zadeh [1] in 1965, to tackle the problem of
inconsistency. Through fuzzy logic, varying types of
models can be adapted to deal with linear and non-
linear real-life scenarios. Mamdani and Sugeno
patterns respond according to the desired outcome of
the system with footing on the specification of the
problem [2-3]. Fuzzy logic has been utilised in the
context of medicine to discover numerous diseases by
formulating fuzzy rules applying member functions.
So, Celiac disease fuzzy system can be thoughtful
using fuzzy logic Mamdani method [4-5]. Celiac is a
variety of chronic disease which afflicts intestine
following the consumption of wheat by any celiac
patient [6]. The genetic factor also worked a
significant role because of halotype instant in celiac
patients [7]. These halotypes when associating with
gluten drives to various symptoms like vomiting,
diarrhea, weight loss, skin rashes, dental problems, a
stomach infection, abdominal pain etc. The symptoms
varied with different patients with their intensity
depend upon the gluten ppm taken by the celiac
patient. The distinct diagnosis methods are possible to
detect celiac disease in the frame of tTG-~IgA, Biopsy
or genetic procedure [8]. These clinical aspects
require high cost and painful format for any celiac
patient for its appropriate detection. So, it leads to
thinking about celiac disease prediction with the
fuzzy logic strategy by a useful combination of
symptoms as similar retrieved from celiac patients.
The essential benefit of this system will be for any
physician to foretell celiac disease based on the
symptoms with no need for any type of clinical testing
for the analysis [4-5].

Section II of the paper designs the literature study
based on diverse studies on multiple diseases using
fuzzy logic methodology without any type of clinical
tests. Section III illustrates the design model of fuzzy
logic to predict celiac disease. Section IV concentrates
on the implementation in Python using fuzzy input-
output parameters with membership functions.
Section V outlines on results achieved with a fuzzy
logic system  with  appropriate  discussions.
Additionally, the conclusion of the fuzzy system
related with all the benefits of the fuzzy system along
with future paradigm.

LITERATURE REVIEW

Literature clarified that celiac disease diagnosis with
computer terminologies is not up to the mark. But on
the other aspect, fuzzy logic 1is consistently
propagating helpful outcomes in the field of medicine
as described in Table 1. In 2018, Heart disease
diagnosis was achieved using fuzzy logic by Iancu [9]
with just accomplished 44 distinct rules to develop
software which showed much better results for heart
disease prediction. Manikandan et al. [10] in 2017,
focused on Lung diseases using the fuzzy logic
scheme. The system was analyzed on 271 persons,
clarified 95% accuracy of the fuzzy system by
capturing data in the form of a questionnaire using
SPSS software. Parwe [11] in 2016, worked on Dental
disease using fuzzy logic in Indonesia with sparse
common dental parameters. The system was validated
using 100 dental patients with an outcome of 82%
accuracy of the fuzzy system. Hashmi [12] in 2015
implemented liver disease with fuzzy logic with
diagnosis procedure reciprocates with CBC tests and
fuzzy inputs with similar input-output parameters.
The sensitivity and specificity of the proposed system
were essential to implement the fuzzy system in real-
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time diagnosis. In 2014, Rana [13] developed a
combination of an intelligent fuzzy system which
deals with Cardiac, Brain Tumor and Thyroid with
fuzzy logic wusing the Mamdani model. The
predication of the proposed system was exclusively
based on symptoms supplied by personalities while
getting disease data.

Table1: Literature Review on Diseases

Diseases/ Author = Methodology | Outcome

Heart disease
Heart Disease by Fuzzy Logic prediction system with
Iancu (2018) [9] ¥y 1o minimal rules using
the Mamdani model
Lung Diseases by Implemented on 271
Manikandan et Fuzzy Logic patients, Accuracy
al. (2017) [10] achieved 95%
Dental Disease by Applied in Indonesia
Parwe (2016) Fuzzy Logic | with 82% accuracy on
[11] 100 dental patients
Differentiates with the
Liver Discase by clinical testing
Hashmi (2015) Fuzzy Logic . approach and
[12] }mplemented with
similar input-output
parameters
Thyroid disease Fuzzy Logic system d1agnos1.s based
by Rana (2014) on symptoms given by
[13] individuals
Cholera Disease Acciragirhup to the
by Udu[?lz ](ZO 13) | Fuzzy Logic r;l:fe oVIYIO. 1%“5;:121"
Mamdani Fuzzy Model
Implemented with
Asthma Disease fuzzy ?le~balse§l
: . approach concludes
(bzyo%gﬁr}dsl] Fuzzy Logic with the asthmatic and
non-asthmatic
outcome
Achieved robustness
Breast Cancer by outcome to detect
Kovalerchuk et Fuzzy Logic breast cancer using
al. (1997) [16] image processing with
fuzzy logic

Uduak [14] in 2013 proclaimed cholera fuzzy logic
system for disease judgment. The accuracy of the
system is preferred with an insignificant error rate.
The Mamdani model was implemented using a fuzzy
if-then rule-based structure with the centre of gravity
as de-fuzzification technique. In 2010, Zarandi [15]
accomplished the fuzzy system on Asthmatic disease
by distinguishing with non-asthma patients. The
inputs for the fuzzy rules were obtained through
historical information from the patients, and clinical
aspects are taken from the diagnosis test reports of
asthmatic patients. Kovalerchuk et al. [16] in 1997
formulated breast cancer detection fuzzy system by
using the image processing technique. The extraction
of cancer was analyzed by using lobulated mass
images taken from breast cancer patients. The system
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produced accuracy with minimum error rate for
disease diagnosis.

So, these are the valuable contributions furnished by
numerous researchers to deal with the prediction of
diseases using fuzzy logic as given in Table 1. In a
similar manner, it conveys an intention to predict
celiac disease applying fuzzy logic with the proposed
system.

DESIGN OF FUZZY LOGIC SYSTEM

The design of a fuzzy logic system to predict celiac
disease necessitates appropriate member functions for
the fuzzy values [17-19]. For hiring any membership
function demands fuzzy inputs which should be as
related to the celiac disease symptoms. The common
symptoms gathered from the questionnaire manner
among infrequent individuals to carry out the most
common symptoms among all utilising SPSS software.
To do this, 6 most common symptoms fitted to the
fuzzy system to get the probabilistic value which acts
as consequent of celiac disease. Triangular
membership function was practised to formulate
fuzzy inference system as in Figure 1. Every fuzzy
value prevails in between O to 1 which expresses the
maximum values of the fuzzy variable. The values and
range of every symptom transformed into
fuzzification procedure using multiple fuzzy inputs.
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Figure 1: Triangular Fuzzification Structure
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Figure 2: Triangular Fuzzification Values of Symptom
There are some other membership functions available
to design the fuzzy logic but triangular function
comprised of three possible values with two ends of
extreme nature. Below is the given form of triangular
membership function with abdominal pain as input

J"l sav (X) =
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parameter having fuzzy values as Mild, Moderate and
Severe in Figure 2. The stipulation of fuzzy values lies
with a range as 0-10 with the mild range as 0-4,
Moderate range as 1-9 and severe range as 6-10
depicted in the figure. There is an opportunity of
intersection points develop because of ambiguous
range values due to transition.

The fuzzy graph of abdominal pain is represented in
figure 3 with all attainable outcomes as mild,
moderate and severe [20-21]. The similar type of
inputs in the form of symptoms with fuzzification can
be accomplished similarly with similar membership
function but different fuzzy values for each symptom
according to its range.

0.8 1

e
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& Mad
E \ 4 Sev
£

0.2 4

0.0
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Figure 3: Abdominal Fuzzy Graph
The output membership function also executed using
triangular membership values but further composed
of 11 sub fuzzy values due to achieve optimum
accuracy. The values varied according to its range
with sub-division of its range that lies from 0-100 for
disease prediction as manifested in figure 4.
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Figure 4: Celiac Fuzzy Outcome Graph

After receiving the input and output membership
function, there is a requirement to develop fuzzy rules
using if-then values. Fuzzy rules consist of multiple
fuzzy operators to be required for the final formation
of the fuzzy database. The purpose of the inference
engine is to compare each and every symptom value
to the fuzzy probabilistic system to get the de-
fuzzification value [22-25].

IMPLEMENTATION OF FUZZY LOGIC SYSTEM
The proposed system completed in Python using sub-
software as PyCharm for its evaluation. The system
needs several sub-modules as matplotlib for fuzzy
graph, numpy for fuzzy variables declaration and
skfuzzy for the computation in the form of
fuzzification and de-fuzzification. The values of fuzzy
variables inputted in the form of numerical to concise
the fuzzification using numpy variables. The figure 5
quoted here to implement one of the scenarios in
which individual input the values of various
symptoms as abdominal pain with 9.0, anemia factor
with 8.0, diarrhea value with 10.0, vomiting input as
9.0, critical parameter weight loss as 10.0 and Body
mass index as 22.143. All these inputs when tendered
to a fuzzy system deliver a consequence in the form of
de-fuzzification value as celiac disease prediction
output.

# Celiac Disease Fusry Logic Probaiistie Systeen L

Celiac Disease Fuzzy Logic Probabilistic System

Abdominal Pain 17 (2000 PLOT ABDOMINAL PAIN
0,00 8000 10,00
8000

{2 L il £.000 PLOT ANEMIA

0.000 8000 10,000
10000

Diarrhea 1l o000 PLOT DURRHE,

0.000 8000 10,000

Vomiting 1T 000 PLOTVOMITING

PLOTWEIGHTLOSS

i

Weight Loss

BMI CALCULATE EMI 1 2143
0000 10000 20000 30000 40000

CALCULATE

Figure 5: Scenario of a Fuzzy System
The sub-module of evaluating BMI is also determined
independently using the height and weight of an
individual. On the basis of supposed input, the fuzzy
system will take evaluation time to compare every
single input with all rules wrapped in the form of a
fuzzy database. The process of de-fuzzification
renders the outcome by evaluation using the centre of
gravity or area of the maximum technique [26-28].
RESULTS
The system generated an output of 96.11%, which
dispenses a strong chance of celiac disease with
respect to a given input in the inputted scenario in
figure 6. The system also blueprints recommendation
should be taken to the assigned individual to perform
tTG testing for the final confirmation of the disease. If
the value appears out to be less than 40% then there
will be no requirement to conduct any type of clinical
testing.
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Figure 6: Outcome of Fuzzy Input Scenario
The graphical layout exposed in Figure 7 from the
matplotlib indicates all rules matched from the de-
fuzzification lies in between 90-100, which is an
alarming situation for the submitted individual value.
The evaluation method of de-fuzzification is based on
the fuzzy inputs in comparison with fuzzy rules in the
database [29-30]. Different operators like ‘AND’ and
‘OR’ for the conjunction of several consecutive inputs
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Figure: Fuzzy Outcome Graph

So, the proposed system 1is advantageous for
evaluating celiac disease prediction outcome with
certain inputs given by any individual. The time taken
by the system is trivial in comparison with clinical
testing time which resolves painful testing procedure.
CONCLUSION AND FUTURE SCOPE
The fuzzy system offers results with optimal accuracy
and insignificant error rate. The implementation of
the proposed system is as related to the given
guidelines of ESPHAGN. The system delivers an output
in the form of celiac disease foresight based on the
symptoms. The system will be propitious for experts
to foretell celiac disease and take urgent decision to
tackle the disease by recommendation in the form of
a gluten-free diet to save small intestine. With the aid
of a fuzzy system, any person does not require a
clinical test in the first endeavour which conserves
painful procedure for the recognition of the disease.
For the future perspective, a related type of systems
can be formulated to divine unknown diseases with
the cooperation of symptomatic study and presents
recommendations to tackle diseases in a better way.
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MANUSCRIPT PREPARATION
— GENERAL GUIDELINES

Manuscripts submitted for consideration to ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering must conform to
the following requirements that will facilitate preparation of the article for publication. These instructions are written in
a form that satisfies all of the formatting requirements for the author manuscript. Please use them as a template in
preparing your manuscript. Authors must take special care to follow these instructions concerning margins.

INVITATION

We are looking forward to a fruitful collaboration and
we welcome you to publish in our ACTA TECHNICA
CORVINIENSIS — Bulletin of Engineering. You are
invited to contribute review or research papers as well
as opinion in the fields of science and technology
including engineering. We accept contributions (full
papers) in the fields of applied sciences and technology
including all branches of engineering and management.
ACTA TECHNICA CORVINIENSIS — Bulletin of
Engineering publishes invited review papers covering
the full spectrum of engineering and management. The
reviews, both experimental and theoretical, provide
general background information as well as a critical
assessment on topics in a state of flux. We are primarily
interested in those contributions which bring new
insights, and papers will be selected on the basis of the
importance of the new knowledge they provide.
Submission of a paper implies that the work described
has not been published previously (except in the form of
an abstract or as part of a published lecture or academic
thesis) that it is not under consideration for publication
elsewhere. It is not accepted to submit materials which
in any way violate copyrights of third persons or law
rights. An author is fully responsible ethically and
legally for breaking given conditions or misleading the
Editor or the Publisher.

ACTA TECHNICA CORVINIENSIS - Bulletin of
Engineering is an international and interdisciplinary
journal which reports on scientific and technical
contributions. Every year, in four online issues
(fascicules 1-4), ACTA TECHNICA CORVINIENSIS —
Bulletin of Engineering [e~ISSN: 2067~3809] publishes
a series of reviews covering the most exciting and
developing areas of engineering. Each issue contains
papers reviewed by international researchers who are
experts in their fields. The result is a journal that gives
the scientists and engineers the opportunity to keep
informed of all the current developments in their own,
and related, areas of research, ensuring the new ideas
across an increasingly the interdisciplinary field. Topical
reviews in materials science and engineering, each
including:

— surveys of work accomplished to date

— current trends in research and applications

— future prospects.

As an open-access journal ACTA TECHNICA
CORVINIENSIS — Bulletin of Engineering will serve the

whole engineering research community, offering a

stimulating combination of the following:

— Research Papers — concise, high impact original
research articles,

— Scientific Papers — concise, high impact original
theoretical articles,

— Perspectives —  commissioned  commentaries
highlighting the impact and wider implications of
research appearing in the journal.

ACTA TECHNICA CORVINIENSIS — Bulletin of
Engineering encourages the submission of comments on
papers published particularly in our journal. The
journal publishes articles focused on topics of current
interest within the scope of the journal and coordinated
by invited guest editors. Interested authors are invited to
contact one of the Editors for further details.

BASIC MANUSCRIPT REQUIREMENTS

The basic instructions and manuscript requirements are

simple:

— Manuscript shall be formatted for an A4 size page.

— The all margins of page (top, bottom, left, and right)
shall be 20 mm.

— The text shall have both the left and right margins
justified.

— Single-spaced text, tables, and references, written
with 11 or 12-point Georgia or Times New Roman
typeface.

— No Line numbering on any pages and no page
numbers.

— Manuscript length must not exceed 15 pages
(including text and references).

— Number of the figures and tables combined must not
exceed 20.

— Manuscripts that exceed these guidelines will be
subject to reductions in length.

The original of the technical paper will be sent through

e-mail as attached document (*.doc, Windows 95 or

higher). Manuscripts should be submitted to e-mail:
redactie@fih.upt.ro, with mention “for ACTA

TECHNICA CORVINIENSIS”.

STRUCTURE

The manuscript should be organized in the following

order: Title of the paper, Authors' names and affiliation,

Abstract, Key Words, Introduction, Body of the paper (in

sequential headings), Discussion & Results, Conclusion

or Concluding Remarks, Acknowledgements (where
applicable), References, and Appendices (where
applicable).
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THE TITLE

The title is centered on the page and is CAPITALIZED
AND SET IN BOLDFACE (font size 14 pt). It should
adequately describe the content of the paper. An
abbreviated title of less than 60 characters (including
spaces) should also be suggested. Maximum length of
title: 20 words.

AUTHOR’S NAME AND AFFILIATION

The author's name(s) follows the title and is also
centered on the page (font size 11 pt). A blank line is
required between the title and the author's name(s). Last
names should be spelled out in full and succeeded by
author's initials. The author's affiliation (in font size 11
pt) is provided below. Phone and fax numbers do not
appear.

ABSTRACT

State the paper's purpose, methods or procedures
presentation, new results, and conclusions are
presented. A nonmathematical abstract, not exceeding
200 words, is required for all papers. It should be an
abbreviated, accurate presentation of the contents of the
paper. It should contain sufficient information to enable
readers to decide whether they should obtain and read
the entire paper. Do not cite references in the abstract.
KEY WORDS

The author should provide a list of three to five key
words that clearly describe the subject matter of the
paper.

TEXT LAYOUT

The manuscript must be typed single spacing. Use extra
line spacing between equations, illustrations, figures
and tables. The body of the text should be prepared using
Georgia or Times New Roman. The font size used for
preparation of the manuscript must be 11 or 12 points.
The first paragraph following a heading should not be
indented. The following paragraphs must be indented
10 mm. Note that there is no line spacing between
paragraphs unless a subheading is used. Symbols for
physical quantities in the text should be written in
italics. Conclude the text with a summary or conclusion
section. Spell out all initials, acronyms, or abbreviations
(not units of measure) at first use. Put the initials or
abbreviation in parentheses after the spelled-out
version. The manuscript must be writing in the third
person (“the author concludes... ”).

FIGURES AND TABLES

Figures (diagrams and photographs) should be
numbered consecutively using Arabic numbers. They
should be placed in the text soon after the point where
they are referenced. Figures should be centered in a
column and should have a figure caption placed
underneath. Captions should be centered in the column,
in the format “Figure 1” and are in upper and lower case
letters.

When referring to a figure in the body of the text, the
abbreviation “Figure” is used Illustrations must be
submitted in digital format, with a good resolution.

Table captions appear centered above the table in upper
and lower case letters.
When referring to a table in the text, “Table” with the
proper number is used. Captions should be centered in
the column, in the format “Table 1” and are in upper
and lower case letters. Tables are numbered
consecutively and independently of any figures. All
figures and tables must be incorporated into the text.
EQUATIONS & MATHEMATICAL EXPRESSIONS
Place equations on separate lines, centered, and
numbered in parentheses at the right margin. Equation
numbers should appear in parentheses and be
numbered consecutively. All equation numbers must
appear on the right-hand side of the equation and
should be referred to within the text.

CONCLUSIONS

A conclusion section must be included and should

indicate clearly the advantages, limitations and possible

applications of the paper. Discuss about future work.

Acknowledgements

An acknowledgement section may be presented after the

conclusion, if desired. Individuals or units other than

authors who were of direct help in the work could be
acknowledged by a brief statement following the text.

The acknowledgment should give essential credits, but

its length should be kept to a minimum; word count

should be <100 words.

References

References should be listed together at the end of the

paper in alphabetical order by author’s surname. List of

references indent 10 mm from the second line of each
references. Personal communications and unpublished
data are not acceptable references.

— Journal PFapers: Surname 1, Initials; Surname 2,
Initials and Surname 3, Initials: Title, Journal Name,
volume (number), pages, year.

— Books: Surname 1, Initials and Surname 2, Initials:
Title, Edition (if existent), Place of publication,
Publisher, year.

— Proceedings Fapers: Surname 1, Initials; Surname 2,
Initials and  Surname 3, Initials: Paper
title, Proceedings title, pages, year.
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We are very pleased to inform that our international scientific
journal ACTA TECHNICA CORVINIENSIS — Bulletin of
Engineering completed its 12 years of publication
successfully [2008-2019, Tome I-XII].

In a very short period the ACTA TECHNICA CORVINIENSIS —
Bulletin of Engineering has acquired global presence and
scholars from all over the world have taken it with great
enthusiasm.

We are extremely grateful and heartily acknowledge the kind
of support and encouragement from all contributors and all
collaborators!

ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering is
accredited and ranked in the “B+” CATEGORY Journal by
CNCSIS — The National University Research Council’s
Classification of Romanian Journals, position no. 940
(http://cncsis.gov.ro/).

ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering is
a part of the ROAD, the Directory of Open Access scholarly
Resources (http://road.issn.org/).

ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering is
also indexed in the digital libraries of the following world's
universities and research centers:

WorldCat — the world's largest library catalog
https://www.worldcat.org/

National Lybrary of Australia
http://trove.nla.gov.au/

University Library of Regensburg — GIGA German Institute
of Global and Area Studies
http://opac.giga-hamburg.de/ezb/

Simon Fraser University — Electronic Journals Library
http://cufts2.lib.sfu.ca/

University of Wisconsin — Madison Libraries
http://library.wisc.edu/

University of Toronto Libraries
http://search.library.utoronto.ca/

The University of Queensland
https://www.library.uqg.edu.au/

The New York Public Library
http://nypl.bibliocommons.com/

State Library of New South Wales
http://library.sl.nsw.gov.au/

University of Alberta Libraries — University of Alberta
http://www.library.ualberta.ca/

The University of Hong Kong Libraries
http://sunzi.lib.hku.hk/

The University Library — The University of California
http://harvest.lib.ucdavis.edu/

ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering is
indexed, abstracted and covered in the world—known
bibliographical databases and directories including;:

INDEXES & DATABASES

INDEX COPERNICUS — JOURNAL MASTER LIST
http://journals.indexcopernicus.com/
GENAMICSJOURNALSEEK Database
http://journalseek.net/

DOAJ — Directory of Open Access Journals
http://www.doaj.org/

EVISA Database
http://www.speciation.net/

CHEMICAL ABSTRACTS SERVICE (CAS)
http://www.cas.ore/

EBSCO Publishing
http://www.ebscohost.com/

GOOGLE SCHOLAR
http://scholar.google.com

SCIRUS — Elsevier
http://www.scirus.com/

ULRICHSweb — Global serials directory
http://ulrichsweb.serialssolutions.com
2etCITED

http://www.getcited.ore

BASE — Biclefeld Academic Search Engine
http://www.base-search.net

Electronic Journals Library
http://rzblx1.uni-regensbure.de

Open J-Gate
http://www.openj-gate.com

ProQUEST Research Library
http://www.proquest.com

Directory of Research Journals Indexing
http://www.drji.org/

Directory Indexing of International Research Journals
http://www.citefactor.org/
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