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Abstract

Hungary became a vehicle manufacturing country
in the last few years. Due to the settling of big
manufadcturers, the requirement for the human
manpower is increasing. In this article a new type
of higher education is presented. This type of
education is well known in Germany, however it is
relatively new in Hungary.

Keywords:
vehicle engineering, dual type education, higher
education, GAMF

1. Introduction

Economical productivity of Hungary cannot be
compared to the developed countries, however the
structure of the Hungarian industry is competitive.
Our productivity contains a relatively high ratio of
the given value (Fig.1).

5.
7000
5.

™ High-tech termékek Medium-high-tech termékek

Figure 1. Hungary is the third in the value added
productivity in the ranking list of the OECD
countries. [OECD Science, Technology and
Industry Scoreboard 2009 - OECD © 2009 - ISBN
9789264063716]

Unfortunately, this rank does not mean that
research and development is also situated in
Hungary, however some industry — especially
vehicle manufacturing — has started some product
development.

International practice shows that maintaining the
high value added production can be carried out
only by highly educated workforce. Hungary has
some advantages i.e. relatively low work force
expenses especially if it compared to Germany.
(The approximate ratio is 1:3.) The other benefit is
that there is no third party in the development,

therefore the settled technology is in “safety”.
(Compare it to the Asian countries.) However there
is an increasing problem in Hungary namely the
shortage of the educated workers and engineers

(Fig.2).

i

S ambarstidomdoyck 88Kk ey
Figure 2. Diploms of natural sciences and
engineers is lew in Hungary [Education at a
Glance 2010: OECD Indicators. ISBN:
9789264055988 Publication: 7/9/2010]
Similar situation was in Germany in early 1960.
Education was reorganized and a new type of
education appeared the dual type education. The
main idea of this education is to share the tasks
and the expenses between the public and the

industry.

It started with the vocational education, and in the
nineties it was introduced in the higher education,
too. From that time several other countries
(Austria, Swiss, France, Denmark, etc.) have
introduced the dual education.

In the universities and colleges there are several
types of practical education (Fig. 3). In research
universities there is only a six week practical at
enterprises. This time is not sufficient to do any
useful work. Students can see a factory inside, but
they do not have enough time to do project. They
usually start their diploma work.

Employment or -
Graduate Programs

| W Bachelor T
0.5 yrs of practice Bachelor Bachelor
1,5 yrs of practice 0 yrz of practice
3 ey ererpre
[University }-=—.  ——
Bnierpte [University 1
B == N SN [ —
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Figure 3. Types of educations
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2. Analysing the situation
Industrial partners need useful engineers to
maintain the technology and to develop new
products. Doing discussions with the
representatives of the manufacturers the main
expectations were determined:
e More practice
e Problem solving capability
e Knowledge of working in team and working
for the factory
e Strong theoretical basis and its application
in practice
e Short education time (3-4 years)
e Theoretical foundation of the necessary
skills and ability
e Industrial experts in the education
However not only the industrial partners expressed
their expectations, but the society did, too. In the
point of view of the society, there are three main
topics:
e Cheaper education
e More flexible education
e Quality education
These expectations are obvious.
Furthermore, the institutions (university or college)
have a few demands:
¢ No new accreditation
e Fit to the present time frame
e Thoroughfare between normal and dual
type educations
The accreditation process is usually a time
consuming one. It normally takes half a year,
therefore if one wants a fast introduction it is better
to fit a new system into an already accredited
branched. In this case the time frame is given (15
weeks), and practically the thoroughfare is also
solved.
The conclusion of the analysis is summarized in
Figure 4. Theoretical education should be held at
the institute (university or college) and the practical
education is shared between the institute and an
industrial partner. It is very important that the
industrial practice is equivalent to the ones at
institutes. In this case it is essential that the normal
and the dual type education is interchangeable,

Technical knowledge
University: theory
Industry: practical knowledge,

Metodhs
niversity: research, calculation

Professional education Viclinnsp st o

Social skills
University: e.g. presentation tech.
Industry: e.g. negotiation tech.

Figure 4. Components of the professional
education
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3. Structure of the education

The normal BSc a semester time frame consists of
15 week contact time (lectures and practices) and
6 weeks examination period. Rest of the year
(approximately 10 weeks) is holyday for the
students. In the dual type of education the holyday
period is transferred to industrial practice.
Naturally, the students have holyday
(approximately 4 weeks/year), but it is organized
by the company (Fig. 5).

30
25
g 20 Holiday (1)
E_ 15 B Industry
£
2 10 M Exam (2)
=
5 M Lab/Calc (3)
0 Lecture (4)

Normal Dual

Figure 5. Comparison of the normal and the dual

type BSc education
Normally, the lectures and practices are held in
weekly schedule. However in this case, it creates a
problem with the industrial partner participation. To
solve the problem, the lectures and practices is
separated. We created a so called lecture block
(approximately 10 weeks) and practical block
(approximately 5 weeks. The practical work in this
case can be organized at the industrial partner.
During this period, the students can make their
exams, too. After the practices, the students start
project work. It is very important, that the project
should be connected to the theoretical part, and it
should be connected to the infrastructure of the
company.

4. Summary

A new type of educational model was developed
and introduced at Kecskemet College Faculty of
GAMF. The vehicle engineering BSc course was
reorganized and industrial partners were involved
in the education. This dual type education fits to
the requirements of the industry, of the society and
of the institute. Students taking part in this
education have more practical education, and they
get information on project work. Furthermore they
become familiar to the given industrial partner,
therefore after graduation they can start their work
at factory immediately.

A new practice oriented (dual type) education at Kecskemet College - Vehicle engineering course 16
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Abstract

Until 2003 there were 9 275 ha under irrigation,
which represents 0.86% of arable lands in Croatia.
Irrigation  systems were unorganized and
conducted without plans with undefined rights and
obligations of the participants. Surfaces under
irrigation were small and the consequences of
drought were measured in millions. Croatian
government in 2005 has accepted the National
Project of Irrigation and Land and Water
Management in the Republic of Croatia. Main goal
of the project is to increase surfaces under
irrigation to 65 000 ha until 2020, which represents
6% of arable lands in Croatia. It would take planed
approach to achieve this plan, and is possible thru
building of infrastructure and with enlargement of
production surfaces of the farmers. Until 2012
irrigated surfaces were increased up to 12 000
which is less then planed.

Keywords: irrigation, NAPNAV, drought

1. Introduction

Number of people included in agricultural
production as main economic activity is much
larger than other productions. In total world water
consumption agricultural production participates
with the highest 70% compare to industry (25%)
and households (8%).

Main task of agricultural production is to secure
enough food and raw materials for humanity which
indicates to importance of correct use and
application of all factors in agricultural production.
Main factors in plant production are water, sunlight,
temperature and soil, and in this paper water or
water deficit will be presented.

Main source of available water in soil are
precipitations — rain. Annual distribution of
precipitation mostly does not correspond to the
needs of the plants. For the analysis of weather
conditions it is better to analyze amount of
precipitation and temperatures in vegetation
season which is used in this paper. Insufficient
amount of precipitation and increase of air
temperatures leads to higher water demand in
plant.

Irrigation is agricultural measure which in artificial
way gives water to the plant. From totally 1.5
million ha of planted surfaces in world, 250 million

are irrigated which represents 18% of arable lands
in world. Almost 40% of food has been produced
on irrigated surfaces.

2. Irrigation in Republic of Croatia

In Europe 13% of arable lands are irrigated. In our
surroundings — Italy, Greek, Bulgaria, Romania are
irrigating 20% to 30% and Hungary 5% of arable
lands [3]. Unfortunately, Croatia is at the bottom of
the list regarding the surfaces under irrigation. Until
2003 [1] there were 9 275 ha under irrigation (1
077 403 ha), which represents 0.86% of arable
lands in Croatia and 0.30% of agricultural lands.
General condition regarding the irrigation in
Croatia could be evaluated as poor. There are few
reason for this condition; irrigation system are
unorganized, rights and obligations of participants
in system were undefined, plans for progress were
undefined, problems with the land owners,
destruction of large agricultural producers,
importance of irrigation; the end user or farmer
was not included in management of irrigation and
small production surfaces (Table 1).

Table 1. Average number and size of production
surfaces in Croatia

Number o | Average

ha/household | surfaces/ | surfaces
household (ha)
Croatia 1.9 4.3 0.45

Small production surfaces are large financial and
organization problem for economically organization
of irrigation system.

In Republic of Croatia there are 3 187 494 ha of
agricultural land with structure as follows: 2 043
767 ha in private properties which represents 46%,
and 1 143 727 ha of state properties which
represents 36% [2]. Large portion of private
owners indicates to better need for financial
support and organization of system for end users.
Are conditions in Croatia much more favorable for
irrigation than the one who are used?

Natural resources that are suitable for irrigation in
Croatia are suitable soils and quality available
water for irrigation. Amount of natural water
resources (rivers, accumulations, wells, lakes) and
the quality of water potential in Croatia could
satisfy bigger consumption for irrigation than the
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one who exist [3]. According to water potential,
Croatia occupies 42nd place in World.

It is necessarily to construct artificially resource like
canals and accumulations for irrigation water were
there are no natural resources and the soil are
suitable.

3. Necessity for irrigation
In average climate conditions in Croatia, yield
reduction dry farming area is 10% to 60%, and up
to 90% in dry vegetation seasons, depending on
soil, culture and region [1].

Table 1. Analysis of dry, average, extreme wet
years by Hydrothermal coefficient by Seljaninov

Hydrothermal coefficient
by Seljaninov

Years Osijek Sl. Brod

1973

1974 LTTTTTIT

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984 [TITITTT1

1985

1986

1987

1988

1989 LTTTITTT

1990

1991 LTTTTTTT

1992

1993

1994 HERRARAR

1995

1996 LTTTTTIT]

1997

1998

19000 [ LT]]

2000

2001

2002

2003 |

2004

2005 LTTTTTIT]

2006

2007

2008

2009

2010

2011
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Extreme wet years
Average years
Dry years
Extreme dry years

There are many advantages in irrigation use: high
and stable yields in years with average weather
conditions but plant production in dry years as well.
Negative outcome of water deficit is reduced and
man can achieve higher yield per area unit. In
favorable conditions in soil the effectives of mineral
fertilizers is better.

If we take in account all of the advantages of
irrigation it could be said that every farmer and
producer wish to irrigate. But, beside the desire it
is necessarily to take in account all of the scientific
criteria in order to apply irrigation in plant
production.

A main criterion who determines is it necessarily to
irrigate or not, is plants demand for water and
amount of available water.

Analysis of weather and climate conditions in
vegetation season is taken by Hydrothermal
Coefficient by Seljaninov (HTC). Air temperatures
and rainfall have been analyzed for vegetation
season in Osijek and Slavonski Brod area. Period
of research is 39 years, from 1973 to 2011, (Table
2). Result of analysis had shown 14 dry years in
Osijek area and 6 dry years in Slavonski Brod
area. From 1994 to 2011 (last 18 years) every 6th
year was dry in Osijek area and every 3th year in
Slavonski Brod area. In same period every 8th
year was extremely wet in Osijek and Slavonski
Brod area. Dry and wet years and vegetation
seasons are implying to weather oscillation.

Advice from professional’s agronomist is to make
an analysis of weather conditions for period from
20 to 30 years.

According to Soétari¢ [2] in decade from 1882 to
1993 every 6th to 10 vyear was dry.
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Figure 1. Rainfall (mm) and trend in temperature
decreasing in Osijek area 1993-2011
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Amount of rainfall and trend in rainfall reduction in
Osijek area for period from 1993 to 2011 is
presented in Figure 1.

Average air temperatures (°C) in period from 1993
to 2011 for Osijek area and trend in air
temperatures increasing is presented in Figure 2.
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Figure 2. Average air temperatures (°C) and trend
in temperature inceasing in Osijek 1993-2011

Amount of rainfall and trend in rainfall reduction in
Slavonski Brod area for period from 1993 to 2011
is presented in Figure 3.
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Figure 3. Rainfall (mm) and trend in rainfall
decreasing in Slavonski Brod area 1993-2011

Average air temperatures (°C) in period from 1993
to 2011 for Slavonski Brod area and trend in air
temperatures increasing is presented in Figure 4.
This transition of dry and wet years and vegetation
seasons indicates to importance of management
agricultural lands from excessive water (drainage)
and dealing with water deficit (irrigation).
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Figure 4. Average air temperatures (°C) and trend
in temperature increasing in Slavonski Brod 1993-
2011

4. National Project of Irrigation and Land and
Water Management in the Republic of Croatia
(NAPNAYV)

Only two dry years (2000 and 2003) have resulted
with damage from drought up to 3.4 billion of
Croatian Kuna [3]. That was the reason for the
experts who are dealing with irrigation and
agricultural amelioration to draw attention to this
problem and offer their help to the government in
form of long-term plan for irrigation in Republic of
Croatia.

Government of Croatian Republic has accepted
National Project of Irrigation and Land and Water
Management in the Republic of Croatia (NAPNAV)
in year 2005. Plan came as result of work 42
experts and 2 international consultants.

Main goal of National Project of Irrigation and Land
and Water Management in the Republic of Croatia
(NAPNAV) was to make conditions for better
usage and exploitation of agricultural lands and to
increase surfaces under irrigation.

Main task of the National Project of Irrigation and
Land and Water Management in the Republic of
Croatia (NAPNAV) to increase surfaces under
irrigation from 9 264 ha from 2003 (0.86% of
arable lands) to 65 000 ha (6% of arable lands)
until the end of year 2020.

Main goal of National Project of Irrigation and Land
and Water Management in the Republic of Croatia
(NAPNAV) is:

- to analyze and define the potentials for irrigation;

- to define rights and obligations of all participants
in system;

- to be able to see expected results from irrigation
from economic and social view;

- to ensure infrastructure for irrigation;

- to make adjustment in law applying (water rights,
land rights).

In realization of National Project of Irrigation and
Land and Water Management in the Republic of
Croatia (NAPNAV) very important role have
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Counties. Plans for irrigation as main document
are made at County level. Main criteria’s for project
are:

- soils suitable for irrigation;

- amount of water;

- prepared project documentation;

- system effectiveness.

To be able to approach to irrigation some of the
factors like drainage of excessive water from the
surface must be done. Excessive amount of water
refers to the water from wet time of year — late
spring and early autumn, whit the open canals.

The plan is to clean and maintain 22 000 km of
canals.

Most of the drainage system has been constructed
30 years ago with financial support of Yugoslavian
government. Canals were mainly located at
surfaces of former corporations.

Financing and maintaining of canals and drainage
infrastructure was poor so most of the canals are
damaged.

It is necessarily to make infrastructure to brought
water to end users. Implementation of large project
such as this demands large quantities of financial
and expert support. Realization of project
(NAPNAYV) takes 3 billion of Croatian Kuna from
state budget and 1.4 billion from end users.
Financial support for project comes from:

- state budget Republic of Croatia;

- international institutions;

- regional and local authorities;

- end users (farmers and producers).

When Croatia becomes one of the members of
European Union it would be possible to take a
financial support from EU funds.

At the beginning there are some problems of
financial and bureaucratic nature. Lott of time
could be spend to gain all necessarily documents
and license. Unresolved owner issues could be
great problem for end users. Also, the economical
crisis had negative influence to project financing.
There is some indirect benefit of the NAPNAV:

- development of rural area;

- increasing of farmers and producers income;

- more workplaces.

5. Conclusions

Although there are several naturals factors (fertile
soils, clean and fresh water for irrigation) suitable
for irrigation, only 0.86% of arable lands have been
irrigated in Croatia. It is planned to increase
surfaces under irrigation by implement National
Project of Irrigation and Land and Water
Management in the Republic of Croatia
(NAPNAV). Analysis of weather condition in Osijek
and Slavonski Brod area (1973 to 2011) shown
increase in appearing of dry and extremely dry
year. During dry and extremely dry vegetation
season plant has higher demands for water and
irrigation becomes justify agricultural measure. It
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was plan to irrigate 45 000 ha up to 2012 but there
is only 12 000 ha which is significantly lower.
Irrigation with all of his benefits is often forgotten
with first drops of rain.
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Abstract

Expected energy not supplied (EENS), caused by
faults and maintenance activities, is overestimated
with classical approach. There are important direct
financial losses (power system's company, industry
sector, financial institutions) and indirect losses
(education, culture, life standard) due to non
voltage periods. System controlling and data
acquisition (SCADA), integrated in modern
distribution power system, improves possibilities in
data analyzing and prediction of the EENS in more
exact and efficient way. Power demand and
energy grow up immediately after non voltage
period, for several analyzed cases (less than 1
hour) are twice greater then usually (power
memory effect), so the EENS during the non
voltage periods are even more then 50% less.

Keywords:
Distribution Power System Demand, Non-Voltage
Period, Modeling, Expected Energy Not Supplied

1. Introduction

Electric energy supply is one of the most important
civilization’s bases for normal nowadays human
life. There are a number of activities that could not
be achieved without the assistance of electricity.
There are many examples in the industry,
agriculture, farming, education, catering etc.
Although it is a fact that power systems work very
reliably, power system fault happens from time to
time in some rare situations. There are many
aspects about the expected energy not supplied
(EENS) price, about estimation of the economies
losses and the social economic benefit losses in
the different kinds of human activity, education and
life or about similar estimation in suppliers money
losses due to not charged EENS, [1] and [2]. Here
are technical analyzes of some real power system
faults, real demands and real deliveries. The
quantity evaluation of expected energy not
supplied is given here. Fault period without voltage
of the day is compared with the same time period
of the next or previous day. The values of
expected energy not supplied until now have been
overestimated due to demand power memory
effect of installed devices on power line. Real

values of EENS could be gotten by integrating
function of power (or electric current) depending on
time for each day (two consecutive days).

Power system supply has to be of high reliability
level, but there are failures of the components
causing non-voltage periods. These periods are
registered by power Supply Company to decrease
non-voltage periods of the same type of the
component by components replacements,
estimation of component's life cycle or
maintenance activities or to reduce failure cause.
Simultaneously, expected energy not supplied has
to be evaluated to have right information about
money losses and to manage failures according to
their impact on power Supply Company.

2. EENS in distribution power network
(conventional and advanced model)

Komen [3] and Sljivac [4], [5] estimate total money
losses of EENS on industry, agriculture, service
sector and households in Croatia, comparing
results with other countries. Direct money losses
evaluation due to energy not supplied is important
part in power supply company management and
development strategy. HEP-DSO has procedure
for EENS calculation for different cases, depending
on accessibility of load history data and duration of
non-voltage period. The fault duration is mostly
exact known variable (if there is SCADA system) or
it is estimated by the consumer’s notification about
the failure, [6]. For example, EENS is usually
determined as a multiplication of average months
(seasons, years) power load (or determined
percent of installed power load) and time period:

EENS =L -D )

con A nv

EENS.., [kWh] — expected energy not supplied,
La [KW] — average power load
Dy, [h] — time duration of non-voltage period

In cases with load data on-line measured by
SCADA system, average month’s power load in (1)
is substituted by momentary power load in the
failure moment. Typical failure of the power line is
presented in Figure 1, by load curve as function of
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time. In general, EENS evaluation is better if the
failure lasts very short, due to daily changes of the
power load on analyzed power line [7]. It is much
better for EENS evaluation to use load history data
to estimate daily load curve as better as it is
possible, especially comparing typical daily curves
between two consecutive days. It is very important
to take in account all climate influences, such as
load as a function of average daily temperature.
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Figure 1. Electric current as a function of time on
fault day

New advanced model of EENS evaluation
developed here is based on a number of real
power system faults, real load demands and real
load delivers. Several of these faults, given by load
history data from PROZA R/F SCADA of
distribution power network of Slavonski Brod and
Nova Gradiska, are described here in the paper.
Missing load curve of the fault day is substituted by
the load curve of the same day period of the next
or previous day. Attention has to be paid to load
curve shape's differences between workdays and
weekends. If the analyzed fault day is a workday,
comparison has to be done with the first workday
before or after faults day, and with intention to
select the day with approximately similar load and
temperature conditions in the moment of the
failure. The similar average daily temperatures of
two consecutive days are important viewpoint for
taking in account the two near days. Load power
curve of consecutive days does not differ in a
considerable value and shape too. There are
similarities in shape of daily power load of
consecutive days, as it is described in figure 2.
Measurement was carried out with calculating
average values each 2 hours on power transformer
630 kVA installed in transformer substation 10/0,4
kV. To make as better as possible EENS
evaluation, it has to be select daily power load
curve that best fits to fault day curve before
beginning of the fault (before non-voltage period)
and after stabilization period. The evaluations of
EENS untii now have been overestimated,
because initial extraordinary load demand was not
taking in account. It is caused by load need of
installed devices which are deferred due to non-
voltage period. There are two different types of
electric devices: devices with momentary urgent
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need for load (indoor lighting, motors applied in
industry and crafts), and devices with deferrable
need for load (automatic regulation of temperature
in refrigerators and boilers and automatic
regulation of level in pump’s systems, irrigation
systems, water supply systems, drainage systems
etc).
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Figure 2. Daily power load for several consecutive
days

Herein applied new model for real evaluation of
EENS is defined as integration of load-time
function, starting on a moment of failure occurs
(similar like in conventional approach) and end
with the last time point of the stabilization period of
the load for the two consecutive days. Stabilization
period is defined as intersection of the power loads
after the non-voltage period of failure day and next
day. Memory load effect during stabilization period
presented in figures 3 and 4, explains the
appearance of overload during some time
(stabilization period), sometimes with 100-150
percentage more load magnitude then in usual
load shape of the next day. Conventional approach
of EENS is marked by E (area under load curve
during non-voltage period).
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Figure 3. Electric current function I(t) on fault day
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Figure 4. Electric current function I(t) on fault day
and next day

The first step in calculating expected energy not
supplied by new advanced model (EENS;e,) is
quantity evaluation of EENS by conventional
model (EENS.,). EENS., is proportional to
surface of area marked E in Figure 3 — area under
load-time function and it is calculated as:

D
nv, s
EENS,,,= jc-lnv(t).dt
0
2
J3
C=——-U, -Cos 3
3600 ! 4 3)
Where:

Iw(t) [A] — current-time function of the next day
during period of non-voltage period of fault day

t [s] — time as independent variable

U, [V] — rated voltage level

Dnv s [S] — time duration of non-voltage period

@ — angle between phasors of voltage and current

SCADA is tuned to get new measurement of
electric voltage and current each k seconds (1 s —
5 s), what is the base point for nhumerical method
application of integration problem:

D

nv, s

k
EENS4=C X I .k (4)
i=1 ’

I [A] — average current (next day) of i™ measured
time interval during non-voltage period
k [s] — time interval of measurement pattern

Here, measurement pattern is defined by SCADA
time pattern. It has to be set to get average,
minimum and maximum values of load (electric
current) according to duration of non voltage
period. Better to say, k is constant time width of
rectangular with height of average current of i
measured interval. To get accurate data of EENS

that are applied for numerical integration method,
the best solution is to time pattern set on as short
as possible duration.

Surface, marked by “O” in Figure 3 and Figure 4,
between two load-time functions of fault day and
next day represents electric energy what is
particularly compensation of demand from
previous period without voltage. New developed
model is based on stabilization period with
significant increased load “O” (area between load
curves of two consecutive days). Stabilization
period (Ds) is a time period starting by the end of
non-voltage period (repair or substitution of faulted
component) and ending by intersection of two load
characteristics. It means, that conventional model
of EENS calculation get overestimated EENS
(EENS,).

D
EENS,= | c.[|S fd(t)—lsnd(t)]dt 5)
0 , ,

EENS, [KWh] — overestimated part of EENS

Ds [s] — stabilization period

lsfa (Y[A] - current-time function of fault day during
stabilization period

ls.na (D[A] - current-time function of next day during
stabilization period

D

i=—
EEN “ | | k 6
So=C izl Ui Nonai) ©
lsqa; [A] — average current (fault day) of i

measured time interval in stabilization period
lsnai [A] — average current (next day) of it
measured time interval in stabilization period

So, EENS,., can be defined as:

EENS =EENS —EENS @)
new con 0

3. Analyze of several real faults in distribution
power system

Stabilization period duration and percentage of
overload comparing to usual load curve mainly
depend on duration of non-voltage period. Of
course, there are several additional non-dominant
influences, like power line 10 kV character
(installed devices, configuration) and outdoor
temperature and customer’s habits (life standard).
Characteristic  analyzed  distribution  power
system’s faults are described in the Table 1 and
Table 2 in detail. According to EN 50160 Voltage
Disturbances important reliability indices of power
supply aspects are interruption duration,
interruption frequency and number of consumers
without power supply during interruption. Intention
is to reduce all three parameters during power
faults period. After fault is located and repaired,
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power lines are energized. Initial electric current
occurs immediately after end of non-voltage
period, and it depends on non-voltage period
duration and character of power line (number and
type of consumers). Initial electric current ratio is
defined as ratio of initial electric current value of
fault day and value of electric current of regular
(next) day in moment immediately after end of non-
voltage period (lo/In). Table 1 shows initial electric
current ratio, duration of stabilization period and
duration of non-voltage period for several analyzed
faults. Table 2 describes EENScon and EENSnew
for the same faults as described in Table 1. It is
obvious that there are mathematical functions
between all these parameters depending on
duration of non-voltage period.

Table 1. Initial electric current ratio and
stabilization period for several analyzed faults

Faults on Dny Io/ 1y Ds
power lines [s] [s]
Rogoliji 2040 2,061893 2280

D. Bogicevci| 10200 2,221768 6000

Cesarceva | 21000 2,805864 8400

Slobodnica | 61200 | not measured | 11700

Table 2. Conventional model of EENS and new
advanced model of EENS evaluation for several
analyzed faults

Faults on Drv EENScn | EENSqew
power lines [S] [kwh] [kWh]
Rogolji 2040 83,304 34,534

D. Bogicevci| 10200 716,709 587,870

Cesarceva 21000 843,847 679,678

Slobodnica | 61200 1090,420 | 966,464

4. Conclusion

Increasing number of end-users connected on
distribution power network and intensively growing
up of population density cause the increasing
growth of electricity consumption. So, real
quantitative model for evaluation of EENS
becomes more and more important. Not so long
ago in the past, evaluation of EENS has been
calculated by subjective qualitative estimation on
the base of available annual or season
measurements. Modeling of EENS evaluation is
easier today because load history data (SCADA)
and data from temporary mounted load
measurement registers are available. Depending
on programmed parameters of these measurement
devices, measurement sampling is adjusted on
intervals between 1 s and 60 s, what is adequately
precise for evaluation of EENS. In a case when
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duration of non-voltage period is less than 1 hour,
real EENS given by new approach is about 40-
50% than EENS given by conventional approach.
In a case of longer duration of non-voltage period
overestimated EENS is only 20%. In most of the
faults cases energy consumption in stabilization
period is at least 50% more than energy
consumption of the next day in the same time
interval. The minimum overestimated EENS in
stabilization period in conventional approach is at
least 30% more than energy consumption of the
next day in the same time interval. Duration of
stabilization period changes from 111% of duration
of non-voltage period for short-term faults to 0,19%
of duration of non-voltage period for very long-term
faults (ten or more hours). Herein proposed model
for EENS evaluation has to be base point for
further investigation on EENS on different
distribution power lines, classified by installed load,
peak load, character of load etc. It has to get
several power lines with the same or similar
characteristic consume (daily load curve) during
longer analyzed period and analyzing several
faults per one power line.
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Abstract

Rapid Prototyping (RP) presents the automatic
production of physical parts using by additive
manufacturing technology. The start techniques for
Rapid Prototyping became available in the late
1980s and were used to produce models and
prototype parts. Today they are used for a much
wider range of applications and are even used to
manufacture production-quality parts in relatively
small numbers. Rapid Prototyping is widely used in
the automotive, aerospace, medical, and
consumer products industries. In paper s
presented process of design product development,
product production and testing of products
produced by Fused Deposition Modelling rapid
prototyping technology.

Keywords:
Rapid Prototyping, Fused Deposition Modelling,
product testing

1. Introduction

Rapid Prototyping (RP) is presented as a group of
techniques used to quickly creation a scale model
of a part or product using three-dimensional (3D)
Computer Aided Design (CAD) data. What is
commonly considered to be the first RP technique,
Stereolithography was developed by 3D Systems
of Valencia, CA, USA. The company was founded
in 1986, and since then, a number of different RP
techniques have become available.

Rapid Prototyping is also been referred as solid
free-form manufacturing, computer automated
manufacturing and layered  manufacturing
technology. RP has obvious use as an aid for
visualization. In addition, RP models can be used
for testing such as when an airfoil shape is put into
a wind tunnel. RP models can be used to create
male models for tooling such as silicone rubber
moulds and investment casts. In some cases the
RP part can be the final part but typically the RP
material is not strong or accurate enough. When
the RP material is suitable, highly convoluted
shapes can be produced.

There are a multitude of experimental RP methods
either in development or used by small groups of
individuals. This paper will focused on RP
techniques that are currently commercially
available, including Stereolithography (SLA),
Laminated Object Manufacturing (LOM), Selective
Laser Melting (SLM) and Fused Deposition
Modelling (FDM) techniques.

2. Presentation of main RP methods
Patented in 1986, Stereolithography started the
rapid prototyping revolution. The technique builds
3D models from liquid photosensitive polymers that
solidify when exposed to ultraviolet light. The
model is built upon a platform situated just below
the surface in a vat of liquid epoxy or acrylate
resin. A low-power highly focused UV laser traces
out the first layer, solidifying the model’s cross
section while leaving excess areas liquid [1].
Next, an elevator incrementally lowers the platform
into the liquid polymer. A sweeper re-coats the
solidified layer with liquid, and the laser traces the
second layer atop the first. This process is
repeated until the prototype is complete.
Afterwards, the solid part is removed from the vat
and rinsed clean of excess liquid. Supports are
broken off and the model is then placed in an
ultraviolet oven for complete curing. SLA machines
have been made since 1988 by 3D Systems of
Valencia, CA. To this day, 3D Systems is the
industry leader, selling more RP machines than
any other company. Because it was the first
technique, SLA is regarded as a benchmark by
which other technologies are judged.
The Laminated Object Manufacturing (LOM)
technigue is used to produce low cost polymeric
products (from polyvinyl chloride) that have to
meet certain mechanical properties, especially if
they are used to perform functional tests. The
workers of Faculty of Mechanical Engineering and
Naval Architecture of University of Zagreb (Croatia)
realised testing the influence of the position of
products in the machine working area on the
mechanical properties of the product [2].
The test specimens made by LOM procedure was
made of PVC film. The test bodies in LOM
procedure was made on the machine SD 300 Pro,
produced by Solido. SD 300 Pro is a machine
which can produce transparent prototypes of PVC
film, has small dimensions, and is practical for use
in offices. Tests were carried out on specimens
made using various orientations in the working
area (Fig. 1):
- Lxy - test specimen laid in xy plane with height in
z direction 4 mm,
- Pxy - test specimen raised in xy plane with height
in z direction 10 mm,
- Pz - test specimen raised in z-axis with height 75
mm and 80 mm depending on whether the
specimen is for tension or bending tests.
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Figure 1. Orientation of layers in test specimen
produced by LOM [2]

LOM procedure provides low surface roughness
parameters in all three orientations. However, the
lowest are in Lxy orientation which is only logical
since the final layer is pure PVC film, independent
of the construction (lamination) method. In test
specimens Pxy and Pz, Ra is 95 times greater (Ra
= 3 ym) than in Lxy orientation. The specimens of
Lxy orientation have the highest strain, even up to
an average of g = 207 %, whereas the test
specimens of Pz orientation have only g, = 24 %,
which is 8.5 times lower value. However, it is
interesting to note that the highest strength is not
the feature of the test specimens of Lxy
orientation, but the test specimens of Pxy
orientation. Orientation affects also the fracture
surface and in test specimens Pxy the surface is
toothed, i.e. delamination of layers has occurred,
whereas in Lxy and Pz the surface is flat. Such
fracture in Pxy orientation occurs because the
stresses are applied along each layer, and in Pz
orientation the fracture occurs perpendicularly to
the applied test force, and this is at the same time
the layer lamination. The tests carried out at LOM
test specimen lead to the conclusion that Pxy
orientation features optimal properties. Possibly, in
case of minimal roughness requirement and higher
yield stress, Lxy orientation should be selected.
The price and the manufacturing speed also
depend on the orientation and chamber filling, so
that the orientations in z-axis direction should be
avoided as much as possible [2].

Selective Laser Melting (SLM) is the digitally driven
process if direct from sliced 3D CAD data in layer
thicknesses ranging from 20 to 100 ym products
are realized. The process then builds the part by
distributing an even layer of metallic powder using
a recoater, then fusing each layer in turn under a
tightly controlled inert atmosphere. Once complete,
the part is removed from the powder bed and
undergoes heat treatment and finishing. For the
SML components were realized on the Department
of Manufacturing Engineering of TU of Cluj-
Napoca (Romania) tests with application of
different SML machine parameters [3].
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SLM is a complex thermo-physical process which
depends on a lot of: material, laser, scan and
environmental parameters. For two selected
materials, a parameter study has been performed
to optimize the process regarding part density,
since porosity has a harmful effect on the
mechanical properties of the part. Four main
process parameters were selected for experiment:
laser power, layer thickness, scan speed and
hatching space. These factors determine the
energy supplied by the laser beam to a volumetric
unit of powder material, defined as energy density,
an experimental quantity which has large influence
on part density. After choosing the types of
supports used for parts to be processed the next
step is to see what material file is assigned for the
future manufacturing component. Were two types
of material used for manufacturing in the test, one
is TiIBA17Nb and the other is stainless steel 316L.
For the first material the optimal laser power could
range from 50 to 200 W and the optimal power for
stainless steel 316L is above 160 W. On the Fig. 2
are presented stainless steel samples with used
laser power 120 W and 160 W.

6T

Figure 2. Stainless steel samples Wih used laser
power 120 W, 160 W and 200 W [3]

If the power applied on the powder bed is less than
100 W the components are not so strongly melted.
The best power chosen to be applied to the next
components, samples or final components is 160
W, the best parameters between the good melting,
process stability and final components with good
results. One of the machine parameters who can
be changed is the speed of scanning witch has the
following calculating relationship applied on
selective laser melting machine SLM 250 Realizer.
The scanning speed was tested on samples to see
if the standard scan speed of 400 mm/s is the best
speed to melt the stainless steel powder or could
be another one. To see that, different scanning
speeds were attributed to the samples. The
samples with higher scanning were not fully
melted. The big value of scanning speed
parameters is not optimal one because the powder
layer is not strongly and fully melted.
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In the samples with a low scanning parameter
value the powder is extremely melted and these
samples were very hard to detach from supports
and also the supports from work table. After the
process stability was tested the next step is to see
the roughness results of the best samples
manufactured with these parameters [3].

Stratasys Fused Deposition Modelling (FDM) is a
typical RP process that can fabricate prototypes
from ABS plastic. Researchers of Gyeongsang
National University Jinju (Korea) and University of
California, Berkeley (USA) realized selected tests
the properties of parts fabricated by the FDM [4].
Using a Design of Experiment (DOE) approach,
the process parameters of FDM, such as raster
orientation, air gap, bead width, colour, and model
temperature were examined. The FDM machine
possesses a second nozzle that extrudes support
material and builds support for any structure that
has an overhang angle of less than 45° from
horizontal as a default. If the angle is less than 45°,
more than one-half of one bead is overhanging the
contour below it, and therefore is likely to fall.
Experiments were performed in which the effect of
several process parameters on the mechanical
behaviour of FDM parts was examined.

Fig. 3 shows magnified views of the fractured
surfaces of the specimens. The Axial ([0°]12)
specimens showed tensile failure of individual
fibers resulting in the highest tensile strength
among the FDM specimens. This strength was
lower than that of the injection moulded ABS
partially because the gaps between fibers reduced
the effective cross sectional area. The transverse
([90°]12) specimens resulted in the lowest tensile
strength because the tensile loads were taken only
by the bonding between fibers, and not the fibers
themselves. The cross specimen ([0°/90°]s)
consisted of a layer of fibers oriented in the 0°
direction, followed by a layer in the 90° direction.
The resulting failure load for this pattern, as might
be expected, fell between the [0°]1, and [90°]:,
specimens. The Criss-cross ([45°/-45°]¢) specimen
showed shear failure along the 45° line in the
macroscopic view but the microscopic view
revealed the repeated failures of individual fibers
by shearing and tension [4].

Fracture
surface

Figure 3. Fracture surfaces of [0 ]12 and [4
specimen [4]

3. Example of product development by FDM
Although several rapid prototyping techniques
exist, all employ the same basic five-step process.
The steps are:

1. Creation of CAD models of the product parts.

2. Conversion of CAD models into STL formats.

3. Use of STL files in Rapid Prototyping devices.

4. Production of the parts by one layer atop layer.
5. Cleaning of parts and assembly of the product.
In order to minimize the prototype it was decided to
model the small four-graded gearbox with reverse
operation and self-shift shown in Fig. 4. We did not
want to design and produce any unusable parts
with large surface breakdown to put it to make
measurements but the prototype which would itself
perform a function and was suitable for visualizing
the accuracy of the printing [5].

Figure 4. 3D model of the experimental gearbox

This gearbox is used only as preview tool for
functional prototypes printed with FDM method and
also for testing of achieved printing accuracy and
quality. Gearbox has four gears, of which one is
reverse. Their ratios are 4, 3, 2, and reverse geat,
with fourth gear ratio. All levels are kept as
transfers to slow. Because the teeth presented
most accurate part of the draft, we decided to
generate them using the Design Accelerator
module included in Autodesk Inventor Professional
2009. This step is necessary to enter the desired
parameters of gearing as a module, the distance
axis, gear ratio, width of teeth and after conversion
to generate a 3D model of the sprocket, which can
be further modified. Model gearing was
subsequently modified in CA system CATIA V5.
Transfer of models between Inventor and Catia
system was implemented using the exchange
format IGES. In AutoCAD 2008 was ran the full
dimension designing of the gear with gradually
adding of proposed model arrangements through
which it was possible to determine the dimensions
of the gearbox. After creating of reports and
rechecking of all dimensions the models were
exported to STL format and sent to FDM control
program that could handle their geometry [6].
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On the Department of Manufacturing Technologies
TU Kosice there is UPrint FDM device (Fig. 5) from
Dimension available. It is a small 3D printer with
635 x 660 x 787 mm dimensions suitable for office
environment. Maximum dimensions of printed
prototype are 203 x 152 x 152 mm. This printer
prints only one layer of constant thickness 0.254
mm which is as the accuracy of the print in the Z
axis very acceptable.

Figure 5. FDM printer UPrint from Dimension

This printer use as building material thermoplastic
ABCplus Ivory which comes in standardized
packages as fiber with a diameter of 1.6 mm rolled
onto a reel. Each spool contains 500 cubic cm of
material. For this printer is used Catalyst program
which serves to complete printing settings such as
disposition of components on working desktop or
set-saving modes where savings can be achieved
by building and supporting material to 40%
depending on the shape and parts at the expense
of strength of the prototype. After starting of print
cycle the system warms up printing jet and whole
work area for working temperature. Followed by
the print itself, the nozzle is moving over X-Y pad
and working in the Z axis. After printing it is
necessary to separate the support material from
the building part [7].

Figure 6. Assembled prototype of FDM gearbox
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4. Conclusion

Printing method Fused Deposition Modelling is one
of the cheapest methods on market, whether it is
the price of equipment or material used. Speed of
devices that are used for this method and accuracy
of the print is surprising but it also has some
weaknesses that may not suit all users. Among the
biggest weakness there is fixed thickness of the
layer that can not be changed using this printer.
Great layer thickness causes uncertainty in the Z
axis and also affects the surface, which can be in
some types of prototypes quite important,
especially when it comes to functional area.
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Abstract

This paper briefly reviews the wind turbine
integrated with the buildings, whether they are
placed on them and the building serves as a
support for the turbine or the wind generator is an
integrated part of the building. The idea of
installing wind turbines has its supporters and
opponents, no matter what attitude to take, it is
necessary to find new ways of producing energy
from renewable sources, for supplies of fossil fuels
are declining and their cost is becoming higher.

Keywords:
wind turbines integrated into the building

1. Introduction

At the present time the debates and discussion are
being held about viability of wind. Experts have
divided opinions about it and only about which they
agree, is that wind turbines are cost effective and
efficient if they are placed on high poles, or
integrated with a facility in combination with any
renewable energy source.

wind speed increases with height so engineers
came to the idea of installing wind turbines on top
of buildings. Thus, the turbines can be set as
independent objects on buildings and increase the
usage of wind currents caused by the height. The
second case is the integration of wind generation
in the construction of buildings, where the building
itself mounts wind turbines. The third option is the
installation of wind turbines positioned between
two high buildings where the form and design
serves as a wind tunnel where the wind collects
and directs the turbine (BAWT). Depending on the
design, wind turbines can have vertical (VAWT) or
horizontal (HAWT) blades.

By installing wind turbines in buildings, energy is
produced where it is needed, and there is no loss
of transmission and so on, but there's always that
additional but. Turbines can meet about 15% of
total energy demand of the building [1], everything
else must be provided through other sources. By
analyzing available data on the turbines and their
efficiency and profitability, the results are not
encouraging. The biggest problem remains the
cost of investment and questionable profitability.

2. Wind turbines
Since ancient time’s man used wind energy
through devices integrated on the building. These

wind turbines didn’t produce electrical energy. As
needs for energy grew as its price, an idea came
to make the transfer of mechanical energy to
produce electricity by the use of wind. At first the
public and the profession were very skeptical
about the idea of installing wind turbines on
buildings, primarily looking at the profitability of
investments and possible negative consequences
in the event of an accident. But as time progresses
and the prices of fossil fuels rise and their stocks
are declining more and more countries and
investors think about integrated turbines. (BUWT).
So, we are witnessing the first buildings that have
their own supply of electricity from wind turbines.
First among them is the Bahrain World Trade
Center located in Bahrain.

On this building it is possible to analyze all the
arguments for and against the generator integrated
into the construction of the building.

Figure 1. Bahrain World Trade Center

In addition to low efficiency and a long payback
time, the problem with the wind generators is the
noise that turbines make [2]. Regardless of the
type of material from which the blades and the
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shaft bearing are made the wind flow creates noise
that can be uncomfortable no matter of the
frequency. Therefore, the structures with
integrated wind turbines are unoccupied around
the floors where they are placed.

But if it is taken a laypersons view, each blowing of
wind causes the noise. The intensity of noise
generated by wind hitting the objects that get in his
way (buildings, trees, etc.) depends of wind
strength. Many tests were conducted on the impact
of wind noise on human health. By analyzing
available data on the hazards of noise from wind
turbines, it leads to the conclusion that it does not
pose a potential hazard to human health. If there
are problems, they are on a personal level of each
individual and are not applicable to the general
conclusion that the noise from wind turbines is
harmful [3].

After construction of the building shown in the
picture, started the idea of designing buildings that
will have the equipment to produce energy from
renewable sources for their own use. The most
known is Zero Energy Tower which is planned to
be built in China. His investors (Guangdong
Tobacco Company) decided to build sustainable
energy skyscrapers, and for this task they have
employed reputable company which designs such
buildings, Skidmore, Owings & Merrill LLP [3].

The company has made a concept that wind will
flow through the structure of the building and run
wind turbines. And, also, solar cells will be
mounted on the facade of the building. The
building is still being built and we are waiting for
the first feedback on the energy independence of
the skyscraper.

Figure 2. Guangdong Tobacco Tower in China

With the construction of the Bahrain WTC and
Zero Energy Tower, architects started the era of
designing skyscrapers that necessity for energy
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settle down from their own resources. The latest
among them is the skyscraper project called
"Castle House" or "Strata SE1" [4], in London. For
some time now, the debate is run about cost
effectiveness and efficiency of such structures,
which in its structure has three integrated wind
turbines, which should produce electricity for
lighting and ventilation.

Figure 3. The Castle House, Elephant and Castle
in Southwark, London

Besides the skyscrapers in the megalopolises,
wind turbines are increasingly being put to great
sporting facilities. This may be because a great
necessity for energy is needed by such stadiums,
and there is a large amount of people who visit
them. In this way, running costs are reduced, but it,
also, educates people and rises up awareness
about renewable energy. But there are potential
hazards that wind turbines represent.

An example of this is a football club Manchester
City [5] that in 2006. requested permission to set
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up wind turbines in the stadium, but due to security
reasons (ice on the blades and the threat of it)
request was refused. The opposite example of this
is the stadium of the University of North Texas
(UNT) [6] that supports wind turbines and will
provide about 6% of necessary energy. Soon,
other universities and sports clubs across the
United States submitted requests for placing wind
turbines on their stadiums, such as a baseball
stadium Cleveland State University (CSU), "The
Lincoln Financial Field,” in Philadelphia, a football
stadium "The Riverside Stadium” in Middleborough
in, North Yorkshire, England.

Figure 4. Lincoln Financial Field, Philadelphia

Besides the integration of wind turbines on
buildings and sports facilities, planners and
architects are considering more options. Thus
recently, architects are appearing with the
concepts of installing wind turbines on the roads
and bridges. Also, students at Arizona University
[7] proposed a set of horizontal wind turbines
above the highway that will be run by wind
turbulence from the vehicles. Each of the turbines
by the assessment should produce about 9600
kwWh of electricity annually and distribute it in the
power grid. In addition to this concept, there is an
idea of installing wind turbines in the construction

of bridges and viaducts. One of such concepts is
planned for the bridge between Italy and Scilla
Bagnera [8].

Figure 5. Horizontal wind turbine on the highway
and the bridge concept, Bagnera Scilla in Italy

Looking at the idea of installing new wind turbines
in all possible structures for sustainability and
energy independence, it is impossible to ignore all
the problems that accompany them. In addition to
the long payback period and the noise, wind
generators integrated in the buildings are criticized
for the threat that blades potentially represents on
the environment [9].

Since the blades are sometimes 30 feet long, fall
down from tens of meters high, in case some of
the mounting security system fails, it potentially
threatens all buildings, roads and passers-by in a
radius of several hundred meters. So far, there
was no recorded case (or at least the producers
and owners do not want them to go public with this
information, if any of such cases), but there is
always a potential danger.

And the fourth and the biggest problem is the fact
that the rotation of the blade comes to creating
vibrations [10]. The vibrations are transmitted on
the building and its construction and are creating
an additional burden. Many designers of these
buildings discuss about this problem and how to
solve it, by proposing different forms of wind
turbines and their positions, but the problem still
remains. The general conclusion remains that the
design of buildings with turbines mounted has to
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reckon with stress of vibration. If they do not pay
attention to that while designing the building, it can
lead to structural stress as similar to earthquake
and destruction of building [11].

With the development of new technologies and
materials on the market, today it can found a large
number of wind turbines, which are produced from
different materials. Increasingly, the market can
find a wind turbine with blades made from carbon
fiber and fiberglass, which when compared to
those made of different aluminum alloys are a lot
easier, more flexible, quieter, safer, and more
expensive.

Very often can be encountered wind turbines
placed for advertising purposes to show how
companies are environmentally conscious or to
attract attention of passers by to think about
renewable energy. Thus, in Florida, all along the
highway, the advertisements with turbines have
been installed in order to encourage thinking about
wind turbines. But on the other hand looking at the
reviews of the environment, i.e. the passer bys, the
most common comment is that most of the time the
blades are not spinning, and their conclusion is
that it might not work at all.

Figure 6. The commercial wind turbine, Florida

3. Conclusion

The amount of fossil fuels is dramatically reduced
and the demand for energy grows, and thus its
price. It is therefore necessary and imperative to
find alternative sources of energy production. By
observing and analyzing all of the above, it can be
said that the need to build wind turbines installed in
the building is efficient in combination with some
other energy producer from renewable sources
such as solar panels or heat pumps. When we
consider the climate and the winds that blow in
Croatia, the installation of wind power in the
building is an option in the coastal area.
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Abstract

The article deals with methods of linear and
circular interpolation of trajectory for 2D motion
device created by a cross-table. The interpolators
suitable for chosen trajectories are the means of
the demonstration trajectory interpolation. For
evaluation of generated trajectories quality, the
ideal, interpolated and generated trajectories are
compared in regard to the deviation between each
other.

Keywords:
Linear trajectory, circular trajectory, interpolation,
trajectory generation.

1. Introduction

The interpolation of desired trajectory has an
importance at generation of a trajectory in defined
shape, whereby its accuracy and approximation to
the original trajectory are the most important
requirements. A lot of authors deals with the
problematic of smooth trajectory generation for
manipulation devices in real time and with the pre-
processing of information necessary to generation
of defined trajectory. They use the innovative
methods such as artificial intelligence, evolutional
algorithms [1] and neural networks [4] suitable for
determined problematic.

2. Experimental device

The cross-table represents an experimental device
used for generation of examined trajectories.
Designed interpolation algorithms are derived
according to computation requirements of used
relations, available control electronics as well as
possibilities of parameterisation of action variables
for speed control.

Two positioning blocks for the movement in x and
y direction create the main part of experimental
cross-table. They are placed at each other by that
way that the block for translation in y direction
represents the bottom part and drags the top one.
Translation movement is created by DC motors
HSM60 together with elastic couplings, endless
screws, and linear sliding by means of radial
bearings.

The control hardware is created by power source,
power circuit, and circuit for processing of signals
from sensors. The pulse transistor converters in H-
bridge circuit represent the supplying of DC motors
armature using the controlled average value of
supply voltage by the pulse width modulation. The
control system is realized by the ARM processor
and evaluation board.

3. Digital differential analysis

The value of action variable, expressing the speed
of movement, is calculated on the basis of
coordinates’ difference between actual and next
node point. Analytical describing of a line can be
modify by means of differential form and
appropriate increments into

x = Z k At, y= Z kAt 1)

For calculation of point coordinates, the value of
difference between two node points has to be
known. Values k, and k, expressly determine the
slope of linear subinterval, parameter At
determines the speed of movement and is limited
by system’s features.

The deviations of generated trajectories are better
noticeable at short linear sections, therefore, by
experimental approach, the generated linear
sections with constant duty ratio of PWM in x-
direction were compared. Generated trajectories
with regression equations and coefficients of
reliability are displayed in the figure 1; the error of

appropriate trajectories is displayed in the figure 2.
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Figure 2 Error of generated trajectories
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DDA method allows to generate a circle that
consists of linear sections which length is
determined by desired accuracy of circular shape
of trajectory as well as by translation speed of
mechanical system according to control system.

The process of appropriate increments derivation
is similar to line generation. It is appeared from
analytical describing of coordinates of circle points:

x=R-cost, y=R-sint, )

where t is the time interval that represents the
speed of movement and has a form of angular
increment between two neighbouring points on the
circle. The lesser this parameter is, the more
accurate the circular interpolation is.

For increments in appropriate axis, it can be
written

Ax = —y At, Ay = x At. 3

Resultant relation for increments represents
unassuming calculation, their value is given by
both the actual coordinates of i-point on the
circular trajectory [x;, yi] and the time interval At,
whereby the coordinate y determines the
increment in x-axis.

4. Computing interpolation method

The fundament of this method is to compute the
variable D according to the known analytical
description of trajectory. If D > 0, so the actual
position X is increased by elementary increment, if
D < 0, so the actual position Y is increased [2]. At
initial position, if the start point of generated
trajectory is simultaneously the first point of
interpolated trajectory, it is necessary to decide
what direction the first increment should be
generated in.

In the figure 3 there is displayed the common
principle of this method.

elementary
increment

D<0

Figure 3 Computing interpolation method

For circle generation by this interpolation method it
is necessary to know the equation of the circle, i.e.
its radius and, as it arises from the technique of
this interpolation, the step that the circle is
interpolated with.

Analytical describing of circular trajectory is given
by equation
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x4+ yi=R'=x*+yv*—-R¥=0 (4)
At time t it can be written:
x; +y; —R*=D,. ©)

If the increment Ax is sent at time t + At, the
equation changes

(x, +8x)* + ) —R* =D, ©)

and after substitution

D,y = D+ 2Ax + Ax? ()

If the increment Ay is sent, the following equation
can be obtained:

D.., =D.+ 2Ay+ Ay*. (8)

It is found out that the values +2x + 1 for Ax
increment and +2y + 1 for Ay increment are
sufficient for practical applications. The sign of
summation or subtraction is determined by the
quadrant that appropriate circular arc is situated in.
At this interpolation method, the radius R of the
circular trajectory and the value that is incremented
in appropriate directions have to be selected.

For a real generated trajectory by means of cross-
table there are selected interpolation parameters
as follows: circle radius R = 40 mm, increment Ax
= Ay = 0,2 mm, centre of circle lies on the point
[0,0]. Generation of circular arc only in one
quadrant of coordinate system allows better
reading of resultant trajectory, therefore the
generation in the 1. quadrant is selected. Resultant
trajectory is displayed in the figure 4; passed
trajectories in particular axis as time functions are
displayed in the figure 5.
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Figure 4 Generated trajectory
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Passed trajectory[mm]

Time[s]

Figure 5 Displacement X and Y dependent on time

In the figure 6 there are displayed deviances of
generated really passed trajectory from an ideal
one.

i

deviance [mm]

Figure 6 Deviance from an ideal circle

5. Circular interpolation with constant step Xg
This interpolation method is based on constant
speed in x direction; the speed in y direction is
variable. The circle is substituted by linear sections
with variable slope that defines the speed in y
direction (figure 7).

y

Y

Xe Step Xk

Figure 7 Constant length step

The linear section BC is determined by coordinates
of points B[R, 0] and C[Xc, Yc], whereby:

x. =R —iX,, 9)
I
}’r::*quR:_xth (20)

where i is the number of section.

For the real experiment, the step Xk is set to 4 mm,
circle radius R is 40 mm. Relative speeds,
computed with regards to both the slope of linear
sections and the maximal speed v, are displayed
in the figure 8. Generated and ideal trajectories
and their deviance are displayed in the figure 9
and 10.
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Figure 10 Deviance of real and ideal trajectory

Maximal deviance 1 mm originated on the first
linear subinterval; the deviance on the others
subintervals is in the range from -0.1 to 0.2 mm.
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6. Circular interpolation with constant deviance
In this case, the deviance ¢ is defined and end
points of linear subsections are not placed on
interpolated circle but on the circles expressing this
deviance. It is supposed that the upper and lower
deviance have the same size (figure 11).

Y

Figure 11 Constant deviance

The interpolation subsections are given by the size
of deviance 9§, that determines the circular arc with
the chord length

t = 24/6(2R— 8). (11)

The angle, which this chord determines on the
circle with diameter R, can be computed as follows

t
o =ay = 2 arcsin—, (12)

what is angular increment. Therefore, the
coordinates of appropriate points are

x; =R cosa,, (13)

y; = R sina,, (14)

Generated and ideal trajectory with diameter R =
40 mm and desired maximal deviance 6 = 1 mm
are displayed in the figure 12, the deviances of
particular trajectories in the figure 13.

40 V== - F————— T H
i | | |
| \;\ I |
| 1 | |
| | |
| N |
30 +——————- d-———————= === A———————- 1
I | | |
| | | |
| | |
I | I |
_ | | | |
£ | | \ |
£20 - B r——————- N T
> —— Realtrajectory : : \ :
| | |
Idealtrajectory : : :
] L | i
10 f======= [ T T [ ]
| | | |
I | | |
| | | |
| | | |
| | | ]

| | |
0 t t .
0 10 20 30 40

x [mm]

Figure 12 Generated trajectory
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Figure 13 Deviances of trajectories

From the deviance curve of generated and ideal
trajectory it is evident that assessed maximal
deviance was observed. The deviance curve of
interpolated and ideal trajectory shows that
interpolated trajectory has greater deviance than
was desired. However, this deviance does not
affect the real generated trajectory, what is caused
by mechanical properties of laboratory model
components, time sequence of control program,
and time delay at computing of manipulated
variable size by numerical controller.

7. Conclusion

Demonstration interpolated trajectories were
chosen in regard of pointing to the differences
between particular generation algorithms. By
comparison it was found out that the algorithms of
constant step Xk and constant deviance & have the
maximum deviance from the ideal state.
Decreasing of defining parameters would lead to
their minimisation. In the further research, the
deliberation of continuity of neighbouring sections
has considerable importance, what has an
influence on smoothness of resultant trajectory.
Improvement of accuracy can be ensured by faster
communication and data transmission from
incremental position sensors, e.g. by wireless
technology [3], or their faster processing in control
computer.
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Abstract

Function and lifetime of a lubricated sliding bearing
depends on the flow rate of the oil (bulk flow) and
the size of the inlet pressure. In this paper, we
compare the computed standardized values of
required oil flow rate to experimentally observed
results for the radial sliding bearing that is statically
loaded on the Tribotester. The flow rate is
determined depending on the inlet pressure and
position of lubricant gap considering the external
loading force, set by the angle y[1].

Keywords:
sliding bearing, oil flow rate, pressure of oil,
lubricant coating, Sommerfeld number

1. Introduction

Almost all machinery includes rotating parts that
are stored in the bearings. The role of the
mounting is to allow relative movement of the
machine parts that transmit static, quasi-static or
dynamic loads. One of the basic types of storage is
the one used by the radial sliding bearings [2].

It is necessary to properly design and operate the
sliding bearing to fulfill the desired function during
its life. Theoretical design of the radial sliding
bearings is given in the standard STN 02 3400, the
standard 1SO/DIS 7902 and other related technical
standards and regulations. An important
requirement for the proper function of the bearing
during its operation is sufficient lubrication with a
suitable lubricant. Many researchers are
concerned about the theoretical solutions of
hydrodynamic lubrication of the radial slide
bearing. Their findings were published and are
being published in a number of theoretical works.
All of the works just evade, or only very generally
deal with the volume flow of lubricating oil in the
bearing [3]. The bulk quantity of oil that is
necessary to transport to the bearings under
certain pressure is proposed by the theoretical
calculation according to certain regulations. The
required values of respective quantities are being
instated from the diagrams in the standard during
the computation. This leads to some inaccuracies
in determining the actual requirement of the oll
volume flow through the bearing.

2. Method
The aim of this paper is to compare the calculated
necessary volume flow rate of the oil based on the

technical rules with the experimentally determined
volume flows of oil. The following is compared:
selected radial sliding bearings, oil inlet pressures
and the position of the entry of oil into the bearing.
The theoretical needed oil bulk flow (flow rate)
consists of parts of side outflow. After summation
of these factors the total flow rate is:

_ ds-(.Ue(Rl'b'S'ﬂ'w+S'd'po'!//{:')
- 8-b-n 1)

Q

where:

d nominal pin diameter (m),

we hydrodynamically effective relative bearing
clearance,

R; characteristic number of side outflow,

b width of bearing (m),

¢ relative eccentricity of pin,

n dynamical viscosity of oil (Pa.s),

w angular velocity (rad.s™),

S characteristic inflow number,

po inlet oil pressure (Pa).

p.:j max

Figure 1. Distribution of Oil Pressure
in Sliding Bearing

Direct measurement of oil flow, that flows out
through front of the bearing is very inaccurate.
There is uncontrolled dispersion of oil into the
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environment. This is the reason why the method of
measuring the interval, during which the
predetermined volume of oil is transported to the
bearing, was used. Accuracy of such measuring
method of flow rate is severalfold higher.

The basic element of the measurement was the
transparent glassy cylinder with the calibrated
inner diameter, that was filled with oil. The
transparent cylinder allowed us to adjust by the
amount of the oil column scale. The oil column
represented the predetermined volume of oll
transported into the bearing.

The volume flow of oil through the bearing
depends upon non-dimensional Sommerfeld
number Syp. This number characterizes the size of
bearing, its load, angular velocity of pin rotation,
relative bearing clearance and dynamic viscosity of
oil. The bearings with parameters according to
Table 1 were chosen for the experiments.

Table 1. Parameters of the Test Bearings

. Average
Bearing b/d (mm) Clearance S
(um) °°
l. 20/16 35 1,35+ 1,58
I. 32/40 50 1,8 +2,45
. 47,2/59 70 3,6 +3,8
V. 64/80 73 3,75+4,5
V. 80/100 88 47+53
\;
*_‘\‘ \_k
COMPRESSED AR
\ B

77
i

Figure 2. Schematic View of Testing Device
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Legend to Figure 1:
Tribotester

Control unit

Source of compressed air
Storage tank of oll

Stop valve of ol
Reducing air valve
Control manometer

Split grip holder

Pin bearing test

10 Loading of bearing

11 Temperature sensor

12 Calibrated measuring glass cylinder

O©CoOoO~NOOPAWNPE

The choice of bearings was adjusted to meet the
requirement that the range of Sop had to be the
biggest (1,35 + 5,3) as far as it was possible with
the experimental equipment that was used.

The pins of the bearings were made from steel
St50 2, the bearing shells from material
CuSnl0P1. Average arithmetical abrasiveness of
pins was R,y = 0,09 uym, and for bearing shells it
was Ry = 0,5 um.

High-grade bearing oil OL-J3 (1ISO VG3) was used
as the lubricating medium. It is highly refined oil
that contains antifoaming additives and
antioxidants in compliance with DIN 51 502:C. The
oil was transported into the bearings by standalone
lubricant gap. The experiments were performed for
oil inlet under angle of y = 0° y=45° and y = 60°.
The angle was given by the resultant of outer load
in the direction of pin rotation. The measurement
was performed for the inlet pressures of oil into the
bearing of py = 0,2 MPa, po = 0,4 MPa and po = 0,6
MPa.

Figure 3. Split Grip Holder of Tribotester
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The bearings were loaded with force of 1 471 N.
Angular velocity of pins rotation in the bushings
was w = 83,776 rad.s™.

3. Results

The measured values were statistically processed.
Figures 4, 5 and 6 graphically present the biggest
differences between theoretical calculation and
experiment.

The deviation angle of oil inlet y = 0°:

Theoretically calculated values of flow rate, when
Soo < 3 and pg = 0,2 MPa, are lower than
experimentally measured. For S,p > 3, the results
are opposite.

For pressure of 0,4 MPa and S,p < 3,2 the
calculated values are somewhat smaller than
experimentally measured. For Sop > 3,2 the results
are opposite and the differences are bigger.

The calculated values for p, = 0,6 MPa and
Sop < 3,6 are moderately smaller than measured.
For Soo > 3,6 the opposite is true, but the
differences are considerably smaller than with the
previous pressure.
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Figure 4. Dependence of Volume Flow Rate
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The deviation angle of oil inlet y = 45°:
There is match for Syp = 3,5. For Sp > 3,5 and
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Figure 5. Dependence of Volume Flow Rate
in Sep, ¥ =45°, po=0,2 MPa

pressure po = 0,2 MPa, the theoretical values of
flow rate are bigger than measured. The
differences are much smaller than with value of 0°.
The same conformity as in the previous case is for
Sop < 4,5 for pressure of 0,4 MPa. If Sop > 4,5 then
the computed values are higher, but the difference
is smaller than the previous.

When pressure p, = 0,6 MPa, there is very good
congruence of experiment with theory within the
whole monitored range of Syp.
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Figure 6. Dependence of Volume Flow Rate
in Sep, ¥ =60°, po=0,2 MPa

The deviation angle of oil inlet y = 60°:

The calculated values for Syop < 2,5 and py = 0,2
MPa are lower than in experiment. If Sop > 2,5 the
situation is reversed and differences are
significantly bigger. The contrasts begin to
decrease from the value of Syp = 5.

If Sop < 4,5 and py = 0,4 MPa the differences of
values are very small and for higher Sgp the
theoretical values are smaller than the
experimental. The contrasts are lesser than in the
previous case.

For Sop < 4,3 and po = 0,6 MPa the differences are
minor and above the value 4,3 they are greater
than theoretical. Generally, they are smaller than in
the previous case.

4. Discussion

We can summarize the experiments performed on
the Tribotester compared to the calculations into
the following facts so far.

First, the bulk flow of lubricating oil depends on Syp
value and its gain causes the rate increase
according to exponential or power dependence.
Furthermore, the deviation angle of ail inlet into the
bearing from the external load affects the oil bulk
flow as well. The maximal values for the bulk flow
attained by calculation were proven also
experimentally for angle y = 45°, minimal values for
y = 60°.

Moreover, the oil bulk flow is considerably affected
by the inlet pressure po, by which this is conveyed
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into the bearing. There is an increase of the bulk
flow caused by the accrual of pressure.

The best equality between the experimental and
the calculated results was recorded for angle
y = 0°, with inlet pressure of p, = 0,6 MPa and
Sop < 3,5. Greater aberrations were recorded for
Soo > 3,5. The aberrations for inlet pressure
po = 0,2 MPa are the highest within the range of
Sop-

In case of y = 45° and lubricating oil inlet pressures
of pp = 0,4 MPa and 0,6 MPa, very good
accordance of results was detected within the
whole monitored range of Sgp. There was
accordance for pg = 0,2 MPa noticed only for Sqp <
2,6. The difference between the experimental and
the calculated values of bulk flow for S,p > 2,6 was
rising. It acquired its highest values for Syp = 5,2.
Fair accordance of results in the case of y = 60°
and inlet pressures of p, = 0,4 and py = 0,6 MPa
was detected for Syp < 4,5. The difference between
the calculated and experimentally measured
values of the oil bulk flow increased with rising
value of Syp. There was relatively big difference
between values of the bulk flow for p, = 0,2 MPa
within the whole range of Syp.

From the stated facts, it can be concluded that the
best equality was maintained for every angle with
higher inlet pressure of the lubricating oil. In case
of po = 0,2 MPa, there were detected some
differences, in some instances higher than 50%,
for lower values of Sgp. It results from the
presumption that if p, < 0,4 Mpa, then the bearing
space is not coherently filled with the lubricating
oil. Except for some cases, the calculated values
of the oil bulk flow were higher than experimentally
detected. It means that theoretical solution shows
certain safety that comes from the higher flow rate
as the experimentally reached reality. There is no
limit friction. The liquid friction is secured during
the operation, which is the inevitable precondition
of right function of the hydrodynamically lubricated
sliding bearings.

The maximal values for the bulk flow of lubricating
oil were recorded for y = 45°. Therefore, the angle
of y = 45° is recommended for use when increased
temperature of the bearing is expected, for
instance due to the environmental conditions.
Greater oil bulk flow ensures better heat removal
from the bearing [4].

5. Conclusion

When designing a radial sliding bearing, it is
therefore very important to design the flow rate of
lubricating oil and the size of inlet pressure. Proper
functioning of the radial sliding bearing depends on
these quantities [5].

It is possible to define the actual required capacity
of oil transported to the bearing by researching the
flow rate. The purpose is to achieve
hydrodynamical lubrication. For proper functioning,
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it is necessary to transport the lubricating oil into
the bearing under certain pressure. The integrity of
lubricating film on the contact surface of bearing
depends upon the inlet pressure [6]. The
achievement of liquid friction in the whole bearing
is unconditionally necessary for formation of
hydrodynamical lubrication.

Moreover, the amount of exhaust heat depends on
the volume of oil, which is being transported into
the bearing. This amount of exhaust heat by
excurrent oil affects the total temperature of oil
layer. Viscosity depends on this layer, which
influences the load capacity of bearing. Total
temperature of the bearing also depends upon this
layer. It has direct influence on the safety in
operation and bearing life. It affects the bearing
clearance, as well. The bearing clearance
interrelates with the precision of mounting sliding
of machine parts.
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Abstract

Plastics have various thermal stabilities that
are depending on the structure of polymers chains.
Therefore is very important to know these
properties, which influences temperature regime
processing equipments. In this contribution are
presented examples differential scanning analysis
(DSC) and thermogravimetry analysis (TG) of
selected plastics in protective atmosphere of Ar as
well as in oxidative atmosphere of synthetic air.
These analyses serve for proposition of
temperature regime of processing.

Keywords:
plastics, polymers, processing, differential
scanning calorimetry, thermogravimetric analysis

1. Introduction

The importance of polymers lies in distinct
advantages that they offer. These advantages
include: light weight, good thermal and electrical
insulation properties, resistance to corrosion
effects, chemically inert, high strength and
dimensional stability, absorption of mechanical
shocks, good dyeability, potential for decorative

surface effects, low production costs [1].

Future progress in polymer technology may
depend mainly on the same factors that produced
the recent fast growth. Some of the main factors
include [2]:

- Improved understanding of polymer
characteristics, especially long-term and under
combined stresses (that is, under combined
mechanical, thermal, and chemical effects).

- Development and utilization of new materials
and combinations of materials, especially in
reinforced plastics or composites. Steady
reduction in materials costs relative to
competing materials, taking advantage of low
energy requirements for processing, and
economies of scale.

- Invention and commercialization of new
processes.

- Continued improvement in quality, in part due
to further automation and in-line measurement
and control.

- Advancement in recycling technology to reduce
environmental consequences of wider use of
nondegradable materials.

One of the first steps in polymer product
design is selection of candidate materials by the
design engineer, in cooperation with production
engineers, toolmakers, and marketing personnel.
Therefore, an understanding of the chemistry of
polymers, and the additives used to modify their
properties, is essential for good communication
between all of the key personnel involved. This is
especially true in the evaluation and exploitation of
a new polymer of polymer alloy, where the user
must consider chemical composition, as it reflects
on the performance of any product that is being
promoted for public use. The user must also
consider the effects of chemical composition on
safety in processing, waste disposal, and durability
in all sorts of environments. A similar relationship
between product and material exists in all
technologies; e.g., a machine shop supervisor
must know enough about metallurgy to recognize
when there is a metallurgical problem and be able
to exchange information intelligently  with
metallurgical experts [2].

During their production, processing and
application, polymers are often subjected to
temperature-dependent structural changes.
Thermal analysis for characterization of polymers
is widely practiced today in research and industry

[1].

There are three different basic thermal
analysis  techniques: differential scanning
calorimetry (DSC), thermogravimetric analysis
(TG) and thermomechanical analysis (TMA) [2].

DSC instruments are widely used for the
thermal characterization of polymers [3]. DSC is a
technique that measures heat flow into or out of a
material as a function of time or temperature. The
required sample size is relatively small and very
little sample preparation is required which translate
to fast analysis time. In a DSC measurement,
information about thermal and mechanical history
(processing influences, crystallinity and curing,
service temperature) is revealed by the first
heating curve and for forensic comparison of
chemically similar samples thermal history plays an
important role because subsequent controlled
cooling creates a “new” known specimen history,
which gives same characteristic properties to all
materials [4]. The advantage of DSC compared
with other calorimetric techniques lies in the broad
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dynamic range regarding heating and cooling
rates, including isothermal and temperature-
modulated operation [5]. DSC is a useful tool for
characterizing thermoplastics by determining the
glass transition temperatures. This technique is
especially useful in the characterization of
copolymers and blends where this information may
be directly applied to determining the formulation
changes required to improve physical properties
[6, 7.

2. Method

Differential scanning calorimetry (DSC) and
thermogravimetry (TG) measurements were
employed in this study. Both measurements were
performed on a Netzsch STA 409CD Simultaneous
Thermal Analysis Apparatus (fig.1). This
instrument is able to record both measured values
(DSC and TG) in same time.

Figure 1. Netzsch STA 409CD - Simultaneous
Thermal Analysis Apparatus

The samples were tested at non-isothermal
conditions at the same scanning rates of 10K/min
in two steps: heating and cooling. The temperature
range of measurement was from room temperature
to 350°C. Each specimen, i.e. Polyactic Acid (PLA)
and High Density Polyethylene (HDPE) was
measured in inert and also in oxidizing
atmosphere.

First measurements were conducted in
protective atmosphere of pure Ar (99,9999 vol.%).
The evacuation and purification of furnace by Ar
was done before measurements. The gas flow of
Ar during measurement was 60 ml/min.
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Measurements in oxidizing atmosphere
were conducted in static air in furnace without
active gas flow.

Samples were loaded onto an aluminium
pan covered by aluminium lid. The weight of
samples varied between 3,9 mg and 8,7 mg.

The thermal properties such as glass
transition temperature (Tg), melting temperature
(Tm) and solidification temperature (Ts) were
measured. The thermal stability of the samples
was investigated with a TG.

3. Results

In Fig. 2 is the DSC-TG result of PLA sample
(6,5mg) tested in Ar protective atmosphere. The
mass of PLA sample for DSC-TG measurement in
the static air atmosphere was 3,9 mg. In the Fig. 3
is DCS-TG record (heating and cooling) of this
sample in axis of TG (left), DCS (right) plotted
against Time.
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Peak: 157.7 °C Lexo [o7
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110
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Figure 2. DSC-TG record of PLA (6,5mg)
measured in argon
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Figure 3. DSC-TG record of PLA (3,9 mg)
measured in air

The DSC-TG result of HDPE sample
(4,5mg) tested in Ar protective atmosphere is in
Fig. 4. The weight of HDPE sample for DSC-TG
measurement in the static air atmosphere was 3,8
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mg. The DCS-TG record (heating and cooling) is in
the Fig.5. Axes are again in the TG (left), DSC
(right) versus Time coordinates.
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Figure 4. DSC-TG record of HDPE (4,5mg)
measured in argon
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Figure 5. DSC-TG record of HDPE (3,8mg)
measured in air

4. Discussion

Red DSC curve (PLA sample in fig. 2)
shows only endothermic changes in sample during
heating (10K/min). Glass transition occurred
around 61,4°C and complete transformation
finished at 65,3°C. The sample started to melt at
127,0°C, however the shape of melting peak
indicated that the major components of sample
started to melt at higher temperature 148,1°C.
Sample was completely melted at around 180°C.
The specific heat required for melting was 35,25
J/g. The melted sample was stable during further
heating until the temperature of 306,9°C had been
reached. After this temperature the sample
showed endothermic reaction which seems to be
unfinished at 330°C. Green curve represents TG
signal without correction to the empty pans. That is
why the slope appears on it. However at same
temperature of 306,9°C as the endothermic signal
increases, the TG signal starts to detect the mass
loss. These results suggesting that decomposition
of this sample started at 306,9°C. During cooling

no exothermic or endhotermic reactions were
recorded.

The temperature in fig. 3 can be read at
any time on the dotted linear lines (red in case of
heating and blue at cooling). Melting of the main
composition of the sample occurred at similar
temperature (148,5°C) as in previous
measurement in the Ar dynamic atmosphere. Over
310°C the sample starts slightly lose its weight, but
at 332,4°C it started lose weight dramatically,
followed by huge exothermic reaction, which is
probably burning of the sample. This exothermic
reaction has not finished during heating, but
continues also at cooling while whole sample is
burn out. After that the DSC and TG signals return
to the straight lines till is sample is cooled down to
the room temperature. The total mass loss of
sample is 89,41%.

Red DSC curve in fig. 4 (HDPE sample)
shows again only endothermic changes in sample
during heating (10K/min). The sample started to
melt about 100°C; however the major components
of sample started to melt at higher temperature
123,8°C and sample was completely melted at
137,5°C. The specific heat required for melting
was 153,5J/g. The melted sample was stable
during further heating. During cooling has occurred
exothermic reaction at 115,3°C.

In fig. 5 is shown that melting of this
sample started at 122,5°C at measurement in air
atmosphere. However at 259°C occurred
exothermic reactions at least in three steps related
with mass loss of about 11,3%. In DSC cooling
curve is shown exothermic reaction representing
solidification at 115,1°C. This measurement shows
that during heating at air atmosphere occurred
both, melting reaction and oxidative degradation of
HDPE sample.

5. Conclusions

In this contribution was present that
simultaneous TG-DSC measurements can be
utilized for determination of melting temperatures
as well as for determination of thermal degradation
in protective atmosphere and thermal oxidation in
air atmosphere during heating.

These measured values can determine
optimal temperature parameters of plastic
processing technologies, i.e. extrusion, injection
moulding, blow moulding and rotation moulding.

It was found that PLA degrade in both
measurements, in Ar protective atmosphere as
well as in air oxidizing atmosphere. In other hand
the HDPE is much stable, during heating in Ar
atmosphere does not occurred any exo or endo
reaction or mass loss.

The difference of those two polymers is
connected with diverse of their macromolecular
structures.
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The results showed that this method is
suitable for further evaluation of rheological
properties, especially the temperature range of
polymers thermal stability. Through this method
the influence of additions to the temperature
tracking could be determined. The present
measurement results are an important parameter
for next treatment of polymers.
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Abstract

Solving optimization problems from the standpoint
of construction stress and deformations can be
carried out scientifically also on the telescopic jib.
It is mainly due to the fact that despite a broad
spectrum of the telescopic jib utilisation there are
no generally valid, scientifically proven and
presented theoretical principles for their designing.
From the viewpoint of the classification of
mechanics, the arm of telescopic jib as a subject of
study can be ranked among thin-walled
constructions. In fact, it is a case of enclosed thin-
walled bars stressed in operation by a combination
of bending and torsion moments. Applying the
Finite Element Method (FEM) in connection with
the CAE system ANSYS, it is possible to design an
optimum shape of the cross-section of the
telescopic jib arm. Comparing the calculated
values of stresses and deformations with the
values obtained by experimental measuring, it is
possible to evaluate the effectiveness of the
optimization process.

Keywords:
optimization, Finite Element Method, thin-walled
constructions, CAE system, ANSYS

1. Introduction

The telescopic jib presents a unique design
solution through which it is possible to reach a
wide range of work positions of the equipment at a
high accuracy of the work cycle. Its universal
utilisation is just that feature which predetermines it
to be used in manipulators, building, earth-moving
and agricultural machines. It is mainly due to the
fact that a relatively wide assortment of working
equipment can be attached to the end of telescopic
jib arm. Individual types differ from one another in
their structure mainly because they are designed
for various operating conditions and different
equipment. The individual producers” team of
designers use mostly their own know-how which is
a subject of patent protection in many cases. The
application of the optimization module, which is
part of the majority of high-end CAE software,
allows to design the construction of technical
parameters for so general utilisation as possible.
From the functional point of view the telescopic jib
presents a constructional arrangement of
components which are called “guiding” in the
technical practice. In fact, it is a system in which

the movable part is attached to the stationary part
and it moves along geometrically precise and
predetermined paths. Its main parts are the outside
arm, inside arm and the guiding elements. In
addition, it includes also other components which
ensure e.g. mutual shift of the arms and working
equipment. It is also necessary to consider the
effect of the axial rotation mechanism, although it
is not often part of the telescopic jib subsystem.
The thing is that it affects the design and
calculation themselves mainly by its dynamic
impacts. On the basis of the above mentioned
facts, we can state that the force proportions are
necessary to be evaluated from the viewpoint of
static load and with the effect of dynamic load. On
the one hand, the questions of force proportions
can be evaluated within complex loading, but at
the same time they can be observed separately,
i.e. from the viewpoint of statics or dynamics. The
relations concerning particular cases of load are
evaluated in two reciprocally perpendicular planes:
in the plane of jib stroke (vertical plane) and in the
plane of rotating around the vertical axis
(horizontal plane).

Within the analysis of loading forces in the vertical
plane it is possible to appraise two basic operation
modes: when lifting the jib or when backing it to the
support plate on which the equipment is placed. In
the process of lifting the bearing structure, the jib is
loaded by the mass of particular components, by
reactions activated in the places of jib locations
and by forces of lifting mechanism activity. From
the viewpoint of stressing, forces of the greatest
impact are those ones arising as a result of
external force application on the working
equipment which is usually fixed at the end of the
extensible arm. If it concerns the using of the
telescopic jib when lifting a certain load, then the
external loading is mass of the given load.
Generally, it is interaction of working equipment
and the object of work cycle of the given
equipment. In the case of backing the working
equipment to the support on which is placed the
equipment, mass of the load does not act. The jib
is loaded by pressure force arising as an effect of
the mechanism acting and its running in the
vertical plane. If it concerns mobile working
equipment, the analysis of external loading in a
simplified case reduced to solving of the classic
task of balance of moments. In both cases (lifting
or holding down), it is assumed that stabilizing
moments equal tiling moments (Fig. 1)
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Figure 1. Solution of Moment Balance on the
Telescopic Jib

1. fully extended internal arm ( point S;)

Q1.l=Gy.eq (1)
2. fully inserted internal arm ( point Sgp)
Qo(l - Z). =G;.6 (2)

The intensity of external loading force Q; at fully
extended jib or Qq in fully inserted jib in case of the
balance of stabilizing moments is then:

e €
Ql = I—lGl or QO = r()z)Gl (3,4)

In the horizontal plane, the jib is loaded by the
component forces originating while inserting the
telescope at eccentric acting on the working
equipment at the end of internal arm or at its
rotating around the vertical axis, the jib is backed
to rigid hold-back.

For dimensioning and the analysis of the state of
stress concerning the internal arm, it is necessary
to observe the whole operational capacity of the
internal arm which is given by length of its
extending from the zero position up to the position
of maximum extension. For the complete range of
extension we have to find out the intensities of
reaction in the front and back jockey wheels and
the level of bending moment. From the viewpoint
of stressing the internal arm, an infavourable
position appears to be the maximally extended
internal arm in the horizontal position loaded by
external force Q (event. force N). Even more
infavourable stressing occurs when vertical force
acts eccentrically when load of torsion moment
joins bending stressing.

Optimization can be defined as a process of
achieving such a construction design which is the
best of all possible designs with respect to the
prescribed aim and the given set of geometric
limits to behaviour (state) of the system. From the
viewpoint of the problem specification in case of
the telescopic jib, it is suitable to set the internal
(extensible) arm of the telescopic jib as an object
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of the optimization analysis. The change of some
of its strength parameters (except of height and
width of bearing cross-section) has the least
response to interlinked constructional parts of the
equipment in the system: internal arm — external
arm — equipment frame — all the equipment. As
the external dimensions of the arm have to be
retained, the only possibility to optimise the
bearing cross-section is only to modify the
thickness of bearing plates. It is also due to the
fact that the construction, in principle, does not
enable to use additional crossbracing. Actually,
inside the arm there is a linear hydraulics for arm
extension and hydraulic distribution of control of
the working equipment.

2. Method
An example of such optimization process is
optimization of the internal telescopic jib arm of the
universal working equipment UPS 112 developed
by the WUSAM a.s. Zvolen (Fig. 2).

s
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~
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320
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Figure 2. Design and Basic Dimensions of the
Telescopic Jib

Optimization calculations have been carried out by
the method of finite elements by means of the
ANSYS software which is owned by the
Department of Mechanics and Mechanical
Engineering, the Technical University in Zvolen.
The theoretical and practical bases for carrying out
these calculations were the results of experimental
tests done on the prototype of the UPS-112
equipment. During the test was measured the tilt
load of the equipment according to the previous
considerations of the main load force. The tilt load
has been measured by means of the tensometric
dynamometer and the measuring probe of 200 kN.
Moreover, the tensometric measurements have
been carried out on predetermined parts of the
telescopic jib. For this purpose, the equipment for
data collection and processing, model DAQ-664
(Fig. 3, produced by Kraus Messtechnik GmbH)
and the tensometers models 3/120LY111 and
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6/120RY11 (produced by HB Messtechnik,
Germany) have been used.

~
\__"

-

Figure 3. Data Logging and Processing Equipment

The obtained measured values of tilt load have
been the input parameters for the analysis of state
of stresses and deformations state and also for
optimization by means of the FEM. The data
obtained by tensometric measuring served to verify
correctness of the calculation model, when
achieved measured values of stresses and
proportional deformations on the prototype were
compared to calculated values. The comparison of
calculated data and results of tests has been
carried out in the two ways.

The former one was to find out stresses and
deformations on trajectories which were passing
through the places of measurement by application
of the command Path Operation in the General
Postprocesor menu.

The latter one was to find out values directly in the
particular nodes in hypothetical places of mounted
tensometers using the command Query Results —
Subgrid Solution. Comparing the calculated values
and measured values, we have found out that the
data are similar and so the closer calculation
model is correct.

The basis for creating the calculation model for
ANSYS was the 3D model designed in the Creo
Parametric software. The transfer of 3D geometry
of the model into the ANSYS environment was
carried out by the application of the Import
command which enables a direct download of its
geometry in the form of volumes, areas and
keypoints. Two calculation models have been
created. One was created by means of the type
element SOLID95, the other one by means of the
type element SHELLG63.

SOLID95 is a higher version of the 3D 8-node solid
element (SOLID45). It can tolerate irregular
shapes without as much loss of accuracy.
SOLID95 elements have compatible displacement

shapes and are well suited to model curved
boundaries. The element is defined by 20 nodes
having three degrees of freedom per node:
translations in the nodal x, y, and z directions. The
element may have any spatial orientation. The
element has plasticity, creep, stress stiffening,
large deflection, and large strain capabilities [6].
SHELL63 has both bending and membrane
capabilities. Both in-plane and normal loads are
permitted. The element has six degrees of freedom
at each node: translations in the nodal x, y, and z
directions and rotations about the nodal x, y, and z
axes. Stress stiffening and large deflection
capabilities are included. A consistent tangent
stiffness matrix option is available for use in large
deflection (finite rotation) analyses [6].

Parameters of both meshed calculating models are
given in Table 1.

Table 1. Parameters of Meshed Models

ELEMENTS | NODES | AREAS | LINES
SOLID

WD | 30107 | 77178 | 424 | 882
S%ESLL 13110 | 13301 | 239 | 600

Optimising calculations have been made on the
calculating model created by means of the element
type SHELL63. It was mainly for the reason that
calculating model created from the elements of
SHELL63 type was less time-consuming in the
applied hardware. The decision to use the specific
element type was made also because the analysis
of the state of stresses and deformations, which
had been carried out before optimising calculations
on both model types, showed almost no
differences in the results.

The calculations have been carried out in 11
different load states of external load. The main
task of calculations was to optimise bearing panel
thickness of the internal arm.

The first optimising calculation was carried out for
the load acting in the axis of symmetry of the arm.
Next ten calculations differed from this alternative
by the fact that external load force in particular
cases gradually worked outside the mentioned axis
of symmetry, i.e. it affected the particular arm.

As a final consequence, it caused that, in addition
to bending moment, the jib arm is loaded also by
torsion moment. The intensity of the moment was
being increased, so that the arm of torsion moment
has gradually increased from the zero position up
to 1 meter. The increase of the arm for particular
calculation positions was determined as 0.1 meter.
In all cases the external load force equalling to tilt
force (28.2 kN) was considered.
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3. Results
The result of optimising calculations has been the

finding out alternatives of bearing plates thickness.
The alternative values are presented in Figure 4.

ANSYS

THICKNESS [mm]

NUMBER OF ITERATIONS
Figure 4. Alternative Thickness of Plates

Due to the extent of the article, there are given
only optimization parameters of load force affecting
the considered maximum arm of load force. In
addition to stated thickness of plates (T1 and T2)
in the graph are included also other input
optimization parameters (Tab.2. B1 and H1) which
have not been considered and evaluated because
of the extension of the work.

Table 2 List of Optimization Sets - Output from the
ANSYS (*SET 1 - basic design)

H1 Bl T1 T2
*SET 1 | 290.00 280.00 15.000 10.000
SET 2 | 296.18 279.14 12.760 15.386
SET 3 | 296.18 282.36 21.957 5.0499
SET 4 | 286.73 276.41 20.855 13.732
SET 5 | 292.38 271.40 11.946 6.6867
SET 6 | 289.79 289.79 17.633 7.2634
SET 7 | 297.17 287.37 22.454 7.2354

The basic dimensions and parameters of the
objective arm are stated in the Figure 2. The
design of steel constructions within the present
complexity of machinery cannot be only a matter of
designer’s sense and intuition. The application of
such unprofessional processes often leads to
degradation of the initial intention of the technical
solution. Eventually, this implies the two extremes
— the construction is either overextended or
underextended [1].

The first case means an unreasonable and
excessive increase of weight, which is not so
disastrous from the viewpoint of overall
functionality of the given construction.
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The undersizing may bring more after-effects. In
this case, such stresses and deformations can
appear that cause destruction of some part or
several parts of the construction. Thus, the
construction cannot meet functions which it was
initially designed for [3].

4. Conclusion

The telescopic jib represents a relatively complex
bearing steel construction. Although particular
construction designs are quite different, their
calculation scheme is essentially identical. As it
has been already mentioned in the previous
chapters, from the viewpoint of calculation it is
important to take into consideration more
calculation positions of specific jib arms.

Within the positions, it is necessary to analyse
specific elements of external load and to find the
most unfavourable combination of the arm
positions and external load. Such a combination
seems to be maximally extended jib at
eccentrically acting external load force. With
regard to the above mentioned facts we can carry
out the analysis of stresses and deformations.
However, we do not consider only this specific
situation, but each situation where extreme values
of stresses and deformations can be assumed.

By application of the FEM in connection with the
computer equipment, it is possible to cope fully
with the problem of optimization of any steel
construction including the telescopic jib. The
obtained results can form a general theoretical
background for designing the specific types of
telescopes because such a publication of the
know-how has not been available up to now.
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Abstract

Modern gait analysis has proven to be very helpful
in obtaining vital information in the rehabilitation
and medical intervention of gait pathologies.
However accurate systems are rarely employed
due to their high investment and relatively
restricted measurement environment. This paper
will propose an alternate method for obtaining
kinematic gait parameters using Inertial Measuring
Units (IMU). To establish a benchmark of the
results, the Vicon optical motion capture (OMC)
system records the gait events in unison with the
IMU, and the resulting data is compared. The
results show that when properly implemented, joint
angles and accelerations in the lower limb
segments correlate very well, however more inputs
are required if we desire a full kinematic analysis.

Keywords:

gait analysis, inertial measuring unit, telemedicine,
Kalman filter.

1. Introduction

Currently, the most widely accepted gait analysis
methods employ the optical motion capture
method (OMC) to measure patient activity in a
clinical laboratory. The OMC systems have
established themselves as a very effective tool in
the diagnostics, intervention, and optimization of
gait parameters [1]. The problem with these
systems lay in their cost and flexibility. OMC
systems employ several expensive cameras to
triangulate the position of physical markers in
space and the size of the measurement volume
typically determines how many cameras we can
use. The OMC also requires strict environmental
conditions to ensure reliable tracking of the
markers. The advent of MEMSIC accelerometers
and gyroscopes have allowed us to construct
affordable Inertial Measuring Units (IMU) capable
of measuring the approximate attitude of the
sensors local coordinate system LCS relative to
the global coordinate system GCS, through the
implementation of a Kalman filter [2]. IMU’s can be
wireless with on board data logging and can be
made to withstand a wide variety of environmental
condition, expanding the possibilities for
measurement’s to occur away from specialized

laboratories. Being able to accurately measure gait
parameters through such affordable systems
would broaden the application of gait analysis and
hopefully increase the standard of living for all that
would benefit from gait related intervention.

2. Principles of the IMU

An IMU combines accelerometer and gyroscope
data through a complimentary filter to obtain a
good estimate about the actual state of the system.
Accelerometers can accurately measure the
orientation of the system provided we have static
conditions.

Figure 1. Vector representation of accelerometer in
space

Since we know that in nearly static conditions the
magnitude of the resultant acceleration must equal
9.81m/s” (due to gravity) with an orientation directly
downward, we can use basic trigonometric
relations to solve for the joint angles. However, in
gait analysis we are trying to measure a highly
dynamic system, thus measuring attitude with the
extremely sensitive accelerometer will yield un-
interpretable results. The gyroscopes on the other
hand are not as prone to external noise and are
very accurate in measuring the angular rate about
the sensors principle axes. However, in order to
obtain kinematic results, we must integrate the
angular rate to obtain joint angles. This integration
results in gyro drift, a well-known phenomena with
gyro sensors [3], which can be corrected with our
accelerometer measurements and a
complimentary filter.
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3. Obtaining the Attitude from Measurements

In order to obtain an accurate estimate of the
sensors orientation, we use a complimentary filter.
The Kalman filter has been proven to be most
effective in this respect [4] and therefore it is
implemented were the state is given by:

X, = Ax, +Bu, +w, 0
and the inputs are from the measured
accelerometer inclination and inclination obtained
from gyroscope integration, while the gyroscope
parameters are obtained separately.

4. Apparatus and Method

The IMU consists of a 3-axis analog *5g
accelerometer from analog devices and a dual axis
analog  +100deg/s  gyroscope from ST
microelectronics. Both sensors are mounted
orthogonal to each other on a custom chassis. This
chassis is mounted on the center of mass (COM)
of the patient's lower limb segments, calculated
according to [5]. The marker set used for the OMC
are mounted similar to the Helen Hayes simplified
marker set. The setup can be seen in figure 2.

Figure 2. IMU’s mounted on patient

The patient is instructed to assume an upright
posture while the IMU and OMC system is
activated; this allows the IMU time to obtain some
initial conditions about the system. The patient
than performs several gait cycles and again
assumes an upright posture at the end of each
measurement. The data collected is processed
and exported into the MATLAB environment for
further processing.
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5. Results

Figures 3, 4, and 5 show the results from the OMC
measurements versus the IMU measurements,
while the correlation between both methods is
found through the Pearson correlation coefficient
given by:

R n2xy—(Xx)y)
NE)-E0*\nEy)-Ey°

were values closer to 1 represent a higher
correlation between each method.

vs IMU angle i (sagittal plane)
T T T T

Videography
IMU+Kalman fier
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Figure 3. Angle comparison between the OMC and
IMU measurements for right shank

Videographic vs IMU angle comparison (sagittal plane)
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Figure 4. Angle comparison between OMC and
IMU measurements of the right thigh
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Figure 5. Right knee flexion comparison between
OMC and IMU measurements
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Table 1.Correlation coefficients between IMU and
OMC data, SD — Standard deviation

SEGMEN . Correlation (R)
T Operation
LEFT | SD(deg) | Right | SD(deg)
Flexion-extension 0’:5 +1.08 0’:5 +0.93
Hip
Abduction- 0,59 0,60
+ +

adduction 4 4.96 3 5.14
Flexion-extension 0'388 +6.08 0'33 +5.04

Knee 0,40 0,58
Varus-valgus l8 +0.98 ’7 +1.05
Sagittal 0,94 +5.64 0,90 +6.38

2 9

Shank 0,84 0,64

Lateral ,8 +6.45 ’1 +7.19

6. Conclusion

The results show a very good correlation between
IMU and OMC results in joint angles in the major
planes making IMU’'s a viable substitute to
restricting OMC methods; however more inputs
into the Kalman filter are needed in order to obtain
complete kinematic information such as vertical
and horizontal position (translation). For future
works, it is highly recommended that a 9DOF IMU
is implemented in order to use heading information
to obtain all kinematic assets that a typical OMC is
able to record. Finally, according to the results
obtained, it can be seen that IMU’s have the
potential to be implemented into a more affordable
gait analysis package.
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Abstract

Nitrooxidation as a thermo-chemical treatment
significantly increases the mechanical properties,
corrosion and wear resistance. The nitrooxidation
process is possible to provide by several
procedures among which belongs also plasma
nitrooxidation, commercially known as PLASOX
process. In comparison to other nitrooxidation
processes, the PLASOX process is capable of
creating the compact surface layer of the same
thickness, but at lower temperatures and shorter
processing time. The paper deals with evaluation of
mechanical properties of steel sheets treated by
plasma nitrooxidation as well as their microstructural
analysis.

Keywords:
surface  treatment, PLASOX,
analysis, mechanical properties

microstructural

1. Introduction

Plasma nitrooxidation belongs to the non-
conventional methods of material surface treatment.
The RUBIG Company has created a thermo-
chemical treatment process also known as PLASOX
consisting of two separate steps. The first step of
process represents the surface cleaning (sputtering
process) and subsequently plasma nitridation in the
environment of ammonia (or mixture with other
gases). During this step, the diffusion layer rich in
nitrogen is formed. Surface layer after nitridation
can be formed by the white layer (called also a
compound layer) and the diffusion zone. The white
layer presence could be suppressed by subsequent
thermal treatment. The second step of nitrooxidation
by PLASOX process is oxidation in environment rich
in oxygen (vapours of distilled water or in plasma)
[1, 2, 3]. By oxidation process, the Fe,O3 and Fe;0,4
oxides are created on the material surface [4]. This
way treated materials manifest increased
mechanical properties as well as hardness and
corrosion resistance [2, 3].

2. Methods

As a base material for thermo-chemical treatment
by PLASOX process, low-carbon deep-drawing
steel DC 01 was used. PLASOX process was
performed on steel sheets with dimensions of
250%200%x1 mm. This material is used in automotive

industry for its very good formability. The chemical
composition of DC 01 steel is referred in Table 1.

Table 1 Chemical composition of steel DC 01 base
material

EN C Mn [P S Si Al
Identi- | [max.| [max.| [max.| [max.| [max.| [min.
fication| %] %] %] %] %] %]

DCO1 | 0,12 | 0,60 | 0,045 0,045/ 0,1 | -

Thermo-chemical treatment by PLASOX process
was realised in RUBIG Company, Austria.
Specimens were tested by tensile strength test,
Erichsen cupping test and microhardness
measurement.

3. Results

For microstructural analysis of steel sheets treated
by PLASOX process the scanning electron
microscope JEOL 7600-F was used. The structure
of material consists of three different layers, which
are documented in Figure 1. On the top of the
material, very thin oxide layer with thickness of 0.7
pMm was observed. White layer (most known as the
compound layer), which was observed under the
oxide layer, consists of € - phase and y’- phase [3].
White layer was composed of two parts. Top part of
the white layer was very porous and its thickness
was approximately 1.7 ym. The bottom part was
continuous, porous free and its thickness was
approximately 4.5 ym.

oxide layer

white layer

4
K

diffusion zone

Figure 1 Surface layer of the material after
PLASOX process
Below the white layer was a diffusion zone
consisting of y’-nitrides needles in ferritic matrix
(Figure 2).
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Figure 2 Needles of nitrides in diffusion zone [5]

Microhardness measurements

The microhardness measurement according to
Vickers was performed on Buehler IndentaMet 110
series equipment. The microhardness measurement
results, measured across the material thickness, are
documented in Figure 3. The first measurement was
performed in the depth of 15 ym from the surface
and the distance between two indents was
approximately 80 pm. Microhardness of surface
layer after PLASOX process was
approximately 250 HV 0.1, representing the 150 %
increase in comparison to the DC 01 base material.

260 -e- DCO1
- PLASOX
240
*
220 /
200
-
£ 180 o«
160 So— < —*—¢

140

120 -

1000 .g-0-0--0..9.-0- ‘0-.9-0. o 9--0
T

0 I 1(IJU I 260 I SII]O I 460 I 560 I G!I]O I 7l'|10 I 860 I 9!I]0 I10|00
Distance from the surface [ um]
Figure 3 Microhardness comparison of treated and
non-treated material

Static tensile strength tests

Static tensile strength tests were performed to
determine the mechanical properties of steel sheets
before and after the PLASOX process. The tests
were performed on three specimens with the
dimensions of 200x20%1 mm. The obtained values
of tensile strengths and yield strengths are referred
in Table 2. Mechanical properties of steel sheets
after the PLASOX process significantly increased in
comparison to the base material. Yield strength of
specimens treated by PLASOX process increased
by approximately 87% and the tensile strength

increased by 77% in comparison to base material

[5].

Table 2 Mechanical properties of steel sheets
before and after the PLASOX process

. Tensile
Treatment E'(\l/lelli]strength strength
[MPa]
Non-treated 200 282
Treated by
PLASOX 375 500

Erichsen cupping test

The negative influence on deep-drawability of the
PLASOX process was investigated due to the
significant increase of the mechanical properties.
The depth of the indents during the Erichsen
cupping test (table 3) was measured as a reference
value at the moment of the fracture appearance.

Table 3 Erichsen cupping test results

Treatment Depth of the indent [mm]
Non-treated 10.73

Treated by PLASOX | 8.75

After thermo-chemical treatment, the depth of the
indents decreased by 18.8% in comparison to the
non-treated material. PLASOX process negatively
influenced the deep drawability. This decrease of
deep drawability due to the nitrides present in the
whole volume and not only near the surface layer of
the material. Steel sheets after Erichsen cupping
test are documented in Figure 4.

Figure 4 Erichsen cupping test: DC 01 (top) and
PLASOX process (bottom)

Jaroslav Janc¢ar, Milan Marének and Jozef Barta 55




4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management
Slavonski Brod, 17" to 19" October 2012

4. Conclusion

It is obvious that surface treating by PLASOX
process represents a new generation of thermo-
chemical treatment with high level of reproducibility
of surface level properties. This is achievable thanks
to process computer control [4]. The research
results together with the literature retrieval point to
significant improvement of mechanical properties
and corrosion resistance, but on the other hand
there is remarkable drop of ductility and deep
drawability according to Erichsen. These facts
should be taken into account during machine
equipment design based on materials treated by
nitrooxidation process. That is why it will be
necessary to watch the parameters of nitrooxidation
process and their effect on final material properties
in further research.
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Abstract

The paper deals with the influence of basalt powder
on rheological properties of fresh concrete and
strength properties of hardened concrete._ In
combination with new generation superplasticizer it
is possible to a make selfcompacting concrete that
can flow and be compacted without additional
energy. The results obtained show that the basaltic
powder has a positive effect on the consistency of
fresh cement composites and increase the strength
of the hardened composite.
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1. Introduction

Self-compacting concrete (SCC) was first developed
in Japan in the late 80 the last century as a material
that can flow through the dense reinforcement,
without further consolidation and can be compacted
in the form only by its own weight.

Mineral additives are very important components of
SCC. Global study shows the advantages of their
using in concrete production. These materials
improve workability and other rheological properties
of fresh concrete as well as the properties of
hardened concrete. The use of mineral additives
leads usually to reductions the quantity of cement.
Considering the fact that cement is the most
expensive component in concrete, the reduction of
cement content has also an economic impact. It is
also known that some mineral additives reduce
thermally-induced cracking of concrete due to lower
total heat of hydration and improve the workability
and long-term properties of concrete. From the point
of view of SCC it is very important, that the mineral
additives can reduce or prevent the segregation and
bleeding of the fresh liquid concrete. Use of mineral
admixtures in SCC can also lead to the reduction of
the quantity of the superplasticizer needed for the
reaching the desired consistency [1, 2, 5].
Commonly used mineral admixtures are usually
byproducts of industrial production, or waste
materials such as limestone powder, silica fume and
blast furnace slag etc. Basalt powder is a by-product
of stone crushing in basalt quarries. High amounts
of gathered powders is a big problem from the point
of view of the liquidation, environmental pollution

and health risks. The use of mineral dusts as
admixtures in concrete can contribute to solving
these problems. This paper presents the results of a
study of the effect of basalt powder, on the
properties of fresh and hardened cement
composites.

2. Materials and method

The effect of basalt powder and superplasticizer on
properties of cement mortars was studied on
cement mortars prepared from Portland cement
CEM142,5R (producer CEMMAC, a.s. from Horné
Srnie). Basic properties of the cement are shown in
Tables 1 and 2.

Table 1. Physical properties of cement

Standard consistency 29,6 %
Initial setting 150 min.
End of setting 190 min.
Soundness 5,0 mm
Compressive strength after 2 days 30,0 MPa
Compressive strength after 28 days 53,6 MPa
residue on sieve 0,2 mm 0,0%
Fineness | residue on sieve 0,09 mm 0,3%
residue on sieve 0,063 mm | 0,8 %

Table 2. Composition of cement

Chemical composition| Mineralogical composition
CaO 62,88 % Alite 56,50 %
SiO, 20,50 % Belite 13,71 %
AlLO; [ 5,76 % C:A Total 10,38 %
Fe,0; | 2,72% C;A Cubic 2,62 %
MgO 1,32 % C;A Ortho 7,76 %
Na,O | 0,27 % Ferrite 8,52 %
K,O 1,14 % Anhydrite 3,72 %
SOs 2,92 % SOs 3,56 %
MnO 0,055 % MgO 2,61 %
TiO, 0,155 % Portlandit 1,80 %
P,0Os5 0,146 % Hemihydrat 1,70 %
Cl 0,150 % Periclase 1,26 %

For the production of cement mortar was used
natural river aggregates (location Okoc€), from
sediments of river Maly Dunaj, composed of three
fractions 0/1 0/4 and 2/4. Mixing ratio was as
follows: 0/1 = 15%, 0/4=55%, 2/4 = 30%.
Granularities of the fractions and optimal sieving
curve are illustrated in Figure 1. Mineralogical
composition of the aggregates is shown in Table 3.
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Table 3. Mineralogical composition of aggregates

Quartz 64,2 %
Granit 5,9 %
Limestone 12,2 %
Sandstone 5,6 %
Quartizite 4,9 %
Vulcanite + met. 7,2 %

For the production of cement mortar was used
superplasticizer (SP) based on polycarboxylate
Berament HT 5221. Basic properties of the
admixture are shown in Table 4.

As an additive in cement mortar was used basalt
powder (BP) from a quarry near the village
Solodnica, from site of the Small Carpathians. Its
chemical composition and fineness are shown in
Table 5.

Table 4. Physical properties of superplasticizer
Berament HT 5221

Appearance Homogeneous  light  brown
solution

Density 1,063 g.ml™

Amount of solids | 28,1 %

pH at 20 °C 4,51

Table 5. Chemical composition and fineness of
basalt powder

SiO, 44,59 % Cl 0,02 %
Al,O3 15,05 % Na,O 4,11 %
CaO 10,89 % MgO 4,31 %
Fe,O3 8,87 % K,O 1,39 %
MnO 0,26 % TiO, 1,03 %
P,Os 0,6 % CcO, 8,84 %
SO 0,02 %

Residues on sieve

0,063 mm 3,45 %

0,09 mm 1,55 %

0,2 mm 0,30%

The composition of the reference mortar without
chemical and mineralogical admixtures is based on
a modified standard mortar according to EN 196-1
[3]. It contained 450 g of cement, 1350 g of
aggregate 225 g of water (V/IC = 0.45). This
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reference mortar was further modified by
superplasticizer and basalt powder (BP). The doses
of superplasticirer were 0.5, 0.75, 1.0, 1.25 and
1.5% by weight of cement. BP was dosed in
amount 10, 20 and 30 % as a partial replacement of
cement.

In all mixtures was reduced amount of mixing water
with the water contained in plasticizers to keep to
the water-cement ratio at 0.45.

Cement mortars were mixed in a standard
laboratory mixer according to EN 196-1 [3].
Immediately after mixing the consistency of fresh
mortar was determined by using the Haegermann
flow table (without use of lifting and dropping of flow
table plate).

Cylindrical samples with diameter and height of 30
mm were prepared from the cement mortar for
testing the compressive strength. For flexural
strength and shrinkage testing the prisms with size
of 40 x 40 x 160 mm were prepared. Prisms for
measuring of shrinkage were at the ends fitted with
glass contacts.

Cement mortars in molds were compacted

adequately to their consistency. Test samples

were cured for 24 h in a humid environment and

further in water.

Compressive strength tests were determined in a

laboratory using compression testing machine.

Flexural strength was determined by three-point

method.

Shrinkage of mortars was determined by shrinkage
measuring device by measuring the differences in
length between mortars samples and metal etalon.

3. Results and discussion

Results of tests that were focused on the rheological
properties of fresh cement mortars are shown in
Figures 3 to 5.

The initial consistency of fresh mortar (Figure 3)
was positively affected by the addition of SP and
BP. With increasing dose of superplasticizer the
consistency of mortar without basalt powder
gradually improved up to dose 1.25 %. At the dose
1.5% there was observed mild segregation of
mortar and separation of mixing water and also a
reduced flow diameter of mortar. Mortars modified
by superplasticizer in a dose of 0.75 % have begun
to show signs of thixotropy and selfcompactability.
These tendencies increased with increasing dose of
SP.

Partial replacement of cement by BP in the cement
mortar without SP has not improved the consistency
(flow diameter) but at the small replacement (10 %)
the mortar had better workability (preparation of
samples was easier). Increase in BP content
(20and 30 %) led to a slight deterioration of
workability.

The replacement of cement by BP in plasticized
mortars led to a significant improvement in
workability of fresh mortars. The flow diameter
increased with increasing of proportion of BP to
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dose of supeplasticizer 0.75 %. At higher amount of
plasticizer the flow diameter slightly decreased with
increasing of BP portion, but it was still higher than
in the case of cement mortars without BP (at the
same dose of superplasticizer). Decrease of flow
diameter can be explained by segregation and
bleeding of mortars, which occurred at higher dose
of superplasticizer and BP (Figure 3). During the
test of consistency the mortars with higher tendency
to segregation formed a thicker layer in the center of
the circle (due to selfcompaction) and released
water and fine particles were deployed around the
perimeter. Therefore the flow diameter of these
mortars was smaller than that of more homogenous
mortars, despite the fact that these mortars were
more fluid.
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Figure 3. Initial flow diameter of cement mortars
(hatched bars represent mortars  where
segregation has occurred)

Based on these results we can conclude that the
basalt powder had additional plasticizing properties,
greatly improving the consistency of the mortar, its
cohesion and selfcompaction (at optimum dose).
Figure 4 documents the change in consistency of
plasticized mortar with BP tested without dropping.
Consistency of cement mortars continually
decreased with time (Fig 4.). 10% dose of BP did
not reduce setting time of mortar significantly.
Higher doses of BP have slightly shortened the
setting time. Segregation of mortar resulted in a
worsening of consistency at higher doses of BP
and also caused a more rapid loss of workability.
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Figure 4. Workability loss of cement mortars

One day and 28-day strength of mortars are given in
Figure 5 and 6.

The replacement of cement by basalt powder led to
decreasing of compressive strength of mortars. The
loss of strength increased with share of BP.
A significant decrease was shown in one-day
strength while the decrease of 28-days strength was
relatively slight. The loss of compressive strength is
in conformity with expectation because the
increasing proportion of BP in mortars means lower
content of cement.

Smaller differences in strength after 28 days of
hardening as is shown in Fig. 6 mean that mineral
admixture used contributes to the development of
strength. Based on these results it can be assumed
that the BP used is not completely inert material.
Basalt powder containing 44.59 % SiO, may have
mild pozzolanic properties and thereby increase the
long-term strength of mortars. A similar trend has
also been published by Uysal Yilmaz and Sumer [1,
2].
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The effect of various dosage of superplasticizer on
the mortar strength was not very strong.
Compressive strength of mortars without BP slightly
increased with increasing dose of SP up to a dose
of 1% and then began to decrease.

With the increase of the proportion of BP and dose
of SP the strength of mortars decreased. This
tendency was stronger at 1-day compressive
strength. These results were obtained at constant
water to cement ratio.

Decrease in strength of mortars with high doses of
chemical and mineralogical admixtures s
significantly affected by the segregation of the
mortars, that leads to their non-homogenous
structure and consequently to a reduction in strength.
The results of measurements of flexural strength are
shown in Figure 7. Flexural strength tendencies are
practically the same as those for compressive
strength.

The results of the shrinkage of cement mortars are
given in Figures 8 - 9.

Figure 8 shows the results of shrinkage tests
performed on plasticized mortars. The greatest
shrinkage after 56 days was found on mortar
without superplasticizer. The shrinkage decreased
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with  gradually increasing the dose of
superplasticizer used.

Replacement of part of cement by basalt powder
led to an increase in shrinkage. At the mortars
without superplasticizer the shrinkage slightly
increases with the BP content. A similar tendency
was observed also in the mortars with dose of
superplasticizer 1% (Fig. 9) with the exception of
the mortar with BP content 30 %. Shrinkage of this
mortar was smaller than others with lower
proportion of BP. This can be explained by the
strong segregation of the mortar resulting probably
in a smaller proportion of hardened cement paste
in the mortar.

8. Conclusion

The obtained results confirmed high effectiveness of
used polycarboxylate superplasticizer. Use of this
superplasticizer at dose equal or higher that 1 % by
weight of cement the mortars obtained
selfcompacting properties.

Replacement of part of cement by basalt powder in
plasticized mortars resulted in  significant
improvement of their consistency.

At higher doses of the superplasticizer and the
mineral additives the segregation of cement mortars
occurred.

The results demonstrate the positive effect of the
superplasticizer used and basalt powder on the
strength of hardened mortars. The basalt powder
does not seem to be completely inert material, but it
shows to some extent the pozolanic properties.
Replacement of cement by basalt powder led to a
slight increase in shrinkage of cement mortars.
Based on the results we can assume that the basalt
powder can be used in production of concrete to
improve its properties. Use of this material also
reduces the environmental impacts.
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Abstract

This paper deals with defining a model for the tool
wear classification system with a special emphasis
on the module for gathering and processing
vibration acceleration signal by applying discrete
wavelet transformations (DWT) in signal
decomposition. The paper presents a model of the
developed fuzzy system for tool wear
classification. The system comprises of three
subsystems, those being: subsystem for data
acquisition and processing, subsystem for tool
wear classification, and subsystem for decision-
making. The selected method for feature
separation is presented within the subsystem for
data classification and processing. The selected
model for a fuzzy classificator is shown within data
classification and clustering, as well as the
classification evaluation in experimental laboratory
conditions. The applied model has been tested for
longitudinal and transversal machining operations.

Keywords:
Tool wear, signal processing, vibrations

1. Introduction

In a completely automated production, timely
detection of cutting tool fracture and wear degree
is marked as an essential step towards the
improvement of productivity and economy in
contemporary machining. Developing monitoring
systems that would work in real time is a main
direction in supervising tool condition and
machining process in contemporary automated
production. Quality information on tool wear
degree in real time presents a necessary
prerequisite for tool stability identification. More
intensive researches linked to the development of
the “intelligent” systems for tool monitoring in the
cutting process were introduced in 1990s with the
application of multisensor approach, i.e. wear
classifiers based on artificial intelligence algorithms
[1]. The initial research in this area presented a
hypothesis that the application of these methods
should result in industrially applied solutions for
tool wear monitoring in turning. Scheffer and
Heyns [2] emphasise that the majority of systems
utilize forces, acoustic emission and vibrations, or
the combination of these signals. The confirmation

of this fact is explicitly stated by Dutta et al. [3], as
well as Balazinski et al. [4]. Indirect methods for
tool wear monitoring and the techniques for sensor
signal acquisition and processing present the main
research directions in most active experimental
researches, and they perform it by utilizing signals
of cutting forces, vibrations and acoustic
emissions. In addition, in order to determine tool
wear condition, direct visual methods have been
employed as well. However, these methods have
application limitations in practical conditions in real
time. Wear monitoring has the task of protecting
the machining process from unpredicted deviations
through simple managing steps. Wear monitoring
implies a strategy that, based on managing input
values into the machining system, enables rapid
reaction to the appearing deviations during the
process.

Tool wear condition is usually defined as a
geometric alteration. Direct monitoring methods,
like optical methods utilized for direct measuring of
tool’'s geometric parameters, have been developed
by [5]. Indirect methods for tool wear monitoring
are used to perform the correlation degree
monitoring between sensor signal and the
accompanying occurrence. This approach has the
advantage of being less complicated in the sense
of appropriateness for practical application. In
contemporary machine tools, sensors can be
installed in various places, like multi-positional tool
support, spindle or some other place on the
machine. Furthermore, monitoring the cutting
dynamics can provide the insight into the tool wear
condition, which is especially indicated in tool entry
into and exit out of the process.

In order to research tool wear and machining
processes, as well as their influence on the
mechanical system of tool machine, various
sensors of a wide range of reliability are utilized
today. In laboratory research there is a number of
realized diverse technical solutions with a various
numbers and types of sensors. Sensors for force
monitoring are one of the most applied signals in
laboratory research and practical application for
monitoring the processes of turning and milling.
The alteration in cutting forces is directly reflected
onto the machine precision and machining quality.
Force control can directly influence the
improvement of machining quality and the
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durability of tool stability. Vibration measurements
are performed utilizing accelerometers, which are
utilized for measuring vibration frequencies and
amplitude within the structure of the machine, main
spindle, tool and workpiece. The alterations during
the machining process can be observed in the
alteration of vibration structure, based on which the
correlation with the quality of the processed
surface and tool stability [6] can be established.
Acoustic emission signal is based on several
diverse phenomena. There are two types of
signals: continuous and transient. Continual signal
type appears with plastic deformation in plastic
material, while the broken signal appears at the
beginning of the formation of initial crack or the
formation of fractured chip.

2. Methods and techniques in feature
extraction
Input sensor signals and data for the system
depend on processing methods and time-
frequency signal decomposition. The utilization of
the Short-Time Fourier Transform (STFT) in
combination with wavelet transformations provides
highly satisfactory results in their performances in
relation to other time-frequency methods [1, 7].
The application of wavelet transformations in
processing and analyzing signals gathered on the
machine can be successfully employed to analyze
diverse dynamic non-stationary signals of
mechanic systems as well, proving the
accomplishment of this method in feature
extraction. It has been observed that time-
frequency methods are very satisfactory for feature
extraction that would otherwise, on applying some
other methods, remain unidentified. The area
demanding additional research activity is the
integration of machine tool dynamics and the
correlation between cutting process and tool
monitoring system. Little has been performed to
exploit these pieces of information in tool wear
monitoring systems. There is a set of methods that
could be utilized for generating machine tool
dynamic models for the purpose of the integration
with tool monitoring systems. The usage of
mathematical models provides a potential to
expand the comprehensiveness of tool wear
monitoring  systems  considering dynamic
characteristics of machine tools.
Wavelet transformation is the most utilized and the
most important method for analyzing signals in
time-frequency area. It actually provides the
possibility of signal analysis on a local level, which
is particularly significant with processing non-
stationary signals. Transformation procedure is
based on comparing wavelet functions of certain
width (frequency) defined by a scanning parameter
(s) with signal elements of equal width in a
determined time interval (t-k7). The scale should be
inversely defined considering signal frequency:
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where 1 is translation parameter, s is scale
parameter, x(t) is signal being transformed, y is
frequency composition of the signal x(t) in the
determined time interval kt and with the scale s,
and ¢~ is scaled and translated projection of the
original wavelet ¢(t). When the s original function
of the determined scale is utilized to perform the
total signal analysis, the procedure is repeated for
other scale value, i.e. time interval. If the signal
contains a spectral component responding to
momentary scale value, the multiplication of the
wavelet function and the signal at the place where
the component exists is a relatively high number.

Parallel to the development of a cutting tool wear
monitoring model, analyses have also been
performed of the features of various types and
shapes of wear identification parameters in relation
to wear degree evaluation quality. It can be stated
that, with low frequency signals (force, motor
power), the most present are parameters from time
domain, and then from frequency domain, as well
as statistic parameters. With high frequency
parameters, like acoustic emission or vibrations,
the first place is taken by parameters from
frequency domain, followed by statistic parameters
and parameters from time domain. The lowest
presence is of parameters from time-frequency
domain. The analysis of the available papers
illustrates that the parameter selection process in
most cases has a goal to select optimal parameter
number, and only then to select the most suitable
parameter set in respect to recognizing the
influence of each parameter individually onto the
degree of tool wear. It can be observed that the
problem of analyzing and selecting wear
parameters has been treated in several manners in
literature. Mostly, there is no explanation linked to
their selection. The analysis of a number of papers
that separate a set of parameters which had been
analyzed and chosen based on the degree of
correlation with the wear process refers that the
most applied methods are: SFS (Sequential
Forward Search), SBS (Sequential Backward
Search), PCA (Principal Component Analyzes) and
their mutual correlation. A number of methods
utilize so-called sequential parameter selection
which implies their mutual independence in tool
wear evaluation, the other segment being the
selection of parameter combination. Generally
stating, in contrast to the combined approach, with
individual parameter selection the number of
parameters has less influence on model
complexity and the increase of demands for
supplementary analyses. Conversely, certain
situations demonstrate that mutual parameter
influence can result in higher correlation degree
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with wear dynamics than in the case of individual
approaches.

3. Model for tool wear monitoring system
Previous experiences in developing diverse
system models based on the application of artificial
intelligence, presented in literature, have served as
a fine initial basis for developing a new model. The
analysis of mentioned models provided an insight
into the advantages and drawbacks of certain
models, which was taken into account when
developing a new model. Considering the
previously stated facts from the introduction, the
following demands have been set prior to
establishing a new laboratory system:

e The use of sensors for measuring vibration
acceleration in order to provide better
detection of dynamic characteristics of cutting
process and their implementation into the
monitoring system.

e The use of new algorithms for the application
of artificial intelligence in the field of tool wear
monitoring, based on the employment of a
priori knowledge on tool wear condition.

e The detection of satisfactory manner to select
vectors with input characteristics utilizing
transformations in time-frequency domain.

The consideration and application of these
demands lead to the development of a tool wear
monitoring system model presented in Figure 1.

System for
tool monitoring

Y

Subsystem for
preprocessing data

Y

Subsystem for
fuzzy classification

Y

Subsystem for
design

Y

Tool wear
state

Fig.1 model of a tool wear monitoring system

System model can basically be observed through
three segments united into one entity. The

developed segments (subsystems) of the
laboratory system for tool monitoring are as
follows:

e Subsystem for signal

processing,

e Subsystem for fuzzy classification,

e Subsystem for decision-making.
Sensor segment of the module for data acquisition
and processing comprises of the accelerator for
measuring vibration acceleration installed on the
tool handle. Subsystem for data acquisition and
processing also contains A/D card NI USB 6281
18bit, 625 kS/s, which receives analogue
information from the existing sensor, converts
them into digital information, and transmits them
into the measuring database in the computer. To
manage the card, Matlab software system has
been employed. The system enables defining
speed of data sampling and other necessary
functions for the operation of subsystem for
acquisition.
The structure of the subsystem for acquisition and
processing can be observed through three phases
presented in Fig. 2. In the first phase of data
acquisition, gathering data from sensors is
performed together with the selection of a filtration
band. In the concrete situation, low-pass
Butterworth filter is applied to perform the filtration
of various noise types that define measuring
signal.

acquisition and

Data acquisition:

gathering sensor
signals and filtration

Feature extraction:

applying sensor signals
and filtration

Feature selection:
selecting features with highest

correlation degree and feature
normalization
Fig.2 Subsystem for acquisition and processing

ACQUISITION AND PROCESSING

The second phase is feature extraction. The main
goal of feature extraction is to significantly
decrease the dimensions of “raw” data received
from sensors in time and frequency domains, and
simultaneously to maintain relevant information on
tool condition in extracted features. The matrix of
the spectrogram S of signal s(n) consists of
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columns acquired as the square of the Discrete
Fournier transform (DFT) module of “windowed
signal” s(n). Spectrogram parameters are shape
and length, as well as the degree of
overlapping/alpha between two adjacent window
functions w(n). By averaging all the columns in the
matrix of the spectrogram S the estimation of the
signal force spectrum is achieved. Since, due to
previous analyses, it has been established that the
signal force spectrum is not satisfactorily
discriminative feature, spectrogram normalization
has been performed in such a manner that the
estimation of the signal force spectrum is
subtracted from each column of the matrix S.
Afterwards, the following steps have been
performed:
e Separation of certain spectrogram range (~10
kHz to ~45 kHz),
e Treatment of the spectrogram as a two-
dimensional signal,
e Application of selected filters from LM filter
bank,
e Calculation of appropriate statistic parameters
from the values acquired by filtration,
e Formation of features that are to be utilized for
classification in the next subsystem.
In order to improve the accuracy and the efficiency
of the applied classification algorithm and to
decrease the demands for computer performances
of a tool wear monitoring system, the selection of
optimal number of significant features in the final
model has been carefully elaborated and defined
in the third segment of the module for acquisition
and processing.
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Fig. 3 Cluster centre distribution for the

combination of features variance and kurtosis

Fig. 3 presents the survey of the classification
process results after employing fuzzy c-mean
(FCM) algorithm. Presented results refer to the fact
that the application of such classificator model can
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achieve the satisfactory accuracy in tool wear
estimation.

4. Conclusion

The main conclusion that can be observed is the
fact that the presented classification model type
demonstrates a highly distinctive demand for
qualitative larger number of input information
vectors. Furthermore, the necessary prerequisite
for appropriate classificator performance is the
application of a larger number of process
parameter combinations in the procedure of
initiating and stabilizing model structure.
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Abstract

Natural zeolite is widely used in agriculture,
construction, environmental protection, and various
industries. In this article, we focus on the use of
zeolite waste in brick industry. The results obtained
show that the zeolite wastes can be used as
opening material in reducing of drying sensitivity.
In some cases, it is possible their application for
the increase of frost resistance.

Keywords:
zeolite, waste, brick clay, pore structure

1. Introduction

In this article, we would like to focus on the use of
zeolite dust in the brick industry. We first met with
its application at the Waste Summit 2007
conference [1]. In particular, the zeolite dust was
shown to be very effective in eliminating of the
reduction core in roofing tiles. At the same time, it
was discovered that its presence in the brick raw
material after firing caused an increase in volume
and median of pore radius. This knowledge could
be also used to increase frost resistance,
especially if there is a significant increase in the
median value of pore radius as described in the
article [2].

It is important to mention the fact that the different
types of zeolite waste can be applied not only in
the brick industry but also in ceramics [3,4,5]. In
ceramics, the application of waste with heavy
metals has been recently shown to have positive
results [10]. Because of this fact, our attention was
directed to the use of used modified zeolite product
Klinopur-Mn, which might be applied in contact
filtration of groundwater to remove manganese and
iron.

As previously stated [6,7], the presence of
manganese compounds in water causes
technology problems, disturbances in water supply
networks, and deterioration of water quality in
terms of its taste and aesthetic qualities. Because
the presence of manganese without iron in
groundwater is rare, technology process of
removing manganese from water is closely
associated with the removal of iron.

2. Characteristics of raw materials and
ingredients

2.1. Brick clay

The brick clay from the site Nitrianske Pravno was
used as the starting material. It is composed of

quaternary sediments, which are represented by
layers of clay and clay- dust soil of aeolian origin.
Its granulometric composition is shown in Figure 1.
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Figure 1. Grain size composition of brick clay and
zeolite dust

From the mineralogical point of view, it is a
montmorillonitic - illitic and almost non-carbonate
material. This is confirmed by the chemical
composition of which is shown in the Table 1.

Zeolite dust (Z) was supplied by Zeocem, a. s.
Bystré. In terms of granulometry, this is a very fine
product of variable composition, with 75 to 85% of
grains smaller than 0,05 mm and only 1% of grains
bigger than 0,2 mm.

It is a surface-activated zeolite by a layer of MnO2
from Nizny Hrabovec. After exhaustion of its
oxidative capacity, it was recovered by KMnO4
solution. For our tracking study, the Klinopur - Mn
was used after multiple applications of the contact
filtration of ground water, see Figure 2b. This type
of applied Klinopur - Mn had a reddish-brown
colour (this is called ZNF) and its grain size was
characterized as monofraction (0,5 to 1,0 mm) at
the 97,9% volume. This Klinopur - Mn was also
prepared by grinding in a ball mill (this is called
ZPF) so that 97,5% of the grains was smaller than
0,045 mm (Figure 2c).

3. Determination of properties

Determination of selected properties of the starting
materials, brick batter and shards, was completed
according to relevant standards and devices that
are listed in Table 3.
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b)

Figure 2 Klinopur — Mn a) original; b) after contact
filtration; c) after contact filtration - crushed

Table 1. Chemical composition of brick clay
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Table 3. List of used technical standards,
procedures and equipment for the determination of
individual characteristics

Technical standard-
procedures-
equipment

Characteristics

Working moisture STN 72 1074

content, %

Linear drying
shrinkage, %

STN 72 1565, part 5

Drying sensitivity, % STN 72 1073

Linear firing shrinkage, % | STN 72 1565, part 5

Total change, % STN 72 1565, part 5

Weight loss by firing, % STN 72 1565, part 6

Water absorption by STN 72 1565, part 6,
boiling, % art.8

Apparent porosity, % STN 72 1565, part 6

Bulk density, kg/m® STN 72 1565, part 6

Pore volume High-pressure

Median pore radius mercury porosimeter
set Thermo Finnigan

Pascal 240 from
Thermo Scientific

Sio2 71,81 % Na,O 0,45 %
Al203 | 13,37 % K;O 1,46 %
Fe203 | 5,28 % CaCO; 0,63 %
TiOo2 1,027 % MgCO; 0,74 %
CaO 0,46 % Loss on ignition | 4,71 %
MgO 0,91 %

Table 2. Chemical composition of zeolite dust.

Sio2 70,2 % MnO 0,02 %
Al203 | 12,4 % K,0 3,62 %
Fe203 | 1,52 % CO, 0,02 %
TiO2 0,19 % SO; 0,03 %
CaO 3,28 % P,0Os 0,02 %
MgO 0,62 % Loss on ignition | 7,45 %

The samples were prepared from milled clay from
the brickyard in Nitrianske Pravno. The following
individual ingredients were added to this basic raw
material in various weight percentages (2,5; 5; 7,5
and 10%): zeolite dust exhausts (Z), raw (ZNF)
and crushed Klinopur - Mn after contact filtration
(ZPF).

A batter of constant plasticity was prepared from
the ingredients (Pfefferkorn = 33 * 0,5 mm)
according to STN 72 1074. Such prepared batters
were left for 24 hours in a humid environment.
Once this was completed, test samples of
dimensions 100x50x20 mm were made, and these
were stored on perforated grills, where the values
for the Bigot's curve were determined over a
period of 48 hours. Before the samples were
placed in the oven, they were dried in a laboratory
dryer until constant weight was reached. Firing
was carried out in an electric laboratory oven with
a controlled firing regime. There was a stable
oxidizing environment in the oven. A burning curve
applied in brickyard in Nitrianske Pravno with firing
temperature of 1060 ° C, was used for the firing.

4. Achieved results and discussion

Results related to the characteristics of brick
materials with ingredients before and after firing
are shown in Table 4.
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Table 4. Characteristics of brick materials with ingredients before and after firing

Characteristics D w DS DP DC SP NV ZP pv CNS
% % % % % % % % kg/m® -
Without ingred. 0 23,90 | -7,45 | -3,00 | -10,45 | 4,83 8,81 | 18,62 | 2114 | 1,477
25 24,45 | -760 | -3,08 | -10,68 | 4,87 9,08 | 19,05 | 2099 | 1,326
7 50 24,67 | -765 | -3,15 | -10,80 | 4,96 9,22 | 19,32 | 2095 | 1,253
7,5 24,70 | -7,67 | -3,17 | -10,84 | 5,03 945 | 19,73 | 2088 | 1,235
10,0 | 24,17 | -7,06 | -3,21 | -10,27 | 5,08 9,54 | 19,44 | 2038 | 1,207
25 2397 | -7,25 | -2,80 | -10,05 | 4,71 9,12 | 19,15 | 2100 | 1,285
ZNE 50 2404 | -7,10 | -2,82 | -9,92 4,77 9,73 | 20,13 | 2069 | 1,137
7,5 24,10 | -7,03 | -2,90 | -9,93 4,84 | 10,78 | 22,07 | 2047 | 1,078
10,0 | 23,62 | -6,70 | -2,95 | -9,65 490 | 11,16 | 22,71 | 2035 | 1,069
25 24,37 | -7,41 | -3,13 | -10,54 | 4,82 9,13 | 19,07 | 2086 | 1,394
ZPE 50 24,43 | -7,26 | -3,20 | -10,46 | 4,89 8,90 | 18,58 | 2088 | 1,241
7,5 24,48 | -7,11 | -3,30 | -10,41 | 4,93 8,83 | 18,45 | 2090 | 1,147
10,0 | 2428 | -7,00 | -3,39 | -10,39 | 4,98 8,43 | 17,66 | 2095 | 1,139
Working moisture content — W ingredients caused a slight increase in the loss by
The study demonstrated an interesting firing.
phenomenon. When applying the particular

ingredients until a dose of 7,5%, there was some
increase in working moisture. At 10%, however, we
observed a decrease in moisture. It is probable
that the zeolite products at this dose started acting
in the brick clay thixotropically.

Linear drying shrinkage - DS

In all three cases, we observed a decrease of
linear drying shrinkage, as they are actually non-
plastic materials. The values for the ZNF ingredient
were shown to have the largest decrease because
this ingredient is characterized by the thickest
granulometry.

Linear firing shrinkage- DP

The presence of potassium in the zeolite products,
which manifested as a flux, caused gradual
increase in the value of linear firing shrinkage. This
was most reflected in granulometric fine
ingredients (Z and ZPF). Thicker granulometry in
the ZNF ingredient slightly slowed down this effect.
Moreover, the presence of small amounts of iron in
the ZPF ingredient compared to the ingredient Z,
resulted in a slight increase of the melting effect.

Total change - DC
The total change represents a total sum of the
linear drying and firing shrinkage.

Weight loss by firing - SP

In all three cases, we can see a gradual increase
of this value with the increasing dosage of the
ingredients. This phenomenon is caused by the
zeolite  products themselves, which are
characterized by a weight loss of around 8% by
firing. In addition, greater softness of the

Water absorption by boiling - NV

When applying the ingredients Z and ZNF, we saw
an increase of absorption values with increasing
their dosage. Conversely, in the case of the ZPF
ingredient, there is an opposite trend. During a
mutual comparison of these samples, the
determining factor may be only the higher value of
linear changes by firing and the softness of the
ingredient itself.

Apparent porosity - ZP

The values of apparent porosity are closely related
to the boiling water absorption values, as these are
considered in the calculation of the apparent
porosity of samples.

Bulk density - pv

As in the previous case, the values of bulk density
depend on the boiling water absorption values and
apparent porosity. In case of the samples of the Z
and ZNF ingredients, we observed a significant
decrease in bulk density by increasing their
dosage. When applying the ZPF ingredient, the
bulk density values remain almost the same.

Drying sensitivity - CNS

In all three applications, we observed a significant
decrease in the drying sensitivity values. The most
dramatic decrease was in the case of the ZNF
ingredient, which actually acted as a typical
opening material.

Frost resistance

In terms of frost resistance of burn shards, the
most important are the results of the pore structure
of the burnt shards characterized by volume and
median pore radius shown in Table 5. In all three
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applications at the dose of 10%, we observed an
increase of pore volume. In the case of median
pore radius, a decrease occurred only when ZPF
was applied, but in the other two cases, we saw an
increase. In particular, an increase of 121,7% by
the ZNF ingredient is worth attention.

Table 5. Volume and median pore radius of the
burning shards

Ingredient Bulk density Median pore
radius
mm°/g nm

without 97,3 (100,0 %) 2026 (100,0 %)
ingredients

Z10% 100,3 (103,1%) | 2056 (101,5 %)
ZNF10% | 110,0(113,1%) | 2466 (121,7 %)
ZPF 10 % | 120,9 (124,3 %) 1806 (89,1 %)

5. Conclusion

The results of this study suggested the possibility
of applying zeolite wastes in brick manufacture. In
all of the three cases and patrticularly in the case of
the ZNF ingredient, the wastes can be used to
reduce sensitivity during drying of the brick
materials.

The application of the ZNF ingredient could be also
considered in the manufacture of roofing tile
because with a small increase in pore volume, the
median pore radius value increased significantly
compared to the comparative sample. This could
contribute to increasing of frost resistance;
however, further studies to test frost resistance are
necessary before any conclusions can be made.
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Abstract

The purpose of the study is to determine the
coated carbide tool life and the tool point surface
topography. The study included determining
cutting conditions in the process of turning the
DSS and designating the wear curve. In case of
machining greater resistance to abrasive wear of
the tools which were coated with Al,O3 has been
demonstrated.

Keywords:
Duplex Stainless Steel, machining, turning, tool
life, wear

Nomenclature:

ap - depth of cut in mm

f - feed rate in mm/rev

V¢ . cutting speed in m/min

T - tool life

VBg . width of flank wear in mm

VBgmax - the maximum width of the flank wear in
mm

DSS - Duplex Stainless Steel

1. Introduction

According to companies producing construction
materials - duplex stainless steel is gaining
importance, which is reflected in the wide range of
these products available in the market. However,
the manufacturing process, the machining, in
particular, poses considerable difficulties. One
limitation of the efficiency of turning this type of
steel is the wear of a tool point. The wearing
process of a tool point, which is largely dependent
on cutting parameters, is an important factor. The
wear of a tool point leads to deterioration in quality
of machined surface and, consequently, to lower
efficiency and productivity. Machining DSS due to
the characteristic two-phase microstructure is
difficult and in order to overcome occurring
problems, materials with high durability, reliability
and efficiency should be used. In recent years,
machinability of austenitic steels has been dealt by
researchers such as Paro, J. et al., Akasawa T. et
al., Abou-El-Hossein KA et al., Charles J. et al.,
Kosmac A., Cunat PJ, and Ciftci I. [1, 2, 3, 4, 5, 6,
7, 8], while machining of DSS has been described

by Bouzid Sai W. and J. L. Lebrun [9]. Many
production companies use coated carbide tools or
high speed steel for processing of DSS. According
Gunn'a [10] low-alloyed DSS such as S32304
while being machined by tools from high speed
steels behave in a manner similar to austenitic
types such as 316 or 317. However, during the
machining of coated carbide tools steel behaves in
a manner similar to 317LN and 317LMN. Modern
types of DSS are harder to machine than the types
produced before this one. The reason for this is
higher content of austenite phase and nitrogen.
The increase in content of alloying elements such
as nitrogen and molybdenum makes machinability
of these steels less effective. The use of coated
carbide tools for machining of DSS requires a
deeper study of tool wear and associated wear
mechanisms. The article focuses on basic
research problems of tool wear of coated carbide
with a layer of CVD-Ti (C, N)/ALOs/TIiN in turning
DSS of ferritic-austenitic structure. The main
purpose of this study was to determine the effect of
cutting speed as key process factor controlling tool
life. Increasing cutting speed to a scope greatly
exceeding conventional machining is now
recognized as the primary direction of production
capacity and efficiency growth as well as quality
and accuracy improvement [11]. As the method of
rational selection for DSS machining a static
determined selective-multivariate uniform static -
rotatable PS/ S-P:A program has been selected
[12]. The research program included an
assessment of: influence of cutting parameters
impact onto tool life, rake face as well as flank
wear in the process of turning. Tool wear data
were used to determine characteristic wear curves.

2. Experimental techniques

Workpiece and cutting tool materials

Machined material was 1.4462 (DIN EN 10088-1)
steel with a ferritic-austenitic structure containing
about 50% of austenite. The ultimate tensile
strength UTS=700 MPa, Brinell hardness - 293+3
HB. The elemental composition of the machined
material and technical details of the cutting tools
are given in tables 1 and 2 respectively. Cutting
tool inserts of TNMG 160408 designation clamped
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in the tool shank of ISO-MTGNL 2020-16 type
were employed.

Based on the industry recommendations a range
of cutting parameters T1: v, = 50 + 150 m/min, f =
0.2 + 4 mm/rev, a, = 1 + 3 mm was selected. The
experiments performed with the tool point T2 were
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comparative studies and that is why the cutting
parameters were: v, = 50, 100 and 150 m/min, f =
0,2, 0,3 and 0,4 mm/rev, a,= 2 mm. The study was
conducted within a production facility. The
research program was carried out on a CNC lathe
400 CNC Famot Pleszew plc.

Table 1. Chemical composition of 1.4462 duplex stainless steel
0, 0, I 0, 0, 0,
Element | 0 | 7051 ] S6Mn | %6 1955 1 gscr | 96ni | %Mo | %N | Others
[%] at max | max | max | max max 21,0 | 450 | 2,50 | 0,10 |
' 0,03 | 1,00 | 2,00 | 0,030 | 0,020 | 23,0 | 6,50 | 3,50 | 0,22

Table 2. Cutting tool specification 4 -1 +1 +1 70 0,36 2,6
Tool Substrate | Others 5 +1 -1 -1 130 0,24 1,4
T1 Hardness: | Coatings: Ti(C,N)-(2 pm) 6 +1 -1 +1 130 0,24 2,6
1350 HV3 | (Top layer) 7 +1 +1 -1 130 0,36 1,4
Grade: Al,03-(1,5 um) (Middle 8 +1 +1 +1 130 0,36 2,6
M25, P35 | layer) 9 |-1,682 0 0 50 0,3 2
TiN-(2 um) (Bottom layer) 10 | 1,682 0 0 150 0,3 2
Coating technique: CVD 11 0 -1.682 0 100 0.2 2
T2 Grade: Coatings: TiN-(2 um) (Top 12 0 1682 0 100 04 2
M35, P35 | layer) 3] 0 0 | 1,682 | 100 03 1
E?N:g))g E::)) 14| o 0 1,682 | 100 03 3
TiN-2 bm) O T 0 O N
Ti(C,N)-(2 pm) 100 0’3 >

Ti(C,N)-(2 pm) (Bottom r] o 0 0 :
layer) 18 0 0 0 100 0,3 2
Coating technique: CVD 9] 0 0 0 100 03 2
20 0 0 0 100 0,3 2

Tool life plan

The required number of experimental points is N =
2%+ 6 + 6 = 20 (Table 3). There are eight factorial
experiments (3 factors on two levels, 2% with
added 6 star points and centre point (average
level) repeated 6 times to calculate the pure error
[13]. For the purpose of the experiment a program
that estimates parameters of the model second-
order polynomial in the form y = (ag + a;*x; + ax*x,
+ ag*xs)’ has been developed. The program was
written in Matlab and it allows generating three-
dimensional graphs and plots of one variable. The
tests were performed on a CNC lathe, hence the
test plan had been adjusted to the GE Fanuc
Series 0 - T controlled machine program.

Table 3. Coded indication of the study plan

Coded factors Decoded real value
Test
No. Ve f ap
Xl X % [m/min] | [mm/rev] | [mm]
1 -1 -1 -1 70 0,24 1,4
2 1 -1 +1 70 0,24 2,6
3 1 +1 -1 70 0,36 14

Wear analysis
After cutting attempts values of flank wear were
measured with the use of an optical microscope.

3. Results and discussions

Wear curves

The examination the process of wear of the tool
point particularly in industrial processes showed
that the most common type of wear was the
average and maximum wear bandwidth of abrasive
wear on the major flank in zone B - respectively
VBg (Figure 1) and VBgnax (Figure 2). Therefore,
the experiment adopted this kind of criterion. Tool-
life curves were determined for the center
parameters of a research program for the T1 tool
point. As one may notice, the VBg curve (Figure 1)
is typical of the steel machining with the average
cutting speed, with no special cooling or of little
intense cooling. This may indicate a three
discernible, typical periods of tool wear. While
analyzing the results for VBgmax Wear curve (Figure
2), a greater value of wear can be noticed; this
may indicate irregularly worn major flank.

Analysis of the cutting parameters impact onto tool life in duplex stainless steel turning process
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Tool life

Figure 3 shows the tool life after machining DSS
with T1 tool under dry cutting conditions. The
results obtained by modeling on the basis of
adopted program PS/DS-P:A was presented as a
three-dimensional plot and two plots of one
variable in sequence showing the depth of cut and
cutting speed for the parameters from the point of
the centre. For a f = 0,3 mm/rev feed and a cutting YR e W e e
speed of v, = 100 m/min the tool life of the tool Cutting speed (m/min)

point takes the greatest value for the depth of cut
a8, =1 mm and a, = 3 mm and amountsto T = 31
min and T = 23 min. The minimum value was
observed for the depth of cut of a, = 2,3 mm at the
tool life amounting to T = 20 min. For the f = 0,3
mm/rev feed and cut depth of a, = 2 mm, the
greatest tool life values were observed for v, = 50
m/min and v, = 150 m/min and they amounted to T
= 44 min and T = 24 min. The minimum value of
the tool life T = 19 min was v, = 118 m/min.
Analyzing the impact of cutting speed onto the tool
life for a T1 tool point (Figure 4) and T2 tool point
(Figure 5), it can be noticed that with the
increasing cutting speed the tool life decreases for
each of the feeds. The tool life decreases for the
cutting speed of 100 to 130 m/min depending on
the feed value. The higher the feed, the less the
function moves to the v, axis increasing its value.
Tool life takes larger values for the T1 tool point.
The reason for this is probably a greater resistance
to abrasive wear of tools with an Al,O3 coating.

¥

Tool life [min)

u

¥

¥

Tool life [min]
¥ % x u

N D“epliw' of:cut‘[:mr;{] a

Figure 3. Tool life for centre point parameters (T1)
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Figure 4. Tool life in dry machining of DSS with
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Figure 5. Tool life recorded in dry machining of
DSS with coated carbide tools T2

4. Conclusions

The DSS machining, the following difficulties
occur: it is difficult to control the chip, there are
excessive thermal and mechanical loads onto the
tool point, strong adhesive interaction leading to
the formation of built-up edge occur, and
accelerated wear of cutting edge happens. These
lead to:

I.  In the process of DSS turning the course of
coated carbide tool point wear for the
parameters of a test centre program shows
a typical shape of the normal wear curve.

II. Increasing the cutting speed increases the
intensity of wear of the cutting edge.

[ll. CVD-TIi(C,N)/Al,O3/TiN coated carbide tools
indicate higher resistance to abrasive wear
and they can be recommended to roughing
machining of DSS, optimally with cutting
speeds of 130 - 150 m/min.
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Abstract

The paper deals with the application of 3D
digitization systems in the field of dental
prosthetics, and attempt to contribute in this field
through comparative analysis of this kind of
systems. Beside the general overview and analysis
of nine different systems, this paper presents
experimental results of comparative accuracy
analysis of two high-end 3D digitization systems —
Atos Il Triple Scan and Zeiss Metrotom 1500.

Keywords:
3D digitization, accuracy, dental prosthetics

1. Introduction

Dental prosthetics has always maintained close
relationships with engineering disciplines, mostly
relying on production engineering. Rapid
development of computer-aided technologies,
which  completely  transformed  production
engineering, also left an indelible mark on dental
prosthetics. During the last decade, efforts have
been concentrated towards advancement in
modelling and manufacture of dental replacements
by introducing modern computer equipment and
state-of-the-art materials and machining
technologies. Amongst the modern engineering
technologies which have found broad application in
this area, the most widely used are three
dimensional (3D) digitization, computer aided
design (CAD), reverse engineering (RE), computer
aided engineering (CAE), computer aided
manufacturing (CAM), rapid manufacturing (RM),
rapid prototyping (RP), computer aided inspection
(CAl), etc. The development and implementation of
such technologies and systems have paved the
way towards significant advancement of
conventional  modelling, manufacture  and
inspection of dental replacements [1-3].

This paper focuses on 3D digitization systems and
their application in the field of dental prosthetics,
with emphases on the accuracy analysis.

2. 3D digitization systems in the field of dental
prosthetics

Contemporary approaches of dental restorations’
design, in general, include 3D digitization and

virtual design (i.e., RE-CAD modelling).

The modelling phase starts with the 3D digitization
of the patient’s cast. This process can be dual,
regarding the applied 3D digitization methodology
— extra oral or intra oral.

Application of extra oral 3D digitization systems
usually includes acquiring a dental impression and
extra oral scanning of a gypsum model produced
from the impression [2,3]. However, the need for
making impression could be replaced by the
application of intra oral scanning or CT [4].

3D digitization is one of crucial segments in dental
computer aided (CA) technologies. For that reason
systems for 3D digitization have been rapidly
developed during the last several years [5]. Within
this part, the review study on the 3D digitization
systems with the application in the field of dental
prosthetics is presented. The study was conducted
on the basis of available data collected from
literature, manufacturers, distributors and direct
users of the systems. Analysis included
specialized extra oral dental 3D digitization
systems and 3D digitization systems for more
general purposes.

Within extra oral group of 3D digitization systems,
three types of systems were analyzed: (i) contact
systems, (i) noncontact optical systems and (iii)
noncontact systems based on computed
tomography (CT).

The analysis included a total of 9 systems, and the
results of the analysis are given in Table 1.

3. Comparative analysis of the accuracy of an

optical and CT based 3D digitization systems

A long-term improvement of 3D digitization
systems and harmonization of their technical
features with the requirements of dental practice
have allowed practical implementation of novel
methods for 3D digitization [1,2]. Despite their
significant advancement, novel technologies of 3D
digitization have not yet replaced the conventional
method of taking imprints of prepared teeth. Unlike
conventional imprints, which represent negative
copies of teeth and the surrounding tissue, 3D
digitization collects data on the coordinates of
surface points and transfers them into digital form
[5]. Bearing in mind that both methods represent
initial step in the technological chain of dental
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vital role in providing quality marginal sealing.

Table 1. Extra oral 3D digitization system — technical features’ overview

System 'O '

Denti Cad, BEGO -
Bremen
DS
Dental AG
Forte
NobelBiocare

Austenal
Procera

Feature

Cerec INEOS
KAVO
GOM

G2
Immersion
(articulated arm)
Contura G2 Zeiss
(CMM)
METROTOM 800
Zeiss (industrial CT)

Specialized / General
purpos

System’s mobility

Contact

Q| ®

Noncontact

Manual / Automated

Internal (invisible)
surface digitization

Fixturing need

Sensitivity on surface
reflection

Sensitivity on surface
hardness

Sensitivity on material
density

4|/ 0|V | @8 | 2|8 | 0| ®@| v DSC Precident

4/ | @0 V|| |20 ©
viR| e e |>Q e e »

Speed

P | Q||| Q|| eV el »n

> Q|| eV Q> e 0 e 0|, Triple Scan-
» el |n|e|> e|nla|lo

S BECEE NERCEE RO

~
~

Measuring uncertainty 1.7um

~

~

10pm

39«0 | @D |@| Q||| 0| @ & MicroScribe
-

Resolution / / /

1900

/ 10um |/ / 1512

pixels

Price

A

Application in practice

v

3D digitization represents a measurement method
which can utilize various working principles. Basic
indicators of quality of 3D digitization are accuracy
and precision. Accuracy represents the degree of
closeness of measurements of a quantity to that
quantity's true value, while the precision (also
known as reproducibility or repeatability) is the
degree to which repeated measurements under
unchanged conditions show the same results [6].

In this paper comparative analysis of the
application of two 3D digitization systems of more
general purposes in the field of dental prosthetics
has been presented.

The basis of this experiment is a method of CAD
inspection that includes checking up geometric and
dimensional deviations on the bases of CAD and
3D digitization models. Namely, a digitized

representation of a physical model is checked for
deviations against the nominal geometry defined
by the CAD reference model [1,6].

Within the experiment, CAD inspection was used
to measure and analyze deviations between the
CAD reference model and experimental CAD
models. The models were generated by 3D
digitization of the stone replica. The digitized data
were stored in STL file format.

The CAD reference model was generated by 3D
digitization of the stone replica, using Atos Il Triple
Scan surface digitization device (Fig. 1). The
experimental CAD model was generated by 3D
digitization of the stone replica using Metrotom
1500 Zeiss (Fig. 2).

Measurements and comparative analyses of
deviations were performed using GOM inspect V7

Comparative Analysis of 3D Digitization Systems in the Field of Dental Prosthetics
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SR2 software.

Figure 2. Metrotom 1500 from Zeiss

4. Results

The results of the comparative analysis included
three types of analysis. Fig. 3 presents a result in a
form of map of regions, where the different colours
indicate respective deviations. It is clear that the
majority of deviations are in positive direction,
ranging from -0.05 to 0.1 mm, with the most
concentration around 0.025 mm.

Another type of results is presented in Fig. 4,
where coloured regions present deviation areas
within 0-75%, 75-100% and over 100% of defined
tolerance, in both directions — positive and
negative. Fig. 4 shows that 70% of deviation
regions lie between 0.01 and 0.05 mm, of which
almost 60% fall in the “Pass” region. This type of
result includes numerical values of areas in mm®.
Finally, the third type of results is a 2D deviation
analysis at the defined cross-sections (Fig. 5 and
Fig. 6). The meaning of the coloured regions is the
same as in 3D. Results presented in figures 5 and
6 confirms the conclusion from the 3D analysis that
the majority of the deviations is in positive direction
as well as that range between 0.01 and 0.05 mm.

Actual comparison - 0,01
%

All
& Max distance +4.994
& Min distance -5.000
Mean distance -0.442
Distance std deviation  +1.411027
Area of valid distance  +12053.928
Integrated distance
Integrated a ance +3428.5
N 3 et

0.050|

0.025|

0.010|

0.000|

-0.010|

-0.025|

-0.050|

-0.100|

Figure 3. Resulting deviations in a map of

regions form

Actual comparison - 0,01
Tolerances

I ore than 100%
75% to 100%
Within 0% to 75% 806.297
Within -75% to 0% 663.713
-100% to -75% 197.366
Less than -100% 2822.805
Total 12053.928

Actual comparison - 0,05
kS Tolerances Area | Percentage
I More than 100% 2473.543
75% to 100% 1085.625
B Within 0% to 75% | 4810.876
N Within -75% to 0% 2256.106
B -100% to -75% 277.347
I _css than -100% 1150.431
Total 12053.928

[Tol.]

Fai

Warr

Warr

N e —

Fai

Figure 4. Resulting deviations in a form of areas

classified according to level of tolerance
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Figure 6. Resulting deviations in a form of areas
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8. Conclusion

Within the paper the comparative analysis of 3D
digitization systems from the dental prosthetics’
point of view is given. After a overview and
analysis of nine systems (five of specialized and
four of more general purposes) based on their
technical features, experimental results of specific
comparative analysis of the accuracy of two high-
end 3D digitization systems (Atos Il Triple Scan
and Zeiss Metrotom 1500) is presented.

The obtained result from conducted comparative
analysis show that the majority of deviations are in
positive direction and are concentrated around
0.025 mm. As the analysed 3D digitization systems
are from the group of high-end quality and very
expensive systems, the obtained results may be
taken as disappointing. However, in the result’'s
analysis some obvious limitations should be
considered. These primarily include problems of
models orientation and STL generation. The
further research will be focused in those directions.
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Abstract

In this paper, MS Dynamics NAV 2009 system has
been described from the educational and business
process point of view. Some  specific
characteristics of the system and the flow of
information and documentation have been
presented. One of the aims of the paper is to
motivate students and higher education institutions
to participate in the program for academic
institutions by which possibility to use such ERP
system in education can be reached.

Keywords:
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1. Introduction

On the initiative of Department for Industrial
Engineering, Mechanical Engineering Faculty in
Slavonski Brod became a member of Microsoft
Dynamics Academic Alliance program [1]. By the
membership in MDAA program, Mechanical
Engineering Faculty in Slavonski Brod got the
opportunity of using MS Dynamics NAV 2009 ERP
(Enterprise  Resource Planning) system and
educational materials in teaching and research, as
well as the ability to connect and share
experiences with other members of this program.
The specific characteristic of this ERP system is

the Role center, i.e. each user has different
interface depending on the task and activity she or
he performs. There are 21 roles [2, 3]. Some of
them are: president, accounting manager,
bookkeeper, accounts payable coordinator,
accounts receivable administrator, shipping and
receiving—order by order, warehouse worker—

warehouse management system, purchasing
agent, project manager, resource manager, sales
manager, sales order processor, production

planner, machine operator. MS Dynamics NAV is
widely used in small and medium sized enterprises
and in education. It is also flexible and adaptive
system, so we can find many examples of adaption
to the particular enterprise. One of the examples is
the development of the specific forensic system
from MS Dynamics NAV for using all common
applications of an ERP, but also for using all
specific processes in forensic, from quote to
analysis report [4].

2. Sales process

The sales process is the initiator of all other
processes and activities. In the sales department,
the contact with customer is established. Primary
role centers are sales manager and sales order
processor (Figure 1).

= -
4 Role Center - Microsoft Dynamics NAV.

(SN |2 cRONUS Hrvatska doo. » Home »
Al Microsoft Dynamics NAV ~

£ Actions - BB Reports ~

Home Role Center

2 Role Center | 5= Activities
21 Sales Orders
For Release

£l Sales Quotes

21 Sales Blanket Orders

21 Sales Invoices » =
= Sales Return Orders Sales Sales
) Sales Credit Memos Quotes...  Orders..
B Sales Advance Letters Sales Orders Released Not Shipped
El Hems
El Customers
El *em Journals % [] it]

Readyto  Partially  Delayed
Ship  Shipped

=) Sales Journals
2] Cash Receipt Journals

¢ Returns

[ n
sales sales
Return..  Credit...

</ Microsoft Qutlook

> o
= Posted Documents
&) Departments

»

CRONUS Hrvatska d.o.e. | 1.lipanj 2012 | KATICA

Microsoft Office Outlook is not installed.

—rc x|
43 [ searcn |
~ | [ My Customers &
Custo.. PhoneNe.  Name
New Sales Quote
New Sales Drder
Navigate
& My Ttems S
lemMNe.  Description Unit Price
New Sales Return Order
New Sales Credit Memo
@ iy Notifications =
From  Crea.. Mote Page

Figure 1. User interface of role center - sales order processor
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Because the contact with customer is very
important, the Customer card should be very
carefully filled (general, communication, invoicing,
payments, shipping and foreign trade). Attention
must be paid to the addresses (for example,
different addresses for the same enterprise for
invoice and shipping), postings groups (general
business posting group, VAT business posting
group and customer posting group), payment
terms and methods, invoice discounts (with
predefined criteria), product discounts... Relevant
documents are Sales quotes and Sales orders.
Sales order can be generated from the sales quote
and for the “make to order” production type,
Production order can be made from Sales order. It
can be concluded that there is a strong connection
between different actions in the enterprise. Except
from the connection between sales and production
planning, there is also a strong link between sales
and financial department (role centers accounts
receivable administrator, bookkeeper, accounting
manager) as well as sales and shipping and
receiving role and warehouse worker, among
others. Apart from Customer card, another
prerequisite to send a quality sales quote to our
customer is a properly filled Item card (general,
invoicing, replenishment, planning, foreign trade,
item tracking, e commerce and warehouse).
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Product and inventory posting groups are also very
important for the item because of journals as well
as general ledger accounts.

3. Production preparation process

For the production enterprises, carefully planning
of production is significant. For this activity, the role
center production planner is responsible, but the
tasks of that role are connected with other roles
and activities (for example sales, purchasing,
warehouse, shop supervisor, machine operator...).
Important tasks to do are to make Bill of material,
Routing and Production order. Therefore,
navigation window of production planner user
interface consists of data about above mentioned
activities as well as the data about sales orders
(make to order), purchase orders, vendors, items,
capacities, journals and worksheets. It differs
significantly from the role center in Figure 1. Bill of
material is a list of parts and raw materials of
finished product. To make a bill of material for
some product, the data about finished product and
raw materials should be previously defined on the
Item card. In Figure 2, there is an example of
Production bill of material for the furniture handle
(view Quantity explosion).

Quantity Explosion of BOM

As of 01.06.12

CRONUS Hrvatska d.o.o.

Level No. Description

Item: No.: 100

100 Furniture handle
110 Haanedhold
120 Connector

Unit of
Measure
BOM Gty. Code Total Gty.

FIECE
FIECE

LS
LS

b)

Figure 2. Production bill of material - a) for the furniture handle - b) and c)

Except from Bill of material, Routing should be
defined. Times (setup-adjusting, run-executing,
wait-waiting, move-transporting) and machine or
work centers for the operations to make product
are very important as well as proper data on Work
or Machine center card. Quality Bill of material and
Routing are prerequisites for a good planning of
Production order (status: planned, firm planned,
released and finished). Figures 3 and 4 present a

Routing for the production of semi-finished product
Handhold (it is a part of furniture handle which Bill
of material is given in Figure 2) and planned
Production order for the production of 1500 pieces.
After the releasing of Production order, there is a
need to post the consumption of materials on the
Consumption journal and the executed operations
on the Output journal.
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Edit - Routing - 110 - Handhold
ated Information ~ BB Reports ~

Process

110 - Handhold

General -~ Notes ~
Noa Search Description:  HANDHOLD. Click here to creste a new note.
Description:  Handhold Version Nos. ARTIKLL |
Type: Serial +  ActiveVersion:
Status: Certfied - LestDateModificct 2662012
Lines Ea

Operation No. | Type No. Description Setup Time Run Tirn. Wait Time MoveTime  Fi

10TURNING  Machine Center 1100 Turing 5 3 0 0

20CUTTING  Machine Center 1600 Cutting 10 1 0 0

0 TURNING  Mschine Center 1100 Turing 5 2 0 0

HOMILUNG  Mschine Center 1200 Milling ES 2 0 0

50 CONTROL  Machine Center 1500 Control 10 3 0 0

[

Figure 3. Routing for the production of semi-finished product Handhold

Process

101189 - Furniture handle

General -~ Notes ~
Now Search Description:  FURNITURE HANDLE Click here to create s new note.
Description Furniture hancle Quantity: 1500
Description 2 Due Date: wi02 v
Source Type: tem - Aesigned UserD:  ISVALINA -

Source No. 100 - Last Date Modified:  266.2012

Lines B

Description Starting Date-Time | Ending Date-Time Quaniity | Uit of Measure Code UnitCost|  CostAmount | *
Fumiture handle 26201210:50 9720121500 1500 PIECE 6450733 96.761,00

i

‘ i

]

[ schedule

10:50:00 | 2162012 | 150000 | 97.2012

]

[ Posting

GOTOVO | GREEN M 1

Figure 4. Planned Production order for the Furniture handle

4. Purchasing process

In order to have needed raw materials in stock and
to be possible to release Production order, some
activities in the purchase process have to be
accomplished. Contrary to the sales process,
where the communication with customer is
important, at the purchasing process, contact with
vendors is significant. So, the data have to be
entered to the Vendor card. Prior the Purchase

order, there is a possibility of sending request for
Purchase quote to a particular number of vendors
and to make decision of the best supplier. Figure 5
presents the Purchase order made from Purchase
guote of chosen vendor, for the raw material
needed for the production of semi-finished
products handhold and connector which are on the
Bill of material of the product Furniture handle
(Figure 2).
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Process

General

No.: 106124

Buy-from Vendor No. 500320 -
Buy-from Contact No, CT000272 -
Buy-from Vendor Name: NOREX

Goteborg -
PURCHASE -

252012 -

Description

58 Steel bar fil2 x 1000 mm GREEN

<1

Invoicing
Shipping
Foreign Trade
E - Commerce
Prepayment

Payments

106124 - NOREX

Order No. 106124 posted as Status:

Location Code Quantity  Reserved Qua... Unit of Meas,
53E Steel bar fil4 <1000 mm GREEN 400

# 4 | | Vendor Statistics a
252012 - Vendor No: 500320

252012 -

252012 - Amt.
Outstanding Inve...
Total (LCY) 0,00
Overdue Amount. 0,00

Vendor History - Buy-fo.  ~

(%) Show more ficlds

Direct Unit Cost ... Line Amount Exc.
KG
KG

= | Patd. Credit Memes:
Notes

Click here to create 2 new note,

v

500320 252012 v

0 | 252012

Show hidden icons. D

Figure 5. Purchase order for the raw material

5. Shipping and receiving

A special role is Shipping and receiving in the
warehouse which has to receive items from the
vendor, but also to pack and ship items to the
customer from the warehouse. So this role has to
deal with sales orders to ship (outbound) and
respected purchase orders to receive (inbound)
and also with purchase and sales returns. Very
important documents are sales shipments and
purchase receipts. After the receiving or the
shipping there is a need of posting (receive/ship,
invoice, receive/ship and invoice). As previously
mentioned, the actions of this role also affect the
changes in other modules (financial changes after
the billing; inventory is increasing or decreasing...).

6. Conclusion

A wide variety of analyses and reports is possible
to get in MS Dynamics NAV (the best vendors and
customers, statuses of different documents and
tasks, statistics of sale for salespersons, expected
and actual costs...). It can help and improve
making decisions in business process; actually it is
impossible to do business without ERP system and
to be competitive. Furthermore, regarding
education, MS Dynamics NAV system is a great
support to learn about the flow of information and
documentation in production process for the
students. The theoretical knowledge given to
students through the lectures is well illustrated,
improved and enriched with practical work by using
the MS Dynamics NAV. Practical learning
experiences are acquired and the students will be
well prepared to adapt to the requirements of the

world-wide labour market. The students will be
able to apply specific skills about the ERP systems
and to improve competition of the enterprise.
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Abstract

The effect of commercial dispersant DOLAPIX
CE®64 on rheological behavior of 60 wt. % Al,O5-t-
ZrO, aqueous suspensions was investigated. The
mass ratio of Al,O3:t-ZrO, in prepared concentrated
agueous suspensions was 85:15. Different amount
of DOLAPIX CE64 was added to each suspension.
Stability of prepared suspensions was determined
by zeta potential measurements at different pH
values and by determination of rheological
properties  (flow curves and rheological
parameters). Obtained results showed that all
suspensions with the addition of DOLAPIX CE64
were stabilized satisfactorily, while the sample
without dispersant was unstable. All prepared
suspension showed pseudoplastic behavior, which
was confirmed by successful application of Power
law and Herschel-Bulkley models on rheological
data. Measured zeta potential and rheological
parameters showed that DOLAPIX CE64 is
excellent and efficient dispersant for concentrated
Al,O3-t-ZrO, suspensions.

Keywords:
Al,O3-t-ZrO, composite, slip casting, zeta potential,
rheological parameters

1. Introduction

Monolithic alumina (Al,O3) is widely used oxide
ceramics, due to its satisfying properties, such as
high strength and hardness, temperature stability,
high wear resistance and corrosion resistance.
However, low fracture toughness is its greatest
disadvantage. The addition of yttria-stabilized
tetragonal zirconia (t-ZrO;) to alumina results in a
composite ceramic material, which has higher
fracture toughness and strength than alumina [1-
3].

Slip casting processing of ceramics is a relatively
easy and economical technology. In order to
produce high-quality green product and,
subsequently, sintered material, it is essential to
prepare stable suspension with adequate
rheological properties. Stability of a suspension
lies in the ability of solid particles to remain well
dispersed in the liquid phase. If the solid and liquid
phase separate, due to the agglomeration of
particles, the suspension is considered unstable. In
order to prevent this, small amounts of additives
(dispersants) are added to the slips. The additives

disable interactions between ceramic particles by
means of electrostatic or electrosteric stabilization.
The effect of different additives on the stability of
various suspensions is intensively investigated,
while the preparation of stable suspension is
crucial for many technologies (e.g. slip, gel and
centrifugal casting, injection molding, dip coating)
[1, 2]. Recently, polyelectrolytes are widely used
as dispersants, due to their greater stability and
efficiency. They provide electrosteric stabilization
[3-16].

Suspension stability can be determined by
sedimentation tests, zeta potential and particle size
measurements, as well as determination of
rheological parameters [3-16]. Zeta potential
values of colloidal suspensions indicate the
interactions between particles. When the absolute
value of zeta potential is greater than or equal to
20 mV, the observed suspension can be
considered as stable, because all particles have
high, positive or negative, charge. These particles
tend to repel each other, so they won't
agglomerate.

In this paper, the stability of prepared suspensions
was investigated by zeta potential measurements,
as well as rheological parameters determination.
Apparent viscosity was measured at different
shear rates and used for defining flow curves.
They show dependence of the shear stress on the
shear rate, which can give valuable data about the
suspension stability. Prepared aqueous Al,Os-t-
ZrO, suspensions are characterized as non-
Newtonian, which means their viscosity changes
with the shear rate change. For mathematical
description of these fluids several models have
been developed [10-16]. In this paper, Power law
and Herschel-Bulkley models were chosen,
because they haven't been used for Al,O3-t-ZrO,
systems before.

2. Method

Zeta potential and rheological parameters were

measured on aqueous Al,Os-t-ZrO, suspensions.

For preparation of these suspensions, following

components were used:

- High purity a-Al,O; powder, with an average
particle size of 300 nm (Alcan, Canada),

- High purity t-ZrO, powder - tetragonal
modification of zirconia ceramics, stabilized with
8 mol % of yttria. Average particle size was 300
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nm (SkySpring Nanomaterials, Inc., Texas
USA),

- Dispersant DOLAPIX CE64, alkali-free
carboxylic acid (Zschimmer & Schwarz GmbH
&Co KG, Germany). The average molecular
mass of Dolapix CE64 is 320 g/mol, and it is a
polyelectrolytic, ethanolaminic salt of citric acid.

For zeta potential measurements, 0,01 wt.%

suspensions of Al,Os-t-ZrO, were prepared. In all

suspensions the mass ratio of Al,O3t-ZrO, was

85:15. The suspensions contained various amount

of dispersant DOLAPIX CE64: 0, 0,4, 0,5, 0,6 and

1 wt%. All suspensions were homogenized

ultrasonically for 45 minutes.

Zeta potential usually depends on the pH value of

prepared suspension. In this investigation, the zeta

potential was measured in the wide pH range

(approximately between 2 and 12). The pH value

was adjusted by addition of HCI or NaOH (both

concentrations were 0,1 mol/L). Zeta potential was
measured on Zetasizer 3000, Malvern, UK.

For rheological measurements, 60 wt.% Al,Os-t-

ZrO, agueous suspensions, containing 0,4 and 1

wt.% of DOLAPIX CE64, were prepared. The mass

ratio Al,O3:t-ZrO, was 85:15. Suspensions were

homogenized in planetary ball mill (Retch, PM 100,

Germany), using a-Al,O; bowl and balls.

Homogenization lasted for 120 min, with disc

speed of 300 rpm. Subsequently, air bubbles were

removed in ecsicator during 5 min, then in
ultrasonic bath for 5 min, and finally in ecsicator for
another 5 min. Rheological parameters were
determined by rotational viscosimeter (Brookfield
DV-llI Ultra, USA), using supporting software
Rheocalc.

3. Results and discussion

The aim of this investigation was to compose
stable, concentrated Al,O3-t-ZrO, suspension,
adequate for slip casting into plaster molds, which
also implies reduced viscosity. The influence of
added dispersant on zeta potential and rheological
parameters was investigated.

Figure 1 shows the results of zeta potential
measurements with different pH values, for
suspensions with different amount of dispersant.

70 A
60 1
50 1
40 A
30 1
20 1
10 1

—£—09% DOLAPIX CE64
—- 0,4 % DOLAPIX CE64
-20 | —&— 0,5% DOLAPIX CE64
30 { % 0.6% DOLAPIX CE64
—6-1,0% DOLAPIX CE64

zeta potential, mV/

-10 1

-40

2 3 4 5 6 7 8 9 10 11 12 13
pH value

Figure 1. Dependence of zeta potential on pH
values for 0,01 wt. % Al,Os-t-ZrO, suspensions.
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Figure 1 shows that isoelectric point translated to
the greater pH values for the 0,4 and 0,5 wt.% of
dispersant, while for 0,6 and 1 wt.% of dispersant,
it translated to the lower pH values. For the sample
without dispersant (0 wt.%) the pH value couldn't
be stabilized between 6 and 10. Other samples
showed satisfying stability, which was confirmed
with absolute values of zeta potential greater than
20 mV.

Rheological measurements were conducted on 60

wt.% Al,03-t-Zr0O, aqueous suspensions,

containing 0,4 and 1 wt.% of DOLAPIX CEG64.

Obtained results are presented as:

- Dependence of apparent viscosity on the shear
rate for suspensions with different amounts of
DOLAPIX CE64 (Figure 2A),

- Dependence of shear stress on the shear rate
for suspensions with different amounts of
DOLAPIX CE64 (Figure 2B).

120

—o—w (Dolapix)=0,4 %
100
—a—w (Dolapix)=1,0 %
80
12}
©
o
£ 60
=
40
“] Mﬁu;‘
. 2222222202020202
0 30 60 90 120 150 180
st
9
s —e—w (Dolapix)=0,4 %
7 —&—w (Dolapix)=1,0 %
6 4
ns 51
o
5 4 4
3 4
2 4
14
0 T T T T T T
0 30 60 90 120 150 180

st

Figure 2. Flow curves for aqueous 60 wt. % Al,O3-
t-ZrO, suspensions with different amounts of
DOLAPIX CE64. (A) Dependence of apparent

viscosity on shear rate. (B) Dependence of shear

stress on shear rate.

Obtained flow curves for agueous 60 wt. % Al,Os-t-
ZrO, suspensions show typical pseudoplastic
behavior, i.e. apparent viscosity decreases with the
increasing shear rate. In order to evaluate
experimental data, two mathematical models were
used. These models are Power law and Herschel-
Bulkley model and are wusually used for
pseudoplastic fluids [8-11]. Power law is useful for
determining the following rheological parameters:
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coefficient of consistency and flow index, while
Herschel-Bulkley model can be used to determine
yield shear stress. The mathematical form of the
Power law is presented with Eqg. (1), while the
Herschel-Bulkley model is showed with Eq. (2).

T=ky" @)

T=1,+ky" (2

Where:

- 7 (Pa) represents shear stress,

- ks a consistency coefficient,

- 7(5'1) stands for shear rate,

- nis flow index (shear rate exponent),

- 1 stands for yield stress.

Obtained values of rheological parameters for
used models are shown in Table 1. (aqueous 60
wt. % AlLOs-t-ZrO, suspensions; mass ratio
Al,O3:t-ZrO, is 85:15).

Table 1. Rheological parameters for 60 wt.%
Al,O3-t-ZrO, suspension, with different amounts of
dispersant DOLAPIX CE64

Table 2. Apparent viscosity (n, mPa-s) for chosen
shear rates (, s™) in aqueous 60 wt.% Al,O5-t-
ZrO, suspensions (mass ratio Al,Os:t-ZrO; is
85:15) for different amounts of DOLAPIX CE64.

x viscosity, n, mPa-s
3
L
5 g shear stress| shear stress| shear stress,
° =
58 | 5% |&s 100 s 150 s*
ea 25 s s s
= =0
=c =0
0,4 15,36 9,51 7,47
60 1 1,45 1,36 1,39

* the amount of DOLAPIX CEG64 is based on the amount of
used dry powder (Al,03-t-ZrO, mixture)

<
i Power law Herschel-Bulkley model
"‘62 T=ky" T=1,+ky"
\O —_—
S g
g
g « n| R? 7 k| n| R?
04 | 2247 |032 957 0,37 25,6 0,67 | 99,1
1 2,01 0,92 92,7 0,01 0,93] 1,07 | 99,7

Values of correlation coefficient (R?) from Table 1
show that both applied models give good
rheological parameters for investigated system.
However, correlation coefficient for Herschel-
Bulkley model is greater than the one for Power
law, so it can be considered that Herschel-Bulkley
model gives more accurate results. Flow index (n)
of first sample (aqueous 60 wt. % Al,O3-t-ZrO,
suspension with 0,4 wt.% of DOLAPIX CEG64) is
less than one for both models, which indicates
pseudoplastic behavior of investigated
suspensions. Flow index (n) from Herschel-Bulkley
model for the sample with 1 wt.% of DOLAPIX
CE64 is greater than one, which indicates dilatant
behavior. Consistency coefficient (k) decreases
with the increase of DOLAPIX CE64 amount in the

suspension. Yield stress (7, ) also decreases with

the increasing amount of dispersant.
Measured apparent viscosity (77, mPa-s) for chosen
shear rates (y, s™) are shown in Table 2.

It is evident that for the investigated system
viscosity decreases with the increasing amount of
dispersant DOLAPIX CE64. The shear rate of
50 s™ is the shear rate of gravity slip casting. It is
low enough for the suspension with 1 wt.% of
DOLAPIX CE64 (1,45 mPas) so it can be
established that this amount of investigated
dispersant gives adequate rheological properties to
the aqueous 60 wt.% Al,O5-t-ZrO, suspension (the
mass ratio Al,O3:t-ZrO; is 85:15).

4. Conclusion

Dispersant DOLAPIX CE64 was used for

stabilization of aqueous 60 wt.% Al,O5-t-ZrO,

suspension. The stability of prepared suspensions
was determined by measuring their zeta potential
and rheological properties.

The results of zeta potential measurements on the

0,01 wt.% Al,0O3-t-ZrO, suspensions showed the

following:

- The isoelectric point translated to greater pH
values for the 0,4% and 0,5% of dispersant,
while for 0,6% and 1% of dispersant, it
translated to the lower pH values,

- All samples containing the dispersant showed
satisfying stability, which was confirmed with
absolute values of zeta potential greater than
20 mV,

- For the sample without dispersant (0%) the pH
value couldn't be stabilized between 6 and 10.
Obtained results of the rheological measurements
for aqueous 60 wt.% Al,O3-t-ZrO, suspensions (the
mass ratio Al,O3:t-ZrO, is 85:15) with 0,4 and 1

wt.% of dispersant showed the following:

- 60 wt.% suspension with 1 wt.% of DOLAPIX
CE64 with shear rate of gravity slip casting (50
s™) reaches value of n=1,45 mPa-s,

- The increased amount of this dispersant lowers
the viscosity of observed system.

Flow curves showed that investigated suspensions

were pseudoplastic. For the estimation of the

experimental data, two mathematical models were
used: Power law and Herschel-Bulkley model.

Obtained correlation coefficient (RZ) is somewhat

higher for the Herschel-Bulkley model, so it can be
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established that this model gives better
mathematical description of the researched
system. All obtained data from the zeta potential
measurements and rheological parameters
determination  showed that polyelectrolyte
DOLAPIX CE64 is good and effective dispersant.
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Abstract

Laser micromachining is a powerful process of
creating new surfaces, structures, cavities and also
complex electro-mechanical devices with very
small dimensions by laser radiation. This process
highly depends on choosing proper parameters
and their settings. An experimental investigation of
laser micromachining with low-power, diode-
pumped Nd:YAG laser is presented in the paper.
Material used in the experiment was austenitic Cr-
Ni stainless steel type X5CrNil8-10 (1 mm thin
metal sheet). The experiment was planned by
Taguchi method and created cavities were
evaluated by conventional optical and also
confocal microscopy in order to achieve values of
surface roughness and volume of removed
material. It was demonstrated practically, that low-
power laser is able to remove material from
workpiece, and it was confirmed, that this process
is crucially sensitive to input parameters settings.

Keywords:
laser, micromachining, stainless steel, Taguchi
approach

1. Introduction

Laser micromachining presents the expression,
which covers machining of components with
dimensions below 1 mm [1] or it is expression for
something, that is too small to be machined easily
[2].

Laser micromachining specifically refers to drilling
and cutting with intensive laser beam, usually in
the form of pulse trains, with energy far exceeding
the ablation threshold of the target material.
Different types of lasers are used for
micromachining applications. CO,, Nd:YAG and
excimer lasers are mainly used for this purpouses
[3]. Nd:YAG lasers were successfully applied for
micromachining of ceramics [4], composites [5],
semiconductors [6] and stainless steel. There are
many studies about laser micromachining of
stainless steel in which results of investigation how
modification of input parameters can influence
given outputs are presented. In some of them,
possibility of using laser radiation from various
sources for many applications, such as creating
periodic structures on stainless

steel [7], formation of self-organizing structures [8],
biocompatibility and wettability of stainless steel

after laser irradiation [9] and also possibility of
creating cavities on the surface of stainless steel
with aim of maximizing the volume of removed
material was studied [10].

2. Experiment

The experiment was accomplished in International
Laser Centre in Bratislava on low-power Nd:YAG
laser (type Valentino made by AVANTEK Noveé
Mesto nad Vahom, Slovakia) with maximal 8 W of
optical power, wavelength of radiation 1064 nm,
working in pulse mode. The experimental setup
(shown in the Figurel) also consists of laser optics
(1), medium feed (2), plate of austenitic stainless
steel type X5CrNi18-10 of 1 mm thickness (3) and
2D moveable, numerically controlled worktable
(4).

The experimental layout using the Taguchi L,7(3™)
orthogonal array was used in this study. L,; array
has a possibility to assess the main effects of three
parameters and two factors interactions, too.

The influence of the optical power, position of focal
spot, interaction time of laser with material and
type of medium have been studied.

Figure 1. Experimentai éetdp used for laser
micromachining of austenitic steel

Input parameters and their levels are summarized
in Table 1. The numbers -2, 0, 2 in the table
represent focal spot position below,

on and above the surface of sample. Several
constant parameters was also involved in this
experiment, such as frequency (2000 Hz) and
beam movement strategy (raster).
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Tablel. Parameters and their levels used in

experiment
Parameter Sl
1 2 3
Optical power (W) 5 6,5 8
Interaction time (s) | 0,05 0,1 0,15
Focal spot position 2 0 5
(mm)
Medium (-) Air 02 Ar

Twenty seven new cavities (with square shape and
1,5 mm long sides) were created (on three
samples, nine cavities on each one), respecting
three different mediums used, by "raster" strategy
of beam movement and combination of input
parameters acquired by application of Taguchi
method. Differences in interaction mechanisms
were obvious during laser micromachining process
due to different optical and also acoustical
phenomenons presented.

3. Results

Although the target of experiment was to achieve
minimum surface roughness and maximum volume
of removed material, evaluation of experiment was
getting complicated because of massive formation
of oxides observed during micromachining
process, so confocal microscopy was hard to use
for surface roughness and volume of removed
material determination andonly thirteen of twenty
sevencreated cavities were evaluated.
Measuredvalues are given in Tab. 2. It can be
seen, that in three cases, the negative values of
removed material (V) was measured. It means,
that the volume of material below the surface
sample was shy of volume of material above that
surface, probably because laser power did not
reach the level in which material could by removed
and so, it was only re-melted. The highest value of
removed material (Figure 2a) was reached with
combination of parameters set to its highest
values, position of laser focal spot on the surface
of sample and in oxygen. The lowest surface
roughness was observed on cavity (Figure 2b)
made with 6,5 W of optical power. Interaction time
was 0,05 s, focal spot was placed below surface of
sample and air was used as a medium.

Table2.Surface roughness and volume of removed

material
Experiment Ra (um) Vi (10'3.mm3)
number
1 11,90 -82,5
2 7,74 59,6
7 1,07 -1,3

{
0.0
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8 1,44 32,5
9 1,74 1011
10 2,12 41,0
12 15,23 50,6
16 0,98 34,3
17 1,68 91,0
20 11,71 -27,9
21 4,44 189,1
25 1,61 52,4
27 9,86 118,3

Figure 2. Cavity made by micromachining of
austenitic stainless steel (50x magnification)

a — sample with highest measured volume of
removed material,
QT 5 b-

R v PP 234 = .
sample with minimum surface roughness 50x
magnification

Measurement of cavity 21 by confocal microscope
(Figure 3) showed, that material was removed up
to 100 um depth and solidified around borders of
cavity up to 30 um height. It is clear, that in this
case, settings of input parameters led to
conditions, in which material could be removed up
to relative high depth.

Figure 3. The result of scanning of cavity 21 by
confocal microscope

The morphology of surface of cavity 16 is shown in
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Figure 4. On some places, laser pulses removed
material up to 15 ym and some volume of material
was solidified around borders of cavity with
maximum height about 5 microns.

Figure 4. The surface morphology of cavity 16
obtained by confocal microscope

The second highest value of removed material
(about 33 percent lower than the highest one) was
measured in cavity 27 (see Table 2). Input
parameters were: 8 W (maximum) optical power,
0,15 s (the longest) interaction time, position of
laser spot below the surface of sample and air as a
medium.

The third highest value of removed material was
found in cavity 9. Medium, interaction time,
position of laser spot were the same as in previous
case, but optical power was set to minimum (5 W)
and about 15 percent lower value of removed
material in comparison with previous cavity was
found.

As it was already said, that minimum surface
roughness was found in cavity 16, which was
made by combination of medium values of input
parameters and air. The next follows roughness
measured in cavity 7, which was made in medium
of argon, the lowest values of optical power and
interaction time and in position of spot below the
surface of sample, but in this case, material was
not removed. Results obtained in presence of
argon did not correspond with theoretical
predictions. During micromachining process in this
medium, formation of oxides was not eliminated in
most of cases, but two cavities were found as
oxides-free. Figure 5 shows cavity 7, which surface
is almost oxides-free.

The Taguchi method allows to determine which
input parameter influence given output the most
together with possibility to choose parameters
settings for achieving required output
characteristics. Statistical methods led to finding,
that in the case of maximization of volume of
removed material, position of focal spot is the
parameter, that influence it the most significantly.
Then follows medium, interaction time and, finally,
optical power.

Figure 5. Oxides- free surface of cavity 7 obtained
in presence of argon

Analogous method was used for minimization of
surface roughness. It was shown, that in this case,
the medium is the parameter with highest influence
on the surface roughness. Subsequently follows
position of focal spot, then interaction time and
optical power.

4. Conclusion

The following conclusions have been drawn from

this research:

» |t was confirmed and demonstrated both
process complexity of laser micromachining
and also its sensitivity to choosing proper input
parameters and their settings.

= |t was shown, that experimental device used in
this experiment (Nd:YAG low-power laser) is
able to remove material from workpiece, but in
other hand, parameters (and their values) used
in experiment: frequency, wavelength, optical
power, etc. significantly limited possibilities of
maximizing volume of removed material. For
higher volumes, more powerful laser device
should be applied.

= Differences in interaction mechanisms could be
seen during laser micromachining process,
because of optical and also acoustical
phenomenons taking part in process.

= |t was also confirmed the presence of
theoretically predicted mechanism of material
removal, in which more melting and less
evaporating of material was observed.

= There was observed massive formation of
oxides in most cases, which complicated the
evaluation of cavities by confocal microscopy. It
was also used ultrasonic cleaner, but with
minimum success.

= The best surfaces, from the viewpoint of
pureness, were achieved in presence of argon,
by which elimination of oxides formation was
gained, but there was also observed exactly
opposite process in given medium. It can be
presumed, that different direction of gas flow
could lead to different results. In our experiment,
side flow was used.

= The Taguchi method appeared to be easy
method for planning and evaluation of
experiment.
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Abstract

In this paper the basics of a deep drawing process
for the production of a thick plate steam boiler end
caps are shown. Also the analysis of stresses
which appear in the deep drawing process are
shown — bending stress, frictional stress and inner
stress due to displacement of material are also
shown. Afterwards some mathematical
formulations are made in order to find total
stresses which appear in the material during the
forming process which are needed for the force
calculation.

1000

Keywords:
Deep drawing, thick plate, steam boiler

1. Introduction
The production of thick plate steam boiler end caps Figure 1. Experimental tool geometry and
is usually performed in one or more work travels dimensions.

on hydraulic presses. The designer of hydraulic
presses and the engineer responsible for deep
drawing of products should be aware of the
amount of deep drawing force in the process.

So far, the empirical and theoretical expressions
have shown to have very different results. In order
to examine deep drawing forces which appear in
the deep drawing process, a tool shown in Figure 1
was used.

+Punch

Product

50

1625

100

930

Figure 2. 3D model of experimental tool and
deep drawn product.
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Deep drawing process is performed in such a way
that first a thick metal plate (dimensions 2180 mm
in diameter and 210 mm thick) is heated-up to
forming temperature, and then it is formed with
tools under the pressure of hydraulic press.

2. Force calculation

In order to obtain the forming force needed for
deep drawing process, it is necessary to
understand which stresses act on infinitively small
element which is shown i‘r} Figure 3 and Figure 4.

Figure 3. Schematic illustration of bending of
plate with marked A-A section [1].

Figure 4. Stresses which act in marked
section A-A form Figure 3. [1]

From Figure 3 it can be seen that section A-A is
important for understanding stresses which act on
the infinitive small element. This stresses are:
plastic deformation stress oy stress form friction
over the edge o3 and bending stress openg [1].

Total stress is calculated as:

O-tot = O-u + O-fr + O-bend (1)

In order to obtain stress of plastic deformation o it
is necessary to use infinitesimally small element
and forces acting on it which can be seen if Figure
4 [1].
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From the condition that all forces in y direction are
in equilibrium it can be written that:

(0, +do,)(R+dR)s-dp—

2
—ar-R-s-d(p—Zat-sin(d%o)s-dRzo ©)

Since expression sin[d%ajzd%p can be written

for infinitesimally small angles and after dividing
the expression (2) with thickness s it can be written

[1]:
(0, +0,)dR+do,-R=0 3

In order to solve this differential equation (3) one
additional expression must be introduced where k;
is forming stress:

ki =0, +0, (4)

After combining expressions (3) and (4) the
solution of differential equation can be found as [1]:

o, =k, -|n[%J )

u

During the forming process, a plate is moving over
the filleted edge with respective radius ry and this
plate needs to overcome the force of friction. This
results in the larger stress near inner radius R,

which consists from bending and friction stresses.
dAc

Figure 5. Schematic illustration of a plate

moving over filleted edge of the tool and

forces acting on the infinitesimally small
element. [2]
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If force dF, increases for amount dF=dF-dF¢ there
will be movement of sheet metal. By increasing the
bending detail it can be shown that the forces
which act on the bended surface looks like in
Figure 5. Elementary band shown in Figure 5 has
length dl=ry-da [2].

From Figure 5, if all forces are set to be in
equilibrium, and their values projected on x, and y
axis, two equations can be written.

> X=0

(dF, +dF)-cos%da—ch cos%doc—,udFN =0

ZYzO

(6)

1 1 (7)
dF, —(dF, +dF)S|nEda—dFCsm§da =0
Since it can be written that:
Sin%da ~ %da
da (8)
cos(—} ~1
2
Expressions (6) and (7) can be written as:
dF —udF, =0 9)
dF, —dF.-da=0 (10)

When this two equations are combined it follows
that:

dF = pudF, -de (12)

Total accession of force for the finite bending angle
can be written as:

dF, a
d_F :yIda (12)
0

By integration of expression (12) it can be seen
that the force of friction for one volumetric element
at the end of the arc can be written as:

AF =dF, —dF, =dF; (e* -1} (13)
Then it can be written that:
O = ﬁ, MPa
AA
oy =0,(e" 1), MPa (14)

o, =k, -In[%j(e”“ ~1), MPa

u

Bending stresses in the steam boiler cap will be
positive in the outer tensile zone, and negative in

the inner compressive zone in front of neutral
plane.

This stress will increase with the thickness of the
plate, and it will decrease with larger radius ry,
Bending stress can be calculated with the following
expression [2]

S
O-bend Zkf ‘?, MPa
M

(15)

This, combined with the expressions (1,5,12) leads
to the following expression used for the calculation
of total stresses in the material during forming [2]:

o =K, [ln(%)ew +4i} MPa (16)

u r.M

Since total stresses are known, the forming force
can be calculated with the following expression:
Foo =As -0y, N

tot

17
Fie=2-R,-7-s-k| In R e S an
R 4-1,

u

There are several more expressions with which the
forming force can be calculated and for the
purposes of this work only two of them will be
mentioned.

The expression for calculation of forming force
according to DIN norm [3]:

Ftot=2-Ru-7r-s-Rm£%—bJ, N

u

(18)
b=0,6 — coefficient

And the expression for the calculation of forming
force according to Tomlenov [3]:

Fm:(1,5+2)Rm~ln(%j-7r-Ru-S, N (19)

u

According to Siebel’s expression, the forming force
can be calculated as [3]:

Fuk=1,3-ﬂ-Rv-S-Rm-In[%j, N (20)

u

3. Experiment

For the experiment, a steel plate of 2800 mm in
diameter and 210 mm of thickness was used.
During the forming plate was coated with graphite
mixed with mineral oil. The temperature of heating
of a steel plate was 1100°C and by the time the
steel plate was mounted on the tool the
temperature has dropped to 1040°C.

At the end of the forming process the temperature
of the steel plate was 920°C.
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The time needed for the plate to be extracted from
the furnace and until the end of the forming
process was 10-13 minutes. The forming process
was performed in the 50 MN forming hydraulic
press. In the production a 23 steam boiler caps
were made, and maximal forming force was 28,6
MN.

Maximal difference of forming force in the
production of 23 boiler caps was 2 MN.

Since material was heated to the medium
temperature of 970°C, the forming stress and the
tensile stress were assessed to 76 MPa according
to the manufacturer data.

With the above mentioned data, and the use of
Figure 1 (from which R, = 695 mm, R, = 906 mm),
the forming force F; can be calculated.

From (17):
F. =2.906. 721076 In[ 208 | goars7 210
695 4.280
F.. =50022389 N =50 MN
From (18):
906
Fo =2-695-7-210- 76(— - 0,6} =49037842 N
695
F.. =49 MN
From (19):
906
F=2-76- In(—j-ﬂ-695- 210=18477886 N
695
F. =18,5 MN
From (20):

Fot :1,3-7r-2-906-210-76-|n(%j:31314033 N

F,, ~313 MN

4. Conclusion

In this paper the basics of a deep drawing process
for the production of a thick plate steam boiler end
caps are shown. Theoretical analysis of stresses
which appear in the deep drawing process are
shown — bending stress, frictional stress and inner
stress due to displacement of material are shown.
These stresses are described, and some
mathematical formulations are made in order to
find total stresses which appear in the material
during the forming process.

Later the expression for the calculation of the
forming force is shown. Also some other
experimental formulations from the literature are
presented.

These expressions were used for the calculation of
the deep drawing force, and later the results were
compared to the experimentally obtained force
values in the production of boiler end caps.
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The results show that the closest amount of force
can be calculated with the expression (20). The
difference in the results is from large amount of
assumptions and simplifications used in the
formulation.

Also some other forces exists in the forming
process, and stresses which are caused by this
forces needs to be further investigated by Finite
Element Methods — FEM in order to better
understand the deep drawing process.
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Abstract

Titania (TiO,) thin films with one-layer and three-
layer were deposited on the X5CrNi18-10 (AlSI
304) stainless steel by dip coating sol-gel process.
For the preparation of sol, titanium isopropoxide
was used as a precursor, propanol as a solvent,
with addition of nitric acid as a catalyst and
acetylacetone for peptization. Deposited films were
calcined at the temperature of 550 °C. Scanning
electron microscopy (SEM) equipped with EDS
detector and atomic force microscopy (AFM) were
used for characterization of prepared films. SEM-
EDX analysis confirmed the TiO, films formation.
Results obtained by AFM analysis show that the
number of deposited layers influenced the surface
topography, as well as roughness parameters.

Keywords: TiO, thin film, AFM, SEM-EDX.

1. Introduction

Ceramics are, in general, more resistant than
metals to corrosion, erosion, oxidation and wear in
high temperature environments [1, 2]. They also
possess very good electrical insulation properties.
Ceramics oxide films and coatings like TiO,, Al,Os,
ZrO,, and SiO, etc. can be deposited on metals to
improve their surface properties. There are several
techniques for the deposition of films and coatings
on metals, such as chemical vapor deposition
(CVD), physical vapor deposition (PVD), plasma
spraying, electrochemical deposition and sol-gel
process. The sol-gel process, also known as
chemical solution deposition, is a wet-chemical
technique, a process involving following steps:
hydrolysis and polycondensation, gelation, aging,
drying, densification and crystallization. A sol-gel
coating can be applied to a metal substrate
through various techniques, such as dip-coating,
spin-coating, spraying and electrodeposition [3].
The most important advantages of the sol-gel
process are: low equipment costs, low processing
temperature, good homogeneity, the usage of
compounds that do not introduce impurities into
the end product as initial substances, making it a
“green”, waste-free technology. These advantages
make the sol-gel process one of the most
appropriate technologies for preparation of thin,
nanostructured films [4-9]. The aim of this work is
to prepare thin, compact, nanostructured and

homogeneous TiO; films by dip-coating technique.
The morphology and composition of the films were
determined by SEM-EDA and AFM analysis.

2. Method

Two steel plates (10x10x2 mm) were used as
substrates. Chemical composition of X5CrNi18-10
(AISI 304) stainless steel was determined by glow
discharge optical emission spectroscopy (GDS
850A, Leco) and results in wt. % were: C-0,06; P-
0,037; S-0,006; Si-0,38; Mn-1,18; Cu-0,32; Mo-
0,16; Cr-17,9; Ni-7,76 and Fe — the rest.

Before the deposition of films, steel substrates
were ground with SiC abrasive discs (180-1000
grit) and then polished with diamond paste (3 um
and 0,25 um). Substrates were then ultrasonically
cleaned in acetone and subsequently dried.

For the preparation of sol, the following
components were used:

- 5 ml titanium (IV) isopropoxide (Ti(CsHs015)4, Mr
= 284,25, as a precursor,

- 44 ml i-propanol (CsH,OH), Mr = 60,1 as a
solvent,

- 0,5 ml 0,5 mol/L nitric acid (HNO3), Mr = 63,01,
as a catalyst,

- 1,1 ml acetylacetone (CH3(CO)CH,(CO)CHj3), Mr
=100,12, for peptization.

Sol was prepared by dissolving titanium
isopropoxide in i-propanol. A magnetic stirrer was
used for continuous stirring. Nitric acid and
acetylacetone were added successively. The first
and second stainless steel plates were dipped one
and three times, respectively, into sol by a
homemade, electrically driven pulley system,
simultaneously. Steel substrates were dipped into
sol at a rate of 10 mm/min, then were held in
solutions for 3 minutes in order to allow surface
wetting. The withdrawal speed was also 10
mm/min. After each dip, the steel substrates had
been dried at room temperature for 10 minutes.
Subsequently, each steel substrate was dried at
100 °C for an hour. After dip-coating and drying,
each steel substrate was calcined at 550 °C for 4
hours.

The morphology and chemical compositions of the
TiO, films on steel substrates were determined by
means of the scanning electron microscopy
(Tescan Vega TS5136LS) equipped with the EDS
detector. The surface topography of the TiO, films
was determined by the Multimode AFM with a
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Nanoscope llla controller (Veeco Instruments,
Santa Barbara, CA), under ambient conditions in
air. Roughness analysis option was used to
perform roughness analyses on 0,5 um x 0,5 um
imaged surface area for each sol-gel TiO; film.
Results are presented as R,, Rgq Rz, Rmax and Z
range values.

3. Results and discussion
Figs. 1A and 1B show surface morphology of TiO,
with single-layer and three-layer obtained by SEM
analyses, while Figs. 1C and 1D represent their
corresponding EDX spectra.

A

Nk [7.18 [5.74

MoL 062 [030

377 [5333
650
MoL 014 [0.07

b 4
ull Scale 8590 cts Cursor: 5.895 (69 cts)

Figure 1. (A) SEM images of the surfaces of sol-
gel TiO, film with single-layer, (B) SEM images of
the surfaces of sol-gel TiO, film with three-layers;
(C) EDX measurements of TiO, film with single-
layer and (D) EDX measurements of TiO, film with
three-layers.

It is clear that the obtained films were free from the
cracks and pinholes (Figs. 1A and 1B). Results of
EDX spectra of the surface of TiO; film with single-
layer and three-layers (Figs. 2C and 2D) confirmed
the TiO, films formation.

The AFM (atomic force microscopy) analysis
shows the surface morphology of TiO, films with
single-layer and three-layers. Figs. 2A and 2B
show 3D views of height data and the
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characteristic vertical profiles (“section analysis”) of
TiO; film with a single-layer and three-layers.
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Figure 2. AFM analysis of TiO, film with single-
layer and three-layers. Surface topography is
presented as 3D-views of height data and as a
height profile along indicated lines (“section
analysis”). (A) Surface topography and (C)
corresponding section analysis of a single-layer
TiO, coating. (B) Surface topography and (D)
corresponding section analysis of a three-layer
TiO, coating.

As shown in Figs. 2A and 2B, the coatings reveal a
homogeneous, granular surface.

For both TiO, films following roughness
parameters were determined: R,, Ry, Rz, Rmax and
Z range values.

R, is the arithmetic average of absolute values of
the surface height deviations measured from the
mean plane:

R - 1
a— N
N;|Zj| 1)

Rns is the root mean square average of height
deviations taken from the mean data plane:

R (Ry) =,/—Z(I\ZI‘) )
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R, is the average difference in height between five
highest peaks and five lowest valleys relative to
the mean plane, while the Z range is the maximum
vertical distance between the highest and lowest
data point within the analyzed region and the mean
plane is the plane for which the summation of the
square of distances from all points on the true
profile to the plane is a minimum.

The roughness parameters of both TiO, films are
presented in Figure 3.

18 ofilm 1- 1x
Bfilm1-3x =~~~ 7~~~

15 7

12+

Roughness, nm

60 [
50 +
a0 |
30 |

Roughness, nm

20

10 4

Rmax Zmax
Roughness parameters

Figure 3. The roughness parameters of TiO; films
with single-layer and three-layers.

All determined roughness parameters increase
with the increasing number of layers (Figure 3).

4. Conclusion

Uniform TiO, films were successfully prepared on
stainless steel substrates using a sol-gel method
and dip-coating technique. The results of AFM
analyses of prepared films confirmed the presence
of nanostructured sol-gel TiO, coatings on
stainless steel substrates. It was also confirmed
that the surface was compact, without the
presence of cracks. The increase in the number of
layers caused the increase in roughness
parameters.
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Abstract

Paper deals about flexible assembly cell analyze
by graph and network theory and application
selected methods. The introduction describes the
basic characteristics of approaching the issue. The
aim is to analyze the spatial analysis prototype
flexible assembly cell, its description and the
description of the activities of individual sections
and methods of network analysis application.

Keywords:
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1. Introduction

The analyzed device consist of 3-axis shelf
storage and 3 axis Cartesian robot, rotating unit,
clamping fixture, spring magazine and cover
magazine. (Figurel.). Shelf storage provides
storage of semiproducts, individual components
and final products too. These components and
products are placed on pallets. One of the shelf
manipulator tasks is select and pull pallet with
required component from storage and place to
rotating units. Rotating unit is an interface between
shelf storage and assembly cell. This rotating unit
provides inputs and outputs in and out from
assembly cell workspace. Assembly process is
performed by 3-axis Cartesian robot with
automation gripper change system. Clamping
fixture is one of the parts of assembly cell placed in
working plate of Cartesian robot. This fixture allows
perform continual rotational movement required
speed and direction as lathe chuck. Clamping
fixture allows workpiece accurate positioning in
their vertical axis too. Flexible assembly cell
control is provided by industrial computer. Electric
and pneumatic energy are used to device
operations. Assembly cell products are 3 type of
linear pneumatic motors. (Figure 2.).

Five manufacturing operations are integrated on
flexible assembly cell. There are:

* Semiproducts storage and transportation for
production device,

* Individual parts manipulation,

» Assembly to final product,

» Final products manipulation and storage before
expedition.

Each product passes all these operations during
their manufacture. [4]

Figure 1. Flexible assembly cell with shelf storage.

MO3

COVER

SPRING MO2
PISTON 1 PISTON 2

MO1

Iy

CYLINDER

CYLINDER
BODY 1 BODY 2

CYLINDER
BODY 3

Figure 2. Assembly procedures graph of linear
pneumatic motor.

2. Lawler algorithm application to
manufacturing process optimization

This algorithm calculates an optimal schedule of
jobs to be processed on a single machine (in
reversed order) while taking into consideration any
precedence  constraints.  (Figure  3). [1]
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Two preconditions must satisfy solved problem.
There are:

1, Predetermined manufacturing operations with
technological or technical follow-up.

2, Weight preferences w; presents individual
operations significance — the higher weight value,
the higher the preference of the operation.
Procedure:

1. Given i = 1 and calculate the total processing
time of all operations, time of the last operation the
value is

Cylinder body 3 - 0;
Piston 2 - 0,
Cylinder body 2 - 05
Piston 1 -0,
Cylinder body 1 - 05
Piston 1 - Oe.

It follows:

Operations that can go first: 0, O3, Os.

Operations that must be the last : 0,, O4, Os.

Table 1. Data for individual operations

0=t (1)
2. Given G be a set of those operations can be ? (2)1 ,?2 23 ,?4 25 gs
performed as the last, without a break of the & 3 5 6 7 6 6
technological and technical follow-up. These V\; 3 3 5 5 5 3
operations are assigned a value of PI -
max { f'-d;0} operation o o o
Choose operation ok from set G, for which an P ' o 3 °
min (w; max {f* —d;,0}) =21 . a8 . 28 45
This operation is performed as a last and is =21 . 39 24 X 36
omitted from the set G. =21 >7 X X o
Determine the value - : '
3. Given i =i+ 1 and repeat step 2 to determine =01 O X X X X X
last manufacturing step, which will be made the
first. [2] O — operation
_ s t— operation time
0j 01 (4)) on |Rozvrhnute Wi— max. operations time
t |t & .. .. .. ta] opericie ?1;— weight preferences
=2t=21
g |d d .. v GOp 0j !
Elfwilw W o e . W fr=f"-tj 3
f m m .. .. .. Do Table number 1 calculation :
£ m? m? .. .. .. m? 1. Calculation step
) Operation 0, => 3(21-5) = 48
Operation 0,=> 2(21-7) =28
Operation 0 => 3(21-6) = 48
2. Calculation step
n n - Operation 0, => 3(18-5) = 39
7 0 B o w e T Operation 03 => 2(18-6) = 24
] o ] Operation 0g => 3(18-6) = 36
Figure 3. Application of Lawler's algorithm [3]
o 3. Calculation step
Symbols used in figure 3: _ Operation 0, => 3(14-5) = 27
if o can not be Operation 0g => 3(14-6) = 24
implemented
{m; }= wymax {f; — d;, 0} | if oj can be 4. Calculation step
implemented Operation 0, => 3(9-5) = 12
Operation 0s=> 2(9-6) = 6
X if o; has already been
implemented 5. Calculation step
Operation 0,=> 3(5-5) =0
Assembly procedures graph shows first part on
storage and assembly cell is cylinder. The next 6. Calculation step
one is piston. Operation 0, => 3(2-3) =-1; 0
Indicated individual components as follows:
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Consider the following notation
min [( w; max{f* — d;,0})]
The resulting sequence of operations will then be
0:-0;
05— 06
03 — 04.

3. Conclusion

The entire material flow analysis of a flexible
assembly cell was developed to highlight the
developments in production, leading to so-called.
individualization of consumer strategy. What is a
quick response manufacturing a wide range of
products in smaller doses. It is important to set the
parameters to be monitored to achieve a flexible
response system to changes in production
requirements as well as changes in their
surroundings.
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Abstract

The transmission of power in IC engines are from
combustion in cylinders to piston and piston pin via
the connecting rod to the crankshaft which is
achieved by the fluid film Ilubrication in the
bearings. The force applied to the connecting rod
is dependent on the pressure distribution in the
lubricant film and by the stiffness of the connecting
rod. From that conclusion, the dynamic behavior of
the connecting rod is crucial for structural design.
Dynamic behavior include elastohydrodynamic
lubrication in bearings. In this paper, large medium
speed IC engine simplified connecting rod will be
analysed by modern multy-body dynamic
simulation in software AVL Excite 2010.1 [1].
Elastohydrodynamic behavior of big end bearing
will be evaluated. Substructuring of finite element
model was done in software Abaqus 6.10 [2].

Keywords:
Connecting rod dynamics, elastohydrodynamic
lubrication, multy-body dynamic simulation

1. Introduction

Reciprocating machines are provided with crank
mechanisms to transform the reciprocating motion
of the pistons into the rotating motion of the
crankshaft. The connecting rod connects the piston
to the crankshaft, and consists of the crank or big
end, pin or small end, and shank [3]. The crank pin
is eccentric to the rotational axis of the crankshatft,
resulting in a moment force that induces a rotary
motion, as shown in figure 1 [3].

Figure 1. Motions of connecting rod [3]

Pistons, piston pins, connecting rods, crankshaft
and flywheel all together form a reciprocating
piston engines crankshaft assembly. The
components of the crankshaft assembly are
subject to high gas forces and to high inertia
forces. Conflicting demands such as minimum
mass on the one hand and high stiffness and
fatigue strength on the other present a challenge to
structural design. Knowledge of fatigue limits of
materials, notch factors, heat treatments, surface
roughness, dispersion ranges, size factors and
influence factors in way of mean stresses are
crucial for estimation of high-cycle fatigue strength.
Piston mass contributes substantially to the
oscillating mass and is thus subject to strict criteria
of lightweight construction. Combustion chamber
pressure and temperature highly stress a piston
thermomechanically. Highly thermally conductive
aluminium piston combine low density with high
thermal load relief. However, their use in diesel
engines reaches it's limits at firing pressures above
200 bar. In principle, steadily increasing ignition
and injection pressures result in “harsher”
combustion. This creates problems with acoustics.
Averaged peak firing pressure in modern medium
speed engines are approximately 210 bar [4].
Medium speed engines are used for ship
propulsion, trains, tanks, generation sets for power
generation, etc. Figure 2 shows example of
modern medium speed IC engine.

Diesel 48/60CR [4]
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2. Dynamic model of connecting rod

The gas force and oscillating inertia force load a
diesel engines connecting rod shank with pulsating
compressive stress. Inertia force generates
pulsating tensile and bending stress in the
connecting rod small end. The oscillating inertia
force from the piston and connecting rod minus
that of the connecting rod bearing cap acts on the
connecting rod small end. The bolted connecting
rod joint produces static compressive prestress in
the clamped area. The shrink fit of the small end
bushing and the big end bearing causes static
stresses. Figure 3 shows deformation of
connecting rod under gas and inertia force.

T
SR

Gas [

Inertia
force

Figure 3. Deformation of connecting rod under gas
and inertia force [5]

Simulating every effect (deformation of the
bearing, bushing, crankshaft and connection rod,
bearing clearances, hydrodynamic lubricating film
formation with supply pressure, temperature and
dynamic viscosity) proves difficulty and complexity
of dynamic simulation. The joint integrity between
the connecting rod and the cap is provided by the
bolts. The connecting rod big end bore ovalizes
under inertia force and the bolts are bent outwards.
If the bolt force is insufficient, the connecting rod
bolted joint will open towards the crank journal pin
side, as shown in figure 4 [3].

Figure 4. Bolts bending and gap opening caused
by inertia force [3]
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3. Elastohydrodynamic lubrication and plain
bearings

Most of the human body’s joints are diarthrodial,
which means their articulation is freely movable. In
a diarthrodial joint, the contiguous bony surfaces
are covered with articular cartilage, and connected
by ligaments lined by a synovial membrane (Gray
and Lewis, 1918). Figure 5 shows typical
diarthroidal joint in human body.

\~ Articular cartilage

\. _ Synovial

; stratum | articular

: capsule
M- Fibrous

[/ stratum

Figure 5. Typical diarthrodial joint [6]

Plain bearings in IC engines function according to
the principle of hydrodynamics. Fluid film bearings
operating in the full hydrodynamic regime support
the load on a very thin film. The pressure field
produced acts as a spring force. In addition to its
rotary motion, the load causes the shaft to execute
movements with a radial component. This
squeezes the lubricant out of the gap in
circumferential and in axial directions. Produced
pressure field acts as a damping force. The
pressure field from rotation and displacement
superimpose on each other, thus generated the
bearing reaction force that separates the sliding
surfaces of the shaft and bearing. Figure 6 shows
pressure field in plain bearing. The basis for the
simulation of hydrodynamics in plain bearings is
the Reynolds differential equation which describes
the lubricant flow in the lubricating gap by
simulating motion (Navier-Stoke’s equation) linked
with the condition of continuity.

d T 1
pip.2) ||

Bloseetttbtbeddl 8 N

Figure 6. Pressure field in plain bearing [7]
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Due to very complex elastohydrodynamic behavior
of plain bearings, the shell profile of big end
bearing usually have elliptical cross-section. Very
often usage for connecting rod big end bearing are
lemon shape bearings, which not allow metal to
metal contact and whirl instability. Figure 7 shows
elliptical bearings.

Lemon shape
Figure 7. Elliptical bearings [7]

From the standpoint of rotordynamics, the main
advantage of fluid film bearings is their inherent
damping characteristics [8].

4. Multi-body dynamic simulation

A multy-body dynamic simulation (MBS) is used to
model the dynamic behavior of interconnected
elastic bodies (which can have large translational
and rotational displacement) connected with
nonlinear joints. Connecting rod in this paper have
simplified geometry for large IC medium speed
diesel engine, due to fact that just will show
modern application of numerical simulation in very
complex systems. Connecting rod height is 1000
mm. Geometry was created with finite element
mesh in software SimLab 9.0 [9]. In SimLab,
geometrical bodies are created automatically with
FE mesh. Big end bearing have width of 110 mm
and diameter of 266 mm. Piston mass is 110 kg.
Bore and stroke are 350 and 500 mm,
respectively. From [3] recommended starting value
for bearing diametric clearance is 0,1 % of bearing
diameter, and from that conclusion the radial
clearance used in simulation is 133 microns.
Selected firing pressure is in range for modern
diesel medium speed engines with peak firing
pressure of 210 bar, from [4]. Oil dynamic viscosity
is 0,03 Pa-s with supply pressure of 3 bar. Piston
mass, bore and stroke are selected from catalogs
of manufacturers in way of taking typical numbers.
From [4], the typical engine speeds for medium
speed engines are between 300 and 1000 rpm.
Selected speed is 500 rpm.

After FE mesh preparation, the substructuring of
selected nodes was done in software Abaqus 6.10
[2]. Substructured nodes are on big end bearing
surface, center of small end, and for axial joints (i.
e., springs) to hold model in space. Multy-body
dynamic simulation is done in software AVL Excite
2010.1 [1]. Limit values for maximum loads and
minimum oil film thickness for connecting rod
bearings and main bearings of cars, trucks and
large diesel engines can be viewed in [10].

5. Results

First results are the forces in big and small end, in
figures 8 and 9. Red curve represent vertical force
component, and blue curve represent horizontal
force component. All results are for 720°
crankshaft rotation in second cycle (720 — 1440°).
Forces in polar diagrams are shown in figures 10
and 11. Max value is close to 200 kN.
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Figure 8. Big end forces
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Figure 9. Small end forces
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Figure 10. Big end force (polar)
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Next results are related to big end bearing. Peak
total pressure is shown in figure 12. From results
can be concluded that highest peak total pressure
of 180 MPa is when the gas load is applied. In
figure 13 minimum oil film thickness is shown,
which have minimum value of 1 micron when the
gas load is applied.

Peak Total Pressure, MPa

200

T T T T T T T
720 810 900 390 1080 170 1260 1350 1440
AngR (deg)

Figure 12. Peak total pressure in big end
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Figure 13. Minimum oil film thickness in big end
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2D results shows over shell angle and bearing
width local extremum of pressures. In figure 14 are
shown hydrodynamic pressures, and in figure 15
asperity contact pressure which are vely low for big
end fluid film bearing.
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Figure 14. 2D results of hydrodynamic pressure
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Figure 15. 2D results of asperity contact pressure
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In figure 16 is shown total pressure which consist
of hydrodynamic pressure and asperity contact
pressure.

Local extremum of Total Pressure, MPa  rFressure MPe)

11 [ L - B —

‘EearingWidth (mm)

270 360

IU
Shell Angle (deg)
Figure 16. 2D results of total pressure

8. Conclusion

Connecting rod complex dynamical behavior and
elastohydrodynamic bearings can be simulated
with multy-body dynamic system simulation. From
results we conclude that gas forces are dominant.
If engine run on higher speeds, influence of inertia
force will be higher. Continuing evolution of IC
engines with demands for infinite fatigue life, fuel
efficiency, exhaust emissions and reliability, in
which dynamics, tribology and fatigue plays most
important role. All these can be optimized in details
with simulations. From dynamical results, inertia
forces and elastohydrodynamic pressures can be
exported for using in high cycle fatigue and fretting
fatigue analysis of connecting rod. Bearings, piston
assembly and valve train are most critical IC
engine components from tribological point of view.
Their frictional power loss is greater than 75 % of
the total loss. From 2D results, conclusion for
lowering oil viscosity can be evaluated because
reduced oil viscosity directly decrease minimum oil
film thickness and frictional power losses.
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Abstract

Analysis of flexible assembly cell using witness
software. Analysis is carried out at shelf storage
system of flexible assembly cell. Aim of the
simulation is to point out at possibility of exact
programming of sample paths entering the shelf
storage as well as at entire simulation time of
assembly process.

Keywords:
assembly cell, analysis, production process

1. Introduction
Expression summarizing the time analysis of the
production is actual production time. It is atime
parameter representing the time of production
process, which consists of time of general
production operations and manipulation,
verification and other secondary operations.
Moreover, time of production as a parameter,
expressed in calendar time units, includes also
time of all interruptions and delays which takes
place during product creation.
Fundamental factors affecting time structure of
production process:

- duration of technological operations

- the size of benefits

- how to upload lots of parts,

- how to sort of plant,

- technical factors

- qualification of workers,

- length of routes,

- speed handling equipment,

- time control of operations break time,

- The level of production management [1].

2. The flexible assembly cell (FAC)

Time analysis was carried out at the flexible
assembly line localized at IPSM. The flexible cell is
composed of technological devices with software
control using aids of automation of technological
process which operates autonomously. Performed
are various cycles with possibility of connecting to
the system with higher level. Aids of automation
are product storages with technological pallets,
clamping devices, devices for tool exchange and
vaste removal and diagnostics. The flexible
production cell is frequently connected with
industrial robot forming a robotic technological
complex.

A material flow could be defined as an organized
movement or circulation of material in production
process. Material describes raw materials, tools,
base and support material. The material flow is in
its nature a realization of a supply chain.

3. Special analysis of flexible assembly cell
Prototype of the flexible assembly cell is localized
at IPSM of the Faculty of Materials Science and
Technology in Trnava.
Description of the flexible assembly cell
Device as a complex consists of a shelf storage
and working area of the cell. Shelf storage serves
for storage of half products, particular parts as well
as of final products (Figure 1.). One of the roles of
the storage is to recover the particular pallets with
machined parts or pallets with components and
place them on arotating manipulation device
which connects the storage with working area. The
insertion of the pallets in and out of the working
area of multifunctional industrial robot which
performs production and assembly operations is
realized with help of already mentioned rotating
manipulation device. Part of the working area of
industrial robot is a rotating clamping device which
is able perform continuous rotating movement in a
defined direction and velocity as for example
clamping device of the lathe and simultaneously
allows exact positioning of the machined part by
rotating it around its vertical axis. Control of the
entire device is realized with help of industrial PC.
Device utilizes electricity and compressed air, that
is pneumatic and electro pneumatic.
Important part of the project is also a Robot IRB —
120 aimed at palletization of components and
depalletization of final products. Movement
between Robot IRB — 120 and storage system
(shelf storage) is realized with help of another
robot, so called Robotino.
Prototype of the flexible assembly cell integrates 4
production stages which have to be passed by
each product during the production process:
- Storage and transport of half product to
a production device.
- Manipulation with particular components.
- Assembly of particular components into
a final product.
- Manipulation and storage of final products
for dispatch.
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The storage system is served by 3-axis
manipulator which guarantee material flow of 2
components — cylinder and piston.

Roles of this actuator are:

- pallets with components are inserted in the
storage system (shelf storage),

- pallets with the particular component is
retracted from the storage system and
inserted in the rotation manipulation unit.

- pallet with assembled component is
retracted from the rotating manipulation
unit and is inserted in the place of
unloading

- empty pallet is retracted from the rotating
unit and inserted in the place of unload.

Cartesian robot — 3-axis robot with TTT kinematic
structure. Kinematic chain is composed of
translation kinematic dublets in three axises X, Y
and Z. Working area of this robot is rectangular
with dimensions of 1000x1000x350mm.

Its roles are:

- securing assembled parts, retraction and
insertion from rotating device for clamping,

- realizes aasembly process with help of the
two clamped heads,

- securing positioning of final product with
respect to the rotating unite.

Robot IRB — 120 is despite of its relatively compact
dimensions fully functional 6-axis industrial robot
designed for flexible and compact productionin
area of assembly, manipulationof devices for food
industry, farmaceutic industry, industrial sollar
energy for other various branches.

Its roles are:

- palletizing of particular componentsfrom
storages to system pallets,

- depalletization of assembled components
from system pallets to pallets for finallized
(assembled) products.
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The role of Robotino is to deliver system pallets
with components from the area of Robot IRB 120
to storage area of the flexible assembling cell and
subsequently deliver system pallets with final
products and back.

Operation of flexible assembly cell

Operations of the flexible assembly cell represents
assembly of the final product (part) composed out
of 4 components — wheel, piston, spring and cover
(Figure 2.). On the following image, various
combinations of assembly is depicted.

MO3
COVER

SPRING MO?2

lplsmuz l l AMOL

PISTON 1

CYLINDER CYLINDER CYLINDER
BODY 1 BODY 2 BODY 3

Figure 2. Assembling process of the component

Operation of the flexible assembling cell are
composed from the following steps:

- shelf storage retrieves the pallet with
cylinder body,

- rotating unit performs performs inspection
of the cylinder body with help of the sensor
attached to the console and 180° rotation
toward working are,

- shelf storage retrieve piston and loads it to
the rotating unit and simultaneously
cartesian robot retrieve component from
the rotating unit and inserts it orientation

unit,

- rotating unit rotates 180°and
simulataneously performs cylinder
orientation,

- cartesian robot retrieve cylinder body from
the orientation unit and inserts it to
clamping system,

- shelf storage can add further new pallets in
the shelf system and simultaneously
cartesian robot performs exchange if the
gripping head and gripper clamps the
component,

- shelf storage can add further new pallets
and simulataneously cartesian robot
retrieve pisotn and inserts it into the
cylindrical body,
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- shelf storage can further add new pallets
into shelf system, cartesian robot performs
exchage of the gripping head and storage
of springs pushes out a spring,

- cartesian robot takes the spring and slipt it
over the piston,

- cartesian robot takes the cover and inserts
it into the orientation unit,

- orientation unit performs orientation of the
cover,

- cartesian robot takes the cover and
assemble it with cylinder body,

- gripper releases the product,

- cartesian robot takes the product and
inserts it into the unit for inspection of the
functionality,

- rotating unit rotates for 180°and inspection
station performs test of functionality,

- cartesian robot places the final product on
the pallet,

- shelf storage retrieves the pallet with
cylinder body and place it in to the rotating
unit,

- rotating unit rotates 180°,

- pallet with finalized product is placed at
input/output with help of the shelf storage.

4. Timing analysis of software with witness
Layout components — cylinder body and piston in
the shelf storage are not fixed but are determined
depending on the particular order. The simulation
we chose a combination of 4 black, 4 red and 4
silver products. Calculations were monitored in
three different variants of the layout of components
(Figure 3., Figure 4., Figure 5.).

The removal from storage of components was
used FIFO method of inventory management.
FIFO - First In, First Out translates as first-in, first-
out store. An item that is accepted as the oldest,
so first in, the system must be written off and is
removed first.

Figure 4. Second variant distribution of
components

Figure 5. Third variant distribution of components

Simulation of the manufacturing process using a
PC

There are three basic types of simulation: discrete,
continuous and combined (hybrid). In most
manufacturing processes using discrete
simulation, because the points which had to
change the state of production, show a continuous
time course sequences in the real system
Computer simulation provides:

Express the processes for which we do not know
the analytical solution,

- replace the real time and expensive
experiments,

- carry out experiments with the proposed
development tools,

- implement the changes and assess their
implications,

- to examine the number of fault effects and
alternatives to proposed solutions.

The created simulation is necessary to consider
the drawbacks:

- model is not sufficiently precise to match
the real system,

- creation of complex systems can be very
time consuming and difficult to hardware,
which will increase the cost of production.

It is therefore important that before exercise, the
simulation was the need for a considered and
practical contribution to the project proposal. [2]
Simulation in Witness

Witness the world's leading simulation software
used in dealing with production, service and
logistics processes. Allows you to simulate the
working environment, simulate consequences of
different decisions and understand no matter how
complicated the process even before
implementation of proposed solutions. Managers
to help minimize the risks changes in society and
the result are greater trust management
companies for new projects. The system for
creating interactive of visual simulation model.
Dynamically displays movement and state of the
elements (components) for the specified elements
(reservoir, machine, conveyor, etc.). [1]

The assembly process in the assembly cell (Figure
1.) is the logical assembly procedures. It is
possible to express relations so. relay,
respectively. Contact, a full tree. Figure 2. The
simulation is necessary to provide real time
assembly and installation procedures to ensure
logical [3].
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The Figure 6 is a view of the assembly component.
It should be noted that it is necessary to actually [1]
count and rejects that may occur during
production. After the simulation is obtained by the
performance of machines, handling utility.

Layout Window (70%) : Units : (48.00,51.75)

(2]

Figure 6. The simulation software the environment
Witness

Simulation of the three variants of the distribution
cylinder bodies and pistons in storage shelf and
subsequent simulation of the assembly process,
these results can be determined (Table 1.).

Table 1. Output value of simulation of the 3
storage of variants

Storage | simulati | quantity of time for one
of ontime | the component
variants | [-] component [-]

1. 325 12 27,09
variant

2. 442 12 36,84
variant

3. 304 12 25,34
variant

5. Conclusion

Evaluation of results with respect to the total
assembly time. It is clear that, subject to the same
length of road binder and rack mounting assembly
the same group but different storage has an impact
on the overall assembly time. Recalculation
showed that the percentage difference is the
assembly time to cca.30%. Therefore it is
important to consider the store shelf components
into the binder and the subsequent sequence
assembly.

6. Acknowledgement
Authors appreciate financial support of VEGA
1/0206/09 Intelligent manufacturing assembly cell.

4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management
Slavonski Brod, 17" to 19" October 2012

7. References

P. Vazan — D. Jurovatda — G. Krizanova- |.
Budinska — V. Luptdak — M. Skamla — P.
Hamernik: ,Modeling and simulation of
systems. Simulator Witness®, 1. vyd. - Trnava
AlumniPress, 2012. - 173 s. - e-skripts - ISBN
978-80-8096-160-2

I. KURIC: ,, Automated of production
technology “ [online],
Available:<:http://fstroj.utc.sk/web/kma/studen
t/tav/kapl/tav%20texty%20kapl4.htm>],
[Accessed: 01-May-2012]

J. DUDAK: ,The time structure of production
process — theoretical foundations® [online],
Available:
<:www.tf.uniag.sk/e_sources/katsvs/rpv/3_Pre
dnaska_RPV.pdf> [Accessed: 19-May-2012]

Analysis of the shelf storage of flexible assembly cell by witness software

106


https://webmail.stuba.sk/Redirect/fstroj.utc.sk/web/kma/student/tav/kap1/tav%20texty%20kap14.htm
https://webmail.stuba.sk/Redirect/fstroj.utc.sk/web/kma/student/tav/kap1/tav%20texty%20kap14.htm

INTERNATIONAL CL

Detober 1718 2002 Sesnsk Brod. Erini 2})1 2

4™ International Scientific and Expert Conference TEAM 2012
A Technique, Education, Agriculture & Management
Slavonski Brod, 17" to 19" October 2012

SYNTHESIS AND CHARACTERIZATION OF PACK
CEMENTED ALUMINIDE COATING ON STAINLESS
STEEL

Vera Rede’’, Boro Mio&?, Lidija Curkovi¢', Marijana Maiji¢ Renjo!

*Faculty of Mechanical Engineering and Naval Architecture in Zagreb, University of Zagreb
’Gospodarenje otpadom Sisak d.0.0., Ilvana Kukuljeviéa Sakcinskog 28, Sisak
*Corresponding author e-mail: vera.rede@fsb.hr

Abstract

The aluminized coating on the X2CrNil9-11
austenitic stainless steel was produced by a pack
cementation method at 1000 °C for 4 hours. For
aluminizing process the following mixture of
powders was used: aluminum in the form of fine
powder applied to the substrate surface, AICI; as
an activator and corundum (a-Al,O3) as an inert
filler in powder form to prevent sintering of powder
mixtures at high temperatures. Aluminized sample
was annealed in two 60-minutes cycles at 700 °C
in oxidizing atmosphere. Microhardness HV 0.025
of bulk material and the aluminized coating was
measured after aluminization and oxidation.
Optical microscopy was used to investigate the
microstructure and to measure the thickness of the
coatings.

Keywords: austenitic stainless steel, high
temperature aluminizing, oxidation.

1. Introduction

Aluminizing at elevated temperature is usually
applied to improve resistance to corrosion and
oxidation at high temperatures, as well as
tribological properties of stainless steel and other
metal materials. Aluminized coatings on steel
consists of different Fe-Al intermetallic compounds
(iron aluminide), such as FezAl, FeAl, FeyAls,
FeAl,, Fe-Al. Most intermetallic compounds have a
combination of attractive properties, such as low
density, good wear resistance, simple deposition,
oxidation resistance at high temperature. The high
temperature resistance of most aluminides is
based on the formation of protective Al,O3 coating
after exposure to oxidizing atmosphere. This layer
provides a good diffusion barrier at high
temperatures, resulting in advanced durability of
metal parts in the working conditions of an
aggressive  atmosphere. However, some
aluminides have several poor properties at room
temperature. For example, FezAl strength
decreases below 500 °C due to the structure
transformation [1]. The properties of aluminides
can be significantly improved by optimizing the
coating composition and controlling the aluminizing

processing parameters. Aluminizing metallic
materials can be produced by various methods,
such as aluminizing in a pack cementation
powders mixture [1-4], immersion in the molten
aluminum bath [5-7], by chemical vapor deposition
[8-10], thermal spraying [11], etc.

The formation of aluminized coatings depends on
the composition of the pack, temperature and
duration of the process, as well as the used steel.
In this research, high temperature aluminizing
process in an inert atmosphere of the X2CrNi19-11
austenitic stainless steel, followed by oxidation of
the obtained layers, was carried out.

2. Method

In this study, an aluminizing process was

conducted on the X2CrNil9-11 (AISI 304)

austenitic  stainless  steel. The  chemical

composition of this steel was determined by the

glow discharge optical emission spectroscopy

(GDS 850A, Leco) and results in wt. % were: C-

0.03; P-0.038; S-0.025; N-0.07; Si-0.38; Mn-1.25;

Cr-18.80; Ni-8.08 and Fe - balance.

Three test samples with dimensions of 20x20x20

mm were cut from a square bar. All samples were

ground and polished and subsequently cleaned in

water, then in acetone and finally in an ultrasonic

bath with distilled water.

The composition of used pack powder mixture:

- 25 wt.% Al powder, as aluminum source,

- 2 wt.% anhydrous aluminum chloride (AICI3) as
activator,

- 75 wt.% alumina (a-Al,O3) as the inert filler.

The pack powder mixture was homogenized in the

ball mill (PM100, Retsch) at 300 rpm for 180 min,

with addition of n-hexane (n-C6H14), in order to

prevent powders oxidation due to the frictional

heat.

Two samples were subjected to the heat treatment

in a mixture of powders (sample 2 and sample 3).

One of these two samples (sample 3) was

subsequently subjected to the annealing in two

cycles of 60 min at 700 °C in oxidizing

atmosphere.

Description of the tested samples:

- sample 1: untreated X2CrNi19-11 (AISI 304)
austenitic stainless steel
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- sample 2: aluminized stainless steel at 1000 °C
for 4 h.

- sample 3: aluminized stainless steel at 1000 °C
for 4 h and then annealed in two cycles of 60 min
at 700 °C in oxidizing atmosphere.

Following analysis were carried out on the cross

section of all samples:

- microstructure analysis after polishing and after
etching with aqua regia (a mixture of
concentrated HCl and HNOs in the ratio 3:1) was
performed by the optical microscopy, Olimpus
GX51,

- the microindentation hardness of sample 2 and
sample 3 was measured with the Vickers
indenter (PMT-3) with a load of 0.245 (HV 0.025)
forl0.

3. Results and discussion

Figure 1 shows the microstructure of X2CrNi19-11
austenitic stainless steel observed by the optical
microscopy. Irregularities were not observed in the
microstructures.

200 ym
Figure 1. Microstructure of the untreated
X2CrNil9-11 stainless steel (sample 1) after
etching with aqua regia (a mixture of concentrated
HCI and HNOs in the ratio 3:1).

Figure 2A shows the micrograph of the
indentations in the intermetallic layers and base
material of sample 2 (aluminized stainless steel),
due to hardness test at 0.245 N (HV 0.025). The
etched microstructure of the same sample is
shown in Figure 2B. The etching was made using
aqua regia (a mixture of concentrated HCI and
HNO; in the ratio 3:1).

200 pm
Figure 2. Cross section micrograph of: (A)
aluminized X2CrNil19-11 stainless steel (sample 2)
with the indentations of microhardness profiles
under 0.245 N and (B) aluminized X2CrNi19-11
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stainless steel (sample 2) after etching with aqua
regia.

The hardness measurements were performed on
the cross sections, from the surface to the middle
of the samples, with a step of 25 ym. Indentations
of the microhardness measurements after high
temperature aluminizing and exposing to the
oxidizing atmosphere are shown in Figure 3A. The
microstructure of the same sample after etching
with aqua regia is shown in Figure 3B.

200 pm

Figure 3. Cross section micrograph of: (A)
X2CrNil9-11 stainless steel after aluminization
and oxidation (sample 3) with indentations of
microhardness profiles under 0.245 N and (B)
X2CrNil9-11 stainless steel after aluminization
and oxidation (sample 3) after etching with aqua
regia.

The micrographs shown on Figs. 2 and 3 clearly
indicate the difference between the aluminized
layer thickness and corrosion resistance of the
samples 2 and 3. Both samples were etched under
the same conditions in aqua regia (a mixture of
concentrated HCI and HNOs in the ratio 3:1). The
surface layer of the sample 2 is severely etched
and porous, while the same layer of the sample 3
is compact, unetched and without pores. This
observation indicates that sample 3 shows better
corrosion resistance in very aggressive media, i.e.
aqua regia.

The thickness of the first layer after oxidation in
two 60-minutes cycles at 700 °C equals
approximately 40 um. The thickness of the second
layer is about 80 pum.

Mean value of the five microhardness
measurements equals 460 HV 0.025. The
microhardness of the second layer and base
material remained equal as before the oxidation.
The oxidation of the aluminized layer at 700 °C in
two 60-minutes cycles improved not only the
corrosion resistance, but also the microhardness of
the X2CrNil19-11 austenitic stainless steel.

4. Conclusion

After conducted research and analyzed results, the

following conclusions can be made:

- high temperature aluminization of the X2CrNi19-
11 austenitic stainless steel in the pack powder
mixture in the inert atmosphere at 1000 °C
results in the formation of two surface layers,

- formed layers distinguish by their thickness and
microhardness,
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- subsequent oxidation of the aluminized layer in
two 60-minutes cycles at 700 °C changes the
layer's morphology,

- the first layer obtained on the aluminized and
oxidized sample (sample 3) showed
considerably higher corrosion resistance in very
aggressive media, i.e. aqua regia, and higher
microhardness, compared to the sample 2,
which was just aluminized.

Obtained  results indicate  the  possible
improvement in  corrosion and tribological
resistance of the X2CrNil19-11 austenitic stainless
steel at high temperatures, by the application of
the high temperature aluminizing in the pack
powder mixture.
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Abstract

During the bogie hunting, its lateral acceleration is
constantly present. System for measurement and
analyses of lateral accelerations will be presented
in this paper. All measurements are done
according to EN 14363 [1]. It will be described
measurement principle, measurement equipment
and result discussion.

Keywords:
Lateral acceleration, measurement, analyses,
bogie, bogie hunting

1. Introduction
Lateral acceleration is measured according to EN
14363. For running safety of railway vehicle
according to EN 14363, on-track test elements
should be done in one option shown in figure 1.
Vehicle is tested for initial acceptance so selected
measuring method is simplified.
Test of

running

behevior

On-track
test

Complete on- V- Partial on-
track test track test
Normal Simplified
meassuring meassuring
method method

Figure 1. On-track test (chosen blue option)

On-track test is done for maximum speed of train.
According to declaration of train producer,
maximum speed is 140 km/h with 10 % tolerance.
In this case means maximum testing speed should
be 154 km/h.

The measurement is done with an amplifier of type
MGC+ produced by Hottinger Baldwin Messtechnik
GmbH (HBM). Amplifier is used with sampling rate
of 480 Hz and anti aliasing filter at 80 Hz.
Accelerometers with sensors are sending collected
data by cables to amplifier. Accelerometer type

PJM LN is low cross axis sensitivity of 2 %
tolerance and low noise 5 pg/vHz for the 2 g

sensor. It is also high shock resistant. The output
signals of the sensors are amplified, filtered and
digitalized by the amplifier MGC+. All processed
data are stored in PC and visualized by AMS
Beam software.

Accelometers
wih sensors

}

Amplifier with
filtering and
digitalization

!

PC

Figure 2. Scheme of the measuring chain

Figure 3. Measurement spot on the bogie
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Figure 4. Measurement spots on the train (S1-S6; measurement spots)

For measurement are used 6 accelerometers with
sensors. Each sensor is spotted on bogie frame
above outer axle of each car (figure 2, figure 3 and
figure 4).

2. Mathematical model of maximum
acceleration

Practice for proving stability in engineering
applications is to analyse lateral accelerations on
the bogie frame. Lateral acceleration on the bogie
frame is used to check the bogie stability, also
without the calculation of rms-value [2].

This model is only used in simplified measuring
method when measurement of lateral axle box
forces is not carried out. According to EN 14363 [1]
Pogreska! lzvor reference nije
pronaden.Pogreska! lIzvor reference nije
pronaden.and also UIC 518 [3] stands:

Vi, tim =12~ @

where is:

Ymex, tim - Maximal limited bogie lateral acceleration
in m/s’

m* - mass of the bogie in tons.

Maximum speed of vehicle according to EN 14363
is calculated as:

Vimax, lim :111‘Vmax (2)
where is:
Vinax, lim -~ Maximal limited train velocity in km/h

Ve - Maximum declared train velocity in km/h.

3. Technical properties of train

For commercial usage nominal speed of train
should be 140 km/h. According to Pogreska! lzvor
reference nije pronaden., test speed is:

Vinex, lim =154 km/h ©)
Other technical data is shown in table 1.

4. Maximum accelerations for test train
Using equation (Pogreska! lzvor reference nije
pronaden. for each bogie is calculated:

Vivex, tim1 =10,24 m/s? (4)
Vinex. timz =10,64 m/s (5)
Yimax. timg =10,75 m/s? (6)

Ve tima =10,24 m/s’ (7)
Ve tims =10,64 m/s? (8)
Vrrax. time =10,24 m/s® . Q)

Table 1. Measurement spot on the bogie

Weight 158 500 kg
Wheel diameter 850 mm
Maximum speed 140 km/h
S1: Bogie 1 weight 8790 kg
S2: Bogie 2 weight 6791 kg
S3: Bogie 3 weight 6275 kg
S4: Bogie 4 weight 8790 kg
S5: Bogie 5 weight 6791 kg
S6: Bogie 6 weight 8790 kg
Gauge 1435 mm
Distance between bogie centres 17 000 mm
Distance between axles in bogie 2300 mm
Total length 70 450 mm

5. On-Track testing

Measurement is done at speed 154 km/h (from
figure 5 to figure 30). After the essential stability
and curving requirements are met, it is
considerations of ride quality which dominate the
detailed design of railway vehicle suspension
systems. The layout of curves is defined by the
maximum cant of the track, and vehicle speed, so
that the lateral acceleration applied to passengers
is within acceptable limits [5].

a/m/s?
5

o
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0 10 20 30 40 50 60 s
Figure 5. Data from accelerometer at spotl
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a/m/s* 7 From diagrams it can be seen that all values are
not exceeding maximum limits. All values didn’t

y+

_ derailment. All amplitude peaks are caused by
r AR railway track irregularities.
After this first run of new vehicle at maximum
| | speed, vehicle is safe for other testing on curve
0 10 20 30 40 50 60 t/s lines.

Figure 6. Data from accelerometer at spot2
2/mys? 7. Conclusion
This initial on-track test is done as additional
— insurance against derailment while vehicle was
w i tested with other measurement methods as
braking, rolling, etc. All collected data from sensors
—— = — R are under limit value and acceptable. Stability is
| approved and vehicle can be proceed to next
' testing methods.

exceed =5m/s> and there is no risk of

o
MBWNEFORNWAWL
| |
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Figure 7. Data from accelerometer at spot3 8. References
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Figure 30. Data from accelerometer at spot6

6. Discussion

Figures from 5 to 3 show stability assessment
using simulation results from a run on straight
track. All the signals mentioned can be used to
prove the stability by simulation.
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Abstract

Today, regarding volume more polymers than steel
are used for the manufacture of the transport
means. The reasons are various; technical ones
include large freedom of design, aesthetic
characteristics and dynamics, and the industrial
ones include the possibility of selecting the
manufacturing procedure which allows mass
production, small batches, special models, etc.
The ecological reasons require reduction of the
fuel consumption and gas emissions, and they
mean lighter vehicles and improved streamlining.
At the end of the vehicle life-cycle the plastic
components can be recycled or energy recovered
by combustion. The vehicle industry requirements
are a great challenge for the designers, because of
balancing the affordable price, excellent service
characteristics, reliability, comfort, safety, etc. The
paper includes the design and manufacture of
electromotor-powered vehicle which can be used
on various difficult terrains, on snow, water, sand,
mud and on big slopes where no modifications
need to be done when changing the mentioned
surfaces.

Keywords:
Design, polymers, production, transport vehicle

1. Introduction

The polymeric materials have a significant share
and the importance of applications in technical
purposes; they are also one of the first materials
known to humans. These were then natural
organic polymers such as wood, leather, and other
fibres of plant and animal origin.

Polymers are natural and synthetic, organic and
inorganic  substances and materials  with
macromolecules as their basic component. They
are classified into three main groups according to
their behaviour at higher temperatures, and these
are thermoplastics, thermosets and elastomers. [1]
According to the set requirements the vehicle
conceptual design (Figure 1) consists of a wooden
construction, two rollers made of polyethylene (PE-
HD) to which rubber is stuck in the form of a caill,
five bearings that insure the suspension for vehicle
movement on large gradients, and other elements
necessary to control the vehicle. The vehicle is
propelled by two direct-current electromotors.
Every electromotor is connected by a belt to a
roller. The electromotors are controlled
independently and this allows the movement of
vehicle in all directions.

Figure 1. Vehicle concept

In vehicle manufacture the crucial part is the tube
of 500 mm in diameter. The set mechanical
requirements would find it suitable to have a tube
made by winding of glass fibres and application of
polyester resin as matrix or by the application of
standard thermoplastic tubes produced by
extrusion. Annually in the world more polyethylene
is produced than any other type of polymer. It is
used for the production of films and foils, and
injection moulded, blown and extruded products. It
owes its wide application to its small mass,
excellent chemical properties, ease of processing
and relatively low price. [2] The PE-HD melting
temperature is within the range from 132 °C to
135°C, the softening temperatures amount to
127°C. It features excellent properties of
resistance to water and water vapour, but not to
gases. When exposed to UV radiation,
polyethylene is subjected to the processes of
chemical or thermal degradation. These processes
occur at reduced molecule mass, generation of
low-molecule products and cross-linked structures
at significant reduction of mechanical and electrical
properties. The degradation increases during the
process at increased temperatures or longer
exposure to the elements. [3]

Wood is a natural organic material and it is one of
the first polymeric materials which was used for
technical purposes. As design material wood has
many advantages over other materials; it has low
specific weight, low price, it is suitable for a wide
variety of, very inexpensive and rapid
manufacturing, it is easy to maintain and has high
resistance to fatigue [4]. However, wood has also
big disadvantages. On the first place are the non-
homogeneity and anisotropic characteristic of the
material. This leads to the fact that the mechanical
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properties of wood depend on the direction of the
loading force in relation to the direction of fibres.
Wood is subject to the influence of insects,
microorganisms and atmospheric changes. A very
significant factor is also the humidity of wood. The
content of humidity affects to a significant extent
the mechanical properties of wood. The increase
of humidity by 1% causes decrease in strength by
3%, pressure by 5%, the bending 4%, shear 3%,
hardness by 3%, and module of elasticity by 2%.
The highest failure strength of wood is obtained at
the humidity of about 7,5%. [4]

2. Vehicle design

The volume of rollers has to be sufficiently big for
the vehicle to be able to move over water, which
means that the total weight of the vehicle including
the driver has to be lower than the roller buoyancy.
For the vehicle to be able to move over
irregularities it is necessary to reduce the diameter
on the front part of the tube. The spirals on the
tubes allow the movement of vehicle during the
rotation of the rollers, and they are adhesion
attached to each roller in the opposite direction.
When the rollers rotate at the same angular
velocity in opposite directions the vehicle moves
forward or backward depending on the direction of
rotation, and when the rollers rotate in the same
direction, depending on the direction of rotation the
vehicle moves to the left or to the right. The vehicle
turning is realised when the rollers rotate at
different angular velocity. When the vehicle moves
forward or backward at each roller revolution the
vehicle makes a shift that is equal to the gap
between spirals, and when moving sideways the
vehicle speed is equal to the product of angular
velocity and roller radius.

The volume of both rollers has been selected
(V =500 I) and the roller diameter d = 500 mm.

In order to realize the volume of one roller of 250 |
the length of tube for the roller is 1500 mm. The
tube in the length of 1500 mm and diameter of
500 mm has a volume of 2951, but according to
the conceptual design the tube diameter needs to
be reduced at the beginning thus reducing also the
volume. The calculation of the wall thickness has
been done in the software program SolidWorks in
such a manner that according to the total vehicle
mass including the driver, the tube was loaded in
the ways in which it will be loaded during use.
Figure 2 shows one of the ways of loading, i.e. the
respective elastic deformations.

In the area of highest deformation (marked red in
the Figure) the tube is loaded by a force in the
amount of F=2200N and it deformed by
5,526 mm. After detailed analysis and optimization
of the tube, the tube of standard dimension relation
41 has been selected which means that the wall
thickness amounts to 12,3 mm.
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Figure 2. Analysis of tube deformation

3. Preparation of PE-HD tubes

Reinforcements need to be installed within the
tube. The reinforcements are made of two plywood
boards 480 mm in diameter with the central bore
for the axle which is 34 mm in diameter. On the
plywood perimeter four 50 mm-wide grooves are
made into which oak boards are inserted (Figure
3).

Figure 3. Installation of reinforcement and centring
the front part

The connection between the boards and plywood
is insured by adhesion, and between the wooden
construction and the tube the joint is secured by
screws. A favourable transfer of the torque from
the shatft to the tube flange needs to be insured, so
that four steel sheets are set on the tube flange.

Since the axle was not located in the centre of the
tube, after the sheets have been placed the
bearings with housings are placed. The housings
are attached so that the tube can rotate freely and
then a rope is placed above the tube in order to
make precise adjustment of the gap between the
tube and the axle. The tube is gently rotated and
sheet spacings are installed and the axle and tube
centricity is achieved (Figure 3). After the sheets
have been set REL welding is done on the set
sheets with the axle. During welding the tube
needs to be protected in order to avoid its
damaging. The tube is protected with moist cloths
which remove heat and insure that there is no
contact between the tube and the slag. A metal bar
is additionally welded onto the sheets and it is
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coated by primer. On the tube front the torque
needs not be transferred and only bars are
installed in order to achieve the centricity and as
additional reinforcement.

For the vehicle movement forward — backward it is
necessary to paste extruded rubber coils on the
tube. The adhesion bonding of PE-HD with rubber
is not a standard procedure, so that before
bonding the tube and the profile a test of the
method of preparing the surface has been carried
out. After adhesive curing, the joints were loaded
and it was determined that the strongest joint was
obtained by a combination of rubber profile treated
by a metal brush and an open-flame heated tube
and before cooling additionally treated by a metal
brush.

A layer of adhesive is applied to the machined
surfaces by a brush, and a rubber profile is rolled
onto it (Figure 4). The additional reinforcement
between the tube and the rubber profile has been
insured by screws.

& *

Figure 4. Adhesion of rubber profile

4. Manufacture of the front suspension and
bearing construction

The front suspension has been made by the
application of the natural polymeric material, wood.
The applied wood was oak. The front suspension
was bonded by adhesion and screws on which the
bores were additionally treated by sinking. On the
suspension itself the bearings with housings are
set for connection with the supporting oak
structure. When creating the supporting structure
sufficient strength needs to be achieved with
minimal mass of the structure. The residual
stresses that are concentrated along the annual
rings of the boards reduce their loading capacity,
and this is the reason why the boards are sawn to
smaller dimensions, i.e. during sawing of the
boards the residual stresses decrease. On the
supporting structure from the bottom a metal axle
is placed (bright drawn steel) 30 mm in diameter
which penetrates the bearing with the housing that
is located on the front suspension. The axle is
screwed to the supporting structure, and stiffened
by the board.

5. Vehicle control

The vehicle drive is achieved by two electromotors
of P =1 kW power and U =24 V voltage. The first
electromotor has a mass of m = 30 kg and nominal

number of revolutions of n=1300 rev/min,
whereas the other is of mass m=20kg and
nominal number of revolutions of n = 1400 rev/min.
In order to be able to move the vehicle in the
desired direction it is necessary to insure
independent control of electromotors, which has
been done by switches and circuit breakers. The
rotational movement of the electromotor rotor must
be transferred to the roller and sufficient torque to
start the vehicle should be insured by belt
transmission. The required transmission ratio has
been calculated by the torque (7).

T _P_ 7,3Nm Q)
[

By reducing the number of revolutions by belt
transmission the torque on the shaft is
proportionally increased with the transmission ratio
of the belt transmission.The electromotor torque is
transmitted to the rollers by pulleys attached to the
roller shaft and the electromotor rotors. Since
electromotors have different nominal rotational
velocity it is necessary to provide different
transmission ratios for each electromotor. A 90 mm
diameter pulley is set on the electromotor with
lower nominal rotational velocity and a pulley of
60 mm in diameter is set on the electromotor with
higher nominal rotational velocity. Bigger pulley is
made of aluminium casting in sand and the
finishing by separation of particles, whereas the
smaller pulley is made of steel and machined by
particle separation on a lathe. The pulleys that are
set on the roller shafts are 275 mm in diameter and
they need to be machined and outer sleeves are
produced for them by lathing, of external diameter
of 35 mm and internal diameter of 30 mm. The
pulley of the roller and electromotor is connected
by 17mm wide V-belt. In electromotor with higher
nominal rotational velocity the transmission ratio of
4,5 is achieved by belt transmission, and in
electromotor of lower nominal rotational velocity
the transmission ratio is 3.

6. Vehicle assembling

After producing all the necessary parts and
assemblies it is necessary to assemble the vehicle.
Vehicle assembling starts by setting the plastic
tubes at the necessary spacing. The front
suspension is placed on the tubes and it is
attached to the bearing housings by means of
screws. After the front suspension the supporting
structure has to be set. Before setting the
supporting structure, stops are set on the rear
axles, and these stops are used to adjust the
position of the supporting structure in relation to
the tubes and the V-belts. The bearings of the
supporting structure are set on the rear axles of
the tubes and the supporting structure is
connected with the front  suspension.
Electromotors are set on the supporting structure,
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fixed by screw bars. Batteries and switches are
placed into the supporting structure box. Four
batteries are set, two each serially connected to
every electromotor. The batteries are connected by
wires over the fuses with switches and with
electromotors. The final switches are connected by
wires over the lock with the switches. A wooden
cover and a seat are placed on the box of the
supporting structure.

7. Vehicle application
The produced transport mean can be applied for
moving on snow, water, sand and mud. Depending
on the direction of the roller rotation the transport
mean can be used for the movement forwards,
backwards, and sideways to the left and to the
right. Depending on the roller rotational velocity the
transport mean can move to the left or to the right.
The transport mean also has an independent
suspension, and it may move along large
gradients. An independent suspension enables
that when a roller passes over a barrier only this
roller inclines whereas the other roller keeps
contact with the entire surface. This results in
smaller vehicle inclinations as opposed to the
situation if the suspension were rigid (Figure 5).
However, when moving on water the suspension
needs to be stiffened. The suspension is stiffened
by means of two screws and two sheets (Figure 6).
The vehicle can also move on hard surfaces but
only sideways.

TR

Figure 5. Independent suspension

Figure 6. Suspension stiffening

8. Conclusion

Due to their low density, i.e. low mass, good
chemical stability, good tribological properties
(wear resistance and low friction factor), good
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vibration damping and good insulation properties,
the polymeric materials have become indispensible
in the manufacture of products in automotive and
aircraft  industry,  shipping industry, civil
engineering, medicine, electrical engineering, in
sport, etc. During the design and manufacturing of
vehicles it has been found that the polymeric
materials feature many advantages in relation to
other types of materials, and these are: low
density, no corrosion, cheaper, they can be rapidly
primary shaped and deformed, good vibration
damping and they are good thermal and electrical
insulators. Using polymeric materials low-mass
structures can be made, of good mechanical
properties. By combining various polymeric
materials the desired sliding properties can be
achieved, so during vehicle movement between
the rubber coil and the surface high friction factor
has been achieved, and between the polyethylene
tube and surface a relatively low friction factor has
been achieved.

The testing of the developed prototype of the
vehicle made of polymeric materials has led to the
conclusion that the vehicle meets the set
requirements. The vehicle can move on snow,
water, sand, mud, various difficult terrains and can
manage large slopes. The produced vehicle has
the ability to move along the mentioned surfaces in
all directions, and due to the favourable properties
of the rubber profile, the vehicle allows moving
along hard surfaces such as asphalt and concrete,
but only sideways.
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Abstract

There is constantly a worldwide increasing impetus
of development in all the fields of industry. Such a
situation exists also in the manufacture of products
made of polymeric materials. Thus, a new product
has been developed which was stimulated by
recreational running, i.e. by the sensation of knee
ache which was the result of using improper
running equipment. Because athletic shoes
intended for other sports were used for
recreational running, the ankles and knees had to
endure severe loads that were created during
running. Every athletic shoe for a specific sport has
a different sole structure. The new structure should
allow the soles to “absorb” loads that occur during
running, so that they would not in turn be
transferred to the athlete. The only solution
currently available on the market is to buy new
athletic shoes intended for running only. The new
product (sole) will be attached to the athletic shoe
not intended for running, and precisely in order to
achieve the respective purpose.

Keywords:
Design, polyurethane,
rubber, sole

product development,

1. Biomechanics of movement

When walking or running, the movements of feet
and legs forward and back may seem simple, but it
is a complex series of movements. In these series
harmonious working includes all the muscles,
tendons, bones, joints, connections and nerves.
This complexity is reflected in the fact that not
even two consecutive steps are exactly the same.
The angle of the foot, footwear, and surface
gradient along which a person is running (or a
small pebble under the foot) compel the person to
step each time differently onto the ground. All such
information has to be accepted, processed by the
brain and then sent back to the limbs. This process
is so complex that it is impossible to develop a
completely accurate mathematical or computer
model of a person’s foot. [1]

When a person running steps on the heel, there is
only 0,2 to 0,3 seconds of contact with the ground.
This process can be divided into three main
phases (figure 1). [2, 3]

In the first phase the recreational runner leans on
the heel with a mass double their own weight. In
this contact with the ground the impact has to be
first mitigated. For this reason the heel of the

athletic shoe has been divided into several
segments which meet their specific function. After
the heel strikes the ground, the foot bends
inwards, with the aim of optimally landing on the
ground. At this moment the ground resistance
power weakens the impact power. [2]

Figure 1. Foot movement cycle [4]

In the second phase, the heel-supporting phase,
the middle of the foot and its front part have
contact with the ground. In this phase several
elements of the athletic shoe are active.
Specifically, the two concave elements of a
stronger material centre the foot into the neutral
position, and for additional stabilisation, on the
inside of the foot, the stabilizers of convex form are
also used. [2]

In the third phase, the acceleration phase, the
heel is no more in contact with the ground. The
foot is stiffened in order to more efficiently jump off
the ground, and for this purpose thermoplastic
platform is used, which serves to transfer power. In
this phase the pressure is distributed from the back
forwards, thus making it possible to use the work
of muscles as the driving force. [2]

When running, the majority of recreational runners
land on the heel, not using their natural system for
impact mitigation and the system for stabilization.
Figure 2 shows the abrupt transition effect at the
moment when the runner’s heel comes into contact
with the surface which causes numerous injuries of
recreational runners. [4]

Transition
|mpact
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Figure 2. Flowchart of the foot force on the surface
with the rear-part-of-the-foot running technique /5/
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The professional runners run using the front-part-
of-the-foot running technique. Figure 3 shows how,
at the time when the runner has touched the
surface, the sudden transition impact failed to take
place. The absence of a sudden transition occurs
because the foot has managed to absorb the
impact of the foot upon the surface. For this reason
this running technigue is much more acceptable
because it mitigates the impact and does not
transfer the load onto the person. [4]

Skiped transition

impact
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Figure 3. Flowchart of the foot force on the surface

with the front-part-of-the-foot running technique /57

A foot consists of a total of 26 bones, 19 muscles
and 107 tendons. These all work together and
mitigate the impact and stabilize the foot on a
smooth or rough terrain, in a curve or on a hill. [2]

2. Anatomy of running shoes
Every pair of running shoes is made of three basic

components (figure 4).
P (fig ) Heel bonding

Top layer
Insole

-~
Lower layer~_, Middle layer

Figure 4. Basic elements of running shoes /6/

The upper layer is made of soft, airy and
lightweight material for comfort. There are also
various ways of sawing which contribute to the
comfort of the athletic shoes, by adjusting to
different foot widths. Its functions are to keep the
foot in the planned position during running, part for
the heel, heel fixer, heel wedge, ankle wrap, flap,
tying system, etc. [6]

The main role of the middle layer is to insure
maximum absorption and stability. Thus, this layer
maintains the proper foot contact with the surface.
The middle layer is at the same time resistant to
impacts and instability (otherwise the absorption
and the movement control are in negative relation).
Here, the absorption depends a lot on the
compressibility of the material of the central sole.
The more this part is compressed, the more
movement will the athletic shoe allow. On the other
hand, the less the middle layer is compressed, the
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better the movement control [1]. Most running
shoes use for the front layer foamed materials, e.g.
polyurethane (PUR), ethylene/vinyl-acetate
(EVAC) or a combination of both. [1, 7]

The bottom layer is in contact with the ground,
and as such has the role of good adhesion to the
ground, and should be resistant to wear and
should direct the runner forwards. It has been
designed in different forms, in order to provide
maximum ease of movement on various types of
surfaces.

3. Development of the sole

The sole design has been made for size 46, which
according to 1SO 9407:1991 standard of measures
covers the foot length of 308 mm to 315 mm [8].
The design has been done according to the
dimensions of the foot curve presented in Figure 5.

5350 50 53 60 65 60 43

Figure 5. Foot curve

In the first version (figure 6) on the part which
supports the heel a “snakelike” profile has been
designed which after the part for the heel takes the
form of a supporting bridge. On this part, which is
located between the heel and the front part of the
foot, in proper running there is no pressure from
above, since the foot leans on the heel and on the
front part of the foot, so that no reinforced support
is necessary in that part. Such a solution of the
central part reduces the overall mass. The zone for
the front part of the foot is designed as a full profile
with hollowes that have been adjusted to the sole
height.

Figure 6. First sole design
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In the second version (figure 7) of the sole
different geometric shapes have been applied. On
the part intended for the heel support two elliptical
rings have been used. On the part between the
heel and the front part of the foot a bridge has
been used created from the half of ellipse, with the
function of connecting the mentioned parts. After
the central part, the front part of the foot is visible
which has resulted from making of circles. Each
circle has its own radius in proportion with the
curved surface of the bottom part of the sole, in
order to achieve the same wall thickness of the
sole at all distances.

Figure 7. Second sole design

For the first two sole versions the manufacture of
the mould is complicated and expensive because
of realizing all the irregular cavities within the sole.
One of the ways of making the mould would be to
use the milling procedure to make a cavity in the
mould, of given depth to the outer profile of the
sole, and to centre inside it the segments which
would correspond to every position by their
dimensions. Certainly, the production of such
segments (the majority of which are of different
irregular dimensions), and their centring within the
mould would significantly increase the price of
manufacturing the mould itself. This would also
increase the price of production, which would in
turn be reflected on the price of the product itself.

In the third version of the sole (figure 8) the
closed cavities within the sole have been removed,
thus enabling simpler and cheaper mould design,
free of demanding segments that should be

centred within it.

Seeeoed

Figure 8. Third sole design

The structure has been designed with multiply
connected octagons, of customized side lengths.
Because of mass reduction, forty-six holes of
regular hexagonal shape have been cut on the
sole. With this procedure the sole volume has
been reduced from 4,292-10* cm® to 3,921-10% cm®
thus achieving a saving of 8,6 % of the volume
without the tying system.

The attaching of soles has been solved by a
system that allows the athletic shoe to be just
pulled over the sole. Such tying system simplifies
the tying operation, and shortens the spent time.
The tying system should be made of rubber which
allows sufficient stretching and contraction, without
the material entering into the zone of permanent
deformation. However, by using rubber the pulling
of the sole onto the athletic shoes would be
difficult, because of the high friction factor, so that
it is necessary to stick on the inside a thin film of
material to facilitate sliding of the athletic shoes
into the soles. Such a tying system would
significantly optimize its purpose of positioning the
athletic shoe on the sole itself (figure 9).

Figure 9. Final sole design

The sole can be divided into several segments
(Figure 10) each of which has its own function:

|. segment

Cads

Il. segment

Figure 10. Sole segments

-segment | (heel support) — bevelled by 9,5°
towards the inner part, in order to achieve best
possible contact with the rear part of the athletic
shoe. It serves also as the holder of the tying
system which passes through it. At the bottom of
the heel support a large radius has been
designed in order to reduce the takeoff force to a
minimum, thus avoiding the possibility of tearing
of the heel support from the sole platform;

-segment Il (heel part) — it is in contact with the
heel part of the athletic shoe. Its function is the
most important when mitigating the loads that
result during running, i.e. it mitigates the transition
influence which, if not absorbed, affects directly
the runner. Therefore, the heel part has been
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designed in the form of three “small pads”, whose
role is to absorb the loads during running;

-segment Il (central part) — in the central part the
series of pads has not been continued, since on
this part the foot has no support during running,
thus making the sole lighter without unnecessary
thickenings and additional flexibility has been
achieved on this part;

-segment IV (front part) — on the front part there
are specially designed tying system holders and a
small tab at the top. It has the function of fixing
the front part of the sole to the athletic shoe, thus
preventing undesired sliding of the front part of
the sole during running under the influence of
inertia. In designing the front part certain changes
have been made in the size of the octagons
which follow in a series towards the top of the
sole because it has been noticed by studying the
second and the third phases of foot movement
and the flowchart of the foot force on the surface,
that in this part the force is gradiently reduced as
the foot is coming closer to the end of the cycle.

8. Conclusion

The sole is intended for recreational athletes who
opt for occasional recreation by running, and do
not have the proper footwear required. The reason
why the product is intended only for recreational
runners is primarily that professional runners use a
different running technique, i.e. they use the front
part of the foot. This technique absorbs the large
load in the first phase of the foot movement cycle,
and avoids the transition impact of the force on the
runner, because of which they do not suffer from
the same difficulties as the recreational runners.
Because of these differences in the running
techniques, also the design of the very athletic
shoes intended for recreational and professional
runners is different. Naturally, the athletic shoes
that have been developed for professional runners,
regarding material and their design are at a very
high technological development level, which places
them on a higher price rank.

The goal of this paper was to develop and design a
product that will represent an optimal solution as
replacement for buying the athletic shoes for
recreational running.

The very conversion of the athletic shoes consists
in pulling the sole onto the existing athletic shoe.
The tying system has been made of flexible
material which enables inserting the athletic shoe
into the sole and then insures sufficiently strong
bond, in order to prevent athletic shoes from
sliding during running. After having positioned the
sole, on the soles of the existing athletic shoes the
necessary deformation zone is achieved, which
allows absorbing of the resulting loads that occur
during running. This addition in the form of
additional sole, namely, enables a larger
deformation zone on the parts that are exposed to
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biggest loads. This refers first of all to the part
below the heel, which is the first to be affected
during running and which transfers the loads to the
ankles, knees, hips and to other body parts.

The proposal of material selection for the bottom
part of the sole is polyurethane of hardness
H = 40 — 45 Shore A which enables the absorption
of the resulting forces during running and of
density =400 - 450 kg/m® made as integral
foamed mould by RIM (reaction injection moulding)
procedure. The best way of making the tying
system is by direct or indirect moulding of
styrene/butadiene or natural rubber which has
good resistance to stretching and atmospheric
factors, and is attached to the sole by adhesion or
rivets.
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Abstract

Membrane wall of the steam boiler is structurally
orthotropic plate. At structural analysis of boiler,
finite element of the orthotropic plate is applied,
whereat it is needed to have equivalent stiffness of
the membrane wall. In this paper, the theoretical
procedure of calculating of elasticity constants for
membrane and bending stiffness of membrane
wall is presented. Theorem of minimum total
potential energy is applied. Mathematical
expressions are given and by means of them it is
possible to calculate equivalent constants of
elasticity very simple.

Keywords:
elasticity constants, steam boiler, membrane wall,
structurally orthotropic plate

1. Introduction

The membrane wall of the steam boiler has the
function of heat exchanger. Along with thermal
stresses and stresses caused by the pressure of
the working fluid, the membrane wall is a bearing
construction loaded with its own mass, mass of the
working fluid, mass of fouling, mass of refractory
and insulation, mass of equipment, mass of
buckstays and with the pressure of combustion
gases. Steam boilers of modern waste incinerators
often have their supports welded on membrane
walls and that result with significant increase of
local stresses in such made supports. When it
comes to the static calculation of the boiler, it is
necessary to determine support reactions of the
boiler, deflections of the boiler membrane walls
and stress state in the critical zones. Because of
the large number of pipes in the boiler membrane
walls, it is practically impossible to discretize

realistic geometry of the boiler by finite elements
and perform necessary calculations. Since
membrane wall structurally represents orthotropic
plate, the theoretical approach of determining the
elasticity modulus for membrane and bending
stiffness of the structural orthotropic plate is going
to be presented in this paper. After determining
equivalent modulus of elasticity of the reduced
plate, it will be possible, using finite elements for
orthotropic plate, to perform the above mentioned
static calculations of the steam boiler.

Significant researches in the field of structural
orthotropic plates were made by H. J. Huffington
[1]. Expressions for different forms of structural
orthotropic plates can be found in the literature
[2,3,4]. The method for homogenization of the
boiler membrane wall [5,6,7] enables to consider
the boiler as one constructional assembly on which
it is possible (along with the above mentioned) to
analyze the effects of thermal dilatation and
buckling of membrane walls.

2. Elasticity constants of structural orthotropic
plate for bending load

- Modulus of elasticity in direction perpendicular to
the axis of membrane wall pipe (E;’):

In case of bending of membrane wall around the
axis parallel with the membrane wall pipe axis,
approximately the membrane wall pipe, with
respect to membrane wall tape, can be considered
as rigid body (Figure 1). In order to find an

expression for modulus of elasticity E;, the static
beam model with clamped support on the one side,

loaded with continuous loading is going to be
analyzed.

q
IR RN R RN R RN R AN RA TR AR RAN RN

Rigid body

Figure 1. Geometric model for determination of equivalent modulus of elasticity E; for bending load of the

boiler membrane wall
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According to the Engesser's theorem, the partial
derivation of body's complementary energy of
deformation with respect to any force, gives the
displacement at the location of force as well as on
the direction of force. As potential energy of
deformation is equal to the complementary energy
for a linear-elastic body, according to the
Castigliano's theorem [8] it follows

ou

oF
where U is the potential energy of elastic
deformation of membrane wall according to the
Figure 1, which has a unit width, and F is a fictive
force which is going to be used for determining of
the displacement w in the direction of the z axis.
If the pipes of the membrane wall are considered
as ideally rigid, total potential energy of elastic
deformation is equal to potential energy of elastic
deformation of membrane tapes. To simplify the
problem, the part of potential energy of elastic
deformation which refers to shear stresses at
bending caused by forces, will be neglected.
According to acquired assumptions, total potential
energy of elastic deformation of membrane wall
can be calculated using the expression

w, (1)

1 & .
=— M(x, ) dy, , 2
) j (x Fdy, 2)
where:
E - modulus of elasticity for the material and
calculating temperature of the membrane wall,
I, - moment of inertia for bending axis of cross

section of membrane tape with a unit width,
M(x) - the distribution function of bending

moments on the i-th membrane tape.
According to the expression (1), the deflection of

the end of membrane wall for place of applied
force F=0is

au 1 &¢ oM(x,)
w = (Ejpo = RA !M(Xi)‘—aF dy, . 3)

If k=b+D, then the expression (3) can be written
as

k) ~li-k-b). @

w = .
8-E-l. &

Moment of inertia for cross section of the
membrane tape, with a unit width, can be
calculated according to the expression
t3
t T A
12
Deflection for the structural orthotropic plate with
the length n-k and a unit width, clamped on the

| (5)

4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management
Slavonski Brod, 17" to 19" October 2012

one end and loaded with continuous loadingq , can
be calculated according to the expression

_a-(n-k)
Yo, ©)

where:

E, - modulus of elasticity of structural orthotropic
plate, perpendicular to the pipes of membrane
wall,

I, - moment of inertia for bending axis for cross
section of reduced orthotropic plate with a unit
width.

Moment of inertia for cross section of structural
orthotropic plate can be calculated according to the
expression

h3
h:E’
where h is the thickness of the structural

orthotropic plate which can be calculated
according to the expression [7]

87 (an o sy, k=D)-t’
h_\/16~D~k( ©-2-5))+ ok - &

| ()

From the equality of the deflections of membrane
wall (4) and structural orthotropic plate (6),

modulus of elasticity Eyb of structural orthotropic

plate can be obtained or the axis perpendicular to
membrane wall pipe

e (1) Ky
“-=[3) Sk -fk-oy @

i=1

It can be noticed that modulus of elasticity E;’

depends on the number of pipes n in membrane
wall.

- Modulus of elasticity in direction parallel with
membrane wall pipes (E?):
Modulus of elasticity of structural orthotropic plate

in direction parallel with membrane wall pipes can
be calculated using the expression [7]

E° = thg E—’é( “—(D—2-5)4)+(k—D)-t3] (10)

- Poisson’s ratios:

Poisson's ratio v,, is equated with Poisson's ratio
of membrane wall material, while Poisson's ratio
vfx can be calculated from a known expression [8]

which  connects  elasticity  constants  for
perpendicular material axis
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_» B

b b
yx_VXy‘Eb :
X

(11)

- Shear modulus:
Shear modulus ny can be approximately
calculated by expression [9]

. AECE

~ . (12)

G’ ~
’ 2-il+,/vfy~vjxi

3. Elasticity constants of structural orthotropic
plate for membrane load

- Modulus of elasticity in direction perpendicular to
the axis of membrane wall pipe (E}"):

Modulus of elasticity of structural orthotropic plate,
for membrane load in direction perpendicular to
membrane wall pipes, will be determined using
Castigliano's theorem. According to Figure 2, the
displacement of point A, by a unit length of
membrane wall, can be calculated by expression

v =Y 13

S (13)
Since this is static undetermined problem (Figure
2), firstly, it is necessary to determine, inner forces
in the section A.

b/2 B b/2
| F
L A —
AN ‘ / -
3 A
%
k
B
e
N '
N\ <
S
(0]
z A M,

Figure 2. Geometric model for determination of
equivalent modulus of elasticity E]' for membrane

load of steam boiler membrane wall
This will be solved using theorem of minimum total

potential energy of elastic deformation, using
expression

u _, 14

Potential energy of elastic deformation can be
calculated using expression
2 72 ) D_§
M ‘Rdp, R=—,
== [M(e) -Rdo > (15)

5 0

U=

where:
I, - moment of inertia, for bending axis, for cross

section of the membrane pipe with a unit width,
M(p) - the distribution function of bending

moments.

Bending moment with respect to coordinate ¢ ,
according to Figure 2, is

M(p)=F,-R-sinp—M,, (16)

where is F, =0,5-F . Combining expressions (15)

and (16), it is necessary to partially derived (15)
according to (14)

ou 4 F -
oM, E-I JF,-R-snp-M,)-Rdp=0

A 6 0 (17)

After integrating, bending moments can be
obtained

2-F,-R F-R
M, = =2 (18)
T T
The displacement of point A of membrane wall
pipe in direction of y axis, according to the
expression (13) is

4 °F oM ((o)
= —_— M . . R d .
Vs E-l J ((0) oF @ (19)

o] A

Bending moments are obtained if (18) is inserted
into (16)

M(q)):FAR-(sin(er%j. (20)

The expression (20) should be combined with
expression (19), and after derivation and
integration, the displacement of point A of
membrane wall is obtained by unit width of
membrane wall,

4.F, -R¥(r 1
V,=——A—| == 21
° E-I, (8 zrj 1)
_ 3
Since FA:E , R:E and I5:5— the
2 2 12

expression (21) can be written as

J. Sertié, I. Gelo, D. Kozak, D. Damjanovi¢ and P. Konjatié 123



3
VJ:E. 2_1 . 1_1 . (22)
E o 8 =«
Extension of membrane tape, by unit width of

membrane wall, loaded with force can be
calculated using expression

_F-b

vV, = ——. 23
= (23)

Extension of membrane wall, by unit width of the
wall, in direction perpendicular to the axis of
membrane wall pipe, can be calculated using
expression

v=n-(v,+v,)

3
_nF (D g} (Z2_1), b} (24)
E o 8 #) t
where membrane wall consists of n pipes.
Extension of the structural orthotropic plate with
the length n-k and a unit width, clamped on the

one end and loaded with force F can be calculated
according to the expression

F-k-n
V =
E"-h

y

: (25)

where:

E;'- modulus of elasticity of structural orthotropic
plate, perpendicular to the pipes of membrane
wall,

h - thickness of structural orthotropic plate which
can be calculated by expression (8).

From the extension equation of membrane wall
(24) and structural orthotropic plate (25), the

modulus of elasticity E[', for axis perpendicular to
membrane wall pipes, can be calculated

o k-E
y h.{3.(D_1j3.[”_1j+b} (26)
) 8 =« t

- Modulus of elasticity in direction parallel with
membrane wall pipes (E")

Modulus of elasticity of structural orthotropic plate,
in direction parallel with membrane wall pipes can
be calculated according to the expression [7]

En E{%,(2_(D_2.5)2)+(k—D)ot}. (27)

Sin

- Poisson’s ratios:

Poisson's ratio v;, is equated with Poisson's ratio
of membrane wall material, while Poisson's ratio
v,. can be calculated from a known expression [8]
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which ~ connects  elasticity  constants  for

perpendicular material axis
m m

m
Vv =V .E_y
yx xy m °
EX

(28)

- Shear modulus:
Shear modulus G can be approximately
calculated by expression [9]

" VESE)

~ . (29)

G ~
! 2~il+1/vxmy~vymx’

4. Conclusion

Acquired expressions enable fast and simple
determination of equivalent elasticity constants of
membrane wall as structural orthotropic plate.
There are also opened possibilities of more
detailed structural analysis of steam boiler, e.qg.
determining  the reactions in  supports,
dimensioning of buckstays, determination of
thermal extension influence, determination of
deflection of the membrane walls as well as
buckling of the membrane walls.
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Abstract

Bi-metallic extrusion is relatively novel metal
forming operation which makes possible to
fabricate metallic workpieces composed of two or
even more materials. In this way product with
different properties at its different sections can be
produced. Industrial application of this process is
still relatively limited which can be partially
attributed by the scarcity of technological
information and knowledge related to bi-metallic
deformation.

Current paper outlines main characteristics and
models of this technology. Experimental
investigation of forward extrusion of Al (sleeve)
and Cu (core) materials is elaborated.

Keywords:
Forward bi-metallic extrusion, load estimation,
Al/Cu billet

1. Introduction

Bi-metallic extrusion is a metal forming operation
where initial billet consists of two different metallic
materials which are then together, simultaneously,
cold extruded. In this way final product is
manufactured, which has different properties
(mechanical, electrical, thermal, magnetic,
frictional...) at different workpiece sections. This
kind of metal forming operations makes it possible
to fabricate workpieces with optimal combination of
desired properties which are incorporated into final
product. For instance, aluminium/steel billets
combine the strength of steel with electrical
conductivity and corrosion resistance of aluminium.
It was stated in [1] that bi-metallic Al/Cu rod is 30-
40% cheaper than pure Cu rod, by realizing the
same function.

Possible combination of metals that can be
employed in bi-metallic extrusion is relatively large,
which enables numerous combinations in this kind
of operation.

The main challenges in planning and performing of
bi-metallic components are a) bonding between
two metals and b) (non)uniform deformation of
both materials during deformation.  Only
workpieces with strong metallurgical bond between
two metals and with dimensional stability, i.e.
constant ratio of the sleeve to core material
thickness can be considered as a sound bi-metallic
component.

Although industrial application of bi-metallic
components is still limited, the recent
achievements in research and development of this
forming alternative promise its broader commercial
implementation in near future.

Sleeve

Figure 1. Forward and backward bi-metallic
extrusion

Current paper presents experimental investigation
of bi-metallic forward extrusion. Combination of
Al/Cu was employed. Load-stroke characteristics
and material flow of both materials have been
studied.

2. Models of bi-metallic extrusion

Beside forward and backward bi-metallic extrusion,
other models are also feasible, such as tube
extrusion, radial and combined extrusion, etc. Still,
most frequently implemented are forward and
backward extrusion (Fig. 1.). In both cases sleeve
material can be softer or harder than core material.
Also, shape and dimensions of sleeve and core
can vary. Core and sleeve material combination
and their initial dimensions have direct impact on
the process development and component
properties. Possible shape of sleeve/core
assembly is often used as important parameter in
optimization of bi-metallic extrusion. According to
[2] the main influential factors in bi-metallic
extrusion are: reduction in area, semi-cone angle,
length of the load, friction factor, ratio of core and
sleeve radius (R./Ry) and ratio of core and sleeve
flow stress.

As mentioned before, bond between both metals is
important indication and significant requirement for
proper bi-metallic component. It was concluded by
FE analysis and by experimental investigation in
forward bi-metallic extrusion of Al/Cu component,
that optimal die angle is 25°. In this case best bond
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i.e. high shear strength between two metals is
achieved [3].

Backward bi-metallic extrusion was numerically
and experimentally studied in [4]. Focus was
placed on forming load and material flow during
deformation. Numerically and experimentally
obtained results show fair agreement. In Fig. 2
meridian cross-section of bi-metallic workpiece
obtained by experimental and by FE analysis are
given. As it can be seen, two pictures resemble to
each other to great extent.

Beside numerical analysis and experimental
investigation, bi-metallic extrusion has been
studied also by Upper Bound and SLAB method. In
[5] bi-layered bearings produced by backward
extrusion was analyzed by upper Bound method.
Chosen velocity field suggested by experiment
gave good results for force and for the evolution of
workpiece geometry.

Paper [6] reports work into a extrusion of bi-
metallic tubes. Analysis was performed by SLAB
method. Different die/billet geometries were varied.
Analytical results were compared with the results
obtained experimentally and good agreement was
found.

9.1

38.7

$30

Figure 2. Meridian cross section of backward
extruded workpiece obtained by experiment and
FE simulation [4]

At FTN - University of Novi Sad broader
investigation on bi-metallic extrusion has been
carried out. Backward and forward extrusion have
been experimentally and numerically elaborated so
far. Further work on this issue is directed at
exploring the potential of different materials and
shapes for bi-metallic extrusion.

Current paper elaborates the process of forward
extrusion of Al/Cu assembly with the focus on load
development and material flow during extrusion.

3. Experimental procedure

Billets for forward extrusion were combined of
softer sleeve (aluminium) and harder core
(copper).

Stress — strain curve of both materials were
obtained by Rastegaev test [7]:
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Ocu = 315 - ¢*** [MPa] 1)
on =127.5 - ¢°? [MPa] 2)

Separate sleeve and core as well as assembled
billet are shown in figure 3.

>mbly Sleeve

Figure 3. Billet assembly, sleeve and core

Main dimensions of the billet in relation to the die
are given in Fig. 4.

®28
18
Al
o]
o~
Cu—
21

Figure 4. Billet dimensions in relation to the die

For experimental investigation special tooling has
been designed and made (Figure 5.).

punch
die
\
S\:" 3 |
N7/ ZHR7 shrinking
/\ 7 rings
» \
NV |
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1

P ejector

: S ASA TS S T’///,w
///////'///// : ,v/.'///// /////

LSS (AL

Figure 5. Tooling for bi-metallic forward extrusion

Lubrication during deformation was done by oil.
Experiments were conducted on Sack &
Kiesselbach hydraulic 6,3 MN press with the
velocity of 0.2 mm/s.

Photograph of the experimental tooling is given in
Fig.6.
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Figure 6. Photograph of the experimental tooling

During forward extrusion load — stroke diagram
was recorded (Fig7).

200

Force[kN]
Experimental

150 — ~
100 / /
50

V Stroke [mm]

0 T T T 1
0 5 10 15 20

Figure 7. Force — stroke diagram
Beside experimental load, in Fig 7. analytically
obtained load is presented as well. Calculation was
performed by means of following expression O:

u 2a
F=to Ko (145422)

3
oY 3)
4op-Ky-—A
t4-u- Ko D, 0
Where:
Ao — punch area
K, = X K, — effective stress at beginning of

2
the process, K; — effective stress after material

deformation
¢ — logarithmic deformation, ¢ = 2 - In D"/d1

u — friction coefficient

a — die angle

h; — billet’s current height in the die (where D, = 28
mm)

D, — billet’s initial diameter

d, — billet’'s extruded diameter

Equation (3) is valid for single material forward
extrusion. In order to employ it in the case of bi-
metallic extrusion, effective stress was calculated

as average effective stress of two materials, by
means of volume fraction:

K = %Va, - Kay + %Vey - Key 4)

Where:

K — effective stress of bi-metallic composition,

Kai, Kcy — effective stress of aluminium and copper
%Va, %V, — volume fraction of each segment in
bi-metallic billet.

Load — stroke diagram in Fig. 7. was obtained by
employing fraction volume principle (4) in equation
(3). Both K, and K, were calculated by using
expression (4) for specific composition case
illustrated in Figure 4 (%Va = 59% and %V, =
41%).

4. Discussion of the results and conclusion

At the beginning of the process experimental and
analytical load increases steeply but in further
process development it remains almost constant or
even slowly decreases. This is co called steady —
state phase of extrusion.

It is evident from the Fig 7. that there is good
agreement between experimental load and load
approximately calculated by (3) and (4).

In Fig 8. billet, extruded bi-metallic component as
well as the meridian cross section of this
component are shown.

a)

Figure 8. Extruded component and its meridian
cross section: a) billet, b) workpiece, c) cross
section

From Fig. 8c it is obvious that outer Al-sleeve
deforms easier than harder Cu-core. Sleeve even
overlaps the top of the core, which means that Al
moves faster than Cu core during deformation.

Distribution of sleeve thickness and core diameter
along the workpiece was measured as well. For
instance, at the distance y = 9 mm core thickness
is 2.89 mm and core diameter is 15.21 mm (please
note that the scale for vertical axes “d” and “s” are
different). Minimal core diameter and maximal
sleeve thickness occur at the die entrance
whereas maximal core diameter and minimal

M. Plancak, D. Vilotic, Z. Car, D. Movrin, |. Kacmarcik, M. Krsulja 127



sleeve thickness takes place

of the billet (Fig. 9.).
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at the extruded end

- Nature of the created bond between
materials and the way how to influence it

- Amount of shear stress between two materials

- Search for further possible application of
bimetallic components in industry

two
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Figure 9. Thickness of Cu-core and Al-sleeve at
different cross-sections

As it can be seen from Fig. 8b, 8c and 9.,
dimensional stability of the core/sleeve is relatively
satisfactory. The highest degree of core radial
deformation takes place at the exit from the die (B-
B). In order to achieve even higher level of
dimensional stability, optimization of the billet
geometry and process data are necessary. Exact d
and s values at various cross-sections are given in
Table 1.

Table 1. Measured sleeve thickness and core
diameter at different cross-sections

A-A | B-B|C-C | D-D| E-E
d 15.66 | 15.04 | 15.21 | 16.36 | 18.11
S - 298 | 2.89 | 2.32 1.45

Although present work is a kind of preliminary

study, it provides a solid basis for further, more

detailed theoretical, numerical and experimental

investigation of bi-metallic forward and backward

extrusion.

Further work on current issue should include:

- Optimization of the process (die and punch
shape, billet geometry, material combination...)

- Creation of novel bimetallic models

- Development and application of new analytical,
numerical and experimental methods to
investigate bimetallic extrusion
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Abstract

In this paper the implementation procedure for
vibratory stress relief (VSR) on several models of
welded construction for the needs of specialised
industry is presented. With vibratory relaxation
process application at large constructions it is
usually necessary to release residual stresses in
the structure with the realization of dimensional
stability of the pieces, i.e. preventing further
dimensional changes in terms of allowed
geometric tolerance after machining process or
after their transportation to the destination for
assembling. To implement the procedure it is
inevitable to define the parameters of vibration,
perform the installation of sensors for quantifying
and monitoring of changes in the structure during
vibratory relaxation procedure. Detailed monitoring
of the process with measurement sensors is
performed on each construction with stress or/and
dimensional control during and after the process
implementation on examples.

Keywords:
VSR - Vibratory Stress Relief, welded construction,
residual stress, dimensional stability.

1. Introduction

There are two kinds of residual stresses in the
welding technology: forced, resulting from
assembling of parts with free ends, where the
effect is present only on the observed parts, and
reactive which occurs in parts whose ends are
trapped and they are prevented from forming, and
transferred internal stresses in the whole welded
structure. Residual stresses, formed in above
mentioned ways, are multi-axial and combined with
other stresses or low temperatures could create
conditions for the occurrence of brittle fracture.

In the past 60 years, VSR has grown from a little
known area to respective primary process, which
was established as an alternative to heat treatment
of castings, manufactures, pieces requiring
additional machining, and non-metallic materials.
Effects of reduction of residual stresses in various
previous studies have a wide range from 20% to
95%. Effect of vibratory relaxation method
depends on many factors, such as type of
construction, structural dimensions, weight and
rigidity of the structure, characteristics of VSR
equipment, suspension of construction, etc. The

procedure of residual stress relieving on structures
can be done in several ways, the best results can
be achieved with heat annealing treatment, but
due to limitations on the dimensions of structures
that need to be treated alternative methods have
been developed. One of these alternative
procedures is vibratory relaxation process, [1,2].

2. VSR treatment of welded flanges

This chapter presents brief method and results of
performing the vibratory relaxation of residual
stresses in the zone of welded flanges on vertical
tanks with floating roof, Figure 1. Vertical tanks
with floating roof for liquid fuel storage are welded
steel structures of large dimensions and as such
are usually subjected to the treatment of residual
stresses relaxation. Measurements of residual
stress are made i.e. the definition of "zero state” as
well as measurement of changes in residual stress
caused by vibratory relaxation, which was
performed in order to eliminate or decrease the
size of residual stresses. The process of
performing VSR technology (after welding) at the
connection point of tank hole and tank flange, and
performance of monitoring technology took place
at the following stages: preliminary dynamic
analysis of tank structural construction and flange,
preparation and installation of measuring gauges,
detailed measurements of residual stresses using
the "hole drilling” method, monitoring of changes in
stress during VSR procedure, positioning of force
exciter at two orthogonal locations at flange,
monitoring the process of relaxation, post-
processing of data, measurement of residual
stresses after applied procedure. Only a short view
will be presented here without numerical dynamic
analysis and other data in very detail.

Figure 1. Flange on the tank of 85.000 m® storage
capacity, JANAF, Sisak
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Residual stress relaxation, using the VSR is
carried out at three flanges on the tank, which
have the same geometrical properties. Flanges are
attached to the sheet metal by welding which is
performed by specially projected technology.
Flange is a light opening & 750 mm and with a
thickness of 23 mm, and a tank thickness of 31
mm in the zone of the flange. On the basis of
specific scientific parameters, the geometrical
characteristics of flanges with sheets, and the
geometry and the quantity of welds, it can be
considered that places of weld joints of the flange
and tank sheets are with greatest concentrations of
stresses. VSR equipment of Meta-Lax type, with
working frequency range 0-100 Hz and 20-100%
eccentricity is used. The equipment consists of the
exciter force transducer and acquisition devices.
With the force exciter a "scanning” of the
construction of the first flange is conducted, which
showed "sensitivity" of structure in the range of 45-
80 Hz. Therefore, the applied frequencies were in
that range, lasting 30-40 minutes. Based on these
indicators, parametric procedures are implemented
for each flange. Residual stress measurements are
derived in order to determine the parameters at the
beginning and end of the process, Figure 2.
Measurements of residual stress were conducted
using the system for automatic determination of
residual stresses using strain gauges "MTS-3000"
where used "hole drilling" method defined by
ASTM 837-01, [3]. Data acquisition was performed
using a measurement system "Spider 8-30",
rosette measuring gauges, and software "Catman
5.0 Professional".

)u P L S
)| Flange No. 1 -

Figure 2. Residual stress measuring
points

Strain gauges are installed on the following flange
measuring places: Z1 - place to measure the
residual stress before VSR treatment, Z2 - place to
measure the residual stresses after VSR
treatment, M1 to M6 - places to measure the
change of stresses during the vibratory relaxation
for the two orthogonal directions on the flanges No.
1 to 3, (not presented in details because of the
paper extension).
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Measurement appointed to the fact that the highest
value of principal stress before treatment vibratory
relaxation is in the weld zone. All the measured
residual stresses are of tensile character. All three
flanges are treated in the same conditions, with the
same positions of the vibrator, where the rate
varied from ~ 60-90 Hz. Treatment of each flange
with Meta-Lax equipment is done in two ortogonal
directions, Figure 3.

M1 placed at
the inner side
of the flange

Figure 3. Vibratory treatment

The change in stress at the measuring point M1
occurred as a result of vibration is presented in
Figure 4.

Stress values at Flange No. 1 during VSR treatment, Measuring point M1
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Figure 4. Stress values, flange No. 1
Measuring point M1

Measured strains at all measuring points, during
VSR process are negative, indicating that the initial
stress was tensile in character which is common in
welded joints. Comparative values of the
measured changes in residual stresses before and
after vibratory relaxation are given in Table 1.

Table 1. Comparative results of measurement of
residual stresses

Meas. | o;max | o, min Gekv Gekv
sample | oint | MPa] | [MPa] | [MPa] | [MPa]
Before

VSR Z1 132 109 122 132
After
VSR z2 104 84 95 104
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Symbols used in Table 1 are: oimax - Max. main
Stress, Gimax - MiN. Main Stress, e - equivalent
stress according to the Von-Mises hypothesis,
Geky' - equivalent stress according to the Tresca
hypothesis. The comparison of measurement
results of residual stress relaxation before and
after the relaxation shows that the reduction of
residual stress, using the vibratory relaxation of the
tank is in the range of 18-28%.

3. VSR treatment of welded grid structures

The next example of VSR process application is
grid welded type of -construction, Figure 5.
Geometrical characteristics are: overall dimensions
6300 x 3100 x 600 mm, with embedded profiles
160x80x4; 160x120x6; sheet thickness of 30, 25,
15, 10, and 8 mm, with total weight about 2400 kg.
The aim of the VSR technology application in this
case is to reach dimensional stability of the
component in requested tolerance value. The
procedure of vibratory relaxation treatment
involves placing the structure on the corresponding
supports schedule, and excitation of the structure
corresponding to vibratory frequencies and mode
shapes.

Figure 5. Treatment of the construction 1

In terms of procedure monitoring the
corresponding sensors are used: strain gauges
LY-11 with the aim of measuring strain changes in
the selected places of the structure, Figure 6,
acceleration sensors Metrix and displacement
transducers WA 100 and 200. Data acquisition
was performed using the measurement system
"Spider 8-55", and the results were processed
using the software "Catman 5.0 Professional”. For
the monitoring of process the stroboscopic lamp
DT-2259 is used.

For the vibratory excitation of the structure an
electro-force inducer with step regulation is used.
After a "scanning" of the construction the
"sensitivity" of structure in the range of 20-30 Hz is
appointed. Stress changes at the measuring point
M1 is presented in Figure 7.

Displacement changes regarding the geometrical
influence are presented in Figures 8 and 9.
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Figure 7. Stress changes during VSR of the
construction 1
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Figure 8. Displacement of the construction 1
(point P2)

The values of "relative stress" change are: -35,8 MPa
and changes in geometry of points P1 and P2 are: -2.17
mm, +3.194 mm, respectively.
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Figure 9. Displacement of the construction 1
(point P1)
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In the same manner with the same goal of the
dimensional changes, one more type of grid
welded construction is treated. In this treatment of
the construction 2, geometrical, frequency and
other characteristics of this construction are
accepted. Positions of measuring places M1 (strain
gauge) and P1, P2 (displacement transducers) are
selected for two locations at the construction,
Figure 10.

Figure 10. Treatment of the construction 2

After a "scanning” of the construction the
"sensitivity" of structure in the range of 30-40 Hz is
appointed. Stress changes at the measuring point
M1 are presented in Figure 11.
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Figure 11. Stress values of the construction 2
(point M1)
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Figure 12. Displacement of the construction 2
(point P1)
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Displacement changes regarding the geometrical
influence on construction 2 are presented in
Figures 12 and 13.
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Figure 13. Displacement of the construction 2
(point P2)

The value of "relative stress" change is: -27 MPa
and changes in geometry are: P1: -1,023 mm, P2:
+5,875 mm.

4. Conclusion

In the above presented material it can be seen that
VSR technology has a success as alternative
method to the heat treatment for large
constructions, but the effectiveness of the method
is related to several crucial characteristics or
parameters. Effect of vibratory relaxation method
depends on many factors, such as type of
construction, structural dimensions, weight and
rigidity of the structure, characteristics of VSR
equipment, suspension of construction, etc. Based
on the results of measurement carried out after the
application of vibratory relaxation procedure on
both examples, it can be concluded that the
application of treatment led to a change in stiffness
of treated samples, and resulted in changing of
stress state and geometry, i.e. the dimensional
stability of treated samples. Changing the strain
state of both structural and geometric changes at
observed points clearly indicate their mutual
relationship and the effect of treatment.
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Abstract

In order to manufacture high precision worm gears
with variable pitch and cross section, we
developed a new technology based on
ultraprecision turning, which was tested on a
HEMBURG ultrapecision lathe at DIRECT-LINE
Kft. laboratory in Budapest. In this paper we will
present the main theoretical and experimental
aspects of this technology.

Keywords:
Gearing, Precision turning, roller transmission

1. Introduction

It is well known that processing of hardened steel
with ultraprecision turning is considered as an
alternative of grinding. Its use is increasingly
common due to adjustment benefits. In our
research we used this method for manufacturing
special worms. Experimental research was done
on a machine developed and manufactured by the
company HEMBRUG AG.

The advantages of high precision turning in
comparison with grinding are:

- the material removal rate is higher, especially for
the manufacturing of  complex profiles and
surfaces

- the used tool may have a much higher rigidity,
while the contact surface is much smaller. Hence,
the force normal to the surface is smaller.

- the hard processing of roller transmissions with
ball screw is mainly possible with ultraprecision
turning [MES 06]

- the possibility of using universal tools with
defined geometry for processing complex profiles.

This technology also has environmental benefits
because processing is performed in dry media
thus, the resulting waste has a lesser impact on
the environment. The superficial layer structure
and surface roughness obtained in ultraprecision
turning is very different from the surface
morphology obtained by grinding [KUF 05].

As a disadvantage of ultraprecision turning one
could mention the necessity of stringent process
control. The machined surface is obtained by a

single peak of the tool, compared with abrasive
cutting where several peaks are involved, and this
single peak may break. However, with the
development and deployment of CBN tools this
disadvantage is increasingly rare.

In the following we will present some specific
aspects of ultraprecision turning for the
manufacturing of complex helical surfaces used in
modern mechanical transmissions.

2. Special method for approximating the
control curves

In the case of the special roller transmissions the
main screw surfaces consist of three parts: the
acceleration (the input), the central helical screw
and that the deceleration (the output). The
acceleration portion is necessary for obtaining the
cheeping speed of the tool upon entry into helical
channel of the pieces. If this entry portion is short,
than helical surface pitch errors may occur. The
deceleration portion is required to allow time to
reduce the speed until the change of direction of
travel takes place.

This is necessary to return the starting position for
a new crossing. Figure 1 shows the method of
calculation for the acceleration portion.

XA

a) in plane X-¢,
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H-thread pitch

360°

v
b) in plane Z-¢
Figure 1. Approximation calculation of input portion

In Figure 1 we used the following notations:

- RO - bottom half of the thread diameter of the
circle;

- Re -entry area;

- H - thread pitch as Z axes ;

- Rn=Ra - external radius of thread

The calculation formulas are as follows:

Rmax2 + (R01 + Re )2 - Re2
2Rmax(R01 + Re)

Rmax2 + (R01 + Re )2 — Re2
Prmax = arcco
2Rmax(R01 + Re)

cos (pmax =

(1)

AZ,, = P ®)
360

The A Zmax area is divided into n equal parts

AAZ, . = AZ 3)
n

Furthermore, after AAZmax has been calculated,
we chose one appropriate value according to the
capabilities of the machine. Using this value we
calculated Rmax with equation (4).

2Rt RS, = AR+ R 005 o ~ R 2RR) ()

erx
2

Using the following values :
~ i AAZ-360
Dnzi = Prax _T )
Ap=¢, — ¢,

R _ ARy +R)o0sg 4Ry + R cosg’ 4R +2RR) ()
' 2

This way, the X coordinates was determined:
X, =2R,

.
i=1.n+1 ")
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3. The pitch determination

Axn—i = Rn—(i+1) - Rn—i (8)
AX, 360
In—i = (9)
Ap

4. Cutting depth determination
The cutting depth aM is an entering parameter,
witch was used for determination of the limiting
position of the tool peak (Fig.2).

referencexA
A, < point A,
LY
B) ¢
leftflank | (/2
M  Measured
» 2N 5 point
(59 Oy
right flank
<y
v ¢ C, .
P, Z

Figure 2. Determination the programming position
of the tool peak

The ZM parameter (Fig. 2) was calculated with the
expression :

Zy =e+1y-cos(p)-r, -sin(p)-r, sin(p) (10
Where:

2
sin(p) = 1—(1- Y j (1)

r.+r,

5. Determination of the channel profile using
the 3D model of the machine part

For determination of the effective shape of the
axial profile for the special worm a 3D model was
employed (Fig.3).

A

Detail A \
« % X+ _Reference point .

] X

~ ~leading curve

>

z

Figure 3. The axial profile of channel in 3D model
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The axial section of the groove, as can be seen
from Figure 3, can not be described with any
simple geometry. To get the geometrical details
needed for processing, a CAD program was
employed. In order to determine the coordinates
necessary for programming, we intersected the
model with a series of planes parallel with the
axes. The generating curve (axial section)
represented by the green line in Figure 3, was
obtained using the known radius r@ at the top blade.
With the red color the measuring point of the tool is
represented. The reference point is situated where
the leading curve intersects the groove. The values
X1 ... Xn and Z1 ... Zn were saved in a table that
we used for machine programming and machining.
The disadvantage of this method is that for every
change in the depth of cut one must recalculate
the coordinates that describe the groove section.

6. The strategy for material removing

For manufacturing the special helical channels with
the ultraprecision machine tool, it is necessary to
solve some specific aspects of material removing.
For one special worm, having the axial profile
presented in Figure 4, it necessary to realize a
uniform distribution of pressures and chipping
energy.

A

& Xl a
4—)'

Material removal area ~

Processing area

Uy

Figure 4. The axial section of a special worm

The material removing was divided in two phases:
rough and smooth cutting, respectively.

6.1. Strategy for rough cutting

The input data required for processing is the
leading curve guiding the channel. The strategy for
rough material removal is achieved during several
steps of travel from left to right (Fig. 5).

J

the cutting

line a-smoothing

addition

Figure 5. The strategy for rough material removing

The roughening profile was established as a
function of the smoothing addition ax (Fig.5).

We can observe that during the initial stages, the
active portion of the cutting blade cutting edge is
higher in comparison to the following steps (Fig. 6).
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depth of cut
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Figure 6. The distribution of chipping depths at first
step.

6.2. Strategy for smooth cutting

The strategy for smooth removal of the material
was established using the final profile of the worm
channel taking into consideration the necessary
surface roughing and shape precision (Fig.7).
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Figure 7. Strategie for smooth cutting
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7. Conclusion

The high precision worms manufactured by ultra
precision turning was compared with some worms
realized by milling. It is concluded that it is possible
to obtain higher quality for modern transmissions
with rolling balls from the point of pitch, shape and
surface roughness quality. The manufacturing time
was a little bit longer, but taking in consideration
the obtained quality, it is justified to further
investigate and develop the proposed process. At
the same time, we conclude that for serial
production of drives with balls roller transmissions
it is still necessary to solve a number of
technological and economical problems.
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Abstract

This paper presents thermal analysis of the
recuperative, tube in tube, parallel and counter
flow heat exchanger (PFHE and CFHE). Thermal
analysis of heat exchangers was performed by
varying the values of mass flow rate. The
comparison of the relevant parameters for both
heat exchangers is shown in table and the
influence of the overall heat transfer coefficient is
quantified. The higher efficiency of the counter flow
heat exchanger with respect to the parallel flow
heat exchanger is demonstrated.

Keywords: parallel and counter flow heat
exchanger; thermal analysis, efficiency.

1. Introduction

In this paper, based on the First law of
thermodynamics, the differential equations for the
heat exchangers when stronger stream is also a
warmer stream were set and computer program for
calculating the temperatures of both streams along
the surfaces of the heat exchangers and the
exchanged heat flow rate as a function of local
value of the heat exchanger area were developed.
The calculations of ten different cases for ten
working points of heat exchangers are conducted
and heat exchangers are dimensioned. The
temperature distribution and local heat transfer
rate distribution along the heat exchanger surface
are shown in diagrams. The varying of mass flow
rate is conducted in two ways. In the first way, the
input and output current temperatures are kept
unchanged, while in the second way the heat
exchanger area is kept unchanged. All operating
points of parallel flow heat exchanger are marked
in dimensionless diagram. Effect of the change of
stream velocity on the heat transfer coefficient is
shown in table, using, in the analyzed cases, the
calculated values.

2. The mathematical model

The parallel flow ,tube in tube“ heat exchanger
(PFHE) is schematically shown in Figure 1. The
colder stream is the weaker stream, with inlet
temperature 9;', which flows through the inner
tube, while the warmer stream as stronger stream,
with inlet temperature 9,' flows parallel through the
annular cross-section and in the same direction.

Because of the temperature difference of streams,
heat flow rate passes through the dividing wall
from the warmer to the colder fluid. Thereby
warmer stream is cooling, and colder stream is
heating. It is clear that temperatures along the heat
exchanger surface will change, and also the
temperature difference and the heat flow rate.
Maximum temperature difference is in the inlet,
while the minimum is in the outlet of heat
exchanger.

C.i 9

| —> c;9)

Figure 1. Schematic representation of the parallel
flow heat exchanger

The expression for the heat flow rate on differential
heat exchanger surface, for the parallel flow heat
exchanger has the form:

D=k, —9,)dA 1)
Total heat flow rate is obtained by integrating
equation (1) along the entire heat exchanger area,
fromA=0to A=A

D= [0k (9, — 9,)dA 2)
The problem of solving of this integral consists of
defining the temperature difference of streams, i.e.
finding the functions 9,=9;(A) and $,=9,(A), and
also their difference  AJ(A)=5,(A)-F,(A). In
determining the temperature distribution of streams
along heat exchanger surface, the first step is to
set the first law of thermodynamics for both
streams. Substituting equations 5@=C,;dd; and
d@=-C,d¥, in equation (1) the differential equations
for streams in the parallel flow heat exchanger are:
k(9, —9,)dA = C;d9Y, 3
k(9, —9,)dA = —C,d9, 4)
Differential equations (3) and (4) represent a
system of two ordinary homogeneous differential
equations with constant coefficients, where the
values of k, C; and C, are taken constant. For the
parallel flow heat exchanger, boundary conditions
are prescribed as follows:

for A=0; —9; = 9;; 9, =9, (5)
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Particular solution for the temperature distribution
of the first and second stream along the parallel
flow heat exchanger surface follows:

I, ql I_qgf
191=191(A)=M+Mexp(—kwfl) (6)
3

1+’77:3, 1+11:’ , C1C;,
9, = 9,(4) = "31111;'92 — 1, 19;:: exp (—k%A) )
In this model, the heat transfer rate with the
environment is neglected, so the formula for
calculating the heat flow rate expressed by the
inlet and outlet temperatures of the streams
follows:
D(A) = C1(19{ - 191(14)) = 62(192(14) - ﬁé) (8)
From the following differential equations for the
counter flow heat exchanger (CFHE)
k@9, —9,)dA = C,d¥, 9)
k(9; —9,)dA = C,d9Y, (10)
and prescribed boundary conditions:
A=0;-9, =9
A=Ay Y =9y (11)
the particular solution for the temperature
distribution of the first and second stream along
the counter flow heat exchanger surface can be
written in the following form:

93 exp(—(m3 — D) — w39,

9, = 9,(4) =
1= ) = s — D) — s
9195 . 61mC
exp(—(m3—D)mp) -3 eXp( k= A) (12)

9, exp(—(m3 — Dmy) — m39;

9, =19,(4) =
2 2 (exp(=(m3 — Dmy) —m3
9393 _, GG
3 exp(—(m3—1)m,)—13 €xp ( k C1Cy A) (13)
Cy 9
| — Cod)
‘_ _______________________ +— _______________________ ‘__

\_J_T_L |
Cy !

Figure 2. Schematic representation of the counter
flow heat exchanger

3. Dimensioning of the heat exchanger

The first step in this analysis is to determine
dimensions of the heat exchangers for the known
temperatures of the streams. The colder stream
(water) temperature at the inlet of the heat
exchanger is 9,'=18 °C and at the outlet is 9,"=37
°C. The first stream is heating with the warmer
stream (water), which is cooling from 9,'=60 °C to
3"=50,5 °C. The mass flow rate of the colder
stream, which flows through the inner tube of heat
exchanger, has a value g,;=0,06 kg/s, and the
mass flow rate of the warmer stream, which flows
through the annular section between the outer and
inner tubes is gm2=0,12 kg/s. The material of the
heat exchanger is copper, with thermal
conductivity of Ac,=386 W/(m-K). The area of the
heat exchanger is calculated from the formula
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expressed using dimensionless pi parameters (7,
m, m3). Parameter z; is determined from the given
temperatures of the streams, and parameter 7 is
obtained as the ratio of the heat capacities of the
streams.

_ 9]-9; _ 18-37 _
= " e = 0,4524 (14)
_ & _ Qmitw — % —

M= = o = o2 0,5 (15)
Formula for determining =, [1], and its value for

the considered parallel flow heat exchanger follows
_ In[1-mq;(1+m3)

T

Ty = i)l = 0,7567 (16)
3
For the counter flow heat exchangers, it is
_ In[(myp=1)/(m1pmz—1)]
ap = ——L ﬂ3_11” 2 =10.69 (17)

The area of the heat exchanger is calculated from
the parameter 7:

Agy =2 (18)
Before this calculation, the overall heat transfer
coefficient k should be determined. The procedure
for the calculation of the overall heat transfer
coefficient is given in [2]. It has the same value for
the parallel and the counter flow heat exchanger
and it is k=1601,42 WmK™.

For the parallel flow heat exchanger, the calculated
total area of the heat exchanger is Ay =0.1187 m?
and for the counter flow heat exchanger it is Ag,
=0.1082 m’.

For the selected diameters of the heat exchanger
(inner tube: diy=13 mm, d,;=15 mm, outer tube:
Din=20 mm, Dy,=22 mm), the length of the PFHE
is Li=2.52 m and of the CFHE L,=2,3 m.

The temperature distribution along the parallel flow
heat exchanger surface is shown in Figure 3 and
presents the expressions (6) and (7). It can be
seen the typical temperature distributions of the
parallel flow heat exchanger: the larger slopes of
the curves in the inlet then in the outlet of the heat
exchanger.

The temperature distribution along the counter flow
heat exchanger surface is shown in Figure 4 and
presents the expressions (12) and (13). Greater
temperature difference is in the outlet of the heat
exchanger, so for A=A, the curves have the largest
slopes.

80

4, =50,5 °C

A 9 =60 i%\b\
(&}

40

) 1 4" =37 °C
o ,/V/
s

L 20
oy & =18 °C]

© o 0.02 0.04 0.06 0.08 o1 A, =0,1187 m?
A m2 =
Figure 3. The temperature distributions of the

streams along the surface of PFHE
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Figure 4. The temperature distributions of the
streams along the surface of CFHE

The total heat flow rate along the heat exchanger
surface for PFHE is shown in Figure 5 and for
CFHE in Figure 6.
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Figure 5. Total heat flow rate along the parallel
flow heat exchanger surface
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Figure 6. Total heat flow rate along the counter
flow heat exchanger surface

The total exchanged heat transfer rate is equal for
the both heat exchangers (@=4774,5 W), but
CFHE has the smaller heat exchanger area.

It can be seen the difference in the shape of
curves that present the total heat flow rate. With
the increasing of heat exchanger area, the slope of

the curve is decreasing for the PFHE and is
increasing for the CFHE.
The computer program in FORTAN is used for the
calculations of the temperature distributions and
the total heat flow rates.

4. Analysis of heat exchangers by the variation
of the mass flow rate

The heat exchanger is analyzed at the same
values of input and output temperatures. The three
cases for parallel flow and the three cases for
counter flow heat exchanger are considered and
for the PFHE they are presented using the working
points (in the diagram which is shown in Figure 7).
In all cases the input and output stream
temperatures are equal, so the dimensionless
parameter 7 is equal in all cases, which is shown
(in Figure 7) by the horizontal line which connects
the three working points. Determination of the
values of the area of heat exchanger for all cases
is skipped in this work (it is given in [2]); only
summarized results are given in Table 1. Internal
and external diameters of tubes are specified in
the previous chapter. The heat transfer coefficient
is the very important quantity for the heat transfer
and it depends on the properties of the fluid and
the velocity of the stream. It is necessary to know
its value to determine the overall heat transfer
coefficient. Velocity of the first stream is equal in all
three cases, while the velocity of second stream is
changing with the change of the mass flow rate.

T2=0,7567

0.7

> T1=0,4524

3= 0,50
T3=0,75
0.2 — M3=1,00 ¥ ¥

0 — T T T T T T T T T T T T T
T2=0,6668
06 08

T
T2=0,8964
0 0.2 0.4 1

T, —
Figure 7. Operating points of the PFHE

The heat exchanger efficiency is also analyzed.
The efficiency of the heat exchanger is the ratio of
actually achieved temperature difference of the
weaker stream and the difference of inlet
temperatures of the streams. For both types of
heat exchanger it is equal to the parameter .
Analysis of the efficiency of parallel flow heat
exchanger is conducted on the heat exchanger
with the value of the area A, = 0.1187 m? and the
length L = 252 m. This heat exchanger is
presented with the working point in the diagram in
Figure 6 with the values m,=0.7567, 7,=0.4524,
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the heat exchanger efficiency are obtained and
written in Table 1 for PFHE. The same procedure
is performed for CFHE.

m3=0.5. For the given value 7,=0.7567, the value of
parameters 3 varies, the values of parameter n;
are calculated, and the corresponding values of

Table 1. All relevant quantities for PFHE and CFHE

Parallel flow heat exchanger Counter flow heat exchanger
Point 1 Point 2 Point 3 Point 4 Point 5 Point 1 Point 2 Point 3 Point 4 Point 5
Om1 kgls 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06
Om2 kals 0,24 0,12 0,08 0,24 0,08 0,24 0,12 0,08 0,24 0,08
L m 0,4524 0,4524 0,4524 0,4893 0,4193 0,4524 0,4524 0,4524 0,4747 0,4296
% % b 0,6668 0,7567 0,8964 0,7567 0,7567 0,6429 0,69 0,5710 0,69 0,69
T E 7 0,25 0,5 0,75 0,25 0,75 0,25 0,5 0,75 0,25 0,75
A m/s 0,454 0,454 0,454 0,454 0,454 0,4537 0,4537 0,4537 0,4537 0,4537
Wp m/s 1,774 0,886 0,596 1,774 0,596 1,772 0,886 0,596 1,774 0,596
ay wm?K* 24451 24451 24451 22457 2076,6 24451 24451 24451 2230,4 2193,7
oLy wm?K?! | 117764 | 6677,51 4787,7 12040,6 | 471552 | 11776,4 | 6677,51 | 47877 12054,7 | 4667,1
k wm?K* 1787 1601,4 1462,9 1674,7 1279,9 1787 1601,4 1463 1658,2 1345,5
Ao m? 0,1064 0,1187 0,1539 0,1345 0,1759 0,0904 0,1082 0,1290 0,1045 0,1288
L m 2,26 2,52 3,27 2,85 3,73 1,92 2,3 2,74 2,22 2,73
Gy °C 18 18 18 18 18 18 18 18 18 18
3" °C 60 60 60 60 60 60 60 60 60 60
9’ °C 37 37 37 38,55 35,61 37 37 37 37,94 36,04
%" °C 50,5 50,5 50,5 54,86 46,79 50,5 50,5 50,5 55 46,47

It can be seen from Table 1 that heat transfer
coefficient depends on the stream temperatures
and stream velocities. For the same boundary
conditions, overall heat transfer coefficient is equal
for the PFHE and CFHE because, it doesn't
depend on the stream directions. The stream
velocity has the important effect on the overall heat
transfer coefficient. Increasing velocity causes an
increase of the heat transfer coefficient and thus to
increase the overall heat transfer coefficient.

This increase is not uniform. Hence, the two-fold
increase of the velocity of the stronger stream
(from 0.89 m/s to 1.78 m/s) led to an increase in
overall heat transfer coefficient of 10%, while the
increase of velocity from 0.6 m/s to 0.89 m/s
(32.6%) resulted in an increase of the overall heat
transfer coefficient of 8.6%.

This can be explained by the effect of the heat
transfer coefficient in the inner tube and the
thermal resistance through the tube wall, which
remained unchanged.

For the same boundary conditions and for the
same value of exchanged heat transfer rate, the
required heat exchanger area of PFHE is 9.6%
higher than the area of CFHE (in the case 73=0,5).
This percentage may be even higher; in the case
of 73=0.75 it was 16.2%, while in the case of 3 =
0.25 the required area of the PFHE is 14.1%
higher than the area of CFHE.

From the above it can be concluded that the of
counter flow heat exchanger type is more
economical that the parallel flow heat exchanger
type, which is to be expected.

If the mass flow rate of the stronger stream
through the PFHE is doubled, with nearly the same
level of heat exchanger efficiency, it is needed to
increase the heat exchanger area for 10% until for
the counter flow heat exchanger this increase
should be 16.5%.

Analysis of the heat exchanger, at the same
dimensionless parameter of the heat exchanger
area (same m) showed that the counterflow heat
exchanger has a higher level of efficiency than the
parallel flow heat exchanger. So, for example, for
m=0.75 efficiency of the counter flow heat
exchanger is 2.4% higher than the efficiency of the
parallel flow heat exchanger.

5. Conclusion

In the work differential equations for parallel and
counter flow heat exchanger with corresponding
boundary conditions are given and particular
solutions are calculated for the known inlet and
outlet stream temperatures. The heat exchanger is
dimensioned and the values of heat transfer
coefficient are presented. The analysis carried out
by the varying mass flow rate quantitatively
showed the better efficiency of the counter flow
heat exchanger.
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Abstract

The unsteady two-dimensional melting of paraffin
in a rectangular cavity with isothermal vertical walls
is analyzed numerically using FORTRAN computer
code. The results of simulation, a position of
melting front and time evaluation of temperature
are compared with experimental results.

Keywords:
Melting of paraffin, Finite Volume Method,
Rectangular cavity

1. Introduction

Thermal energy can be stored in phase change
material (PCM) as a heat of fusion (solid—liquid
transition). PCMs allow large amounts of energy to
be stored in a relatively small volume, resulting in
some of the lowest storage media costs of any
storage concepts. Materials to be used for phase
change thermal energy storage must have a large
latent heat and high thermal conductivity. They
should have melting/freezing temperature in the
practical range of application. Materials that melt
between 15 °C and 30 °C are used to store the
cold from air conditioning and free cooling and to
maintain the room temperature [1,2].

Relevant PCMs for usage in rooms are paraffin,
salt hydrates and their mixtures. The most
common method for obtaining paraffin is to extract
it during the refining process of crude oil. It is
noteworthy for its chemical stability and a high
specific heat capacity. Phase instability and
supercooling effects, with a solidification
temperature below melting point are quite unusual.
Flammability and low heat conductivity cause a
reduction in paraffin’s effectiveness. There are
several options where and how PCMs can be used
to meet the cooling requirements. They can be
integrated into the building’s envelope (i.e., walls,
roofs, and floors) increasing thermal mass. It is
also possible to install them into HVAC system as
a cold storage tank or to use them in solar cooling
systems as a heat/cold storage tank [3].
Rectangular tank with the geometrical simplicity
has been extensively used in practical application.
However, movements of the fluid and heat transfer
processes in the tanks are greatly complicated due
to space limitations and flow of fluid. They not only
depend on properties of the fluid and the
temperature difference between the hot surface

and the cold surface, but also depend on the
shape structure and size of space.

In this work a phase change process - melting of
paraffin in rectangular cavity in the presence of
natural convection is considered numerically. The
presented method is able to handle situations met
in latent heat storage systems. Details of the
adopted numerical method are given in [4].
Computer code written in FORTRAN developed in
the Faculty of Mechanical Engineering and Naval
Architecture is used for numerical simulations. The
numerical simulation of the process provides the
time evolution of the temperature fields in both
phases and of the shape and position of the
melting front. The numerical results are compared
to the measurements obtained on a experimentally
set described in [5].

2. Mathematical model and numerical method
Unsteady two dimensional melting with natural
convection is governed by the basic laws
represented by the continuity, momentum and
energy equations and by the following
assumptions: the liquid phase is incompressible
and the Boussinesq approximation is met, the flow
is laminar, and viscous dissipation is neglected.
The mathematical model takes the dimensionless
form

ou oV

—+—=0 1
oX oY 1)

’ 2] 2
TR VLI (AT B
or oX oY oX oX* oY

ﬂ_‘_u ﬂ_‘_v ﬁ:

’ 2 2
:GrPrz(H—HO)—a—P+Pr 6\/2 +6\£
oY oX* oY

2 2
%4_ Uﬁ.ﬁ.V% = %4_% +ii (4)
or oX oY oX oY Ste Or

Boundary conditions for the considered problem
include conditions at the solid impermeable
isothermal or insulated wall and the boundary
condition at the solid-liquid interface. At the
impermeable wall the both velocity components
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are equal to zero. At the isothermal wall the
boundary temperature is prescribed while at the
insulated wall the normal derivative of temperature
is equal to zero. At the solid-liquid interface the
temperature is constant and equal to the melting
temperature T,. If the interface velocity is
negligible, the Stefan condition at the interface
follows from the energy equation, in the form

oT

*on

—ph & 5)

T —pn
| ot

' on

S

where the indices | and s refer to the liquid and
solid phase, respectively, and n is the coordinate
normal to the phase boundary.lIt is obvious that are
three dimensionless parameters to specify phase
change problem; Rayleigh number, Prandtl
number and Stefan number.In order to solve the
equations of mathematical model, the finite volume
method using fixed rectangular grid has been
adopted. The governing equations are discretised
using the Exponential differencing scheme for the
spatial derivatives and the fully implicit scheme for
the time integration. For the pressure —velocity
coupling the SIMPLER algorithm is used.
Computer code in FORTRAN was used for
numerical simulations of paraffin melting.Vertical
cross section of the rectangular cavity of
dimensions W and H containing paraffin is shown
in 1. Boundary conditions are included in Figure 1:
north and south boundary are adiabatic and east
and west are isothermal. In the beginning, the
cavity is filled with solid at initial temperature T;
which is equal or less than melting temperature,
(Ti<Tm). In the moment t=0, west, vertical wall is
heated at the temperature greater than the melting
temperature Tyw>T,,, and east wall is maintained on
the temperature Tg. The position of the interface at
the moment t>0 is shown in Figure 1.

F adiabatic, #=v=0

7

w

adiabatic, u=v=0

Figure 1. Schematic view of the melting process
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In Table 1 the thermophysical properties of paraffin
(99.9% pure) are reported and also other relevant
data for the simulation.
Table 1.Values of the dimensionless parameters,
the thermophysical properties and temperature
differences in the melting process

Melting of paraffin
Ra 8.46'10°
Gr 1.6226'10’
Pr 52.14
Ste 0.0691
Sh 2.40
As, WI(mK) 0.39
A, WI(M'K) 0.157
cs, JIkgK) 1900
¢, JI(kgK) 2200
s, kg/m® 814
p.kg/m® 754
as, m’/s 2.5210
a, m’ls 9.410°
w, m°/s 5.00510°
h, J/kg 2.4110°
T, °C 28.05
ATs, °C 18.2
AT,, °C 7.6
B K! 9.410"
H, m 0.177
W, m 0.069
B, m 1
3
Rayleigh number: Ra = 9pATH- (6)
Vi g
Prandtl number: Pr :2 ©)
1
Stefan number: Ste = ST (8)
L
. AT
Subcooling parameter: Sh=—2 9)
AT,
Dimensionless time:
r=Fo-Ste=a,-t-Ste/H? (10)
Dimensionless temperatures:
g="Tn g-TTn 1)
AT, AT,
where:
ATETw-Tm,  AT=To-Te (12)
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3. Result and discussion

The experimental cell [5], shown in Figure 2,
containing the paraffin is rectangular parallelepiped
of height H=0.197 m and width W=0.0688 m. The
third dimension D= 0.6 m, is large compared to W
and H, the edge effects are thus negligible and
heat transfer expected to be two-dimensional. The
two large vertical walls consist of metal heat
exchangers through which water is circulated. The
water flow path in each exchanger has been
machined in a brass plate (hot wall) and in an
aluminium plate (cold wall) in order to get as
uniform as possible a temperature distribution on
those two exchangers. The heat exchanger has
been calculated for the temperature drop to be less
than 0.2 °C. To get rid of short term temperature
fluctuation due to regulation of thermostats driving
the hot and cold exchangers, a 0.5 m® well
insulated thermal bath in included in each loop. In
the hot wall circulation loop high rates of energy
extraction are expected. To avoid effects of
thermal stratification and spatial in homogeneity in
the hot thermal reservoir the water of the bath is
not directly circulated in the hot wall, heat is
extracted from the bath through a large mass heat
exchanger constituting an independent inner loop
in the heating system. The four end walls are
made of 0.04 thick altu-glass plates and the hole
cell is carefully insulated with 0.08 m thick
styrofoam. The insulation of the vertical end walls
is removable in order to allow the photographic
observation of the melting front.

Insulation
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Figure 2. Vertical cross section of the experimental
cell [5]

Sixty K-type thermocouples are used to register
the evolution with time of the temperature of the
system. 0.12 mm diameter thermocouples are
located in the paraffin. On the sides of the end
walls, in the insulation and in the circulation loops,
0.20 mm diameter thermocouples are used to
check the stability of the temperatures and to
estimate the heat losses of the cells.

In this paper, the uniform grid of 123x316 control
volumes was used for simulation of the above
described experimental situation. The bottom and
top boundaries are adiabatic with the assumption
of the zero tangential stress at the top boundary in
the liquid phase (free surface). Total integration
time was 10 hours and 45 minutes. In the
computation, the variable time step was used:
during the 1 hour and 45 minutes from the
beginning of the process, time step was At=0.2 s,
and later At=1 s.

Numerical results of the authors Benard, Gobin
and Zanoli, [5] are also shown in this paper. The
authors used the method with two domains (for the
solid and liquid phase), and transformation of
coordinates. Simulation was conducted on the grid
21x23 CV in liquid phase and 14x20 in solid
phase. On the top boundary of the liquid phase the
authors prescribed adiabatic boundary conditions,
and on the top boundary of the solid phase they
assumed constant melting temperature, what
simulated the overflow of the liquid on the solid top
surface.

The positions of the melting front at different times,
obtaining by photographic recording (experimental
results) and numerical simulations are represented
in Figure 3. Solid black line denotes experimental
results [5], black dashed line numerical results of
the authors Benard, Gobin, Zanoli [5], and red
solid line numerical results of the authors of this
work. It is evident from Figure 3 that the agreement
of the numerical simulation with the experimental
results is good in the beginning of the melting
process when the conduction is dominant Later,
when the influence of natural convection is
stronger, the agreement of the results is worse.

In moments 6h and 10h 45 min the discrepancies
between results of the authors’ numerical
simulations and the experimental results are
significant. Authors’ simulations are conducted on
the relatively fine grid, and according the
experience in simulations of benchmarks phase
change problems, the grid is sufficiently refined.
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Figure 3. Time evolution of the melting front:
experiment (solid black line), numerical simulation
(dashed line) according [5] and numerical
simulation of the authors of this work (grey solid
line)

From Figure 3 it can be seen that curves which
denote the shape and position of the melting front
obtained experimentally, in the bottom part, at the
point of contact with the south boundary are
significantly curved. This indicates that in the
experimental situation is not maintained adiabatic
boundary as is assumed in the calculation, which
could also be the cause of the disagreement

results.
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Figure 4. Time evolution of the temperature on the
five locations (x/W= 0.119; 0.338, 0.555; 0.772 and
0.96) at the height y/H=0.662 — comparison of the
results from the authors' simulation (solid lines)
with the experimental results (symbols) according

(5]

It can be seen again better agreement of the
numerical and experimental results at the
beginning of the melting process, and in the field of
paraffin close to the vertical walls, while in the
interior of the cavity the agreement is worse. Better
insight in the melting problem would be obtained
by the performing of the own experiment. To
extend the numerical model with the enhancement
of the heat transfer and to perform this experiment
and the experiment of melting process with the
enhanced heat transfer using fins are the goals of
the future research.

4. Conclusion

Although PCMs may seem an attractive option
there is still much to be explored and improved.
One problem is the heat transfer on the air as well
as on the PCM side. It can happen that the PCM
will not solidify completely in the desired time,
therefore an appropriate design of the heat
exchangers and also mode of operation are
essential. Another problem is also in the amount of
material needed for thermal storage. Studies have
shown that the range is somehow between 3 and
30 kg per m? [6] of floor plan area depending on
the material, climate, cooling system, thermal load,
etc. This means that the quantity of the material
required for buildings would be enormous which is
not considered really in favour of the PCM.

A lot of studies and research have to be done,
which will eliminate current deficiencies and make
these systems attractive from an economical and
energetic point of view.
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Abstract

To increase the accuracy and productivity of thread grinding of precision lead screws for machine tools,
attachments and tools it's suitable to apply a method for multipass longitudinal machining with a traveling
rest and double sided support of the work piece, which technology and suitable equipment are represented
in this article. The usual method for longitudinal grinding of parts with poor rigidity like piston rods, lead
screws, drills, taps, broaches, etc. is characterized with application of one or several rests. They are
mounted on the machine tool’s table and are relatively still with respect to the work piece.

Keywords:
traveling rest, thread grinding, lead screw

1. Introduction

In general grinding of thread profiles of long lead
screws for machine tools causes serious
technological problems. Most often specialized
machines are used and on their work tables
several steady rests are fixed, figurela [1]. Similar
are the problems connected with longitudinal

Figure 1a. Grinding of long lead screws with
steady rests

machining of piston rods and tools with low rigidity,
which imposes additional support of the work
pieces. To grind threaded surfaces, the abrasive
tools are tilted digitally or positioned at required
lead angle of the thread line, figure 1b [1].

Figure 1b. Work zone of a grinding machine for
machining of short threaded profiles

Figure 1. Thread grinding machines produced by Doimak [1]

The aim of this work is to present the possibility to
apply the method for multipass longitudinal
machining with traveling rest [2] when executing
operations for external circular and thread grinding
of components of lead screw type. In such cases is
suitable to apply a rest with double support of the
work piece [3]. In the publication is presented the
possibility for rough and finish machining of
threaded profiles of screws with poor rigidity at

2. Method

The traveling rest presented in [3] is suitable for
application at longitudinal machining and thread

single positioning when using multioperational
machines of S242 (CombiGrind h) type [4]
produced by Studer and Schaudt and the
machining center presented in [5, 6]. Additional
accent is imposed on the opportunity for profile
longitudinal grinding of shafts with poor stability
and continuous support of the machined surface,
which is provided by the two carriage option of the
multifunction machining center [5, 6].

grinding. The unit supports on two sides the pliable
screw in the same position in which it's
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encompassed by the “split” nut in general purpose
lathes. The technological idea of the design
presented in the next paragraph is a guarantee for
high accuracy of diameter and pitch of the lead
screw along its whole length, regardless of its

3. Results

The sequence of the suggested technological
process for finish machining of lead screw type
components is as follows: cylindrical grinding of
the external surface of the work piece with a
straight profile wheel, followed by a thread grinding
with a traveling rest for double sided support. The
machining can be executed at one or two
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pliability due to forces caused by machining or by
its own weight. When using a traveling rest [3] for
double sided support, the machined section is
always coaxial with the bearing journals.

positioning, depending on the equipment of the
customers. To execute both operations at one
setting is necessary to use single or double
carriage machine with two tools. On figure 2 in two
views is presented the first operation for external
grinding of a screw with trapezoidal thread using a
rest for double sided support.

gy T

/7

Figure 2. External grinding of a screw with trapezoidal thread with traveling rest for double sided support

On figure 3 is presented in two different views the
second operation for thread grinding. The tool is
tilted at the lead angel of the thread. The support

—— e
| My

AR

of the component is done using the grinded
surface. In this way is provided its coaxiality with
the machined threaded profile.

)

a'ia l‘mim'u‘ﬂ'!
i
1)

Figure 3. Thread grinding of a trapezoidal screw with a traveling rest for double sided support
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The method can be applied for machining of all
kinds of threaded profiles. For screws with
substantial lengths is advisable to use CBN (Cubic
Boron Nitride) wheels. The higher dimensional life
of these tools will positively affect the accuracy and

T

R

(e

ﬂ

il

productivity of the thread grinding operation. On
figure 4 is illustrated in two views machining of a
threaded profile of a screw with metric thread with
CBN wheel.

Figure 4. Longitudinal grinding of a metric thread at double sided support with a traveling rest

For CNC machine tools ball screws are widely
used due to the high price of linear motors. The
suggested method and device can be used for final
machining of lead screws with different ‘radii’
profile of the thread. To clarify in full the positioning

of the traveling rest, the tool and the work piece in
the work zone of the thread grinder, the machining
of a ball screw is given in four different views on
figure 5.
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Figure 5. Grinding of a thread profile of a ball screw shaft with a CBN wheel with radial profile

4. Conclusion

The accuracy of positioning and the class of
accuracy of a machine tool depend to a great
extent on the limits of the technological possibilities
to achieve precise shape and dimensions of the
lead screws. In this publication is presented a new
application of the method [2] for longitudinal
grinding with a traveling rest [3] when machining
thread profiles and cylindrical surfaces at one
setting. The design and technological concept of
the developed technological equipment, as well as
the suggested and tested method for longitudinal
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Abstract

The report confirms the previously raised
hypothesis, that the increased resistance capacity
of the ferromagnetic materials (cutting tools and
parts), treated after the combined magnetic-
ultrasonic technology arises by two processes, in
two consecutive stages: is formation of a new
surface (with improved structural and physico-
chemical characteristics), in the treated materials;
ii. change in the friction conditions, i.e. contact
interactions, leading to structural adaptability,
tribosystem self-organization (SO), resulting from
the properties acquired during the first stage.

Keywords:
energy, self-organization

1. Introduction

According to the first principle of thermodynamics,
the work of friction forces, A, is principally
converted into heat, Q, and a minute portion, AE, is
applied to the materials in the tribosystem: A, = Q
+ AE. Investigations on the energy balance of
friction  with precise methods allowed
understanding that the conditions of friction
influence not only the overall magnitude of the
friction work, but also the relationship between the
basic quantity of reserve energy and quantity of
dissipated heat. This relationship, characterizing
the tribosystem’s work capacity, is determined by
the normal load, P, the speed of relative
displacement — v, and the vector of friction
parameters — C (material properties, environment,
temperature and so forth) [1]:

AEIQ =f (P, v, ©). 1)

The major component of the energy balance of
friction is the reserve energy. The magnitude of AE
is of critical importance during the generation of
friction forces, determines the laws of formation of
new structures, and the magnitude and nature of
their subsequent destruction. Analysis of the laws
of the energy balance, concomitant with the
analysis of the structure and elementary content of
the surfaces involved in friction, allows concluding,
that all friction processes are actually the result of

two basic phenomena — activation, i.e. increase in
the free energy of the materials in the tribosystem,
and passivation, the system’s decrease in free
energy.

The simplified representation of the friction force
as function of the normal load appears to be invalid
in the theoretical and empirical plan. It was shown
that the friction force is actually not a function of
the normal load, but rather the operator in the
system, arising during a combination of normal
load, sliding speed and vector of the friction
parameter [2].

The problems associated with the SO process
during friction relate to the domain of “highly
parametrical” materials condition, i.e. high
concentration of energy, high speed, high
pressures, and anomalous physical conditions.
The process is accompanied by the creation of
structural and phase conditions, absent in the
diagrams of systems in equilibrium. Under
investigation of the process of secondary structure
formation, carried out with electronic - transmitive
and raster microscopy, roentgen — spectral and
ojespectral analysis, electronography,
roentgenography and radioactive indicators, it was
found that the traditional mechanisms of volume
plastic deformation under metal friction in the
conditions of tribosystem SO are totally excluded.
The kinetic phase transition leads to new
mechanisms of plasticity, deformation and
destruction [3]. It is essential to note, that the
kinetic phase transition during SO regimen and
formation of secondary structure is not random, but
rather governed by minimal principles. All
interactions during friction in SO regimen are
localized in the thin surface layer. Major changes
take place. It was found that the secondary
structures are resistant and possess SO properties
[4, 5]. A fundamental energy condition of the
tribosystem’s material SO is such dynamic
equilibrium of the processes of the tribo activation
and passivation, under which the active part of the
activation energy, Gaer, is equivalent to the reserve
energy, AE, found in the limit energy values,
necessary for the formation of the secondary
structure,

Gac: Gaer= Gac. (2)

As a result from the violation of this condition,
damage occurs. The relationship of Guer With the
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overall activation energy Gaoverar (the friction work —
Aq) is evaluated by the coefficient of reserve
energy, K. The magnitude of K, determines the SO
diapason (SOD), and significantly influences the
level of self-organization (LSO), under the optimal
solution K, > min. A major means of minimization
of K, is the application of methods for surface
strengthening.

2. EXPERIMENTAL SETUP

To explore the influence of the combined
magnetic-ultrasonic treatment of the dependent
variables during drilling (axial force F, and twisting
moment Mg), investigations on the drilling process
were carried out in the conditions of the TU -
Prague, department of “Manufacturing
technologies” [6]. The used drills, with g = 2,3 mm,
are made of high-speed steel — HSS 02
CSN221121. A part of the drills was subjected to
the combined magnetic-ultrasonic treatment in the
tool “MUS — 17 (Fig.1), in the conditions of the TU -
Sofia, using a treatment regimen, which has been
previously associated with a significant increase in
the durability of helical drills, namely H = 157 kA/m
— intensity of the constant magnetic field; 7 = 60s —
treatment duration; and constant frequency of
ultrasonic oscillations — F = 20 £ 1 kHz [5].

Steel M45 was used as billet material. The
experiments conducted on a cutting machine
model FV25 with CNC, using three cutting
regimens (see table 1), with a constant depth of
the drilled holes at L = 3d, and without the use of
lubricating - cooling fluid. During the cutting
process, the axial force and the twisting moment
were  measured with a  four-component
dynamometer model Kistler — 9272 connected to
the processing software Dinoware. Five holes were
always made with each drill, the processing
software drawing the graphical dependencies for
axial force and twisting moment, with a subsequent
results averaging of the repeated experiments. The
latter is done in order to minimize the influence of
random factors on the final investigation results
(Fig.2). Furthermore, optic microscope ZEISS
equipped with a digital camera was used to
document the wear at each 10" drill made, and the
work of each drill was carried out until reaching a
wear of one of its posterior surfaces VB = 0,5
mm, or until the drill was broken. Microsoft Excel
2007 platform was used to process and compute
the results from the obtained graphical
dependencies.
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Figure 1.Equipment for magnetic-ultrasonic
treatment-“MUS-1”
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Cutting Mode: 1 - V.
f=0,05mm/tour, 2 - V.
f=0,06mm/tour, 3 - V.
f=0,07mm/tour

25m/min (3460 tour);
30m/min (4152 tour.);
35m/min (5000 tour);

Zesilovat Histler

Dynamometr

Fv-25- CNC & Kistler 9272 | looo

Porita /

—_—

Dynamometr 9272

Mz Nem]

700,00 2[N]

[t
| 1

20000
200,00 k |

“ P

40000

Figure 2. Experimental study
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Table 1.Reported results for Mg [N.mm] and Fq [N]

@ 2.3 mm; V=25 m/min; f=0.05 V=30 m/min (4152 mm™); V=35 m/min (5000 min™); f=0.07
mm/tour f=0.06mm/ tour mm/ tour
mﬂ;ger Normal Treated in MUS-1 Normal Treated in MUS-1 Normal Treated in MUS-1
holes Mg Fo Mg Fo Mg Fo Mg Fo Mg Fo Mg Fo
1 23 | 312 12 193 24 | 219 15 200 23 | 321 13 149
5 34 | 284 18 220 50 | 179 13 192 33 | 269 12 165
10 29 | 363 15 211 31 277 12 186 62 265 14 173
15 40 | 303 14 216 38 | 211 12 194 46 | 389 16 239
20 32 | 345 14 209 32 207 16 203 42 | 324 12 181
25 35 | 303 13 165 36 | 255 19 222 — — 12 160
30 27 | 275 14 200 — — — — — — 11 192
35 46 | 365 13 189 - - - - - - 12 191
40 22 | 314 13 185 - - - - - - 12 231
45 37 | 298 11 207 — — — — — - 13 170
50 76 | 310 15 200 — — — — — — 12 219

Table 2.Reported results for the average-VBy
and maximum wear - VB,ax on drills in um

Wear of the drills

nﬁ\r:irer Normal Treated in “MUS — 17

of holes | VBk | VBmax VB« VBmax
1 20 48 25 24
5 80 157 64 65
10 109 216 65 95
15 130 351 68 117
20 160 450 70 141
25 168 480 75 166
30 177 495 79 186
35 210 504 85 194
40 225 506 90 223
45 245 509 95 237
50 263 515 110 265

3. RESULTS

Summarized in Table 1 are results for the twisting
moment and axial force in the applied experimental
cutting conditions during work with normal drills
and for treatment drills. The recorded values for
the average and maximal wear, VBy and VB
respectively, with the drilling of 50 holes with a
work regimen of V. = 25 m/min and f = 0,05
mm/tour, are exposed in Table 2 (see also Fig. 3
for graphical representation). The results show,
that as a whole, the work with the preliminarily
treated drills and for the three cutting regimens is

conducted under significantly eased manufacturing
conditions.

g00
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100 4
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N drill
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—e— “BE normal

——Bk treated in MUS -1 —=—"Bmaxtreated in MUJS1

Figure 3. Wear curves for normal and subjected to
magnetic-ultrasonic treatment drills.

4. CONCLUSIONS

The above results allow concluding that the work
with  tools subjected to magnetic-ultrasonic
treatment, is accompanied with a change in the
cutting conditions and in the “tool — part” contact
interaction. The level of the obtained effect is
directly dependent on the applied positive changes
in the tool's material density, and the occurred
intensive relaxation processes of the
accumulations of a larger number of atoms in the
Kotrel atmospheres around dislocations [7].
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Abstract

Paper refers to possibilities of the water jet
technology utilization during (re)implantations of
total endoprostheses of large joints aimed at
minimizing the bone losses and thermo-
mechanical damage to the bone tissue. Outlined
are main problems and potential improvement by
application of progressive technique water jet.
Paper summarizes up-to-date research of the
team. Reason of the research is to develop
surgical technique, without heat and mechanical
damage of large joints, with minimal traumatizing
effects on the patient and a maximum yield for the
society.

Keywords:
water jet, bone cement, bone, orthopedic, nursing

1. Introduction

Number of patients suffering from degenerative
joint diseases (osteoarthritis) has been continually
increasing and due to its seriousness, therapeutic
complications and frequent patient/client (p/c)
individualization the disease represents inherent
and significant medical, economic and social issue
[1, 11]. Number of revision interventions in cement
and non-cement endoprostheses still increases [2].
To make a damaged total replacement to be
extractable, it is necessary to break up interface
between the bone and bone cement. To do this
standard tools like drills or oscillation saws are
used [3]. However, there are many disadvantages
related to use of such instruments, whereas a risk
of shattering, cracking and various other
complications related to (re)implantation of total
replacement increases. A long-term success of the
implanted endoprosthesis does not lie only in the
used surgical techniques yet in the method of
cutting and machining of the bones, their
properties and technological procedures, used
bone cement, tribological properties of joints.
Motivation of our research is global problems:

- A large number of patients and long time waiting

for joint (re)implantation.

- Using special materials (titanium, bone cement —
PMMA etc.),

- Number of complications due to the use of
classical machine tools (cracks, thermal effect),

- Costly processes in terms of time, financial,
material, human and social.

2. State of the art analysis

The first medical applications of the technology
were published in the 80s when the water jet was
used to cut the soft tissues [3]. In a large extent the
water jet (WJ) is applied in all types of industry. In
medicine practice the water is possible to be
utilized, for instance, in cutting the organs; wound
cleaning; liposuction; necrotic epidermis removal;
extraction of metastasis and glioma; cutting the
tissues, bones, tooth substance. Options of use of
the water jet application and its advantages are
described in [1,3,4,5,6]. Nowadays the studies
researching the use of the water abrasive jet even
in orthopaedics, for instance, in implantations and
reimplantations of total replacement of the hip and
knee joints are available [1,4]. The objective is to
draw attention to the fact that in the future the WJ
may replace so far exerted technological
procedures to cut down on financial demands
related to the surgical performance as well as to
reduce the time of hospitalization and early return
of a patient into the active life. According to the
aforementioned the bone cutting by the
conventional methods show a few problem areas
with negative influence both upon the surgical
performance itself and consequent patient’s
recovery after the surgery. In the first stage the
mechanical properties of bone cement and
disintegration process by water jet were studied.
Following figure 1 shows general overview of state
of the art and potentialities connected with
changing of water jet technology. It shows factors
divided to groups by origin. From experience is
apparent that most problems are connected with
using of technology during stem (re)implantation.
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Figure 1. General graphic overview of state of the art and potentialities connected with changing of
technology

3. Experimental Research Brief Review

In presented study following commercial bone
cements were reviewed: Palacos R+G" (ZIMMER)
which has a broad spectrum covering gram-
positive and gram-negative bacteria, and Antibiotic
Simplex  with  Tobramycin®  (STRYKER,
Howmedica Osteonics, Ireland) [7]. As a pre-mixed
formulation, Palacos R+G provide a homogenous
cement/antibiotic mixture and saves valuable OR
time. Bone cements were prepared by manual
mixing in strict compliance with manufacturer’s
instructions. Polymethylmethacrylate casting resin
CH,-COOCH;-CCH, with drilled holes 3 mm deep
(fig 2) has been used as a matrix material.

Figure 2. Samples of bone cement in casting
resin

Diameters of holes are 2, 5 and 12,5 mm. During
application of bone cements to casting resin
retainer temperature was measured. Temperature
was measured by infrared Thermometer UNI-T
UT305C with single point laser with output < 1mV,
wavelength 630 — 670 nm with period 1 minute.
Fig. 3 show exothermic peak of each reviewed
bone cements. It is apparent the influence of bone
cements mass on temperature. The temperature
behaviour during exothermic reaction of bone
cement is different. The high values of
temperatures were found during measuring

samples created from Palacos R+G. In case of
sample with diameter 12,5 mm and width 3-4 mm
(Sample A) fixed in a casting resin was found that
temperature exceed critical temperatures 47° [8]
and 55°C [9] when osteonecrosis appear. Maximal
measured temperature was 64°C.

. Material
i Bone Cement PALACOS R+G
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Sample A, diameter d = 12,5 mm
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Figure 3. Temperature during polymerasion
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Figure 4. Surface of indents in bone cement

The samples sections for nanoindentation were
metallographically polished down to roughness
lower than 0.1 um. All nanoindentation
measurements were performed by nano-
indentation tester TTX-NHT (by CSM Instruments,
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Switzerland). Berkovich pyramid diamond tip was
used in simple monotonic mode with maximum
loading of 10 mN. Loading and unloading rate was
20 mN/min, the hold time at the maximum was 10
s. The resulting load-penetration depth (P-h)
curves were evaluated according to the analysis of
Oliver and Pharr [12]. From the applied load and
corresponding contact area, hardness values can
be calculated very precisely.

6

5,099
4,534 4948 4,614 4,475

A

44— -

w

EIT [GPa]

N

»-\

Al A2 A3 B1 B2 B3

Palacos R + Gentamicin Antibiotic Simplex with Tobramycin

Figure 5. Bone cement Young modulus of
elasticity

Those results (fig. 2,3,4,5) presents a
comprehensive survey on the reported mechanical
properties of bone cement. Variables that influence
the mechanical properties, such as handling
characteristics, strain rate, loading modes,
additives, porosity, blood inclusion, in vivo
environment, temperature, etc. have also been
investigated. Future research areas important for
fully characterizing the physical properties of
PMMA are also suggested. Evaluated were nano-
hardness of bone cements, porosity and
exothermal behaviour expressed by temperature,
compared with other studies [7,8,9], where critical
temperatures  causing  osteo-necrosis  are
estimated. Existence of pores of various sizes has
been found. Sizes depend on size of the sample.
Results are valid for further investigation in order to
rationalize (re)implantation of femoral stems in
order to reduce thermal effect of bone cement.
This way it is possible to preserve biological
potential of bone during surgery. But as is
mentioned in introduction number of revision
interventions in cement and non-cement
endoprostheses still increases. Effective surgical
process depends on technology (fig. 1). Due to
many benefits of water jet it is possible to use
kinetic energy of waterjet for desctruction of bone
cement — interface between femoral stem and
cortical bone in case of reimplantation of femoral
stems (fig. 1). With respect to modules of material
elasticity in case of which modulus of elasticity of
titanium endoprosthesis E1; = 200 GPa, modulus of
elasticity of bone cement (PMMA) E,. = 4,5-4,8
GPa (fig. 5), and modulus of elasticity of cortical
bone tissue Eyone = 25 GPa there is an advantage
resting in the fact that selective removal by fluid jet
rests in removal of material of the lowest

resistance rate. Considering low values of
mechanical characteristics of bone cement the jet
flow shall cold-create a crack between a cortical
part of bone structure and the stem of the femoral
component without mechanical damage or
deformation to surrounding tissue during process
of releasing of the stem of the component. This
hypothesis was partially experimentally verrified by
cutting the bone cement with water jet (Fig. 6
highlighted by red line) with pressure 200 MPa.

S G = i T R e i,
Figure 6. Cutting traces after disintegration of
PMMA bone cement by pulsating and
continual water jet

The intention of authors team is decreasing the
technological level set up, in order to simplify the
introduction of water jet technology to medical
field. Thanks to effort of authors [10] it is possible
to significantly increase efficiency of impact of
continual fluid jet by its modulation at pressure
level 8-20 MPa (Fig. 6 — green line). Generation of
high-frequency pressure pulsations in systems for
generation of high-speed water jets represents one
of possibilities of technology efficiency increasing
in medical applications for removal of surface
layers, cleaning, and volume disintegrations of
materials, for instance, bone cement in case of
reimplantations of total replacements. The reason
is represented by the fact that due to the pressure
pulsations the water jet flows out from the orifice
as continual jet of water, but due to pulsation it has

1 |
0.0 5.0 10.0 15.0 20.0 25.0
X[mm]

Figure 7. Record of cutting traces created by
pulsating water jet

Other advantages represent small losses, quick
and considerate technological process of cutting of
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even heavy porous bones. Considering its broad
utilization, the technology appears to be used
especially in case of reimplantations. Diameter of
the water jet up to 2 mm (bone cement interface
thickness is 3 mm [5]) means remarkable
advantage while working in very small areas at
interface of the prosthesis and bone tissue. The
cutting process is basically cold, thus thermal
effect will be avoided, and forces and reactions are
relatively low. Accurate manipulation with an
applicator is possible both in manual or robotic
way. Given facts show possibility to remove
prosthesis by the technique of cutting in quicker
and more considerate manner. The following figure
8 shows the part of proposed workplace with
application of automated on-line control of surgical
resection of the hip joint using technology of water
jet being solved within the thesis by Blichova.

Figure 8. Pro-futuro workplace

9. Conclusions and Future Direction of
Research

New technologies are still introduced even in
orthopaedic practice with a promise of better care
of patients, though often with limited pieces of
information. Therefore hospitals, medical
establishments, and surgeons face a need to
evaluate relative advantages of new technologies
to be able to consider possible benefits for
patients. The aim is to decrease costs and
potential undesirable clinical impacts connected
with their use. This scientific research work is
based upon possibility to apply the water jet cutting
technology. It comprises outcomes of exploration
and possibilities of utilization of the water jet
cutting technology for purpose of responsible and
profitable introduction of the technology in
orthopedic practice. Innovation of the exerted
surgical procedures with utilization of the water jet
in medicine is a vision to the near future with solid
foundation in  fierce  competitive  market
environment. Surgical operations using the water
jet represent a potential instrument to enhance
both surgical operations in favour of patient’s life
quality improvement and eventually general social
and economic impact. Innovation of the exerted
surgical procedures with utilization of the water jet
in medicine is a vision to the near future with good
foundation in a fierce competitive environment. In
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spite of considerable advance in the application of
the water jet technology we are aware of the
problems related to its application in clinical
practice and thus we do believe that by the
contribution a possible discussion focused on the
field in question shall be initiated.
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Abstract
The analysis of the temperature and velocity field
during the transient two dimensional cooling of

water by natural convection enclosed in
rectangular cavity with wall temperature
maintained at O °C is considered. This

investigation is carried out in order to study the
inversion of flow patterns caused by the maximum
density of water at 4 °C. The comparison of the
numerical results obtained using the software
developed at the Faculty of Mechanical
Engineering and Naval Architecture (FAMENA)
and the results obtained using commercial
software FLUENT is given. Discrepancy between
the results practically doesn’t exist that proves the
accuracy of the developed model.

Keywords:
finite volume method, natural convection, water
density anomaly

1. Introduction

Density is a physical property of matter which is
not, for some fluids like water, liquid helium,
bismuth and gallium, linear function of
temperature; instead, density reaches its maximum
at a specific temperature and decreases when
deviating from this temperature. This phenomenon,
known as density inversion, can significantly
change the flow field and heat transport in a cavity.
Natural convection in such liquids is of practical
importance in phenomena such as oceanic
movement, ice forming and melting, crystal growth,
etc. Though the density inversion effect on natural
convection has been studied extensively, the vast
majority of these studies consider steady state
flows in a cavity. Transient natural convection in
the water subjected to density inversion was
considered by Vasseur and Robillard [1], Braga
and Viskanta [2], Tong and Coster [3], Nishimura
el al [4]. This paper is motivated by the need of
validation the results of computations obtained
using the software developed at the Faculty of
Mechanical Engineering and Naval Architecture
with the results obtained using commercial
software FLUENT.

2. Mathematical model and numerical solutions
Unsteady two-dimensional natural convection of
water in a rectangular enclosure is governed by

the basic laws represented by the continuity,
momentum and energy equations and by the
following assumptions: the flow is laminar and
incompressible, the thermo physical properties are
independent of temperature except for the density
in the bouncy term, and the viscous dissipation is
neglected. The mathematical model takes the
following form:

ou ov

—+—=0

x oy (1)
a, () @, (Fu d)
po@t Lo x ay_axluaxz 8y2 2

P =9(p —p)—iw AL (3)
a Tl ax oy 0 y Tl

or or ar T 0T
,OOCE‘F ,DOC U&‘}—Va =k y‘l‘y (4)

where u and v are the components of velocity field
in the x and y directions, respectively; T is the
temperature, p is the pressure, pis the
temperature dependent density, py is the referent
density; g is the constant of gravity, c is the
specific heat capacity, u is the dynamic viscosity, k
is the thermal diffusivity.

Boundary conditions for the considered problem
include conditions at the solid, impermeable,
isothermal walls. At the impermeable walls, both
velocity components are equal to zero. At the
isothermal walls, the boundary temperatures (T\y=0
°C) are prescribed. The model equations are
solved numerically using the finite volume method
[5] based on a fixed rectangular grid with a
staggered grid arrangement for the velocity
components. The exponential differencing scheme
[6] is used for the spatial derivatives and the fully
implicit scheme for the time integration. For the
pressure-velocity coupling, the SIMPLER algorithm
is used.

It is well known that the natural convection in water
has a special feature because of the water
anomaly. In the mathematical model the following
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density-temperature relationship, which is valid in
the temperature range 0-20 °C, is included:

Po
1+ KT +K,T?+k T3 +Kk,T*
where:
po = 999,8396 kg/m?,
k; = - 0,678964510™ (1/ °C),
k, = 0,90729433810" (1/ °C?),
ks = - 0,96456812'10° (1/ °C?),
k, = 0,87370298310° (1/ °C?

p:

Pmax = £ (3,98 °C)= 999,971964 kg/m®
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Figure 1. Density-temperature relationship of water
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Figure 2. Schematic view of the considered
problem

The physical properties of water used in the
computations, except of the density in the
buoyancy term, are assumed constant and they
are evaluated at the mean temperature (Ti,+Ty)/2.
They are: the heat capacity ¢c=4130 J/(kg-K), the
thermal conductivity k = 0.541 W/(m-K), the
viscosity x#2=1.114-10° Pa-s. Based on the given
values, the thermal diffusivity of water is

a=k/(,p,¢)=9.60633-10°m?*/s . The values of

two basic dimensionless parameters describing the
problem are: the Prandtl number,

Pr=v/a=11.57, and the Rayleigh number, which
is defined on the basis of cavity height as:
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9| p(5°C)-p(T,,

)| = 4.66-10"
p(5°C)va T '

Ra, =

Non-dimensional coordinates are: X=x/H and Y=
y/H where H=0.016 m is the enclosure height, 2b is
the enclosure width, and B is the unit enclosure
length.

. . L ' t-a
The non-dimensional time is defined as 7 = F .

The problem to be considered is the motion and
heat transfer which occurs when a mass of water,
contained in a cavity, is cooled to near freezing.
The problem is schematically shown in Figure 2.
Initially, the water is assumed to be at temperature
Tin=10 °C. At time t=0, the walls of the cavity are
abruptly cooled to the temperature T,=0 °C and
maintained at T,, thereafter. It is supposed that the
cavity is sufficiently long in the direction normal to
the plane of the cavity for the motion to be
assumed to be two dimensional. It is also assumed
that the motion is laminar and also that the
temperature difference (Ti-Ty) is sufficiently small
so that the Bousinesq approximation may be
made, which neglects density variation in inertial
terms of the equation of motion, but retains it in the
buoyancy term of the vertical equation.

The problem under consideration is symmetrical
and it was found advantageous to reproduce
computer results at a given time on single graph
with the flow pattern on the right half of the cavity
and the isotherms on the left half. The numerical
computation is conducted for the half of the
domain (bxH), on the uniform grid 40x80 CV. The
total integration time (7 = at/b2 =0.201, t,=134
s) was so long that all the volume of water is
cooled under the temperature of 4 °C, and selected
time step was A7=0.01, At=6.67 s.

3. Results and discussion
The unsteady cooling of water in a rectangular

cavity is simulated and the results are shown in
Figure 3. Figure 3 shows isotherms (on the left
hand side of the domain) and streamlines (on the
right hand side of the domain) in selected time
steps (7=0.010; 0.060; 0.110) during natural
convection in the water. Figure a) is obtained by
the numerical computation using developed
software at FAMENA, while b) shows figures
obtained in the computations using FLUENT. The
isotherm 4 °C is marked in the figures by the
number 4 and it shows the location of the maximal
water density.
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Figure 3. Isotherms and streamlines during natural convection in water, results
obtained by a) software developed at FAMENA, b) FLUENT
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At the very beginning of the cooling process, heat
transfer is dominated by conduction. A motion of
the boundary layer type is firs set up near the
walls, this movement gradually extending inside
the cavity. At the end of this initial regime,
(z=0,010), motion has become important over the
entire cavity. One, clockwise rotating vortex, is
dominant in the considered right half of the cavity
(Fig. 3al1 and 3bl). It can be seen, from the
streamlines shown in this picture, that the cooler
water is transported downward while the warmer
water in the core region is transported upward.
Thus, a large part of the body of water has become
thermally stratified with the isotherms sparsely
spaced near the bottom wall and closely spaced
near the top one.

This configuration indicates qualitatively that the
local heat transfer is higher at the top wall than at
the bottom one. It is noted, from the Figure 3.al
and 3.bl, that at the bottom of the cavity, in the
layer of fluid included between the 4 °C isotherm
and the 0 °C bottom boundary, the buoyancy force
changes sign, and the flow field is potentially
unstable. Thus, the intensity of flow near the
bottom remains rather weak until the vertical
density gradient becomes sufficiently large. The
unstable layer than grows and additional pair of
vortices rotating opposite to the existing earlier one
appears, marking the beginning of the inversion
process.

With the progression of the cooling process, the
lower vortex appearing on the right half, gradually
increases its intensity and displaces the upper
vortex. The cooler water located near the vertical
wall and between the two counter rotating vortices
is carried directly into the core region and disturbs
locally the flow field as it can be seen by the
distortion of the isotherms. Furthermore, due to the
combined action of the counter rotating vortices,
some of the warmer core water is -carried
downward in the lower portion of the cavity. It
results from this motion that the heat transfer rate
at the lower wall improves subsequently.

At 7=0,110, Figures 3.a3 and 3.b3, show that the
original clockwise vortex has almost completely
been engulfed by the already strong vortex grown
from below. The original clockwise circulation is
completely reversed, indicating that the flow field
inversion process has come to the end. It can be
seen that the relatively warm core has moved in
the lower region and that the stratification of the
water is now characterized by weak gradients at
the top of the cavity and strong gradients at the
bottom.

It is of interest to note that the vortex motion at the
beginning and at the end of the cooling process
although opposite in direction are similar in
character. Results obtained for higher values of
time show that the momentum of the eddy motion
is slowly dissipated by the opposing viscous forces
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that the fluid motion become more and more
minute. In addition to the two most significant
vortices already discussed, some other eddies of
very small intensity are also present in the corners
of the half cavity. It is true that the existence of
artificial corner cells, caused by numerical
computation, has been reported in the past in
literature. However, the size of the grid mesh, used
in computation by software developed at FAMENA,
has been chosen to avoid this problem.

4. Conclusion
The conclusion from the results obtained in this
study can be written as follows:

1. Convective heat transfer is greatly influenced by
the presence of density maximum in the
convective fluid.

2. When the temperature corresponding to the
maximum density is between T, and T,, the flow
pattern and temperature field which start in a
way comparable to the linear natural convection
tend to a final state which corresponds to as
completely revered situation in all aspects.

3. The results obtained by the software for the
computation of flow and heat transfer during
the phase change process, developed at the
Faculty of Mechanical Engineering and Naval
Architecture are in very good agreement with the
results obtained by FLUENT, which confirms the
accuracy of the built models.

5. References

[1] Vasseur, P., Robillard, L., Transient natural
convection heat transfer in a mass of water
cooled through 4°C, Int. J. Heat Mass
Transfer, vol. 23, pp. 1195-1205, 1980.

[2] Braga, S.L., Viskanta, R., Transient natural
convection of water near its density extremum
in a rectangular cavity, Int. J. Heat Mass
Transfer, vol.35, pp. 861-875, 1992.

[3] Tong, W., Koster, J. N., Density inversion
effect on transient natural convection in a
rectangular enclosure, Int. J. Heat Mass
Transfer, vol.37, pp. 927-938, 1994.

[4] Nishimura, T., Hayashida, Y., Mineoka, M.,
Wake, A., Oscillatory natural convection of
water near the density extremum at high
Rayleigh numbers, Int. J. Heat Mass Transfer,
vol.40, pp. 3449-3465, 1997.

[5] Patankar, S.V., Numerical Heat Transfer and
Fluid Flow, Hemisphere, McGraw- Hill, New
York, 1980.

[6] Spalding, D.B., Novel, A., Finite -Difference
Formulation for Differential Expression
Involving Both First and Second Derivatives,
Int. J. Num. Methods Eng., vol.4, pp. 551-559,
1972.

Cooling of water in a cavity by natural convection - comparison of numerical results 160



4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management

INTERMATIONAL CONFERENCE TEAN 2012 e
Detober 1119 200 Seanski Brod Croata 2\91 2

Slavonski Brod, 17" to 19™ October 2012

EXPERT SYSTEM FOR FIXTURE PLANNING AND
DESIGN FOR BOX- SHAPED PARTS

Michael Stampfer™?, Rétfalvi Attila®

! Faculty of Engineering, University of Pécs, Hungary
. 2 Subotica Tech, Subotica, Serbia
Corresponding author e-mail: smihaly@witch.pmmf.hu

Abstract

In this paper a short descripiton of an expert
system for setup and fixture planning and fixture
design is presented.

Keywords
Computer Aided Fixture Design (CAFD), Process

Planning, Fixture Planning

1. Introduction

The technological planning can be broken down
into several steps (Figurel): (1) setup planning
and conceptual design of fixtures; (2) operation
planning: (3) fixture configuration and design.

{ CAD model of the workpiece

H

5
[ CAD model post processor

o Feature based workpiece model

H

Setup and fixture planning system
e Setup definition
e Setup secquence
e Conceptual solution of wotkpiece holding

H
Operation planning system
e Reduction of technological operation
to particular cuts
e Tool selection
e Selection of cutting parameters

J

Fixture configuration system
e Selection of basic elements
e Selection of functional elements
e Selection of adaptation elements

H

CAD model of fixture
o Assembled fixture

Figure 4 Integrated Process Planning and Fixture
Planning System

The setup planning and conceptual design of
fixtures is one of the most complex intellectual
tasks in the process of industrial design and can
be automated only with great difficulty. The
reason is perhaps that the existing knowledge for
the fixture solution is not available in explicit form

as formulas, logical diagrams, or well-defined
processes. Some of the major achievements in
this field are listed below. 0 presented the FIXES
system for setup and fixture planning for prismatic
parts. It is a subsystem of the PART CAPP
system which is the first complete expert process
planning system to be commercialised and covers
most of the process planning functions. The
approach of 0 provided a short description of a
Setup planner, and a more detailed description of
a Fixture planning program. O presented an
automated fixture design system in which the
fixturing surfaces are automatically determined
based on geometric and operational information.
0 offered a method for setup planning and setup
sequence optimising by applying genetic
algorithms. 0 applied case-based reasoning for
process planning for prismatic parts where the
clamping device is a vice. 0 developed a method
which deals with simultaneous grouping of
machining operations in the setup and selects
adapted fixturing solutions. 0 presented an
integrated setup and fixture planning system that
sets out from the STEP (Standard for Exhcahnge
of Product model data) format model of the
workpiece. Several researchers have employed
modular fixturing principles to generate fixture
designs.

Although numerous CAFD (Computer Aided
Fixture Design) techniques have been proposed
and implemented, fixture design still continues to
be a major bottleneck in the integration of CAD
(Computer Aided Design) and CAM (Computer
Aided Manufacturing) activities. With the review of
the new method for fixture planning, developed for
box-shaped parts machined on four-axis
horizontal machines, we wish to contribute to
overcoming the difficulty.

2. The IGES postprocessing / SUPFIX
preprocessing module (IPPO)

Nowadays product design is mainly done with the
help of some kind of 3D modeling software. Since
different software packages stores the models
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made with them in a little bit different format,
several so-called neutral (platform independent)
file format standard have been developed. The
most commonly used are STEP and IGES (Initial
Graphics Exchange Specifications). Our system
contains a module which can open CAD models
saved in IGES format, and from that data set
regenerates the curves and surfaces of the
model, and visualize them. This module examines
curves and surfaces, picks common curves and
surfaces they belong, and examines if they form a
machining feature. This module can recognize the
features shown in Figure 5, these features are
most frequently present on box-shaped parts,
especially on gearbox casings.
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Figure 5 Most common features on gearbox casings
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The program at first looks for common circular or
elliptical arcs and investigates if they are part of
any feature marked with tf 1.., tf 2.. or tf 3.. . Then
it examines plane surfaces and looks if there are
such coplanar surfaces that could serve as
supporting, locating or clamping surfaces. Finally
from those surfaces that do not belong either of
above mentioned two groups, and are not
hindered (less than 40% of their surface area is
covered, so they could be used for locating or
clamping) the program makes stand alone
features (one surface features). Of course
besides recognizing features, the program
extracts their characteristic parameters like
diameter or length, etc. The most important
parameters of each feature are also shown in
Figure 5

After feature recogniton we can define which
features should be machined. Technologycal

requirements like IT class and surface roughness
can be determined, as well as whether or not a
surface should be threaded. If a feature is
selected and the “tolerances” button clicked on,
then another feature may be selected, and
position or distance tolerance between them
prescribed. When all technological requirements
are defined we store all data in such a form that
the next module (SUPFIX) can process. In other
words the data stored in the form shown in Figure
6 are converted and stored in form as shown in
Figure 7

TRIMMEDSURFACE—I:outer boundary curve ——boundary curve pices

inner boundary curve 1.boundary curve pices
—Ez.bou ndary curve pices

n.boundary curve pices

Figure 6 Data structure of IGES files

FEATURE constructional data( side, position, feature type, feature sequence number, mach. recquir)
geometrical data (size, diameter, angle )
tolerances

Figure 7 Data structure of IPPO files

3. The Setup and Fixture Planning module
(SUPFIX)

This module uses data stored by IGES
postprocessing module. It analyzes machining
requirements and relationship tolerances, and
selects eligible supporting side and supporting
type. First it tries to find such supporting surface
that ensures the machining of all tolerance
connected surfaces in the same setup (the ideal
technological position). If this succeeds, it checks
if there are eligible locating and clamping
surfaces. If it finds eligible surfaces, it gives us a
proposal. The process engineer can accept or
refuse that proposal. In case of rejection the
program tries to find another solution. If the ideal
technological position strategy does not bring
fruits, the program tries to find such a solution at
which at least the strictly connected surfaces are
machined in the same setup. If this attempt fails,
the program decomposes a strictly connected
side and all strictly connected surfaces are
machined in the same setup, while the loosely
connected surfaces in the other setup. This
solution needs special fixture solution, which
ensures that the part can be partly machined on
the supporting side too. If the program is unable
to find such solution, then some strictly connected
surfaces must be machined in different setups. In
that case complicated and expensive fixtures are
needed.

During the analysis of a feature from the aspect of
supporting eligibility the program performs shape,
size, machining requirements and tolerance
relationships analysis. The locating surface
candidates are investigated from the aspects of
shape, size and location. The clamping surface
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candidates are investigated from the aspects of
shape, size, location and force closure.

4. The Fixture Configuration module
(FIXCO)

In the possession of (by the SUPFIX module)
proposed supporting, locating and clamping
surfaces, this module tries to build a modular
fixture that is eligible for precise and stable
clamping of the workpiece. In first step the
program selects the proper ground plate and (if
needed) supporting elements, then puts the
workpiece on the centre of the ground plate, then
selects locating elements depending on the kind,
height and orientation of locating surfaces. In the
following step the program moves the workpiece
as the locating elements require. After that the
program tries to place clamping elements over
such ground plate holes which are close enough
to the clamping surface contour to ensure stiff
clamping. If this attempt does not succeed, then
adopting elements should be used. Adopting
elements are used to increase the height of
functional elements, or when we have to move the
functional elements along a given direction, in
order to be at the ideal position. But by applying
adopter elements the fixture  becomes
complicated, increases the fixture weight and
decreases the stability and accuracy. So if
possible, it is better to design fixture with possible
least number of elements.

115

To make the process planning easier, the
program visualizes not only the 3D image of the
fixture, but in a separate window it shows the 2D
views of the fixture from top and side directions.
This way it is easier to notice if any element is not
in the right position. In such cases the process
engineer can grasp the element with the mouse
and move it to the right place.

5. Implementation and test example

The Integrated Process Planning and Fixture
Planning System is made up of several modules
presented in Figure 1. All modules are
implemented in Visual Prolog programming
language. The feature-based workpiece model,
which is created by the CAD model post
processing module, is the input of the Fixture
Planning System. Based on this input the system
generates an acceptable solution for setup(s) and
fixture(s) definition. Search for a fixture solution is
carried out automatically, but the solution offered
by the system must be approved by the user. This
may primarily be necessary regarding the
selection of the clamping points, as it may happen
that the clamping element obstructs the
machining and, at its current level of
development, the system is unable to detect this
kind of inference.

The approach described above has been tested
on industrial parts. Presented in Figure 8 is an
example of a typical workpiece.
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Figure 8 Test example

The surfaces (features) of the workpiece are
marked with numbers on the drawing. With
geometrical — and tolerance analysis of the
workpiece, the following facts are known: Strictly

connected features of the workpiece are the
features marked with the numbers 2, 3, 12 and
13. Loosely connected features are marked with 1
and 11. Respectively the front — and the back
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faces are strictly connected faces, and the top,
bottom, left and right faces are free faces. In the
first step, the system tries to solve the main
clamping, applying the first strategy, namely the
main clamping fixture solution for the
technologically ideal position of the workpiece.
The workpiece can be placed in the workspace of
the machine tool in the technologically ideal
workpiece position if, for example, the plane
locating face is at the bottom because the bottom
face and top faces are not tolerance-related
faces, but the bottom face is not suitable for plane
locating. Hence this attempt will fail. The same
problem occurs by supposing the plane locating
face is the top, left, or right face. That is why this
strategy must be skipped and the second strategy
be applied.By using the second strategy, namely
the Fixture solution based on disregarding the
loosely tolerance-related faces, the same
problems are likely to occur as with the first
strategy.After the failure of both the first and
second strategies the system will apply the third
strategy, which is the Fixture solution based on
the reduction of a strictly tolerance-related side
into loosely tolerance-related surfaces and strictly
tolerance-related surfaces. According to this
strategy the plane locating type is vertical with
ability of partial machining of the locating face.
The system checks the suitability of possible
workpiece positions for locating and clamping. At
this strategy the system looks for supporting faces
only among the strictly connected faces. If it is
assumed that the plane locating face is the front
face, the system will yield the fixture solution for
the main clamping (Figure 9). The plane locating
surface is the feature marked by number 1. The
side locating is possible by using two threaded
joints denoted with number 4 and 5 on the front
face. The clamping is done by screws and
threaded joints on the front face denoted with
number 4, 5, 6, 7. The features on the front face
denoted with number 1, 4, 5, 6 and 7 will be
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machined in additional clamping while the strictly
connected features 2 and 3 will be machined in
the main clamping together with the other strictly
connected features of the workpiece. This is
possible only through the opening in the fixture
body (Figure 10).

Figure 9 The proposed conceptual solution for
main setup

Figure 10 The realised fixture for the main
clamping with the workpiece
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Abstract

This article deals with testing of composite
from recycled materials. Composite is
composed by mixing of two components, the
matrix is thermoplastic polyvinyl butyral, is
part of windshields as security film, after
recycling. The main part of composite is fabric
from used tires. This composite with 50% and
80% of fabric was testing of tensile test,
before and after climate chamber also. The
results for tensile strength of 50% fabric in
composite materials is 7, 223 N. mm?, after
320 hours is 10,995 N.mm™.The tensile strain
at tensile strength is 13,583 %, after 320
hours is 8,426 %. For a composite material
with containing 80% is value of tensile
strength 5,086 N.mm™ before testing in clima
chamber and 7,026 N.mm? after 320 hours.
The tensile strain at tensile strength for 80%
of textiles is 3,158 % and after clima chamber
is 3,907 %.

Keywords
Used tires, fabric, PVB,
mechanical properties

composite,

1. Introduction

The tires production is worldwide increasing
due to the development of individual mobility.
Therefore the quantity of tires to be processed
as waste is increasing. The most important
products of the industrial treatment of used
tires are rubber pellets, steel and fabrics.
Different technologies are known for
separation and further applications of rubber
granules and steel. The main parts of resulting
products are rubber granules. Because of its
thermal insulation and sound insulation
properties it has already found its place in the
road construction. For steel there is a well-
established complete industrial recycling
process. Used tires or tires whose parameters
do not meet the requirements are specified by
the relevant provisions of the safety road [1-
4]. The used tires are gaining valuable raw

material, which is rubber crumb. It has wide
use as an ingredient in asphalt, concrete filler,
base layers of roads, railway crossings,
coatings, paints, running tracks, playgrounds.
Separated steel parts are also used in the
engineering and metallurgical industries [1-4].
Remains the last component from used tires is
fabric. The important fabric properties are
sound absorbability, the absorption capacity,
thermal properties, flexibility and elasticity
[4,5]. Rubber materials are processed by
separating devices into small pieces or
granules, which are the following added to
asphalt, concrete products and the railway
sleepers. The disadvantage of these solutions
is inefficient evaluation of rubber materials
and possible environmental hazards at their
disposal. [6-8].

2. Materials and Methods

Fabric (Fig.1) is a component of the
separation of the other two parts of the
accumulated loose material with containing
phase of fabric with a length of 0,3 mm to 3,33
mm and a diameter of 2,8 pm to 30 ym with a
length of rubber shares from 1 mm to 3 mm
and the residual wires with a length of 2 mm
to 10 mm.

-
mvv'-‘nv-mvhHnymwm!mm

Figure 1.Fabric from used tires [4].

The matrix is polyvinyl butyral produced by
Schirmbeck Ltd., Germany. Polyvinyl butyral
was arising from the recycling of car glass.
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We used the recycled material in the flakes
shape, dispersed, spherical, and spatially
oriented with size of 1-25 mm, (Fig. 2). The
first and basic task is the separation of the
fabric components of undesirable
contaminants, namely rubber dust, cord and
metal residues.

Figure 2. Recycled polyvinyl butyral (PVB) [4].

The next step is the homogenization of the
components (PVB and fabric), which ran in
the kneading machine at a prescribed
temperature and time. After the material
homogenization is pressed test board (Fig.3)
in the press machine, for a prescribed
pressure, temperature and time. After
pressing the test boards are tested at the
tensile test, with the size 150x68x3 mm and
according to Standard EN ISO 527-3 (Type 5)

9.

Figure 3. Composite materials, 40x zoomed
(mixed PVB and fabric from used tires) [4].

Tensile test evaluates the strength of the
material strength. The principle of the stress
test is a test of material’'s body to the point

where there is a rupture of the sample [2,10].
The tensile test was conducted on the device
Zwick  Z020 Universalpruefungsmaschine
[1,11]. Tensile test was carried out according
to Standard EN 1SO 527-1:1996 (Table 1).

Table 1. Characteristics of tensile test [12].

Maschine | yniversalpruefungsmaschine
Maschine | Zwick 2020

Type

Software Test- Expert

Max. 20 kN

Force

Young’s | 10 mm.min™
modulus

testing

speed

Speed 100 mm.min™*
Test

Standard DIN EN ISO 527-1

3. Results and Discussion

Tensile test was conducted on the device
Zwick Z020 - Universalpruefungsmaschine
(Germany). After the required data into the
programs Test-Xpert (as specimen thickness,
width of the sample) (measurement of
thickness and width of samples) is transferred
through a digital measure at least on 6
different locations on the sample. In the jaw of
device Zwick Z020 are still attached samples,
that were selected out of the bolt release.
Each sample was tested to a tensile test. The
following tables (Table 2 and Table 3) show
the statistical data. We calculated the tensile
test for each composite materials [4,9].
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Table 2. Tensile test results for material with 50% PVB a 50% fabric

Series Young’'s Oy &y Omax €max Os ;]
modulus
IN.mm?] | [%] IN.mm?] | [%] IN.mm?] | [%]
[N.mm™]
- 356 7,222 13,203 7,223 13,585 6,335 15,843
X
(S 72 1,136 5,845 1,136 6,277 1,388 7,087
% 19,740 15,730 44,270 15,720 46,210 21,910 44,730
Table 3. Tensile test results for material with 20% PVB a 80% fabric
Series Young’'s Oy € Omax €max O €
modulus X X ,
[N.mm™] [%] [N.mm™] [%0] [N.mm™] [%0]
[N.mm?]
- 283 5,086 3,158 5,086 3,158 6,835 4,614
X
s 80 3,523 2,366 3,523 2,366 0,645 1,994
v 28,360 69,260 | 74,910 | 69,260 | 74,910 9,440 43,220

Composite material on the fabric base with
polyvinyl butyral was tested in climate
chambers (Table 4). Climate chambers is a
device where the samples are subjected to

Table 4. Results for composite with 50% and 80%
fabric, measurement before and after testing in
climate chamber

cycles in certain ultraviolet radiation,
temperatures between minus and plus
values, relative humidity [6], exposure to Measu- 50% Fabric 80% Fabric
water (spraying water samples) and
tensile strength Omax , tensile strain €., at
tensile strength and Young’s modulus on %
ratio of fabrics. -
Young's 365 267 283 347
modulus
[N.mm?]
Omax 7,223 10,995 | 5,086 7,026
[N.mm?]
Emax [%0] 13,583 | 8,426 3,158 3,907
Lucia Knapcikova 167
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The actual temperature of the sample
depends on the type of material tested. The
composite material was tested with a sample
of fabric 50% and 80% according to the EN
ISO 4892 [5,11]. The character of the mixing
process as well as the emerging nature of the
mixture depends on whether the mixed
components are completely miscible, partially
miscible or completely immiscible. The results
for composite with 50% and 80% fabric from
used tires are presented in Table 4. The value
for composite with 50% fabric and 50% PVB,
tensile strength is 7,223

N.mm before a climate chamber and value of
Omax is 10,995 N.mm™ after 320 testing hours.
The value of the elongation is after testing in
climate chamber 13,583 % and before of
testing 8,426%. For a composite material with
80% of the fabric is value of tensile strength
5,086 N.mm? before tested in climate
chambers and 7,026 N.mm2 after 320 hours.
The value of elongation for 80% textile share
is 3,158% and 3,907% after 320 test hours in
climate chambers.

4. Conclusion

From previous testing of composite with 50%
and 80% of the fabrics from used tires is likely
that the values of elongation and ultimate
tensile strength after 320 hours in climate
chambers under the prescribed conditions
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aren’t different. It means that the material is
stable. Homogenization of both materials was
good mixed in kneading machine. Testing of
fabric material from used tires and
thermoplastic PVB in climate chambers after
70 and 320 hours we founded the tensile
characteristics of the composite material with
50% of the fabric components. After analysis,
it is known that Young’s modulus before and
after climate chambers decreases and
subsequent increases, due to the action set
conditions and also the fact that the samples
are not perfectly formed from the
homogenized material, due the presence of
rubber components in a total volume of the
mixture. This test examined the composite
material with a fabric component which is
different from the properties of matrix
composite and is to withstand the prescribed
test conditions. Use of such secondary raw
materials, protects the environment and
reducing the use of primary raw materials for
manufacturing products with comparable
properties.
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Abstract

The present paper deals with the problem of
dynamic improving characteristics for a sub-
structure of bucket wheel excavator. The
procedure is concerned with the analysis of the
distribution of potential and kinetic energy in
elements of the structure, which gives prediction
for which elements need reanalysis.
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1. Introduction

Nowadays structure design requirements have
broad definitions because of high technology
industry.

Dynamic analysis include dynamic properties
such as vibration level, resonance range,
response properties, eigenvalues, dynamic
stability and modal forms. To avoid dynamic
problems, some modification will be done for
structure in process of reanalysis. Reanalysis is a
technique through which the dynamic response of
the structure is improved. Finite element method
is a powerful method to perform these processes
using simple procedures. Modeling of complex
structures using finite elements method is a
helpful approach in solving problems in short time
with reliable results.

2. Theoretical consideration
For the system with no damping and no external
force, the equation of motion in the matrix form is:

[M]-{8M)}+[K]-{owm)}={o} 1)

Then, the eigenvalues of the previous differential
equation for r-th mode can be expressed as:
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Where 4, - is the I -th eigenvalue, and Q, - is

the I -th eigenvector for the structure.

Now, by multiplying the left side of equation (2) by
transposed value of r-th eigenvector and divided
by 2 one can get:

Equation (3) is the balance equation of potential
and kinetic energy for a structure in main modes
of oscillation.

The kinetic and potential energy of the structure
on I -th main oscillation mode is the sum energy
of all elements structure modeling and can be
represented as:
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Where are:
(epvr)e =%{qf }Z k], {qf}e - potential energy of e-

th element on its I -th main oscillation mode,
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e-th element on r -th main oscillation mode,
{qf}e - is the corresponding I -th eigenvector, of

e-th element with S degrees of freedom.
Consequently, the dynamic analysis can be done
according to the difference between potential and
kinetic energy distribution (ep - e) through all
structure’s elements.

Basic formula for structure dynamic reanalysis is:
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The previous equation has an important definition
to understand the procedures of reanalysis and to
define the position of elements that require
modifications to improve the dynamic behavior of
the structure. Because the denominator has the
same value, the numerator is the main interest of
analysis. Therefore, the natural frequency of the
structure increases or decreases according to the
values of a, and B.. When a, has a positive value,
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hence increased rigidity, the natural frequency is
increased. When a. has negative values, hence
decreased rigidity, the natural frequency is
decreased. On the other hand, when B, has a
positive value, hence increased mass, the natural
frequency is decreased. When . has negative
values, hence decreased mass, the natural
frequency is increased. Consequently, the
modification (increase/decrease structure rigidity
or mass) which will be done for the structure
depends on the sign value of numerator in
equation (5). The main point of improving dynamic
behavior of the structure is increasing its natural
frequencies and maximizing the interval between
adjacent natural frequencies. Hence, study of
energy distribution will be done for each element
in the structure to determine places of
modification.

2. Developed procedure of dynamic
modification

Structural Dynamics Modification is a very
effective technique to improve structure's dynamic
characteristics such as natural frequency, mode
shape and frequency response functions.
Although this topic has been widely studied in the
previous decades, the methodology of
modification (reanalysis) of constructions is still
under intense development. The dynamic
behavior of the structure can be improved by
predicting the modified behavior making some
modifications parts like rigid links, beams, lumped
masses, dampers etc The present paper shows
Structural Dynamics Modification procedures that
can be successfully applied for all types of
constructions. These procedures have been
applied on a complex real problem to improve
dynamic response of the structure. The obtained
results, by applying reanalysis procedure for the
structure to determine places of modification.

The procedure which is used in this paper is
concerned with distribution of potential and kinetic
energy in all elements of the structure which gives
predictions for reanalysis.

The following cases should be considered for
reanalysis of similar constructions:

a) Elements in which the kinetic and potential
energies (and the difference in their increase)
are negligible with respect to other elements.

b) Elements in which the kinetic energy is
dominant compared to potential energy

c) Elements in which the potential energy is
dominant compared to kinetic energy

d) Elements in which the potential and kinetic
energy exist and are not negligible in
comparison with other elements.

The following algorithm is established based on

the previous analysis as illustrated in the following

steps:
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Step 1: The observed structure is divided into
appropriate number of finite elements for which
kinetic and potential energies are calculated
separately, on those main modes which are
interest in the analysis.

Step 2: Comparing the values of potential and
kinetic energy over zones or elements, as well as
corresponding energy differences, based on
which the following courses of analysis are
formed.

Step 3: In elements for which is valid:

e, =0, &, — 0, there are no possibilities for

successful modifications with respect to
increasing eigenfrequencies. These elements do
not have significant effect on dynamic behavior of
structure, but they might be suitable for other
types of optimizations. In general, reducing the
mass of those elements lightens the weight of
whole structure without endangering its dynamical
behavior.

Step 4: For those elements where E‘pr >>€, ,

eigenvalues can be increased by increasing the
stiffnress of structure. The modifications to
increase these values are not arbitrary, but they
are done according to the principle of energy
distributions through the elements of structure.

Step 5: For those elements where €, >> epr ,

eigenvalues can be increased by decreasing the
mass of structure. Also, this operation can be
done based on distribution of energy through the
elements of structure. According to many criteria,
decreasing of mass is a generally desired type of
modification.

Step 6: Most often, elements appear in structure

for which the values of €, €, are not negligible.

pr
Therefore, the situation is more complex and
those elements are suitable for reanalysis. In this
case, the reanalysis of structure is done based on
the differences in increases of potential and

kinetic energy Ae, —Ag,, between modified and

original system. The modification parameters a
and B are independently calculated for each
element. It has been shown that modification
parameters depend on type of cross sectional
area, type of material used, and boundary
conditions.

Step 7: When the desired value of increase is
achieved, it is possible to conduct the check of
modified structure by running the software based
on the finite element analysis, with modified
parameters. Then, the evaluation of modified
structure can be obtained based on new energy
distribution schemes. If the difference of energy
increase on the redesigned places is less than the
previous that means that the procedure
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converges, and vice versa. Convergence is the
goal of every optimization procedure.

3. Case study

Bucket wheel excavators are complex systems,
with numerous functionally important components.
This wheel excavator is working in cement factory
BFC Lafarge Beocin. In this paper the diagnostic
of dynamic behavior of the bogie rotary excavator
has been done in order to achieve the appropriate
reconstruction. Figure 1 shows the first exact
model which is the model of the original structure.
Calculations of main modes of oscillation were
performed using Abaqus [16] while the energy
distributions using KOMIPS [17].
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Figure 1: The existing structure of bogie rotary
excavator.

This study consists of seven models for structure
reanalysis. Model 1 is referred to the original
structure. Figure2 shows the obtained results for
the first mode of oscillation of this model
(bending). Potential and kinetic energies have
been calculated using Equations (4) and (5) and
the differences in increment were determined, as
presented in Figure 2.
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Figure 2: FEM of model 1.The first frequency is
fo1= 63.132 Hz. Difference between potential and
kinetic energy [Nm]

Model 2 represents the first proposed
modifications for the structure. The additional
materials were added around the hole in the
center. Figure 3 shows the obtained results of this
model. Based on the distribution of energy
through the structure, it can be noticed that the
zones which have positive values in the difference
between potential and kinetic energy (red and
Violet colors) require increasing in the stiffness.
Therefore, the stiffness of the structure was
increased in model 3 (figure 4) by increasing the
distance between the upper and lower plates.
According to the obtained results of model 3, it is
clear that the dynamic behavior of the structure
has been improved, where the value of the first

frequency for this model is 92.993 Hz while the
first frequency for model 1 was 63.132 Hz.
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Figure 3: FEM of model 2.The first frequency is
fo;= 88.975 Hz. Difference between potential and
kinetic energy [Nm].
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Figure 4: FEM of model 3.The first frequency is
fo= 92.993 Hz. Difference between potential and
kinetic energy [Nm].

To get better results some modifications have
been done to the structure,where both sides of
structure were covered by additional plates.
Figures 5, 6 and 7 show the effect of these

modifications on models 4, 5 and 6.
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Figure 5: FEM of model 4.The first frequency is
fo;= 101.88 Hz. Difference between potential and
kinetic energy [Nm].
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Figure 6: FEM of model 5.The first frequency is
fo1= 107.4 Hz. Difference between potential and
kinetic energy [Nm].
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Figure 7: FEM of model 6. The first frequency is
fo;= 129.42 Hz. Difference between potential and
kinetic energy [Nm].

Model 7 is the final proposed modification model
for the structure. The additional stiffeners have
been added to the both sides of the Bucket wheel
excavator as shown in figure 8. This model has
the best results compared with other previous
models. Figure 8 shows the obtained results of
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this model. The first frequency of this model is fy;
= 143.72 Hz which is considered a higher value in
all models.

Figure 8: FEM of model 7.The first frequency is
fo= 143.72 Hz. Difference between potential and
kinetic energy [Nm].

Although the high height of first frequency is a
good criterion for improving structure's behavior,
the difference between frequencies is also very
important factor as mentioned before. Therefore,
in order to observe the difference between
adjacent frequencies, the first three frequencies
have been determined for all models. The

comparison between all models is shown in fig.9.
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Figure 9: Comparison between models
considering the differences between adjacent
frequencies.

4. Conclusion

Distribution of potential and kinetic energy in main
oscillation modes is the base methodology for
improving dynamic behavior of structure using
reanalysis procedures technique. Study of
distribution of potential and kinetic energy of
structure gives obvious prediction which elements
need some modifications to achieve the best
dynamic characteristics. Structure’s dynamic
behavior can be improved by making some
geometrical modification through adding some
parts, increasing/decreasing structure's weight by

resizing some elements or changing used material.

The main point of improving dynamic behavior of
a structure is increasing its natural frequencies
and maximizing the interval between adjacent
natural frequencies.
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The algorithm of reanalysis is derived based on
energy distribution by considering the following
aspect:

a) Elements in which the kinetic and potential
energies (and the difference in their increase)
are negligible with respect to other elements.

b) Elements in which the kinetic energy is
dominant compared to potential energy.

c) Elements in which the potential energy is
dominant compared to kinetic energy.

d) Elements in which the potential and kinetic
energy exist and are not negligible in
comparison with other elements.

According to the results obtained from the
dynamic behavior of the bogie rotary excavator
after the modifications had been done on the base
structure, it can be clearly concluded that the
study of distribution of potential and kinetic energy
gives a clear definition for interest zones and
elements for modifications.

The new solution of structure increases the first

main mode about 2.2 times of the original

structure. As result, the improving of structure's
dynamic behavior was achieved.
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Abstract

The aim of this research was to homologize a new
quality cored wire made of narrow steel strip and
the core filled with metal powders and low
molecular hydrophobic compounds. For testing
specimens were made of micro-alloyed steel
NIOMOL 490K. Welding of specimens was done
in CO; shielding using the MAG method with two
different quality cored wires. Tested were the
mechanical and metallographic of the base metal,
weld metal and heat affected zone. Results of
testing of welds performed with new qualities of
cored wires should define a new product in terms
of welding - technological characteristics.

Keywords: micro alloyed steel welding, cored
wire, mechanical properties of welded joints.

1. Introduction

In the last 20 years, in the world there is an
increasing use of fine grained structural steels,
which are used in all areas of technology, where
high load capacity is required and where limited
cross sections should transfer great force. These
steels have low carbon content and are micro
alloyed with alloying elements in small quantities to
increase the yield stress from 400 to 1000 MPa.
Fine grain structural steels are micro alloyed with
aluminum, niobium, vanadium and titanium (Al, Nb,
V, Ti) [1-3]. These elements form nitrides, carbides
or carbonitrides and prevent the growth of crystal
grains in the austenite region. Aluminum from
0.020 to 0.050% binds nitrogen into finely
distributed nitrides, decreasing in grain size,
increasing yield strength and providing resistance
to brittle fracture. The addition of Nb, Ti or V either
alone or in combinations of two or three elements
also binds nitrogen into nitrides and with carbon
forms carbides which provide finely spaced non-
metallic inclusions. Niobium already forms
carbonitrides at quantities of 0.005 to 0.010% and
significantly increases the vyield stress, but
toughness deteriorates, so its effect must be
coordinated with the correct choice of thermo

mechanical treatment. Vanadium is added in the
amount of 0.05 to 0.15% and has the same effect
as Nb. Vanadium has a stronger effect on
decreasing the grain size due to faster and easier
production of VN and VCN than AIN [2,3]. Steel
NIOMOL 490K is fine grained micro alloyed steel
and has a minimal yield stress of Re = 490 MPa.
The structure of the micro alloyed steel of high
strength, obtained by process of thermo-
mechanical treatment is fine-grained ferrite-
pearlite. Choice of filler for welding fine grained
structural steels is based on chemical composition
and mechanical - structural characteristics of the
base metal, welding process and projected
requirements for the properties of welded joints [4].
The most important chemical elements in the filler
for welding fine grained structural steels are Ni and
Mo [10]. Nickel favors formation of needle-acicular
ferrite. In solid solution it increases the resistance
of the weld metal to brittle fracture. Addition of
nickel over 1.5%, significantly increases yield
stress due to shifts in the transformation of y to a.
Molybdenum is an important element in the filler
because it decreases the temperature of
transformation of a to y, reduces the primary
structure of the weld metal, increases the amount
of acicular ferrite and removes the upper bainite,
retaining the thin plates of primary ferrite in the
weld metal base. This significantly increases the
yield stress with favorable toughness [5].

Welded joint properties of micro alloyed steels,
such as impact toughness and tensile strength are
closely related to chemical composition, rate of
solidification and recrystallization rate and
microstructure [3,7]. Welding parameters such as
current strength, voltage and welding speed define
the heat input during welding. When welding fine
grained steels in particular, into account should be
taken the amount of heat introduced, too much
heat causes slow cooling of the units which
induces coarse grain formation and decrease in
toughness and too small an amount of heat causes
rapid cooling and occurrence of a tempered
structure. In the heat affected zone dissolution of
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carbide, nitride, carbonitride and austenite grain
growth occur. After cooling the HAZ has a ferrite-
pearlite structure and rearly bainite. The
microstructure of the HAZ depends on the thermal
welding cycle [3]. The microstructure of weld metal
of fine grain steel joints can be made up of three
modifications of ferrite. These are needle ferrite
(acicular ferrite), polygonal ferrite (primary ferrite)
and Widmanstatten ferrite, which occur due to
different mechanisms of transformation and
differently affect the strength and toughness of the
welded joint. [3].

In this paper, presented are the results of
experimental research of the effects of content of
nickel and molybdenum in cored wires on the
properties of welded joints of steel NIOMOL 490K
[6].The main objective of this study was to
homologize new quality cored wires marked IHIS
PZ Ni2Mo and IHIS PZ Ni1Mo made of narrow
steel strips and metal powder and low molecular
hydrophobic compounds filled cores. Welding of
samples was done in CO, shielding with MAG
welding process. Mechanical properties of the
base material and weld metal were
examined. Metallographic tests of base material,
weld metal and heat affected zone.

2. Materials and experimental details

For the experimental study of mechanical
properties and microstructure of the weld metal of
welded joints two types of quality cored wire were
used, marking IHIS PZ Ni2Mo (2.30 to 2.70% Ni
and 0.2 -0.3% Mo) and marking IHIS PZ Ni1Mo
(0.70 - 1.00% Ni and 0.3 to 0.4% Mo) with a 3.8
mm diameter and a base metal for welding, steel
NIOMOL 490 K. The chemical composition of the
steel is given in Table 1, and its mechanical
properties in Table 2.

Table 1. Chemical composition of NIOMOL 490K

wt.%

C Si Mn P S Al Cr

0,10 | 0,41 | 0,57 | 0,008 | 0,002 | 0,042 | 0,53

Table 2. Mechanical properties of NIOMOL 490K

Yield Ultimate Elon Impact
. strength | strength 9. energy
Direct. Rios R
moO, p 0, _
MPa) | (MPay | A(%) | 1SO-V ()
242, 248,
L-T 576 694 28,1 263
245, 248,
T-L 571 699 22,8 255

L — longitudinal direction, T - transferse direction

Preparation of edges of experimental 12mm thick
plates of micro alloyed steel NIOMOL 490K was
performed at an angle of 60° (for the MAG welding
process in CO, shielding).
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Welding of test samples was done in CO, shielding
- the process MAG (Ar/CO, ratio 80/20) with cored
wires IHIS PZ Ni2Mo and IHIS PZ Ni1Mo. Welding
parameters are given in Table 3.

Table 3. Welding parameters

Welding | Voltage | Current )’Z@di”g il-rir?;LEt
process | (V) (A) (cm/mm) | (KJ/cm)
MAG |28  |310 |32 16-18

Spectrochemical analysis of the chemical
composition of pure weld metal was performed
using the OES method on the ARL 2460
apparatus. Yield stress, tensile strength and
ductility of pure weld metal were tested on flat
specimens with parallel and concave sides, on the
AMSLER testing machine according to the
standards SRPS EN 895 and SRPS EN 10002-
1/1. Resistibility of the base metal, weld metal and
heat affected zone to brittle fracture was verified
by examining impact at room temperature while
determining of impact energy consumption KV (J),
using 10x10x55mm Charpy type specimens with
the 1SO-V notch to the SRPS EN 875 and JUS EN
10045-1  standards. Examination of the
microstructure of the base metal and welded joints
was carried out under a light microscope according
to SRPS EN1321 standard. Etching of samples
was performed in 3% nital. Examined were the
structure of the base metal, weld metal and heat
affected zone.

3. Results and discussion

In table 4 shown is the chemical composition of
pure weld metal of welded samples No.1l with
cored wire IHIS PZ Ni,Mo and sample No.2 with
cored wire IHIS PZ Ni1Mo. Control of the
composition of the weld metal was done so the
content of Ni and Mo could be connected with the
microstructure of welded joints.

Table 4. Chemical composition of pure weld metal

Chemical
composition, wt. % No. 1 No. 2
C 0,07 0,07
Si 0,27 0,26
Mn 1,120 1,047
S 0,012 0,013
P 0,012 0,012
Ni 2,598 1,192
Mo 0,233 0,326
Ti 0,020 0,023
Al 0,016 0,015

The values of yield stress, tensile strength and
elongation of weld metal are shown in Table 5.
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Table 5. Yield stress, tensile strength and
elongation of pure weld metal

Spec. No.1 No.2 No.1 No.2
Test With With With With
specimen paralle | sunk parallel | sunk
type | sides | sides | sides sides
Dimens.

specimens | 12x20 | 12x24 | 12x20 12x24
a x b (mm)

Yield

stress 540 520 570 564
(MPa)

Tensile

Strength 670 630 700 690
(MPa)

Elong.(%) | >24 >24 >22 >22

Ni content of over 1.5% in the weld metal in
sample 1 influenced increase in the value of yield
stress and tensile strength compared to sample 2
with lower Ni content. Higher content of Ni favored
formation of a higher share of needle - acicular
ferrite in the weld metal base in sample 1. These
values were confirmed by metallographic
examination of samples under a light microscope.
The structure of the weld metal for both samples
was dendrite pearlite - ferrite with acicular
ferrite. Mo content of 0.2-0.3% in the weld metal of
both samples further influenced fragmentation of
the primary structure of the weld
metal. Molybdenum with Ni in both samples
positively influenced formation of acicular ferrite. At
the same time eliminated the formation of upper
bainite in the weld metal, which increased the yield
stress of the weld metal while achieving favorable
toughness.

In Table 6 shown are values of consumed impact
energy. Based on the fracture properties of the
weld metal and heat affected zone, it transpires
that the fracture toughness of the heat affected
zone is greater than the fracture toughness of the
weld metal.

Table 6. Impact energy of pure weld metal
Position Impact ener%y KV [J] at
Spec. of notch +20°C
1 2 3

1 WM 198 218 208
1 HAZ 280 246 260
2 WM 159 173 184
2 HAZ 249 225 234
PM PM 291 304 291

The measured values are consistent with the
microstructure. Impact energy consumption on all
the samples are quite uniform, indicating that the
weld metal and heat-affected zone have no local

brittle zones. The highest toughness values were
achieved in the weld metal and heat affected zone
with cored wire IHIS PZ Ni2Mo. The increased
nickel content has favorably affected the increase
in toughness.

Figure 1. shows the microstructure the base metal.
The microstructure of the base metal is a
homogeneous fine-grained ferrite - pearlite, which
is characteristic of the steel NIOMOL 490K of high
strength.

F|gure 1. M|crostructure of base metal, 500x

Figure 2 shows the microstructure the welded joint
of sample No. 1, which is identical to the
microstructure of the welded joint of sample No. 2.
The figure 2 shown relate to: a) fusion line, b) a
transitional zone between the HAZ and weld metal
and c) weld metal. In the heat affected zone
microstructure is fine grained, ferrite - pearlite with
spheroidized pearlite, which corresponds to the
normalized structure of the heat affected
zone. None of the samples in the heat affected
zone had the brittle phase bainite. Along the
fusion line and HAZ grain growth and presence of
bainite were not detected, micrograph 2a).The
microstructure of the fusion line and the transitional
zone between the HAZ and weld metal is fine-
grained. The transitional zone between the heat
affected zone and weld metal is shown on
micrograph 2b). The structure of the weld metal is
of dendrite pearlite - ferrite with acicular ferrite,
micrograph 2c). Alloying elements Ni and Mo from
cored wires were favorable for the formation of
needle-acicular ferrite in the weld metal.
Molybdenum influenced fragmentation of the
primary structure of the weld metal and combined
with  Ni increased the amount of acicular
ferrite. The presence of these elements prevented
formation of upper bainite in the weld metal, while
retaining the primary ferrite in weld metal
base. This resulted in the increased yield stress
with favorable toughness.
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Figure 2. Microstructure of welded joint: a) fusion
line, 500x; b) the transition zone between and
weld metal, 500x and c¢) weld metal, 500x .

4. Conclusion

This paper presents an analysis of the influence of
Ni and Mo in cored wires IHIS PZ Ni2Mo and IHIS
PZ Ni1fMo on the mechanical properties and
microstructure (WM) of welded joints of steel
NIOMOL 490K. The analysis led to the following
conclusions.

Testing of the chemical composition of weld metal
has confirmed that the contents of Ni and Mo were
in the set limits of the quality cored wire.

Ni content of over 1.5% in the weld metal
influenced increase in yield stress and tensile
strength. Mo content of 0.2 to 0.3% in the weld
metal further influenced the fragmentation of the
primary structure of the weld metal. Fracture
toughness of the heat affected zone was higher
than the fracture toughness of the weld metal. The
impact energy consumed for all samples was quite
uniform, indicating that in the WM and HAZ there
were no local brittle zones present. The highest
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toughness values were achieved with cored wire
IHIS PZ Ni2Mo. The increased nickel content
favorably affected the increase in toughness.

The microstructure of the base metal is a
homogeneous fine-grained ferrite — pearlite. The
microstructure of the HAZ is fine-grained ferrite -
pearlite  with  spheroidized pearlite, which
corresponds to the normalized structure of the
HAZ. None of the samples showed presents of a
brittle bainite phase in the HAZ. Along the fusion
line and the HAZ no grain growth or presence of
bainite were observed. The microstructure at the
location of the fusion line and the transitional zone
between the HAZ and weld metal is fine-
grained. The structure of the WM is a dendrite
pearlite ferrite with acicular ferrite. By using cored
wire IHIS PZ Ni2Mo for welding micro alloyed
NIOMOL 490K, a good combination of mechanical
properties and microstructure. The obtained results
confirmed that with the new quality of cored wires
good mechanical - structural properties, of welded
joints of fine-grained steel NIOMOL 490K at room
temperature, can be achieved.
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Abstract
The effect of fibres on fracture behavior of cement-

based composites has been experimentally
investigated. Different types (bent, flat and ‘tin’
steel fibers, and polypropylene fibres) and different
amouts of fibres have been used, up to 2% of
volume ratio. Experimental method based on crack
growth by opening mode is used and results
compared to the theoretical ones, indicating that
fracture behaviour of cement based composite
materials is predictable.

Keywords:
Cement-based composite materials, CTOD, fibres

1. Introduction
Building quality and efficiency is largely dependent

on materials used. In order to improve the quality
of building materials, tests have been performed
with cement-based composites (CBC), which will
be shown in this paper. Such composites have a
matrix made of concrete and fibres of different
types, amounts and sizes. For a detailed
introduction to the behaviour of such materials it is
necessary to determine the behaviour of their
components. In this case, the components are
concrete and fibres (bent, flat and ‘tin’ steel fibres,
and polypropylene fibres with up to 2% of volume
ratio) used as an alternative to reinforced and pre-
stressed concrete.

Fibres in the cement-based composite materials
improve the resistance to tension and pressure
loading, as well as to bending, tearing and
dynamic impact. Also, fibres contribute to
prevention of brittle fracture. Fracture behaviour of
CBC is greatly affected by the quantity,
distribution, shape and size of fibres. Experience
have shown that the increasing content of ribbed
and hooked fibres is the best choice in terms of
CBC resistances to crack growth, [1]. It has been
also determined how cracks form and propagate in
composite materials. Crack growth consists of four
phases: linear, non-linear, stationary and final.

The experiment presented in this paper was based
on both linear elastic and non-linear fracture
mechanics parameters. The linear part includes
the critical stress intensity factor, Kic, also called
the fracture toughness. Its value is determined by
standard means of applying quasi-static load on
notched specimen up to a point where crack length
causes an unstable crack growth.

The non-linear analysis is based on Barenblatt-
Dugdale model and includes measuring of CTOD
(crack-tip opening displacement) and CMOD
(crack mouth opening displacement) to take into
acount the plastic zone around the crack tip.

2. Cement-based fibre composites
This paper focuses on composites made of

concrete and fibres. Concrete can take static
pressure exceptionally well, but is weak against
tension, bending, shear and dynamic impact. This
is usually improved by adding reinforcing concrete
with steel bars. Adding fibres (up to 5 cm long) to
the cement-based matrix also increases its
resistance to different types of load while also
eliminating the downsides of classic reinforced or
pre-stressed concrete.

The properties of such composites are affected by
numerous factors such as the size, shape and
distribution of fibres. Curved or hooked fibres have
better properties since they result in better
adhesion between the two materials, but are also
more complex to make. Fibres within the matrix
should be distributed evenly in order to ensure the
best results. Adhesion can be further improved by
increasing the radius of the fibres, but this can
have negative effects on the fibre distribution. The
choice of all these factors should increase the
resistance to cracks, as well as tensile strength of
the composite.

Adding fibres to the composites increases its
toughness and the amount of energy it can absorb,
making it more resistant to cracks. This is the
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result of combined effects from the matrix and the
fibres in load transferring, causing the fracture to
occur only after the bond between the two is
broken, which is why a good connection between
the elements of the composite is important. Such
fracture is always ductile, except when poor fibre
distribution is present in which case a brittle
fracture occurs.

in this case there are two separate strengths that
are being considered. The first one refers to the
point at which the first crack appears, and
corresponds to the loading - deflection diagram,
and is mostly linear. The second strength
corresponds to the maximum stress achieved.
These are closely related to the amount, shape
and type of fibres used. Smaller amounts of fibres
result in maximum load being much closer to the
load at which the cracks occur, because beyond
that most of the load is received by the fibres.

3. Experimental results
The tests were performed using the so-called "pull-

out" method, which is used to determine the force
necessary to pull the fibres out of the composite.
Results were obtained both visually and digitally.

For these tests, 280 x 76 x 19 mm speci—-mens
were used, with fibre concentrations for 0-1,5%
(concentrations close to 0% were insufficient
where as larger ones, around 2% were too much)
and fibre length of 25.4 mm. Four series of
specimens were tested. The matrix consisted of
prism shaped specimens, with 10x2x2 cm
dimensions. The fibres were penetrated into the
matrix up to the depth of 0.5, 1 and 1.5 cm. Types
of fibres used are given in table 1.

Maximum “pull-out” force for steel fibres was
obtained for type 2, which is almost identical to
type 3, with the only difference between them
being in the way they are anchored to the matrix.
Hooked fibres have better adhesion and therefore
show results which are up to 4 times better than
type 3. Type 4 (polypropylene) gave better results
than type 3, however these fibres have a
noticeably larger radius, and were deformed
significantly, unlike the steel ones.

Crack growth was analyzed based on force-
CMOD diagrams obtained by three-point bending
of a notched beam. CMOD consist of a linear
elastic part (CMODe) and a non-linear part (which
includes crack growth). These diagrams were used
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to determine Kic, using effective crack length
(since determining the real length would have been
to complex and expensive). Effective crack length
represents the sum of initial crack length and
effective crack elongation, where the latter is
determined from the measured value of CMOD.

It was mentioned earlier that crack growth consists
of four phases. During the first phase (linear), there
is no difference between the strain states of
regular and composite matrices. This phase is
used for determining initial crack length. As crack
length increases, its growth becomes non-linear,
leading to the second phase. Experimental results
have shown that non-linearity starts at
approximately 10% crack length increase. At this
point, tensile stresses starts being carried out by
fibres. During the third, stationary phase, stress
intensity factor reaches its critical value, resulting
in stationary crack growth, and it is during this
phase that the applied force reaches its maximum.
This maximum value for cement-based matrices
occurs later in comparison with regular ones, i.e. at
greater crack lengths.

Table 1. Types of fibres used

Type: 1
Steel “tin” fibres
Length: 33 mm

. Manufacturer: “Metalski
zavodi” Skopje, under
German license

Type: 2
Bent steel fibres
Length: 45 mm, Radius:

$0,4 mm

l\x Manufacturer: “Milan
Vidak” Futog, on author’'s
demand

Type 3:

Flat steel fibres

Length: 45 mm, Radius:

$0,4 mm

Manufacturer: “Milan

Vidak” Futog, on author’'s
! demand

Type: 4

Polypropylene fibres
Length: 30 mm
Manufacturer:  Unknown.
Used by GIK “1. Maj",
from Backa Topola
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Forth phase includes fracture, completely
separating the components of the matrix, which
means it is no longer a composite and therefore is
not the subject of this research.

An example of the force-CMOD diagram is given in
Figure 1 obtained experimentally and theoretically
(based on pull-out force, as explained in [1]). This
is just one of the diagrams that were obtained for
all four specimen types.
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Figure 1. Comparison of theoretical and experimental results in a force-CMOD diagram

The diagram above represents the effective
volume, which was used in order to include the
effect of fibre distribution as well. We can see that
theoretical and experimental values are very close
to each other, and at some points in the diagram,
equal. As V¢ increases, the difference between the
maximum values of theoretical and real results
also slightly increases, which suggests that there
are limitations to this method of testing. As an
illustration, crack developed in a sample, is shown
in Figure 2.

Figure 2. Crack growth through the composite

4. Conclusions
Results obtained by these tests show excellent

agreement with theoretical values. This suggests
that it is possible to predict fracture behaviour of
fibore composite materials, assuming one knows
how cracks grow and force required to pull fibres
out of composite.

It was also determined that addition of fibres to a
cement-based matrix significantly improves
resistance to crack growth, and that this is greatly
affected by the distribution, size and shape of
fibres. All of these factors are closely related and it
is often required to find a compromise between
them to ensure best composite properties.
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Abstract

Horizontal cylindrical tanks are provided in range
of size to store liquid products. These consist of a
circular cross-section cylinder generally of constant
wall thickness with hemispherical ends. The
supports may be saddles as shown in Figure 1.
The horizontal vessel supported on two saddles as
a simply supported beam. The distribution of the
interface forces in the saddle areas is very
complex.

Approximate analysis using beam and ring
behaviour is used for design of vessels. Aims of
this paper is to show the approximate analysis and
give computer solution with FEM.

Keywords:
Storage structures, cylindrical, shell, FEM

1. Introduction
If storing liquid products in tanks with the volume
less then 500 m3. The horizontal vessels have
more advantages in comparison with upright tanks.
These advantages are the following:
o the tanks can be fabricated in workshop due
to their smaller dimensions
e the evaporation loss of the stored liquid is
reduced
e it is convenient for storing liquid under
pressure
e the technical condition of the tank can be
easily tested.
The horisontal vessel supported with two saddles
is statically advantageous. Sometimes it is a good
solution to use more saddles to reduce the saddle
reaction. The contact angle at the saddles should
be minimum @ = 120° according to the ASME
code.
The maximum diameter of the vessel is
D = 4 m for fabrication reasons.
It is mathematically verified that a cylinder with a
give volume has a minimum surface if L=D. The
smaller surface also decrease the fabrication cost.

Figure 1. The horizontal vessel supported on two
saddles.

2. Methods

In generally we design the vessel for full water
load.The load of the vessel is inner pressure,
which in many cases comes from hydrostatic
pressure. The vessel has additional wind loading,
here this will be neglected. The standards t.e.x BS
5500 and Hungarian Standard use approximate
analysis.

The supports are located away from the ends. We
should ensure the some bending moment the mid
span and the supports (L;~0,207L).

The beam approximations are shown in

Figure 2.
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Figure 2. Loads of the beam and moment diagram.
The distributed load is q.
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The moments at end of the beam thank to the
hydrostatic pressure:
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The shear force T in the plane of saddle, the
bending moment Mg at the saddle and the mid-
span bending moment My,.
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The longitudinal bending stresses are calculated
as follows. At mid span the entire cross-section is
effective:

MM
7-R?-t

t — thickness of shell.

Buckling is possible in both partially filled and
completely full vessels [1]

It has been found that when R/t is high, large
vessel displacement occur while filling. As the
vessel is progressively filled the cross-section
rounds up due to the hydrostatic pressure of the
liquid on vessel walls.

When completely full, the displacements are
relatively small.

It has been found that in vessels with R/t in the
range of 100 to 600 buckling can occur when the
vessel is 70 % full when L/R is less then 10.
However in vessels with L/R greater than 15,
buckling will occur only when the vessel
completely full. In order to prevent both
evantualities, the compressive stress when the
vessel is completely full is limited to an allowable
stress given by equation (13).

o, —06255"
R

(6)

o, =

To examine region of saddle it must be assumed
ring (arch) behavor. It is also necessary to use a
ring stiffener.

The saddle reaction F causes tangetial shear
forces in the shell cross-section in the plane of the
saddle in Figure 3.

My, A

Figure 3. The fixed arch subjected to shear stress

The shearing stress originates from tangential
bending moments.

_F-sing
r-z-t

s (7)
The stiffener cross-section is cheked for the
compressive forces F, , Fg and bending moments
Ma , Mg.

Fa , Ma can be determined, if we cut the arch at
the cross-section ,A” and prescribe displacement
uxa = O and rotation ¢o = 0. Loading from the
shearing stress.

M =Ej[sin(p—sin(pCOS(0l_(P)h(P:
T
0 (8)
Fr( L. j
=—1/1-cosa——asina
- 2

The stiffener cross — section shown at
Figure 4.

Figure 4. Cross-sectional area of arch.

The effective width b,.
b, =a+4-JD-t ©)

3. FEM analysis

The FEM analysis was executed by COSMOSM
2.8. The type of element is SHELL.

For using the symmetry of the structure it is
enough to examine the quarter of the vessel.
Figure 5.

Figure 5. Finite element mesh.

Loads of the vessel are hydrostatic pressure and
dead load.
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4. Numerical example

The given data are volume V = 100 m?, length of
the cylindrical part L = 13000 mm,

L, = 2690 mm, the thichness of wall of cylindrical
partt=6 mm.

The dimensions of stiffener can be seen on

Figure 4.

5. Results

At first we try to compare the results of beam
modell and more realistic FEM modell.

Secondly the region of saddles is examined.

The longitudinal bending stress at the lower point
of the cross section of the saddle.

pR Ivlm
=+
2.t R%r-t

p is the average value of hydrostatic pressure
According to FEM analysis ¢ = 8,15 N/mm’
Deviation between two values is exeptable.

The circumferential bending stresses at the cross-
section “A” (Figure 3 and Figure 4).

Stress at the T stiffener

=9,35 N/ mm? (10)

F, M

Opx = —2+—2e, =37 N/mm? (11)
A

T = 2~ Mke, = 955Nt (2

e,, e, — distanced of the centroidal axis.

Table 1 Results of stresses at the cross-section A

in MPa.
Methods Upper Lower
point point
Simplified modell -9,55 37
COSMOS/Geostar -6,9 38
Designstar -16,6 45,78

The results agree each other.

The loading at the simplified modell is bending
thanks to shearing stress. At the Geostar modell
the loading is hysrostatic pressure (Figure 6).

At the Designstar modell the loading is uniformly
distributed vertical forces.

The deformation of the vessel was examined. The
biggest vertical displacement at the saddle region
is 0,78 mm, which is very small.

Figure 6. Stresses near the stiffener ring
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6. Conclusion

The aim of this study is compare different
methods. The approximate analysis uses beam
and ring behaviour.

The British and Hungarian standards use this
approximated method. The FEM analysis meke it
possible to examine the problem more accurately.
The results from different methods are at good
agree.

In this example the saddle reaction causes bigger
stresses.
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Abstract

Work with a chain saw includes many different
working situations requiring simple as well as more
difficult procedures. For obtaining more exact
knowledge about negative vibrations values acting
on hands of operators there is necessary a long
term research of the problem for individual types of
chain saws by producers like Husquarna, Stihl, etc.
It is necessary to consider different designs of
chain saws.

Keywords:
Ergonomic aspects, Chain saws, noise, vibrations

1. Introduction

At the present time the tree felling and
delimbing are realised during the whole year and
the high standards are given onto a working tool.
Chain saws are modified to the conditions of
professionals as well as private users by a
progressive construction, powerful engines and an
accurate weight. These conditions make them
comfortable, not difficult for operation, safety, with
components harmless to the environment. Cold
conditions, moisture and vibrations are the most
common source of problems for forest workers
using a chain saw. Work with a chain saw includes
many different working situations requiring simple
as well as more difficult procedures.

2. Vibrations of chain saws

According to the valid standards for
vibrations measurement on chain saws (ISO 5349-
1:2001, STN ISO 7505, STN ISO 22 867) there are
used measured frequency evaluated accelerations
on the holders of a chain saw. The evaluation of
exposition range is realised on the basis of
calculations of a day loading by vibrations
standardised on the frequency value of 8 hours.
Regarding to initiating and limit values for
exposition it is necessary to realise the
measurement and following actions according to
the guideline 2002/44/EC. The initiating values
have preventive character with a goal to eliminate
the occupational diseases caused by vibrations.

Fig.1 The

position  of
measurement of vibrations

sensors  during

If an operator of a chain saw exceeds the
limit value for exposition A8) = 5 m.s-2, it is
possible to expect significantly higher risk of an
occupational disease caused by vibrations.
Individual detecting, evaluating and analysis for
certain people, is the goal of risk assessment when
the operator of a chain saw is exposed to daily
loading by vibrations A (8) which exceed initiating
value 2,5 m.s-2. For detecting daily loading by
vibrations A (8) there are used weighted total
values of vibrations ahv which put together all
three ways (x,y,z) of vibrations acting on every
holder of a chain saw (Fig. 1).

3. Noise of chain saws

Measurement of noise and vibrations on
chain saws shall be realised on the basis of
requirements according to STN EN ISO 22 868 —
the testing guideline for measurement of noise
(Fig. 2). The evaluation of measured noise
consists of calculating for established units and
comparison with a valid legislation. At the present
time, within the area of the Slovak Republic there
has been valid the Government Regulation of the
Slovak Republic Act No. 339/2009Coll. which
establishes conditions about allowable limits of
noise, infrasound, vibrations and vibrations
objectivity. This government regulation establishes
requirements for health protection against risk
caused by noise and vibrations exposition and this
risk prevention.
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Fig. 2 The measurement of acoustic pressure at
the place of operation

After realisation of the measurement according to
STN ISO 22 868 and STN ISO 9207 there is
calculated the level of an acoustic performance
which is given as follows:

LW = LP + 10log S [dB]

where: LP is the level of an acoustic pressure on
the surrounding measurement surface

S is the measurement surface in m2.

It is possible to define a loading noise by
measuring levels of an acoustic noise, evaluating
spectrum and defining levels of an acoustic
performance at the chain saws. In this case the
limit value of the acoustic loading is 85 dB which is
given by the mentioned government regulation and
the standards. After the limit value exceeding there
are necessary such preventions which eliminate
negative values of noise and thus protect health of
workers.

4.Conclusion

For obtaining more exact knowledge about
negative vibrations values acting on hands of
operators there is necessary a long term research
of the problem for individual types of chain saws by
producers like Husquarna, Stihl, etc. It is
necessary to consider different designs of chain
saws. Noise and vibrations produced by a chain
saw negatively affects the whole body of an
operator. There is necessary to use ear protection
and the best choice for operators is to use ear
protection in combination with a helmet. According
to the present knowledge of working with chain
saws it is known that working with it is risky and it
has negative impact on health of operators. This is
the reason why the most famous producers
established different technical support to decrease
vibrations and noise. It is necessary to realise
several actions within the maintenance of chain
saws to obtain the goal of technical support.
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Abstract

Implementing the best practice in IT services
organization could be done with support of the of
the third party solutions (i.e. CA tools). However,
these tools do require significant investments and
continuous specialized support. In cost / benefit
analysis for small to medium sized companies it
might be hard to justify these expenses.

In this paper the emphases is given to the
modeling of the Services desk solution that could
be implemented using existing tools that company
already posses (i.e. e-mail system, office tools,
document management system, etc.).

Keywords:
ITIL, Service Desk, Model, IT, User Request,
System, Management

1. Introduction

ITIL  (Information  Technology Infrastructure
Library), was published between 1989 and 1995 in
Great Britain on demand of british government
agency [1] and in the name of Central
Communication and Telecommunication Agency
(CCTA).

Initial goal was to create conditions needed for IT
market regulation. Many IT sistems had not been
functioning as they were supposed to, so that was
one of the reasons why companies could not
provide quality of their services on time.

That is the reason why it is so important to
develop methods for IT services management. ITIL
service management covers the whole life cycle,
starting from original idea or request, through
planning strategy and design, use, improvements
over time and final withdrawal of the service. It
covers process service management as well [4].

The main ITIL roles are:
e Customer — client, customer; company
that finances service,
e Provider — service provider; company that
provides service,
e Supplier - company that delivers
hardware / software and

e User — person who uses service.

2. Method
IT library infrastructure was developed as a book

collection, where each book covered certain usage
of IT services management [2]. ITIL was built as a

process model based on control and management
of work and very often is associated with Deming
model, PDCA (plan-do-check-act, PDCA) shown in
Figure 1.

Figure 1. Deming model

V2 publication was created as a version for ,best
practice”. First set, which contains 31 books, was
shrunk to the set of 7 books which fully covered IT
service management.

IT service management processes could be
divided into two groups:

e Service Support [5] and

e Service Delivery [6]

Service delivery is focused on future changes
through:

Service level management,

Financial management,

Capacity management,

IT service continuity management and
Availability management.

Support service is oriented on daily operations and
tasks, including:
¢ Incident management,
Problem management,
Changes management,
Configuration management and
e Edition management.

Service Desk represents first line of IT users
support. If employee in Service Desk cannot solve
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an incident, he transfers it to IT specialists who
represent second line of IT support.

Third line of support consists of suppliers who
delivered software / hardware.

Key performance indicator for Service desk

It is important to use even range of metrics for
Service Desk effectivity measurements. Typical
metrics include [3]:

e Service Desk calls number,

e Calls number to the rest of support staff
(number of escalations should decrease
during time),

e Shortest call time,

o Clients satisfaction (questionnaires) and

e Help usage (if exists).

Support
group

2 Servi
& ceDesk | support | Support
call W oy
|
— Support
Customer ¢ — ;
& solution \-‘ §rotp Support
|End User =2 | ¢———— | o
le——| SuppoIt ’
group

organization

1st line 2nd line 3rd line

Figure 2. Service Desk manages all final users

IT service life cycle is a basic concept of ITIL V3,
as well as full view which includes whole life cycle
of the service. It answers on the questions how
and why [3]:
e Why customer needs a service?
e Why would customer buy a service from
us?
e Why would we provide different
availabilities, capacities and continuities?

Asking a service provider these questions enables
defining general strategic plans for IT organization,
which will be used to conduct services during their
design, transition, support and improvements so
the maximum value would be delivered to clients
and stakeholders.

3. Modelling user requests management
system

To represent functions and roles in discussed
system for dealing with user requests it is first
needed to realize a case diagram. Diagram is
shown in Figure 3.
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Figure 3. Using cases

In this system it is needed to define a hierarchy of
rights for the system use, shown in Figure 4.

[ " Administrator : 2
A

Service Desk administrator : 2
A

| Knowledge base administrator : 2

<.

Service Desk manager : 2

IT analitiGar : 2

3

Korisnik : 2
Figure 4. Hierarchy of using rights for Service
Desk Manager

An example of model functioning is shown in the
Table 1. and Table 2.

Table 1. An example of model functioning

Use case Creating user request

Short description |If problem occurs, user creates
request

Participants User

Conditions System sign in

needed before

execution

Description User fills personal information and
information about problem

Exceptions [No problem description] requires
entering problem description

Conditions Request is saved in a Service Desk

needed after application base as un adopted

execution
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Table 2. An example of model functioning

Use cases Working with all user requests

Short description | Accepting and forwarding user
requests to IT analysts

Participants Service Desk administrator

Conditions System sign in

needed before

execution

Description Accept request, process it and
submit it

Exceptions

Conditions Request submitted

needed after

execution

There are the same procedures for every user
request submission. Activity diagram of dealing
with user request is shown in the Figure 5. and
Figure 6.

b d
y
Korisnik ima problem
|
'
Pretraga baze nanja | «g—< Odika g | Kreiranje korisnitkog 2anteva | ge. o Odiukad >
] \\/" \/ * 4

’ |
v
Ima resenje ]\ <{_ Oduka2 > #-  Nema resenje
——)

| N
'

e < OdlUKA3 >
N Podnosi zahtey

Y

Ceka odgovor
| SR

Figure 5. Activity diagram for user request
submission
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Obavestavanje korisnika ]
4

Dodatne objasnjene od korisnika J

Figure 6. Activity diagram for dealing with user
request

4. Example of dealing with user request

In the system for solving users requests there can
be used different tools which meet the need of
ITIL:

e Specialized tools and

e Combination of tools - e mail, office tools

and dms.

Case 1 shows when IT service user has a problem
with infected computer using the both tools.

Case 1.

IT service user has a problem with infected
computer. He should immediately disconnect
computer from network and contact Service Desk
department. Service Desk instructs user to create
a user request (from another computer) as it is
shown in the Figure 7.

Kreiraj novi Zahtev 41919
Prijavio
Broj telefona

Prioritet (obavezno) B zahtevana oblast

Ell ~ TEH.Softverska podrika.Operativni sistem.Intervencija.Virus

Opis Zahteva (obavezno)

Ratunar WRAJ je zaraZen II!

Mail

Figure 7. Creating a new user request

Service Desk analyst sees unallocated requests
and opens it by clicking a request number.

He checks weather the request is correct and after
that allocates it to a responsible analyst for solving.
Analyst who is given the request, starts solving the
problem, as it is shown in the Figure 8.

e
Pretrati Re2enja u Bazi Znanja koristedi kijuéne redi:

Ukoliko znate unesite broj:

Broj Zahteva:

ili broj Zahteva za promenu:

Figure 8. Request created

Case 2.

In the Case 2 which is combination of MS Office
and DMS tool, user creates request using MS
Word tool, which starts as a Template from the
public folder of the e-mail (MS Outlook). Template
is located on the Exchange server. After filling the
template request, user sends e-mail (with filled
Template in attachment) to Service Desk address.
Service Desk analyser accepts request on the way
he opens e-mail, checks if the request is filled
correctly, indexes it and connects user request
with DMS system and submits it to Service desk
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analyser for solving. As all requests are sent to
DMS base, all conditions are created in DMS base,
and the conditions for following, solving and
reporting are created with user requests for solving
IT problems. In both cases the procedure of
sending and solving request is identical and the
only differences are tools which are used. In both
cases ITIL standard V3 is fully satisfied.

@ WraK - REMOTE VESKIOPp LONNection

[8] Public Folders - Microsoft Outlook

i Fle Edit Wew Go Tools Actions Help

Polnew - | § Y X |0 LReply A Reply to Al Foryard

P83 | @eack @) [(A[E] 2| 9 |5y ] Messages

Folder List Public Folders

All Folders B4,/ ¢| [ | @] From
[ mreza A
1 MNezeliena e-posta
. | Motes
L= Outbo
# [ Problemi pri sinhronizaciji 1
# [ B33 Feeds
L= Sent Items
# |85 Suggested Contacts
& Tasks
H [0 Search Folders
# £ Personal Folders
# £ Personal Folders
# £ Personal Folders
# £ Personal Folders
# £ Personal Folders
# £ Personal Folders
# £ Personal Folders
# £ Personal Folders
# £ Personal Folders
=54 Public Folders

Figure 9. Taking over the user request

_ e |

KORISNICKI ZAHTEV

Popunjava Korisnik

Ozmaka podnosioca

Naziv organizacionog dela

Broj korisnickog telefona

Oznaka racunara

Inventarski broj uredaja

Serijski broj uredaja

Omakai verzija projekta

Opis problema

Figure 10. User request
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Figure 11. Dms tool for indexing request
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5. Conclusion

In this work there are analysed abilities and
demands of clients using technics provided by
Service Desk operation. An example how to model
system independently from used tool is given. A
user request case study is given as well as answer
to their solution using ITIL V3 methodology.
Service Desk is a solution that enables simple,
quality and reliable service and support of IT
services to users.

This is achieved using different technologies
integrated in a single solution which enables:

e Unigue user access point,

e Simpler process management for |IT
managers, record of maintenance costs
and problem resolving,

e Eliminating bottlenecks due to uneven
work share and

e More precise evaluation of work done by
IT analysts.

The main lack of the system is a problem of
reliability the information obtained from the
processing of textual comments about product
quality and services which are created by users.
Regardless of numerous investigations in this area
there are still many problems, so in the future there
should be paid more attention to this problem.
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Abstract

The aim of this study was to compare and examine
the functional status between urban and rural
community-dwelling elderly people. Four hundred
ninty five subjects (mean age: 67.84+6.56 years,
body height: 170.27+10.07 cm; body weight:
75.31+£13.16 kg) were included in this study, 168
were from rural area (34%) and 327 from urban
area (66%). To determine the trend of changes of
anthropometric parameters and physical fithess in
people aged over 60, we used Senior Fitness Test
(SFT) and basic morphological parameters. There
was statistically significant difference (p<0.05)
between subjects of urban (-6.96+10.02 cm) and
rural (-11.55£10.49 cm) area in parameters of
flexibility. Respondents are most different in terms
of strength in upper extremities. Better results were
observed in rural subjects then in urban
(16.3246.57 vs. 15.21+5.29 repetitions). From the
demographic data, we were able to see that the
composition of the urban and rural population is
not much different.

Keywords:
older people, senior fitness test, geographic
region, urban area

1. Introduction

Rapidly increased number of elderly people
represents a demographic characteristic of modern
life around the world. Anthropometric and
nutritional characteristics are related to genetic,
environmental, sociocultural conditions and to
lifestyle, health and functional status [1]. Several
cross-cultural studies show that there are
significant  statistical  differences in  body
composition and physical fithess among different
ethnic groups of people while the difference was
much smaller when it comes to aged-related inter-
population, where the homogeneity of a large
group is more obvious [2], [3], [4], [5].

Body composition and physical fitness in elderly
people could be influenced by the genetic
potential, early growth and development,
differences in socio-economic status, health status,
as well as by geographic region and ethnic group
affiliation [6]. Increased self-care and mobility are
associated with a greater degree of independence

and a higher quality of life. [7] claimed that
measuring  physical  function  with  either
performance-based or self-report is complex, as
both methods determine different aspects of
function.

A large number of risk factors influence the
functional status of elderly persons, regardless of
gender. Some of them are age, level of cognitive
function and depression. One factor that might also
affect functional status among elderly people is
geographical difference. Unfortunately, few data
are available to document differences between
elder people living in rural and urban areas.
Studies [8] show a statistically significant
difference in the level of health status among
elderly urban and rural areas. These differences
are particularly pronounced in developed
countries. This difference is primarily reflected in
the difficulties the elderly access to rural areas of
health care. In the USA, some studies examined
PA differences between rural and urban adults [9],
[10], [11] and results consistently showed that rural
adults were less physically active than urban
adults.

The Behavioral Risk Factor Surveillance (BRFFS)
data on leisure time physica activity in 49 states
indicated that physica inactivity was higher in rural
than metropolitan areas. Urban-rural comparisons
remain limited in their ability to identify what factors
influence the health behavior decisions, including
the decision to be physically active or not.
Features in urban and rural areas change over
time and some factors may change due to
population migration.

The aim of this study was to compare and examine
the functional status between urban and rural
community-dwelling elderly people.

2. Methods

Four hundred ninty five subjects (mean age:
67.8416.56 years) were included in this study, 168
were from rural area (34%) and 327 from urban
area (66%). General descriptive parameters of the
respondents are shown in Table 1. The age of
respondents ranged from 60-91  years.
Participation in the study was voluntary and all
respondents were able to withdraw at any time of
testing. The study was approved by the Ethical
Commission of the Faculty of Sport and Physical

Goran Sporié, Zoran Milanovi¢, Sasa Pantel¢, Zvonko Miljkovi¢ 191



Education, University of Nis, in accordance with
the Declaration of Helsinki. All subjects were first
informed about the possible consequences of
testing as well as the benefits that this research
brings to their age population. Testing of all
subjects was between October and December
2011. All subjects were mentally and physically
able to participate in the study.

Table 1. General descriptive parameters

Rural area Urban Total
n=168 area n=495
n=327
Age
68.631+6.69 67.4416.46 | 67.8416.56
(years)
Body

height 169.45+10.99 | 170.69+9.55 | 170.27+10.07
(cm)

Body
weight 74.61£14.14

(kg)

75.67+£12.65 | 75.31+£13.16

To determine the trend of changes of
anthropometric parameters and physical fithess in
people aged over 60, we were divided subjects in
5 age groups: 60-64, 65-69, 70-74, 75-79 and over
80 vyears of age. Their basic descriptive
characteristics are given in Table 1. Trained
persons for the purpose of this study were first
performed a standard interview with a potential
respondents individually or in small groups at their
homes or in the active center for the elderly. Each
of the respondents were first given their
demographic characteristics and then joined the
determination of anthropometric measures and the
Senior Fitness Test (SFT).

Anthropometric measures, measured in
accordance with the recommendations of the
International Biological Program - IBP. The height
of the body is measured with a measuring tape,
0.1 cm accuracy.

Senior Fitness Test is a battery of tests for
assessment functional fithess of older persons.
This test evaluates the physiological capacity to
perform normal daily activities independently and
safely without the appearance of fatigue. Prior to
execution of the test subjects first well as doing 10-
min warming up led by a trained person, and then
perform a complete SFT in the order of tasks
referred in this test [12]. This test was validated by
[13]. The test consists of six measures of physical
fitness: 1) the mobility of the shoulder, 2) bent on a
chair, 3) eight feet, 4) rising from a chair for 30
seconds, 4) flexion of the elbow joint, 5) two-
minute step test. The mobility of the shoulder
estimated flexibility of the upper extremities. Each
subject performed two test attempts and two
attempts which is measured and included in further
analysis. The result is the shortest distance
between extend middle finger of both hands. Bent
on a stool test that evaluates the flexibility of the
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lower extremities. As with the previous test, each
participant performed two test trials and two
attempts, which is measured and included in
further analysis. The result represents the
maximum distance between extend finger tips and
toes. Test 8 feet estimated agility and dynamic
balance. Each of the subjects performed a pilot
trial and two which is measured and later
analyzed. The result is the shortest time achieved
from the moment of getting up from his chair,
traveled eight feet, turn and return to sitting
position. Rising from a chair is a test that evaluates
the strength of the lower extremities. Each subject
has two test and then attempt to access the
measurement protocol, which means getting the
maximum number that can be brought to the
respondent for 30 seconds. Test flexion at the
elbow joint estimated the strength of the upper
extremities. Each of the respondents first made
two test attempts and then completes the test in 30
seconds. As a result of the calculated total number
of reps with the entire range of motion performed
in 30 seconds. Two-minute step test is a test that
evaluates muscular endurance. Respondent faces
the wall should do the maximum number of steps
to the given height in two minutes. The test is
performed only once a respondent during this test
does not run but walk as quickly as possible.

The collected data were analyzed using statistical
software SPSS 17.0 (SPSS Inc., Chicago, IL).
Descriptive statistical parameters were calculated
for every variables. To determine differences in
anthropometric, fitness, and functional parameters
we were used Univariatie analysis of variance
(ANOVA). Statistical significance was p<0.05.

3. Results

The largest number of subjects was in the group of
urban then in rural areas. A statistically significant
difference (p<0.05) was not observed in body
weight  between subjects  from differnt
geographycal areas. No significant differences
were found in all weight height relations between
people older than 60 years.

In Table 2 we see that when it comes to flexibility
(back scratch), there is statistically significant
difference between respondents of urban (-
6.96+10.02 cm) and rural (-11.55£10.49 cm) area.
The parameters for the assessment of agility and
dynamic balance (eight feet test), there is no
statistical difference between groups. Respondents
are most different in terms of strength in upper
extremities. Better results were observed in rural
subjects then in urban (16.32+6.57 vs 15.21+5.29
repetitions). This results are statisticaly significatn
(p<0.05).
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Table 2. Differences between urban and rural

areas
v o T o
n=168 n=327 n=495

Back

scratch 11.55+10.49% | -6.96+10.02* | -8.52+10.40

(cm)

Chairsitand | 54,44 48 1.5048.23 1.09+8.94

reach (cm)

8 foot up 7.964+3.524 | 8.75+5.74 8.484+5.10

and go (sec)

Chair stand

in 30 13.8846.30 | 13.38+4.97 | 13.55+5.40

seconds

(sec)

Arm curl 16.32+6.57* | 15.2125.29* | 15.5845.77

(repetitions)

Two

minutes 63.12447.06 | 65.09+37.49 | 64.41+41.03

step test

(repetitions)

*- statisticaly significant differences (p<0.05)

4. Discussion

For elederly people in this study, there was no
differences in many variables (chair sit and reach,
8 foot up and go, chair stand in 30 seconds and
two minutes step test). Although urban people
were significantly less socerd in upper arm
strength test but better in flexibility test. Our
findings are very similar to the results of previous
studies. In Europe, almost no studies have
examined the differences in physical activities
between rural and urban adults until now [14]. Only
one study in older Icelanders could be identified,
showing no significant differences in physical
activities [15]. Generally, the findings showed that
urban individuals were not better in physical fithess
parameters rural participants.

From the demographic data, we were able to see
that the composition of the urban and rural
population is not much different. One reason is the
fact that these are older respondents who were
both inactive. Therefore, their place of residence is
not an important factor when it comes to their
functional and motor skills. Another reason is the
lack of information when it comes to the benefits of
physical activity, so that only a small number of
respondents involved in some sort of physical
activity.

Limitations in this stady were no Geographic
Information Systems database which used to
collect objective data on the physical
environmental attributes in the different areas.
Rural and urban areas are not completely
homogenous so the results may not always be
widely applied. Another limitation to this is study is
the cross-section design. The information is based
on a one time collection of data and does not
provide a look into the future or past physical
activity levels of these elderly Serbian people.

Living in an urban setting was independently
associated with higher functional performance [8].
No significant geographycal differences suggest
that other enivronmental factors may play relevant
roles. Because functional status is critical to the
health outcomes of older persons and their
families, functional ability and its management are
an important public health problem. Knowing the
different and common factors that affect functional
status is important not only for the deployment of
secondary and tertiary prevention, but also
indicates effective treatment approach for
rehabilitation, particularly among the elderly living
in different environments.

5. Acknowledgement

This research was carried out as part of the project
financed by the Ministry of Science of the Republic
of Serbia, entitled “Physical activity and the fithess
component of the elderly® (number 179056),
approved in 2010, and which is being carried out
by the Faculty of Sports and Physical Education of
the University of NiS.

6. References

[1] Perissinotto, E., Pisent, C., Sergi, G., &
Grigoletto, F. (2002). Anthropometric
measurements in the elderly, age and gender
differences. British Journal of Nutrition, 87(2),
177-86.

[2] Campbell, B., Gray, P.B., & Leslie, P. (2005).
Age-related changes in body composition
among Turkana males of Kenya. American
Journal of Human Biology, 17, 601-610.

[3] Coqueiro, R.D.A. S., Barbosa, A.R., &
Borgatto, A.F. (2009). Anthropometric
measurements in the elderly of Havana,
Cuba, age and sex differences. Nutrition, 25,
33-9.

[4] Ghosh, A., Bose, K., & Das Chaudhuri, A.B.
(2001). Age and sex variations in adiposity
and central fat distribution among elderly
Bengalee Hindus of Calcutta, India. Annals of
Human Biology, 28, 616-623.

[5] Ghosh, A. (2004). Age and sex variation in
measures of body composition among the
elderly Bengalee Hindus of Calcutta, India.
Collegium Antropologicum, 28(2), 553-61.

[6] Milanovi¢, Z., Panteli¢, S., Trajkovi¢, N.,
Sporis, G. (2011). Basic anthropometric and
body composition characteristics in elderly
population: A Systematic Review. Facta
Universitatis: Series Physical Education and
Sport, 9(2), 173-182.

[71 Davey, R., Edwards, S. M., & Cochrane, T.
(2003). Test-retest Reliability of Lower
Extremity Functional and Self-reported
Measures in Elderly with Osteoarthritis.
Advances in Physiotherapy, 5(4), 155-160.

Goran Sporié, Zoran Milanovi¢, Sasa Pantel¢, Zvonko Miljkovi¢ 193



(8]

9]

(10]

[11]

(12]

(13]

(14]

[15]

Morala-Dimaandal, D. T. (2009). Differences
of functional status among elderly women in
urban and rural settings — Self-report and
performance-based measures. Advances in
Physiotherapy, 11(1), 13-21.

Wilcox, S., Castro, C., King, A. C.,
Housemann, R., & Brownson, R. C. (2000).
Determinants of leisure time physical activity
in rural compared with urban older and

ethnically diverse women in the United States.

Journal of Epidemiology & Community Health,
54(9), 667-672.

Eyler, A. A., Brownson, R. C., Bacak, S. J., &
Housemann, R. A. (2003). The epidemiology
of walking for physical activity in the United
States. Medicine & Science in Sports &
Exercise, 35(9), 1529-1536.

Reis, J. P., Bowles, H. R., Ainsworth, B. E.,
Dubose, K. D., Smith, S., & Laditka, J. N.
(2004). Nonoccupational physical activity by
degree of urbanization and U.S. geographic
region. Medicine & Science in Sports &
Exercise, 36(12), 2093-2098.

Rikli, R.E., Jones, C.J., (2001). Senior Fitness
Test Manual. Human Kinetics, Champaign, IL.
Rikli, R.E., Jones, C.J., (1999). Development
and validation of a functional fitness test for
community-residing older adults. J. Aging
Phys. Act. 17, 127-159.

Dyck, D. V., Cardon, G., Deforche, B., & De
Bourdeaudhuij, I. (2011). Urban-rural
differences in physical activity in Belgian
adults and the importance of psychosocial
factors. Journal of urban health bulletin of the
New York Academy of Medicine, 88(1), 154-
167.

Arnadottir, S. A., Gunnarsdottir, E. D., &
Lundin-Olsson, L. (2009). Are rural older
Icelanders less physically active than those
living in urban areas? A population-based
study. Scandinavian Journal of Public Health,
37(4), 409-417.

4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management
Slavonski Brod, 17" to 19" October 2012

Are rural elderly people less physical active than those living in urban areas?

194



4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management

INTERRATIONAL CIRFERENCE TEAN 2002 )~
Netaber 17 - 18 202, Sleanshi Brod Croate 2 }."1 2

Slavonski Brod, 17" to 19" October 2012

DIFFERENCES IN BODY COMPOSITION AND PHYSICAL
FITNESS IN ELDERLY MEN AND WOMEN

Zvonko Miljkovié *, Goran Spori$ 2, Zeljko Vukié¢ *, Zoran Milanovié * and Sasa Pantelié *

'Mechanical Engineering Faculty in Slavonski Brod, J. J. Strossmayer University of Osijek, Croatia
“Faculty of Kinesiology, University of Zagreb, Zagreb, Croatia
% Faculty of Economics, University of Osijek, Osijek, Croatia
* Faculty of Sport and Physical Education, University of Ni§, Ni§, Serbia

Corresponding author e-mail: zmiljko@sfsb.hr

Abstract

The aim of this study was to determine differences
in body composition and physical fitness in elderly
men and women. Five hundred twenty six subjects
were included in this study, 272 were men (52%)
and 254 women (48%). To determine the trend of
changes of anthropometric parameters and
physical fithess in people aged over 60, we were
divided subjects in 5 age groups: 60-64, 65-69, 70-
74, 75-79 and over 80 years of age. Decrease in
strength is observed with the aging process so that
the respondents aged 60-64 years significantly
differ in the strength of the lower extremities of
elderly subjects 70-74 and 75-79 years of age.
Also this difference is noticeable if we compare
men and women. In this study, we found that there
was an increase in the amount of adipose tissue,
reducing the level of muscle activity and decreased
muscle strength and endurance of the aging
process.

Keywords:
older people, functional fithess, reduction, body
mass index

1. Introduction

Anthropometric  characteristics and functional
fithess are closely linked to lifestyle, health and
functional status of elderly persons [1]. It is
therefore very difficult to give a standard
interpretation of their values. Process of aging
brings with it a number of physiological and
nutritional changes such as decreased body mass
and body height [2]. It is well known that excessive
body weight and obesity are closely associated
with increased risk of cardiovascular disease, then
hornicnih disease and reduced function of the
mobility of the body [3]. Both body mass index and
circular dimensionality of the body regions in waist,
abdomen and hips can be used as a good
indicator of obesity people over 60 years of age
[4].

It has been established that male persons who
have waist over 94 cm are at increased risk, and
over 102 cm greatly increased risk of comorbidity,
notably those on the cardiovascular system [2].
Women with waist circumference over 80 cm

recorded at increased risk, and over 88 cm greatly
increased risk of developing these complications
[5]. Longitudinal studies [6] shows that the body
mass decreases in the elderly men and women
after 60 years of age. Body weight is significantly
different between men and women (70.3 vs 62.7
kg) and height (163 vs 152 cm) according to a
study Sanchez-Garcia et al., 2007, which was
confirmed by other studies [7]. It is believed that 75
years is a milestone in terms of BMI, and
anthropometric measures in men and women.
During a life relationship between fat and lean
body constantly changing. According to MiSigoj-
Durakovic, (1999) maximum ratio of lean to fat is
reached about 20 years, to then decline in the ratio
of physically inactive people. After 20th years is
expected normally increase fatty part of the
decade to 60 years of age. After 60th years total
body mass starts to decline.

Notwithstanding these anthropometric changes,
the level of functional fitness is often used as a
parameter for monitoring and assessing population
health and almost always associated with health
status. It can be defined as the physical capacity to
perform daily activities independently and without
any appearance of fatigue, which includes
components such as muscular strength and
flexibility of the lower and upper extremities,
aerobic endurance and motor agility / dynamic
balance. This monitoring is especially important for
older people over 60 years for preventing diseases
occur inactivity and reduce mortality rates.
Undoubtedly, it is clear that physical activity affects
the occurrence of storage diseases and inactivity
while at the same time increase the functional
capabilities that can be maintained even after
cessation of exercise.

We hypotesed that the process of aging brings
with it certain changes in anthropometric, fitness,
and functional parameters of persons older than 60
years. Therefore, the primary aim of this study was
to determine differences in these parameters in
subjects divided into 5 age categories (60-64, 65-
69, 70-74, 75-79 and over 80 years) after 60 years
of age. A secondary objective was to establish
within this classification there are differences
between genders of the respondents.
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Table 1. General descriptive parameters

(meanzSD)
Ag n Height Weight BMI2
e (cm) (kg) (kg/m®)
Men
60-64 90 178.19+6.65 80.88+9.59 25.504£3.02
65-69 | 70 177.00¢9.35 | 84.54113.81 | 27.0324.15
70-74 | 50 174.50£7.71 | 79.78t11.69 | 26.27+4.00
75-79 | 41 175.34+7.79 | 78.27+13.13 | 25.39%3.67
80> 21 176.43+8.95 | 78.48+10.44 | 25.25%3.20
Total | 272 | 176.648.02 | 81.04+11.93 | 26.00+3.68
Women
60-64 | 90 164.616.07 70.02+11.77 | 25.84%4.18
65-69 | 48 162.44+6.93 70.69x10.52 | 26.86x4.15
70-74 56 163.89+7.56 66.75+10.96 24.80+3.38
75-79 | 33 162.528.29 70.67+11.32 | 26.84%4.51
80> 27 162.199.74 67.07x14.15 | 25.565.28
Total | 254 | 163.517.33 69.20+11.62 | 25.904.22
Total

60-64 180 | 171.40£9.31 75.42+12.01 | 25.67+3.64
65-69 118 | 171.08+11.07 | 78.91£14.27* | 26.96+4.14
70-74 106 | 168.90£9.27 | 72.90£13.01* | 25.49+3.74
75-79 74 | 169.62+10.23 | 74.88+12.85 | 26.04+4.10
80> 48 | 168.42+11.73 | 72.06+13.78Y | 25.42+4.45
Total 526 | 170.30+10.11 75.31213.17 | 25.95+3.95

*- statistically significant difference between age
65-69 i 70-74; q] - statistically significant difference

between age 65-69 i 80>;

2. Methods

Five hundred twenty six subjects were included in
this study, 272 were men (52%) and 254 women
(48%). General descriptive parameters of the
respondents according to their gender and age
categories are shown in Table 1. The age of
respondents ranged from 60-91  years.
Participation in the study was voluntary and all
respondents were able to withdraw at any time of
testing. The study was approved by the Ethical
Commission of the Faculty of Sport and Physical
Education, University of Nis, in accordance with
the Declaration of Helsinki. All subjects were first
informed about the possible consequences of
testing as well as the benefits that this research
brings to their age population. Testing of all
subjects was between October and December
2011. All subjects were mentally and physically
able to participate in the study.

To determine the trend of changes of
anthropometric parameters and physical fitness in
people aged over 60, we were divided subjects in

5 age groups: 60-64, 65-69, 70-74, 75-79 and over
80 vyears of age. Their basic descriptive
characteristics are given in Table 1. Trained
persons for the purpose of this study were first
performed a standard interview with a potential
respondents individually or in small groups at their
homes or in the active center for the elderly. Each
of the respondents were first given their
demographic characteristics and then joined the
determination of anthropometric measures and the
Senior Fitness Test (SFT).

Anthropometric measures, measured in
accordance with the recommendations of the
International Biological Program - IBP. The height
of the body is measured with a measuring tape,
0.1 cm accuracy. Body weight was assessed using
the decimal scale with accuracy of 0.1 kg. Body
mass index (BMI) was calculated indirectly based
on the value of body weight and height using the
formula BMI = body weight (kg) / body height (m2).
Senior Fitness Test is a battery of tests for
assessment functional fithess of older persons.
This test evaluates the physiological capacity to
perform normal daily activities independently and
safely without the appearance of fatigue. Prior to
execution of the test subjects first well as doing 10-
min warming up led by a trained person, and then
perform a complete SFT in the order of tasks
referred in this test. This test was validated by Rikli
and Jones (1999). The test consists of six
measures of physical fithess: 1) the mobility of the
shoulder, 2) bent on a chair, 3) eight feet, 4) rising
from a chair for 30 seconds, 4) flexion of the elbow
joint, 5) two-minute step test. The mobility of the
shoulder estimated flexibility of the upper
extremities. Each subject performed two test
attempts and two attempts which is measured and
included in further analysis. The result is the
shortest distance between extend middle finger of
both hands. Bent on a stool test that evaluates the
flexibility of the lower extremities. As with the
previous test, each participant performed two test
trials and two attempts, which is measured and
included in further analysis. The result represents
the maximum distance between extend finger tips
and toes. Test 8 feet estimated agility and dynamic
balance. Each of the subjects performed a pilot
trial and two which is measured and later
analyzed. The result is the shortest time achieved
from the moment of getting up from his chair,
traveled eight feet, turn and return to sitting
position. Rising from a chair is a test that evaluates
the strength of the lower extremities. Each subject
has two test and then attempt to access the
measurement protocol, which means getting the
maximum number that can be brought to the
respondent for 30 seconds. Test flexion at the
elbow joint estimated the strength of the upper
extremities. Each of the respondents first made
two test attempts and then completes the test in 30

Differences in body composition and physical fitness in elderly men and women 196



4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management
Slavonski Brod, 17" to 19" October 2012

seconds. As a result of the calculated total number
of reps with the entire range of motion performed
in 30 seconds. Two-minute step test is a test that
evaluates muscular endurance. Respondent faces
the wall should do the maximum number of steps
to the given height in two minutes. The test is
performed only once a respondent during this test
does not run but walk as quickly as possible

The collected data were analyzed using statistical
software SPSS 17.0 (SPSS Inc., Chicago, IL).
Descriptive statistical parameters were calculated
for every variables. To determine differences in
anthropometric, fitness, and functional parameters
compared to half of the respondents and the age
category we were used Two-Factor Analysis of
variance of different groups (ANOVA). For
determining differences among a group of age
Bonfferony correction was applied. Statistical
significance was p<0.05..

3. Results

The largest number of respondents was in the age
group of 60-64 years (180 respondents) and males
(90 respondents) and women (90 respondents)
with increasing age group noticeable of the
downward trend in respondents. A statistically
significant difference (p<0.05) was observed in
body weight between subjects from 65-69 years of
age and 70-74. Also the difference is noticeable
with respondents 65-69 and over 80 years of age
(p<0.05). Noticeable is the significant difference
(p<0.05) between men and women regardless of
their age group they belong in the body height and
weight. By contrast no significant differences were
found in all weight height relations between men
and women older than 60 years.

In Table 2 we see that when it comes to flexibility,
there is no statistically significant difference
between respondents of different age after 60
years of old. Also, the parameters for the
assessment of agility and dynamic balance (eight
feet Test), there is no statistical difference between
groups. Respondents are most different in terms of
strength in lower and upper extremities. Decrease
in strength is observed with the aging process so
that the respondents aged 60-64 years significantly
differ in the strength of the lower extremities of
elderly subjects 70-74 and 75-79 years of age.
Also this difference is noticeable if we compare
men and women.When it comes to the upper
extremities are different groups of people from 60-
64 and 70-74 (18.16 + 4.87 vs 16.37 + 5.90
repetitions) years of age, both within the same sex
and in relation to the opposite gender. The
greatest heterogeneity was recorded in the
parameters of aerobic endurance where the results
of the progressive decline after60 years of age,
where they recorded the highest values (78.60 +
42).

Table 2. Parameters of Senior Fitness Test
(meanzSD)

Men

60-64 65-69 | 70-74 75-79 80>

Back scratch | -6.45+ | -9.03+ | -9.85% -7.98+ | -10.74+

(cm) 890 | 923 | 12.78 | 11.61 | 11.50

g:;'rrezéh A1+ | -60+ | 4.05: | 138+ | .73+
6.87 | 1053 | 9.43 824 | 9.00

(cm)

ggoot upand| 75>, | 810+ | 9.84+ | 7.84+ | 7.97¢

o 654 | 291 | 8.88 334 | 334

Chair tand in

cpartand in| 45.34x | 13.90¢ | 1445+ | 12432 | 1274

4.32%% | 587 | 5.05° 524" | 510
(sec)

Arm curl 18.16x | 16.54% | 16.37+ | 16.76% | 16.79%
(repetitions) | 4.87% | 6.19 | 590° 7.08 | 5.11

Twominutes | 70 60, | 7564+ | 67.44+ | 55.46+ | 73.68+

step test 42.9°% | 57.80% | 33.927 | 40.97%| 35.62
(repetitions)

Woen

60-64 | 65-69 | 70-74 75-79 80>

Back scratch | -7.76+ | -8.19+ |-11.29+ | -10.55+ |-7.38%

(cm) 8.99 9.54 13.13 12.84 9.23

Chair sit and 1.68+ | 2.14+ | 1.87+% 45+ | - 12+

reach (cm) 7.99 9.99 10.08 10.24 | 8.64

8footupand | 8.79+ | 8.64+ | 9.09+ 10.59+ | 8.93%
go (sec) 8.05 2.29 3.52 4.36 3.77

Chair stand

in 30 14.76+ | 1247+ | 11.49% 9.77+ [13.68%
seconds 553%% | 6.38 | 4.49° | 476" | 6.07

(sec)

Arm curl 15.19+ | 13.51+ | 12.98+ | 11.97+ |14.46+

(repetitions) | 4.85% | 559 | 547° 446 | 6.07

Twominutes | g 044 | 5656+ | 49.28+ | 40.71% |49.87+

step test 32.7"2 | 36.34% | 33.31° | 28.59" | 28.92
(repetitions)

*- statistically significant difference between age 65-69 i
70-74; || - statistically significant difference between age
65-69 i 80>; t- statistically significant difference between
age 60-64 i 65-69; - statistically significant difference
between age 65-69 i 75-79; Q- statistically significant
difference between age 60-64 i 70-74; # - statistically
significant difference between age 60-64 i 75-79

Pol
.lyluékarci

100+
OZene

o# ¥

801 Q
#1

60

Dvominutni step test

40+

204

T T T T T
60-64 65-69 70-74 75-79 80>

Figure 1. Differences between men and women

zvonko Miljkovié, Goran Spori$, Zeljko Vuki¢, Zoran Milanovié and Sasa Panteli¢ 197




4. Discussion

Promotion of healthy lifestyles of elderly persons
has risen in importance due to the dramatic
enlargement of these people during the past two
decades. The level of physical activity is often
used as a parameter for monitoring and assessing
population health and almost always associated
with a medical condition. This monitoring is
especially important for older people to prevent
many illnesses, but emergence inactivity and
reducing mortality rates [2].

The results of our research show that the total
body weight increased from 60-70 years of age in
men whereas in women unchanged (Table 1)
which was confirmed earlier studies Guo, Zeller,
Chumlea, & Siervogel, (1990).However, this must
be taken with caution because the study Visser et
al. (2003) reached opposite conclusions in terms of
body mass a person over 60 years of age. BMI
values suggest that it is the respondents excessive
body mass (BMI> 25) regardless of gender, which
may lead to the emergence of various chronic
diseases and reducing the capacity [1], because
obesity is considered one of the most important
public health problems and to evaluate the second
most common cause of mortality that can
successfully prevent [2]. Unlike studies Perissinoto
et al. (2002) where a lower BMI between the ages
of 65-75 than in the period between 75-80 years of
age in our study were recorded higher values in
the 65-75 period compared to the period after the
75th years of age. The results of these studies
have only confirmed the trend in most countries
where the recorded increase in the number of
obese older persons in the past two decades, so
has reached epidemic proportions.

In our study has noticeably decreased muscle
strength in men and women in the lower and upper
extremities with progressive increase in the
number of years. Decrease in muscle strength
during the aging process is the result of significant
loss of muscle mass which may cause the
decrease in physical activity but also increase the
risk of falls and injury occurrence in the elderly.
With the increasing sedentery lifestyle comes to a
significant loss of muscle mass and increased
body fat, regardless of gender. The results of this
study clearly show that men and women with
increasing age are becoming less active as
reflected by their muscular strength and
endurance. Namely, one may observe a
statistically ~ significant decrease in aerobic
endurance values in our subjects 60-64 years old
and subjects older than 75 years.

In this study, we found that there was an increase
in the amount of adipose tissue, reducing the level
of muscle activity and decreased muscle strength
and endurance of the aging process. The
combination of these parameters which are part of
risk group for cardiovascular and respiratory
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diseases of our respondents are exposed to many
times greater risk of developing these diseases.
Therefore their work ability and physical condition
are reduced. Negative factors that affect physical
performance, such as the excessive amount of
body fat should remove before the situation arises
that can not be corrected. Reduction of
subcutaneous adipose tissue prevents the decline
in physical fithess and work capacity. Physical
activity and training keeps you fit and functional
fithess, which decreases the aging process.
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Abstract

This paper attempts to present industry trends in
Republic of Croatia and development basis and
opportunities. From the point of view of nowadays
market situation development should be
understood as the strategic plan directed on
strengthening of market positions of the
companies in industry sector- as effective
satisfaction of requirements of its clients and
achievement of high business results. Small
enterprises play an extremely important role in
what concerns boosting economic growth and
generating employment. The effective
development is necessary for achievement of
competitive advantages of industry. For the
successful decision of practical realization of
industry it is necessary to formulate accurately its
purposes, to allocate indicators and current state
of industry. Fundamental indicators and elements
of industry are demonstrated through example
and experiences of Croatian industry in 2009,
2010, 2011 and activities for the improvement of
the industry sector in 2012.

Keywords:
Industry, Croatia, Development, Indicator,
Improvement

1. Introduction

Industry sector is key part of economy growth in
world like as in Croatia. Industry has been
changing because of new areas of industrial
production, new technologies and economy trends
that are based on knowledge- intellectual capital
as a key development factor. There is historical
and political role of industry trends in Republic of
Croatia- change of political system and war at
beginning of 1990 had impact on slowing down
and stagnation not only of industry, but on total
economic growth. Results are devastated
factories, stopping of production, lack of new
technologies, new products and innovations,
educated experts; loss of existing markets for
exports, process of transition and privatization ore
not implemented well. These are just only some
factors that slowed down industrial development
and influenced on negative industry trend of
modern times that should be transformed and
changed.

2. Croatian industry

Croatian industry is intensely changed- over the
last ten years has mostly been characterized by
radical manufacturing and productivity growth.
The effects of its restructuring are evident in many
areas, e.g. strengthening exports, development of
production processes, quality  standards
introduction, meeting ecology requirements and
achieving cost efficiency. These intensive
changes are part of restructuring process and
adaptation to the global competitive environment
and accession negotiations with the EU, which
include local industry and society adjustments to
European standards. “The consequences of the
global financial crisis were first noticed at the end
of 2008, taking the form of decelerating growth in
terms of manufacturing volumes, productivity,
employment and foreign exchange of goods in
2009. This negative trend in the industry
production has been observed until the end of
2010 when the further production decrease was
slowly brought to a halt [1].”

“Industry generates about 20% of Croatian GDP
and employs around 277 000 employees, or 25%
of total employment in Croatia. A significant
proportion of the total revenue realized by the
production of food and beverages, manufacture of
petroleum products, chemicals and chemical
products, metals and building materials, electrical
and optical equipment, manufacture of paper,
printing, and shipbuilding [2].”

Industrial products represent almost 97% of
Croatian exports, which along with the fact that
industry has the largest share in GDP in Croatian,
shows that the industry is leading branch of the
Croatian economy. Despite this fact, Croatian
industry in not developed enough. In last two
years industrial small and medium enterprises had
been rather dynamic. The main characteristic of
this period notes the increased number of closed
companies which couldn’'t deal with recession.
Decrease of unemployment rate and increase in
foreign exchange of goods is expected in the
upcoming period. Assumption is that notable
positive shifts in the international market would
rapidly ensure positive effects on the Croatian
economy, especially on exporters.
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It is important to support science and technology
development through innovations and inventions -
through finding of new demand and entering to a
new markets, implementation of joint investment
and establishing strategic partnerships with
foreign companies modern technologies and new
products, organization improvement, and
specialization and so on. A competent workforce
is highly educated professionals in the field of
engineering and computer technology, and
technology centers with technical faculties of
Croatian universities are a good basis for foreign
investment in advanced technology. More intense
activities, related to encouraging direct foreign
investments and transfer of technologies are
expected in all industries and industrial activities
related to environmental protection, waste
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management, power industry and energy
efficiency. Good opportunities for investment exist
with the privileges of the free trade zones and
industrial zones, which will further motivate the
industry to invest and the entry of new
technologies and new products for export, on
which the forecasts are based, and further growth
of industrial production in Croatia.

3. Indicators of Croatian industry

For better understanding of industry sector in
Republic of Croatia it is important to see current
state and economic trends. For basic information
there are key indicators about industry that are
shown in Table 1. and discusses in text below.

Table 1. Key indicators of Croatian industry in 2009. and 2010. [3]

Indicators 20009. 2010.
Total number of employed persons in industry 460654 423204
Average monthly Net salaries (Kn) 4805 4815
Average monthly earnings Gross salaries (Kn) 6890 6819
Value of products sold (Thousand kuna) 116 906 179 -
Export (MIn.Euros) 7529 8 902
Import (MIn.Euros) 15 220 15127

In Republic of Croatia in 2009 there was
economically active population of 1 498 784
employed persons, and in 2010 total number was
1 432 454. According to Table 1. the total number
of persons employed in industry in 2010 was 423
204 and in 2009 was 460654. “It is by 9% lower
than in December 2009 compared to December
2010. “In 2011 number of employers is
decreased for 3,2% [4].” Accordance with NKD
(statistical classification of economic activities)
statistics are different. “According to the NKD
2007. sections, in December 2010, as compared to
December 2009, the number of persons employed
in Mining and quarrying was by 16.2%, in
Manufacturing by 5.8% and in Electricity, gas,
steam and air conditioning supply by 1.5%
lower[5].”

Average monthly total gross earnings in Republic
of Croatia in 2009 was 7.711 HRK and in 2010
7.679 HRK. Average Net salaries in 2009 were
5311 HRK and in 2010 5343. In Industry Average
monthly earnings Gross salaries in 2009 were
6890 HRK in relation with 2010 salaries were
6819 HRK. Average Net salaries in industry in
2009 were 4805 HRK and in 2010 were 4815
HRK- ranging between 2,787 HRK in the clothes
manufacturing industry and 8,048 HRK in the
extraction of petroleum. In comparison of sector of
industry and services average gross salaries in
service in 2009 were 8145 HRK, in 2010 were
8119 HRK, and net salaries in 2009 were 5586

HRK, in 2010 were 5609 HRK. Comparison of
total earnings in Republic of Croatia and industry
and service sector shows that industry is most
undeveloped and earnings of employers are
lowest. Even industry in last twenty years had
reduced importance in Croatian economy;
industry is still one of the main levers of economic
growth in most countries around the world.
Croatia should develop and invest sector of
industry, especially in conditions of recession.
One of main reasons might be low level of
implementation of new technologies and
insufficient knowledge in industry as a key factor
of development.

According to the CBS 2009. reports, in 2009, as
compared to 2007 and 2008 the value of products
sold is decreased. In 2007 value of products sold
was 124 153 918, in 2008 was 134 399 6202 and
at the beginning of recession in 2009 was 116 906
179. That negative economic trends shows
stagnation of industry. For development of
industry sector it is necessary to restructure
industry. Croatian industry cannot be based on
traditional industries and economies with cheaper
labour. The lack of industrial policy has result
decrease of the economic growth of Croatia as
well as the transformation of the traditional
industry towards new industries. “The Croatian
industry as a whole has to be restructured
towards “new industries” based on
competitiveness achieved through knowledge,
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innovation, creativity, sustainable development
and advanced technology in all areas of operation
[6].”

In January 2011, industry (sections B, C and D)
employed approximately 236,158 persons (i.e.
21% of total employment with companies) in

Table 2. Value of industrial products sold and export [3]

13,870 active companies (12% of their total
number) and accounts for 18% of Croatian GDP.

4. Value of industrial products

Industrial products are classified in three sections:
B, C and D section. Statistical values of each
sector are shown below in Table 2.

20009. 2010.
Value of products sold Value of products sold
=d | = a according to NIP 2009., =d = @ according to NIP 2010.,
52 | 5 E| thousand kuna 52| 5 © | thousand kuna
£ 5 | €2 Total Of that, £ g5 €= | Total Of that,
SE | S5 § abroad S gl S § abroad
zo [=2= (export) e (export)
B Mining and 4 230 230 278 950 5302 136 261 524
quarrying 8 3 s | 9
— — — —
C Manufacturing 99 847 726 36 522 129 103514 089 | 44 399 295
M~ o~ Lo N~
— < N~ o
™ < - ™
™ ™ ™ ™
D Electricity, gas, 11 341 630 40915 11 276 823 40 379
steam and air
conditioning Q = 5 o
supply — N — —
E Water supply; 1486 593 4 385 1536 777 1726
sewerage,
waste
management
and remediation | & N R B
activities - — -
116 906 179 | 36 846379 | o 121 629 825 | 44 702 924
™ A
TOTAL S s Q 10
(ep] (a0} [ep] [ep]

Table 2. shows value of industrial products sold
and export in 2009 and 2010 of industry sector by
sections: B-mining and quarrying, C-
manufacturing, D-electricity, gas, steam and air
conditioning supply, E-water supply; sewerage,
waste management and remediation activities.
Because of recession number of enterprises is
decreased in 2010 because many of them weren’t
capable to deal with new economy. Some sectors
grow their activity, but many have stagnation of
development. As new technologies become
ubiquitous, firms must adopt and assimilate them
to gain and sustain competitive advantage. To test
this framework empirically, in a context (industrial
sector) in which a new technology has had
widespread influence, there are differences in
strategic responses to this new technology, and
there are differences in organizational resources.
There are a large variety of new manufacturing
technologies, not all of which are computerized.
The new manufacturing technologies allow a

drastic shortening of this life cycle in both the
design and the production stages. Croatian
industry in characterized by lack of new technology
and manufacturing processes. Computerization
and robots (can offer significant advantages in
flexibility, quality, labor and safety in manufacturing
processes in not jet implemented in Croatian firms.
Because of that domestic market is not
competitive on foreign markets and rate of export
of industrial products is very low. Table 2 shows
that in almost every sector rate of export in 2010 is
decreased in comparison with 2009.

On the other hand, other opportunity for increase
of value of industrial products that firms often
compete is through new products. In terms of
product life cycle theory, they start by introducing a
new, highly profitable product and proceed to the
growth stage. Croatian industry is not leader in
new products and don’t have developed system of
creating new products.

Lena Sigurnjak, Sanja Knezevi¢ and Miroslav Duspara 201



5. Activities for the improvement of the
industry sector in 2012

Industrial production fell for 1,8%in the first three
quarters of 2011th year fell by another 1.8%
regarded to the first three quarter of 2010, after the
decrease in 2009. and 2010. In the atmosphere of
the economic situation in the EU and its influence
on Croatia, in 2012 can be expected to continue a
three-year trend, and further developments will
depend on the economic situation in the Euro zone
and the measures of Croatian Government. For
improvement there are some activities that can
improve current state of industry production in
2012:

. In  cooperation  with Ministry  of
Entrepreneurship it is necessary to promote and
strengthening entrepreneurship and creates an
entrepreneurial climate. Through entrepreneurial
associations and other communities in the
Department of Industry encourage for stronger
engagement and creating strategies and their
implementation in order to establish the economic
system that is consistent and follow the sequence
of global market competition.

° Actively implement measures to support
organizations related to the funding and financing
of projects and programs that encourage small and
medium enterprises.

. To encourage the exchange  of
experiences in order to avoid mistakes and failures
and to ensure access of Croatian clusters to
European market, as well as to promote and
encourage cooperation between clusters with the
scientific community in the Republic of Croatia.

o Reform of the high-school professional
education and high education program within the
meaning of rating of market changes in the
occupational structure and programs;

° “Application of knowledge and innovations
in product development, investing in new designer
product solutions, investing in high-technology
solutions, and finally, sales and distribution in an
optimal way; forming of industrial design centre
which will offer help to implement design by means
of direct engagement of industrial designers in the
product; forming of Croatian certification centre” [6]
. Support the main  directions  of
development - strengthening of entrepreneurial
zones, completion of existing and new construction
facilities, especially use of products for export and
substitution import, credit lines for entrepreneurs,
development and support of start-up projects, an
increase of incentives, training and education for
entrepreneurs, export orientation, and construction
of business centers, zones and incubators. These
actions will support development of entrepreneurial
zones in order to attract domestic and foreign
investors

. Work on the project Developing
innovative business” simultaneously seek that
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Croatian Chamber of economy members have the
most benefit from these projects, in terms of
consultations, meetings with relevant authorities,
harmonization of views and attitudes, etc.

6. Conclusion

Republic of Croatia should recognize opportunities
that can expand industrial production. Croatia in
small country and it should not base it's production
through massive production, because small
economy can't compete large and cheap
economies from China or India or large economies
of EU or USA. The production should be based on
scientific-research work with high technology,
making quality Croatian brands and creation of
business climate which will attract direct foreign
investments. “As new technologies continue to
proliferate, firms in diverse industries increasingly
must respond” [7]. Future economic rents and
competitive advantage rests on the organizational
ability to assimilate new technologies in a timely
manner. It is important to affect rates of
innovations and investments (especially in
equipment and technologies). It is possible to see
how the optimum concept for creating of
investment opportunities has not been reached in
Croatia. So, it is important to support development
and investments in industry as a mail wheal of
Croatian economy.

7. References

[1] Croatian Chamber of Economy, Available:
http://www?2.hgk.hr/en/ [Accessed: 19-April-2012].
[2]Available:
http://www.hr/hrvatska/gospodarstvo/industrija
[Accessed: 8-May-2012].

[3] Authors have adjusted the data according to
Croatian bureau of statistics 2009&2010.
Available: http://www.dzs.hr/default _e.htm
[Accessed: 19-Mar-2012].

[4] Available: http://liderpress.hr/arhiva/142395/
Accessed: 22-May-2012].

[5] Croatian bureau of statistics ,Industrial
persons employed indices and labour productivity
index in industry, december 2010, first results”
Available:
http://www.dzs.hr/Hrv_Eng/publication/2010/02-01-
04 12 2010.htm

[Accessed: 23-May-2012].

[6] N. Drvenkar, A. Frajman-Jaksi¢, “Croatian
industry development guideline”s [Online]
[Accessed: 28-May-2012].

[7] R. Lee, R. Grewal, “Strategic Responses to
New Technologies and Their Impact on Firm
Performance”, Vol.68, Journal of Marketing,
October 2004.

Industry trends and developments in Republic of Croatia 202


http://www2.hgk.hr/en/
http://www.hr/hrvatska/gospodarstvo/industrija
http://www.dzs.hr/default_e.htm
http://liderpress.hr/arhiva/142395/
http://www.dzs.hr/Hrv_Eng/publication/2010/02-01-04_12_2010.htm
http://www.dzs.hr/Hrv_Eng/publication/2010/02-01-04_12_2010.htm

4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management

INTERNATIONAL CONFERENCE TEAN 2002 ‘e
Oetaber [7 - 18 2012 Slanski Brod Croste 2 \§."1 2

Slavonski Brod, 17" to 19" October 2012

THE EFFECT OF TWO MONTHS TREATMENT OF
DIVINE HEALTH PROGRAM ON THE PEAK
EXPIRATORY FLOW OF STUDENTS AGES BETWEEN
11 AND 14

Leonardo Gospodneti¢

Faculty of Kinesiology in Split, University of Split, Croatia
e-mail: gosp.leo@gmail.com

Abstract

The aim of this study was to determine if Divine
health program, which is based on two breathing
techniqgues, has an influence on the peak
expiratory flow (PEF). The program was tested on
the sample of 38 students, ages between 11 and
14, they were all healthy, without any physical
disabilities. The secondary aim was to teach
students how to breathe properly and also to
educate them how important it actually is. The
variables used in the survey were: PEFI (peak
expiratory flow initially), PEFF (peak expiratory flow
finally), RPEF. PEF was measured by assess peak
flow meter.

According to the results we can conclude that
Divine health program, in the period of eight weeks
(2 x 10 minutes a week, during the extracurricular
activities), is not enough to get statistically
important value increase in PEF Vvariable.
Concerning the length and frequency of the
treatment, those results were expected.
Nevertheless, during that time period, the students
learnt the deep breathing techniqgue and rapid
breathing in every second (kapalabhati).

Keywords:
deep breathing, kapalabhati (rapid breathing per
second), PEF

1. Introduction

Divine health program is a systematic and ancient
system that was founded by Sri Siva Kumar
Swamiji Nasimath and Swami Urgaya (longterm
qualified meditation and breathing techniques
teachers, founders of international charity
organization Divine Energy Park). This program is
intended for all people [1]. Divine health program
consists of breathing techniques, psychophysical
exercises and meditation, and the aim of the
program is to enable every individual to set himself
or herself free of deeply rooted stress and trauma
in an easy and practical way and to achieve the
harmony of all organic systems [1]. We used two
breathing techniques in this study; deep breathing
and a technigue of forced exhale per second which
is called kapalabhati (rapid breathing) or the Skull
Shining Breath.

Breathing is a process of taking the air into and
expelling it from the lungs as a consequence of
three-dimensional changes in thoracic and
abdominal cavities [2].

According to Kosinac (2008), from physiological
point of view, breathing has three vital phases:
oxygen and carbon dioxide diffusion between the
alveolus and blood, transmission of oxygen and
carbon dioxide by blood and tissue liquids to the
cells and back, and the tissue breathing. The first
process is called external breathing or lung
ventilation. The second process, gas transmission,
is a blood circulation in the function of cardio-
vascular system, and the third process is internal
bleeding or tissue breathing [3]. According to
Kosinac (2008), breathing exercises present a
process that can be identified as a degree of
strength needed for the movement (of pectoral
muscles and ribs), pectoral cavity and heart
contents, motor (diaphragm) and lower abdomen.
According to Urgaya (2011), there are four kinds of
breathing. Low or abdomen breathing is the
breathing during which the stomach expands by
inhaling and it shrinks by exhaling. Diaphragm
moves down while breathing in and it moves up
while breathing out. Middle or pectoral breathing is
the breathing in which pectoral cavity expands and
abdomen shrinks while inhaling; while exhaling
pectoral cavity shrinks and abdomen expands. In
comparison to the abdomen breathing, this kind of
breathing wastes more energy, does not massage
internal organs and brings less oxygen in the body.
High or clavicle bone breathing is the breathing in
which the top part of the pectoral cavity is used,
during that process pectoral and clavicle bones are
moved. Deep breathing is the breathing that
includes all three kinds of breathing; while inhaling
abdomen extends first, then pectoral cavity, which
is followed by the movement of pectoral and
clavicle bones. Diaphragm moves down with the
inhale and it moves up with the exhale, going back
to the initial position. Kapalabhati is a technique of
fast and forced expiration per second. Acharya
Balkrishna and co-workers tested the effects of
breathing techniques on various diagnoses, such
as obesity, diabetes, high blood pressure,
carcinoma, kidney function, arthritis, spondilits,
heart diseases etc. It was tested on the sample of
10039 subjects. After seven days of intensive
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breathing the final testing showed the following:
the tests on the function of lungs showed that 600
people improved the condition of respiratory
system, 59 % of obese participants lost 2 kg, 34 %
of them lost 10 kg, 43 % lost 2 to 5 kg and 6 % lost
5 to 10 kg. 457 of 743 participants with kidney
diseases showed improvement, and 286 people
showed improvement beyond expected values.
According to Acharya Balkrishna (2007),
kapalabhati cures heart and brain diseases,
asthma, sinuses and other problems with
breathing, constipation, it also regulates blood
sugar, artery blockading. Doing kabalabhati
exercises on regular basis cures constipation and
diabetes without taking medicines [4].

In 2005 Joseph, C.N. and his co-workers tested
the effects of deep slow breathing on the artery bar
reflex and blood pressure on people with
hypertension; it was tested on 20 subjects in the
experimental group and 26 subjects in the control
group. They proved that slow breathing lowers
blood pressure and improves the sensitivity of bar
reflex.

Acharya Balkrishna and co-workers tested the
effects of breathing exercises on the functions of
respiratory system; there were 500 subjects who
had problems with respiratory system. There were
300 subjects in the experimental group who were
tested before and after the camp. Forced vital
capacity, maximum willing ventilation and peak
expiratory flow rate were measured in this study.
The function of the lungs at 196 subjects showed
the results that were under average. They
practiced breathing exercises 2 hours in the
morning and 2 hours in the evening, and test
analysis showed statistically important difference
of 42.9% in the values of forced vital capacity,
maximum willing ventilation and peak expiratory
flow rate. PEF is a person's maximum speed of
expiration, which is achieved by the maximum
inhale followed by the maximum forced exhale;
and it is an indicator of ventilation, that is, speed of
the air flow through the lungs.

PEF is a good indicator of the lungs' condition and
possible obstruction of the airways. PEF
measurement method was introduced forty years
ago when the first PEF meter was produced. The
expected (or 'normal’) PEF value is not the same
for everyone; it depends on a person's age, sex
and height. There are several tests that are used
for the assessment of the respiratory system
function. These tests are often used for the
assessment of the functional or working abilities
and diagnosis or for the effects of kinesiological
treatments. People who are better adjusted to the
physical efforts by doing systematic exercises
have more effectual ventilation. Ventilation values
change during the childhood and puberty
simultaneously with the changes in
anthropometrical characteristics. During that period
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the development of the ventilation values of lungs
can be influenced by exercising and training.
Lungs function testing is an objective way of
checking the condition of respiratory system, it is
used in diagnosis, evaluation of therapy and clinic-
pharmacology tests. The tests are used for
measuring the lung volume and the air flow (or the
resistance to the air flow) in the airways. The
results of the tests are compared to the referent
(normal, theoretical) values, according to sex, age
and height..

2. Methods

The samples of the study were 38 students, ages
between 11 and 14, who attend Primary school
Vrpolje-Perkovié. Using t- test for independent
variables, we concluded that there are no
statistically important differences between sexes,
so the experimental group consisted of 20 students
(10 boys and 10 girls), and the control group
consisted of 18 students (9 boys and 9 girls).

For the assessment of the peak expiratory flow
values 1 test was used, PEF, PEFI in the initial
measurement, and PEF in the final measurement.
Peak flow meter Assess was used as a device for
measuring the peak expiratory flow. The
measurement took place in the school gym.

During the test the subject is standing and then
takes a deep breath in through the mouth, puts the
meter in the mouth and performs the fast
expiration. The highest of three readings is used
as the recorded value of the peak expiratory flow
rate. It is measured in I/mm.

Note: the results of the PEF measurement can be
falsely high values, so-called 'spitting maneuver,’
that is by throwing the air into the PEF meter by
tongue and cheeks. It is advisable to check the
PEF measurement technique with children in order
to be sure in the correctness oft he results.

The initial measurement was done in February
2012, and the final measurement was done in April
2012. After the initial tests, certified Divine Health
Program teacher taught the students of the
experimental group two breathing techniques;
deep breathing technique and technique of fast
breathing per second (kapalabhati). Experimental
group practiced breathing techniques in the period
of two months, 2 times 10 minutes a week, as an
extracurricular activity.

Deep breathing technique is performed while
sitting down in good posture with legs crossed,
eyes closed, hands positioned on knees in the
supination position. While breathing in the air, it
expands stomach first, then the thoracic cavity and
thoracic and clavicle bones. Diaphragm moves
down while breathing in and it moves up while
breathing out, going back to its initial position. The
deep breathing technique is performed during the
period of 5 minutes. The technique of fast exhaling
per second (kapalabhati) is done while sitting down
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in good posture with legs crossed, eyes closed,
and hands positioned on knees in the supination
position. The inhale is natural (the stomach is in its
initial position), and the exhale is forced, with the
abdomen. While inhaling we contract all stomach’s
muscles and lower abdomen muscles (stomach
must move towards the spine as far as it can). We
do not hurry or strain ourselves. The rest of the
body must be calm and relaxed (face, neck, arms),
only the chest lightly moves up. We make one
exhale per second [1]. The exercise lasts 5
minutes. Note: if the chest moves down, we
breathe with the upper part of lungs which in not
the proper way. The proper way to do it is to
breathe so that stomach moves towards the spine
while exhaling.

Arithmetic mean, standard deviation (SD), the
lowest and the highest results (min and max), a3
(asymmetry coefficient), a4 (coefficient) were
calculated by descriptive analysis. Distribution
normalities were tested by Kolmogor-Smirnov
procedure. Statistical importance of difference
between the initial and the final values of the peak
expiratory flow rate and the influence of Divine
Health Program was tested by t-test for
independent variables.

46,05 in the final measurement of the peak
expiratory flow (PEFF) in comparison to the initial
measurement of the peak expiratory flow, that
indicates increase oft he results values with all
subjects in experimental and control group. There
is also greater dispersion of the final results in the
standard deviation values.

Table 2. t- test results for independent samples
between experimental (n1=20) and control group
(n2=18) in PEFI, PEFF i RPEF

PEFI PEFF RPEF
AS; 348,50 395,00 46,50
AS, 360,00 405,55 45,56
SD; 67,84 78,37 30,83
SD, 66,95 71,14 60,22
t -0,52 -0,43 -0,06
df 36,0 36,0 36,0
p 0,60 0,66 0,95

Table 2 shows the values of t-test on independent

The results were processed by the program
Statistica 8.0 (StatSoft, USA).

3. Results and discussion

Table 1. Descriptive analysis of the distribution
normalities using K-S test (n=38)

PEFI PEFF RPEF
A 353,95 395,00 46,05
Min 250,00 270,00 -60,00
Max 500,00 570,00 130,00
SD 66,76 74,22 46,41
o 0,29 1,49 -0,33
oy -0,53 0,94 -0,27
max d 0,140 0,104 0,139
p p>.20 p>.20 p>.20

Legend: PEFI- peak expiratory flow, the initial
measuring; PEFF- peak expiratory flow, the final
measuring; RPEF- difference between the initial
and the final peak expiratory flow

Kolmogorov-Smirnov test shows that the variables
are normally distributed, that is, they do not
significantly deviate from the normal distribution,
because the maximum deviations between
cumulative and theoretical proportions (MaxD) are
lower than border deviation value (0,21). Due to
that, variables are a good precondition for the
further statistical data analysis. If we look at the
arithmetical means, we can see an increase of

samples that were applied for differentiating the
control and the experimental group in the initial
and the final measuring of PEF (peak expiratory
flow) values. We can see that there was an
improvement of the PEF results in both the
experimental and the control group, but it is not
statistically important. Results also do not show
statistically important differences between the
initial and the final measuring. Due to the fact that
the increase of the PEF values in the experimental
group, in comparison to the control group, is
statistically insignificant, we can conclude that
Divine Health Program did not have a statistically
important influence on PEF variable, which was
expected considering the length and frequency oft
he treatment.

4. Conclusion

The influence of Divine Health Program on the
peak expiratory flow (PEF) was tested in this
study. It was tested on the sample of 38 students,
ages between 11 and 14. All students were
healthy, without any visible physical disabilities or
aberrations.

Using T test on independent samples we
concluded that Divine Health Program does not
have a statistically important influence on the peak
expiratory flow (PEF) in a period of 8 weeks (2x10
minutes a week, as an activity that is not included
in the obligatory school subject). Those results
were expected considering the length and
frequency of the treatment. According to that, we
can conclude that the given time period of 8 weeks
was not long enough to be able to get statistically
important higher PEF (peak expiratory flow)
values. Nevertheless, that period was long enough
to teach children the deep breathing technique and
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kapalabhati technique and to educate them about
the importance of breathing for human body and

health.

5. References

(1]

(2]
(3]
[4]

(5]

(6]

[7]

(8]

&l

[10]

[11]

Urgaya, S.,Babi¢, K. (2009). Program
Bozanskog Zdravlja-Disanje, meditacija i
kozmi¢ko punjenje. Park Bozanske
Energije. Zagreb.

Kaminoff, L. (2007). Anatomija joge.
Znanje.d.o.o. Zagreb

Kosinac, Z. (2008). Kineziterapija sustava za
kretanje. Sveudiliste u Splitu.Split

Balkrishna, A. (2007). Yog in sinergy with
Medical Science. Divya Prakashan, Patanjali
Yogpeeth, Maharishi Dayanand Gram, Delhi-
Hardwar Highway, Bahadarabad.
Uttarakhand. ABIM (A Bibliography of Indian
Medicine).

Joseph C.N., Porta, C., Casucci. G.,
Casiraghi, N., Maffeis, M., Rossi, M., Bernardi
L. (2005). Slow breathing improves arterial
baroreflex sensitivity and decreases blood
pressure in essential hypertension.
Department of Internal Medicine, University of
Pavia, IRCCS Ospedale S. Matteo, Pavia,
Italy.

Lakhera SC, Kain TC, Bandopadhyay
P.(1994). Changes in lung function during
adolescence in athletes and non-athletes.
Defence Institute of Physiology and Allied
Sciences, Delhi Cantt, India

Shankarappa V., Prashanth P., Nachal
Annamalai, Varunmalhotra (2012). The Short
Term Effect of Pranayama on the Lung
Parameters. 1-4. Vinayaka Mission’s Medical
College, Tamil Nadu, India.

Shivakumar, G., Krishnamuoorthi, P., Rekha,
B., Kirtana, M. i Manjunatha, S. (2011). Acute
effects of deep breathing for short duration (2-
10 min) on pulmonary functions in healthy
young volunteers. Manipal University. Manipal
Sodhi,C.,Singh, S. i Dandona,P.K. (2008). ] A
study of the effect of yoga training on
pulmonary functions in patients with bronchial
asthma. Christian medical college. Ludhiana
Upadhyay Dhungel, K.,Malhotra, V.,Sarkar,
D.,Prajapati, R (2008). Effect of alternate
nostril breathing exercise on cardiorespiratory
functions. Nepal Medical College Journal.
Nepal

Urgaya, S.,Babic, K. (2011). Duboka
meditacija —Meditacija na zvuk. Park
Bozanske energije. Zagreb

4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management
Slavonski Brod, 17" to 19" October 2012

The effect of two months treatment of divine health program on the peak expiratory flow of students ages between

11 and 14

206



AR

INTERNATIORAL C
Detaber 1719 200

4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management
x2®12 Slavonski Brod, 17" to 19" October 2012

ANALYSIS OF ERASMUS IMPLEMENTATION WITHIN
LIFELONG LEARNING PROGRAMME

Sanja Knezevié !, Lena Sigurnjak ! and Josip Tukara?

'University of Applied Sciences of Slavonski Brod, Slavonski Brod, Croatia
“Faculty of Economics in Osijek, Osijek, Croatia
*Corresponding author e-mail: Sanja.Knezevic@vusb.hr

Abstract

The reality of world today is described by
significant, dynamic and complicated changes
during the past decades. In such situation, there is
an increasing need for the learning of individuals
and development of educational institutions. As a
result of the globalization challenges, the
European Union has recognized education and
knowledge as essential elements of the knowledge
based society and economy. The objective is to
make the European Union the most dynamic and
competitive knowledge society in the world.
Mobility of individuals in higher education of today
has a clear role to develop knowledge based
society and intercultural dialog within academic
community, to discuss cultural values and to face
the worldviews. Erasmus programme provides the
opportunity to take part in study exchange visits at
partner institutions throughout Europe. The aim of
this work is to point at the need of the Erasmus
Programme and more active involvement of
educational institutions into the process of mobility
in order to better creation of its future. This work
analyses Erasmus implementation within Lifelong
Learning Programme and shows the most active
countries in this process.

Keywords: Erasmus programme, Mobility, Higher
Education, European Union, Knowledge

1. Introduction

The development of academic mobility as well as
any other form of international exchange could
lead the world to be a better place. Erasmus
programme has in time become one of the most
popular exchange programmes. The university is a
place of constant self-evaluation and growth so
Erasmus helps Europe's universities and other
educational institutions to work together towards
modernizing curricula, funding and improving the
quality of higher education. A partnership within
the higher education sector encourages different
models of joint activities and innovative projects at
international level and also contributes to more
openness and internationalization. Involvement in
Erasmus mobility contributes to development of
students’ technical communicational and linguistic
skills, to team work capabilities, problem solving,
independence and self-initiative boost.

2. Lifelong Learning Programme

“The Lifelong Learning Programme is the
educational programme established by the
European Commission for the purpose of
supporting learning opportunities across Europe.
The Lifelong Learning Programme budget will be
used for funding actions such as study exchanges,
study visits and networking activities. Projects are
intended not only for individual students and
learners, but also for teachers, trainers and all
others involved in education and training.”[1]
Within LLP there are sub programmes focuses on
different levels of education and training and
continuing previous programmes: Comenius for
schools, Erasmus for higher education, Leonardo
da Vinci for vocational education and training and
Grundtvig for adult education. This work research
Erasmus programme for higher education.

3. Erasmus programme

The Erasmus Programme (European Community
Action Scheme for the Mobility of University
Students) is a European Union exchange
programme for higher education students, teaching
and non-teaching staff and institutions established
in 1987. The Erasmus Programme, together with
other independent Programmes, was incorporated
into the Socrates programme established by the
European Commission in 1994. “The Socrates
programme ended at the end of 1999. and was
replaced with the Socrates Il, Programme which
was replaced by the Lifelong Learning Programme
2007-2013 on 1 January 2007.” [2]

The programme’s main objective is to improve the
quality and increase the number of student and
teaching and non-teaching staff mobility
throughout Europe. It also aims at strengthening
the multiculturalism the personal meeting of people
from different countries. Erasmus encourages
student and staff mobility for work and study, and
promotes trans-national cooperation projects
among universities across Europe.

The European Union finances the programme.
“The budget of the Lifelong Learning programme is
approximately 7 billion € for the years 2007 to
2013 with 440 million € annually going to the
Erasmus-programme.” [3]

The programme is open to the 27 Member States
of the European Union but also countries with an
EU associated status with EU member country.
Erasmus actions include support for: “Students
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(studying abroad, doing a traineeship abroad,

linguistic preparation), Universities/higher
education institution staff (teaching abroad,
receiving training abroad), Universities/higher

education institutions working through (intensive
programmes, academic and structural networks,
multilateral projects) and Business (hosting
students placements, teaching abroad,
participating in university cooperation projects)” [4]
Higher education institutions which want to
participate in Erasmus activities must have an
Erasmus University Charter. The Charter aims to
guarantee the quality of the programme by setting
certain basic principles.

Student mobility for studies enables students at
higher education institutions to spend a certain
period of study of between 3 months and 12
months in another participating country. Student
mobility for placements enables students at higher
education institutions to spend a placement period
between 3 months and 12 months in an enterprise
or organization in another participating country.
Teaching staff mobility enables staff to spend a
teaching period between 1 day - and 6 weeks or at
least 5 teaching hours at a higher education
institution in another participating country. Staff
mobility for training enables teaching and other
staff of higher education institutions to spend a
period of training between 5 days and 6 weeks in
an enterprise, organization or a higher education
institution in another participating country.
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The Erasmus Intensive Language are specialized
courses in the less widely used and less taught
languages organized in the countries where these
languages are used as teaching languages at
higher education institutions. The languages which
are not eligible for EILC are English, German,
Spanish and French.

An Intensive Programme is a short programme of
study which brings both students and teaching
staff from higher education institutions of at least
three participating countries. It can last from 10
continuous full days to 6 weeks of subject related
work.

Erasmus Preparatory Visits were introduced as a
new Erasmus action at the beginning of the
Lifelong Learning Programme in 2007. “The main
objective is to help higher education institutions
establish contacts with prospective partner
institutions in other participating countries and
prepare participation in the different actions of the
Erasmus programme. These grants can be used to
visit new prospective partner institutions, or an
enterprise, to establish future cooperation.” [5]

3. Erasmus implementation

The academic year 2007./08. was the first year of
Erasmus programme under the newly established
Lifelong Learning Programme. Since the beginning
of the Erasmus Programme in 1987 the number of
students and teaching and non-teaching staff
going on mobility has increased every year and
continued up to now that is shown in Table 1.

Table 1. Implementation of Erasmus programme [6]

Erasmus actions 2007. /2008. | 2008. /2009. | 2009. /2010.
STUDENT MOBILITY 183000 198600 213266
studies 163000 168200 177705
placements 20000 30400 35561
STAFF MOBILITY 32000 36400 37776
teaching assignments 27000 28615 29031
training periods abroad 5000 7800 8745
INTENSIVE LANGUAGE COURSES 4894 5200 5386
INTENSIVE PROGRAMMES 11822 13560 16984
ERASMUS PREPARATORY VISITS 56 200 309

Table 1. shows a statistical overview of the
implementation of the Erasmus programme in the
academic years 2007./08., 2008./09. and 2009./10.
The table shows the overall performance of all the
different types of actions within the Erasmus
programme (student and staff mobility, intensive
language courses, intensive programmes, and
Erasmus preparatory visits) and compares results
with the results in the previous years.

In the first year under the Lifelong Learning
Programme 183000 students went abroad to study
or to do a placement in an enterprise. Next
academic year 2008./09. there has been an
increase of 8.7%. In 2009. /10. there has been an
increase of 7.4% compared to the previous

academic year. In 2007./08. there were 32000 staff

mobility. 2008./09.

represents an

increase of

13.57% compared to the previous year. In next
year 2009./10 there has been an increase of 3.8%.
In 2007./08. 4894 students participated in EILC
courses. Next year there has been an increase of
6.4%. and in 2009./10. an increase of 3.4%. The
total number of participants in the Intensive
Programmes organized in 2007./08 was 11822,
including both students and teachers. There has
been an annual increase of 14.7 % compared to
the previous academic year and an annual
increase of 25.25 % compared to the 2008./09. In
the academic year 2007./08. 56 Erasmus
Preparatory Visits took place. In the next 2008./09,
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there has been an significant increase of 257%.
and in 2009./10., there has been a lower increase
of 54.5% compared to previous year. In the period
under review there has been an increase of all
Erasmus actions from 2007 to 2010.

Currently 33 countries are participating in the
programme and almost all higher education

institutions in Europe are involved. The most
popular countries with a highest number of
outgoing students and teaching and non-teaching
staff of all the different types of actions within the
Erasmus programme are shown in Table 2.

Table 2. The most popular countries with a highest number of outgoing students/teachers [7]

Erasmus actions

2007. /2008.

2008. /20089. 2009. /2010.

STUDENT MOBILITY
Studying abroad

Germany (26286) | France (28283) | Spain (31158)
Spain (22556)

Spain (24399) | Spain (27448)

Staff Training

Placements France(3298) France (4723) | France (5787)
ERASMUS STAFF MOBILITY Poland (3112) Poland (4341) | Poland (4443)
Teaching Assignments Germany(2681) Poland (3079) | Poland (2967)

Poland (652)

Poland (1262) | Poland (1476)

Erasmus Intensive Language Courses | Germany (1016)

Germany (991) | Germany (922)

Erasmus Intensive Programmes

France (1120)
Belgium (292)

Germany (905) | Italy (1091)
Germany (291) | Italy (466)

Erasmus Preparatory Visits -

Bulgaria (39) Germany (61)

Table 2 provides a statistical overview of the
implementation of the Erasmus programme in the
European countries in the academic years
2007./08., 2008/09. and 2009./2010. It analyses
the percentage of increase/decrease and
compares results with the results in the previous
years.

In student mobility the biggest share of outgoing
Erasmus students in 2007./08. came from
Germany. In 2008./09. France sent the 8% more
students. The largest number of outgoing Erasmus
students was in 2009./10. from Spain with a 10, 6
% increase. Spain is a country that sent the
highest number of students on Erasmus student
mobility in all academic years. There was every
year an increase, in 2008./09. was an increase of
8,17%, and in 2009./10 an increase of 12,5%. The
country with the highest number of outgoing
students on Erasmus placements was France in
academic years. There was every year an
increase, in 2008./09. was an increase of 43,2%
and in 2009./10 an increase of 22,5%.

Poland is the most significant country in Erasmus
staff mobility. It is the country with the highest
number of outgoing staff mobility’s in all academic
years. In 2008./09. there has been an increase of
39,5%, and in 2009./10. significantly reduced an
increase of 2,34% compared to previous year. The
highest number of outgoing teaching assignments
in 2007./08. was in Germany, but next two
academic years was again recorded in Poland. In
2008./09. There has been an increase of 14,8%
and in 2009./10. decrease of 3,64%. The highest
numbers of outgoing mobility’s for staff training
were also from Poland in all academic years.

There has been a significant increase in 2008./09.
of 93,55% and 16,95 % in 2009./10.

Germany is most significant country for Erasmus
Intensive Language Courses. It sent the highest
number of EILC participating teachers in all
academic years. Unlike others Erasmus actions
there has been every year decrease. In 2008./09.
participated 3,47% less teachers and in 2009./10.
7% less compared to previous year.

In Erasmus intensive programmes France is the
country with the highest number of outgoing
students and Belgium with outgoing teachers in
2007./08. In 2008./09. the highest number of
students and teachers participating came from
Germany. There has been decrease of students
(20,2%) and unnoticeable decrease of teacher
(1%). In 2009./10. country with the highest number
of participating students was Italy. There has been
recorder an increase of students (20,5%) and
teachers (60,30%).

There is no information about preparatory visits in
2007./2008. But in next 2008./2009. Bulgaria sent
the highest number of participating people on
preparatory visits. In 2009./10. it was Germany,
with an notable increase of 56,41 % compared to
previous year.

The most popular countries with a highest number
of incoming students and teachers of all the
different types of actions within the Erasmus
programme are shown in table 3.
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Table 3. The most popular countries with a highest number of incoming students/teachers [8]

Erasmus actions 2007. /2008. 2008. /2009. 2009. /2010.
STUDENT MOBILITY Spain (31129) | Spain (33172) Spain (35389)
Studying abroad Spain (27204) Spain (28175) Spain (29328)
Placements France(3389) Spain (4997) Spain (6061)
ERASMUS STAFF MOBILITY Germany (3474) | Germany (3781) | Germany (3775)
Teaching Assignments Germany (2927) | Germany (2913) | Germany (2947)
Staff Training UK (615) UK (896) UK (969)
Erasmus Intensive Language Courses | Italy (986) Italy (1345) Italy (960)
Erasmus Intensive Programmes - - Italy (1483)

Italy (555)
Erasmus Preparatory Visits Germany (21) Bulgaria (39) Turkey (56)

Table 3. provides a statistical overview of the
implementation of the Erasmus programme in the
European countries in the academic years
2007./2008., 2008./09. and 2009./10. Spain
received the highest number of students on
Erasmus student mobility in all academic years,
both in study abroad and placements, except
France which received the highest number of
students on placements. There has been an every
year increase in all Erasmus actions. The UK
continued to be the most popular destination in all
academic years with a 45,7% increase in 2008./09.
and 8,14% in 2009./10. compared to previous
years. The most popular destination in all
academic years for Erasmus staff mobility was
Germany. In 2008./09. there has been an increase
of 8,83% and in 2009./10. 1,2%  decrease
compared to previous year. As in staff mobility
Germany was the most popular destination country
for teaching assignments. There has been a
unnoticeable 1,5 % decrease in 2008./09. and in
2009./10. an increase of 1,5 %. The most popular
destination for staff training was the UK. ltaly
received the highest number of EILC participating
teachers in all academic years. In 2008./09. there
has been an increase of 36,4% but in 2009./10.
there has been a decrease of 29%. In Erasmus
Intensive Programmes data are available only for
2009./10. ltaly was the most successful country. It
received the highest number of students as
teaching staff. Germany was the country with the
most preparatory visits in 2007/08. In 2008./2009
most preparatory visits were organized to Bulgaria.
There has been an increase of 15,3%. In
2009./2010 Turkey hosted the highest number of
preparatory visits with 43,5% increase compared
to previous year. The most popular destination for
students is undoubtedly Spain and for staff
Germany and UK. For EILC and Erasmus
Intensive Programmes it is Italy. Only Erasmus
Preparatory Visits has various countries.

4. Conclusion
Mobility of people in higher education of today has
a clear role. These processes take place mainly at

the level of individuals but also have an enormous
impact on whole educational system. Every year
more and more students as teaching and non-
teaching staff are participating and Erasmus is
becoming more and more popular. Over the years
over 2 million students have participated in the
programme. They covered nine tenths of the
European universities and over thirty countries.
This number rises every year. All countries need to
invest more to improve the quality of education and
training at all levels. For most the European
countries, participation in Erasmus has contributed
in many ways. It is therefore important to broaden
cooperation as well as opening up and
modernizing all higher education institutions and to
increase number of participants in countries that
until now didn’t have recorder a major move.

5. References

[1] Agency for Mobilty and EU Programmes,
http://www.mobilnost.hr/index_en.php?id=5
[Accessed: 19-April-2012]

[2] http://www.unierasmus.com/index.php/english
[Accessed: 02-May-2012]

[3] European Commission, Education & Training,
http://ec.europa.eu/education/lifelong-learning-
programme/doc78 en.htm [Accessed: 02-May-
2012]

[4] Erasmus - Facts, Figures & Trends. The
European Union support for student and staff
exchanges and university cooperation in
2009/2010, Luxembourg: Publications Office of the
European Union, 2011

[5] European Commission Erasmus — Changing
lives, opening minds for 25 years, Luxembourg:
Publications Office of the European Union, 2012
[6] Authors have adjusted the data according to
http://ec.europa.eu/education/erasmus/doc/stat/rep
ort0809.pdf [Accessed: 15-May-2012]

[7] Authors have adjusted the data according to
http://ec.europa.eu/education/erasmus/doc/stat/rep
ort0809.pdf [Accessed: 22-May-2012]

[8] Authors have adjusted the data according to
http://ec.europa.eu/education/erasmus/doc/stat/rep
ort0809.pdf [Accessed: 23-May-2012]

Analysis of Erasmus implementation within Lifelong Learning Programme 210


http://www.mobilnost.hr/index_en.php?id=5
http://www.unierasmus.com/index.php/english
http://ec.europa.eu/education/lifelong-learning-programme/doc78_en.htm
http://ec.europa.eu/education/lifelong-learning-programme/doc78_en.htm
http://ec.europa.eu/education/erasmus/doc/stat/report0809.pdf
http://ec.europa.eu/education/erasmus/doc/stat/report0809.pdf
http://ec.europa.eu/education/erasmus/doc/stat/report0809.pdf
http://ec.europa.eu/education/erasmus/doc/stat/report0809.pdf
http://ec.europa.eu/education/erasmus/doc/stat/report0809.pdf
http://ec.europa.eu/education/erasmus/doc/stat/report0809.pdf

AR

INTERNATIORAL C
Detaber 1719 200

4™ International Scientific and Expert Conference TEAM 2012
Technique, Education, Agriculture & Management
x2®12 Slavonski Brod, 17" to 19" October 2012

THE ORGANISATION OF THE EUROPEAN
VOLLEYBALL LEAGUE IN SLAVONSKI BROD AND
MARKETING ASPECTS

Hrvoje Sivri¢"’, Martina Jankovié?

'University of Applied Sciences of Slavonski Brod, Slavonski Brod, Croatia
Former student of University of Applied Sciences of Slavonski Brod, Slavonski Brod, Croatia
* Corresponding author e-mail: hrvoje.sivric@vusb.hr

Abstract

The aim of this paper is to demonstrate the
possibilities and the application of sports marketing
as an essential tool and segment in planning and
realization of sports competition organisation, such
as European volleyball league in Slavonski Brod.
Apart from the theoretical approach, this paper
also shows, through practical examples, the
significance of marketing activities in the sports
events organisation system for sports events
organizers, for active participants of competitions
and also for spectators who exchanged the sports
product with their counterparts. Sports product in
this paper, is defined as a key element of
marketing which in this example, was the sports
competition. From the birth to the execution of an
idea, it is necessary to plan a series of activities for
which the goals will be set, to realize them and in
the end, to analyse the possibility of accomplishing
those goals.

Keywords: marketing, marketing activities, sports
product

1. Introduction

Sport is the need and the privilege of every human
and an ideal instrument for learning the essential
life skills [1]. In accordance with that definition, the
significance of organized sport, which was
nourished in ancient Greek, Chinese and Egyptian
culture, has finally led to sport as we know it today
— an industry composed of a massive spectre of
sports competitions that vary on the scale from
local to global proportions. Jago and Shaw defined
the sports competition as a special event of high
prestige, which attracts large groups of people and
great media attention, requires substantial financial
investments and is appealing to the hosts region.
Furthermore, it serves as a tool for joining the offer
and demand of various services and it leaves a
certain heritage [2]. The afore-mentioned definition
is a link that shares the joy of a sports consumer
with the sport, the economy and the industry, and
the contentment of those interests represents the
activities of sports marketing.

Marketing in the sports competition system, is an
instrument that is used for transferring the financial
burden of hosting a sports event onto the sports
consumers, in this case onto the spectators in

Slavonski Brod, which are typical sports fans.
Sporting event is a show always unrepeatable,
special and unique. Not one sports event is self-
consistent; it is comprised of a series of planning
procedures and execution of all the necessary
steps that are essential for its actualization.

2. Competition organisation

Planning of an event is a process that takes place
in a period from the birth of an idea of organising a
competition. It consists of making a business
project that involves several crucial steps [2].
Goals: it is necessary to determine why this
competition should be held, what can be
accomplished by it, what are its benefits and how
those benefits can be achieved; are there any
political, socially-cultural, infrastructural, economic
and/or sports advantages and in what time frame
can they be achieved [2].

The main goal of organizing the European league
was the popularization of volleyball in Slavonski
Brod and Brod—-Posavina County. But the
volleyball club found itself in a difficult financial
situation after the end of the season, so the
secondary goal of organizing this kind of
competition is defined as an opportunity for
acquiring profit which is essential for keeping the
club active in the coming seasons.

The concept of the competition realization: it is
consisted of defining the structure of competition
execution and determining how the competition
should be realized. It is also important to take into
regard the range and the significance of the event,
the time period of its realization, the location and
the place of holding the event, needed and
available facilities, the targeted market etc. The
analysis of sports event feasibility: it is necessary
to make an outline of the business project which is
in accordance with the beforehand defined goals. It
is necessary to define the resources (physical,
financial and human) and the conditions for
realizing the project. One of the most important
actions during this phase, but also during the
whole process of making the business project, is
calculating the profitability that proves the
economic and social justification of organizing a
sports competition [3]. Decision making [2]: by
defining all the goals, the physical, the financial
and human resources, by doing certain analyses in
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order to avoid mistakes (that occur in practice) in
advance; you get results basis on which can be
determined if it is possible to successfully organize
a big sports event in Slavonski Brod. The
competition management is consisted of an
honourable committee that is comprised of the
most significant people from organizational and
socially-political structures and their task was to
ensure the financial resources. The afore-
mentioned approach has surely boosted the
importance and the rating of the competition, and
therefore it was of crucial significance for the
competition in the period of making strategic
decisions. The organization committee: one the
basic tasks was to make key operative strategies
in capacitating the needed infrastructure (facilities,
equipment etc.), transport, accommaodation, quality
competition conditions, security etc. The executive
committee: it was the heart of the organization and
it was under the organization committee’s
jurisdiction. Its assignment was to directly conduct
all the decisions and set tasks. The executive
committee of the European league in Slavonski
Brod had 5 members. The small number of
members resulted in overburdening each particular
member. Each member took care of multiple
organizational segments. But owing to the devotion
of the members, all of the assignments were
realized in the given deadlines. The key segments
of the sports competition organization that affect
the creation of positive or negative attitude of all
the participants (competitors, high officials, the
media, spectators), besides the organization of the
competition itself are: transport, accommodation,
quality  competition  conditions, = competition
security, the media (press and TV), accreditation
centre, volunteers, organizers’ offices. There are
two sources when sports financing in general is
mentioned: budget (public) means and non-budget
(specific) means. A mixed model of the two types
of financing is the most common one in practice
[3]. The European volleyball league in Slavonski
Brod is financed with the mixed model of financing.

3. The marketing aspects of the competition
Sports marketing is a social process in which the
individuals and the society get what they need and
what they want by applying the marketing concepts
and with the help of a number of activities that
enable the exchange of sports products and
services in the market [4].

In the case of the European league in Slavonski
Brod, the exchange consisted of the organisers
and active participants of the competition (players,
coaches) that have exchanged the sports product
with the counterpart — the spectators.

A marketing mix was made with the aim of
recognizing the sport from a marketing aspect as a
product, by considering the factors that affect the
valorisation of the sports event and its image, by
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stating the arguments that indicate to
understanding and comprehending the sports
competition as a product and a media, and as a
contemporary means of market communication [5].
The product: a critical element of the marketing
mix and in this example, it is the sports
competition. There is a possibility here for the
application of the concept of sports marketing for
sports as a product, treating the mere factors of
sports events as a market for sports — industry
products. During the making of a marketing plan,
the sports product had been attempted to be
defined in the mentioned example. It is also
essential to define whether a sports result can be
marketed as a product, does it have its buyer and
what is the demand for a sports result in the
Slavonski Brod market. The elements of the sports
product that had been attempted to be used in the
case of the European league organisation: the
service of watching the sports competition which is
intangible and unique; the sports event that is the
sports product by itself; a mutual buying-selling
relationship or a bought ticket; a wide range sports
auditorium, a mass media character; television
coverage; potential advertisers through a process
of representing themselves on a potential market.
It is important to also mention the factors that
dictate the visitation rate of a sports event and they
are: the suspense and the tension, attractiveness,
the quality of the rivals and the event, a quality
marketing approach. The needs and the privileges
of attending the competition were ensured by
marketing activities, for the sports consumers and
spectators in Slavonski Brod, which are typical
sports fans. Needs: to be excited and thrilled, to be
a part of the group and to fill their free time. The
privileges: the thrill of the game itself, rivalry with
the opposing fans, other commodities that the
sports facility has to offer. Marketing activities
through which the organiser tried to accomplish the
goals: the price which in this case represents the
value of the sports product and significantly affects
the profitability [4]. The basic elements used for
determining: usage of the sports facility,
equipment, aiding tools and specific surface,
financial means for athletes’ preparation, other
program participants and the market value of the
competition. Distribution consists of activities that
ensure the flow of goods and services from
producer to consumer. The primary goal of
distribution in this case was to offer the sport
product through various activities. The organiser
had to devise a plan for the distribution of
promotional material on places with high visitation
rate, like shopping malls, volleyball clubs etc.
Tickets and shirts with European league logotypes
were sold. The price of the ticket for one game was
10,00 kn and the price of the shirt was 50,00 kn a
piece. Promotion is the communication with the
consumers, getting them acquainted with the
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product. A good promotion before and during the
sports competition is one of the key elements for
success. The shirts were given for free if a person
buys tickets for four games. The promotion in
general was joined by the women volleyball team,
which the visitors used as an opportunity to take
photographs and also promote the competition in
that manner. Propaganda, a paid form of
representing that is transported to the targeted
group by media [6]. The billboard on Slavonski
Brod’s main square was also used for promotional
purposes. A quality presentation of the coming
events was provided by setting up a jumbo banner
on such an attractive location. The promotional
activities for the European league started months
before the start of the competition, through
personal promotion by holding press conferences
where the organisers would state the significance
and the aim of the European league organisation.
Besides the promotional material, the plan must
also contain the strategy of advertising which
includes a direct marketing, namely local and
regional newspapers, television and advertising at
the event location. The aim was to make people
aware of the coming event and to provide
exposure to local partners and official sponsors.
Slavonsko-brodska TV and Radio Brod had daily
announcements in their programme for European
league games, but also gave tickets and shirts.
The publicity, which is an unpaid form of promotion
and is more valuable than propaganda, was
accomplished in cooperation with Moto club
“Brod”. They organised a motorcycle entourage for
the teams to the SD “Viju§” sports facility. Two
motorcycle groups welcomed the teams in front of
their hotels and then escorted them to the sports
facility. The motorcyclists and the teams’ buses
both had police escort. Besides a great interest of
passer bys, the guests’ impressions were very
positive. Public relations, knowing the role and the
meaning of using the advanced instruments of PR,
were also represented in the marketing plan
through  continuous  representation:  public
appearances, publicity in order to ensure a
sufficient number of spectators during the
competition, but also in order to attract the
maximum attention of the media. Then there is
maintaining a positive attitude. During the games,
a shirt giveaway was organised. In order to induce
a greater and louder support from the spectators,
shirts were given to the loudest ones. The
interaction with the spectators was achieved by
throwing the ball in their direction on the stands.
The spectator that would catch the ball would get a
gift package from the sponsors.

4. The effects of the European league
organisation in Slavonski Brod

The positive effects of the European league
organisation are manifested in the successful

organisation of the whole competition and its long
term legacy. Looking from a marketing aspect, the
main goal was achieved, and that is the
popularization of volleyball in Slavonski Brod and
Brod-Posavina County [7]. Different age groups,
motivated by this event, have started to show
interest in the clubs activities and volleyball, in
general. Besides the increased number of
registered members of volleyball school, there are
more and more recreational volleyball teams that
now have their own amateur league on a local
level. From a socially — political aspect, a quality
promotion of the town of Slavonski Brod and Brod-
Posavina County was also achieved which was
partially helped with teams’ receptions at the
mayor’s and county prefect’s offices. They showed
their appreciation for hosting such important event
by attending the games. During the competition,
about 200 guests resided in different town
accommodations, which resulted in a good
occupancy of the accommodation capacity.
Slavonski Brod presented itself as an extraordinary
host and as a town with a great tourist potential.
The club didn’t accomplish its secondary, namely
financial goal and therefore wasn’t able to use the
opportunity for acquiring profit which is essential
for club’s functioning in the coming seasons.
Organizing the European league didn’t succeed in
the role of a generator of positive economic effects
for the club. On the contrary, it caused some
unexpected costs, but also misunderstandings with
certain sponsors that didn't pay the agreed
amounts. Because of the negative financial result,
ZOK “Marsonia” wasn't able to settle its
obligations.

5. Conclusion

The paper shows and clarifies the structure of the
organisation of the European league in Slavonski
Brod, especially from a marketing aspect. The
main aim of this paper is to show the marketing
tool, the way it functions, its advantages, but also
to show which parameters should be observed
when organizing this kind of sports competition.
During planning, the organiser has to set realistic
and adequate goals that should be achieved when
organizing a sports competition. It is also
necessary to determine a clear vision with a quality
management, a mission and a strategy of entering
the market, but also to economically and socially
justify initiating such a project. If the conditions for
accomplishing the set goals are still present after
the necessary analysis, the organisation
preparations can start. The organizers of the
European volleyball league in Slavonski Brod have
set two goals: popularization of volleyball in
Slavonski Brod and acquiring profit. The goals
were planned to be achieved by the sports product
exchange which in this case, was the sports
competition. The sports product in this paper is
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defined as a key element of marketing. The most
important elements of the sports product that were
attempted to be used as a marketing tool in the
example of organizing a European volleyball
league were: the service of watching a high quality
sports competition (not many examples in
Slavonski Brod); a sports event (as such, it has
multiple consumers); attractiveness, suspense and
the tension that a high quality sport can offer.

A well conducted promotion of the sports product,
namely the competition, through a set of the
mentioned activities, affordable price and a quality
distribution of the product, have attracted a large
number of sports consumers to the competition.
Those are the key elements to success of applying
the marketing concept in the area of sports. The
results of that can be seen in the fact that the
European league left a significant mark in
Slavonski Brod. Slavonski Brod was exposed in
the media and it was presented to a broader public
as a good host. The guests got in touch with the
culture, the tradition and the sights of a town from
which they left with some nice memories. It was
also a great honour for the volleyball club to be a
host to such a big competition that through
marketing (defined by a sports product), in its main
goal resulted in attracting a large number of new
members in the volleyball school. Unfortunately,
the European league brought financial problems
for the club that left a mark on the sports results in
the next period. The executive committee of the
competition consisted of only five members whose
tasks were very demanding and required their full
devotion. Thanks to their devoted work, the
conditions of the competition were quality worthy.
The financing presented a big problem for the
organizers. Significant oversights occurred during
the planning of this segment, which resulted in a
negative financial result. Some of the sponsors
that were promoted on the banners, the posters,
the tickets, even on the court itself, haven’t paid
the agreed amounts. In order to prevent these
kinds of faults in the future, it is necessary to
define the rules of sponsorships more clearly.
From the moment a sponsor pays the agreed
amount of money, it is considered an official
sponsor of the competition. The organizers’
assignments in Croatian sports are usually done
by managers of different expert profiles. Sports
managers have to be experts that have acquired
their knowledge, skills of managing and other
abilities through education and experience in a
particular sport. In contemporary Croatian sport,
that level of expertise, according to statistics
available in literature, has been reached only in
certain areas of sports business.

Note: This paper is result of a final thesis of former
student at the University of Applied Sciences of
Slavonski Brod.
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Abstract

The aim of the paper is refer to resources how to
increase management performance and efficiency
in field of industrial companies. We try to refer to
opportunities which could be useful and applicable
and should lead to performance improvement. The
paper also discusses about factors effecting
organizational and management efficiency.
Keywords:

Management, performance, efficiency, motivation,
social climate, ergonomics

1. Introduction

We live in a time that is very dynamic. The current
dynamics of business environment causes that the
management must focus on performance and
efficiency of corporations at all levels — it is based
primarily on corporate strategy. Success and
business performance increases proportionally
with the willingness and ability to lead companies,
to know business wealth generating activities such
that they should operate effectively and such to
take quality decisions which will have benefits for
customers and also help in fulfilment of corporate
goals[1]. Increasing business performance can be
achieved by consistent orientation to: motivation
for improved performance, ergonomics and
working environment, social climate and managing
organizational performance.

2. Organizational performance and efficiency
Every corporation has determined goals. To fulfil
this target setting they need to find adequate
personnel on the labour market. This is the reason,
why it is necessary for all corporations to ensure
employees who will supply desired power and
contribute to the achievement of business goals.
Job performance refers to the degree of the tasks
generating the job, means not only the quantity
and quality of work, work behaviour and other
characteristics considered important in the context
of performed work [2].

According to Wagnerova job performance
indicates the result of work activities performed at
certain times and under certain conditions [3].
Other work performance concept says that it is a
prerequisite  performance; in other words,
performance is "the ability to submit power" [4].
Many authors concerned with the issue of job
performance (efficiency) the two concepts are

often confused, take them as synonyms and in
most cases speak of the "work performance” [5].
Performance management (PM) includes activities
that ensure that goals are consistently being met in
an effective and efficient manner.

Work performance management combines
improvement of individual job performance, team
performance and organizational performance,
development of employees work skills and their
adaptation to the value of employer [2].

3. Factors affecting performance and efficiency
The term efficiency means the maximum
achievable job performance, or ideal desired
power. In the performance of tasks human
normally applies only a part of their potential
output, so there is a remaining power reserve
which allows full regeneration of work force [6]. In
addition, human performance is affected by other
factors:

= Motivation for improved performance

= Ergonomics and working environment

= Social climate

= Performance management and its evaluation

-

y

/ ERGONOMICS '

\/\/;

/

5 2D
[ E ANAGEME 28 )
2 PERFORMANCE 3
\g & EFFICIENCY ™ //

[/ \
| PERFORMANCE

'\
MANAGEMW/

—~— —

Figure 1. Selected areas influencing
management efficiency
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4. Motivation for improved performance

The ability of humans to create useful outputs and
be efficient in terms of the company depends on
the quality of the corporate work organization, from
the knowledge, skills for the job and the quality of
working environment. When these factors met
determining importance for human performance is
the degree of motivation. The organization can be
powerful in a long term only if employees are able
and motivated [7].

Motivation can inspire, encourage, and stimulate
individuals and teams to achieve great
accomplishments. Motivation can also create an
environment that fosters teamwork and collective
initiatives to reach common goals or objectives [8].
It is the combination of a person's desire and
energy directed at achieving a goal. Motivation can
be intrinsic, such as satisfaction and feelings of
achievement; or extrinsic, such as rewards,
punishment, and goal obtainment. The biggest
motivational mistake is to think, that ,all people are
motivated by the same thing*“ [9].

Throughout the study and application of
motivation, managers must know what motivates
each team member. The encouraging impact of a
human needs analysis provides the manager with
the abilty to understand what teams and
individuals desire most from their work and allow
an ability to uncover the variety of basic human
needs and motivators to improve collective
performance [8].

5. Ergonomics and working environment
Ergonomics deals with the comprehensive concept
and designing work environment and health with
the aim of reducing the human effort to increase
efficiency and effectiveness. The benefits are
proven in the form of pleasant feeling from work,
increasing work performance, and reducing errors.
The results of the application of ergonomics
knowledge are reflected in higher quality of work
environment, higher  productivity, increased
efficiency, satisfaction, and welfare at work and
after work.

In view of working conditions provision the
corresponding ergonomic directives are especially
considered in the following:

= lighting,

= colour treatment,

* noise level,

* microclimatic conditions.

Lighting of the working environment directly

determines:

= process, the quality and quantity of the
performed work,

= psychological readiness of employee to give
the best performance.
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To avoid the negative effects of lighting, there
should be worked-out an optimal light regime for
each workplace.
Colours affect the perception of space, length,
height and distance, distinguishing objects, feeling
hot and cold (warm colours — active and dynamic;
cool — relaxation), as well as emotional atonement
of a man at the moment.
Noise in the work environment does cause harmful
interference, make people nervous, makes the
communication difficult, and causes also loss of
concentration, and increased error rate.
Microclimatic conditions defined by the subjective
feeling of being well or unwell, can be considered
in extreme cases as harmful pollutants with
adverse effects to human health. These are
mainly:
= air temperature (unsuitable temperature
conditions in the workplace adversely affect
thermoregulatory processes of the employee,
which also affects psychological processes),
= humidity and air flow — the draft may be
sensed by the staff as a negative experience,
= smell or odour in the workplace (may initiate
sympathy or antipathy).

6. Social climate

“Pleasant working environment, young and
dynamic collective and an opportunity for personal
growth...” These are formulas such the employers
are generally characterize a group of people who
works for them. Sometimes it's really true, at
another times behind these words are hiding
another meanings. It must be noted that the
conditions for fair employment relationships or
working collective are created by all teammates,
colleagues.

Correct working and interpersonal relationships
creates a productive climate, which has a very
positive impact on individual, team and company-
wide performance. Relations (employer, employee,
unions, associations, customers, public, teams)
have a formal and informal aspect. The side
effects of relations are conflicts, which are a
common cause of human resources work and style
of leading people in the company. Effective tool of
conflict prevention and creation of healthy working
relationships is working system of communication
[10].

In a world of globalization and rapidly changing
technologies that control the world and all
organization are working without national and
cultural borders, trying to achieve and maintain
market leadership. Managers must motivate
people with very different cultural background,
experiences and leadership style and cooperate
effectively through time zones. If the multicultural
teams are correctly developed, they can
significantly contribute to growth and success of
the organization. We may note therefore, that
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global teams with culturally different members —
managers could be the most permanent source of
competitive advantage for any company. Many
studies show that this diversity of human capital
really leads to increased creativity and work
efficiency [11].

7. Performance management and its evaluation
Performance management is a process of
evaluating progress toward achieving
predetermined goals. In the field of human
resources is used to maximize the performance of
human resources and there through helping
businesses to achieve strategic goals.

From the perspective of ensuring the stability of
company, that is to say ability to respond to
changing conditions and ability to actively influence
their environment, are an essential factor
possessing an undeniable impact on the
performance of people — staff of the company.

The concept of work performance management is
featured an effective performance management
staff in order to achieve the total business
performance. This is a connection of the overall
performance with the performance of individuals
and teams, with emphasis on employee
performance so that most contributes to the aims
of the organization.

The principle of work performance management in
relation to overall corporate performance is
knowledge of links between the indicators of job
performance and business strategy. This should
be evident not just for the top management but
also for the employees, who are able to identify
their contribution to the fulfilment of business
performance [1].

Importance of evaluation of job performance
consists in the fact that the company management
has got detailed information about its employees,
which allows better planning of their mobility,
should guide their professional development and
performance as well as proper use of their working
and creative potential [12].

8. Conclusion

We live in a time, when the global economic crisis
still persist and influence the course of most large
companies. That's why almost every day talking
about the performance and efficiency of
companies respectively efficiency of its managers,
who stands behind the success of companies.
Successful enterprises reach for all the possibilities
of improving the performance of their managers. A
suitable combination of the above sources
contributes as much as possible to increase the
creative potential and performance of all
managers.
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Abstract

The main aim of the paper is to describe the
differences between theory and practice in the field
of customer relationship management (CRM). We
would like to point out which kind of concepts
theory prefers and what is the true reality that is
reflected in practice. The best for theory and also
for practice is to find problems in practice describe
them and bring solutions. These two views on the
issue of CRM should be linked together and not
different, as it works now.
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1. Introduction

In today's highly competitive world, enterprises are
increasingly aware that it is important to focus on
customers and their needs. Theory compares two
principles: customer centric and product centric.
Enterprises, that prefer a product centric approach
are a rarity in today's market, or provide such
inimitable product and have a monopoly on the
market. The other enterprises have to “fight” for the
new and also existing customers.

The customer relationship management (CRM) is
based on strengthening customer relationships
through reliable high-quality interactions and the
effective implementation of commitments by using
the most appropriate facilities [1].

2. CRM - Theory

Theory defines CRM as a number of strategies

and technologies which are used to build stronger

relationships between enterprises and their
customers. An enterprise will store information that
is related to their customers, and they will spend
time analysing it, so it can be used for this
purpose. We can say that CRM is built on four

main pillars [2]:

e People - the knowledge and skills of employees
is the ability to meet customer needs. Unskilled
employees can hurt not only customers, but
also directly to the enterprise,

e Technologies — tools (information technology)
that enable the application of modern customer
relationship management and a large number
of customers. Technologies allow sharing of
data about customers and their simple search,
sorting and analysis,

e Processes - good function
streamline the CRM,

e Data - information necessary to know about the
customers. For the successful running of a
business is necessary to know when and what
the customer wishes and in the right moment to
meet him his wish. The data are necessary to
updated regularly. It is not enough just to have
enough information, but it is important to
provide further relevant information to the
competent employee who is in contact with
customers so that they can use it at the
appropriate time. Not only to collect data, but
also the possibility of retaining the accumulated
data, retrieval and analysis of sorting according
to lead to full-fledged customer relationship

processes

e
‘ ’ Processes | Data . r‘

management [2].

Figure 1. Main pillars of CRM

These pillars have to work together and if one of
them is not enough strong, whole CRM do not
work correctly. CRM pillars are very important also
for practice. Especially main role plays people,
because people actions influence all the other
pillars.Customer relationship management is the
"philosophy" of enterprise, which helps to improve
customer interactions, to build and improve
relationships with customers and thus increase
competitiveness [1].

CRM is not a fad. It is an underlying principle of
interacting with customers or clients, and it is
something that all enterprises should practice. All
executives need to understand CRM as a
corporate  strategy.  Customer  relationship
management helps enterprises to gain an insight
into the behavior of their customers and modify
their business operations to ensure that customers
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are served in the best possible way. In essence,
CRM helps a enterprises to recognize the value of
its customers and to capitalize on improved
customer relations [3].

3. CRM - Practice
Comparing situation with CRM in western states of
the European Union and CRM in the Slovakia, we
find out that in Slovakia CRM is obviously lagging.
The most commonly is CRM used in trade and
services, telecommunications, and very notably
absent in the factories.
The following studies of the experience of various
professionals who deals with customer relationship
management, presents reasons why customer
relationship management is so important in all
spheres of business and also highlight the usage
and errors in the use of CRM.

1.) KaSuba, experts in the customer relationship
management provides the following facts [4]:

e acquire a new customer is 5-10 times more
expensive than maintaining the existing,

e company loses annually 10-30% of its
customers in average,

e reduce the number of customers leaving a 5%
increase in profit can bring up to 85%,

e 68% of customers leave indifferent approach to
business, and only 14% for dissatisfaction with
products and services.

These facts illustrate how important it is to know

the business, deal with customers and manage

customer relationships.

2.) Another survey was prepared at the Faculty of

Business Management, University of Economics in

Bratislava in 2007. Survey deals with terms of

marketing research experience in  Slovak

enterprises as well as implementation of customer
relationship management in enterprises [5]. The
application of CRM survey revealed the following

results [5]:

e 34, 3% of enterprises use customer contact
manager,

e 13.7% reported having a CRM system,

e 11, 8% of the declared use of call centers,
businesses that are not considered CRM
system,

e 7.8% reported having a comprehensive
customer contact center, CRM system that
integrates with the modern call center.

3.) The third survey was developed by Vit

Chlebovsky in the Czech and Slovak Republic in

2005. Survey was focused on the perception and

usage of customer relationship management in

different types of businesses (small, medium,
large, manufacturing, trading, providing services)
with different numbers of clients. The survey

involved 16 companies including 8 production, 5

providing services and 3 businesses, in size 8

medium-sized enterprises, 5 large and 3 small

businesses [3].

Managers have to give the perception of CRM in a

broader context [3]:

e 6, 25% said they understand the functionality of
customer relationship management,

e 68.75% understands customer relationship
management software as an application,

o 25% perceive customer relationship
management in a broader context.

The use of CRM in the enterprise survey described

as follows [3]:

e 37.5% does not use customer relationship
management,

e 56.25% using customer relationship
management limited, not completely,

e 6, 25% use customer relationship management.

The level of CRM in Slovak companies was
analyzed by the Ing. Luboslava Novotna, PhD. In
eastern Slovakia, empirical research was
conducted on a sample of 261 firms in 13
industries in the industrial and services relating to
the detection levels of Slovak companies in the

CRM, with a focus on knowledge and level of

customer relationship management. Empirical

research has found the following facts.

Confirmed the high degree of customer orientation

[6]:

o the lack of sufficient information about

customers,

e no provision is made for internal information
sharing,

e is not fixed responsibility for producing record
after each contact with customers,

e top management does not pay enough time
and space-related problems with customers,

e managers do not require the analysis of
customers by profitability,

e the objectives are rarely evaluated in a
guantitative way according to specific
customers.

Another research was conducted at the University

of Zilina led by William Lendel. Implementation of

research on a sample of 73 companies operating
mainly in the Zilina region was diagnosed level of

Slovak companies on CRM, focusing on issues of

knowledge and level of customer relationship

management. Generally speaking, the average
level of knowledge, with a sense of neglected
essential points and details of CRM, companies
that bring success in other European Union
countries and USA. Understanding the principle of

CRM correctly shows only 21% of surveyed

companies, which agrees with the view that it is a

shift in corporate strategy and customer needs.

Most companies surveyed (63%) understands

CRM as a service to customers, providing

information to traders (10%) or the area of

information technology (5%). [7]
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According to the present research and experiences
from practice we find out these main findings about
CRM:

Enterprises are familiar with CRM, but only few of
them also use CRM,

Customer satisfaction survey in enterprises,

Small number of enterprises use for customer
relationship management CRM software systems,
Performance targets are rarely evaluated in a
guantitative way according to concrete customers,
Level of CRM is based on industry in which the
enterprise operates and also it's based on
ownership structure of the enterprises,

Situation with CRM utilization in industrial
enterprises in Slovakia and Hungary is very
similar,

Competencies for customer
management are divided
departments in enterprises.
Top management does not pay enough time and
space for customer related problems.

Organization place their customers to the hands of
entry level employers, these employers are poorly
trained poorly paid and also on the other hand
poorly motivated.

relationship
among several

8. Conclusion

The corporation modification to become customer-
centric while still expanding revenue and profit is
one of the hottest strategies in business today. The
customer relationship management (CRM) is
based on strengthening customer relationships
through reliable high-quality interactions and the
effective implementation of commitments by using
the most appropriate facilities. The dynamic
market, competition, changing of customer needs
and rapid development of information technologies
creates opportunities for the benefit of new and
effective tools to bring companies more profit.
Customer Relationship Management has rapidly
become one of the leading competitive business
strategies in the new millennium. CRM is about
managerial efforts to manage business interactions
with customers. CRM systems offer a combination
of these tools, the latest IT technology and
marketing philosophy [1].
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Abstract

The objective of this paper is to discuss the
different way of presenting basic notions in
calculus, such as limits, infinity and asymptotes, for
the university students of technical disciplines.
Vergnaud's Theory of Conceptual Fields is used to
examine the development of student's schemes.

Keywords:
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theorems-in-action, asymptotes, WinPlot.

1. Introduction

Calculus is an important tool for building
mathematical models in a lot of disciplines, such
as physics, mechanics and economics. The main
problem in understanding and manipulating some
mathematical notions is that the mathematical
concept is not correctly understood but its
manipulation is acceptable or the concept is
understood but it isn't adequately manipulated. The
present study is a research on conceptualization
processes of students faced with specific calculus
tasks.

The main theory used as reference is Theory of
Conceptual Fields of Gérard Vergnaud.
Conceptual field is a set of situations for which
solving processes imply schemes, concepts and
theorems in tight connection as well as language
and symbolic representations, likely to be used for
representing them [1].

Theory of Conceptual Fields considers any
concept to be a triple of three sets, C = (S, I, R):

S - the set of situations which give meaning to the
concept;

| - the set of invariants on which the operationality
of the schemes is based;

R - the set of linguistic and non-linguistic forms
which allow the concept, its properties, the
situations and processing procedures to be
represented symbolically [2].

Situations are responsible for the sense attributed
to a particular concept [3]. The relation that the
subject establishes when faced with a situation is
mediated by schemes. The components of the
schemes are anticipations of the objective, rules of
action, operational invariants and possibility of
inferences.

The operational invariants contained in the subject
schemes are responsible for the meaning
attributed to the situation and are completely

based on the theorems-in-action and on the
concepts-in-action. They guide the recognition of
the elements belonging to the situation. The
operational invariants imply the construction of
stable objects of thought, which allow the
construction the subject's rules of actions.
Theorems-in-action refers to the mathematical
relations considered by students when they
choose some concept to solve the given problem.
These theorems are implicitly held by students and
are generally not articulated. They cannot be
called theorems in a traditional sense. They can
have applications as they are used by students in
problem solving but have lesser validity than
conventional theorems. Sometimes they may even
be wrong [6].

Denise Grenier presents different examples of
conceptualization of some mathematical notions in
her course of Theory of Conceptual Fields [7].

2. Method

24 participants in this study were students
attending the first year of Bachelors degree at the
Faculty of Materials Science and Technology of
the Slovak University of Technology. Interrogate
students followed the lessons of Mathematics 1.
This calculus course is compulsory for all study
programmes at the faculty. The objective of the
course is to provide an understanding of solving
algebraic equations, some basics of matrix
calculation, limit calculation, evaluating limits using
L’Hospital’'s rules and an understanding of
differential and integral calculus.

We limit here our considerations to definitions of
asymptotes in terms of limits. The objective of this
didactic situation is to develop students' ability to
use limits at infinity and infinite limits to determine
asymptotes for the graph of a function and to show
how the use of mathematical programs Maxima
and Winplot in this course [5] help students in
order to assist the understanding by providing an
experimentation framework with visualization
facilities.

Students were asked to find all vertical, horizontal
and oblique asymptotes for the following function.

_x3+2

fx)= 7,

)

The following general directions were presented to
students.
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e Draw the graph of this rational function in
Winplot.

e Determine in which values make
denominator zero, these values will be the
a.

e Evaluate the one-sided limits at x = a to
find the vertical asymptotes. You can use
the find limit command of Maxima.

e To find the other asymptotes y = kx+q, you
need to find the following limits at infinity:

k= lim 1K) )
x—>to0 X
q =lin(f(x)— kx) (3)

You can use program Maxima to validate
your calculations.

e Draw all asymptotes and make sure that
your answers are consistent with the
graph.

In what follows, we identify students' theorems-in-
action and rules, which allow the generation of the
subjects’ sequence of actions and describe
students' schemes in terms of operational
invariants.

This is a qualitative research, in which we analyze
the data obtained through observations and
discussions with students during the didactic
situation presented.

3. Results

Understanding the development of the concept of
one-sided limits and limits at infinity suppose to
situate in the conceptual field of Mathematical
analysis. An individual's schemes of calculating a
limit include goals, anticipations, rules of action,
operational invariants and inference possibilities
[4].

The theory of conceptual fields makes its possible
to identify in these didactic situations the following
concepts-in-action: domain of a function, left side
limit, right side limit, infinity, vertical asymptote,
obliqgue asymptote, equations of a straight lines,
limit at infinity, indeterminate forms of limit,
L’Hospital’s rule.

The theorems-in-action that are taken by the
students to evaluated the one-sided limits at x = a
are:

The limit of function f(x) as x approaches a from
the right is +oo .

The limit of function f(x) as x approaches a from
the leftis —o .

The easiest way to approach these one-sided
limits is geometrically. A frequent strategy used by
students was to estimate this one-sided limits
numerically, then evaluate this limit in Maxima
using the find limit command and finally to check it
from a graph.
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The following theorems-in-action have appeared in
evaluating the limits of rational function at infinity:

The indeterminate limits form 2 gives a
e}

numerical value 1.

For evaluating the indeterminate limit's form 2,
o0

the quotient rule of differentiation will be use.

The indeterminate limit's form oo —o gives a

numerical value 0.

Many of students calculated this limits at infinity

using algebraic simplification. The application of

L’'Hospital’s rule was missing or if it appeared,

students did not correctly use it.

Finally, students have drawn all asymptotes in

program WinPlot and so visually make sure their

answers.

It is important how these different components of

the students' schemes can constitute indicators of

the way in which they are constructing knowledge.

4. Conclusion

The theory of conceptual fields employed here
provided a useful language to analyze how ideas,
which the subjects have already connected up, are
organized, and which concepts and theorems-in-
action to solve problems students have followed.
The conceptual field framework can be useful to
help teachers in organizing their didactic situations
that depend on better understanding of the
conceptualizing process of students.
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Abstract

Different scenario generation methods are
compared with risk-averse financial decision
problems. Second-order stochastic dominance
(SSD) can be used to formulate models involving
random  conditions, simulating  risk-averse
behaviour. Multivariate distributions can be well
described by Copula functions, the models can be
calibrated and according to the calibration random
numbers are then generated. An analysis of the
optimal results for dominance maximization
problems is given. The data for this analysis is
generated using various scenario generation
methods: Copula functions and different one-
dimensional generalized extreme value (GEV)
distributions.

Keywords:
stochastic dominance, scenario generation

1. Introduction

SSD is a good choice for solving portfolio selection
problems where risk-averse behaviour is essential
for adequately modelling investor decision making.
However, using SSD for solving this problem is
computationally demanding because finding SSD
efficient portfolios is a model having a number of
infinite objectives.

For modelling the collective behaviour of random
parameters we can use Copula functions. By
applying this method we can separately consider
the marginal behaviour of the random variables
and the dependence between them.

2. Stochastic dominance

Let R and R’ be random returns. Let Q be a

probability space with probability measure P and

field of measurable sets A/ Let the random

variables be integrable R, R’ ¢ £* = £*(Q, M, P).

Second-order stochastic dominance (SSD) can be

defined by three equivalent conditions:

i. E(UR))zE(U(R)) true where U is a concave
nondecreasing utility function with existing finite
expected values.

i. E(t-R]+) < E([t-R’].) true fort eR

iii. Taily,(R) = Tailg(R’) true for 0 < a <1 and by

Tail,(R’) shows the unconditional expectation of
the least a percent of the outcomes of R.

In (i.) the concavity of the utility function marks the
risk-averse behaviour. The equivalence of (i.) and
(ii.) is shown in [1]. The equivalence of (ii.) and (iii.)
can be found in [2]: here Tailg(R) is considered a
function of a, and E([t-R].) a function of t. These
functions are convex conjugates.

When (i.), (ii.) or (iii.) hold then we say that R
dominates R’ with respect to SSD, R 255p R’. The
corresponding strict dominance is R >ssp R’
meaning R 2ssp Rand — (R’ 2ssp R).

This paper focuses on portfolio returns. Let n be
the number of investment assets at the beginning
of a determined time period. By X = (Xg, ..., X,) € &
we denote a portfolio, the proportions of the
portfolio value invested in the different assets.

R indicates the returns of the assets at end of the
investment period. R is an n-dimensional random
return vector. Our assumption is that the elements
of R are in £*. If we consider R having realizations
of different scenarios, then it can be described by a
discrete distribution. Taking this assumption into
account, the random return of an x portfolio can be
defined by Ry = x;R; + ... + x;R,.

Let X={x e £ | x=0, x, + ... + x, = 1 } denote the
set of feasible portfolios. We say a portfolio x* is
SSD-efficient if there is no feasible portfolio x for
which Ry >ssp Ry

There are several SSD models we can review. We
will examine two models, based on the SSd
definitions (ii.) and (iii.).

Let us assume that a reference random return R
with discrete distribution is given. For example, this
reference return could be the return of a
benchmark portfolio or a stock index.

Using this reference return, Dentcheva and
Ruszczynski [3] consider an SSD constrained
portfolio optimization model according to the SSD
definition (ii.):
max f(x)
x €X 1)
Ry 2ssp Rref

In the above model f is a concave function,
specifically, f(x) = E(Ry). The authors prove that
when the random return vector has finite discrete
distribution, the SSD relation can be defined by a
finite system of inequalities. For the above
assumption of finite discrete distributions, the
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authors also develop a duality theory having the
dual objects as concave nondecreasing utility
functions.

Roman, Darby-Dowman and Mitra [4] describe a
model according to definition (iii.). Here, they
assume having finite discrete distributions with
equally probable outcomes. It is proven that the
SSD relation R, 2ssp Ryes can be described by a
finite system of inequalities:

Tailiy (Ry) > Taili (Rrer), Vi=1...5 @)

In the above system S is the number of the equally
probable scenarios. This model chooses an x
portfolio whose return distribution R, comes close
to the reference return Ry in a uniform sense.
Uniformity is denoted by differences among tails.
The worst tail difference is denoted by 9 =

minizlms(Taili/S(Rx) - Taili/S(Rref)).
By maximizing 9 we can consider the following

multi-objective model whose Pareto optimal
solutions are SSD efficient portfolios:

max

9 ER

x €X ®3)
Taili/S(RX) > Taili/S(Rref) +9 Vi=1..S

The origin of the above model can be traced back
to [5] and [6].

It often occurs, that the used reference distribution
is not SSD efficient. In these cases the model
improves until SSD efficiency is attained.

The model (3) has been implemented and tested
on 51 real-world assets with data from 710
realizations.

3. Scenario generation

For generating data for our model we used several
scenario generation methods. The most complex
method, using Copula functions has been chosen
for modelling the collective behaviour of the
random parameters. The other methods involve
built-in distribution functions as the generalized
extreme value (GEV) one-dimensional
distributions. We also tried mirroring the GEV
distribution in order to better fit our historical data.
This distribution we called minGEV.

In this section we will focus on the Copula
functions.

In [7] it is proven that given an m-dimensional
distribution function F with marginal distribution
functions F; . Fp, there exists a function C: R™ — R
for which F(zy, ..., zm) = C(Fu(zy), .-, Fm(zZm)),
Zy,..,Zm € R. Additionally, if the marginal
distribution functions F; ..., F, are continuous then
C is unique. The C function is called copula
function.
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In our analysis we used the Gaussian copula
function:

Cp(Fl(zl), ...,Fm(zm)) = @

q)m,p (cD_lFl(Zl)f R CD_IFm(Zm))

having ® the one-dimensional standard normal
distribution function and &, the m-dimensional
normal distribution function with expectation vector
0 and correlation matrix p.
For calibrating the correlation matrix we used
experimental marginals, using given historical
data. Calibration was done using Spearman’s rank
correlation p° as this correlation is preserved under
monotonic transformations. There is a one-to-one
mapping between the Spearman rank correlation
coefficient and the linear correlation coefficient for
bivariate normal random variables, that can be
described by a formula. We used the inverse of
this formula to compute the linear correlation
matrix p from the Sperman’s rank correlation
matrix p°.
Further details on the copula functions can be
found in [8] and [9].

Samples of 60000 have been generated using the
Gaussian copula and the GEV distributions.

Details of data generation can be found in Figures
1-3.

1 ...uIlM ‘ "I“l.u...n —
- L o = s

Figure 1. Data generated using the Gaussian
copula
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0
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Figure 2. Data generated using GEV
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Figure 3. Data generated using minGEV

By blue we denoted the historical data while by red
the distribution of generated data can be seen.

All three figures represent data of the first out of six
independent data generations for stock number 2.

4. Computational study

The data set we used contains weekly returns of
n=51 stocks and the index of the FTSE 100
basket. The historical data reaches 944 weeks.

For each week each component’s price and the
stock index is given. Let s,' represent the stock
index of the tth week and let s,' be the price of the
kth asset.

Each week’s return is computed in the following
way: nl = (s¢ - s /st 0 <k <n. Let ri= (rg,
r',..., r,) and the data set 2:= {r' | t = 1... 944}.

For creating a proper test set we divided the data
set randomly into two subsets H and T. We used

the set H for generating sample data and the set T
for performing out of sample tests. Sizes of the
subsets are 710 for the subset H and 236 for the

subset T.

The division into subset has been repeated
independently six times and for each set H we
generated sample data using the empirical, the two
types of GEV and the empirical methods.

For each generated set and each set H we
compared the optimal portfolios. For each pair of
sets in-sample and out-of-sample tests have been
performed.

Consolidated in-sample and out-of-sample testing
results can be seen in Figures 4. and 5.

® FD Empirical
mGEV
Min GEV

W Historical

Figure 4. In-sample testing results

...1.-:!'"
Figure 5. Out-of-sample testing results

Expected values and variance data can be seen in

Tables 1 and 2.

\‘ ...

Table 1. In-sample results

W FD Empirical

WGEV

MinGEV

M Historical

E o
Empirical 0.01539 0.05868
GEV 0.01558 0.05340
minGEV 0.01388 0.05641
Historical 0.002449 0.02127
Table 2. Out-of-sample results

E o
Empirical 0.00242 0.01972
GEV 0.00254 0.01954
minGEV 0.00225 0.01968
Historical 0.00245 0.02170

5. Conclusion

We performed analysis of different scenario
generation methods for the financial decision
problem of selecting the optimal portfolio. The data
used for our decision has been generated using
different scenario generation methods. We
conclude that the marginal distributions used for
generating sample data do not considerably
influence the optimal return of the chosen portfolio.
However, the index distribution was dominated in
all cases by the distribution of the optimal portfolio.
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Abstract

The importance of the idea of multiple intelligences
in education lies in the fact that learners vary in
their abilities, and thus teachers need to find out
the best strategies to use related to their
variations, or to develop programs that instruct
students in different domains. A brief overview of
the eight multiple intelligences connected with
Howard Gardner’'s theory is presented in this
paper. Some ways for teachers to incorporate the
intelligences into their daily lesson planning for
practical use in language teaching and learning are
also suggested in this paper.

Keywords:
Multiple  Intelligences,
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Language Learning,

1. Introduction

Various theories on learning have been developed
with increasing frequency in the last few decades.
All learners are individuals with unique patterns of
strengths and weaknesses. Furthermore, they
differ greatly in cognitive abilities, particularly
intelligence. The early theories about the nature of
intelligence include one or more of the following
components: (1) the capacity to learn, (2) the total
knowledge a person has acquired, and (3) the
ability to adapt successfully to new situations and
the environment in general. However, intelligence
is a broad concept which has generated
controversy and heated debate [1], and no unified
theory of intelligence has been proposed yet. Most
commonly, people accept that a definition of
intelligence is connected with a score on the
traditional intelligence test, but these tests only
measure one or two types of intelligence. The
theory of Multiple Intelligences was developed in
1983 by Dr. Howard Gardner, professor of
education at Harvard University, and it was first
published in the book Frames of Mind: The Theory
of Multiple Intelligences. Gardner points out in the
book that human talents and intelligences are
much more than the old 1.Q. tests had shown. His
theory challenges traditional views of intelligence.
He [2] defines intelligence as “the capacity to solve
problems or to fashion that are valued in one or
more cultural settings”. Gardner proposes a hew,
pluralistic, view of intelligence that has been widely

embraced since its publication, and now it is
incorporated in school curricula across the world.

In this paper, Multiple Intelligences (MI) in the
foreign language classroom can help language
teachers to give recognition to the holistic nature of
learners and to address student diversity. This
approach enables them to organize a variety of
ways that increases the attractiveness of language
learning tasks and therefore create favourable
motivational conditions.

2. Multiple Intelligences Theory (MIT)

Howard Gardner’s theory of Multiple Intelligences
utilizes aspects of cognitive and developmental
psychology, anthropology and sociology to explain
the human intellect. By studying the effects on
brain-damaged individuals, savants, prodigies, the
learning disabled and the autistic, Gardner
developed criteria for identifying several separate
intelligences. He originally listed seven distinct
intelligences based on skills and abilities valued
within  different cultures: linguistic, logical-
mathematical, spatial, bodily-kinesthetic, musical,
interpersonal and intrapersonal in Frames of Mind.
The first two have been associated with schools;
the next three are more inclined towards art; and
the final two are what Gardner labeled personal
intelligences [3]. He added “naturalist” intelligence
to this list at the symposium “MIND 97" (Multiple
Intelligences New Directions) in 1997. However,
the list of eight intelligences is not meant to be final
and the point is not the exact number of
intelligences but Gardner wanted to emphasize the
plurality of mind [4].

Bodily-
Kinesthetic

-----

Figure 1: Eight Multiple Intelligences

Z. Rosandi¢, A. Stefi¢ 227



Gardner wanted to make a clear distinction
between an intelligence with its biological origins
and a talent or skills. He identified some criteria
that each intelligence must satisfy (at least majority
of them) to be considered an intelligence. These
criteria include brain damage studies, having a
distinct development history, having roots in
evolutionary  history, psychometric  findings,
support from experimental psychological tasks,
distinguishable set of core operations and
susceptibility to encoding in a symbol system [2].
According to Gardner [3], all human beings
possess all inteligences and the exact
combination of intelligences varies from person to
person. Each person has a unique intelligence
profile. Different intelligences occupy different
areas of the brain. Although the intelligences are
separated from each other, Gardner claims that
the eight intelligences very rarely work
independently in a real-world setting [3]. Most
tasks require the simultaneous use of several
intelligences in order to be completed successfully.
Some people can be strong in all or most of the
eight intelligences; a few people lack most of the
fundamental aspects of intelligence, but most
people are somewhere in the middle having a few
intelligences highly developed, most modestly
developed and one or two underdeveloped [5].
Furthermore, Gardner suggests that anyone has
the capacity to develop all eight intelligences to a
reasonably high level of performance with
appropriate encouragement and instruction [2].
Although the theory was not originally designed for
use in a classroom, Gardner’s research provides
direction how to improve a student’s ability in any
intelligence and the teachers are encouraged to
include a variety of the intelligences in a
classroom.

3. Using Multiple Intelligences to Teach Foreign
Languages

There has been quite a lot of discussion about the
effectiveness of using multiple intelligences to
teach foreign languages. Schools usually use
logical and verbal intelligences to teach languages
and the five non-traditional intelligences, spatial,
musical, kinesthetic, interpersonal and
intrapersonal, have generally been overlooked in
education. However, if we can engage activities
which require various intelligences, we will
increase possibilities for student success.
According to Richards and Rodgers “language is
not seen as limited to a ‘linguistics’ perspective but
encompasses all aspects of communication” [6].
MIT is a great tool to enable teachers to plan
attractive ways to provide learners with language
learning practice. The MIT instructional perspective
proposes that language learning can be favoured
by using different learning tasks which call upon
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diverse intelligences. All students will come into
the classroom with different sets of developed
intelligences. This means that each individual will
have his/lher own unique set of intellectual
strengths and weaknesses. These sets determine
how easy or difficult it is for a student to learn
information when it is presented in a particular
manner. The teacher offers a choice of tasks in
order to give learners the opportunity of
apprehending information in their preferred way,
and to promote the development of their other
intelligences.

Although our schools and culture pay more
attention to linguistic and logical intelligence, it is
necessary to provide several different ways in
which materials might be presented to improve
effective learning. It does not mean that we must
teach or learn something in all eight ways, just see
what the potential pathways and possibilities are,
and then decide which ones seem to be the most
effective teaching or learning tools. It is a good
idea to give the students a Multiple Intelligences
test to see which intelligences are outstanding for
each student [7]. Armstrong [5] believes that
before teachers apply a model of learning in the
classroom, they should apply it to themselves as
educators first. Therefore, the next step in helping
teachers apply MI theory in the classroom is to
help them determine their own multiple intelligence
profile. Furthermore, teachers need to categorize
familiar EFL (English as a Foreign Language)
activities, to conduct a personal audit of teaching
strategies and finally, to develop different
assessment techniques that also address the eight
intelligences [4]. As long as teachers use a
broader range of various classroom activities
according to the intelligences, there will always be
a time during the day or week when students have
their highly developed intelligence(s) actively
involved in learning [8].

An overview of multiple intelligences and the way
how these intelligences are involved in foreign
language learning and teaching is given in this
section. Descriptions are combined from several
sources [8, 9, 10, 11, 12, 13, 14, 15].

* The Verbal-Linguistic Intelligence

The verbal-linguistic intelligence is the most
universal of the eight intelligences. It represents
the ability to use language masterfully to express
oneself rhetorically or poetically in speech and
writing. It includes the mastery of phonology,
syntax, semantics and pragmatics. It also includes
being able to use language for convincing others,
understanding patterns of language, etc. This
intelligence is traditionally tested in many
standardized tests, as well as psychological tests.
A great example of this type of foreign language
learning is standard teacher centered learning. The
teacher explains a learning objective and the
students learn. The linguistic intelligence also
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involves classroom activities such as debates,
group discussions, brainstorming, word games,
writing activities, storytelling, telling jokes and
riddles, translation exercises, publishing (e.qg.
creating class newspapers), sharing time, journal
keeping, memorizing linguistic facts, tape
recording one’s words, etc. [8].

* The Logical-Mathematical Intelligence

The logical-mathematical intelligence represents
the skill to use numbers effectively and reason
well. This intelligence is involved in recognizing
abstract patterns, making predictions, problem
solving and scientific investigation. “This
intelligence is often associated with what we call
‘scientific thinking’ ” [10]. In the language
classroom, problem-solving tasks are useful as
learners focus mainly on meaning, but through
constant rereading of the text to solve the problem,
they acquire a familiarity with the vocabulary and
structures used. As well as verbal-linguistic, this
intelligence is mainly used in standardized tests.
Armstrong [8] suggests creating codes, logic
puzzles and games, classifications and
categorizations and Campbell, Campbell and
Dickinson [12] offer many great ideas such as
diverse questioning strategies, posing open-ended
problems, justifying or verifying statements or
opinions, providing opportunities for observation
and investigation, using technology to teach, learn
and extend student understanding.

*The Musical-Rhythmic Intelligence

The musical-rhythmic intelligence involves the
ability to perceive, understand, and express
emotions and feelings through music showing
“sensitivity to rhythm, pitch, and melody” [9]. In
general, the development of musical intelligence in
the language classroom can have benefits such as
helping students to concentrate and connect with
their inner self, stimulating creative processes, and
fostering a relaxed but motivating and productive
classroom atmosphere. It is essential to design
some of following activities to develop learners’
musical intelligence: background music, mood
music, humming, whistling, linking old tunes with
concepts [8], encouraging awareness of
surrounded sounds, singing, using raps, jazz and
chants to memory lesson, turning some parts of
lessons into a song or rhythmic chant, choral
reading, singing and speaking, etc. [11].

* The Visual-Spatial Intelligence

The visual-spatial intelligence involves “the
sensitivity to form, space, colour, line and shape”
[9]. This intelligence involves visualizing things
either mentally or graphically. Visual elements are
especially useful for providing comprehensible and
meaningful input for second language learners.
Many students also find that visual teaching aids
such as charts, pictures, drawings, slides, posters,
and videos enhance their coping ability in the
second language. Any type of learning activity that

asks students to interpret visual information can
contribute to visual or spatial intelligence.
Vocabulary trees are also a great example of using
visual intelligence to improve vocabulary skKills.
Dung and Tuan [11] also suggest working on
jigsaw puzzles and making mind maps and
Armstrong [8] suggests imaginative storytelling,
creative daydreaming, colour cueing, idea
sketching, optical illusions and so on.

* The Bodily-Kinesthetic Intelligence

The bodily kinesthetic intelligence refers to the
ability to use the body to express oneself, to
handle physical objects dexterously. The body
expresses what the mind harbours and vice versa
[16]. The use of role-plays, drama, mimes, games,
project work, shadow puppets, hands-on activities,
body maps, tactile materials and experiences,
crafts, and many activities related to group
dynamics directly addresses the bodily-kinesthetic
intelligence in the language classroom. This type
of learning combines physical actions with
linguistic responses. Campbell, Campbell and
Dickinson [12] also highlight exercise breaks to
help energize or calm down students.

* The Interpersonal-Intelligence

The interpersonal-intelligence is the ability to
interact with people effectively, for instance, while
working on a team, or being part of a community. It
involves the ability to understand others, be
sensitive to other people’'s feelings, moods,
motivations, and behaviour [9]. Understanding
other people, working cooperatively and
communicating effectively, which are parts of the
interpersonal intelligence, are strongly connected
to learning a second language. Pair work, group
discussion, peer sharing, group brainstorming
sessions, simulations and peer teaching are some
of the activities that can help to develop this kind of
intelligence [8], as well as interviewing for
knowledge and finding individuals with like
interests [13].

* The Intrapersonal Intelligence

The intrapersonal intelligence or inner-self
intelligence “involves the capacity to understand
oneself, to have an effective working model of
oneself — including one’s own desires, fears, and
capacities — and to use such information effectively
in regulating one’s own life” [3]. Language learning
tasks such as asking learners to think of the
colour, size, texture which best expresses their
feelings, or the use of a questionnaire that helps
them to be aware of their “self-talk” or reading
activities where students develop their attitudes
towards a problem are examples of how to work on
the intrapersonal intelligence in the language
classroom. Teachers can include the intrapersonal
intelligence through some more activities such as
journal keeping, self-esteem activities, goal
settings, individualized projects and games, one
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minute reflection periods, self-paced instructions
and so on [8].

* The Naturalist Intelligence

The naturalist intelligence involves the ability to
“understand the natural world” [14] by recognizing,
classifying and categorizing species found in
nature such as plants, animals, and minerals [15].
Activities such as brainstorming on how to
contaminate less, or describing the process of
recycling paper, tasks involving direct field
observation and classification of the vegetal and
animal world, talking about pets and natural places
or reading books, magazines and newspapers on
the nature relate to the naturalist intelligence.

4. Conclusion

Schools have often tried to help students to
develop sense of accomplishment and self-
confidence. Gardner's Theory of Multiple
Intelligences  provides theoretical basis for
recognizing the different abilities, skills and talents
of students. Approaching and assessing learning in
this manner allows a wider range of students to
successfully participate in classroom learning.
Organizing teaching with MI theory in mind
provides lessons more individualized and tailored
to students’ specific learning needs and offers
various teaching ideas that can increase students’
interests and motivation in their studies and their
higher level of engagement. Finally, students
become intelligent learners able to understand and
direct their own learning and development to
achieve outstanding academic success.
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Abstract

In contemporary “flat” world we are almost every
day literally massaged with news informing about
problems resulting from poor quality products or
services that affects our lives. Mentioning at least
two significant and widely well known incidents the
British Petrol oil spill in Gulf of Mexico in 2010 and
Toyota recall campaign in 2009 calling over 9 000
000 defective vehicles, and finally the plethora of
miscellaneous poor quality food products in the
supermarkets. This is only the top of iceberg and
situation in industry around the globe is even
worse for most of the problems are hidden under
the “surface”. The article deals with description of
current state of quality and dependability
management within industry, particularly in the
automotive, discusses lecturing approach and
proposes the changes in order to span the gap
between industry demands and university program
offers. Finally, responsible, quality oriented and
skilled people can be prepared to satisfy the future
demands for sustainable development of society.

Keywords:
Quality Assurance; Education; Management

1. Introduction

The very fast development of modern technologies
accompanying with growing complexity and variety
of machinery forces the producers and users into
an implementation of systems that are effectively
able to assure their flawless and reliable
performance. Guaranteeing such parameters only
the combination of quality design, quality
production, and quality complex care during the
whole machine lifespan can be the right way to
attain the success. The Management of quality and
reliability goes hand in hand with the sphere of
machinery operation and complex machinery care.
Present university graduates are relatively very
well prepared with knowledge regarding machinery
design as well as manufacturing technologies. On
the other hand the level of operation and
machinery exploitation knowledge is very poor and
even missing even though this knowledge is
crucial for technologists and managers as well.
This statement can be confirmed by industrial
quality results around the whole world [1, 2].
Contemporary trend the industrial sphere is

focusing on is an implementation of principles and
rules of management of quality and dependability
into the field of maintenance thus the organization
of maintenance and repairs, machinery operation,
and quality performance of machines. Department
of Mechanics and Machines at Faculty of
Management and Production Technologies in Usti
nad Labem focuses on above mentioned areas in
its curriculum chiefly in three subjects the
“Operation and Maintenance of Machines,
Measurement and Technical Diagnostics, and
Quality Management.

2. Contemporary situation in Quality Assurance
within industry

However, the main principles of Quality Assurance
are registered in ISO 9001:2000 and surely ought
to be reflected in each company process the
present state is vice versa. The main problem the
companies facing nowadays is a deficiency of
appreciation of these principles and the ability of
their implementation into everyday life. This lack of
knowledge is indicated not merely with main
company processes but can be observable
primarily at process interfaces. In the range of
Quality Assurance the points at issue can be
divided into three subgroups. The first one is a
group of problems within the department of Quality
Assurance; the second group of problems is on
interface with other departments and inside of
them, and finally it is the quality system itself. In
many companies, within internal (suppliers and
internal processes) and external quality, there is
missing a knowledge of methods for supplier's
selection in a scope of production parts approval,
and their consequential development and
management. This situation leads to inconvenient
mutual contracts with suppliers, when non-conform
parts that cannot even be claimed are permanently
supplied. Such non-conform manufacturing parts
are regularly processed by production lines and
then shipped to customers and afterwards
frequently returned back in form of claims from the
end users. The main effort with occurrence of non-
conform parts is dedicated to “extinguish a fire”
activities instead of focusing on prevention. This is
associated with knowledge of analytical methods
like FMEA (Failure Mode and Effect Analysis), FTA
(Failure Tree Analysis), RCA (Root Cause
Analysis), or TRIZ (Theory of Inventive Problem
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Solving), which are not properly applied or missed
in the case of machinery specifications, machinery
preparation, and with problem solving during
machinery operation. Without understanding and
proper use of the mentioned methods it is almost
impossible to accomplish the fundamental
requirement “the decision based upon the facts”
and it can be often seen that the important
decisions are based on faulty hypothesis instead
which leads to reoccurrence of the same problems
over and over again. By influence of a number of
factors like machine operational quality, operators
performance quality, manufacturing and
measurement methods, measurement equipment
as well as the quality of manufacturing parts and
devices with manufacturing processes a great deal
of problems emerges. First problem is awareness
about quality. The employees from production,
maintenance, engineering, logistics, and
production control do not understand the
significance of quality assurance as the standard
and crucial factor for success. Quality assurance is
sometimes considered as a necessary evil. Such
an understanding leads to disrespect and
circumvention of procedures and standards as well
as the indolence with root cost problem solving,
and creation and implementation of action plans.
The second problem is the non employment of
system approach into company processes. The
particular departments do not mutually cooperate
and do not understand their mutual interconnection
in terms of processes and operations, and the
principle of internal customers. The third problem
is connected to project management when
problems from the stage of pre-serial production
remain unsolved and continues to serial stage of
production causing enormous financial loss. The
main factors can be insufficient machinery
preparation in terms of performance, technological
parameters optimization, insufficient amount of
quality tools, and finally capable manufacturing
parts. The fourth problem deals with the
department of production preparation. Continuity of
production preparation on produced quality in
some companies literally does not exist. The
members of this department are mainly oriented on
quantity of production rather than quality of
production. Within this department there are too
important approaches going hand in hand and
must be considered which are the quality and the
dependability. Poor understanding of quality and
dependability philosophy leads within machinery
investment policy (specification, design, and
acquisition) into situations when the machines are
incapable to reach parameters required and
expected by customers, particularly the capability
indices, functional, and capacity parameters.
Moreover, the quality itself is not enough and the
reliability, especially its partial characteristics such
as failure-free operation, maintainability, repair
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ability, diagnostic ability, and preparedness of
maintenance must be taken into account. The fifth
and final problem is connected to maintenance
organization. Across the wide range of companies
the quality maintenance plans are unavailable and
the principles of predictive and proactive
maintenance are completely missing. Maintenance
interventions are not planned based on the
“Theory of Renovation” but rather solved
consequently after the failure occurs. This sort of
approach can cause even an interruption of
production in follow up process, particularly in a
customer factory with enormous financial loss. The
important issue relates to tools management. The
present practice is mainly based upon intuition
instead of decision relating to optimum lifespan
determination from the “Theory of Renovation”
methodology. The same issue includes the
optimization of deposit of key spare parts in terms
of types and the quantity. One of the frequently
common situations is the one when a need of
particular spare part or tool replacement is
necessary and the component is not available at
the moment. Then the production uses defective
tool being aware of risk in terms of non-conform
products manufacturing. Within  maintenance
organization the model procedures and
instructions are missing which is steering into
protraction of repairs, increasing the risk of on time
root cause uncovering, and heterogeneous
approach of mechanics to machinery interventions.
In connection to used system of haphazard
maintenance no devices of technical diagnostic are
implemented and used. With realization of
maintenance intervention as the curative actions of
failures occurrence, no methods as PDCA (Plan
Do Check Act), and the rules for testing parts
treatment are used or followed that can wind up
with intermix of conform and non-conform parts.
Ultimately, the insufficient or no records are kept
and the rest does not provide necessary
information as failure root cause and the process
of its elimination. Afterwards, it makes impossible
to set up the feedback in order to increase the
effectiveness of maintenance system. When
quality system is incorrectly  established in an
organization, all above mentioned problems can be
detected. Their common factor is low interest and
involvement of top management in terms of
suppo